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TECHNICAL APPENDIX 0 

Frictional Diffuser 

In reference to Chapter 8.7, page 73 

This is the general equation for calculating the flow through a 
small orifice: 

Q = CAJT 

Where: Q = flow 

C ,TtL.coefficient of orifice 

A = cross-sect'1 area of orifice 

9 = gravitational acceleration 

H = headloss through orifice 

For the frictional diffuser shown in Figure 8-9, the orifice is 
made by melting a hole in the plastic endcap, using a 3" nail. The 
approximate coefficient of such an orifice is 0.6, the approximate 
diameter of the hole is 5mm, so the cross-sect'1 area is about 
1.96(10W5J m2. In the metric system, the gravitational acceleration is 
9.8 m/set . The flow is in m3/sec, and the headloss in meters. 

Substituting these values, including a conversion factor for 
a flow given in LPS, the above equation can be rearranged to give 
the headloss for any flow: 

'2 
.' 

H = 3694 (Q = flow (LPS)) 

For a normal tapline flow of 0.225 LPS, the headloss becomes 
approximately 18 meters. If a second orifice is made, the flow through 
each orffice becomes 0,113 LPS, and the headloss then is approximately 
5 meters. 

If a di.fferent size of nail is used, then the new cross-sect'1 area 
of the orifice must be calculated (the coefficient, however, for all 
these types of orifices is approximately 0.6). 
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TJCHNICAL APPENDIX E 

Suspended Crossings 

In reference to Chapter 10.11, page 95 

Suspended pipelines may be required to cross over a wide stream, or 
across unstable terrain which is subjected to erosion and landslides. 

Although there are many possible designs for a particular situation, 
there are certain fundamental principles which must be used, and each 
possible design contains several comnon characteristics: 

- The suspended pipeline must be high enough not to be snagged by 
debris floating down the stream at its maximum flood level, or by 
landsliding rocks and boulders; 

- The cable supporting the pipeline must be adequately anchored 
on stable ground at both ends; 

- The suspended crossing must be level or nearly so (ic- at the 
same elevations on either end); 

- The cable supporting the pipeline must be strong enough to 
support the weight of itself, the pipe, the water in the pipe, 
as well as the forces generated by wind and swaying; 

- The pipe is securely fastened to the suspending cable, either 
by wire or clamps of some sort. 

The suspended pipe may be either of GI or HDP, depending upon costs 
and availability of materials. An HDP pipe, however, will require a 
protective covering wrapped around it, as this pipe will deteriorate 
q$&zkunder exposure to sunlight, and within a few years would be likely 

. 

shown 
Several possible designs of successful suspended crossings are 

in Figure E-l. 

Basic Calculations 

The calculations outlined below lead to the uetermination of the 
tension 9n the suspension, which governs the size of the suspending cable, 
and the design of the anchors at each end. 

Figure E-2 shows a typical suspended crossing, and tables the 
vrrlables needed for the calculations: 

WC = weight per length'of cable (kg/m) 
WR = wetght per4ength of pipe (kg/m) 
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ROCK CLIFF 

FIGURE E-l 
VARIOUS SUSPENDED CROSSINGS 

vt 

s: rnw3 SPANK eeweew SUPPOSE 

T = TQTAL TENSU)FI @ SWPOlW-S L 0 TLITAL LCwm OF-BLP BETWEEN 

t . tBRI2BNTAl. TENS~~~lD-~PaN bopPORT6 ( DOE To CUSS) 

68 ANcLpaFlmiiTcW~ y= s&E OF LABLE . 

FIGURE E-2 
VARIABLES FOR SUSPENSION CALCULATIONS 
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ww = weight per length of water in pipe (kg/m) 

W= total weight per length of crossing (WC + Wp + Ww) 

S = length of span (between anchors) (meters) 

Y = vertical sag of cable (meters) 

L= total length of cable (including anchoring) (meters) 

t= horizontal tension in cable at mid-span (kg) 

T= total tension in cable at anchors (kg) 

B = angle between the horizontal & tension vector (degrees) 

1: Step 

Select the amount of vertical sag, Y, desired. The cable must 
not sag so much that it will be snagged by floating debris or landsliding 
rocks. A sag of 8%-10% of the span is good, if there is adequate clearance 

Make an arbitrary selection of the cable (for trial calculation). 
Rei‘er to the "USS Tiger Brand Wire Rope Engineering Handbook" or "Standard 
Handbook of Civil Engineering (Chapter 11)". 8mm P, wire rope is a good 
selec%ion to begin with. 

Step 2: 

Determine WC (from wire rope handbook) 

Determine Wp (from GI or HDP pipe specifications table) 

Determine Ww (from GI or HDP pipe specifications table) 

Determine wind forces (15% of WC + WP + Ww) 

Calculate W (= WC + Wp + Ww + wind) 

3: Step 

Calculate the horizontal tension, t : 

t = ws2 (kg) 
8Y 

4: Step 

Calculate the angle of tension, B : 

6 = arctan ZY (degrees) 

5: Step 

Calculate the total tension, T: 

T= ,;E B (kg; this includes a safety factor of 4) 
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Step 6: 

Compare the total tension, T, with the allowable tension of the 
selected cable. Select a larger or smaller cable size if necessary, and 
repeat the calculations. 

Step 7: 

Calculate the required length of cable, L: 

L = s x (1 t 8Y2 
3-r) 

+ extra for anchoring 

DESIGN OF ANCHORS 

There are a number of different waysto secure the suspending cable at 
either end, as discussed below: 

Rock Anchor: Using a rock drill 
or rock pick, a hole 60cm deep is 
drilled into a massive rock boulder 
or cliff. The hole is then filled 
with cement grout, and the 3/8" 
rebar anchor rod is driven in. 

Maximum tension, T, is not 
more than 890 kg for 3/8" P, rebar, 
or 1583 kg for $'I 0 rebar. 

Refer to Figure E-3. 

GX Post: A length of GI 
pipe securely imbedded in a ground 
block of concrete will make a 
sturdy securing point. If 
necessary, two such posts can be 
used. Refer to Figure E-4. 

