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HVAC Basics

1- Heating and Ventilation Air Conditioning

» Temperature: 2422 °C
» Humidity: 50£5%
» Fresh: 5:20 % from Supply Air
» Velocity: 50 FPM
» Filtration
> NC
» Distribution
2- Refrigeration Cycle
/Q Lelall oyl
10°F L
(43.3°C] : ' [t
condenser D . ;
280 psia - = = & — G E 915 || ]
% [193MPa] |~ o oansion F 1215°F [88.6°C) 3
@ device [49.7°C] compressor 4
o
85psia ===~ P X —
[0.59 MP2] A | evaporator . Bf /€ 512°F
41.2°F [10.7°C]
[5.1°C] — ”WWP -
enthalpy (oAl Adalal) Zedudl %Aff.»:“, (Al ) A el el
3- AC Types

> INDOOR UNIT:

A — g0 — (ol Cilo) 5o (30 A59S00 By
ol il 105 3 Wyine Ayl B ebormsin 35 - ban S slyall 8 55 i
Chilled aslaif § ol sl DX dobil (3 03355 03553 ) Cike s s

HI-Wall Split
Ceiling Suspended
Floor Standing
Cassette

Fan Coil Unit or Concealed
e AHU

> OUTDOOR UNIT:

oyl Cale pS e Jgiuadl ol 2le ZLGI (e A gianell Bagll 2

e DX Unit (Condensing Unit) sual plase — Lol — S (ye Bl
¢ VRF (VRV) Unit sual plawe — Jaels — (S (ye Bl
e Chiller (Air Cooled - Water Cooled) P — 3l plase — latls — aiSe e B)lke

A1 8u>9 20 guall S5 Hie of (am &5 Bu>g0 Ads-13 Bu>9 JS Juweogs ok (DX Unit <
JAZJ‘ > PFEIVESDY QLuLﬁAJ 05:\)..9 L@.l>\..b wlzjﬁm‘}o e‘..\zlwb J_Ma}ﬁl 9 2\3.?‘)‘_5- dd=>9 20 slus L?EJ.Q
Abgb Wllune 48 ¢S 0l Jhady Y i) sase Jsb g 09509 guaell wildhieg dopll
Lo 393 48T S5 SS9 Unlimited Gie g ASTd> g oS0g dia)ls- a9 g3 &dsls B> (4 AST Jao g5 o2 (VRF <
L5 30801 gl 192,5 gy pulons el plaly hoso g2l o209 £l gl ,B 5039 eyl ol gll sde Jeldt) gyl
g bl (sl

Pl Juogdl @iy dylyadl JesYl e gusly gy 4 Hleidl 09509 dumylsdl a9l A1l olasgll S Juwo g3 o2 :Chiller <
.ol _awlge pwlsSeamless Black steel wu> sulge

2|Page



ASEC OFFICE Tel: 0020-1093460618
BIMENGINEERING Email: A.shuhayb@asec.work

> DX System:

,, |

\

SN S
i _,,—/

> Chilled Water System:

> VRF System:

1000 &39S LamSS Bu>g
S8 — g0 — 3
3ol ploss — e — ails
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Ventilation System

» Mechanical Ventilation
ACHx Volume (m?)

e CFM= " Olalyzdly Ojlseally fullacdly Cilolesd!
e CFM = AcHx Volume (Ft2)
60
_ H(Btu/min) 3 B e s
 CFM= 5(0.071)xC, (0.24)xAT(20°T) OEally Dlgell 29,2
Space ACH Space ACH
Toilet 10:12 Car Park 4:6 -10
Kitchen 15:20 Store 4:6
» Central Kitchen Ventilation
e Hood Types
= Wall Mounted Canopy Uight Nedhum Heavy Exva Hoavy
= Single Island Canopy 200° 200° 215* 370"
= Double Island Canopy | Ovens -Hot TopElement |- Open Bumer |- Appliance using
= Eyebrow - Steamers Ranges Gas Ranges solid fuels e.g.
u Back shelf - Cheese - Griddies -Brolers wood, charcoal,
. Condensate Meiters «Fryers - Wok Ranges briquettes
- Pasta Cookers
- Conveyor Ovens
(Pizza)
- Rotisseries
50 FPM 85 FPM 150 FPM 185 FPM

*_
Removable

condensate baffles

AL

J
W~ Drain fitting

Condensate -f
gutter

Back Shelf

Single island canopy

Pass over
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> Hood Dimension

Type of Hood End Overhang Front Overhang Rear Overhang
Wall-mounted canopy 6in. to 12 in. 121in (30 cm) --
(15-30 cm)
Single 1sland canopy 61n. to 12 in. 12 . (30 cm) 12 1n. (30 cm)
(15-30 cm)
Double island canopy 61n. to 12 in. 12 1n. (30 cm) 12 in. (30 cm)
(15-30 cm)
Eyebrow 0 in. 12 in. (30 cm) --
Backshelf or Pass-over 0to 3 1in. (72 mm) -- Front set back 6 in. to 12 in.

(15-30 ¢cm) in from the front
of the cooking surface

T :
Rear
WH End End
<> <>
Front
i !
Ly

> Hood Flow Rate
Qgx = Lyx CFM/Ft
QF]‘ = 0 8: O 95 X QEX

Extra Heavy Heavy Medium Light
Hood Type Duty Duty Duty Duty
cim/ft | L/s.m | ctm/ft L/sm | ctm/ft L/s.m cim/ft | L/s.m
- Wall-mounted
o 385 597 280 434 210 325 140 217
?: canopy
":.’ Single island canopy | 490 760 420 651 350 542 280 434
o Double island canopy
= 385 597 280 434 210 325 175 271
< (per side)
Eyeb
yeorow NA| NA | NA| NA | 155 | 2 | 115 | 2m
NDD‘(}&DOPY
Backshelf/ pass-over | N/A N/A 280 434 210 325 210 325
Extra Heavy Heavy Medium Light
Hood Type Duty Duty Duty Duty
cfm/ft | L/ssm | cfm/ft | L/s.m | chm/ft | L/s.m | cfm/ft | L/s.m
o Wall-mounted
o 550 852 400 619 300 464 200 310
S canopy
g Single island canopy | 700 1084 600 929 500 774 400 619
'S_ Double island canopy
?o . 550 852 400 619 300 464 250 387
w (per side)
— Eyeb
yeorow NA | NA | NA | N/A | 250 | 387 | 250 | 3®7
Non-canopy
Backshelf / pass-over | N/A N/A 400 619 300 464 300 464
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» Correction Factor According to Hood Type
e Wall Mounted Canopy  x1
¢ Single Island Canopy x 1.2
e Double Island Canopy x 115

» Pressure Drop Through Hood
e Light Cooking = 0.3 Inwg
e Medium Cooking = 0.4 Inwg
e Heavy Cooking = 0.6 Inwg

> Exhaust / Fresh Neck

398l Jgbo e (oyally Corud] ddos 20795 ok o Oilouid)l due oS o
W x H = CFMgy g,/ Vooorpm
ST e S b s | .

W
o 40 J1 20 o0 Jlg> conadl 3 0585 CoooH dad 2,8 o

<>

W o3 e Juams JWUH dasd) oo,5 Jacs 900 FPM ot Y doxtall UM e ! 40.35CFM o3 duaghaos

» Example:
Hot Line Length = 3 m, Width= 0.9 m, Medium Cooking - In Center Kitchen

Island Single Canopy

* Ly = End Overhang + Hot Line Length + End Overhang = 0.15 + 3 + 0.15 = 3.3 m =10.8 Ft
» Wy = Rear Overhang + Hot Line Width + Front Overhang=0.3+0.9+03=15m
= Hy = Hood Height (50: 60 cm)

* Qg = LyxCFM/Ft=10.8 x 500 x 1.2 = 6,500 CFM
* Qg = 0.8:0.95x Qp, = 0.85 x 6,500 = 5,500 CFM

= No-Ex- Neck=3

=  One Neck - 2150 CFM

* W X H = CFMg, g/ Vooorpm - WxH =2150/900 = 2.4 Ft* = 2230 cm?
= W=2230/40 =55cm

= WxH=50x40cmx 3 Neck

= No-Fr- Neck =4

=  One Neck - 1,375 CFM

* W x H = CFMg, 5/ Vooorpm - WxH=1,375/900 = 1.5 Ft = 1393cm?
= W=1393/25=55cm

= WxH=55x25cm x 4 Neck
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Hospital Requirements

