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izin verilen takviye su miktarlari tablosu Table for permitted amounts of make-up water

Takviye Edilen Su, Lt/100m boru Takviye Edilen Su, Lt/100m boru
Make-up Water Allowance, Lt/100m of Pipe Make-up Water Allowance, Lt/100m of Pipe
Boru Dis Capi [(mm) | 1-saat test | 2- saattest | 3- saattest | Boru Dis Capi (mm) | 1-saat test [ 2- saat test | 3- saat test
Pipe 0.D. [mm) 1-hrtest | 2-hrtest 3-hrtest Pipe 0.D. [mm) 1-hr test 2-hrtest 3-hrtest
32 0,7 1,2 2,0 315 13,6 28,5 42,2
40 0,9 1,2 2,1 855 17,4 34,7 52,1
50 0,9 1,4 2,4 400 211 40,9 62,0
63 1,1 1,7 2,7 450 24,8 33,3 80,6
75 1,2 1,9 3,1 500 34,7 68,2 99,2
90 1,6 3,1 50 560 43,4 86,8 130,2
110 2,4 4,7 7,2 630 55,8 110,4 164,9
125 2,6 51 7,7 710 68,2 137,7 208,3
140 3,7 7,4 11,2 800 86,8 1773 266,6
180 5,0 8,7 12,4 900 11,6 223,2 334,8
200 6,2 12,4 18,6 1000 148,8 286,5 437,8
250 10,0 16,1 26,0 1200 186,0 334,8 S8EK8
3- Akis ve Hesaplamalar 3- Flow and Calculations
3.1- Boru capini belirleme 3.1- Determining Pipe Sizes

SDR - Standart Boyut Orani (Standard Dimension Ratio) ~ Standard Dimension Ratio ‘

Bir borulama sisteminin tasarimi SDR degeri tizerinden The design 9f a piping sxstem s based on the SDR value
_ - (Standard Dimension Ratio). It is the ratio of the pipes [or

yapilir. Bu deger, dis ¢capin et kalinligina olan oranidir. . . - ; o .

fittings) outside diameter to its minimum wall thickness.

SDR=Do/t SDR=Do/t

Calisma Basinci Hesabi Working Pressure Calculation

Emniyet faktori ve izin verilebilir calisma basincini he- To calculate the safety factor and permissible operating
saplayabilmek icin, malzemenin uzun vadedeki catlama pressure it is necessary to know the long term rupture
gerilimini bilmek gerekir. Asagida PE icin verilen 8mur  stress of a material. Creep Curve below, is such diagram for

egrileri, buna iliskin bir grafiktir. Bu grafik, hedeflenen PE. This diagram allows the long term rupture stress K to
calisma basing ve sicakliginda uzun donem catlama geri- be read depending on the desired operating life and working
limini (K) gostermektedir. temperature.
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PE-100 Borular Igin Omiir Egrileri
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Efektif emniyet faktori su formdl ile bulunur: The effective safety factor is given by the following formula :
C=20-(K-tJ/P-(Do-t) C=20-(K-t]/P-(Do-t)
Aciklama, Where, ,
K = uzun donem catlama gerilimi (N/mm?) (K yukaridaki K = long term reference stress (N/mm?) (K
: should be looked from the creep curve

grafikten okunacaktir) d di th ting t ¢ d ted
t =boru et kalinligs (rmm) epending on the operating temperature and  expecte
Do = boru d ( ) service life)

0 = borudis capi mm t =wall thickness of pipe (mm]
P = calisma basinci (bar) Do = outside diameter of pipe (mm)

P =operating pressure [bar)

PE borular icin asgari emniyet faktorii (C):
1.25 (suicin) The minimum safety factor [ C ] to be taken for PE pipes:
1.60 (gaz icin) 1.25 (for water]

1.60 [for gas)
PE borunun azami ¢alisma basinci su formiille hesaplanir:

Pmax= (20-K) / (C-(SDR-1)) (bar) The maximum operating pressure of a PE pipe can be
calculated by the formula