FIGURE E-3 
ROCK ANCHOR 

Maximum allowable horizontal tension, t, is: 

1" GI pipe: 68 kgs 

l+" GI pipe: 151 kgs 

2" GI pipe: 270 kgs 

3" GI pipe: 678 kgs 

Masonry Block Anchors: Where it is not possible to dig a posthole 
deep enough for a GI post, then a cement masonry block anchor can be used. 
Such an anchor functions by its frictional resistance to sliding. 

The anchor should be built into an excavated pit, as deeply as 
possible, Refer to Figures E-5 and E-6. The 3/8" rebar should be hooked 
around the 4" GI pipe, and both rebar and pipe placed as indicated. 
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bXJRE ‘E-4 
GI POST hctiof?s 

hGURE E-5 
~\‘IASONRY BLOCK ANC~~OR 



,- &” 01 PIPE (6OCM) IIHBCDDED IN MASONRY 

I------ 80 -----4 

FIGURE E-6 
MASONRY BLOCK ANCHOR (CON~'T) 
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.Y”.. 1 .Y".. 1 
,I,. ;ry ,I,. ;ry 
T,;,; T,;,; “, ", The total weight required is governed by the type of soil that the The total weight required is governed by the type of soil that the 
^ : ^ : anchor is imbedded in, and the angle of the suspension cable. Different anchor is imbedded in, and the angle of the suspension cable. Different 
.,~ ' .,~ ' 'soils have different frictional characteristics: 'soils have different frictional characteristics: 

Soil type U 

coarse-grain (w/o silt/clay) 0.55 

coarse-grain (w/o silt/clay) 0.45 

silt or clay 0.35 

firm rock (roughened surface) 0.60 

U = Greek letter "mu" 

il. 

r- 
The weight of the cement masonry block is about 630 kgs. The total 

. * weight required can be calculated from the equation given in Figure E-5. 
The remaining weight (if the masonry block alone is not enough) is added 

."> using dry-stone masonry, which is approximately 2000 kg/m3. 
2. 
, ,: 

,‘.i 

~‘. < .' ,. -.CLAMPING '; 
(1 

.‘. The pipeline must be securely fastened to the suspending cable, -, ,/: I. and the fastenings must be secure enough not to be worked loose during ;:4 . 'the swaying motions of the pipeline. HDP pipe must especially be evenly .<=)\ , 11.~ supported (ie- fastenings regularly and closely spaced). Fastenings may 
i. 'be ordinary wire, or-3/8" rebar shaped by the village blacksmith, or 
I special clamps manufactured in a metal shop, These are shown in 
fi::: ,./ 

'"Figure E-7. 

_. I" '; 

' :SHEATHING '* 
.L. ‘l ). 
:, (_, Jhen the suspended pipe is to be of HDP, it must be covered with 
$." some outer sheathing to protect it against the ultra-violet radiation of 
::'- %, sunlight (this radiation rapidly "ages" the HDP pipe, which causes 
c i ~,brittleniss). 
:: 
+ ., 
I: Sheathing may be'done by wrapping the HDP pipe with two or more 
,_ layer$ of burlap (jute') sacking material, or using split bamboo slats 
;,ic 8~ i *&cured by wire.. This is shown in Figure E-8. 
6,.' :i ,I 
-:,, i, , T,! A suspended GI pipeline requires no sheathing, but a coat of paint c .c ‘, _I ,will provide some weathering protection. 

*!.. 
;/ 

,/, ,DESIGN EXAMPLE 

: ~I A suspended crossing is needed to cross a stream, as shown in Figure 3 ,' ,: E-9." The pipeline along that section is 50mm HDP, but it is desired to :,,,/ ,( I ' .“use GI pipe for the crossing (1%" size). :,1 ,:,_ ',' 
:', 
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@ APPRO%. ISOCM. 

FIGURE E-7 
SECURING PIPE TO CABLE 

Known variables: 

WP = 3.65 kg/m 

ww = 1.26 kg/m 

S= 25 meters 

Y = 2.5 meters 

From the "Handbook of Civil 
Engineering", a cable size is 
selected: 8mm fl Round Strand 6 x77 
group, nominal breaking strength of 
g506 kgs, and weight of 0.21 
kg/meter: 

WC = 0.21 kg/m 

wind force = 15% of 
Wp f Ww + WC = 0.77 kg/m 

Therefore, tota'l loading: 

W = Wp + Ww + WC + wind = 
5.89 kg/m 

1 ST WRAPPWG 

SEASONED 
L /f---BAMBOO 

PROTECTIVE 
WRAPPING 

-WDP PIPE 

FIGURE E-8 l' 
PROTECTIVE SHEATHING 
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MNK 

FIGURE E-9 
DESIGN EXAMPLE 

Calculating horizontal tension: 
2 

t=.+ = 184 kg 

Calculating angle of tension: 

tan B = $.- = 0.40; 

therefore B = 21'48' 

Calculating total tension 
(including a safety factor of 4): 

T = 4t 
cos B 

= 792 kg 

The cable selected is 
still four times stronger 
than needed, but there is no 
smaller size to use. 

Calculating the length of cable: 

L = S x (1 + $ ) = 25.7 m 

Add 3m for the block anchor, and 
an additional 1 meter at each end for 
clamping. Thus, the total length of 
cable needed is 31 meters. 

WIDTH = 730 CM. 

FIGURE E-10 
EXAMPLE MASONRY ANCHOR 
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Designing the masonry block anchor (east bank) 

stn 0 = 0.5 = 0.1667 
3.0 

therefore 8 = 9'36' = 9.59' 

for normal dirt, u = 0.45 

W= T x cos e .+ T x sin 8 

= 1735: 132 = 1867 kgs 

weight of masonry block = 630 kgs, therefore 1237 kgs of dry-stone 
masonry is required additionally (this is about 0.618~3). 

Refer to Figure E-10. 

Designing the post anchor (west bankl 

It was previously calculat.ed that the horizontal tension, t, was 184 
From the information on page 

kgs. 

pipe would be used (or 
2iJ9, it is seen that a single post of 2" GI 

two posts of l+" GI). 

, 



.’ 
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TECHNICAL APPENDIX F 

Roofing 

In reference to roofing for tanks. 

GENERAL NOTES 

The roofing of a tank will depend upon its size, and whatever 
materials are available locally or from the regional office. 

