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Executive Summary 

This projecc is being undenaken in response to a request from ODPM Fire Statistics and 

Research Division (FSRO) to undertake a number of hydraulic calculations on wet and dry 

risers in high rise bUildings. 

This repon provides resul ts o f sample ca lcu lations using a BRE software package "Riser flow" 

to calculate water flows in wet and dry risers. 

The report describes the assumptions made to undertake the calculations and deta ils the 

resu lts obtained for the speciflc conditions requested in the contract proposa l, "Firefighting in 

bUildings hydrau liC calculation in wet and dry risers, hoses and branches". 
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1 Introduction 

This is being undertaken for Fire St.atistics and Research Division (FSRD), ODPM 

under contract Cl to proVide an if1sight into t.he limitations of fire figh[ing rising mains 

complying with BS 5306: Part 1,' wi[h specified fire appliance pumps as [he pumping effort, 

The projec[ emails t.he developmeOl of PC based calculation software to duerminc [he 

pressure losscs in fighting wet and dry rising mains" SUitable inpUl data have been 

idemjfied" The projccr includes a series of pressure loss caJcula[ions lIsing the software and 

ctata proVided by the projccr against specified scenarios The will be provided [0 

FSRD, ODPM at a later stage io the project. 
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2 Background 

WCt or dry riser systems are terminal pipe configuration systems installed in accordance with 

BS 5306: Part 1. pipework is a series c(lnfigured pipe array consisting of: 

1. Pump or water supply; 

2. 	 Hose from pump to dry riser inlet (the pump ourlet may nOt be at the same 


as rhe riser inlet); 


3. Riser inler firtings, pipework and bend(s) to base of riser, 

4. The riser; 

5. 	 Riser ourler and nmngs (on wet mers BS 5306 Pan 1, Clause 9.4A limn.5 the outlet 

pressure [04 bar minimum, 5 bar maximum ae flows of at leas[1500 lirnm): 

6. Hose line(s) from riser ourlet to branch conneCflon; and 

7. Branch. 

Figure 1 shows a typical dry riser arrangemcru. 

Branch 

Riser 

H 
To 6;¥<Ch 

Pump 

H Rise: !tilel t 

Figure 1. Schematic of dl)' riser network 
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Background 

To p,-edict Ihe pressures and waler flows from a branch accuralely, delailed informalion is 
required aboul [he sys tem and components, such as: 

1. 	 The wate r supply charaCleris[ic; 

2. 	 Pipe fiuing de tails; 

3. 	 Pipe size details such as pipe specification , pipe leng[h (m) , pipe diameter (mm); 
change in e levation between inlet and omlet (m); and fri ctio n losses through the pipe 
at flow; 

4. 	 Flexible hose details such as lenglh (m), hose diameter (mm), change in elevation 
between inlet and outlel and end fillings (m), (characteriS[ics may vary between 
different produc[s of [he same nominal diamete r) and fri ction losses through Ihe hose 

under flow conditions ([he fricrion losses may also vary due co pressure); 

5. 	 Branch perfo rmance characteristics such as nozzle entry pressure (har) and flow 
(dm3/min) over Ihe opera ting pressure range o f the branch o r [he branch k facror (see 
paragraph 3 1.8 for an explana(io n of k faclo r) . 
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3 	Assumptions and Data used for 
calculations 

3.1 	 Elements used in the calculations 

3.1.1 Water supplies 

The pump used for calcu lation purposes is a Godiva Wf30/10 (LP stage), complying with 


BS EN 1028·1,2 unless otherwise stated. Zero suction lift has been assumed for all calculations. 


See Appendix C. 


NOTE. Where pumps draw directly from a town main, providing the town main can Satisfy the 


pump demand, there will be a posir.ive supply pressure advan tage, depending on the POSitive 


pressure at the pump inlet. 


3.1.2 Connection details between the pump and the riser 

It has been assumed that the connection between the pump and the riser consists o f 

2 X 70 mm Nominal Diameter (ND) hoses each of 25 m lengt h. The change in elevation 

between the pump ou tlet and riser inlet has been taken as (zero) 0 m. 

3.1.3 Riser inlet connection (breeching) 

Each inlet connection complying with BS 5041.33 is required to be fitted with spring loaded 

non·return va lve(s) (see BS 5041·3; Clause 7.3) and will therefore have a friction loss which 

exceeds that fo r straigh t pipe under Aow conditions. No friction loss information has been 

provided by suppliers of inlet connections. (Il may be that the friction loss values have been 

derived during the development of the product, but are not readily available within the 

supplying companies). A friction loss equivalent to a single mushroom type non·return valve 

has therefore been assumed down·stream of the inlet connection. 

3.1.4 Riser pipe size 

BS 5306: Part 1; clau se 8.l.2, speCifies the nominal bore size of wet and dry risers. Where only 

one outlet is provided on a Aoor a 100 mm ND riser is permitted. If two are "permi tted" a 

riser of 150 mm ND is specified. For all the ca lculations BS13874 heavy gauge, galvanised pipe, 

lOO mm ND has been used as this will yield a greater pressure loss than 150 mm ND pipe. 

3.1.5 	Fitting friction losses for fittings and pipes 

The fitting friction losses have been based on BS 5306: Parr 2,5 Table 37. Calculations of 

pipework losses have been based on BS 5306: Part 2, Section 18. A friction loss C factor of 120 

ha.s been assumed for BS 1387 Heavy gauge pipe. See Appendix B. 
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Assumptions and Data used for calculations 

3.1.6 Landing valves 

No friction loss information has been forthcoming from suppliers for landing valves. The 

friction loss equivalent ro a "straightway" gate valve has therefore been used. 

3.1.7 Hose 

Hose diameters of 45,51 and 70 mm have been included. A calculation method and values 

has been developed for each of the hose sizes that agree closely with one of the UK major 

hose suppliers' hydraulic calculation programme. 

3.1.8 Branches 

The water flow through the branches may be calculated using the equation: 

Q = k{ji 

Where 

Q flow rate through the branch (dm3/min) 


P = pressure at the entry to the branch (bar) 


k nozzle constant 


The following branches were selected to represent the range of branches available: 

SRDB Code No Details k factor 

46 

53 

45 

Angloco Lld - Rosenbauer R.B. 201 

Waiter Frank and Sons - Elkhart chief 4000 ·3 

Angloco Lld - Rosenbauer R.B. 102 

80 

230 

330 

The k factors attributed to the branches are based on performance data made availahle hy the 

ODPM and data published in Jet/Spray Branches Data sheets6 The available data indicate that 

the k factors of branches are not always a constant. some branches varying more than others. 

The amount that the k facror varies will be dependent on a number of facrors such as bore 

size, degree of adjustment , and automaticity. The branches selected represented those that 

appeared to represent low (SRBD 46), median (SRDB 53) and high (SRDB 45) values within 

the range of branches for which data are available and also had reasonably consistem k facror 

values within the 4 to 5 bar operating range. It is important to nore that the k facror values 
used in this report will nor be repreSentative for all possible branch settings or for the full 

operating branch pressure range of the branch cited. 
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Hydraulic calculation of wet and dry risers, hoses and branches 

3,1.9 Pump characteristics 

Where a fire appliance pump complying with BS EN 1028-1 has been specified , the pump 

performance of a Godiva WT30/10 (LP stage) has been used, see Appendix C. 

3.1.10 Schematic of installation used for calculations 

Where dry-riser ca lculations have been carried-ou t, the arrangement in Figure 2 has been 

used. 