» HOSPITAL SPACES

J2all dipdas o2 o ASHRAE ST.170 Lol ohlas!
G F E D C B A ASEC
Equip ACH, | ACH; ACH; “;:if‘ﬁ j:ﬁ:f ""L’;}‘:ﬁ’“‘ il 88,301 oo
FAHU100% | 20:25 20 4 NR NO ¥ Sllen)] 45,2
FAHU100% | 20:25 20 4 NR NO n &gt 55951

NR 6 6 2 NR NR NR FWRNTISSNT
FAHU100% | 1012 6 2 NR NO ¥ oYy BEYI
FAHU100% | 1012 6 2 NR NO " Sldadl b
FAHU100% | 1012 6 2 NR NO " L3S0l ALl
FAHU100% | 1012 6 2 NR NO n S blas)
FAHU100% | 1012 6 2 NR NO +or Jsall Oy
FAHU100% | 1012 6 2 YES NR - ol elizg Jolaall
FAHU 100% 12 12 2 YES NR - o)

NR 10:12 6 2 NR NR n Gl - Bl
FAHU100% | 1012 6 2 NR NO " JEESESTA]
FAHU 100% 15 15 3 NR NO ¥ | Bylawdlly dolyodl — dal

NR 10 6 2 NR NR - RS

LBY) Cb,2
L9Vl O)lee
dduall

NR 6 6 2 NR NR NR BESHI

o)l — dxayl
eaSd wlake
UPS/IT
EX-FAN 10 6 NR YES NO - 2SI &2
EX, FR-FAN 10 10 2 YES NO N Aluially gdaall
EX-FAN 10 10 NR YES NO - Slaladly (el
FAHU 100% 10 6 2 YES NO T el g Slgadl Dl
FAHU 100% 10 4 2 NR NO ¥ | Jan)) Ailaio — pline O35

Tgoumo AE dLﬁbéNO G980 OB 131 L s plasciwl Ogds 48,31 -1 eSS e plaseiwl podill ddens Zgoume 1B <
S>3dall I A8LoYL Lud s Bag3e 0955 O o i ZaSWI Busg Agliadl Bug VI CansSS ez T plasialy

HEAT RECOVERY (3 dslustiunl o 0l oSenll (o (dan Y ol (553 8yo dalusiunl Bole] oSy 435301 (o 395kaall clggll Jo:C <
Gdaally Wlolazdl slga o (553 Byo (53 48,31 £lga plusinl jozm Y LUaWYES 938 0513 Lol
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EXHUAST FROM BELOW MORE THAN ONE PIECE EXHUAST FROM ABOVE

PERFORATED DIFFUSER—

CONNECTION BY FLEXIBLE

EXHUAST FROM ABOVE
‘ 1/3 EXHAUST AIR

EXHUAST FROM BELOW
2/3 EXHAUST AIR

LAMINER AIR FLOW

ONE PIECE

CONNECTION BY 2,4 ,6 NECK.
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> CALCULATION *
00 1.5 f2 f’
1.0 ft*
e CFMgy > CFMg,, » —ve - / _—
o CFMgy, > CFMgy — +ve / /
= 300
=] 2
s 0.75 ft?
e CFM __ ACH=V £ 20 / / /
— -
sup 7 47 é / / / 0.6 1
— = 200
) CFMeX ~ CFMsup iACFM é / /// 05 f?
a 2
e ACFM = 2610 * A|, * VAP z M
= W 03 1¢
100
50
0.1 f2
0 0.001 0.005 0.01 0.015 0.02
DIFFERENTIAL PRESSURE (in. of water)
Part Style Nominal Actual Size Rated Airflow| Std. Ship. Wt. Cubic Cell Media
Number Code Size Inches (SCFM) Pkg. Lbs/Box Ft. Sides Pack
| |l (Feet) (HxWxD) 100 FPM Qy | (£7%)
99.99% Scanned (H) _
577-890-004 A3ABOAZTZHO 2x1 24 x 12 x 2% 165 1 18.0 0.7 2% IR'J'J 2" (A)
[ 577-800:005_| 14ABOAZTZHO. | 2x2 24 %24 X 2% 350 1 21.0 1.4 T
577-890-007 ABABOAZTZ2HO 2x3 24 x 36 X 2% 540 1 24.0 2.0 2"
577-890-008 17ABOA2TZHO 2x4 X 48 X 2% 725 1 28.0 2.7 2" B i
99.9995% on 0.1 to 0.2 micron - Laser Tested and Scan Tested [ wliall el Sl i)
2x1 ! 18.0 #N/A s15¢)l (3o doid (all d3ymag
2x2 2 1 21. 1.4 ol .. e
ABEBIAZTIMO 2x3 24 x 36 x 2% 1 24.0 3.3 AR DS e 7,5
0. 0‘?‘5 17E80A2T2MO 2X4 | 24x4BX2% L 280 27
fo El‘ﬁcient on0.3 micron - Scan Tested [H_ i i
43A59B2T2H0 2x1 24x12x¢ 1 19.0 0.9
14A59B2T2H0 2x2 24 x 24 1 240 | 17
46A59B2T2H0 2x3 24 x36x 3 1 26.0 1.7 qm 3" (B)
17A59B2T2H0 2x4 24 x 4B X 3% 1 31.0 3.4 % (59) | 3" (B)

c) Plenum Neck Size=250 mm DIA, Module Size=600x600 mm

PERFORATED DIFFUSER
s19ll (yo dilisea @3 by 4 e 8yl Gl

A D |

Neck velocity in m/sec. 2 3 4 5 6 . . . aps .
s A3l g de db Wdog AilaIl wude 5

P, loss in mm H,0 0688 1609 293 4193 5342 6605 9 ) radls dpdto R "’5‘59 f)_i'b
Throw in meters 051.7 1123 1832 2641 3149 37-6.1 LS dxl> B s Jgloud Bl
NC 19 a0 37 43 48 56

Initial Resistance vs. Filter Face Velocity

. w | NEP FILTER MEDIA . LALPA FTCTER MEDIA

B iR Pt = praiepliermrsidiseniis =
l . e j‘ é .. ]‘ - v “; .,\3 -

TECHMICAL DATA
Type Size in mm Height in mm Parficulote air  Flow rate Pressure loss
LxW) filter H14 of v=0.24 m/s ot v=0.24 m/s
FFD 12724 1303 x 2385 mm at least. 250 mm 4 pcs 2480 m*/h opprox. 60 Pa
FED 14024 1455 x 2385 mm at legst. 250 mm 6 pes 2790.m/h approi 60 Po
FFD 16/24 1607 x 2385 mm af least. 250 mm & pes 3090 m7/h approx. 60 Pa
FFD 18/24 1759 x 2385 mm at least. 250 mm 6 pes 3400 m¥/h approx. 60 Po
FFD 20/24 1929 x 2385 mm at least. 250 mm Bpes 3740 mi/h approx. 60 Pa
FFD 22/24 2233 x 2385 mm ot least. 250 mm B pcs 4350 m*/h opprox. 60 Po
FFD 24/24 2385 x 2385 mm of least. 250 mm 8 pcs 4650 mi/h opprox. 60 Pa
FFD 14/24 1455 x 2537 mm of least. 300 mmy 6 pcs 2965 mi'h approx. 60 Po
FFD 16/24 1407 x 2537 mm ot least. 300 mm Gpes 3290 m*/h approx. 60 Pa
FFD 20/24 1929 x 2537 mm at least. 300 mm 8 pes 4230 mi/h approx. 60 Pa
FFD 26/26 2537 %2537 mm of least. 300 mm B pcs 5560 m/h approx. 60 Pa

Connecting

supports
2 pecs
2 pes
2 pes
2 pes
2 pes
2 pcs
2 pes
2 pes
2 pes
2 pes
4 pcs

LAF
B35 VI clgdl dogd e sliy oslal L o
CSIWl 2o WMo gl i dodxiy NS (e
A Jassall § aadlly
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Heat Loads

» Manual Load According to CLTD
STEPS FOR COOLING AND HEATING LOAD CALCULATION MANUAL Jgdox dlaswdl o3

Load Type Equation Note Table No
Wall CLTD=(CLTD+LM) x K +(78 —Tg) + (T, — 85) 11.3,11.4,115
Roof Q=AxUxCLTD A - Area Glosall punyll pliseinl dluall Ol o
Door U - Overall Heat Transfer 111,1.1.2
Glass Q=Ax UxAT U - Overall Heat Transfer 1.21,1.2.2,1.2.3,1.2.4,1.2.5

