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ABSTRACT 
 
The determination of the required source pressure (such as at an elevated reservoir) in a water distribution 
system requires the calculation of the pressure loss components, namely the total frictional loss and total loss 
through pipe fittings (such as elbows, tees, reducers and valves) for the first index pipe run of the system. For a 
given system configuration of water distribution to a group of buildings, it is reasonable to assume that the ratio 
between the total frictional loss and the total loss through fittings may vary with varying system complexity. 
This paper attempts to model this variation.  
In the paper, the total head loss through fittings for index pipe runs were computed as fractions of the total loss 
(through friction and fittings) for varying complexities of water distribution systems to groups of buildings. The 
varying complexities were measured in terms of length of index pipe run, number of sanitary appliances 
supplied, total flow rate from the reservoir, and number of buildings supplied. A regression analysis was done 
and this showed a second order variation of the fractions from 0.238 to 0.534 for an increase in first index pipe 
length from 68.0m to 304.7m; from 0.197 to 0.483 for a corresponding increase in number of sanitary 
appliances from 17 to 272; from 0.159 to 0.481 for a corresponding increase in total flow from 0.88L/s to 5.60 
L/s; and from 0.277 to 0.563 for a corresponding increase in number of buildings from 1 to 16. The variables of 
index pipe length, number of sanitary appliances, water flow rate, and number of buildings showed correlation 
coefficients of 0.94, 0.99, 0.97 and 0.85, respectively, with the fraction of loss through pipe fittings. These 
coefficients were found acceptable for a 99% confidence level.  
KEYWORDS: Statistical modeling, Loss through fittings, Group of buildings. 
 
 

1. INTRODUCTION 
 

The head loss components in gravity - flow water distribution systems to group of buildings are the 
frictional loss and the loss through pipe fittings such as elbows, tees, reducers and valves (called the separation 
loss). As a result of the head loss, the available pressure in the system is progressively reduced away from the 
pressure source (which is usually an elevated reservoir). 

Thus, extensive pipe runs would result in increased frictional loss while multiplicity of fittings would be 
associated with increased separation loss. However, the length of pipework and the number and type of each 
fitting in the pipe run are dictated by the requirements for proper functioning of the system. 

Earlier investigations [1, 2] had established that along the first index pipe run, the fraction of the total 
head loss which constitutes the loss through fittings increases as the index pipe length increases. Accordingly, 
the fraction which constitutes the frictional loss reduces with increase in index pipe length; an increase in index 
pipe length implying increases  in number of sanitary appliances supplied, design flow rate and in the number of 
buildings being supplied. 

In this paper, the fraction of the total loss constituting the loss through fittings is regressed on the index 
pipe length, number of sanitary appliances, design flow rate and number of buildings, to obtain equations for 
predicting the relationship between the latter four variables and the fraction. Second order relationships are 
utilized in the analysis, as suggested by the shapes of the curves obtained in an earlier investigation [1]. 

In Section 2 of the paper, the problem statement, related works and the motivation for the study are 
discussed; while Section 3 addresses the proposed strategy of the study, where the applicable fluid mechanics 
equations and the distribution system scenarios utilized in the analyses are discussed. Also, the actual 
computations of head loss components are illustrated in that section. 

In Section 4, the results of the computation are given; while in Section 5 the statistical analyses which 
yield the model equations are illustrated and the results discussed. In Section 6 the paper is concluded. 
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2. PROBLEM STATEMENT AND THE NEED FOR THE RESEARCH 
     

The calculation of the frictional loss and the loss through fittings for index pipe runs of water distribution 
system are somewhat cumbersome, even for small distribution schemes. To facilitate the effort, several 
computer software have been (and are being) developed [3,4]. These software programs require large amounts 
of input data for each pipe section. 

However, in many practical situations, attempts are made at quickly obtaining a representative fraction of 
the frictional loss of the entire index pipe run, to account for the total loss through all the installed fittings in the 
index run. In such attempts, having first calculated the frictional loss, it becomes unnecessary carrying out the 
loss calculation for every pipe fitting.  