The basic structural requirements for a tank roof are strength and 
waterproofness. Since the tanks are relatively low structures, their 
roofs become accessible playgrounds for children. Additionally, 
the roof will become dirty with dust, leaves, bird-droppings, etc, which 
must not be washed into the tank by rain. 

The roof must be pitched (sloped) so that rainwater runs off it 
quickly: no roof should be 
perfectly flat, The minimum 
pitch should be 5% (ie- 5cm 

-vertical for each 1OOcm hori- 
zontal). A roof may be single- 
pitched, double pitched, or 
multi-pitched (as illustrated 
in Figure F-l). Although a 
multi-pitched roof may fit a 
hexagonal or octagonal tank 
better, it requires a great 
deal of extra roofing 
material, and the ridges are 
difficult to make waterproof. 
Double-pitched roofs also 
require extra roofing and 
masonry (for gables). A 
single-pitched roof, especial- 
ly of CGS sheeting, is both 
fast and economical to A&L V-PI KM-D construct. 

FIGURE F-l 

PITCHED ROOFS 

The roof should overhang 
outside the walls by at least 
10 cm. An accessway should 
be built into the roof itself 
or into a gable (of a double- 
pitched roof). The accessway 
opening should be at least 
60cm x 60cm, with a secure 
cover, 

. 
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Beams span the tank ana support the roof. A CGS roof requires the 
minimum amount of wood ( and the simplest structure), and a slate roof 
requires the most. 

Figure F-2 shows a beam 
across a tank. The span of the 
beam is the unsupported 
length(s). The length of the 
beam also includes overlap 
and overhann. The tank WY 
be spanned by one continuous 
beam, or by two or three 
shorter beams supported 
by columns. 

The table bel,ow gives 
the maximum allowable spans for 
wooden beams of the given 
dimensions. The most 
economicai beams are those that 
span the tank without relying 
upon a column for additional 
support. 

To prolong its lifetime 
all wood should be thoroughly 
painted or varnished. The 
beams should be anchored 
to the masonry walls in a 
secure manner (see Chapter 
20.5). 

S = UNSUPPOQI-ED SRQt4 

L : TOTAL LENc3TH 

sc4ww6 7~0 BEAMS 
lD6ETHER. 

I 

nl 
d 

COLUMN 

T 

BEARING 
PLATE 

CEiwS - SECT’L 

DIMENSIONS OF BEAM. 

FIGURE F-2 
BEAMS & COLUMNS 

Maximum bxd Cross-sect'1 
Span - Area 

(cm) (cm x cm) (m2) 

102 3x8 0.0024 
129 3x9 0.0027 
137 4x8 0.0032 
160 3 x 10 0.0030 
173 4x9 0.0036 
213 4 x 10 0.0040 
258 4 x 11 0.0044 
267 5 x 10 0.0050 

Maximum bxd Cross-sect'l- 
Span - Area 

(cm) (cm x cm) h2 1 

307 4 x 12 0.0048 
323 5 x 11 0.0055 
360 4 x 13 0.0052 
384 5 x 12 o.ooa 
450 5 x 13 0.0065 
523 5 x 14 0.0070 
600 5 x 15 0.0075 
683 5 x 16 0.0080 

These calculated using maximum allowable extreme fiber stress of sal wood 
@ 168 kg/square centimeter, with a mid-span load of 210 kgs. - 
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Beams may be supported by 
using a column of wood or GI pipe, 
although the latter is recommended. 
The dimensions of the wood column 
should be square, equal to the 
'lb" (width) dimension of the 
beam it is supporting. 

A GI pipe column should 
have a flange at either end. The 
base of the column rests upon 
the floor of the tank, and the 
beam sits upon the upper flange 
(this is shown in Figure F-3). 
All exposed metal should 
also be painted or varnished, 

The size of the GI pipe 
needed for the column depends 
upon the height of the column, 
and what type of roof it is 
supporting. The maximum 
height for a GI column is 
given below: 

GI Pipe size 

--~ 

LTHREADED FLANGE: 
(BOTH ENDS) 

CONCRETE FOOTIW 

FIGURE F-3 

GI C.OLUPNS 

Maximum height of column (cm) 
RCC slab CGS sheets 

,';t, ‘ 1;; 
170 

2’: 278 480 316 

These calculated for supporting roof weight plus 
730 kg of human load plus safety factor of 2.0 

SLATE ROOFING 

This type of roofing depends upon the local availability of slate. 
It requires a lot of supporting woodwork (beams, rafters, purlins 
etc) which will increase the cost and construction time of the roof. 
If a slate roof is to be used, the main beams are sized according to 
the table above; the viliagers can be reiieci upon to construct the 
remaining woodwork and proper installation of the slate. 



Slate roofs are not recommended for break-pressure tank or valvebox 
covers, since it is not a secure roofing material. A CGS or RCC slab 
cover is better. 

CGS ROOFING 

Roofs of corrugated galvanized steel (CGS) sheets are the best and 
easiest to construct, requiring a minimum of supporting wcod. The 
standard size available in Nepal is 3' x lo', and its effective size 

(wiih one corrugation overlap) 
is 300cm x 70cm, and weighs 
approximately 25 kgs. 

FIGURE F-4 
CGS ROOF FOR OCTAGONAL TANK 

Figure F-4 is of an octagonal ti 
bolts, and CGS sheets. 

CEMENT SLAB ROOFS 

CGS sheets can be easily 
cut by hammer and chisel, or 
using tin snips (which are not 
so easy). If a tank is to be 
roofed with CGS, it is best to 
adjust its dimensions so that 
there is a minimum of CGS 
cutting or wastage. 

CGS roofs need only to be 
supported by beams which run 
across the corrugations. 
Maximum unsupported spans should 
be 150cm. CGS sheets are fasteneo 
to the beams with roofing nails or 
J-hooks and can be bolted to masonry 
walls (see Chapter 20.6). 

(, showing arrangement of beams, 

Roof slabs of either reinforced concrete (KC) or reinforced (RF) 
brick have been discussed previously in Chapter 19.14. 

Construction cf these types of roofs requires a lot of wood for 
temporary forms, supporting the concrete while it is curing. Coating 
the inner surfaces of these forms with old motor oil will make it 
easier to remove them from the concrete. 