Solar Glass

Q= A x SHGF x CLF x SC

SHGF = Solar Heat Gain Factor

12.6

CLF = Cooling Load Factor

12.7,1.2.8

SC = Shading Factor

1.2.9,1.2.10,1.2.11,1.2.12,1.2.13, 1.2.14

CLF = Cooling Load Factor

211,212,213, 21.4

Qp = 4840 x CFM x Aw

Light Qes athegacaxEsaca CER Q = Lighting Power Densities 215
People Qs = N x qs/Peson x CLF qs/Person, q/Peson 222
Q.. = N x q,/Peson CLF = Cooling Load Factor 221
Miscellaneous Qs = Sensible x CLF CLF = Cooling Load Factor 2.2.3,2.2.4
Q,, = Latent Sensible, Latent 2.25,2.2.6,22.7

Constant A, B, C 229
Elec.Equip Q= Constant x Fx CLF F, Standard Motor 2.210
CLF = Cooling Load Factor 2.2.4

Partition Q= A x Ux AT Wall, Door, Floor, Window, Ceiling bl (oya0 pe S st 9 LiSe > o
q . Qs = 1.08 x CFM x AT Volume X N, 3.1.2

AlEien Qy = 4840 x CFM x Aw CPM = ——0—— oSl 5 by oy s

Ventilation Qs = 1.08 x CFM x AT CFM = x N. Person + l\i x Area e

Person

Bl raise 0,85 Jos ity Ol galiy plasuiwl L)hadl Oblusdl Jos (o sl da =

Rule of Thumb

Rule of Thumb e cly Josdl gLy Ll g8l o &)l Joe Juaiy  ®

Large, Perimeter - Offices, Commercial: 22.5 - 27.5 m?/Ton

O
o Large, Interior - Offices, Commercial: 30 - 35 m?/Ton
o Small - Offices, Commercial: 32.5 - 37.5 m?/Ton
o Banks, Court Houses, Municipal Buildings, Town Halls: 20 - 25 m?/Ton
o Computer Rooms: 5 -15 m?/Ton
o Restaurants: 10 - 25 m?/Ton
o Hospital Patient Rooms, Nursing Home Patient Rooms: 25 - 30 m?/Ton
o Operation Room, ICU: According to Air Change per Hour
o Malls, Shopping Centers: 15 - 35 m?/Ton
o Supermarkets: 25 - 35 m?/Ton
System Name Space Name Area Out R-Thumb Air Flowg Air Flowg Air Flowgy Total Load Selection
In HAP Catalog
00 - 01- FCU 00 - 01 - OFFICE 20m2 | Out 09TR 350 CFM 35 CFM - 0.8 TR FCU -M 12
00 - 01- AHU 00-02-OR 40m? | Out 10 TR 1400 CFM | 1400 CFM 1200 CFM 10 TR AHU -M 10
00 - 03 - OFFICE 22m? | N 0.7TR 300 CFM 30 CFM -
00 - 02 - AHU 00 - 04 - OFFICE 21 m? IN 0.7TR 300 CFM 30 CFM - 24TR AHU -M30
00 - 05 - OFFICE 26m? | IN 09TR 300 CFM 30 CFM -
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WEATH E R Design Temperaturesl Design Solar I Simulation I
dbaiall g | |Begion: Middle East :]v Atmospheric Cleamess Number — |1.00
"LL"'” Jel <| [Locatior: Eaypt :]v Average Ground Reflectance 0.20
Lpaall il <L Faio Soil Conductivity 1385 WK
Latitude: 301 deg
Design Clg Calculation Months Jan | o |Dec «
Longitude: -31.4 deg
Eleyation 38 " Time Zone [GMT +/-) 2.0 hours
42:44 C 7 & golS (py Bl )=l &5 < g mmer Desian DB s T Daylight Savings Time C Yes © No
26:28 C ™ ‘3 < P9 LbJiphalldns < Summer Coincident W8 20.6 ‘C DST Begins Apr > 1
. . Summer Daily Range 13.3 K DST Ends Ot ~| |31
@yyglM@ﬁ|W|d%yu&Hlo%M&dWl@
‘Winter Design DB 7.2 iE Data S 3
ASHRAE METO INFO s
Winter Coincident 'WB 3.2 S 2001 ASHRAE Handbook
SPACE INPUT
General | Intemals | Walls, Windows, Doors | Roofs. Skyfights | Infitration| Floors | Partiions |
00-01-0FFICE <yt baus 0950 &)1 (e (35 W) by 85y ol < Name Default Space
Byalld>lwe < Eloor Area 500.0 &
&Uﬁ))‘l Q}S:v)l.d.m.a Chiw D929 ple > §9 ) ladiue Cadud! Cguo (5> &Uﬁ)}]l < Avg Celing Height  [9.p ft
) Joyid) i i i
@ &= Building Weight [70.0 Ib/fé -
L Med | Homw s
s 5 el Ol My oRsla==Chs
Sl elagll pllai < ~ 0A Ventilation Reguirements 2 2
2l sl 0950 slyall s 01| e Space Usage | <UserDefined> -]
ASHT 62163 ol Dl 5% 20 5 0o s 2 o OAReaienen 1 [60 [Crtrpmson =]
Jiyd JBg3 ‘_SMI slggll eUéB os13) .
% 100 0555 @l sl9al & OB OA Requirement 2 [0.00 ICFM;‘TF j
OA Requirement 1 lagb su>lg &l (§ o] o doge &y Jolasl) Al (§ A gxlo < Space usage defaults: ASHRAE Std 62.1-2007
Defaults can be changed via View/Preferences,

General | Intemal | Walls, Windows, Doors I Roofs, Skylights I Infiltrationl Floors I Partilionsl
Overhead Lighting People
Eisture Type  |Recessed, unvented || | Dccupancy  Jo.0 |Pecple  ~| [» Sdll e sl poladl sue duss o
e Ao 191218 e ol <| | Waltage [0.00 [wre — w]| | ActiviyLevel |office work | ssio (it (253 5f (§)loall
Grebill o Ballast Multiplier |1_po Sensible 71.8 W/person
faadll weelged Jos Jgdz goy w3 Y < _Schedule_| | (none) || |Latent 60.1 W/person F o dab e (o] bLAS b o
. | NG Lawgia blad 0950 o Jaais Wik g gudatll
w2 @bl Josdl Gl s of o=l Task Lighting || _Schedue | [inone) =~
e 0550 W Toudl delull Lsell
sz Tf; : 3 i‘; U1, soin ;ﬁ: . Wattage [0.00 [weme  ~]| -~ Miscellaneous Loads N e
< lg poeddlg 8:L53 9 . cjl?UleMOAGJQAJ'. Il (2
Schedul = Sensible W - 2
__Schedule | [inone) ~| 0 ilss ey colils
50 1120 < Electrical Equipment 1 Schedule |[none] LI I o JeVl @8 e Jguazdl qivg
i =) | . 15 T -
e S50 i t’T P Wattage [0.00 IW/n‘F L] Latent 0 W Cads BT M- oo JiadY1 ST Jglall
o ; Ygell o Oldaol)
Schedule I (none) L] Schedule I (none) LI
General| Intemals  Walls, Windows, Doars r Roofs, Skylights | Infitration| Floors | Pantitions |
Wal Construction Types
Grass  \window Window for Exposure: 1(N)
Area 1 2 Door
) ) Exposure nf  Quantity Quantity Quantity W all |][mne] ~||> eloleadly Olgly daslo) @6
onadal) (oymall LaSloell ool s (e Y -1 1 [ - o (] ] 0 S o pis Al 39 Alanall ©UsSall i
Bt usev) _Window 1 | [none) =~ Saial) s Loy a5 lsSall U
Aozl Loy JoIL aSloel d>lwe Js0b 043 - . o .
IS Jb 8 2 3] St e I o S
Clply Seles oo 4 [not user v Jozdl o= (§ S350 dede o Jile 3929
v Window 2 | - By ()=l
laleadly Ulsdlsas Jlsbpss -3 5 | not uses = | |(none) =l
6 [not use: | Shade 2 |[{none) P el 5l gl datlg> Suie ¢ Al gl
7 | not uses _'_J sl oo
8 [rotuse 7] —Door[fivore) Tl e ) e 5 o3 el g2
‘ . , ; ; ‘ Ayod) Aolaco oy Al
c))AjA 1 d>luwe RET) .ﬂL.ufu JMS :élﬁ‘
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SPACE INPUT