For instance, in analyzing head losses in water distribution systems, Tiscala U.K. Ltd [5] had stated: 
“when making approximate calculations, 10%, 15%, 20% or more may be added to the pressure loss in straight 
pipes to account for the total loss through all installed pipe fittings. Also, Fluid Handling Inc. [6] in their 
technical paper titled ‘Calculating Pump Head’, had stated  “designers often skip the equivalent length method 
(of calculating losses in  individual fittings) and simply multiply the actual pipe length by 1.5 to 1.75 times to 
get the equivalent length (for all installed fittings taken together)”. They had, however, cautioned  “…..watch 
out for odd ball situations such as a boiler room two blocks away (which would unexpectedly increase the 
frictional loss component), a piping system with an extreme number of fittings (which would unexpectedly 
increase the fitting loss component), etc. In such situations the long method provides better accuracy” 

In the foregoing instances, the stipulated approximations for estimating losses through pipe fittings have 
no clear mathematical or statistical basis. It is, therefore, intended in this paper to develop statistical model 
equations for approximating the total loss through fittings in index pipe runs. 

Earlier works related to this had produced graphs for estimating the head loss components in water 
distribution within buildings and to groups of buildings [1, 2]. In another study, the effect of varying the 
available distribution system pressure on the fractions of head loss components was depicted graphically for 
varying system complexities [7, 8]. However, a search through the literature had not indicated any previous 
work for statistically estimating the head loss components in water distribution to groups of buildings. This 
paper seeks to fill this knowledge gap. 

3. STRATEGY FOR THE STUDY 
 
In the study, a set of commonly utilized water distribution configurations to a group of buildings is used 

to generate data of head losses due to pipe friction and fittings for first index pipe runs, using established 
equations and methods. The generated data are used to carry out regression analyses so as to obtain model 
equations. 

 
3.1HEAD LOSS EQUATIONS 

The frictional head loss per metre run of pipe has been derived from the Hazen – Williams formula 
(utilizing a Hazen-Williams Coefficient C = 140, for plastic pipe material) as [9] 

hf = 1.1374 x 10-3 d-4.867 q1.85  -------- - - --  (1) 
               where 	푑	 =  pipe diameter (m) 
                   and  푞	 =  flow rate (m3/s) 
Thus, the selection of a suitable pipe diameter depends on the frictional loss per metre run and the flow rate; and 
a graphical representation of Eqn. 1 is utilized in this analysis. 
The head loss through pipe fittings is usually expressed in terms of the loss coefficient 푘 of the fitting as [10]   
        hp = 0.08256 kd-4 q2   - - - -- ------ (2) 
The k-values for common pipe fittings are 0.75 for elbows, 2.0 for tees and 0.25 for gate valves  [11]. The 
values for reducers are usually given in terms of the ratio of upstream diameter 푑  to downstream diameter 푑 , 
as in Table 1 [11]; and 푑  is applied in Eqn. 2 to obtain hp for reducers. 
 

Table 1: Values of K for Reducers, in Terms of Ratio of Upstream Diameter (d1) to Downstream 
Diameter (d2) (Giles, 1977) 

Ratio d1/d2 K 
1.2 0.08 
1.4 0.17 
1.6 0.26 
1.8 0.34 
2.0 0.37 
2.5 0.41 
3.0 0.43 
4.0 0.45 
5.0 0.46 
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3.2DISTRIBUTION SYSTEM DESCRIPTION 

The selected distribution system is from an elevated storage which supplies a set of uniformly arranged 
sixteen bungalows (Fig. 1). Each bungalow contains 17 sanitary appliances, made up of 5 water closets, 5 wash 
basins, 2 bath tubs, 3 water heaters, 1 shower tray and 1 kitchen sink. 

