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Abstract: In order to compare the difference between M resin and sulfur modified asphalt stabilizer, two stabilizers were prep

ared according to the mass ratio of sulfur is 75%, tetramethylthiuram disulfide is 20%, and zinc oxide is 5%. The resin is equ

ivalently incorporated in such a way that the sulfur mass remains unchanged. The softening point, penetration, 5 ℃ ductility, 

and 48-hour softening point difference index of the modified asphalt were measured in five cases: 0%, 0.05%, 0.10%, 0.15%, 

and 0.2%. The change law of each index, and the physical dispersion state of SBS modified asphalt was compared by fluoresc

ence microscope. The test results show that with the increase of the amount of the two stabilizers, the softening point of the 

modified asphalt increases, the penetration degree decreases, the softening point difference at 48 hours decreases, and the ducti

lity at 5 ℃ increases first and then decreases; M resin-based stabilizers and The optimal blending amount of sulfur-based stabi

lizers is 0.15%; under the optimal blending amount, compared with sulfur-based stabilizers, the M resin base has a reduced so

ftening point of modified asphalt of 0.6 ℃ and an increase in penetration index of 2.2 (0.1 mm), the ductility at 5 ℃ is redu

ced by 0.7 cm, and the softening point difference at 48h is increased by 1.4 ℃. The sulfur-based stabilizer is slightly better th

an the M resin-based stabilizer, but the difference is not large. Microscopic analysis also proves the effectiveness of the two st

abilizers. It is feasible that M resin replaces sulfur to prepare modified asphalt stabilizer. 
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1. INTRODUCTION 

    M resin is a by-product produced during the preparat

ion of rubber accelerator M by a high-pressure method. M

 resin is yellow viscous at normal temperature, has no flu

idity, and is a hazardous solid waste containing sulfur. 

    M resin is difficult to handle. Liu Anhua et al. Used 

M resin, phenol, and formaldehyde as raw materials to co

polymerize them into thermoplastic resins[1]; Yin Zhigang 

et al. Mixed M resin with sulfur through high temperature

 and high pressure to generate accelerator M[2]. Limited b

y processing cost and technology, M resin is often simply 

burned, which emits harmful gases such as sulfur dioxide, 

nitrogen oxides, and hydrogen sulfide, causing air pollutio

n. 

    Modified asphalt is obtained by adding a certain amo

unt of modifiers such as ethylene-butadiene-styrene block 

copolymer (SBS) to the matrix asphalt, and its road perfor

mance is significantly improved than the matrix asphalt. H

owever, SBS has poor compatibility with matrix asphalt a

nd cannot be stably dispersed. To this end, it is necessary 

to incorporate sulfur-containing stabilizers to improve ther

mal storage stability[3-4]. Due to the high sulfur content of 

M resin, the total content of elemental sulfur and compou

nd sulfur is about 20% -38%. Therefore, an attempt was 

made to replace the M resin equivalently with sulfur to pr

epare a stabilizer. By comparing with the traditional stabili
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zer, the stability of the resin Effect, to explore new ways 

of using M resin waste. 

2.MATERIALS 

The A-grade 70 # Qilu road petroleum asphalt was 

selected in this experiment. The basic indicators are shown in 

Table 1. In the test, SBS with a star and linear ratio of 1: 1 was 

used as the modifier. The materials used in the test met the 

requirements of JTGF40-2004 "Technical Specifications for 

Highway Asphalt Pavements".  

 Table 1  Asphalt technical index test results 

Test items unit  results requirements method 

Penetration 

25 ℃ 

0.1mm 69 60～80 T0604-2011 

Penetration 

Index PI 

一一 -1.1 -1.5～+1.0 T0604-2011 

Softening 

Point 

℃ 48.6 ≥46 T0606-2011 

Ductility 

10 ℃, 5cm / 

min 

cm 40 ≥20 T0605-2011 

Ductility 

5 ℃, 5cm / 

min 

cm ＞150 ≥100 T0605-2011 

density g/cm3 1.033 实测值 T0603-2011 

60 ℃ 

dynamic 

viscosity 

Pa•S 218 ≥180 T0620-2011 

Flash point ℃ 296 ≥260 T0611-2011 

Wax content % 1.6 ≤2.2 T0615-2011 

Solubility % 99.94 ≥99 T0607-2011 

Film oven 

quality 

change 

% -0.07 ≯±0.8 T0609-2011 

 

    The M resin (A) selected for the test was provided 

by Shandong Shangshun Chemical Co., Ltd. as a vulcanizi

ng cross-linking agent in the stabilizer; the sulfur used in 

the test comparison was produced by Tianjin Damao Che

mical Reagent Factory with a purity higher than 99.5%; S

hanghai Dibo Tetramethylthiuram disulfide (B) produced b

y Chemical Technology Co., Ltd. is used as a vulcanizatio

n crosslinking accelerator; zinc oxide (C) produced by Yan

tai Shuangshuang Chemical Co., Ltd. is used as a vulcani

zation crosslinking active agent. Among them, Shandong S

hangshun Chemical Co., Ltd. commissioned Shanghai Micr

ospectrum Technology Co., Ltd. to perform in-depth micro

spectral analysis on the mixture M resin. The microspectra

l analysis test results are shown in Table 2[5].  