8 

7 

2 3 4 

6 

1. Godiva pump VVT30/10 LP or LP stage; 
2 . Two hOses in parallel each 70 mm NO x 25 m long; 
3 . Riser inlet (no loss); 
4. Non relurn valve (mushroom pattern); 
5. Pipe (riser inlel to riser), 100 mm NO x 10 m long, (no change in elevation); 
6. Elbow (screwed), 100 mm NO; 
7. Riser pipe, 100 mm NO x Height (variable); 
8. Tee (screwed). 100 mm NO; 
9. Pipe (nser to riser landing valve) 100 mm NO x 10 m long. no change in elevation; 

10. Gate valve, 100 mm NO; 
11. Landing valve (no loss); 
12. Hose 70mm, S1 mm or 45 mm NO, hose length variable 3 x 25 m or 4 x 25 m;1 
13. Branches SRDS 46, 53 or 45.2 

Figure 2. Schematic of installation dimensions and arrangements used for calculations 

1Hose SIze and length defined in 1tem . 

2 Three branch sizes have been used for most calculations. 
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4 Calculation results 

The results follow the same order as Framework Research Proposal, "Firefigluing in buildings 

hydraulic calculation in wet and dry risers, hoses and branches" , Appendix A - Specific 

conditions to be evaluated in hydraulic ca lcula tions. The Proposal Appendix item is inserted 

in italic preceding the results . 

It should be no ted the fo llowing calculatio ns include theoretical maxima based o n possible 

pump performance . These can exceed the pressu res to wh ich riser pipework is currently 

designed and tested (BS 5306-1: 1976) . 

4.1 Proposal Appendix A; Item 1 

The maximum pressures achievable at outlels ofa firefighling rising main complying 10 


BS 5306Parl JJ976 when supplied wilh a BS EN 1028-1 specifica/ionfire appliance pump. 

This pressure 10 be calculaled at oUllellevels offloo" one 10 eighleen wilh a nOlional SlOrey 


heighl of3.5 m. 


The maximum pressures at the outlet have been calculated for two conditions: 

(a) closed valve pressures (zero Aow); and 

(b) flowing pressure with Branch SRBD No 53 

The calculations for the now th rough the branch, ass ume the branch is directly connected to 

the outle t. The pressure rise r outle t height res ults are shown graphically in Figure 3 and the 
numeric data are provided in Appe ndix A, Table A. l of this repon. 
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Figure 3. Maximum riser outlet pressures for outlet heights of 3.5 10 63 m 
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Hydraulic calculation of wet and dry risers, hoses and branches 

4.2 Proposal Appendix A; Item 2 

Tbe maximum pressures available at afirefigbting brancb wben supplied with three lengths 

(j! British Standard BS 6391.· 1983, 45 mm, 51 m m and 70 mm hose using the rising main 

outlet pressures calculated in 1, with the fire fighting branch operating on the same floor 

level. 

The maximum pressure will vary depending on the Aow generated by the branch attached at 

the end of the hose. The pressure Aow calculations have therefore been carried out for each 

case specified using Branches SRDB No's 46 (k factor 80) ,53 (k factor 230) and 45 (k factor 

330). The riser heights vs. branch p ressure resu lts are shown graphically in Figures 4,5 and 6. 

The data are provided in numeric form in Appendix A, Tables A2. l , A2.2 and A2.3. 

The details of the assum ptions made on which the calculations are based are given in 

Appendix A, Tables A.2l, A2.2 and A23 
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Figure 4. Maximum branch pressures with 3 lengths of 4S mm hose 

4.3 Proposal Appendix A; Item 3 

The maximum pressure available at afirefigh ting branch when supplied with/our lengths 

a/British Standard BS 6391:1983 45 m m, 51 mm and 70 mm hose using the rising main 
outlet pressures calculated in 1 with the firefighling branch operating a) one floor higher 
than the rising main outlet, b) two floors highe,- than the rising main owlet. Assume a 

notional storey height (jl3.5m. 
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Calculation results 
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Figure 5. Maximum branch pressures with 3 lengths of 51 mm hose 
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Figure 6. Maximum branch pressures with 3 lengths of 70 mm hose 

The resu lrs of rhe six calcu lation sets using Branch 53 (k = 230) are shown graphica lly in 

Figure 7. The resulrs for rhe pa ir sers (for hoses o f rhe same dimensions connecting riser 

outlets to branches 3.5 and 7.0 m above rhe our.ler) are the same (r.o rhe nearest whole 

number) and rhe pairs of plors in Figure 7 overlay each other. The pressure ar rhe b ranches 

7.0 m above the riser outlets are marginally higher rhan rhose for 3.5 m above rhe ri ser 
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Hydraulic calculation of wet and dry risers, hoses and branches 

outlets, due [Q a shorter equiva lent. length of 3.5 m of 100 mm pipe. The data are provided in 

numeric form in Appendix A, Table A.3. 

The details o f the assu mptions made on which the calculations are based are given in 

Appendix A, Table A3. 

-0-(Hose 70 mm: Branch 3.5 m above outlet 
Hose 70 mm: Branch 7.0 m above outlet

-0-(Hose 51 mm: Branch 3.5 m above outlet 
Hose 51 mm: Branch 7.0 m above outlet 

--6-(Hose 45 mm: Branch 3.5 m above outlet 
Hose 45 mm: Branch 7.0 m above outlet 

63 

~ 
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\ r\ 
\ \ \ 

i> b a 

18 

56 16 

49 14 

E 42 12 ill 
>c ~ 0 

.~ 35 10 (; 
0> 
~ID 

28 ~ill 8 0 
~ c
0 

21 6 "' 
~ 

"' 
c 
~ 

14 4 

7 2 

0 0 

2 4 6 8 10 12 14 16 18 20 


Branch pressure - Bar 

Figure 7. Maximum Branch No 53 (k = 230) pressure with 4 x 25 m lengths of hose connecting riser outlet to branch 
3,5 mand 7 .0 m above the outlet 

4.4 Proposal Appendix A; Item 4 

The maximum elevation a/rising main outlet which Ifsupplied by a BS EN 1028-1 

spec!ficationfire appliance pump is capable to delivering 4 bars pressure at afirefighting 

branch when supplied through three lengths o/British Standard BS 63911983 45 mm, 
51 m m and 70 mm hose connected to the riser outlel, with the fir~fighling branch operating 
on the same floor as the rising main oullet. 

The results of the calculations are shown graphically in Figure 8 and the data are provided in 

numeric form in Appendix A, Table AA. 

The daw show clearly the relationship between branch size, hose size and their influence on 

branch elevation for the given conditions. 
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Calculation results 
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Figure 8. Maximum branCh elevation for a branch pressure of 4 bar 3 x 25 m hose lengths 

4_5 Proposal Appendix A; Item 5 

The maximum elevation of n'sing main oullel which ifsupplied by a BS EN 1028-1 
specification fi re applia nce pump is capable 10 deliven'ng 4 bars pressure al a firefighling 

branch when supplied Ihroughlow-Ienglhs of Bn'iish slandard BS 6391198345 mm, 51 mm 
and 70 mm hose connecled to Ihe riser outlel, wilh Ihefirefighling branch operating 
a) on e floor higher Ihan Ihe nsing main outlet, b) two floors higher than Ihe n'sing main 

oUllet. Assume a nOlional Slorey heighl of 3.5 m. 

The resul[s o f the calculations are shown graphically in Fig ure 9 and [he da13 are provided in 

numeric form in Appendix A, Table A.S. Two se ts o f calcula[io n were under13ken fo r four 

lengths o f 25 m hose, wi th [he branch 3.5 m and 7.0 m above [he riser ou[ ler. Bmh calcula[ ion 

sets were very similar and can be represented by one graph and numeric data set. 