Tel: 0020-1093460618
Email: A.shuhayb@asec.work

1 08 (5T JLols 0555 M8 (2500 A2 59l O o) Lol uaddd oyme Jlasysdl Caiadl 090 Loukis eli3g Jasd xsH1 ol Al § Gyl Caad] dagd JLl o

Gl caiad) Al dsluedl Jol o <

H ol 05509 (3laeysdl il ol

Glenyad) Caeadl 0950 Y gall o el pans 3
bk Skylight suae Jsam cib JWbg zle ade!
gl § Abad) o aalb s go Jolas

INfiltration Coms s Y JWE Jalais ol Carga ehaiss 20,301 08 Dl (3 Lol Il Lghais 38,301 38 D> §

Generali Internalsl Walls, Windows, Doors

Roof
Gross  Roof
Aiea  Sjope  Skylight
Exposure [ (deg] Quantity
1 | not use: |
2 |not use: ¥ |
3 | not use: |
4 inot use: LI

Construction Types for

Infilration| Floors | Patitions |

Exposure: 1 [not used)
Roof ilmne] ;I >
Skylight |!mne} _:J

Generall Intemnals I Walls, Windows, Doors I Roofs, Skylights

Enter infiltration rate in any column:

I Floors I Partitionsl

" AllHours

Lis Lis/mf ACH
Design Cooling  [0.00 | |0.00 >
Design Heating  [p.00 | |0.00 >
Energy Analysis  [0.00 | |0.00
Infiltration occurs: & Only When Fan Off >
>

Floor:

Dl il dlue

Sl i) Djlonedl UsSall dod e sl
75:95 F &) 3 05559 caSall e 08l )l dys
100:115 F & & 05559 (sl Jasgl 8yly> domys

A A A A

o oae

D

Gl OlgSe Jlsab o3
Blayz (30 4d Loy (Jlasysdl
Lo 839 Y gl Jjleg o>y

osdigall o ddde Juaiy

REST

Skylight Jogas b
Tl Pl lanall 4 s Jalass

OsSInfiltration edls-ae

ACH=0.8ls> 0555 il A>3 ol 4o
ACH=‘|2L~;|3> Ojs:v sbadl A ‘3 ;.a.\_‘,w.ﬂ\ doud

550 e ol Aogd Lgids 09509 oz go ddya)l Jaip Al 3
e ol Aosd lgidy 0959 Il 88,41 Laks Ul 3

O Jo> vz Y JWld e i
Jaddl (el 839 Loy (25,6 @5 balas Jolaisd (S pe L
Sl Cgio 3 0555
ol Yl & Bag £)lad) gandie o 05SS

Generall Intemals] Walls,Windows,DoulsI Roofs,SkyIightsI Infiltrationl Floors

Partition 1 Partition 2
(¢ Ceiling Partition

¢ Wall Parttion
Area oo oo
UValue o500 0.500 BTU/hi/fe/F
IUnconditioned Space Mag Temp. W IT F
Ambient at Space Max Temp.  [95.0° [95.0 °F
IUnconditioned Space Min Temp. W IW F
Ambient at Space Min Temp. W W F

<
<

A A A A

Eluladly Clgaly dasl gl d>line
ClgYlg Lasl gl C)Ujia e slo

(Sl 88,301 0 53 5all a2l
Se e awg

U dalises wl>lne ozl Jimiiws Bl cubs -U 3»:'5‘_ju?lbuL}wbgobjidl;aJJ:u‘o.guujiaﬁdb}lﬁ.‘l@gubghﬁbé)uﬁ)bwﬁsiémyMb@iﬁ.&aém

A Bl § pghiy pgredy s ol Qb gl asl> U U X A dad 5 9 U=1 208 Jaxi (65 35l Joely el
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SYSTEM INPUT &1 199 dusS Aty oyl Jooell Coypel e ituaan 4 JosT 05 9 uall (§ dnsoed LS 5Lg2r (61

General ] Vent System Components | Zone Companents | Sizing Data | Equipment |
00-01-FCU s aol 5550 88,31 (sl (55 W) Juadsg CaosST Sl ol 90 pllaidl ol < Air System Name |Default System
19l dzS o Jogns M oS Slgr oo g5 ity i blas 35, 1Sl S92l g8 < Equipment Type [Teminal Units ~|
4l el g5 LAl isB @) 4w il o) Undefined o _
o159l ASall oy Sl 545 Packaged Rooftop o A v
W5 g el slall CaiSall s zuSL Bu>9 Packaged Vertical o Number of Zones > leede JUick oSl ez I boliall sute
sl oo slo dupdl Calo oS 2Slo ¢lga dglie 8u>9 Chilled AHU . Sulg dakaie 09SsTerminal 834291 § ilbgle
VREF 3l DX 849 ¢y0 09258 dupidl (oo doys g5lo slga A glo 8u>5 Split AHU . Wentilation o Dkectvmild!nnl
Wieand s8Il 9 sy Sl oSS Sl (§) duaiin CanSS wlu>gTerminal ° " Common Yertilation System
e Cig ogS Ollls Do dlead oS eSS Slez 0Y
slsgll om dals Jas euTerminal Unit e o CaoSl 5321 S lghe @b ds B gy A=l < Juuﬁ‘iﬁﬁijﬁ:fﬁ;ﬁij
Mixing Box plasuisl CauSHl jlgz Js1s gl <lsglly g1yl Bl Zig) @ 0485 05 Byt (pa S1 0350
Lsgtll plss jole il eliluy Terminal Unit wlisy U gl < b 3anly iegest lgTerminal il e olade )
doud IS e g Ko J3-uo ggdll pllas Ol lalias Direct Ventilation o

b Jado o35 elggll dSy> g Aol (§ doxid 51 QL 9l Hlus
Jie gl Hduas plistuwl @5 dggill pllas Of lblae Common Ventilation e
i JB35 oS5 alls dpole Aglio By FAHU b o 51 o 430

General | Vent Spstem Components | Zone Components | Sizing Data | Equipment |

Alr System Name |Default System
Equipment Type | Terminal Units -]
Air System Type | Packaged DX Fan Col -
sy CansS
Number of Zones S éﬁ;
Variable Refrigerant Flow [VRAF) e } S L l>
‘Yentilation ‘Water Source Heat Pump 338 - S = ps = S
Groundwater Source Heat Pump
Ground Source Heat Pump
2-Pipe Fan Coil > bsS Ob LSS Sl
4-Pipe Fan Coil E IRTENE
Induction Beam B
Active Chilled Beam el o slo ol jouang

Vent System Components <| General VentSystem Components | Zone Components| Sizing Data | Equipment |

Common Ventilation Joyal slggdl jluae oS Ul 3 VI Jaas Y o
oo ;3& ? ¢ ot Iv Ventilation Air Cooling Coil

[~ Went Recl
Cooling Coil Jurity pgitid clgn Aglia iy I (10 oyl slggll yuae 0E A>3 < W i Setpaint 7m0 F
Al dyo 24 o> Gyl slggl Jlpydl slga 8yl s Jansg r }:‘eé“ﬁgr?{lr Cail Bypass Factor [oro0
L;“)'&Jl "‘}GJ‘JM&AJ)J)M‘LQW‘le ol lasdlia fUa.gUy),a:J\ delb wie I~ Hun ,',:;-\ur. .
. . - i - T . - [~ Dehumidification | Cooling Source IAir-Eooled D LI
UL uSbd | o o9 wl@;wb\ww—uﬁ%ﬁl\)@k}owj [Z| Went Fan
DD e REm (8= checlie [sTFmlaTmlaTa TaTs o no