THATCHED & MUD-ROOFS 

Although commonly used to roof houses and barns in Nepa?, these are 
not acceptable roofing methods for water tanks. They require frequent 
maintenance, and will quickly become dirty and harbor insects. 
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TECHNICAL APPENDIX G 

Headlosses of a Tank Outlet 

As explained earlier in Chapter 6.10, frictional losses caused by 
fittings such as elbows, reducers, unions, etc are considered negligible 
when the distance between individual fittings is at least 1000 pipe 
diameters. 

Whereas this applies to most of the pipeline, special note must be 
made for the outlet piping of water tanks. For these, often several 
fittings are locateo closely together. Under these circumstances, 
the headloss generated by these cannot be considered negligible. 

Flow through a fitting creates turbulence, which often persists 
for quite some distance downstream from the fitting. When several 
fittings are located closely together, their turbulences mix together 
and the combined effective headloss will be greater than the sum of 
each individual headloss had they been located far apart. 

When calculating the headloss of an outlet, the equivalent pipelength 
of the fittings are used, given as the length/diameter (L/D) ratio. Typical 
L/D ratios for various fittings are: 

Fitting L/D ratio 

Tee (flow from run-to-run) 
Tee (flow from run-to-side) El 
Elbow (90' short radius) 33 
Union 7* 
Gate valve (fully open) 7 
Free entrance (at intake) 
Screened intake 1::** 

* assumed to be same as gate valve 
** assumed to be 5x more than free intake 

Example: The equivalent pipelength of a 1%" GI elbow is: 

14" x 33 = 50" = 126 cm 

The amount of head available to push the flow through the outlet piping 
is exactly equal to the depth of water in the tank above the outlet level. 
Of this head, it will be assumed that not more than 20 cm is desired to be 
lost due to the frictional headloss of the outlet flow. 

An example for applying these principles is illustrated, using the outlet 
of 14" GI pipe shown in Figure G-1. The pipe section from the screened 
intake to the GI/HDP union will be analysed: 
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Total up the L/D ratios of the 
fittings: 

FIGURE ii-1 

I EXAMPLE OUTLET PIPING 

screened intake = 150 

gate valve = 7 

tee (run-run) = 27 

union = 7 

TOTAL = 191 

Therefore, the equivalent 
pipelength of these fittings is: 

19'1 x l+" q 287" = 728 cm 

The length of GI pipe and 
nipples is 130 cm, so the total 
pipelength of the piping is 858 cm. 

/ The maximum desired headloss is 
20 cm, therefore the maximum 
desired frictional factor is: 

20/858 x 100% = 2.33% 

Thus, the maximum outlet flow must not have a f:-ictional headloss 
factor greater than 2.33% for 1%" GI pipe. The same technique is used 
to determine the maximum outlet flow for different pipe sizes. For the 
above pipe arrangement, these maximum flows are: 

Maximum allowable Maximum 
GI Pipe size frict'l factor flow 

Y 
1 II 

l$" 

2" 

3" 

5.36% <O.lcILps 

3.25% 0.33 LPS 

2.33% 0.80 LPS 

1.32% 1.30 LPS 

1.26% 3.30 LPS 

From the above table it can be seen that l/2" pipe is unsuitable 
as a tank outlet because of the low flow. 
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TECHNICAL APPENDIX H 

Gabions 

The actual const;nuction of gabions requires a skilled laborer who 
already knows how to "weave" the cages from wire, Such a person can 
usually be borrowed from a road construction project for a day or two, 

and can quickly instruct other 
villagers how to make the 

-K-----i gabion cages. 
----FLOOR 

FRONT 

SIDE 

Gabions are wire-mesh cages filled with stone and arranged to form 
retaining walls for banks and cliffs which may collapse due to erosion. 
Their use in CWS projects will primarily be along banks of gullies and/or 
streams, directly supporting the ground beneath a pipeline crossing, 
Gabions can also be used to stabilize terraces and terrain around intake 
tanks, etc. 

Gabions can be made in 
several different sizes, depending 
upon the needs of the embankment. 
A rectangle is woven and then folaed 
up to form the four sides of the box. 
The two ena pieces are woven separately 
and wired into position. They are 
carefully filled with stone (as dry- 
stone masonry) and their lids are 
wired shut. 

Some large gabions are 
sub-divided into two or three 

~~APHrMGM. compartments by partitions called 
"diaphragms". When the gabions 
are folded into shape, their 
edges are wired together (these 
edges are called selvedqes). 
An embankment of gabions under 
construction is shown in Figure 
H-2. 

FIGURE H-l 
UNFOLDED GABION 

Gabions are ve.ry expensive 
to construct, and should be used 
only in extremely unstable 
conditions where there is no 

alternative plan. The actual design of an embankment of gabions should 
be done in consultation with knowledgable engineers. 



SUSPENDED 

FIGURE H-2 

GABION EMBANKMENT UNDER CONSTRUCTION 

Materials & Estimates: Gabions to be used in CWS projects are of the 
same design and materials as those used for trail suspended bridges: 

Mesh size: 80 x 100 mm 

Mesh wire: 9 SWG (a 3.66 mm) 

Selvedge wire: 6 SWG (0 4.88 mm) 

Binding wire: 11 SWG (p1 2.95 mm) 

All wire of 

Galvanized iron 

Details 
Dimensions of gabions (meters) 

2X1X1 3X1X1 2X1X4 3X1X4 

Volume (m3): 
1 

Mesh wire (kgs): 36200 
52335 4:85 

1% 

Selvedge wire (kgsj: 3:75 24.55 3.00 36.00 3.90 
Labor (man-days): 5.53 7.38 4.18 5.43 
No. of diaphragms: 1 
Dimensions of 'I : 1x1 lZ1 lfl, 

F selve ges with 6 
Gabions are assembled by binding them together along the 

SWG binding wire. The cages should be "laced" together 

r 
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with a continuous length of wire, rather than "tied" together with short 
pieces. The cages are placed into position while empty, stretched to 
their full dimensions (pegging the corners securely to the ground will 
help), and wired together. Diaphragms are inserted snd wired into place. 

Gabions are filled with clean, hard, angular rubble stones Filling: 
each stone being individually fitted'into place, similar to constructing 
a dry-stone masonry wall (stones should not just be dumped into the cages 
When the cages are filled, the lids are then wired shut for additional 
stability. The gabions should be carefully backfilled for additional 
stability. On completion, the gabions should be completely and tightly 
filled, square, and true to dimensions, 

, 
1. 