 

Table 2  M resin microspectrum depth analysis results 

Composition 

Mass 

fraction% 

Composition 

Mass 

fraction% 

water 7.68 Thioisocyanate 0.03 

sulfur 18.79 

Methylphenyl 

disulfide 

0.89 

Thiophenol 0.61 

2-

acetylbenzothiazole 

0.21 

Benzothiazole 35.55 2-aminobenzenethiol 0.03 

aniline 3.51 

4-methyl-5- (5-

methyl-1H-pyrazol-

3-yl) -1H- 1,2,3-

triazole 

0.07 

2-methylbenzothiazole 0.80 Metronidazole 0.05 

2-mercaptobenzothiazole 5.08 2,2'-bibenzothiazole 0.83 

O-Toluene isothiocyanate 0.05 Triphenylguanidine 0.53 

2-methylthiobenzothiazole 1.78 

2- [3- (2-thienyl) 

phenyl] thiophene 

1.38 

2-hydroxybenzothiazole 0.15 

2- (4-aminophenyl) -

6-

methylbenzothiazole 

0.04 

Diphenylamine 0.58 Biphenylurea 0.14 

3-methyl-2 (3H) -

benzothiazolthione 

1.27 

10-

methylphenothiazine 

0.09 

Phenothiazine 1.04 

Quinoline-8-

thioamide 

0.32 

N-phenyl-1,3-benzothiazol-

2-amine 

17.23 Diphenyl disulfide 0.02 

1-methyl-2-

phenylbenzimidazole 

0.05 Sodium sulfate 1.20 

3. EXPERIMENTAL METHOD 

3.1 Preparation of SBS modified asphalt 

   The process is as follows: (1) heating the matrix asphalt to 

180 ℃ and maintaining the temperature constant; (2) weighing 

4% of the mass of the matrix asphalt SBS modifier (star type: 

linear type = 1: 1) and adding to Heat to the flowing matrix 
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asphalt, and then use a high-speed shearer to shear the SBS 

modifier into the asphalt at a shear rate of 5000 r / min for 30 

minutes; (3) modify the SBS after the shearing is completed. 

The asphalt was developed in an oven at 180 ° C for 2 hours, 

during which indirect stirring was performed and two base 

stabilizers were added.  

3.2 Experimental design to determine the 

effect of stabilizers 

   According to the previous research, two base stabilizers 

were prepared according to the mixing ratio of A (M resin 

(calculated as sulfur) / S): B (TMTD): C (ZnO) = 15: 4: 1, and 

two base stabilizers were prepared. SBS modified asphalt 

samples with the amount of 0%, 0.05%, 0.1%, 0.15%, 0.2% 

(modified asphalt mass fraction), and the softening point, 

penetration (25 ℃), and ductility (5 ℃ ) And 48h softening point 

index.  

 

4. TEST RESULTS AND ANALYSIS 

4.1 Analysis of conventional performance 

index test results of modified asphalt 

In this section, conventional performance indicators s

uch as penetration (25 ℃, 100 g, 5 s), softening point, an

d ductility at 5 ℃ are tested and analyzed for the prepare

d M resin-based and sulfur-based stabilizer modified aspha

lt samples. The effectiveness of the M resin and the effec

ts of the amounts of the two base stabilizers on the softe

ning point, penetration, and ductility at 5 ° C were analyz

ed. The test results are shown in Figures 1-3.  

 

                  Fig.1  Softening Point Index 

                  

                 Fig.2  Penetration Index 

 

 

Fig.3  5℃ductility index 

As shown in Figure 1, with the increase in the amou

nt of M resin-based stabilizer and sulfur-based stabilizer, t

he softening point shows an upward trend. Although the i

ncrease range is different, it meets the requirements of reg

ularity. After adding M resin-based and sulfur-based stabili

zers, the softening point of the modified asphalt can reach

 above 70 ℃.  

    As shown in Figure 2, the penetration test results of 

modified asphalt with M resin-based and sulfur-based stabi

lizers show that the penetration of modified asphalt decrea

ses regularly with the increase in the amount of M resin-

based stabilizer. It shows that with the addition of M resi

n-based and sulfur-based stabilizers and the increase of the

 amount, the viscosity of the modified asphalt material co

ntinues to increase. The penetration test results ranged fro

m 70 to 80 (0.1 mm).  
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    As shown in Figure 3, the ductility index at 5 ° C i

ncreases with the increase in the amount of the two base 

stabilizers from 0% to 0.15%. However, the modified asph

alt had slight gelation and the ductility decreased when th

e content of the two base stabilizers reached 0.2%. The re

sults of the ductility test ranged from 28 to 30 cm.  

    From the comparative analysis of Figures 1 to 3, it c

an be seen that when the stabilizer content is increased fr

om 0% to 0.05%, the softening points of sulfur-based and 

M resin-based stabilizer-modified asphalt are increased by 

4.3 ℃ and 3.9 ℃, respectively, and the penetration is red

uced. 2.4 and 1.5 (0.1mm), the ductility at 5 ℃ increased

 by 0.5 cm and 0.3 cm respectively; when the blending a

mount was increased from 0.05% to 0.1%, the softening p

oints of sulfur-based and M resin-based stabilizer modified

 asphalt were increased by 5.3 ℃ And 4.6 ℃, the penetr

ation decreased by 4.1 and 2.6 (0.1mm), and the ductility 

at 5 ℃ increased by 0.1 cm and 0.1 cm, respectively; wh

en the blending amount was increased from 0.1% to 0.1

5%, the sulfur and M resin-based stabilizers The softening

 point of modified asphalt was increased by 2.6 ℃ and 3.