[~ Exhaust Fan

General| Vent System Components [ Zone Components| Sizing Data | Equipment | & Spaces Thesmastat and Zone Data -
i [Themostaid W Alzone Tatatssetthesame <[ +| Zone Al ol 1
v Spaces Space Assignments “: it s .
[V Themostats Zone 1 of 1 ' Common Data Zane Name A8 Zones ~]
[ Common Data Spaces jZone 1 = Ko Temwnal Unis Coolng T-stal Setponts occ 38 T wwecf®? T D Ul 3 43,01 8)ly> dps
I TeminalUnis o] Nowl Hostng Tatat Sefports  oce [777 TERR: ) Sl drlgs
Defaul Space . N Fil] unoce 163 e REN
Chyall 51 38,301 gy o Tl Thvotting Rarge T a— > Sl duad o )1

eSS Sler pabemia JU Diversdy Factor @ =x alsidy
Direct E whauat Aiflow L

Divect Exhaust Fan W ] W

Shared Diata
Thermastat §chedule [meret = Fan gs oo daddl Jgu
Unoceupied Coolng is & Avslsble Mot avaisble
v Spaces Terminal Unit Data [v Spaces cn";"";l;:;":::‘u”it s
[ Themostats ¥ Al zones are the same 4| | Zome Al of1 IIE lhumnsl;ls D:slm_Supply - Ta— > Il clga Bly> damys
I Camsnon Daia v Commen Datd - A it
lfiond Zane al Zones - 5 Teminal Unis Coil gvnass Factor 0,100 12167 § 0 16559
E ’ Teminal Type Fan Col - Cooling Source: [8ir-Cooled DX Chilleds; Yy
Minimun Asfow [00 [ =] [ Gyl ol Al § B350 a2 Saleas [ATFTMlATMIITITATSTOINTD | 1 cign o days
. . A 3 . . P . Iv Heating Coil M .. .
Sl S St bkl gy < [Tl Stae =P Ps Ul § dage SV dalall DeimSusbTene. B0 T 42310012 g5 & 0559
St 200 J1100 oo S| FonOveelEfency 2 * edliadly Oldeall Byl Heat Source Electic Resistance - DX&542Y
Gobdl Ja=ll e S50 05509 ACH Lo Schedule
N - & JIFIM|AIM]J]J]AIS|OIN|D
Toig e s g Jo Lhws piy [aTFMM[aTM[sTsTals oln o
el S8 Fan Control " FanCycled (¢ FanOn
Wgndh doudty dudyay Sy Ventilation Sizing Method | Sum of space D4 airflows hd
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SYSTEM INPUT

General I System Components | Zone Components| Sizing Data | Equipment |

Air System Name {Default System

Equipment Type | Chiled ‘water i Handing Units ~|
Air System Type CAN - Single Zone

Murmber of Zones

Zone Components | Sizing Data | Equipment |

Jv Ventilation Air Wentilation Air Data
[~ Economizer Airflow Control IConstant L]
™ Vent. Reclaim o
I Precool Coi Ventilation Sizing Method ISum of space 04 aiflows L]
[~ Preheat Cail Minimum Airflow l”— %
[ Humidification | |[ru3r|e] =
[ Dehumidification -
v Cential Cooling Unoce. Damper Position " Open & Closed
[¢ Central Heating | Damper Leak Rate o %
Iv Supply Fan Minimum CO2 Differential 100 ppm
v Duct System X § . -
 Betum Fan Maximum CO2 Differential l,nrl— ppm
Outdoor Air CO2 Level 400 ppm

> Lele Jladr S jlgz I sblinll sue
Ul 4 lgad! s e D95 (y0 AT 0550 Ol Sl (30 Dlioll iy 3 1lsgonke
Variable g9l e 4950 050 JWby VAV geill o0 Air System Type o
Slingal Lona dw VAV LS Lilbog VAV (S5 dakaia S Jgs e 03

» Damper Leak - Heat Gain - Duct Loss =2:5%

» Central Cooling: 10:12 C - DX Type, 12:16 C - Chilled

»  Supply Fan:
° Total Static= 700:1000 Pa
Sl Jasdl e 0 g olade laie 2,8 gyl @3 oS

General| System Components i, Sizing Data | Equipment |

v Spaces ~ Space Assignments

v Themostats

v Supply Terminals

[~ Zone Heating Units

Zone 1 of 1

IZone 1 L]

Spaces

02- recpition
02-01-office 1
02-03,02-office 2
02-08-office 3
02-10-kitchenet
02-13-office 4
02-14,4 5-office 5
0217 7-office 6
02201918, WC
02-6,15-office 7

A
]

General| System Components  Zone Components | Sizing Data | Equipment |
v Spaces Supply Terminal Data
£ Thermosiats v &l zones are the same J J Zone Al of 1
Iv._Supr Ter!'mmis' Zone |Ai| Zones Li
[~ Zone Heating Units .
Terminal Type iDifiusel ;I
Minimurn Airflow o BCH =
Total Static ﬂi Fa
Fan Overall Efficiency I %
Design Supply Temp | e
Shared Data
Reheat Coil Heat Source | Electrical Resistance LI
ReheatCai Sohedude  [J[F [MIATM[3[JTATS aINID

General] Vent Spstem Components| Zone Components | I| Equipment |
- |- System Sizing Data
IZ spemsangl
T i ]SS
W ZoneSiEg || Cooling Supply Temperatue | F
Supply Aiflow Rate [ CFM
Sizing Data is Ventilation Airflow Rate [ CFM
i Eoesed ||| oeepadpstmmen. =7
~ Ui Hot Deck Supply Aiflow Rate | CFM
Defined
Hydronic Sizing Specifications ~Salely Factors

Cooling Sensitle [g %]
CodingLatent [0 *|
Heating T

Chilled ‘W ater Delta-T | 100 |

Hot ‘Water Delta-T 200 °F

14| Page

G sl 4 osTerminal plas po oSJy sl Jga (riyguall Uiyt Olade 55, <
S g1 s ()9 Jadd Slaasand!

lally wldea)l By2 Al SMinimum Airflow lgé 3 LaSupply Terminal <
v Wl el oladeAshrae St-170 IMs- (e clggdl a5 Olpe sue Jo-dm A8
cloghl A5 Olye sae (e I Jazdly ($alall Jasxll

» Safety Factor: 5:10%
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Equipment Selection

> Selection of Chiller

Chiller Type - Air or Water Cooled
Performance Data - TR © Ambient Temperature
Pressure Drop - Evaporator and Condenser

=  Water Cooled

v
v

Leaving Temperature Evaporator - 5:7 °C
Entering Temperature Condenser - 30 °C

= Air Cooled

o Brand

v
v

v

v
v
v

Leaving Temperature Evaporator - 5:7 °C
Ambient Temperature - 40:46 °C

Trane
York
Carrier
Drek

> Selection of FCU

CFM From HAP Report

Entering Water Temperature Evaporator - 5:7 °C
Entering Air Temperature Dry Bulb - 25: 30 °C
Entering Air Temperature Wet Bulb - 17: 21 °C
Select Total Load

Pressure Drop Evaporator

Pressure Dorp Fan

Carrier
Volta
Saiver

> Selection of AHU

15| Page

CFM From HAP Report

Entering Water Temperature Evaporator - 5:7 °C
Entering Air Temperature Dry Bulb - 28:44 °C
Entering Air Temperature Wet Bulb - 17: 21 °C
Select Total Load

Pressure Drop Evaporator

Pressure Dorp Fan

Carrier
Volta
Saiver
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Uguo BUEN ABlag Jgsho clipgiis Jolaog Wgsho e 56 59 cldgle il I ¢lggll dueS allay clgh zye0 Sole il I S
G @ § Oliudadll CUsl 59 ¢ JE5 ol W3 e Gadaitd lindo 423ul) 0u8 750 J1 500 sgu> § 1 gdiall dsuadl  m
Ol S el Doty 8 b 909 Gaudatdl o S €40 J1 25 (0 ol sl gaall Jalae  m
DLl 29l G Lalises 1A Adle  m

o 1.8 1 15 cxm ol o A8bcall 0555 1.2 M 55LesT Gyl o 1s 1 1.2 onmyiall o 8Ll 9955 0.9 M 55LeT oS
3.2 U113 inpseall o A0Laeall 0555 21 M Sl T Aodg) < fa 2.7 (J1 2.4 (nmpsead! o ALl 0555 1.8 M (55 LudT daidy)
Ao & (J) 3.8 cxomyeadl o Bl 0955 2.7 M (59T dod) /e 3.6 L1 3.4 crmmyseadl o A3l 0955 2.4 M (5Ll T dasdy)

fo 4.5 11 4.2 eyl o 33lad! 0955 JWL 3 M (59LuT deudy)