As a first step, the analysis was done for the pipe run from A to E and up to the farthest appliance 
supplied in Bungalow 1 by the branch from E (considering the extension on the main distribution pipe from E 
towards P, and the extension on the branch from point H towards K, in Fig. 1, as non-existent). 

In the second step, Bungalow 2 was added on in the analysis (considering only the extension from E 
towards P as non-existent; but including the extension from H towards K, L, M, N and O, in Fig. 1, as existing). 
In the third step, Bungalow 3 was added on for the analysis, and in subsequent steps other bungalows were 
added on in like manner, up to the last step whence the first index pipe from A to the last sanitary appliance in 
pipe section 39, which is shown in Fig. 2, was analyzed. 
The parameters of the different pipe sections are given using boxes in which the number to the left is the pipe 
section number, the number on the top right is the pipe length, while that on the bottom right is the flow rate in 
the section. 
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3.4ANALYSIS OF HEAD LOSS COMPONENTS 
The distribution system of Fig. 3 (which is the least complex) is utilized to illustrate the analysis. 
In the analysis, loading units (which account for the non-simultaneous water discharge from all the 

installed sanitary appliances) are utilized. These units are given as 2 for a water closet cistern, 1.5 for a wash 
basin, 10 for a bath tub, 2 for a water heater cylinder, 3 for a shower and 3 for a kitchen sink [12]. 

The cumulative units for the different pipe sections are entered in the graph of loading units versus flow 
rates of Fig. 4 [12] to obtain the respective flow rates. For loading units below 10 which are not presented in 
Fig. 4, linear extrapolations are made to obtain the flow rates. 

Now, the elevation difference between the distribution pipe outlet from the reservoir and the highest 
sanitary appliance (which is the available static head) is maintained at 3.2m, this value being arbitrarily taken. 

The lengths of the first index run in Fig. 3 = 68.0m. Then, the maximum frictional loss per metre run 

(H/L), that should not be exceeded, in selecting any pipe size  =  
0.68

2.3   =  0.047.  

This H/L value and the sectional flow rates are used to select pipe sizes from Fig. 5 [13]. For instance, for 
the main supply section A to B which has a flow rate of 0.88L/s, a 40mm pipe is selected (at point A in Fig. 5 
where the actual H/L value obtained at the intersection of the lines of flow rate and pipe diameter is 0.024). The 
length of section A to B is 24.0m and the frictional head loss for this section is, thus, 24 x 0.024m = 0.576m. 

4:

5
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Table 2 : Calculations for Pipe Sizes and Head Loss Components for Water Distribution to One 

Bungalow 
1 2 3 4 5 6 7 8 9 10 11 
Pipe 
section 
No. 

Loading 
units 

Design 
flow 
(L/s) 

Pipe 
length 

(m) 

Permissible 
maximum 

H/L 

Dia 
(mm) 

Actual 
H/L 

Frictional 
head loss, 

hf (m) 

Fittings 
(other than 
reducers) 

Reducers 
(mm x 
mm) 

Loss thru 
fittings, hp 

(m) 
A to B 49.5 0.88 24.0 0.047 40 0.024 0.576 3 elbows,         

2 gate valves, 
1 tee 

- 0.119 

B to C 46.0 0.85 3.6 0.047 40 0.023 0.083 1 tee - 0.047 
C to D 41.0 0.80 3.4 0.047 40 0.020 0.068 1 tee - 0.041 
D to F 25.5 0.50 12.4 0.047 32 0.023 0.285 1 elbow,         

1 tee 
40 x 32 0.056 

F to G 19.0 0.43 5.6 0.047 25 0.045 0.252 1 tee 32 x 25 0.083 
G to I 3.5 0.12 17.0 0.047 20 0.019 0.323 4 elbows,      