1 ℃, the penetration was decreased by 0.9 and 1.1 (0.1m

m), and the ductility at 5 ℃ was increased by 0.8 cm an

d 0.3 cm, respectively. The reason for the analysis is that 

the addition of sulfur-based and M resin-based stabilizers i

mproves the high-temperature performance of modified asp

halt, and the softening point and viscosity value are gradu

ally increased, but excessive stabilizers are not conducive t

o the stable diffusion of stabilizers in the asphalt and asp

halt colloids. The structure is transformed into a gel type, 

which impairs its construction pumping ability. When the 

stabilizer content is too high, the low temperature crack re

sistance of asphalt is damaged to a certain extent. On the 

other hand, the plasticity and strength of the material are 

two relative indicators. When a higher amount of stabilizer

 is added to the blending system to increase the strength, 

the ductility value will decrease to a certain extent. Sulfur

-based stabilizers improve the high-temperature performanc

e of modified asphalt better than M resin-based stabilizers.

 At the same time, the viscosity and low-temperature prop

erties of modified asphalt are stronger than M resin-based 

stabilizers. M resin is a mixture in which non-sulfur comp

onents are mixed between sulfur and polymer to affectthe 

progress of its cross-linking and vulcanization reaction.  

4.2 Analysis of test results of thermal storage 

stability performance index of modified 

asphalt 

    The prepared modified asphalt samples containing M 

resin-based and sulfur-based stabilizers were tested, and the 48h 

softening point difference was used as an index to evaluate the 

thermal storage stability of the modified asphalt. The test data 

are shown in Tables 3, 4 and Figure 4. 

Table 3  Softening point of modified asphalt with different         

content of M resin-based stabilizer at 48h 

M resin-based 

stabilizer 

content /% 

Separation -48h softening point 

difference / ℃ 
Note 

 1 2 Mean  

0 35.6 34.0 34.8 
No 

gelation 

0.05 25.8 26.8 26.3 
No 

gelation 

0.1 13.8 12.4 13.1 
No 

gelation 

0.15 6.7 5.9 6.3 
No 

gelation 

0.2 - - - 
Slight 

gelation 

     

 

Table 4  Softening point of modified asphalt with different 

content of S stabilizer at 48h 

M resin-based 

stabilizer 

content /% 

Separation -48h softening point 

difference / ℃ 
Note 

 1 2 Mean  

0 35.6 34.0 34.8 No gelation 

0.05 25.2 25.6 25.4 No gelation 

0.1 11.6 12.6 12.1 No gelation 

0.15 4.2 5.6 4.9 No gelation 

0.2 - - - 
Slight 

gelation 
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Fig.4  Index of softening spread in 48h 

From the data in Tables 3 and 4, and Figure 4, it ca

n be known that with the increase of the amount of M re

sin-based and sulfur-based stabilizers, the softening point a

t 48 hours gradually decreases, and its thermal storage sta

bility is improved. 

    Tables 3 and 4 show that when the blending amount 

is from 0% to 0.05%, the 48h softening point difference o

f the M resin-based stabilizer modified asphalt is reduced 

by 8.5 ℃, and the sulfur-based stabilizer modified bitume

n is reduced by 9.4 ℃. When the blending amount is fro

m 0.05% to 0.1%, the 48h softening point difference with 

the M resin-based stabilizer is reduced by 13.2 ° C, and t

he 48h softening point difference with the sulfur-based sta

bilizer is reduced by 13.3 ° C; The 48h softening point o

f M resin-based stabilizer-modified asphalt was reduced by

 6.8 ℃, and the 48h softening point of sulfur-based stabil

izer-modified asphalt was reduced by 7.2 ℃. With the ad

dition of the same amount of stabilizer, the M resin-based 

stabilizer reduced the softening point of modified asphalt a

t 48h slightly less than the sulfur-based stabilizer, but the 

gap between the two was small. The reason for this is th

at the sulfur content of the M resin-based stabilizer and t

he sulfur-based stabilizer modified asphalt is the same, but

 because the M resin is a mixture, the addition of non-sul

fur components may affect the sulfur modification. The di

stribution in the asphalt blending system and the progress 

of the vulcanization reaction, the composition of the M re

sin substance is more complicated. After researching the v

arious components of the M resin, it was found that the 

mercaptobenzothiazole and sulfate can be used as vulcaniz

ation accelerators It has a certain effect to promote the vu

lcanization cross-linking reaction, which reduces the gap b

etween the M resin-based stabilizer and the sulfur-based st

abilizer on the thermal storage stability of the modified as

phalt.  

 

4.3 Evaluation of microstructure of modif

ied asphalt 

    With the help of fluorescence microscopy, the distrib

ution state of the polymer and the matrix asphalt can be 

observed and recorded, and the homogeneity of the polym

er in the asphalt can be analyzed. The prepared modified 

asphalt samples without stabilizers, M resin-based stabilizer

s, and sulfur-based stabilizers were photographed at a mag

nification of 100 times under visible light using a fluoresc

ence microscope, and the microscopic shapes are shown in

 Figures 5-7.  