Reference Table I 

ENGLISH & METRIC UNITS 

Metric Units 

Length: ‘10 millimeters = 1 centimeter 
100 centimeters = 1 meter 

1000 meters = 1 kilometer 

Volume: 1000cm3 = 1 liter = O..OOl m 3 mm = millimeters 
1000 liters = 1 m3 cm = centimeters 

m = meters 
kb&L: 1 cm3 = 1 gram 

1000 cm3 = 1 liter = 1 kg 
1000 liters = 1000 kg = 1 m3 

Weight: 1000 grams = 1 kilogram 
1000 kgs = 1 metric tonne 

km = kilometers 

ki 
= gram 
= kilogram 

English Units 

Length: 12 inches = 1 foot 
3 feet = 1 yard 

5280 feet = 1 mile 

Volume: 4 quarts = 1 gallon = 231 in3 = 0.13 ft3 
1 ft3 = 1728 in3 

Water: 1 in3 = 0.036 pounds 
1 ft3 = 62.4 lbs. 
1 gallon = 231 in3 = 8.34 lbs 

Weight: 16 ounces = 1 pound 
2000 lbs = 1 ton 

yd = yards 
ft = feet (') . 

;: 
= inches (") 
= quarts 

lb = pounds 

g:; 
= ounces 
= gallons 

Conversion Factors 

English&metric Metricdenglish 

1 ' = 2.54 cm 1 cm = 0.39" 
= 30.48 cm 

;'yd = 91.44 cm 
1 mile = 1609 m = 1.6 km 

1 m = 39" = 3.28' 
1 km = 3280' = 0.62 miles 

1 02 = 28.4 gm 1 gm = 0.035 02 
1 lb = 450 gm = 0.45 kg 1 kg = 35 oz = 2.2 lbs 

1 qt = 0.91 liters 
i 

= 1.1 
zter = 35.31 

qt = 0.035 ft3 
1 gal = 3.63 liters ft3 

1 in3 = 16.39 cm3 

1 ft3 = 28.3 liters 



Reference Table II 

INSTALLATION OF UNIONS, 
FLANGES, & VALVES 

---_ 

RUBBERGMCET 

SI LON6 ( 12”) NIPPLE 

UN.W254DED 

THREADED 61 PIPE 

-- 

FEMdLE SOCKET 

EXPANSlON 

SOCKE-I- PLUG 

-- 

nstalling a brass union: i 

1) Screw the male-half of tie union ontc the W GI pipe: 
2) Slip the female brass ring and the neoprene ring onto 

he 20mm HDP pipe; 
3) Over a flame, carefully heat the mouth of the HDP pipe 

ntil it is soft. Then hammer in the expansion plug until it is 
lush with the end of the HOP pipe; 

4) Place the neoprene gasket inside the male-half of the 
nion, then put the HDP pipe (expanded end) into it. Slip the 
rass ring up to the male-half and screw tightly, 



“, 

I tern 

601 ts 
Brush, paint 
Brush, wire 
Bucket, steel 

Crowbar 

File, flat 

Hacksaw, frame 
Hacksaw, blades 
Hammer, claw-headed 
Hammer, sledge 
Hammer, sledge 
Hammer, sledge 
Heating plate 

Kerosene 

Level, carpenters 

Nails 
Ijails 

Oil can 
Oil 

Paint 
Pick & handle 
Pipe threader 
Pipe threader 
Pipe threader die 
Pliers, adjustable 

Rebar (reinforcing)rod 

Screening, wire 
Screws, brass 
Screwdriver 
Shovel, flat-edged 
Shovel, round-edged 

Reference Table I.11 

RECOMMENDED TOOL LIST 

Size 

3/8” x 5” 
3” 

12" 

5’ 
10" 

12” 
12" 

l-lb 
2-lb 

lo-lb 

24 ” 
1 41 

3” 
250-ml 

10" 

3/8” (Smm) 
3mm square 
1 I' -5 
8" 

Stove, kerosene pressure** 
String, kite 300m 

Tape measure, steel 
Tape measure, plastic 
Tin cutters 
Trowels, masons 
Thermochrom crayons 

Vise, pipe 

Wrench, pipe 
Wrench, pipe 
Wrench, pipe . 

2-m 
5' 

2” 

$1 

24” 

* according to design + 10% extra 
@* more convenient than blowtorches 

Remarks- Quantity 
* 
2 

For GI pipework 1 
for cement-mixing +/mason 

for excavation 4 
for GI pipework 2 
for GI & HDP pipework 2 

12 
for wood-working 1 
for masons l/mason 
for making aggregate 4 
for breaking rock 4 
for HDP pipejoining l-2 

for HDP pipejoining 10 liters 

1 

for slate/CGS roofing 
for wood-working 

for GI pipework 1 
for GI pipe work 1 liter 

for wood 8, GI pipe 1 liter 
for excavation 4 
for 5" & 1" GI pipe 1 
for +"-2" GI pipe 1 
according to GI size 2 

1 
* 

for intakes 1 m2 
for air-releases 24 

for cement-mixing 
P 

mason 
for excavation 
for HDP pipejoining 1 
for caulking GI 1 ball 

threads 

retractable-type 
tailor type : 
for CGS sheets 1 
for cement-work 2/mason 
for HDP pipejoining 1 box 

for up to 2" GI pipe 1 

for up to 1" GI pipe 
for up to 2" GI pipe. 2 per project 
for up to 3" GI pipe 



Reference Table IV 

HDP PIPE SPECIFICATIONS 

These are the specifications of the HDP pipe as ordered by UNICEF/Nepal, 
However, due to variations in production methods by the various companies 
which manufacture the pipe, there are slight differences in dimensions and 
surface finishes. The HDP frictional headloss table is for HDP pipe of 
these approximate dimensions. 



Reference Table V 

GI PIPE SPECIFICATIONS 

The following specifications are taken from the Indian Standards 
Institute (ISI) specifications for mild steel tubes (IS1 bulletin IS: 
1239 (Part I) 1973) for medium duty pipe. The GI pipe purchased in 
Nepal is manufactured in India, but there is no guarantee that it is 
to these IS1 standards. 