1 gate valve, 
1 tee 

25 x 20 0.040 

I to J 1.5 0.05 2.0 0.047 15 0.035 0.070 3 elbows,     
1 gate valve 

20 x 15 0.011 

 68.0  1.657  0.397 
 
Table 2 gives a summary of the pipe sizing estimates and the calculated head losses for this index run. 
Having obtained pipe sizes, locations of reducers are indicated. Other types of fitting (i.e. elbows, tees and 
valves) in the first index run are specified in consideration of system functionality. 
Now, in pipe section G to I (in Fig. 3), for instance, there are one 25mm x 20mm reducer (which has 푑 /푑   = 
1.25), four elbows, one gate valve and one tee. By interpolation in Table 1, 푘 for the reducer is 0.1025. Then, 
from Eqn. 2,  
 ℎ  for pipe section G to I = (0.1025 + 4 x 0.75 + 0.25 + 2)       
	x 0.08256 x 0.02-4 x (0.12 x 10-3 )2  
= 0.040m 
It is, thus, observed from Table 2 that the total head loss through friction and that due to fittings for the first 
index pipe run of Fig. 3 are, respectively, 1.657m and 0.397m  
 

4. RESULTS 
 
In the manner illustrated above, the other distribution configurations (which number fifteen) were analyzed. The 
summary of the ratios of loss through fittings to total loss for the varying pipe work complexities are shown in 
Table 3. Fig. 6 depicts, graphically, the variation of the ratio of loss through fittings to total loss with pipe work 
complexity, where measures of pipe work complexity are presented as length of first index pipe run, number of 
sanitary appliances, total flow rate from the reservoir, and number of buildings supplied.  

 
Table 3: Ratios of Loss through Fittings to Total Loss for Varying Pipe Work Complexities  

1 2 2 4 5 6 7 8 
No. of 
buildings 

 

Length of 1st 
index  
pipe run (m) 

Total flow rate 
through main 

distribution pipe 
(L/s) 

No. of appliances 
served by main 

distribution pipe 

Frictional loss in 
1st index run (m) 

Loss through 
fittings in 1st 

index run (m) 

Total loss in 
1st index run 

(m) 

Ratio of loss 
through 

fittings to total 
loss 

1 68.0 0.88 17 1.657 0.397 2.054 0.193 
2 92.6 1.35 34 1.625 0.539 2.164 0.249 
3 98.3 1.85 51 1.988 0.699 2.657 0.260 
4 122.9 2.35 68 1.720 0.787 2.507 0.314 
5 128.6 2.65 85 2.025 0.929 2.952 0.315 
6 153.2 2.90 102 1.945 0.956 2.901 0.330 
7 158.9 3.20 119 1.875 1.096 2.971 0.369 
8 183.5 3.70 136 1.625 1.194 2.819 0.424 
9 189.2 4.00 153 1.705 1.296 3.001 0.432 
10 213.8 4.25 170 1.798 1.513 3.311 0.457 
11 219.5 4.35 187 1.937 1.576 3.513 0.949 
12 244.1 4.60 204 1.894 1.625 3.519 0.462 
13 249.8 4.64 221 1.555 1.280 2.835 0.451 
14 274.4 4.80 238 1.750 1.511 3.261 0.463 
15 280.1 5.00 255 1.447 1.442 2.889 0.499 
16 304.7 5.60 272 1.749 1.636 3.385 0.483 

 
 

346 



Sodiki, 2013 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 50 100 150 200 250 300 350

Length of Index Run (x 1)

Lo
ss

 T
hr

u 
Fi

tti
ng

s 
To

ta
l L

os
s

0

0.1

0.2

0.3

0.4

0.5

0.6

0 50 100 150 200 250 300

Number of Sanitary Appliances (x2)

Lo
ss

 T
hr

u 
Fi

tt
in

gs
 

To
ta

l L
os

s

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

Total Flow Rate  (x 3) 

Lo
ss

 T
hr

u 
Fi

tti
ng

s 
To

ta
l L

os
s

0

0.1

0.2

0.3

0.4

0.5

0.6

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Number of Buildings (x 4)