 

Fig.5 Microstructure of modified asphalt (without stabil

izer) 

 

Fig.6  Microstructure of modified asphalt (M resin-bas

ed stabilizer) 

 

Fig.7  Microstructure of SBS modified asphalt (with S 

stabilizer)  

From the analysis of the fluorescence photos, it can 

be known that the SBS modifiers are combined and aggre
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gated with each other in the matrix asphalt by a high-spe

ed shearing machine at a certain temperature. There is no 

significant difference in the microscope images obtained b

y adding M resin-based stabilizers and sulfur-based stabiliz

ers under fluorescent irradiation. The polymer distribution i

s more uniform and better continuity than the microscopic 

images without stabilizers. . The reason is analyzed: the a

ctive ingredient in the stabilizer improves the degree of di

spersion stability of SBS in asphalt.  

5. CONCLUSION 

   （1）The addition of M resin-based stabilizer improve

s the softening point and thermal storage stability of the 

modified asphalt, reduces the penetration, increases the vis

cosity of the modified asphalt, and the ductility at 5 ℃ i

ncreases from 0% to 0.15%. During the change, it showed

 an upward trend, and the peak value was 0.15%. When t

he blending amount is 0.2%, the ductility index at 5 ℃ d

ecreases, and the modified asphalt slightly gels, which red

uces the pumping capacity. 

    （2）With the addition of the M resin-based stabilize

r, SBS is uniformly distributed in the asphalt in the micro

structure of the SBS modified asphalt, and the dispersion 

stability is improved. The SBS performance is effectively t

ransferred to the asphalt, the modification effect is optimiz

ed, and the modified asphalt is improved. Performance.  

    （3）M resin has a higher sulfur content, and non-su

lfur components such as mercaptobenzothiazole and sulfate

s can also promote the crosslinking and vulcanization reac

tion. According to the comparison of experimental data, M

 resin can replace the role of sulfur in stabilizers. Particip

ate in the vulcanization cross-linking reaction process in m

odified asphalt, improve the performance of modified asph

alt, and the optimal blending amount of stabilizer for M r

esin basic formulation is 0.15%.  
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Abstract: Clothing plays an important role in the performance and movement of the human body in different age groups so the 

development of clothing sizing system is the best way to provide the best suitable size in clothing design. The current project is the 

fourth step towards the overall objective to develop a clothing sizing system for Libyan children based on anthropometric body 

measurements of Libyan school children. The aim of the current project is to examine anthropometric measurements for female students 

in grades seven, eight and nine in the basic education stage, to collect body measurements of school children in Benghazi and analyze 

those using simple statistical methods to understand the body ranges and variations present for students in the three grades to develop 

sizing system of these grades. Twenty body dimensions were measured for each student to develop clothing sizing system. The 

measurements were gathered from a total of 180 students (children of age 12 to 14 years old, females) from four schools in Benghazi. 

The anthropometric data were analyzed using Minitab program. ANOVA tests were used to identify differences between age groups. 

The results showed that there are differences between most of the body measurements except the head circumference, shoulder to 

shoulder length, shoulder to waist length, front body width, back body width, knee height. These differences were taken into account 

when developing sizing system. Pearson correlation coefficients analysis was carried out to determine the interrelationships between the 

various body measurements. From these findings it may be concluded that the weight, chest circumference, is very strongly correlated 

with some other dimensions. The mean values and the standard deviation were used for creating size steps for the size chart. Three kinds 

of sizes were identified: L (large), M (medium) and S (small). 

Keywords: Anthropometric data; sizing system; clothing; schoolchildren; Children anthropometry. 

 

1. INTRODUCTION 
Clothing fit is the main objective in the garment development 

process to ensure user comfort and appearance. It is a complex 

aspect influenced on one side by the anthropometry and body 

dimensions of the customer and, in the other, by the appearance 

and social trends [12]. 

Anthropometry is the science that measures the range of body 

size in a population. In order to develop standards and solve 

variations in body size, many scholars agree on the needs to 

measure human body dimensions for different reasons such as 

geographical location, nutrition, ethnic group, etc. Due to this, 

different countries have their own standard body dimension or 

size standards. Anthropometric data of country are vital 

database for clothing design and other design applications. It 

commonly develops in many other countries of the world [1, 2, 

4, 5, 6, 7, 10, 13, 14, 15, 16, 17 and 18].  

Based on that, clothing manufacturers produce different 

garments for intended people from the standard body 

measurements. This study develops size measurements of 

uniform school clothing for Benghazi city girls based on data 

collected from schools in the city.  

This study is motivated by the need to examine anthropometric 

measurements among school children in Libya; to develop 

garment sizing systems for Libyan school students. The aim of 

the current study is to examine anthropometric measurements 

for female students in grades seven, eight and nine in the basic 

education stage, to collect body measurements of school 

children and analyze those using simple statistical methods to 

understand the body ranges and variations present for students 

to develop size chart of these grades  

2. Methodology 
This section explains the material and method used in this 

research. 

2.1 Participants 
A sample comprising of 180 female students was identified for 

participation in this study. The sample was randomly selected 

from four schools (three public schools and one private school) 
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in Benghazi during 2017/2018. An equal number of children 

(60 students) were measured per groups (12 to 14 years). 

Measurements were taken with the permission of officials and 

school principals. Table 1 contains a summary of the number 

of schools and students surveyed. 