The de13i1s of the assumptio ns made on wh ich [he calculations are based are gi ven in 

Appendix A, Table AS. 

4_6 Proposal Appendix A; Item 6 

The maximum elevation of n'sing ma in outlel which if supplied by a BS EN 1028-1 

speqficalionfire applian ce pump is capable 10 delivering 2 bars pressure at a firefighting 
branch when supplied Ihrough three lengths ofBn'iish standard BS 6391.1983 45 mm hose 
connecled 10 the riser outlet, wilh Ihe firefighting branch operating on the same floor as Ihe 

rising main ozlllel. 
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Hydraulic calculation of wet and dry risers, hoses and branches 
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Figure 9. Maximum branch elevation for a branch pressure of 4 bar 4 x 25 m hose lengths 
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Figure 10. Maximum branch elevation for a branch pressure of 2 bar .:I x 25 m hose lengths 

The results of the calcu lations are shown graphically in Figure 10 and the data are provided in 

numeric form in Appendix A, Table A.6. 

The details of the assumptions made o n which the ca lculations are based are given in 

Appendix A, Table A. 6. 
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Calculation results 

4.7 Proposal Appendix A; Item 7 

The maximum elevation 0/ n 'sing main outlet which i/supplied by a B5 EN 1028-1 

specification fire appliance pump is capable to delivering 2 bars pressure at a firefighting 

branch when supplied through four lengths a/British standard B5 6391:1983 45 mm. 51 mm 

and 70 mm hose connected to the riser outlet, with thefirefighting branch operating a) one 

floor higher than the rising main outlet, b) two floors higher than the rising main outlet. 

Assume a notional storey height 0/3.5m. 

The results o f the calculations are shown graphically in Figure 11 and the data are provided in 

numeric form in Appendix A, Table A.7. The results for the branch o ne and twO Roors above 

the branch outlets were similar values. Only one set of clata have therefore been plo ued . 

The details of the assumptions made on which the calculalions are based are given in 

Appendix A, Table A. 7. 
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Figure 11. Maximum riser outlet height for a 2 bar branch pressure 

4.8 Proposal Appendix A; Item 8 

The maximum pressures available at a firefighting branch when supplied with three lengths 

o/British standard BS 6391: 1983 45 mm, 5 1 mm and 70 mm hose using the performance 

standard 0/outlet pressures and pump performance in BS 5306 clause 9.4.4. The firefighting 

branch is taken to be operating on the sameflo01' level as the riser outlet. 

The resulls of the calculations are shown graphically in Figure 12 and the data are provided in 

numeric form in Appendix A, Table A.S . 
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Hydraulic calculation of wet and dry risers. hoses and branches 

The calculations have been carried our a[ [he minimum pressure (4 bar) and [he maximum 

pressure (5 bar), which are specified wet riser ou[le[ pressure Iimi[s. 

The derails ot' rhe assumptions made on which [he calculations are based are given in 

Appendix A, Table AS. 

45 mm hose/Branch 45 
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Branch pressure - Bar 

Figure 12. Maximum branch pressures for SS 5306: Part 1 (Clause 9.4 .4) supply 

4.9 Proposal Appendix A; Item 9 

The maximum pressures available a t a fire fighting branch when supplied with /our lengths 

o/British standard BS 6391:1983 45 mm, 51 mm and 70 mm hose using the peljormance 
standard 0/ owlet pressures and pump perjormance in BS 5306 clause 9. 4.4. The fire fighting 

branch is taken to be operating a) one jloor higher than the rising main OWlet, b) two jlo01'S 
higher than the rising main OWlet. Assume a notional storey height 0/3.5 m . 

The resulrs of [he ca lcularions are for 4 bar outle[ pressures shown graphically in Figures 13, 

14 and 15 and rhe dara for 4 bar and 5 bar outlet pressures is provided in numeric form in 

Appendix A, Tables A 9. 1, A.92 and A93 

For comparison purposes dara from " I[em 8" have been included in rhe plors. 
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NOTES 
1. For 0 m branch/outlet height difference, 3 x 25 m at 70 mm NO hose (item B) 
2. For 3.5 and 7 m branch/outlet height difference. 4 x 25 m 70 mm ND hose 
3. For 5 bar riser outlet pressure values see Appendix A, Table A9.1 

Figure 13. Maximum branch pressures vs. height difference between branch and riser outlet , 4 bar riser outlet pressure. 
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NOTES 
1. For 0 m branch/outlet height difference, 3 x 25 m of 51 mm ND hose (item B) 
2. For 3.5 and 7 m branch/outlet height difference, 4 x 25 m 51 mm ND hose 
3. FQ( 5 bar riser outlet pressure values see Appendix A. Table A.9.2 

Figure 14. Maximum branch pressures vs. height difference between branch and riser outlet. 4 bar riser outlet pressure, 
51 mm hose 
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NOTES 
1. For 0 m branch/outlet height difference, 3 x 25 m of 45 mm NO hose (Item 8) 
2. For 3.5 and 7 m branch/outlet height difference, 4 x 25 m 45 mm NO hose 
3. For 5 bar riser outlet pressure values see Appendix A, Table A.9.3 

Figure 15. Maximum branch pressures vs. height difference between branch and riser outlet , 4 bar riser outlet pressure, 
4Smm hose 

4.10 Proposal Appendix A; Item 10 

Calculation ofthe maximum elevations where 2 bars pressure is available at a firefighting 

branch when supplied through British Standard 45 mm, 51 mm and 70 mm hose connected 
to a 8S EN 1028-1 specification fire appliance pump. 

The maximum branch elevations are shown graphica lly in Figures 17, 18 and 19. The numeric 

data is given in Appendix A Tables AJO,I , A10.2 and AJO.3. The assu mptions on which the 

calculations are based are given in Appendix A.10. 

NOTE 

Figures 17, 18 and 19 also include plots for Proposal Appendix A, item 11 (4 bar branch 

pressure) , 
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Figure 19. Maximum branch elevations vs. Pump outlet pressure for 45 mm hose 

4.11 Proposal Appendix A; Item 11 

Calculation of the maximum elevations where 4 bars pressure is auallable a t afirefighting 

branch when supplied through Blitish Standard 45 mm, 51 mm and 70 mm hose connected 

to a BS EN 1028-1 specification .fire appliance pump. 

The maximum branch elevations are shown graphically in Figures 17, 18 and 19. The numeric 

data is given in Appendix A, Tables A.ll.l , A1l.2 and A1l3 

4.12 Proposal Appendix A; Item 12 

Calculation ofthe maximum eleuations where 2 bars pressure is available at a fire fighting 

branch when supplied through British standm-d 45 mm, 51 mm and 70 mm hose connected 

to a Hlgh pressure pump - specification to be supplied 

The pump performance curve for the HFS 3000 submersible pump at 2100 I/ min was used (Q 

derermine rhe maximum branch elevation fo r 2 bar pressure. The numerical dara is g iven in 

Appendix A, Table A.12 . 
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Figure 20. Maximum branch elevation for a branch pressure of 2 bar 

4.13 Proposal Appendix A; Item 13 

Calculation oIthe maximum elevations where 4 bars pressure is available at a Iirefighting 

branch when supplied through Bnlish standard 45 mm, 51 mm and 70 mm hose connected 

to a High pressure pump - specification to be supplied 

The pump performance curve for r.he HFS 3000 submersible pu mp at 2100 IImin was used to 

determine r.he maximum branch eJeva t.ion for 4 bar pressure. The numerical dar.a is given in 

Appendix A, Table A.13 
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Figure 21. Maximum branch elevation for a branch pressure of 4 bar 
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5 	Observations 

5.1 	 Hose connections to riser outlets on floors beneath the 
floor of use 

The calculations show the branch pressure d ifferences between connecti ng a hose to a dry 

riser o utlet o n the floor of use compared to a connec tion one o r two Aoors below were nO! 

significant, provid ing the to tal hose length remains constan t. If a grea ter hose length is 

required when connecting at a Aoor lower than the point o f use, this will resul t in additional 

pressure losses. 