Lo
ss

 T
hr

u 
Fi

tti
ng

s 
To

ta
l L

os
s

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Fig. 6 : Variation of Ratio of Loss Thru Fittings to Total Head Loss with Pipework Complexity  
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5. STATISTICAL ANALYSIS AND DISCUSSION OF RESULTS 
In the analysis, the ratio of loss through fittings to total loss, denoted as y was regressed on the aforementioned 
measures of complexity denoted respectively as x1, x2, x3 and x4. 
Earlier investigations had indicated a second order variation of y with x [2] namely 
 y =   a0 + a1 x + a2 x2                …..                                (3) 
The regression parameters a0, a1 and a2 should be obtained for each of the variables  x1, x2, x3 and x4 by the 
solution of the simultaneous equations   [14] 
  
∑y =  na0 + a1∑x + a2 ∑x2     
  
∑xy =  a0 ∑x + a1∑x2 + a2 ∑x3     …..                                              (4) 
 
∑yx2 =  a0 ∑x2 + a1∑x3 + a2 ∑x4 
  
 

where n  =number of data points, in this case, equal to 16 
Tables 4a and 4b summarize the computations of the variables and terms which appear in Eqn. 4. Substitution of 
the variables in Eqn. 4 and simultaneous solution yields the respective relationships between y and the variables 
x1, x2, x3 and x4 as 
  y =  0.1573 + 1.175 x 10-3x1 + 2.04 x 10-7x1

2         …..                                (5) 
  y =  0.1577 + 2.389 x 10-3x2 – 4.385 x 10-6x2

2           …..                                            (6) 
 y =  0.0376 + 0.1492 x3 –  0.0125x3

2                        ….                                               (7) 
 and y =  0.2738 + 1.913 x10-3x4 + 1.0088 x10-3x4

2          …..                                    (8) 
 
For instance, to obtain Eqn. 5, substitution of values from Table 4a into Eqn.4 is done to yield the simultaneous 
equations  
6.15  =  16a0  +  12981.6a1  +  635161.36a                                     - - - -                                                               (a) 
          125.25  =  2981.6a0  +  6351.36a1  +  146336253.2a              - - - -                                                     (b) 
270342.70  =  6.35161.36a0  +  146336253.2a1  +  365928070909a2 - -                                                             (c) 
Solving  for  a0,  a1   and   a2   gives a  = 0.1573,  b  = 1.175 x 10-3  and        c = 2.04 x 10-7 and Eqn. 3 becomes  
 y  = 0.1573  +  1.175  x 10-3 x1  +  2.04 x 10-7 x1

2            - - - - -                                                           (5) 
Now, the coefficient of correlation is given as [14] 

 r =   
2

.1 











y

xy

S
S   − −−− −− −−−−− −−−−−	−																																																				(9) 

where  푆  = 

 

3

2

1






n

yy
n

i
ici

−−−−−−−−−−−− −−−−																																																					(10) 

= standard error of estimate, yi being the actual values of y obtained from the results of section 4 above, 
yic being the values of y computed from the regression equation and n the numbers of points. 
n – 3 is the number of degrees of freedom, as the number of regression parameters to be estimated in Eqn. 4 is 
three: a0, a1 and a2. 

    푆  = 
 

1

2

1






n

yy
n

i
i

− −−−−−−−−−−− −−−																																(11) 

 
= sample standard deviation of y,  ӯ being the mean of 푦   
 
The calculation of the coefficient of correlation r for x1 which is summarized in Table 5 is illustrated as follows: 
The regression equation is 
푦   =  0.1573 + 1.175 x 10-3 xi + 2.04 x 10-7 xi

2  − −−−−−																																																																																			(12) 
where 푦  is the calculated 푖 		value of 푦 and xi is the 푖 value of 푥. In Table 5, 푦  is the actual value of y 

obtained from the analysis of the losses of pressure head, and y  is the mean of these y values 
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Table 4a: Compilation of Statistical Variables and Terms for x1 and x2 
Index Pipe 