2.2 The Body Measurements 
Based on the objective of this project, only twenty 

anthropometric dimensions are selected and used to establish 

the clothing sizing systems for students. These dimensions are 

selected based on previous studies [1, 5, and 7]. Table 2 and 

Fig.1 to Fig.3 show the body dimensions. These measurements 

are used to make different types of clothing such as school 

uniforms. The measurements were taken from the left or right 

sides of the body for participants are left-handed or right-

handed respectively. However, most of the measurements were 

taken from the right side of the body. While their 

anthropometric measurements were taken, respondents wore 

light cloths to get accurate readings. Respondents were also 

told not to wear shoes when their height and weight 

measurements were taken. During anthropometric data 

measurements, two kinds of equipment were used measuring 

tape. Readings were also taken two times and the average of 

the readings was recorded as the actual anthropometric 

measurements of the respondents. 

 

Table 1. Frequency table of children selected for 

measuring in the study 

School Name Neighbourhood 

Total number 

measured 
Total 

Grade 

12 13 14  

FTAT 

ALTHORH 
ALSALMANY  45 45 90 

ALSHOALH 
ARTH 

ALHIRASA 
60 - - 60 

SHBEALIA ALFOYHAT - 8 4 12 

ALSHRWQ  

ALAFRIQI 
ALSALMANY - 7 11 18 

Total 60 60 60 180 

 

Table 2. The Anthropometric Dimension 

No Body Dimension No Body Dimension 

1 Weight 11 
Shoulder  to waist 

length 

2 Height 12 Front body length 

3 Head   circumference 13 Back body length 

4 Neck circumference 14 Waist to hips length 

5 Waist circumference 15 Shoulder length 

6 Chest circumference 16 Front body width 

7 Hip circumference 17 Back body width 

8 Arm circumference 18 Calf circumference 

9 
Shoulder to shoulder 

length 
19 Knee circumference 

10 Shoulder to wrist length 20 Outside leg length 

 

 

Fig.1 Measures recorded from the front of the body [13]  

 

 

Fig.2 Measures recorded from the back of the body [13] 

 

Fig.3 Body girths or circumferences [13] 

 

2.3 Anthropometric Data Analysis 
After conducting the anthropometric survey, the data obtained 

from this study was analyzed using Minitab 17.1 Statistical 

Package Program for Windows. Descriptive statistics, such as 

mean, min., max. and standard deviation were used to describe 

and summarize the data collected. The normality test was used 

to determine if a data collected is well- modeled by a normal 

distribution. As expected, data for all measurements followed 

a normal distribution. Subsequently, ANOVA analysis was 

carried out to identify differences between age groups. 

ANOVA was carried out for all dimensions. Moreover, Pearson 
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correlation coefficients analysis was carried out to determine 

the interrelationships between the various body measurements. 

The results from these tests were used to develop the clothing 

sizing system [1]. 

3. Results And Discussion 

3.1 Descriptive Analysis  
As expected that all measurements follow a normal 

distribution. The mean and standard deviation for all 

measurements are shown in Table 2. The standard deviation 

(SD) for almost all dimensions is quite large, showing great 

variation in the measurements. 

 

Table 2. 2 The mean and standard deviation by age in cm 

Body 

dimensions 

Grade 

7 8 9 

1 
43.69 

(15.63) 

53.14 

(12.37) 

53.77 

(4.95) 

2 
147.27 

(8.53) 

154.48 

(6.28) 

157.18 

(2.86) 

3 
54.51 

(1.74) 

54.88 

(1.98) 

54.82 

(0.11) 

4 
28.19 

(2.53) 

31.49 

(2.54) 

31.7 

(4.24) 

5 
65.74 

(13.56) 

71.99 

(9.98) 

70.46 

(8.34) 

6 
70.03 

(11.86) 

81.58 

(9.75) 

81.46 

(2.16) 

7 
77.34 

(13.06) 

88.82 

(13.05) 

90.31 

(2.58) 

8 
23.19 

(4.05) 

26.72 

(3.57) 

26.13 

(1.59) 

9 
37.35 

(3.26) 

38.63 

(3.41) 

37.64 

(0.81) 

10 
55.30 

(4.87) 

54.03 

(4.52) 

56.62 

(0.64) 

11 
34.84 

(3.40) 

34.99 

(3.60) 

35.89 

(1.91) 

12 
32.32 

(3.14) 

34.46 

(3.16) 

35.82 

(1.66) 

13 
35.32 

(3.02) 

37.40 

(4.37) 

37.89 

(2.01) 

14 
25.84 

(3.40) 

19.93 

(5.12) 

24.32 

(1.45) 

15 
11.95 

(1.68) 

14.13 

(1.84) 

13.81 

(1.45) 

16 
35.57 

(4.82) 

36.88 

(4.52) 

36.29 

(4.95) 

17 
36.98 

(22.40) 

38.38 

(3.62) 

36.64 

(4.95) 

18 
30.23 

(4.87) 

33.67 

(3.23) 

33.66 

(3.57) 

19 
45.11 

(3.58) 

45.65 

(24.36) 

45.05 

(1.41) 

20 
70.55 

(6.76) 

74.40 

(5.84) 

75.20 

(3.30) 

 

3.2 Differences of Anthropometric 

       Measurements by gender 
The results of ANOVA test show that almost all of the 

anthropometric measurements have significant differences (P-

value < 0.05) between the ages of respondents. These 

differences would be considered to design clothing sizing 

systems for different age groups. There are no differences in 

the Head circumference, Shoulder to shoulder length, Shoulder 

to waist length, Front body width, Back body width and Knee 

height between ages groups as shown in Table 3. Therefore, 

these differences mean that age is one element that influences 

the development of the human body, and will eventually affect 

the sizes of clothing [3]. 