Square - Round Diffuser

Air Flow Outlet AP Tso Neck Size Outlet AP Tso Neck Size
Velocity Square Velocity Round
50 CFM 500 FPM 0.02 Inwg 3Ft-09M 6x6 300 FPM | 0.02 Inwg 3Ft-09M h6”
100 CFM 500 FPM 0.02 Inwg 4Ft-12M 9x9” 500 FPM | 0.04 Inwg 5Ft-15M h6”
150 CEM 400 FPM 0.02 Inwg 5Ft-15M 12 x 12" 400 FPM | 0.03 Inwg 5Ft-15M (OF
700 FPM 0.03 Inwg 5Ft-15M 9x9”
200 CFM 500 FPM 0.02 Inwg 5Ft-15M 12 x 12" 600 FPM | 0.06 Inwg TFt-21M ®8”
250 CFM 600 FPM 0.02 Inwg 6Ft-18M 12 x 12" 700 FPM | 0.08 Inwg TFt-21M o8’
300 CFM 500 FPM 0.02 Inwg 6Ft-18M 15 x 15" 600 FPM | 0.06 Inwg 9Ft-27M ®10”
350 CFM 550 FPM 0.02 Inwg TFt-21M 15 x 15" 650 FPM | 0.06 Inwg 9Ft-27M ®10”
400 CEM 700 FPM 0.03 Inwg 9Ft-27M 15 x 15" 700 FPM | 0.06 Inwg 9Ft-27M 10"
400 FPM 0.02 Inwg TFt-21M 18 x 18” 500 FPM | 0.04 Inwg 9Ft-27M ®12”
450 CEM 500 FPM 0.02 Inwg 8Ft-24M 18 x 18” 600 FPM | 0.06 Inwg 10Ft-3M 127
400 FPM | 0.03 Inwg 8Ft-24M o147
500 CFM 600 FPM 0.02Inwg | 9Ft-27M 18 x 18” 500 FPM | 0.04 Inwg MOFt-3M 14"
400 CEM 600 FPM 0.03 Inwg M0Ft-3M 18 x 18” 600 FPM | 0.06Inwg | 1MFt-33M 14"
400 FPM | 0.03 Inwg MMFt-3M ®16”

Linear Bar Grill

Width Outlet Velocity AP Tso CFM/M
4" 600:800 FPM 0.02:0.03 Inwg 16 Ft 250:300 CFM
6" 600:800 FPM 0.02:0.03 Inwg 20 Ft 400:550 CFM
8" 600:800 FPM 0.02:0.03 Inwg 22 Ft 475:625 CFM

Linear Slot Diffuser

Slot Outlet Velocity AP Tso CFM/M
2 600:1000 FPM 0.02:0.06 Inwg 11:15 Ft 100:150 CFM
3 600:1000 FPM 0.02:0.06 Inwg 12:18 Ft 150:200 CFM
4 600:1000 FPM 0.02:0.06 Inwg 13:22 Ft 150:300 CFM

Swirl Diffuser

Air Flow Outlet Velocity AP Tso Neck Size
CFM FPM Ft

100 - 150 500 -700 0.04 - 0.07 6-1 6x6"- 6"

200 - 250 600 -700 0.07 - 0.09 7-8 8x8"- 8"

300 - 400 600 -700 0.14 - 0.15 10-1 10x10"- 10"

450 - 550 600 -700 0.19 - 0.27 13-14 12x12"- 12"
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Perforated Diffuser

Air Flow Outlet Velocity AP Neck Size Round | Neck Size Square
50 300 FPM 0.01 Inwg 4" 6x6"
100 300 FPM 0.01 Inwg @6” 8 x 8"
150 300 FPM 0.01 Inwg P6” 10 x 10”
200 300: 500 FPM 0.01: 0.05 Inwg ?8” 10 x 10”
250 300 FPM 0.01 Inwg @10” 12 x 12"
300 300: 400 FPM 0.01: 0.03 Inwg $10” 12 x 12"
350 300: 400 FPM 0.01: 0.03 Inwg $10” 12 x 12"
400 300 FPM 0.01 Inwg @12” 16 x 16"
450 300 FPM 0.01 Inwg P12” 16 x 16"
500 300 FPM 0.01 Inwg P12” 18 x 18”

Jet Diffuser
Air Flow No. Jet AP - INWG T L Neck Size
o 2,3 0.1,0.04 30,20 35,30 8"
o 1 0.09 40 46 10"
1 0.04 37 42 127
o 2,3,4 0.13,0.06,0.04 | 38,30,26 | 44,35,30 8"
2 1,2 0.13,0.03 50,26 58,30 10"
1 0.06 47 54 12"
2,3,4 0.18,0.09,0.05 | 40,3529 | 46,40,33 8"
= 1,2 0.18,0.0 60,37 69,42 10"
= 1 0.08 50 58 127
1 0.06 40 46 14"
3,4 0.1,0.06 38,32 44,37 8"
= 1,2 0.24,0.06 60,37 69,42 ®10”
€2 1 0.1 57 65 12"
1 0.08 47 54 14"
3,4 0.13,0.08 40,35 46,40 8"
= 2 0.08 40 46 10"
& 1 0.13 60 69 127
1 0.1 50 58 14"
3,4 0.16,0.1 48,37 55,43 8"
= 2,3 0.09,0.04 47,33 54,38 10"
= 1,2 0.16,0.04 70,40 80,46 12"
1 0.12 57 65 14"
3,4 0.24,0.13 50,42 58,48 8’
= 2,3 0.13,0.06 52,40 60,46 10"
= 1,2 0.23,0.06 80,47 92,54 127
1 0.18 67 77 14"
Eyeball
50 FPM 100 FPM 200 FPM
30 60’ 100’ 30 60’ 100’ 30 60’ 100’
LY 75 175 250 175 350 | 500 | 350
8" 100 225 | 300 | 225 | 450 | 650 | 450 | 875
10" 150 275 | 400 | 275 550 | 825 | 550 | 1100
12" 175 350 | 550 | 350 | 700 | 1050 | 700 | 1400 | 2100
16" 250 | 475 | 700 | 475 | 925 | 1400 | 925 | 1850 | 2800

17 |Page



Tel: 0020-1093460618
Email: A.shuhayb@asec.work

a ASEC OFFICE
BIM ENGINEERING

» Duct Design

= Duct Size

Width, Height - Aspect Ratio (1:4)
CFM
Pressure Drop (0.06: 0.15 Inwg)
Velocity
e FCU (800: 900 FPM)
e AHU (1200: 1500 FPM)
e Exhaust Fan (1600: 2000 FPM)
e Fresh Fan (1400: 1800 FPM)

AN NN

= FExternal Static Pressure

v" The hardest path, not the longest it is often the longest.
v' ESP = Critical Path x ATP + Fitting Losses + Accessories Losses

e Reducer -1:3 Pa

o Take off - 10:20 Pa

e Elbow -1:8 Pa

e Volume Damper - 5 Pa

e Machine Connection - 15 Pa
e Air Terminal - 2:8 Pa

e Insect Screen - 10 Pa

e Sandtrap - 100 Pa

e Flexible Duct - 10 Pa

= Duct Thickness, according to - Max Width, ESP

Gauge Thickness Max Width
26 0.55 mm Up to 12"
24 0.7 mm 13 to 30”
22 0.85 mm 31to 54"
20 1 mm 55 to 84"
18 1.25 mm 85" to Over

= Duct Hanger

Distance Between Angle Dimension Rod Diameter Max Width
Hangers (m) (mm) (mm) (Inch)
3 25x25x2 8 Up to 20
2.5 35x35x2.5 10 21t0 32
2.5 35x35x3 10 33 to 40
2 40x40x3 12 41to 60
1.5 50x50x5 12 61to Over
Duct Mass

v M= 2(W+H) L*T*p

W, H,L,T-(m),p- (9

v M= 0.4(W+H) L*T W, H - (Inch), L = (m), T - (mm)
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= Duct Insulation
v' Area=2(W+H) L W, H, L-(m)
v" Area= 0.5(W+H) L W, H - (Inch), L - (m)

= Duct Cladding
v Area=2(W'+H) L
e W'=W+2*Insulation Thickness
e H'=H+2* Insulation Thickness
W, H, L-(m)
v Area= 0.5(W+H") L
e W'=W+2*Insulation Thickness
e H'=H+2* Insulation Thickness

W, H - (Inch), L - (m)

@M DesignTools DuctSizer.., — O hd
Exit Print Clear Units About

—im

|68°F Air STP ~| a

Fluid density

Fluid wizcosity
Specific Heat
Energy factor

0.075 Ib/it

0.0432 Ib/ft-h
0.24 Brullb°F
1.08 Btu/h*F-cfm

Flow rate l:l cfm

MHeadloss [ | inwCs00f

O velocity l:l fpm
Equivalent .