The pressure losses when connecting to a wet rise r, below the fl oor of use, will be more 

significant due to the regulated pressure at the rise r ou tl et. 

5.2 Riser fittings 

Suppliers of li ser fi ttings should be encouraged to provide pressure loss data (based on fl ow 

tests) for i tems such as inlet breechings, out let connectio ns and any o ther fittings where the 

pressure losses may be significant 

5.3 Branch k factors 

The data provided to the project indicates that branch k factors vary conSiderably. As some 

branch es have thro ttles controls, the k factors may vary ove r the operating range and sett ings. 

To undertake pressure flow calculations on dry risers i t has been necessary to at tribu te 

specific pressure/flow characteristics (k facto rs) to the branches used . Caution should be 

exercised when calcu lating speCific scenarios to make sure that nO! o nly a suitable branch is 

selected , but that the k fac tor for an appropriate setting is used. Branch suppliers should be 

encouraged to suppl y the appropriate branch performance info rmation to carryout such an 

evaluation accurately. 

A specification for the evalua tion of branch performance may be desirab le. 

5.4 Choice of branch 

The resul ts clearly show that the choice of branch or branch setti ng is a signi ficant variable to 

achieve satisfactory branch operati ng pressu res. 
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Observations 

5.5 Hose 

The influence of hose size on pressure losses decreases wi rh diminish ing branch k fac(Or. 

Where it is essential (0 use branches wirh a high k fac(Or th is may require larger hose sizes 

when working at height Or where long lengths o f hose are required. 

5.6 Pump performance 

The Godiva Wf30/10 pump is capable of yield ing grearer pressures (at the pump outlet) at 

closed system condi tions (16.6 bar) and for flows genera ted by anyone branch and hose 

combination (16.6 bar) than the riser pipework is designed and tested ro (10 bar). 

The HFS-3000 standard and HiFlow impeller arrangements yield lower pressures and greater 

flows than the Godiva Wf30/10 pu mp. The decline in the HFS-3000 pressure flow curve is 

more gradual, but th is would on ly be of benefi t if higher flow rares were required at relatively 

low elevations The standard impeller del ivered higher pressures at closed sys tem conditions 

and flowing conditions (14.2 bar) than the riser pipework is designed and tested (0 . The 

HiFlow impeJler delivered a maximum of about 10.2 bar and therefore would nOt exceed 

current design limitations of the riser pipework. 

5.7 Considerations for the design, installation and use of rising 
mains 

5.7.1 Pressure strength of rising main hoses, pipework and fittings 

In order ro take fUll advantage of the capability of the pu mping appliances, the ris ing main, 

hoses (inlet), pipework and fiuings should be rated to an appropriate potential working 

pressure. 

5.7.2 Pressure relief of rising mains 

Where pumping capaciry exceeds the maximum working pressure of the riser consideration 

should be given (0 appropriately located pressure relief device or alternatively over pressure 

alarm device at the inlet lO the riser. 

5.7.3 Riser staging stop valves 

Where there is concern that a riser could suffer a catastrophic failure, consideration should be 

given (0 staging SlOp va lves at intervals up the riser. When a fa ilure occurs the staging va lve 

below the pipe failure and above the riser outlet to be used should be closed. 
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Hydraulic calculation of wet and dry ri sers, hoses and branches 

5.7.4 Monitoring of riser stop valves 

Any normally open StOp valves which may interrupt flow of wa ter through r.he riser sho uld be 

electrically mo nitored and the condition transmitted to a perm anently manned loca tion. 

5.7.5 Fire brigade access to riser valve monitoring 

Fire brigade access to riser SLOp valve condition monitoring sho uld preferably be by means o f 

a data relay connection (for a PC with appropriale software) or allernatively by a relay panel at 

the riser inle t connection. Consideration should also be given to accessing critica l fire alarm, 

smoke ventila tion and sprinkle,' installation data, th rough any riser inlet data relay connection. 

5.7.6 Pressure at wet riser outlets 

Current practice limits the wet riser o utlet pressure appropriate for hose and branch use on 

the riser outlet floor. ConSideratio n should be given to designing Wet risers based o n the 

assumpt ion that the hose connectio ns will be made to the riser below the floor of use. Where 

appropriate , lire brigade practice should be changed to reflect such an installation design 

change. 

5.7.7 Water priming of dry-risers 

Where there is no risk of freeZing, conSiderat ion sho uld be given to permanently priming dry· 

risers with water at an appropriate standi ng pressure. Water primed risers could be topped up 

either by a low·flow feed from a header tank at the tOP o f the riser or by an appropriately 

sized jockey pump at the base. Loss of water would indicate that integrity of the riser was 

impaired. Priming the riser with wa ter would: 

• reduce the fill time and water volume required to bring the riser into use; 

• reduce the volume of air to be expelled; and 

• allow continuous ri ser condition monitOring. 

The volumes of 63 m high, 100 mm NO and 150 mm NO risers would be of the order of 

0.7 m3 and 1.5 m3 respecti vely. 

5.7.8 Riser outlet pressure regulation 

Where pressures at risers outlets may exceed o perational requ irements on wet risers, outlet 

pressures are regulated using pressure reducing valves. Pressure red ucing valves are most 

effec tive when there is a continuous flow; pressures across the regulator may equalise w ith 

time if there is no tlow. In some instances pressure regulating devices may nOt be correctly 

adjusted at the time of installatio n o r may become defective with time if nOt serviced 

correc tly Consideratio n should be given to the use of portable pressure reducing devices 
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Observations 

which may be carried as pan of the hose and branch kit. Such devices could be tested and 

calibrated regularly. 

5.7.9 Design of wet and dry risers 

TI,e requirements of BS 5306:Pan 1 are basically sound and pipe sizing practices should limit 

losses in the risers to comparatively low levels. There are however a number o f unknowns 

such as friction losses through fittings. Consideration should be given to designing wet and 

dry. risers by hydraulic calculation, based on specified performance requirements. At least, 

riser pipework designs should be checked by calcu lation to establish fimess for purpose. 
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6 References 

1. 	 BS 5306: Pan 1: 1976 - Fire Extinguishing installations and equipment on premises: 

Hydrant systems, hose reels and foam inlets. (Formerl y CP 402 .101) 

2. 	 BS EN 1028-1 - Fire-fighting pumps. Fire-fighting centrifuga l pumps with primer. 

Classification. General and safety requirements. 

3. 	 BS 5041 - Fire hydrant systems equipment. Specifica tion for landing val ves for we t risers. 

4. 	 BS 1387: 1985 (1990) Spec ifica tion for screwed and socketed steel tubes and tubulars and 

for plain end steel tubes suitable for welding or for screwing to BS 21 pipe threads 

5. 	 BS 5306: Part 2: 1990 - Fire Extinguishing installations and equipment on premises: 

Specifi ca tion for sprinkler installations. 