Reference Table VI 

RESIDUAL HEADS 

Tapstands: 

Absolute minimum: 
Desired minimum: 

Ideal : 
Desired maximum: 
Absolute maximum: 

HGL: -- 

7m 
10m 
15m 
30m 
56n; 

Discharges into tanks: 

Absolute minimum: 7m 
Ideal: 10m 

Absolute maximum: 56m 

Do not allow the HGL to fall within 10m of the ground profile 
unless unavoidable; and NEVER allow the HGL to pass underground. 

Reference Table VII 

GI/HDP SIZES 

HDP size 

2onm 
32m-n 
5omm 
63mm 
9oml 

CI to hDP Fittiric, 

Brass union II 
II 
II 

" qr Flinge s$ II 
II II II II II 

The GI pipe size refers to the inner diameter (ID) and 
the HDP pipe size refers to the outer diameter (00) 



Reference Table VII 

MATERIALS & LABOR ESTIMATE TABLE 

EXCAVATIONS Per l-m3 

a) Ordinary soil 0.55 man-days 
b) Gravelly soil 0.77 man-days 
c). Boulder mix 1.10 man-days 
d) Medium rock cutting 1.60 man-days 
e) Hard rock cutting 2.50 man-days 

WOOD-WORKING 
a) Skilled labor 
b) Unskilled labor 

Per l-m3 of finished wood 

18 man-days 
18 man-days 

STONE AGGREGATE PRODUCTION 

a) Unskilled labor 

Per l-m3 of crushed rock --- ~. 
14 man-clays 

CONCRETE Per l-m3 of: 1:2:4 mix 1:l :3 mix 

a) Cement 0.25 m3 0.33 m3 
b) Sand 0.50 ni3 0.50 m3 
c) Aggregate 1.00 m3 1.00 m3 
d) Mason labor 1.1 man-days 7.1 man-days 
e) Unskilled labor 4.0 man-days 4.0 man-days 

PLASTER* Per l-m2 of: Spatterdash (1:4) 1:3 iiiix 1:2 mix 

a) Cement 0.0025 m3 0.0030 m3 0.0050 m3 
b) Sand 0.01 m3 0.01 m3 0.01 m3 
c) Mason labor 0.14 man-days 0.14 man-days 0.14 man-days 
d) Unskilled labor 0.22 man-days 0.22 man-days 0.22 man-days 
* Each coat of plaster 1 cm thick 

BRICK MASONRY @ 1:4 mortar 

a) Bricks 
b) Cement 
c) Sand 
d) Mason labor 
e) Unskilled labor 

Per l-m3 

75% 
0.063 m3 
0.25 m3 
1.4 man-days 
2.8 man-days 

RUBBLE-STONE MASONRY @ 1:4 mortar 

a) Cement 
b) Sand 
c) Mason labor 
d) Unskilled labor 

Per l-m3 

0.089 m3 
0.35 m3 
1.4 man-days 
3.2 man-days 



Reference Table VII (Con't) 

DRESSED-STONE MASONRY @ 1:4 mortar Per l-m3 

a) Cement 0.075 m3 
b) Sand 0.30 m3 
c) Mason labor 
d) Unskilled labor 

2.8 man-days 
5.0 man-days 

CGS ROOFING 
Nominal size: 3' x 10' 
Effective size: 70cm x 1OOcm (with overlap of 1 corrugation) 
Weight: 25 kgs 

CEMENT 

Per bag: 50 kgs 
burlap (jute) bag: 32 liters (0.032 m3) 
paper bag: 34 liters (0,034 m3) 

SPECIFIC WEIGHTS 

Portland cement: 1440 kg/m3 
brick masonry: 2120 kg/m3 
stone masonry: 2450 kg/m3 
concrete: 2409 kg/m3 
seasoned wood: 650 kg/m3 
water: 1000 kg/m3 
dry-stone masonry: 2000 kg/m3 



Reference Table VIII 

TRIGONOMETRIC TABLE 

Sine Cosine Tangent Cotan 1 

.;087 

.0175 

.0262 

.0349 

.0436 

.0523 

.0610 

.0698 

.0785 

.0872 
,958 
.1045 
.1132 
.1219 
.1305 
.1392 
.1478 
.1564 
.1650 
.1736 
.1822 
.1908 
.1994 
.2079 
.2164 
.2250 
.2334 
.2419 
.2504 
.2588 
.2672 
.2756 
.2840 
.2924 
.3007 
.3090 
.3173 
.3256 
.3338 
.2420 
.3502 
.3584 
l 3665 
.3746 
.3827 

1 
.99996 
.99985 
.99966 
.99939 
99905 
.99863 
.99813 
.99756 
.99692 
.99619 
* 99540 
.99452 
.99357 
.99255 

.00:7 

.0175 

.0262 

.0349 

.0437 

.0524 
,0612 
.0699 
.0787 
.'I875 
.0963 
.1051 
.1139 
.1228 

317 
405 
495 
584 
673 
763 
853 
944 

.99144 .l 

.99027 .98902 :i 

.98769 

.98629 :i 

.98481 .98325 :; 

.98163 .l 

.97992 .2035 

.97815 .2126 

.97630 .2217 

.97437 .2309 

.97237 .2401 

.97030 .2493 

.96815 .2586 

.96593 .2679 

.96363 .2773 

.96126 a2867 

.95882 .2962 

.95630 .3057 

.95372 .3153 

.95106 .3249 

.94832 .3346 
,94552 .3443 
.94264 .3541 
.93969 .3640 
.93667 .3739 
.93358 .3839 
.93042 .3939 
.92718 .4040 
.92388 .4142 

11; 6 
57:29 
38.19 
28.64 
22.90 
19.08 
16.35 
14.30 
12.71 
11.43 
10.39 

9.514 
8.777 
8.114 
7.596 
7.115 
6.691 
6.314 
5.976 
5.671 
5.396 
5.145 
4.915 
4.705 
4.511 
4.331 
4.165 
4.011 
3.867 
3.732 

EZ 
3:376 
3.271 
3.172 
3.078 
2.989 
2.904 
2.824 
2.747 
2.675 
2.605 
2.539 
2.475 
2.414 

90" 
69"30' 
89O 
88'30' 

0 

k30' 
87" 
86"30' 