O diameter l:l n

Duct size | | in X | in

Equivalent Diameter
Flow Area

Fluid velocity
Reynolds Number
Friction factor
¥elocity Pressure
Head Loss

McQuay

Ajr Conditioning

AR TIC EAV CM

» Duct Types
= Rectangle

= Round
= QOvel

» Duct Material
= Galvanized
= Stainless Steel
= Black Steel
=  Aluminum
= Fabric - Microbe-X, Sedona-Mx
= PID - Duct
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Pipe Design

» Pipe Design

*» Pipe Size
_ TRx24
v' GPM = AT

v Pressure Drop (Max 10ft/100ft) - (Ideal 4ft/100ft)
v" Velocity (Range 2:10 FPS) - (Ideal 4 FPS)

Flow Rang (GPM) Pipe Size Pressure
From To (Inch) Drop
(Ft/100Ft)
2 A 0-4
4 % 25-4
7 1 -4

8 16 1.25 1.25 - 4

17 24 1.5 -4
25 48 2 15-4
49 77 2.5 2-4
78 140 15-4
141 280 1.25 - 4
281 500 1.5-4
501 800 1.25 - 4
801 1700 1-4
1701 2500 1.25 - 2.75

g|wo

NININ

o|oNOT| N (W

[
o

Table 23.4.3.1.1 Equivalent Schedule 40 Steel Pipe Length Chart
Fittings and Valves Expressed in Equivalent Feet (Meters) of Pipe
Yein. Yyin. I in. ain. 1'%in. 2in. 2% in. Jin. 3% in. 4in. 5in. 6 in. Rin. 10in. 12in.
Fittings and Valves (15 mm) (20 mm) (25 mm) (32 mm) (40 mm) (50 mm) (65 mm) (80 mm) (90 mm) (100 mm) (125 mm) (150 mm) (200 mm) (250 mm) (300 mm)
15" elbow - 1 1 1 2 2 ) 3 3 + b 7 a9 11 13
(0.%) (0.3) (0.%) (0.6) (0.6) (0.9 (0,9) (0.9 (1.2) (1.5) (2.1) (2.7) (3.4) (1)
H)" standard elbow 1 2 2 3 1 5 6 7 B 10 12 14 18 2 27
(0.3) (0.6) (0.6) (0.9) (1.2) (1.5) (1.8) (2.1) (2.4) (%) (3.7) (4.3) (5.5) (6.7) (8.2)
90" long-turn 0.5 1 2 2 2 - 1 5 5 6 8 0 13 16 18
elbow (0.2) {0.53) {0.6) (0.6) (0.6) (0.9) (1.2) (1.5) (1.5) (1.8) (2.4) (2.7) (1) (4.9) (5.5)
I'ee or cross (flow . ] ] 5 (1] 8 10 12 15 17 20 25 30 35 50 60
turned 90°) (0.9) (1.2) (1.5) (1.8) (2.4) (3) (3.7) (4.6) (5.2) (6.1) (7.6) (0.1) (10.7) (15.2) (18.9)
Butterfly valve .- — — — — [ 7 10 — 12 9 10 12 19 21
(1.8) (2.1) (3) (3.7 (2.7) (3) (3.7) (5.8) (6.4)
Gate valve — — — — — 1 1 1 1 2 2 3 1 5 6
(0.9) (0.3) (0.5) (0.3 (0.6) (0.6) (0.9) (1.2) (1.5) (1.8)
Swing check” — — ] 7 9 11 14 16 19 22 27 32 45 55 ih
(1.5) (2.1) (2.7) (34) 4% (49 (58 (6.7) (8.2) (9.3) (18.7) (16.8) (20)

=  Pump Head
v" The hardest path, not the longest it is often the longest.
v' Hp =Hg + Hi + Hg Hg = Zero ,Hg = Zero

Hp = Critical Path x A Equivalent lengths of fitting x A
100ft 100ft

+ Cooling Coil Pressure Losses
(AHU, FCU, Chiller)
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FIREFIGHTING NOTES
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The Main Firefighting Systems

= Water system

e Manual
e Hose Cabinet
e Fire Hydrant
e Fire Extinguishers

e Automatic
e Sprinkler System
e Spray System
o Water Mist System

» Gas system

e Manual
e Fire Extinguishers

e Automatic
e Co, Network
e FM200 Network
e Novec 1230
e Aerosol

= Foam system

e Manual
e Fire Extinguishers

e Automatic
e Foam Network
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Pipe In Firefighting

e Pipe Types

Seamless Black steel azgis dbgigas OS5 ddlxllg dub JI oluel! ALl
ERW
CPVC
HDPE
Galvanized
Copper

UPVC

4 gdual! dleal! dSis
Bl il plas gl B pall 38k

D pall A

Bending pipe

o All pipe (R=12D) and (D) is the pipe diameter
o Inblack steel (D=2" | — R =6D)
o In black steel (D = 2.5" 1 — R =5D)

e Hanger

Tel: 0020-1093460618
Email: A.shuhayb@asec.work

Table 9.2.2.1(b) Maximum Distance Between Hangers (m)
Nominal Pipe Size (mm)
20 25 32 40 50 65 80 90 100 125 150 200
Steel pipe NA 3.7 3.7 L6 4.6 1.6 1.6 1.6 1.6 1.6 1.6
except
threaded
lightwall
Threaded NA 3.7 3.7 3.7 8.7 3.7 3.7 NA NA NA NA NA
lightwall steel
pipe
Copper tube 2.4 2.4 3.0 3.0 3.7 3.7 3.7 4.6 4.6 4.6 4.6 4.6
CPVC 1.7 1.8 2.0 | 24 2.7 3.0 NA NA NA NA NA
Ductile-iron NA NA NA NA NA NA 4.6 NA 4.6 NA 4.6 4.6
pipe
Table 9.1.2.1 Hanger Rod Sizes Table 9.1.4.5.1 Minimum Bolt or Rod Size for Steel
Pip(_’ Size Diameter of Rod Pipe Size Size of Bolt or Rod
in. mm in. mm in. mm in. mumn
Up to and 100 Y 10 Up to and 100 % 10
i]l(_'Iu(_[i”g iﬂ(‘hldiﬂg 4
4
5 125 e 12
5 125 14 12 G 150
[§) 150 8 200
8 200
10 250 5 15
10 250 7 16
12 300 12 300 ¥ 20
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Nominal Diameter of Pipe Being Supported - Schedule 40 Steel
Span  (ft) 1 1.25 L5 2 3 3.5 4 5 6 8 10
1.5 0,08 0.00 0,09 0.1 0,11 0.12 0,14 0.15 018 0,22 0.50
2.0 0.11 0.1 0,12 0.1% 0.15 0.16 0.18 0.20 0,24 0.29 0,40
2.5 0.14 0.14 0,15 0.16 0.17 0.18 0.20 0.21 0.25 0.30 0,45
3.0 0.16 0.17 0.18 0.20 0.22 0.25 0.27 0.30 0,36 0.4% 0,60
35 0,149 .20 0,21 0,25 0,84 0.85 042 0,51 0,70
1.0 0,99 (123 0,24 0,26 .36 0,40 0,48 (.58 (.80
0.25 0.26 0.27 0.249 0.41 0.45 0.51 0,65 0.90
5.0 0.27 [] .50 (.55 045 .49 0.60 0.72 100
b.b 0,50 .51 .55 0.56 0.50 .54 0.66 0.79 110
6.0 0.55 .54 0.36 0.39 0.54 0.54 0,72 0,87 1.20
6.5 0.36 0.37 0.40 0.42 0.59 0.61 0.78 0.91 1.51
7.0 0.58 .40 0.45 0.46 .65 0.69 (.84 101 1,41
7.5 0.41 0.43 0.46 0.49 0.68 0.74 (.90 108 1.51
S0 .44 046 0.49 0.52 072 0.79 0.96 1.16 .61
8.5 047 .48 0.52 0.56 0377 .84 .02 1.23 1.71
0.0 0,49 .51 0.55 0.59 0.81 0,89 1.08 1.30 1.81
0.5 (.52 0.54 0.58 (.62 0,86 0.94 1.14 1.87 1.91
0.0 0.55 0.57 0.61 0.65 0.90 0.99 1.20 1.45 201
10.5 0.58 0.60 0.64 (.64 0.95 1,04 1.26 1.52 2.11
1.0 0.60 0.63 0.67 0.72 0.99 1,09 1.82 1.59 2,91
1.5 0.63 0.66 0.70 0.75 1.04 114 1.38 1.66 231
12.0 (.66 (LG8 073 0.78 .08 119 1.44 1.73 241
12.5 0.6 0.71 0.76 0.82 WL 1.24 L5 1.81 251
13.0 .71 (L74 0.79 .85 .17 1.29 1.56 1.88 2,61
13.5 0.74 0.77 082 (.88 1.22 1.34 1.62 1.95 2,71
14.0 0.77 (.80 0.85 0.91 1.26 1.59 1.68 2.02 2,41
14.5 0,80 .83 0,88 0.95 131 1.43 1,74 2.1 201
15.0 0,52 (.86 091 0.98 1.35 1.48 1.8 217 3.01
15.5 0.85 088 | 004 Lol 1.4 1.53 186 2,94 3.11
16.0 0.588 0.91 0.07 105 144 1.58 1.92 2.31 .21
Table 9.1.1.7.1(b) Awailable Section Modulus of Common
Trapeze Hangers (in.”)
Pipe
H M Tuas dulus
> 1.5 m - Distance between two Hanger " Bodsus - e
in. mm (in.™) Angles (in.) (in.™)
» D'
» 010" - Diam Rod
Schedule 10
» Modules = 0.37 ) o
1 25 0.12 1% = 1% = ¥e 0.10
> Trapeze Hanger 14 32 0.19 2x2x W 0.13
" ” ” 1% 40 0.26 2 x 1% x He 0.18
" 2.5"x2.5"x0.25 2 50 0.42 2 x 2 x He 0.19
. 21 65 0.69 2x2x 4 0.25
3 =80 1.04 216 x 1% x We 0.28
3% 90 1.38 216 x 2 x He 0.29
4 100 .76 2 x2x e 0.30
5 125 5.03 2156 x 216 x Ve 0.30
6 150 4.35 2x2x3%% 0.35
2% x 2V x 14 0.39
Ix2xMNMe 0.41
Schedule 40
1 25 0.13 3 x 216 x 3e
1% 32 0.23 3x3x¥e
1% 40 0.33 216 = 216 x Ms 0.48
2 50 0.56 I3x2xV4 0.54
2% (535 1.06 206 x 2 x 3% 0.5
3 80 216 x 216 x % 0.57
3% 90 2.39 Fx3x 0.58
4 100 321 3 x3x3e 0.71
5 125 5.45 2V x 2V x ¥4 0.72
6 150 8.50 318 x 216 x V4 0.75
3 x 216 x 34 0.51
3x3x34 0.83
3% x 246 x He 0.93
3 =3 x%e 0.95
4x4xVa 1.05
Ix3x¥ 1.07
4 x 3 x e 1.23
4 x4 x¥e 1.29
4 x 3 x34 1.46
4 x4 x 3 1.52
5 x 34 x Be 1.94
4x4xle 1.97
4x4x5% 2.40
4x4x34 2.81
6 x4 x 38 5.32
6 x4x 1% 4.33
6x4x% 6.25
6 x6 =1 8.57
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Pump Room
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= Electrical Pump