6. 	Jet/Spray branches data sheets Part 1 and 2; Central Fire Brigades Advisory council for 

England and Wales; SCO ttish Central Fire Brigades Advisory Council. 
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•Appendix A - Calculation results In 
numeric form 

Appendix A.1: Proposal Appendix A; Item 1 

The maximum pressures achievahle at oUllets ofa fire fighting rising main complying to BS 
5306Part1.1976 when supplied with a BS EN 1028-1 speqficationfire appliance pump. This 
pressure to be calculated at outlet levels ojfloors one to eighteen with a notional storey 
height of3.5m. 

Table A1. MaXimum pressure ach ievable at riser outlets 

Inlet pressures - Bar 

16.6 (1) 16.6 (1) 15 (2) 10 (2) 7 (2) 

Outlet Outlet Pressures (P) and flows (a) 
Height 

P a P a P a P a P a 

m Bar I/min Bar I/min Bar I/min Bar I/ min Bar IImin 

63 10.3 0 9.15 696 7.78 642 3.36 42 2 0.71 194 

59.5 10.65 0 9.46 707 8.1 655 3.66 440 1.02 232 

56 11 0 9.77 719 8Al 667 397 458 1.32 264 

52 5 11.35 0 10.1 731 8.72 679 4.28 476 1.62 293 

49 11 .7 0 lOA 742 9.04 692 4.59 493 1.93 320 

45.5 1205 0 10.7 1 753 935 703 4.9 509 2.24 344 

42 12.4 0 11 .03 764 967 715 5.21 525 2.54 367 

38.5 12.75 0 11.34 775 998 727 552 540 285 388 

35 13.1 0 11 .66 785 10.3 738 5.83 555 3.16 409 

31.5 13.45 0 11.97 796 10.62 750 6.15 570 3.47 428 

28 13.8 0 12.29 806 10.94 761 6.49 586 3.78 447 

24.5 14.15 0 12.61 8 17 11.26 772 6.77 598 4.09 465 

21 14.5 0 12.92 827 11 .57 782 7.09 612 4.4 482 

17.5 14.85 0 13.24 837 11 .89 793 7.4 626 4.71 499 

14 15.2 0 13.56 847 12.21 804 7.72 639 503 516 

10.5 15.55 0 13.88 857 12.54 814 8.04 652 5.34 531 

7 15.9 0 14.2 867 12.86 825 835 665 565 547 

3.5 16.25 0 14.52 876 13.18 835 8.67 677 5.97 562 

NOTES: 
1. Godiva WT30/10 pump at 3600 Vmin z 16.6 bar outiel pressure for flow conditions given 
2. Inlet Pressures limited to 15 bar, 10 bar or 7 bar as indicated 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO pipe 
5. Outlet to Branch hose: 70 mm NO hose. 1 x 25 m long 
6. Riser equivalent len9th: 20 m + fittings + Height 
7. Branch elevation - riser outlet height = 0 m 
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Hydraulic calculation of wet and dry risers, hoses and branches 

Appendix A.2: Proposal Appendix A; Item 2 

Tbe maximum pressures available a t a fil-efigbting bmncb wben supplied witb tbree lengtbs 

o/Britisb standm-d BS 6391'1983, 45 mm, 51 mm and 70 mm base using tbe rising main 

outlet pressures calculated in 1, witb tbe firefigbting brancb operating on tbe same /loor 

level. 

Table A.2.1 Branch pressures vs. outlet heights for 45 mm BS 6391 Hose of 3 ' 25 m lengths (75 m) 

Branch SRDB No, (k factor) 

46 (80) 53 (230) 45 (330) 

Floor No Height Branch Flow Branch Flow Branch Flow 
m Pressure Pressure Pressure 

Bar I/min Bar I/min Bar Il min 

18 63 .0 9.1 242 4.8 505 3.1 579 

17 595 9.4 24 6 5.0 514 3.2 588 

16 56.0 9.8 250 5.2 522 3.3 598 

15 52 .5 10.0 254 5.3 530 34 607 

14 49.0 10.4 257 5.5 538 3.5 616 

13 45 .5 10.7 261 56 546 3.6 625 

12 42.0 11 .0 265 5.8 554 3.7 634 

11 38.5 11.3 268 6.0 561 3.8 643 

10 35.0 11.6 272 6.1 569 3.9 652 

9 31.5 11.9 276 6.3 577 4.0 661 

8 280 12.2 279 6.5 584 4.1 669 

7 24.5 12.5 282 6.6 591 4.2 678 

6 21.0 12.8 286 6.8 598 4.3 686 

5 17.5 13.1 289 6.9 606 4.4 694 

4 14.0 13.4 293 7.1 613 4.5 702 

3 10.5 13.7 296 7.3 620 4.6 710 

2 7.0 14.0 299 7.4 627 4.7 718 

1 3.5 14.3 302 7.6 634 4.9 726 

NOTES: 
8. Pump: Godlva WT30/l 0 (LP Slage) 

9 Pump speed: 3600 r/mn 


10. Pump 10 riser inlet hoses: 2 parallel 70 mm ND x 25 m length 
11 . Riser 100 mm ND 
12. Out"t to Branch hose: 45 mm ND hose. 3 x 25 m tong 
13. Riser equivatent length: 20 m + fittings + H"ghl 
14. Branch elevation - riser outlet height = 0 m 
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Calculation resul ts in numeric form 

Table A.2.2 Branch pressures vs. outlet heights for 51 mm BS 6391 Hose of 3 . 25 lengths (75 m) 

Branch SROB No, (k factor) 

46 (80) 53 (230) 45 (330) 

Floor No Height Branch Flow Branch Flow Branch Flow 
m Pressure Pressure Pressure 

Bar IImin Bar Ilmin Bar I/min 

18 63.0 9.7 249 6.5 587 4.7 711 

17 59.5 10.0 253 6.7 596 4.8 723 

16 560 104 257 6.9 606 5.0 735 

15 52.5 10.7 261 72 616 5.1 747 

14 49 .0 11 .0 265 74 625 5.3 758 

13 45.5 11.3 269 7.6 634 54 770 

12 42.0 11.6 273 7.8 643 5.6 781 

11 38.5 12.0 277 8.0 652 5.8 792 

10 35.0 12.3 280 8.3 661 5.9 803 

9 31 .5 12.6 284 8.5 670 6. 1 813 

8 28.0 12.9 288 8.7 678 6.2 824 

7 24.5 13.3 291 8.9 687 64 835 

6 21.0 13.6 295 9 1 695 6.6 845 

5 17.5 139 298 94 704 6.7 855 

4 14.0 14.2 302 9.6 712 6.9 866 

3 10.5 14.6 305 9.8 720 7.0 876 

2 7.0 14.9 308 10.0 728 7.2 886 

1 3.5 15.2 312 10.3 737 74 896 

NOTES: 
1. Pump: Godiva WT30/10 (LP Stage) 
2. Pump speed: 3600 rlmln 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 1 00 mm NO 
5. Outlet to Branch hose: 51 mm NO hose, 3 x 25 m long 
6. Riser equivalenllength: 20 m + Finings + Height 
7. Branch elevation - riser outlet height = 0 m 
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Table A.2.3 Branch pressures vs. outlet heights for 70 mm BS 6391 Hose of 3 x 25 lengths (7Sm) 

Branch SRDB No, (k factor) 

46 (80) 53 (230) 45 (330) 

Floor No Height Branch Flow Branch Flow Branch Flow 
m Pressure Pressure Pressure 