Ozet olarak; calisma hesaplari igin 2 secenek vardir: Pmax = (20-K] / [C-(SDR- 1)) [bar]

1- Boru ozellikleri bilinirse;

Prmax = (20 - MRS) / (C - (SDR-1]) (bar) As a summary; two alternatives for operational
calculations are:
1- When the pipe geometry is known;

2- Calisma sartlari bilinirse;

SDR=1+((20- MRS/ (C . Pmaxl] Pmax = (20 - MRS}/ (C - [SDR-1]] [bar]

2- When the operating conditions are known;
Aciklama; (MRS : Minimum Required Strength - Asgari SDR=1+([20- MRS)/(C - Pmax])

Gerekli Dayanim),
MRS =8 Mpa  PE80 icin Where (MRS : Minimum Required Strength],
MRS =10 Mpa PE100 icin MRS = 8 Mpa for PESO

MRS = 10 Mpa for PE100
Elemanlarin izin verilebilen ¢alisma basinglari
Asagidaki tabloda (IS0 4065 and DIN 8074 ile uyumlu), Permissible operating pressures of components
borularin farkli isletme kosullarinda (sicaklik ve zaman) The table below [in compliance with 1SO 4065 and DIN 8074]
may help to evaluate the respective permissible operating
pressures of components under different operating
conditions [temperature and time).

izin verilebilen ¢alisma basinclari gésterilmektedir. (C = 1,25)

PE-100 icin (C = 1,25) izin verilen calisma basinglari (bar)/ Permissible operating pressure for PE-100 (C = 1,25) [bar]

Boru icindeki Akiskan Sicaklig Calisma Siresi
Temperature of fluid in pipe Operating Period

[°C] [yil/ [yearl] 17 1 7,4

10 5 12,6 20,2 81,9
10 12,4 19,8 31,0
25 12,1 19,3 30,2
50 11,9 19,0 29,7
100 11,6 18,7 29.2

20 5 10,6 16,9 26,5
10 10,4 16,6 26,0
25 10,1 16,2 25,4
50 10,0 16,0 25,0
100 9,8 15,7 24,5

30 5 9,0 14,4 22,5
10 8,8 14,1 22,1
25 8,6 13,8 21,6
50 8,4 13,5 21,2

40 5 7,7 12,3 19,3
10 7,6 12,1 19.0 — —
25 7.4 11,8 18,5 Sx
50 7,2 11,6 18,2 zZ=Z

50 5 6.7 10,7 16,7 QU
10 6,5 10,4 16,2 =
15 5,9 9,5 14,8

60 5 4,8 7,7 12,1

70 2 3,9 6,2 9.8
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Gaz uygulamalari icin, su ve gaz emniyet katsayilari
arasindaki orandan gaz calisma basinclari icin de hesap
yapilabilir ancak oncelikle yerel ve ulusal guvenlik
normlarina uyulmasi gereklidir.

Boru Uzerinde diger cevresel faktorlerin de etkin
olabilecegi durumlarda (6r. Toprak yukleri, askida
olmaktan dolayi egim gerilmeleri vs) ikinci bir emniyet
faktori de alinmasi onerilir.

Alin kaynak yontemi icin kullanilan uzun sireli kaynak
faktoriine (fs=0,8) esit bir azaltma faktori kullanilmasi
tavsiye edilir.

Ornek Coziimler:

a- Boru ozelliklerinin belirli olmasi durumu:

PE-100 boru, MRS=10

Do =63 mm

SDR=17;t=3,7 mm

Akiskan: Su, C=1,25

Pmax = (20 - MRS) / (C - (SDR-1)) = (20 x 10} / (1,25 x (17-
1)) =10 bar

Alin kaynak emniyet faktorl de hesaba katilirsa, Pmax =
10x 0,8 =8 bar olur.

b- Calisma sartlarinin bilinmesi durumu:

PE-100 boru, MRS=10

Akiskan: Su, C=1,25

Pmax =12 bar

SDR=1+((20- MRS)/(C- Pmax))=1+((20x10) /(1,25
x 12)) = 14,33

yani SDR=11 olan bir boru se¢ilmelidir.