0 

k30 
85" 
84'30' 
84' 
83'30' 

&30' 
82" 
81'30' 

K3Ol 
80" 
79"30' 

z30 

F30 
77" 
76'30' 

F30 
75" 
74O.30' 
74" 
73O30' 
73O 
72'30' 

0 

::o30' 
0 

k30' 

;;:301 
69' 
68O30' 

K30' 



Reference Table VIII (Cont'd) 

Angle 

E301 
24' 
24O30' 

K30' 
26" 
26'30' 

0 

%30' 

:F30' 

$30 

F30' 

F30 

$30' 

33F30' 
34" 
34"30' 
35O 
35O30' 
36" 
36'30' 

F30 
38" 
38'30' 
39" 
39"30' 

1K3Ol 
41" 
41°30' 

z30 

F30~ 

Sine Cosine Tangent Cotan 

.3907 

.3987 

.4067 

.4147 

.4226 

.4305 

.4384 

.4462 

.4540 
a4617 
.4695 
.4772 
,484s 
.4942 
.5000 
.5075 
.5150 
.5225 
.5299 
.5373 
.5446 
.5519 
.5592 
.5664 
.5736 
.5807 
.5878 
.5948 
.6018 
.6088 
.6157 
.6225 
,6293 
.6361 
.6428 
.6494 
.65Gl 
.6626 
.6691 
.6756 
.6820 
.6884 
.6947 
.7009 
.7071 

.92050 

.91706 

.91355 

.90996 

.90631 

.90259 

.89879 

.89493 

.89101 

.88701 

.88295 

.87882 

.87462 

.87063 

.86603 

.86163 

.85717 

.85264 

.84805 

.84339 

.83867 

.83389 

.82904 

.82413 

.81915 

.81412 

.80902 

.80386 

.79864 

.79335 

.78801 

.78261 

.77715 

.77162 

.76604 

.76041 

.75471 
l 74896 
.74314 
.73728 
.73135 
.72537 
.71934 
.71325 
.70711 

.4245 

.4348 

.4452 
$4557 
.4663 
.4770 
,4877 
.4986 
.5095 
.5206 
.5317 
.5430 
.5543 
.5658 
.5774 
.5890 
.6009 
.6128 
.6249 
-6371 
.6494 
.6619 
.6745 
.6873 
.7002 
.7133 
,726s 
.74OO 
.7536 
.7673 
.7813 
.7954 
.8098 
.8243 
.8391 
.8541 
.8693 
.8847 
.9004 
.9163 
.9325 
.9490 
-9657 
.9827 

1. 

2.356 
2.300 
2.246 
2.194 
2.145 
2.097 
2.050 
2.006 
1.963 
1.921 
1.881 
1.842 
1.804 
1.767 
1.732 
1.698 
1.664 
1.632 
1.600 
1.570 
1.540 
1.511 
1.483 
1.455 
1.428 
1.402 
1.376 
1.351 
1.327 
1.303 
1.289 
1.257 
1.235 
1.213 
1.192 
1.171 
1.150 
1.130 
1.111 
1.091 
1.072 
1.054 
1.036 
1.018 
1.000 

I Cosine Sine Cotan Tangent Angle 

&30' 

K30' 

F3,I 

E30 
63" 
62"30' 

0 

K30' 

K30' 
60" 
59"30' 
59" 
58'30' 
58" 
57"30' 
57" 
56'30' 
56" 
55"30' 
55" 
54"30' 
54" 
53"30' 
53" 
52'30' 

0 

K301 
51" 
50"30' 
50" 
49"30 ' 
49" 
48'30' 
48" 
47O30' 
47" 
46'30' 
46" 
45"30' 
45" 



Reference Table IX 

VERTICAL DISTANCE SURVEY TABLE 

The table below directly presents the 
vertical elevation difference between two 
stations, where the ground distance and 
vertical angle between the stations is 
known. 

The distance may be either in feet 
or meters, and direct interpolation between 
two distances is allowable. 

i 

VERTICAL ANGLE 8 

I 
1" 2O 3" 4" 5" 6" 7" 8" 

___----- 

9" 10" 11" 12" 13" 

2 
4 
6 

Eli 8 
? 10 
v) 12 t4 
0 14 

16 

52 
18 

s 
20 

s 22 
24 
26 
28 
30 

0 0 0 35 +i 4 
0 0 0 
0 11 11 1 1% 
0 +i 1 1 14 14 14 14 2 
0 4 4 * 1 1 1 

0 4 4 1 1 1 1% 14 2 2 2% 2% 2% 

111 222433 3+ 

224 2% 3 3 3 3+ 3 4 3% 4 3% 4 4% 
14 2 24 2% 3 3% 4 4 44 5 
1+ 2 2+ 3 4* 5 5% 

5 1% 2 235 3 
5 i 14 2 2% 3 3* 4 4% 5 5% 6 6% 

I 14' 15" 16" 17" 18' 19" 20" 21" 22" 23" 24" 25" 

2 
4 
6 

t5: 8 
2 10 
k - 12 
O 14 

16 
0 18 
5 20 
s a 22 

24 
26 
28 
30 



Reference Table X i 

GI FRICTIONAL HEADLOSS FACTORS 

These are the approximate headloss factors, in m/lOOm (%), for 
aged (lo-15 years) GI pipe. Flows are in liters/second. 

FLOW +‘I GI 1" GI 1%" GI 2" GI 3" GI 

0.10 5.87 0.38 
0.15 12.24 0.82 
0.20 21.43 1.33 
0.225 26.53 1.68 
0.25 31.63 2.04 

0.20 
0.22 
0.24 

0.30 
0.35 
0.40 
0.45 
0.50 

44.90 
58.16 
74.49 
91.84 

2.96 0.40 
3.82 0.52 
4.79 0.66 
6.02 0.83 
7.14 1.02 

0.22 
0.27 
0.33 

0.55 8.67 1.19 0.39 
0.60 10.20 1.43 0.46 
0.65 11.73 1.63 0.53 
0.675 12.76 1.68 0.55 
0.70 13.27 1.73 0.58 