Bar Vmin Bar I/min Bar IImin 

18 63.0 10.2 256 8.9 686 7.7 915 

17 59.5 10.6 260 9.2 697 8.0 931 

16 56.0 10.9 264 95 709 8.2 947 

15 52.5 11.2 268 9.8 720 8.5 962 

14 49.0 11.6 277 10.1 731 8.8 977 

13 45.5 11.9 276 10.4 742 90 992 

12 42 .0 12.2 280 10.7 753 9.3 1007 

11 385 12.6 284 11.0 763 9.6 1021 

10 35.0 12.9 288 11.3 774 9.9 1036 

9 31.5 13.3 291 11 .6 784 10.1 1049 

8 28.0 13.6 295 11.9 794 lOA 1064 

7 24.5 13.9 299 12.2 804 10.7 1078 

6 21.0 14.3 302 12.5 815 11.0 1092 

5 17.5 14.6 306 12.9 824 11 .2 1105 

4 14.0 15.0 309 13.2 834 11 .1 1119 

3 10.5 15.3 313 13.5 844 11.8 1132 

2 7.0 15.6 316 13.8 854 12.1 1146 

1 3.5 160 320 14.1 863 12.3 11 89 

NOTES: 
1. Pump: Godiva WT30/10 (LP Stage) 
2. Pump speed: 3600 rl min 
3. Pump to riser intet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO 
5. Outlet to Branch hose: 70 mm NO hose. 3 x 25 m long 
6. Riser equivalent length: 20 m + Fittings + Height 
7. Branch elevation - riser outlet height = 0 m 
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Calculation resu lts in numeric form 

Appendix A.3: Proposal Appendix A; Item 3 

The maximum pressure auailable at a fire fighting branch when supplied with four lengths 
ofBritish standard BS 6391.1983 45 mm, 51 m m and 70 mm hose using the rising main 
outlet pressures calculated in 1 with the fire figh ting branch operating a) one floor higher 
than the rising main outlet, b) two floors /J/gher than the rising main outlet. Assume a 
notional storey height of3.5m. 

All calculations were carried-ou t using branch 53 (k = 230). 

Table A.3 Branch pressures vs. outlet heights for 45, 51 and 70 mm BS 6391 Hose of 4 x 25 lengths 
(100m) 

Branch Hose 45 mm x 100 m Hose 51 mm x 100 m Hose 70 mm x 100m 
Height 

Branch elevation - Riser outlet height 
m 

3.5 7 3.5 7 3.5 7 

Press Flow Press Flow Press Flow Press Flow Press Flow Press Flow 

m Bar I/ min Bar I/min Bar I/min Bar I/min Bar I/min Bar I/min 

63.0 4.1 467 4.1 467 5.9 556 5.9 556 8.6 675 8.6 675 

59.5 4.3 475 4.3 475 6.0 565 6.0 566 8.9 686 8.9 687 

56.0 4.4 483 4.4 483 6.2 574 6.2 575 9.2 698 9.2 698 

52.5 4.5 490 4.5 490 6.4 583 6.4 584 9.5 709 9.5 709 

49.0 4.7 498 4.7 498 6.6 593 6.6 592 98 719 98 720 

45.5 4.8 505 4.8 505 6.8 601 6.8 601 10.1 730 10. 1 730 

42.0 5.0 512 5.0 512 7.0 610 7.0 61 0 10.4 741 10.4 741 

38.5 5.1 519 5.1 519 7.2 618 7.2 618 10.7 751 10.7 751 

35.0 5.2 526 5.2 526 7.4 626 7.4 627 11.0 76 1 11.0 762 

31.5 5.4 533 5.4 533 7.6 635 7.6 635 11 .3 772 11.3 772 

28.0 5.5 540 55 540 7.8 643 7.8 643 11 .6 782 11 .6 782 

245 5.7 547 57 547 8.0 651 8.0 651 11.9 792 11.9 792 

21 .0 5.8 553 5.8 553 8.2 659 8.2 659 12. 1 802 12.2 802 

17.5 5.9 560 5.9 560 8.4 667 8.4 667 12.4 811 12. 5 812 

14.0 6.1 566 6.1 566 8.6 675 8.6 675 12.7 821 12.8 821 

10.5 6.2 573 6.2 573 8.8 682 8.8 683 130 831 13.1 831 

7.0 6.3 579 6.3 579 90 690 9.0 690 133 840 13.4 840 

3.5 6.5 585 92 697 136 849 

NOTES: 
1. Pump: Godiva WT30/ 1 0 (LP Stage) 
2. Pump speed: 3600 rl min 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m len9th 
4. Riser 100 mm NO 
5. Outlet to Branch hose: 70 mm NO hose, 3 x 25 m long 
7. Branch 53 (k = 230) used fo r all calculations 
8. Riser equivalent length : 20 m + Fi~ i ngs + Hei9ht 
9 . Branch elevation - riser outlet height = 3.5 m or 7.0 m as indicated 

35 



Hydraulic calculation of wet and dry risers, hoses and branches 

Appendix AA: Proposal Appendix A; Item 4 

The maximum elevation a/rising main outlet which ifsupplied by a SS EN 1028-1 
specification fire appliance pump is capable to delive,-ing 4 bars pressure at a firefighling 
branch when supplied through three lengths 0/British standard BS 639/.1983 45 mm, 51 mm 
and 70 mm hose connected to the riser outlet, with the fire fighting branch operating on the 
same floor as the rising main oUllet. 

Table A.4 MaXImum branch elevatIon to deliver 4_0 bar pressure 

Hose size Branch Branch Maximum branch Branch pressure Flow 
SRDB No k factor elevation 

mm m Bar I/min 

70 46 80 126.0 4.1 162 

70 53 230 11g.0 4.2 468 

70 45 330 112.0 4.1 666 

51 46 80 122.5 4.3 165 

51 53 230 101 .5 4.1 466 

51 45 330 73.5 4.2 674 

45 46 80 122.5 4.0 160 

45 53 230 77.0 4.2 470 

45 45 330 24.5 4.2 677 

NOTES: 
1. Pump: GodlVa WT30/10 (LP Stage) 
2. Pump speed: 3600 rl mln 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO 
5. Outlet to Branch hose: 70 mm NO hose, 3 x 25 m long 
6. Riser equivalent length: 20 m + Fittings + Height 
7. Branch elevation - riser outlel height = 0 m 
8. Branch elevations calculated to nearest floor level. 
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Calculation results in numeric fonn 

Appendix A.5: Proposal Appendix A; Item 5 

The maximum elevation ofrising main outlet which ifsupplied by a BS EN 1028-1 

specijicationjire appliance pump is capahle to delivering 4 hars p '-essure at aji,-ejighting 

branch when supplied through four lengths ofBritish standard BS 6391.198345 mm, 51 mm 
and 70 mm hose connected to the riser outlet, wit/) the firefighting branch operating a) one 

floor higher than the riSing main outlet, h) two floors higher than the rising main outlet 

Assume a notional storey height of3.5 m. 

The twOsets of calculations fo r the 3.5 m and 7.0 m heights are represented by a single data 
set due to the similarity of the results. 