Alin kaynak emniyet faktori de hesaba katilirsa, SDR =
14,33 x 0,8 = 11,46 bulunur, bu durumda da SDR=11 olan
bir boru uygundur.

Boru ¢apinin hesaplanmasi:

Akis izlemlerinin hesaplanmasi
denkleminden yararlanilarak vyapilir.
akiskanlar icin denklem asagidaki gibidir:

kitlelerin
Sabit

esitligi
hacimli

For gas applications the given system operating pressures
may be converted in accordance with the respective safety
factor for gas. However, regional and national guidelines
have to be adhered to.

Considering an overall piping system, where not only
internal pressure loads, but also additional loads become
effective [e.g. soil loads, bending stresses at above-ground
piping systems. etc.] there is still another safety factor that
has to be taken into account.

It is recommended to apply a reduction factor, equivalent to
the long-term welding factor for heating element butt welds
(fs=0,8).

Sample Problems:

a- If pipe geometry is known:

PE-100 pipe, MRS=10

Do =63 mm

SDR=17; t=3.7mm

Fluid: Water, C=1.25

Pmax = (20 - MRS] /(C - (SDR-1)] = (20 x 10) / (1.25 x [17-1))
=10 bar

Considering butt-welding safety factor, Pmax = 10 x 0,8 =8
bar

b- If operating conditions are known:

PE-100 pipe, MRS=10

Fluid: Water, C=1.25

Pmax = 12 bar

SDR=1+((20- MRS]/[C- Pmax)]=1+((20x 10)/(1.25x
12)] = 14.33

So a pipe with SDR=11 should be chosen.

Considering butt-welding safety factor, SDR = 14.33 x 0.8 =
11.46 so a pipe with SDR=11 is still suitable.

Determination of the pipe cross section:
Flowing processes are calculated by means of the continuity
equation. For fluids with constant volume flow, the equation
is:

Q=0.0036-A-V

3
Q=0.0036 - A-V Q.. volum‘e flow ‘ (m /h]2
) ) A ... free pipe cross section [mm?)
Q... debi (m V... flow velocity [m/s]
A ... boru net kesit alani (mm?2)
V... akis hizi (m/s)

Gaz ve buharlar icin, malzeme akisi siirekli sabittir.

Bu sebeple denklem asagidaki gibidir:

m=0.0036-A-v-p

m ... kitle akisi  (kg/h)

p ... akiskanin basing ve sicakliga bagli yogunlugu (kg/m3)

Kisaca, asagidaki formiillerle gerekli akis kesit alani
hesaplanabilir.

Di=18,8-v(Q/V] (Q.... m3/h)
Di=357-V(Q/NV) (Q....lt/s)

For gases and vapors, the material flow remains constant.
Therefore following equation results:

m=0.0036-A-v-p

m ... material flow (kg/h]

p .. density of medium depending on pressure and
temperature  [kg/m?)

The formulas below are used in practice for the calculation
of the required pipe cross section.

Di=188-v(Q/N] (Q.... m3/h]
Di=357-vIQ/NV) (Q..lt/s)

> Where,
< Di ... internal diameter of pipe  [mm]
; % A(.;|klama, _ Q... volume flow rate [m3/h),(1t/s]
£T Di... bor'u IC capi (mm] V... flow velocity (m/s]
T Q... debi (m3/h),(lt/s)
==
V... akis hizi (m/s)

kem
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Akis hizinin hesaplanmasinda sivilar icin asagidaki

degerler referans olarak kullanilabilir: Reference values for the calculation of flow velocities may
V~05/1,0 m/s (emis tarafi) be for fluids:
V~1,0/3,0 m/s [basma tarafi) V~05/1,0 m/s [suction side]
Akis hizinin hesaplanmasinda gazlar icin asagidaki V~1,0/30 m/s [pressure side]
degerler referans olarak kullanilabilir: Reference values for the calculation of flow velocities may
V~10/30 m/s be for gases.

V~10/30 m/s

Hidrolik basin¢ kayiplarinin hesaplanmasi:

Boru icindeki akiskan basin¢ kayiplarinin olusmasina
neden olur ve bu sebeple sistem icerisinde enerji
kayiplari ortaya cikar.