 

Table 3. Differences of anthropometric measurements 

                by age using ANOVA test 

MEASUREMET F P-Value Sig. 

Head circumference 0.52 0.593 Not Sig. 

Shoulder to shoulder length 2.66 0.073 Not Sig. 

Shoulder to waist length 0.89 0.414 Not Sig. 

Front body width 1.13 0.325 Not Sig. 

Back body width 0.29 0.748 Not Sig. 

Knee height 0.03 0.969 Not Sig 

 

3.3 Correlation Analysis 
A key measurement should also be a body measurement with 

strong relationships with most other body dimensions. 

Consequently based on this selection, it was possible to develop 

sizing system. They can be good predictors of the size of other 

parts of the body. The criteria for key measurements vary and 

there are various methods to be established in this regard. By 

using correlation coefficients it could be possible to identify 

key measurements. Correlation coefficient values indicate the 

strength of linear relationships between variables and were, as 

such, implemented in this study. 

Pearson correlation coefficients analysis was carried out to 

determine the interrelationships between the various body 

measurements. The Pearson correlation coefficient (r) is a 

measure of the strength of the linear relationship between two 

random variables. Correlation coefficients range from -1.00 to 

+1.00. The value of –1.00 represents a perfect negative 

correlation (indicating a perfect negative linear relationship 

between variables) and a value of +1.00 represents a perfect 

positive correlation (indicating a perfect positive linear 

relationship between variables). A value of 0.00 reflects no 

correlation (no linear relationship) between the respective 

variables. 

The following arbitrary scale for correlations was implemented 

to indicate the strength of the relationship between 

measurements (Gupta and Gangadhar, 2004): 

 If correlation coefficient is ,0.5 then no relationship; 

 If correlation coefficient is between 0.5 and 0.75 then 

there is a mild relationship; 

 If correlation coefficient is 0.76 it indicates a strong 

relationship [13]. 

Table 4 illustrates relationships between measurements and 

shows the correlation coefficients between each measurement 

and the other. It is noted that the weight measurement appears 

to have strong relationships with waist circumference, chest 

circumference, hip circumference, arm circumference and calf 

circumference width. Head circumference has strong 

relationship with waist circumference. Neck circumference has 
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strong relationship with chest circumference. Waist 

circumferences have strong relationships with chest 

circumference and arm circumference. Chest circumference 

has strong relationships with hip circumference, arm 

circumference and calf circumference. Arm circumference has 

strong relationship with calf circumference. 

From these findings it may be concluded that weight 

measurement is the most critical measurement. Weight and 

chest circumference are key measurements to body garments. 

In general, it can be inferred that theses dimensions are the 

important landmarks on the body and hence should be related 

closely to the garment measurements. 

 

Table 4. Correlation coefficients 

Measurme

nts 
5 6 7 8 18 

1 
0.836

** 

0.899

** 

0.798

** 

0.845

** 

0.833

** 

4 
0.659

* 

0.775

** 
0.66* 

0.694

* 
0.7* 

5 1 
0.842

** 

0.737

* 

0.788

** 

0.755

* 

6  1 
0.804

** 

0.809

** 

0.821

** 

8    1 
0.781

** 

 

3.4 Development of Size Chart 
The development of the size chart was carried out using values 

obtained from the statistical information based on the ANOVA 

test of body dimensions. The mean values and the standard 

deviations were used for creating size steps for the size chart. 

Therefore, different sizes of clothing for girls aged 12, 13 and 

14 years must be developed due to the differences in some 

measurements between age groups. Three sizes were 

developed: S (small), M (medium) and L (large). These sizes 

were developed because of there were multiple body shape in 

each group of 12, 13 and 14 years old. 

Three-size steps approach was used to develop the size chart 

for all body dimensions. To obtain three steps for three 

categories of body sizes, two standard deviations (2SD) value 

is added to the mean to obtain one value that is higher than the 

mean. Two standard deviations (-2SD) values are subtracted 

from the mean sequentially to obtain one value that is less than 

the mean for all body dimensions except key body dimensions. 

There is a difference between ages in height measurement and 

most of the measurements based on ANOVA analysis. One of 

the values can be calculated if there is no difference between 

each parameter. However, three values can be calculated if 

there is difference between each parameter according to 

ANOVA. 

Table 5 shows the size codes together with the body 

dimensions. They were calculated into three categories depend 

on the weight and chest circumference which are very strongly 

correlated with some of dimensions. 

4. Conclusion  
The following conclusions were derived  

1. As expected that all measurements follow a normal 

distribution.  

2. From the results of ANOVA test, there were differences of 

anthropometric measurements between age groups except the 

head circumference, shoulder to shoulder, shoulder to waist 

length, front body width, back body width and knee height.  