Table A.5 MaXimum branch elevation to deliver 4.0 bar pressure 

Hose size Branch Branch Maximum branch Branch pressure Flow 
SRDB No k factor elevation 

mm m Bar I/min 

70 46 80 126 4.1 162 

70 53 230 11 9 4 461 

70 45 330 108.5 4.1 666 

51 46 80 122.5 4.1 163 

51 53 230 94.5 4.1 465 

5 1 45 330 59.5 4.1 669 

45 46 80 119 4.1 162 

45 53 230 63 4. 1 467 

45 45 330 0 4 663 

NOTES: 
1. Pump: Godiva WT30/1 0 (LP Stage) 
2. Pump speed : 3600 r/min 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO 
5. Outlet to Branch hose: 70 mm NO hose, 4 x 25 m long 
6. Riser equivalent length: 20 m + Fittings + Height 
7. Branch elevation - riser outiet height =3.5 and 7.0 m 
8. Branch elevations calculated to nearest floor level. 
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Hydraulic calculation of wet and dry risers, hoses and branches 

Appendix A.6: Proposal Appendix A; Item 6 

The maximum elevation ofrising main outlet which if supplied by a 135 EN 1028-1 

specification fire appliance pump is capable to delivering 2 bars pressure at a fire fighting 

bmnch when supplied through three lengths ofBritish standard BS 6391: 198345 mm hose 
connected to the riser outlet, with the fire figh ting branch operating on the same floor as the 
rising main outlet. 

Table A.G. The maximum branch elevallan to dehver 2.0 bar pressure 

Branch No 

at the branch 

Height 
m 

46 

53 

45 

145 

124 

99 

NOTES: 
,. Pump : Godiva WT30/1Q (LP Stage) 
2. Pump speed: 3600 rl min 
3. Pump to riser inlel hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO 
5. Outlel 10 Branch hose: 45 mm NO hose. 3 x 25 m long 
6. Riser equivalenl lenglh: 20 m + Fitlings + Heighl 
7. Branch elevation - riser ou tlet height = 0 m 
8. Branch elevations calculated to nearest ~oor level. 
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Calculation results in numeric form 

Appendix A.7: Proposal Appendix A; Item 7 

The maximum elevation ofrising main outlet which if supplied by a BS EN 1028·1 
specification fire appliance pump is capable to delivering 2 bars pressure at a fire fighting 

branch when supplied through four lengths ofBritish standard BS 6391.1983 45 mm, 51 mm 

and 70 mm hose connected to the n ser outlet, with the fire fighting branch operating a) one 

floor higher than Ihe rising main owlel, b) Iwo floors higher than the rising main outlet. 

Assume a notional storey height of3.5 m . 

Four lengths of hose were used for ca lculation purposes. 

Table A.7. The maximum branch elevation to deliver 2.0 bar pressure 

Hose size Branch elevation - riser Maximum branch elevation 
outlet height m 

Branch No 

m m 46 53 45 

70 3.5 147 1435 136.5 

70 7 147 143.5 1365 

51 35 143.5 1295 112 

51 7 143.5 129.5 112 

45 3.5 143.5 115.5 84 

45 7 143.5 115.5 84 

NOTES: 
1. Pump: GOdiva WT30/10 (LP Stage) 
2. Pump speed: 3600 rlmin 
3. Pump to "ser inlet hoses: 2 parallel 70 mm NO x 25 m length 
4. Riser 100 mm NO 
5. Outlet to Branch hose: 45 mm NO hose. 4 x 25 m tong 
6. Riser equivalent length: 20 m + Fillings + Height 
7. Branch elevation - riser outlet height = 3.5 m and 7.0 m 
8. Branch elevations calculated to nearest floor level. 
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Hydraulic calculation of wet and dry risers. hoses and branches 

Appendix A.8: Proposal Appendix A; Item 8 

The maximum pressures availahle at a fire fighting hranch when supplied with three lengths 

ofBritish standard BS 6391:1983 45 mm, 51 mm and 70 mm hose using the performance 
standard ofoutlet pressUl'es and pump pe' fiJrmance in BS 5306 clause 9.44 Thefirefighting 
branch is laken to be operating on the samefloo,- level as the riser outlel. 

Table A.S Maximum branch pressures for BS 5306: Part 1 (Clause 9.4.4) water supply 

Outlet pressure Branch pressures and Flows 

Bar Bar Llmin 

70 mm ND Hose 

Branch No I (k factor) 

46 (80) 53 (230) 45 (330) 

4 3.94, 160 3.52,432 3.12,582 

5 4.92, 177 4.4,619 3.9,652 

51 mm ND Hose 

Branch No I (k factor) 

46 (80) 53 (230) 45 (330) 

4 3.74 , 155 2.55,367 1.S4,448 

5 4.68, 176 3. 19,4/1 2.3,500 

45 mm ND Hose 

Branch No I (k factor) 

46 (80) 53 (230) 45 (330) 

4 3.52,150 1.88,315 1.2, 361 

5 4.4, 168 2.35,353 1.51,405 

NOTES 
1. Maximum outl et pressure = 5 bar 
2. Minimum outlet pressure = 4 bar 
3. Three lengths of 25 m hose from outlet to branch 

Appendix A.9: Proposal Appendix A; Item 9 

The maximum pressures ava ilable at a fire fighting branch when supplied with four lengths 
ofBritish standard BS 6391:198345 mm, 51 mm and 70 mm bose using the p81formance 
standard ofoutlet pressures and pump performance in BS 5306 clause 9.4.4. The fi'-efighting 
branch is taken to be operating a) one.floor higher than the rising main outlet, b) two.floors 
higher Ihan the rising main outlet. Assume a notional storey height of3.5112. 

The results are given in three Tables A.9.1, A.9.2 and A.9.3. The results for ite ms 8 and 9 have 
been combined for ease of comparison. 
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Calculation results in numeric form 

Table A.9.1 Maximum pressures at fire fighting branches for 70 mm NO hose 

Proposal Riser outlet Branch pressure Branch elevation 25 m 
Item pressure bar bar above outlet hose 

m lengths
Branch no (k factor) 

46 (80) 53 (230) 45 (330) 

A8 4 3.94 3.52 3.12 0 3 


A8 5 4.92 4.4 3.9 0 3 


A.9 4 3.58 3.11 2.69 3.5 4 

A9 5 4.56 3.96 3.42 3.5 4 

A9 4 3.24 2.82 2.43 7 4 

A.9 5 4.22 3.67 3. 17 7 4 

Table A.9.2 Maximum pressures at fire fighting branches for 51 mm NO hose 

Proposal Riser outlet Branch pressure Branch elevation 25 m 
Item pressure bar bar above outlet hose 

m lengths
Branch no 

46 53 45 

A8 4 3.74 2.55 1.84 0 3 

A8 5 4.68 3. 19 2.3 0 3 

A9 4 3.35 2.09 1.44 3.5 4 

A9 5 4.27 2.66 1.83 3.5 4 

A9 4 3.04 1.89 1.3 7 4 

A.9 5 3.95 2.46 1.69 7 4 

Table A9.3 Maximum pressures at fire fighting branches for 45 mm NO hose 

Proposal Riser outlet Branch pressure Branch elevation 25 m 
Item pressure bar bar above outlet hose 

m lengths
Branch no 

46 53 45 

A8 4 3.52 1.88 1.2 0 3 

A8 5 4.4 2.35 1.51 0 3 

A9 4 3.1 1.47 0.9 3.5 4 

A9 5 3.94 1.87 1.14 3.5 4 

A.9 4 2.81 1.33 0.81 7 4 

A9 5 3.65 1.73 1.06 7 4 

NOTES 
1 . Maximum outlet pressure = 5 bar 
2. Minimum outlet pressure = 4 bar 
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Hydraulic calculation of wet and dry risers, hoses and branches 

Append ix A.1 0: Proposal Append ix A; Item 1 0 

Calculation oIthe maximum elevations where 2 bars pressure is available at a fire fighting 

branch when supplied through British standard 45 mm, 51 mm and 70 mm hose connected 

to a B5 EN 1028-1 specification fire appliancepump 

A series of calculations were carried Out assuming the hoses were connected directly to the 
pump outlet In all instances 25 m hoses lengths were used . For conSisr.ency, straight vertical 
hose runs have been assumed. Where there has been excess hose to achieve the eleva tion the 
excess hose has been assumed to ru n horizontally. 