Length 
x1 

(m) 

No. of 
Appliances 
Supplied  

X2 

Frictional 
Loss 
(m) 

Loss 
thru 

Fittings 
 (m) 

Total 
Loss 

 
(m) 

Loss thru   
Fittings / Total 

Loss 
y 

yx1 x1
2 yx1

2 x1
3 x1

4 Yx2 X2
2 Yx2

2 X2
3 X2

4 

68.0 17 1.657 0.397 2.054 0.193 13.1240 4624.00 892.4320 314432.0 1381376.0 3.281 289 55.777 4913 83521 
92.6 34 1.625 0.539 2.164 0.249 23.0574 8574.76 2135.1150 794022.8 73526509.1 8.466 1156 287.844 39304 1336336 
98.3 51 1.988 0.699 2.657 0.260 25.5580 9662.89 2512.3510 949862.1 933711443.2 13.260 2601 676.260 132651 6765201 

122.9 68 1.720 0.787 2.507 0.314 38.5906 15104.41 4742.7850 1856332.0 228143201.4 21.352 4624 1451.936 314432 21381376 
128.6 85 2.025 0.929 2.952 0.315 40.5090 16537.96 5209.4570 2126781.7 273504121.0 26.775 7225 2275.875 614125 52200625 
153.2 102 1.945 0.956 2.901 0.330 50.5560 23470.24 7745.1792 3595640.8 550852165.7 33.660 10404 3433.320 1061208 108243216 
158.9 119 1.875 1.096 2.971 0.369 58.6341 25249.21 9316.9585 4012099.5 637522605.6 43.911 14161 5225.409 1685159 200533921 
183.5 136 1.625 1.194 2.819 0.424 77.8040 33672.25 14277.0340 6178857.9 1133820420.0 57.664 18496 7842.300 2515456 342102016 
189.2 153 1.705 1.296 3.001 0.432 81.7344 35796.64 15464.1480 6772724.3 1281399435.0 66.096 23409 10112.688 3581577 547981281 
213.8 170 1.798 1.513 3.311 0.457 97.7066 45710.44 20889.6710 9772892.1 2089400325.0 77.690 28900 13207.300 4913000 835210000 
219.5 187 1.937 1.576 3.513 0.449 98.5555 48180.25 21632.9320 10575364.9 2321336490.0 83.963 34969 15701.081 6539203 1222830961 
244.1 204 1.894 1.625 3.519 0.462 122.7742 59584.81 27528.1820 14544652.1 3550349583.0 94.248 41616 19226.592 8489664 1731891456 
249.8 221 1.555 1.280 2.835 0.451 112.6598 62400.04 28142.4180 15587530.0 3893764992.0 99.671 48841 22027.291 10793861 2385443281 
274.4 238 1.750 1.511 3.261 0.463 127.0472 75295.36 34861.7520 20661046.8 5669391238.0 110.194 56644 26226.172 13481272 3208542736 
280.1 255 1.447 1.442 2.889 0.499 139.7699 78456.01 39149.5490 21975528.4 6155345505.0 127.245 65025 32447.475 16581375 4228250625 
304.7 272 1.749 1.636 3.385 0.483 147.1701 92842.09 44842.7290 28288984.8 8619653676.0 131.376 73984 35734.272 20123648 5473632256 

∑= 2981.6 ∑= 2312  ∑ = 6.150 ∑= 
1245.2508 

∑= 
635161.36 

∑= 
279342.6927 

∑= 
146336253.2 

∑= 
365928070909 

∑= 
998.852 

∑= 
432344 

∑= 
195931.592 

∑= 9087848 ∑=2.036642881
4 x 1010 

                                
Table 4b: Compilation of Statistical Variables and Terms for x3 and x4 

Design 
Flow 

X3 (L/s) 

No. of 
Buildings  

Supplied x4 

Frictional 
Loss 
(m) 

Loss thru 
Fittings 

(m) 