0.75 
0.80 
0.85 
0.90 
0.95 

15.31 
17.35 
18.88 
21.43 
23.47 

2.14 0.67 
2.35 0.77 
2.65 0.87 
2.86 0.92 
3.27 1.02 

1.00 25.51 3.57 1.72 
1.05 29.39 3.83 1.22 
1.10 30.61 4.18 1.33 
1.15 34.69 4.59 1.48 
1.20 35.71 4.92 1.58 

1.30 40.82 5.71 1.84 0.22 
1.40 47.96 6.63 2.14 0.26 
1.50 54.08 7.55 2.45 0.28 
1.60 61.22 8.47 2.65 0.32 
1.70 67.35 9.49 3.06 0.35 

1.80 
1.90 
2.00 
2.20 
2.40 

76.53 3.47 
3.78 
4.08 
4.90 
5.71 

2.60 
2.80 
3.00 
3.20 
3.40 

10.51 
11.73 
12.76 
15.31 
17.86 

20.41 
24.49 
26.53 
29.59 
33.67 

6.63 
7.65 
8.67 
9.69 

10.92 

0.41 
0.43 
0.49 
0.57 
0.66 

0.81 
0.92 
1.02 
1.12 
1.32 



Reference Table X (Cont'd) 

FLOW %"G I 1" GI 1%" GI 2" GI 3" GJ 

3.60 37.76 12.24 1.43 
3.80 40.82 13.27 1.58 
4.00 45.92 14.79 1.73 
4.50 56.12 17.86 2.09 
5.00 21.43 2.55 

5.50 26.53 3.06 
6.00 30.61 3.67 
6.50 35.71 4.18 
7.00 40.82 4.85 



- 

Reference Table XI - 

HDP FRICTIONAL HEADLOSS FACTORS 

These are the approximate headloss factors, in m/lOOm (X) of 
t?D? pipe manufactured according to UNICEF specifications. Due to the 
variations in size and quality by different manufacturers, no exact 
headloss factors will ever be possible. 

. 
Headloss factors less than 0.20% are considered negligible. Factors 

are provided for up to the maximum recommended flow velocity of 3.0 m/set; 
factors for flow velocities of less than 0.7 m/set are flagged by an 
asterisk (*). Flows are for liters/second. 

CLRSS III 03 Kg./cm2) 

FLOk 32mm 50mm 63mm 90mm 

O.lC 0.22* 
0.12 0.30* 
9.14 0.38f 
0.16 0.48* 
0.18 0.58* 

0.20 0.72* 
0.22 0.87* 
0.25 1.08* 
0.27 1.27* 
0.30 1.42* 

0.35 1.88* 0.22* 
0.40 2.44 0.28* 
0.45 2.87 0.34* 
0.50 3.70 0.40* 
0.55 4.1 0.47* 

0.60 
0.65 
0.67 
0.70 
0.75 

4.9 

z*; 
6:3 
7.3 

0.56* 
0.63" 
0.67" 
0.72* 
0.81* 

0.80 
0.90 
1.00 
1.10 
1.20 

1K 
11:9 
14.1 
16.5 

0.90* 0.31* 
1.11* 0.37* 
1.34* 0.45* 
1.57 0.54* 
1.90 0.63* 

1.30 
1.40 
1.60 
1.80 
2.00 

19.0 2.18 
21.6 2.46 
27.4 3.05 
33.6 3.81 

4.6 

2.20 
2.50 
2.70 
3.00 
3.20 

0.25" 
0.28* 

0.73* 
0.82" 
1.03* 
1.30 
1.55 

0.24* 
0.28* 

2.46 0.32* 
2.24 0.40* 
2.74 0.49* 
3.08 0.56" 
3.77 0.67" 

FLOW 50mm 63mm 9Omm 

3.50 12.6 4.1 0.74 
3.70 14.4 4.8 0.84 
1.00 15.7 5.4 0.96 
4.20 18.1 6.0 1.04 
4.50 20.1 6.6 1.06 

1.70 ::i 1.31 
5.00 1.41 
5.50 
5.00 

1Y.Y 1.70 
2.00 

5.50 12:3 2.24 

7.00 14.6 2.97 
, 

20mm HDP is only available 

in Class IV series 



FLOW 

0.10 
0.12 
0.14 
0.16 
0.18 

0.20 
0.22' 
0.25' 
0.27! 
0.30 

0.35 
0.40 
0.45 
0.50 
0.55 

0.60 
0.65 
0.67f 
0.70 
0.75 

0.80 
0.90 
1.00 
1.10 
1.20 

1.30 
1.40 
1.60 
1.80 
2.00 

2.20 
2.50 
2.70 
3.00 
3.20 

3.50 
3.70 
4.00 
4.20 
4.50 

4.70 
5.00 
5.50 

f:ii 

7.00 

t 

Reference Table XI (Cont'd) 

CLASS IV (IO Kg./cm2) 
2omm 32rnm 5ornm 63nun 9omnl 

i:;: 
5*5* 
9:o 

10.6 
13.4 
15.7 
18.5 
21.8 

28.r 
36.2 
45 

z; 

73 

0.31* 
0.40" 
0.52* 

:*86:* * . 

0.99* 
1.22* 
1.43" 
1.74* 
2.02* 0.25* 

2.71* 
3.36 

1*: 
5:7 

0.31" 
0.40" 
0.49* 
0.59* 
0.71* 

6.7 
7.8 
8.4 

1::: 

0.81* 0.27* 
0.94" 0.31* 
1.00* 0.34* 
1.06* 0.36* 
1.23* 0.40* 

11.2 1.34* 0.45* 
13.4 1.67* 0.54 
16.4 2.00" 0.66* 
19.8 2.37 0.78* 
22.6 2.77 0.92* 

26.4 
30.2 
37.5 

3.19 
3.61 
4.5 

65:; 

1.08* 
1.23* 
1.52 
1.85 
2.24 

1:~; 
12:2 
13.9 
17.4 

18.9 
21.3 
23.7 

2.69 
3.25 
3.92 
4.6 
5.5 

f-i 
7:7 
8.7 
9.5 

10.8 
11.8 
13.4 
15.9 

0.22* 
0.28* 
0.35* 
0.41* 

0.49* 
0.60* 

x*z* 
0:99 

1.11 
1.29 
1.43 
1.57 
1.78 

1.97 
2.13 
2.46 
2.91 
3.36 

3.89 



3 -- 

4 to 

s 

15 

2.0 
. 

IO--21 

I 