Basing kayiplari icin onemli parametreler:

e Boru tesisatinin uzunlugu

e Borunun capi

e Borui¢ ylizeyinin puruzluligu

e Fiting ve birlesimlerin kalitesi

e Akiskanin viskozitesi ve yogunlugu

e Akisin tiri (laminer veya tiirbiilansl)

Determination of the hydraulic pressure losses:

Flowing media in pipes cause pressure losses and
consequently energy losses within the conveying system.
Important parameters for pressure losses are:

e Length of the piping system

e Size of pipe

¢ Roughness of pipe inner surface

e Quality of fittings and joints

e Viscosity and density of the flowing medium.

o Type of flow (laminar or turbulent]

The total pressure loss is the sum of individual losses:
Toplam basin¢ kaybi, bagimsiz kayiplarin toplamidir:

AP = APp + APf (bar)
AP = APp + APf (bar)

Aciklama, APp ..... Pressure loss in straight pipes
APp ..... Diiz borulardaki basin¢ kaybi

APp=(f-L-p-V2]/[Di-2-102)  [bar)
APp=(f-L-p-V2)/(Di-2-102)  (bar) o )
f......pipe frictional index (in most cases f = 0,02)
L.....length of piping system  [m]

fo boru siirtiinme kat"say|5| (genellikle f=0,02) Di...inside diameter of pipe  (mm)
L....borularin toplam diiz boyu  (m) ) ) 5
Di....boru i¢ capi (mm) P ... medium de_*ns:ty lkg/m?)
- _ V... flow velocity (m/s]
p ... akiskan yogunlugu (kg/m?3)
V... akis hizi (m/s) APf ...... Presure loss in valves and fittings
APf ...... Vana ve fitinglerdeki basing kaybi APf=[f-Leff-p-V2)/(Di-2-102]  [bar)
APf=(f - Leff-p-V2)/(Di-2-102)  (bar] Leff...... The equivalent length of pipe to be used to estimate
the friction loss due to fittings;
Leff ... Fitinglerdeki basin¢ kaybini belirlemek icin Leff=R-Di/ 1000
esdeger diiz boru boyu; Where,
Leff=R - Di/ 1000 Leff ... effective Pipeline length (m]
Di...... pipe internal diameter (mm)
Aciklama, R is taken from Table below.
Leff ... efektif boru uzunlugu (m)
D boru i¢ ¢capi (mm)
R asagidaki tablodan alinir:
Eleman Cinsi R Eleman Cinsi R
90° Dokium Dirsek 40 30° Parcali Dirsek (2 veya fazlasi parca) 8
£45° Dokiim Dirsek 21 30° Parcali Dirsek (1 parca) 8
15° Dékiim Dirsek 6 15° Parcali Dirsek (1 parca) 6
90° Parcali Dirsek (3 veya fazlasi parcal) 24 TE, Anahat/Ayrilma 60
90° Parcali Dirsek (2 parca) 30 TE, Anahat/Anahat 20
90° Parcali Dirsek (1 parca) 60 Glob Vana, Tam acik 340 = H
60° Parcali Dirsek (2 veya fazlasi parca) 25 Kose Vana, Tam acik 145 2 X
60° Parcali Dirsek (1 parca) 16 Kelebek Vana, =200 mm, Tam acik 40 % ;
45° Parcali Dirsek (2 veya fazlasi parca) 15 Cek valf, calparali 135 =

45° Parcali Dirsek (1 parca) 12
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Piping Component R
90° Molded Elbow 40
45° Molded elbow 21
15° Molded Elbow 6
90° Fabricated Elbow (3 or more miters) 24
90° Fabricated Elbow (2 miters) 30
90° Fabricated Elbow (1 miter) 60
60° Fabricated Elbow (2 or more miters) 25
60° Fabricated Elbow (1 miter) 16
45° Fabricated Elbow (2 or more miters) 15
45° Fabricated Elbow (1 miter) 12

Ornek Problem:

Toplam 205 m uzunlukta bir PE-100 boru hattindan 350
m3/h debide su pompalanacaktir. Borunun serim hatti
asagidaki semada goriildiigl gibidir. Borudaki su hizi 2,5
m/s civarinda olacak sekilde uygun boru capini ve boru
kayiplarini hesaplayiniz.