Total Loss 
(m) 

Loss thru 
Fittings / Total 

Loss 
y 

yx3 x3
2 yx3

2 x3
3 x3

4 yx4  x4
2 yx4

2 x4
3 x4

4 

0.88 1 1.657 0.397 2.054 0.193 0.1698 0.7744 0.14946 0.68147 0.59970 0.193 1 0.913 1 1 
1.35 2 1.625 0.539 2.164 0.249 0.3362 1.8225 0.45300 2.46038 3.32151 0.498 4 0.996 8 16 
1.85 3 1.988 0.699 2.657 0.260 0.4810 3.4225 0.88985 6.33163 11.71351 0.780 9 2.340 27 81 
2.35 4 1.720 0.787 2.507 0.314 0.7379 5.5225 1.73407 12.97788 30.49801 1.756 16 5.024 64 256 
2.65 5 2.025 0.929 2.952 0.315 0.8348 7.0225 2.21209 18.60963 49.31551 1.575 25 7.875 125 625 
2.90 6 1.945 0.956 2.901 0.330 0.9570 8.4100 2.77530 24.38900 70.72810 1.980 36 11.880 216 1296 
3.20 7 1.875 1.096 2.971 0.369 1.1808 10.2400 3.77856 32.76800 104.85760 2.583 49 18.081 343 2401 
3.70 8 1.625 1.194 2.819 0.424 1.5688 13.6900 5.80456 50.65300 187.41610 3.392 64 27.136 512 4096 
4.00 9 1.705 1.296 3.001 0.432 1.7280 16.0000 6.91200 64.00000 256.00000 3.888 81 34.992 729 6561 
4.25 10 1.798 1.513 3.311 0.457 1.9423 18.0625 8.25463 76.76563 326.25391 4.570 100 45.700 1000 10000 
4.35 11 1.937 1.576 3.513 0.449 1.9532 18.9225 8.46200 82.32188 358.06101 4.939 121 54.329 1331 14641 
4.60 12 1.894 1.625 3.519 0.462 2.1252 21.1600 9.77592 97.33600 447.74560 5.544 144 66.528 1728 20736 
4.64 13 1.555 1.280 2.835 0.451 2.0926 21.5296 9.70985 99.89734 463.52368 5.963 169 76.219 2197 28561 
4.80 14 1.750 1.511 3.261 0.463 2.2224 23.0400 10.66752 100.59200 530.84160 6.482 196 90.748 2744 38416 
5.00 15 1.447 1.442 2.889 0.499 2.4950 25.0000 12.47500 125.00000 625.00000 7.485 225 112.275 3375 50625 
5.60 16 1.749 1.636 3.385 0.483 2.7048 31.3600 15.14688 175.61600 983.44960 7.728 256 136.648 4096 65536 
∑= 

56.12 
∑ = 136  ∑ = 6.15 ∑ = 

23.5298 
∑ = 

225.979 
∑ = 

99.23569 
∑ = 

980.39984 
∑ = 

4443.32544 
∑ = 58.756 ∑ = 1496 ∑ = 

690.964 
∑ = 

18496 
∑ = 

243848 
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Table 5: Values for Calculating Correlation Coefficient for x1 