3. The key dimensions should be those, which have the 

strongest correlations with most other body dimensions using 

Pearson correlation coefficients analysis. From these findings 

it may be concluded that the weight and chest circumference 

is very strongly correlated with some of dimensions. In 

general, it can be inferred that theses dimensions are the 

important landmarks on the body and hence should be 

related closely to the garment measurements. 

The next phase in the ongoing study is to finish gathering 

anthropometric data and evaluation for the remaining 

grades in the education stage. After that database for 

sizing system in the Libya are going to be established. 
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Table 5 Clothing Size Chart of Respondents (CM) 

Measurements S M L 

1    

12 12.42 43.69 74.96 

13 28.40 53.14 77.88 

14 43.87 53.77 63.66 

2    

12 130.22 147.27 164.32 

13 141.92 154.48 167.04 

14 151.45 157.18 162.91 

3 50.55 54.73 58.91 

4    

12 23.13 28.19 33.25 

13 26.41 31.49 36.56 

14 23.22 31.70 40.19 

5    

12 38.61 65.74 92.86 

13 52.03 72.00 91.96 

14 53.77 70.46 87.15 

6    

12 46.30 70.03 93.76 

13 62.08 81.58 101.08 

14 77.15 81.46 85.78 

7    

12 51.22 77.34 103.47 

13 62.73 88.82 114.91 

14 85.15 90.31 95.47 

8    

12 15.08 23.19 31.29 

13 19.57 26.72 33.86 

14 22.95 26.13 29.32 

9 31.43 37.87 44.32 

10    

12 45.57 55.30 65.03 

13 45.00 54.03 63.07 

14 55.35 56.62 57.89 

11 25.94 35.24 44.54 

12    

12 26.04 32.32 38.61 

13 28.14 34.46 40.78 

14 32.50 35.82 39.14 

13    

12 29.27 35.32 41.36 

13 28.66 37.40 46.14 

14 33.86 37.89 41.99 

Table 5 Cont. 
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Measurements S M L 

14       

12 19.04 25.84 32.64 

13 9.69 19.93 30.17 

14 21.42 24.32 27.22 

15       

12 8.58 11.95 15.32 

13 10.45 14.13 17.81 

14 10.92 13.81 16.71 

16 26.67 36.25 45.82 

17 10.84 37.33 63.83 

18       

12 20.49 30.23 39.97 

13 27.20 33.67 40.14 

14 26.52 33.66 40.80 

19 16.62 45.27 73.92 

20       

12 57.04 70.55 84.06 

13 62.72 74.40 86.07 

14 68.62 75.20 81.78 
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Abstract: This paper analyze the voltage profiles in power distribution networks with different levels of small-scale PV systems. The 

grid-connected PV system is one of the most promising renewable energy solutions which could offer many benefits to both the end 

user and the utility network, adistribution network model has been developed in MATLAB/Simulink and implemented to evaluate the 

voltage profiles and power flow for different levels of PV systems. This will help in evaluating the impact of high penetration levels of 

small-scale grid connected PV systems on the power quality for a residential distributed network in the UK. Different penetration 

scenarios and variable load conditions are considered. The result obtained confirmed that maintaining a stable operation and an 

acceptable power quality in distribution networks are possible with a wide range of PV penetration levels. 
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1. INTRODUCTION  
One of the big challenges are facing the energy sector are 

increasing energy demands while primary energy sources are 

limited. Existing power plants are rely mainly on fossil fuels 

(oil, gas and coal) , which has a negative impact to the 

environment[1,2]. To overcome these drawbacks, the 

European commission proposed a new energy policy in 2007 

based on distributed generation to reduce the emission of 

greenhouse gases, improve power quality and increase the 

contribution of sustainable power sources such as Wind 

turbine generator and Pv system. However[1,3,4], integration 

of renewable energy sources to the utility grid introduces a 

new set of challenges[5,6,7]. As well as, traditional power 

system is designed as a unidirectional power system, 

penetration of renewable energy sources at different points of 

power system require bidirectional power flow and that 

leading to protection problems[8,6,9,10]. The photovoltaic 

system and especially (Grid-connected GCPV) are also 

becoming more prominent during the last few 

decades[11,12,13]. A typical daily load profile and the output 

power of 3Kw PV system are considered (summer season). 

The main issue are expected to be happen is the overvoltage ( 

demand low and  generation penetration is high)[3,8,9]. 

 

Figure(1): Schematic Diagram of Computer Models (Low 

voltage side) 

 

2. METHODOLOGY  
2.1 Simulation of the UK Distribution Network model  

The system modelled by using MATLAB/Simulink simpower 

system toolbox, the nominal primary voltage is setting to 

33kV and supplied to Bus 1. Bus 2 connect to the AC 

distributed energy sources. Distribution substation in the UK 

includes two three-phase OLTC regulating transformers rated 

at 20 MVA, 33 Kv / 11.5 kV type Wye/ Delta. In general, 

OLTC is located at the primary side of the transformers 

because of the current will be too less than the current in the 

secondary side to reduce the spark through transfer between 

the position of the tap changer. It supplied by medium voltage 

range 66 or 33kV. The OLTC transformers are used to 

regulate the system voltage at Bus 2, which is require to 

change the turn ratio of the transformer. Typical frequency in 

the UK is setting at 50HZ. The OLTC performed by eight 

series regulation winding (tapped winding) for each phase. 