Piping Component R
30° Fabricated Elbow (2 or more miters) 8
30° Fabricated Elbow (1 miter) 8
15° Fabricated Elbow (1 miter) 6
Equal Outlet Tee, Run/Branch 60
Equal Outlet Tee, Run/Run 20
Globe Valve, Fully Open 340
Angle Valve, Fully Open 145
Butterfly Valve, >200mm,Fully Open 40
Check Valve, Conventional Swing 135

Sample Problem:

350 m3/h water is to be pumped through a PE-100 pipe,
205 m of total length. The layout of piping is as shown in the
figure below. It is required that the water velocity in the pipe
is about 2.5 m/s. Calculate the suitable pipe size and the pipe
total pressure loss.

Sm

Vane

Boru i¢ ¢api hesabi:

Di=18,8-Vv(Q/V) = 18,8 x V(350 /2,5) = 222 mm

SDR=17 ve Do=250 mm borunun Di = 220,6 mm gelir, bu
boru uygundur.

Bu capta borudaki su hizi 2,54 m/s bulunur.

Diiz borulardaki basing kaybi:
APp=(f-L-0-V2)/(Di-2-102)

APp = (0,02 x 205 x 999 x (2,54)2) / ( 220,6 x 2 x 100) = 0,6
bar

Vana ve fitinglerdeki basing kaybr:
APf=(f-Leff-0-V2)/(Di-2-102)

Kelebek Vana  APp=(0,02x 40 x 999 x (2,54)2)/(220,6
x2x100)=0,12 bar x 1 adet =0,12 bar

90° Dokim Dirsek APp = (0,02 x 40 x 999 x (2,54)2 ) / (
220,6 x 2 x 100) = 0,12 bar x 3 adet = 0,36 bar

60° Parcali Dirsek  APp = (0,02 x 25 x 999 x (2,54)2) / (
220,6 x 2 x 100) = 0,12 bar x 1 adet = 0,08 bar

30° Parcali Dirsek  APp = (0,02 x 8 x 999 x (2,54)2 ) / |
220,6 x 2 x 100) = 0,12 bar x 1 adet = 0,02 bar
Vana ve fitinglerdeki basin¢ kayiplari
0,58 bar

toplami:

Diiz borular ile fitinglerin toplam kaybi: 0,6 + 0,58 = 1,18
bar olarak bulunur.

v

Calculation of pipe inside diameter:

Di=18.8-v[Q/V]= 18.8xV(350/2.5] = 222 mm

For SDR=17 and Do=250 mm, Di = 220.6 mm, this pipe is
suitable.

The water velocity in this pipe is calculated as 2.54 m/s.

Pressure loss in straight pipesi:
APp=(f-L-0-V2]/(Di-2-102]
APp = [0.02 x 205 x 999 x (2.54)2 ) / [ 220.6 x 2 x 100] = 0.6 bar

Pressure loss in valve and fittings:

APf=(f- Leff-0-V2]/[Di-2-102)

Butterfly Valve  APp = (0.02 x 40 x 999 x (2.54)2 ] / [ 220.6 x
2x100])=0.12 bar x 1 item =0.12 bar

90° Molded Elbow APp = (0.02 x 40 x 999 x (2.54]2 )/ [ 220.6 x
2x100)= 0,12 bar x 3 items= 0.36 bar

60° Fabr. Elbow APp =[0.02 x 25 x 999 x [2.54)2 ]/ 220.6 x
2x100)=0,12 bar x 1 item = 0.08 bar

30° Fabr. Elbow  APp =(0.02 x 8 x 999 x (2.54]2 ]/ [ 220.6 x
2x100)=0,12 bar x 1 item = 0.02 bar

Total  pressure loss in valve and
0.58 bar

fittings:

Total pressure loss in straight pipes and valve and fittings:
0.6 +0.58 = 1.18 bar.