Examples: Where the branch elevation is 147 m, six lengths of 25 m hose with a 3 m 
horizontal ru n has been used. For an 80 m elevatio n, four lengths of 25 m hose with a 20 m 
horizontal run has been used. 

Table A.l0.l Branch elevations for 70 mm NO Hose. 2 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 2.11 147 2.13 142 2.01 138 

10 2.11 80 2.08 77 2.06 75 

7 2.07 50 2 49 2.07 46 

Table A.l0.2 Branch elevations for 51 mm NO Hose, 2 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 2.09 145 2 125 2.02 109 

10 2.06 79 2.12 68 2.03 57 

7 2 50 2.08 42 2.04 34 

Table A.l 0.3 Branch elevations for 45 mm NO Hose, 2 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 2.02 143 2.03 110 2.03 85 

10 2.07 77 203 58 2.03 49 

7 201 49 203 35 2.53 25 
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Calculation results in numeric form 

Appendix A.11: Proposal Appendix A; Item 11 

Calculation oJ the maximum elevations where 4 bars pressure is available at a .jirejighting 

branch when supplied through Bnlish standard 45 mm, 51 mm and 70 mm hose connected 

to a BS EN 1028-1 specljicationjire appliance pump. 

The meth od described in Appendix A 10 has also been used for hem 11 . The branch pressure 

has been increased to 4 bar. 

Table A 11.1 Branch elevations for 70 mm NO Hose, 4 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 4.23 125 4.14 118 4 110 

10 4.05 60 4.14 54 4.06 49 

7 4.01 30 4.05 26 4.06 25 

Table A.11.2 Branch elevations for 51 mm NO Hose, 4 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 4.07 123 4.05 97 4.24 75 

10 4.03 58 4.03 45 4.05 28 

7 4.06 28 4.03 22 4.18 11 

Table A,11.3 Branch elevations for 45 mm NO Hose, 4 bar branch pressure 

Branch no 46 53 45 

Pump Branch Branch Branch Branch Branch Branch 
pressure pressure elevation pressure elevation pressure elevation 

bar bar m bar m bar m 

16.6 4.02 119 4.35 75 4.54 50 

10 4.05 55 4.01 30 4.19 25 

7 4.08 26 4.05 14 3.89 0 
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Hydraulic calculation of wet and dry risers, hoses and branches 

Appendix A.12: Proposal Appendix A; Item 12 

Calculation of the rnaximum elevations where 2 bars pressure is available at a firefighting 

branch when supplied through British standard 45 mm, 51 mm and 70 mm hose connected 

to a High pressure pump - speCification to be supplied. 

The calculations have been undertaken using the HFS-3000 submersible pump performance, 

see Appendix 0, for details. The calculation method is identical to that used for Appendix A6. 

Table A.12 The maximum branch elevation to deliver 2.0 bar branc

Hose ND 
mm 

h pressure 

Branch elevation 
m 

45 

51 

70 

101 

112 

121 

NOTES 
1. Pump: HFS-3000 submersible pump; 
2. Pump speed 2100 r/min; 
3. Pump to riser inlet hoses: 2 parallel 70 mm ND x 25 m length; 
4. Riser 100 mm ND 
5. Outlet to branch hose: as detailed In table; 
6. Branch No 53 (k = 230); 
7. Riser equivalent length: 20 m + Fittings + Height; 
8. Branch elevation - riser outlet height = 0 m 
9, Branch elevations calculated to nearest floor level. 
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Calculation results in numeric form 

Appendix A.13: Proposal Appendix A; Item 13 

Calculation of the maximum elevations where 4 bars pressure (, available at a fire fighting 

branch when supplied through British standard 45 mm, 51 mm and 70 mm hose connecled 

10 a High pressure pump - specificalion 10 be supplied 

The calculations have been undertaken using the HFS-3000 submersible pump performance, 


see Appendix D. for details. The calculation method is identical to that used for 


Appendix A.lO. 


Table A.13 The maximum branch elevation to deliver a 4.0 bar bra

Hose ND 
mm 

nch pressure 

Branch elevation 
m 

45 

51 

70 

56 

78 

96 

NOTES 
1. Pump : HFS-3000 submersible pump; 
2. Pump speed 2100 r/min; 
3. Pump to riser inlet hoses: 2 parallel 70 mm NO x 25 m length; 
4. Riser 100 mm NO 
S. (Nllet to branch hose: as detailed in table; 
6. Branch No S3 (k = 230); 
7. Riser equivalent length: 20 m + Fi~lngs + Height; 
8. Branch elevation - riser outlet height = 0 m 
9. Branch elevations calculated to nearest floor level. 
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Appendix B - Typical equivalent 
lengths of fittings and valves 

TYPical equivalent lengths of flttll1gs and valves 
Extracted from BS 5306: Part 2, Table 37 

Fittings and valves Equivalent length of medium grade steel pipe (in m) to BS 1387 (e value 120) 

Nominal Diameter 
(mm) 

100 150 
m m 

90" Screwed elbow 3.04 4.30 

90" Welded elbow 1.43 2.00 
(ri d = 1.5) 

45° Screwed elbow 1.61 230 

Standard screwed tee or cross (flow through branch) 610 8.61 

Gate valve (fianged fitting) 081 1.13 

Butterfly valve (nanged fitti ng) 4.56 6 .38 

Globe valve - st raightway (fianged fitting) 3448 4879 

Equivalent lenglhs can be converted as necessary for pipes 01 other C values by multiplying by the following 
factors 

C value 100 110 130 140 

FaClor 0.7 14 0.850 1.160 1.330 

NOTE: Equivalent length data may also be obtained from suppliers data sheets. 
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Appendix C - Pump performance 
curves - Godiva WT30/10 

Appendix C.1: Godiva WT30/10 Pump curves 
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Hydraulic calculation of wet and dry risers, hoses and branches 

Appendix C.2: Godiva WT30/1 0 Pump performance numeric 

data 


Godiva WT30/1 0 3600rpm 
FLOW 
10 
0 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 

LIFT 
2 
1900 
3100 

Godiva WT30/ 1 0 3200rpm 
FLOW 
10 
0 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 

LIFT 
2 
1900 
3100 

16.6 
16.6 
16.45 
16.25 
15.55 
14.6 
13.4 
11 .95 
10.1 
0 

7.5 
3.0 

13.25 
1315 
12.95 
12.6 
11 .91 
10 .98 
9.76 
8 .2 
5.71 
0 

7.5 
3.0 

Godlva WT30/1 0 2800rpm 
FLOW 
9 
0 10.1 
500 10 
1000 10 
1500 9.43 
2000 8 .92 
2500 7.75 
3000 6.56 
3500 4.4 
3700 0 

LIFT 
2 
1900 7.5 
3100 3.0 

Godiva WT30/10 2400rpm 
FLOW 
7 
0 738 
500 7.38 
1000 7.2 
1500 6.75 
2000 6 
2500 5. 1 
3000 0 

LIFT 
1 
1900 7.5 
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Appendix D: Pump performance 

curves ­ HFS-3000 Submersible pump 

Appendix D.1 HFS 3000 standard impeller pump perform ance 
curves 

OH curve HFS-3000 standard impeller 
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Appendix D.2 HFS-3000 HiFlow impeller pump performa nee 
curves 
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