Each phase of the regulating tap windings connected in series 

with each 11.5/sqrt (3) kV winding. There is inside the OLTC 

a reversing switch enables reversing connections of the 

regulation winding. Accordingly, there are Nine OLTC 

switches works with 17 taps; Zero position, which provides 

the nominal transformer ratio 33kV/11.5kV, eight negatives 

(eight subtractive position 1-8) and eight positives (eight 

additive position 1-8).  

The OLTC contained a reverse switching to permit the reverse 

connection of the regulation winding, which is also connected 

to ±8 tap positions.  

Each tap in the low voltage side 11.5 kV will maintain a 

voltage correction of  

±0.0167 pu or ±1.67% of the rated primary voltage 33 kV, as 

a result, a total of 17 tap positions will permit the variation in 

voltage by steps of 0.0167 pu (0.55 kV) 

The tap changer time response is 5 secs per tap and this is 

limited by the OLTC controller. As OLTC voltage regulation 

varied accordingly with a transformer ratio which has a 

specified dead zone. 
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The OLTC dead zone (                         

Where 

Step voltage= Step voltage per tap (per unit) 

Therefore, the voltage regulator of the OLTC orders further 

voltage boosting and stabilises the voltage within a maximum 

voltage error (which is equal to step voltage), and hence the 

maximum and minimum permitted of the OLTC is given as: 

 
     

      
 

                         
      

 
 
 

Where 

    = Reference voltage for the OLTC (per unit) 

                  = Voltage at initial tap position (per unit) 

The maximum and minimum voltage errors per tap changing 

is set to (0.9875 to 1.0125 per unit) respectively, as the 

OLTCs value of        has set as 0.025 per unit, and the 

voltage reference is considered as 1 for each unit. 

All distribution transformers had ratio 11/0.433 kV, connected 

at tap 0%. On a base of 230/400 V. Short circuit level was 

500e3 and setting frequency at 50HZ. 

Dynamic load emulates as a subsystem block model as shown 

in Appendix A, Figure 33-A), it includes a lookup table which 

provide the three phase dynamic load by the required P and Q. 

Active power P calculated by multiplying the apparent power 

per 24 hours (Winter and Summer ADMD) by the value of the 

power factor which supposed (0.95). As well as, reactive 

power calculated by multiplying the apparent power by the 

constant which is                 

Domestic PV system output profiles emulates as a subsystem 

as shown in Appendix A, Figure 33-B), it includes a lookup 

table which provide the three phase dynamic load by active 

power only. PV generation values represents inside the lookup 

table by negative values. 

Diesel generator sets emulates as a diesel engine coupled to a 

synchronous machine as an isolated power source 

requirements or in scenarios where sudden demand are 

expected as shown in Appendix B, Figure 34. 

3. MODEL SIMULATION WITH 

DYNAMIC LOAD WITH DIFFERENT PV 

PENETRATION 
Voltages at different nodes of the distribution network 

corresponding to the daily load and PV generation profile for 

a domestic load in the UK adopted.                                                                                                         

Domestic PV system output profiles specification for winter 

and summer was as:                                                                                                          

• Winter: generated from the measured output of a domestic 

PV system in the UK for the months of December, January 

and February.                     

• Summer: generated from the measured output of a domestic 

PV system in the UK for the months of June, July and August. 

• System size is 2.03 KW, tilt angle 30 degrees, azimuth angle 

0 degrees (south facing), output in Wh (average Wh generated 

in that hour)-average are calculated for the hour centered on 

the value, i.e. 10 values are the average output between 9:30 

and 10:30.                                                        

 Many scenarios are achieved by the penetration of the PV on 

the low voltage side 230/400 V which are 25%, 50% and 

100% to each node of the model for a summer and winter 

profile. 

 

A- Winter season 

 

B- Summer season 

Figure 1: Typical daily load profile and PV output power 

 

 

Figure 2: Voltage profile along the 230/400 V feeder with 100 

% PV penetration level in summer (Off-load tap changer) 
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Figure 3: Voltage profile along the 230/400 V feeder with 

100 % PV penetration level in winter (On-load tap 

changer) 

 

Figure 4: Voltage profile along the 230/400 V feeder with 

50 % PV penetration level in summer (On-load tap 

changer) 

 

Figure 5: Voltage profile along the 230/400 V feeder with 

25 % PV penetration level in summer (On-load tap 

changer) 

 

4. CONCLUSION 
    A distribution network model has been implemented and 

developed in to evaluate the voltage profiles and power flow 

for different levels of PV systems (25%, 50%, 100%) 

penetration. It was noticed that even with connecting PV to 

whole customers (25%, 50%, 100%) penetration in winter, 

and for (25%, 50%) penetration in summer, the voltage profile 

sustains on the allowable limits.  However, with 100% 

penetration, the voltage profile exceeds the statuary limit 

through the period between (10 AM to 2 PM) in summer 

where the penetration is 100%, which is considered the best 

period for PV generation.                                                The 

challenge in the renewable distributed generation will be 

happen when the demand is low, and the penetration level is 

high, as there might be a bi-directional power flowing 

according to the location and the capacity of generator, 

accordingly, these variations can be controlled by utilizing the 

energy storage systems such as batteries and electric vehicle 

(EVs) to support the grid by providing the energy when there 

is a mismatch between the load and the generation. In 

addition, to save the energy when there is surplus in the 

generation as compared with demands (particularly in summer 

season). 
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