3.2- Ko¢ Darbesi

3.2- Pressure Surge

2

Koc darbesi basinc dalgalanmasi/ Shock waves in pressure surge

Boru hatlarinda ko¢ darbesi ve buna bagli olarak
yorulmalar normal calisma sartlarinda olagelen seylerdir
(6r. Pompalarin calisma ve durmasi, ani vana kapanmasi
vb). Ko¢ darbesi, sistem bsincinin kisa siireli olarak
normal calisma basincinin Ustline ¢ikmasi demektir.
Deneyler, PE100 borularin asagidaki koc¢ darbesi
basinclarinda emniyetle kullanilabilecegini gostermistir:

Surge and fatigue occur in pipelines due to the normal
operations of, for example, pumps shutting down or valves being
operated quickly. Due to the incompressible nature of liquids the
phenomenon is usually associated with water distribution mains
and pumped sewer mains.

Surge can be described as short term pressure rises above the
static operating pressure. This is generally as a result of water
hammer where the sudden changes in fluid velocity within the
pipeline, as pumps and valves are operated, are converted to
increases in fluid pressure. As the velocity stabilises the fluid
pressure reverts to its static operating pressure. Tests have
shown that PE100 pipe can be used in the following surge
conditions;

Normal ¢calisma basinci ([Pmax)

uUstune gelebilecek ko¢ darbesi basinci

Asgari Emniyet Faktori C Uygulama
1.25 Su
1.60 Gaz
Min. Safety Factor C Application
1.25 Water
1.60 Gas

Yorulma, uzun vadede tekrarlanan pompa-vana acip
kapamalarinin déngusel degisen basinclar haline
gelmesi ile olusur. Yorulmada kritik parametreler
darbenin genligi ile sikligidir.

Ancak, yliksek dayanimli PE100 icin yorulma bir sorun
olusturmamaktadir. Pmax degerinin bir hayli tUstindeki
darbe basinclari hasarsiz olarak karsilanabilmektedir.

Koc darbesinin olusturdugu basinc asagidaki formiil ile
hesaplanabilir:

Ps=101-[(BM-E)/((w/g)- (E+BM-SDRI1/2-w-Vc/(10210-g)

Aciklama;

BM........... Sivinin Bulk Moduli  (suicin 20684)
B Elastisite Modiilii (PE ~ 6895) [bar]
SDR........ .Standart boyut orani (Do/t)

VYA Sivi yogunlugu (suicin 999 kg/m?3)

(o TR Yercekimi ivmesi (9.81m/s?)

P Basinctaki degisim  (bar)

Ve Swinin hiz degisimi (m/s) (kapatmadan Gnceki

akiskan hizina esittir)

50 %
100 %

Surge pressure above Pmax
50 %
100 %

Fatigue is associated with the repeated operation of the
pumps and valves over a long period causing cyclic pressure
variation. Critical parameters in fatigue are the frequency and
the amplitude of the surge events. Under these conditions the
theory of linear fatigue damage accumulation applies.
However, fatigue is not a concern with high toughness PE100,
and surge pressure well in excess of Pmax can be sustained
without damage.

A ‘Water Hammer' in a piping system is a pressure surge
due to a sudden change of velocity in a noncompressible fluid
media. The change in velocity could be caused by a sudden
opening or closing of a valve, starting and stopping of pumps,
pump failure or other dynamic event.

The magnitude of the pressure surge (Ps] can be calculated by
the following equation: Ps =101 -[(BM -E]/[lw/g] - (E + BM -
SDRJI1/2-w-Vc/[10210-g]

Where,

BM......... .Bulk Modulus of the liquid 20684 for water])
| Modulus of elasticity (PE ~ 6895] [bar]
SDR........ .Standard dimension ratio

|2 Fluid weight (999 kg/m?3 for water]
g.......Acceleration due to gravity ~ (9.81m/s?
Ps......Change in pressure (bar)

Vc.....Change in velocity of fluid (m/s] lequals velocity of
fluid before sudden shutdown]
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