i. xi yi 
yi – y  (yi – y )2  x104 

yic yi – yic (yi – yic)2  x104 

1. 68.0 0.193 -0.1914 366.3396 0.238 -0.045 20.25 
2. 92.6 0.249 -0.1354 183.3316 0.268 -0.019 3.61 
3. 98.3 0.260 -0.1244 154.7536 0.275 -0.015 2.25 
4. 122.9 0.314 -0.0704 49.5616 0.305 0.009 0.81 
5. 128.6 0.315 -0.0694 48.1636 0.312 0.003 0.09 
6. 153.2 0.330 -0.0544 29.5936 0.342 -0.012 1.44 
7. 158.9 0.369 -0.0154 2.3716 0.349 0.020 4.00 
8. 183.5 0.424 -0.0396 15.6816 0.380 0.044 19.36 
9. 189.2 0.432 -0.0476 22.6576 0.387 0.045 20.25 
10. 213.8 0.457 0.0726 52.7076 0.418 0.039 15.21 
11. 219.5 0.449 0.0646 41.7316 0.425 0.024 5.76 
12. 244.1 0.462 0.0776 60 . 2176 0.456 0.006 0.36 
13. 249.8 0.451 0.0666 44.3556 0.464 -0.013 1.69 
14. 274.4 0.463 0.0786 61.7796 0.495 -0.032 10.24 
15. 280.1 0.499 0.1149 132.0201 0.502 -0.003 0.09 
16. 304.7 0.483 0.0986 97.2196 0.534 -0.051 26.01 
  y =0.3814 

 ∑= 1362.4881   ∑= 131.42 

 

Then, Sy.x   =  0318.0
13

1042.131 4


 

   

Sy  =  09531.0
15

104861.1362 4


 

 

and Coefficient of Correlation   r   =  943.0
09531.0
0318.01

2









 
The respective coefficients of correlation 푟 between 푦 and the variables x1, x2, x3 and x4 were thus obtained as 
0.94, 0.99, 0.97 and 0.85. 

Now, the coefficient of correlation required for a 99% confidence level is 0.641 from statistical tables [8]. 
Since all the computed values of 푟 exceed 0.641, there is 99% confidence that the variation of the fraction of 
head loss through fittings is interdependent, in turn, with variations of length of first index pipe run, number of 
sanitary appliances served, total flow rate and number of buildings supplied from the reservoir. It also follows 
that estimates of the fraction can be made using the derived regression equations. 

The fractions of loss through fittings calculated from the regression equations show progressive increases 
from 0.238 to 0.534 for increase in first index pipe length from 68.0 m to 304.7 m; from 0.197 to 0.483 for a 
corresponding increase in number of sanitary appliances from 17 to 272; from 0.159 to 0.481 for a 
corresponding increase in total flow rate from 0.88 L/s to 5.60 L/s; and from 0.277 to 0.563 for a corresponding 
increase in number of bungalows from 1 to 16. 

The head loss fractions, thus, fall between 0.16 and 0.56 within the applied limits of complexity of the 
distribution systems to the group of buildings. 

Furthermore, computations done on other distribution arrangements, different from the general building 
layout utilized in the present analysis, but which utilize the same available head of 3.2m as in this analysis, had 
resulted in fractions of head loss through fittings between 0.15 and 0.50 for first index lengths between 50m and 
250m which, correspondingly, serve between 1 and 15 buildings. These fractions being in close agreement with 
those calculated by the regression equations, the present results may be applied with reasonable correctness in 
estimating fractions of head loss due to pipe fittings in water distribution systems to groups of buildings. 

 

6. CONCLUSION 
 

Regression analyses have been done to model the head loss fraction due to pipe fittings for index pipe 
runs in a set of water distribution systems serving a group of buildings. For an available pressure head in the 
region of the utilized value of 3.2 m and within the range of system complexity utilized, the total head loss 
fraction due to fittings is found to fall between 0.15 and 0.56 in simple water distribution systems to groups of 
buildings. The derived regression equations are useful in system head loss estimates. For instance, for a given 
number of buildings supplied, length of pipe run, number of sanitary appliances supplied or total water 
discharge from the reservoir, the total head loss can quickly be estimated by adding the relevant fraction to the 
frictional loss. In turn, the suitability or otherwise, of a given reservoir elevation can be determined. 

One prospect of this study is that its procedures can be applied to systems for water distribution within 
buildings, and for larger schemes such as those utilized in community and town water supply. Also, by carrying out 
the foregoing analyses for different reservoir elevations, the relationship between the available pressure head and 
the regression equations (and hence the fractions of loss components obtained from them) can be investigated. 
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