El

iz —
—

0S&Y

= Diesel Pump

F.C

-

i
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ectrical

Control
Panel
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Diesel

5

Relief Discha

rge

= Jockey Pump

Jockey
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Zone Control Station

- OS&Y with
Tamper Switch

Check Valve
Pressure Gauge

Flow Switch

Hanger Support

- Sight Glass
Ball Valve

Test & Drain Valve

» Siamese Connection

» Min Size 2.5", 250 GPM.
> Shall not be less than 18 " or more than 48 " above grade.

= Fire Extinguishers

» Dry Powder, Wet Chemical, Co,

> Lowest height from the ground =10 cm

» The maximum height if the extinguisher weight is 18 Kg or less = 1.53 m

» The maximum height if the extinguisher weight is more than 18 Kg=1.07 m
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» Hose Cabinet

» Classl

Hose Rack

2.5"

250 GPM

Min Pressure 6.9 Bar
Max Pressure 12.1 Bar
Reinforced Cloth

> Class?

Hose Reel

1":1.5"

100 GPM

Min Pressure 4.5 Bar
Max Pressure 6.9 Bar
Rubber

> Class3

Min Pressure 6.9 Bar
Max Pressure 6.9 Bar
100 GPM,250 GPM
1.5",2.5"

Reinforced Cloth
Rubber

= Travel Distance

» 39.7 m for Non SPK for 2.5 "
» 61m for SPKfor25"

» 39.7mfor SPK15"

» 36.6 mfor SPK1"
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> Pressure Relief Valve -PRV

e Total Pressure = C * P-Shut 0ff + P-Static
e If total pressure <12.1 (not required PRV)

e If total pressure > 12.1 (required PRV)
Where:

e  P-static —location of pump and tank asadl s Calisee Chll Qgain 06 o D> 3 Y o a5 W
e C— constant (in case governor =1) (in case no governor =1.21)

» Pressure Reducing Valve -PRV
o L1210 L;Lc‘ Sl lais oS > L? sz L} 095 Lﬁsigl Gobuall ol gl Jso Jud A4S i

» Firefighting Tank
e Capacity Tank = GPM (According Calc.) x Time (30 :90 According Hazard)

Table 5.7.4 Minimum Size of Drain Pipe Table 13.5.13.5(B) Size of Overflow Pipes
Tank Capacity Nominal Pipe Diameter Overflow Pipe Diameter,
. Liquid Surface Area Minimum
L gal mm in.
2 2 .
1900 to 2850 500 to 750 75 3 ft i i bl
2851 to 3800 751 to 1000 100 1 <75 <7 3 75
3801 to 9500 1001 to 2500 125 5 75 to 150 7o 14 4 100
9501 to 15,000 2501 to 4000 150 6 150 to 225 14 to 21 5 125
>15,000 >4000 200 3 225 to 325 21 to 30 6 150
Table 13.2.3.4 Required Vent Diameter
Tank Capacity Vent Diameter
L gal mm in.
Up to 1040 Up to 275 38 1%
1040 to 2500 275 to 660 51 2
2501 to 3410 661 to 900 64 2%
3411 to 4165 901 to 1100 76 3

Table 8.16.2.4.2 Drain Size

Riser or Main Size
[in. (mm)]

Size of Drain Connection
[in. (mm)]

Up to 2 (50)
214(65), 3 (80), 3Y4(90)
4 (100) and larger

¥1(20) or larger
1Y4(32) or larger
2 (50) or larger
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Table 4.27(a) Summary of Centrifugal Fire Pump Data (U.S. Customary)
Minimum Pipe Sizes (Nominal) (in.)
Relief Valve Number and Size Hose Header
Pump Rating (gpm) Suction™"* Discharge®  Relief Valve  Discharge Meter Device of Hose Valves Supply

25 1 1 Y 1 1% 1—1% 1

50 1% 1% 1% 1% 2 1—1% 1%

100 2 2 1Y% 2 2% ] —2% 2%

150 2l 2V 2 2% 3 1—2% 21

200 3 3 2 2% 3 1 —2% 2%

250 3% 3 2 2% 3% 1 —2% 3

300 4 4 2 3% 3% 1 —2% 3

400 4 1 3 5 4 2 —2Y% 1

450 5 5 3 5 4 2 —2% 1

| 500 5 5 3 5 5 2 —2% 4|

750 6 6 4 6 5 83— 2% 6

1000 8 6 4 8 6 4—2Y% 6

1250 8 8 6 8 6 6—2% 8

1500 8 8 6 8 8 6—2% 8

2000 10 10 6 10 8 6 —2% 8

2500 10 10 6 10 8 8—2% 10

3000 12 12 8 12 8 12 — 2% 10

3500 12 12 8 12 10 12 —24% 12

4000 14 12 8 14 10 16 — 2% 12

4500 16 14 8 14 10 16 — 2% 12

5000 16 14 8 14 10 20 — 2% 12

7.3.4.2 The suction strainer shall have a free area of at least
four times the area of the suction connections, and the open-
ings shall be sized to restrict the passage of a 0.5 in. (12.7 mm)
sphere.

8.5.5% Suction Strainer.

8.5.5.1 Pumps shall be equipped with a removable and
cleanable suction strainer installed at least 10 pipe diameters
from the pump suction inlet.

10 obia’ ' T T T T 1T T 1
140 Shutoff Head capacity curve with
™~ [ steepest shape permissiblg
- = l - “Flat” head capacity curve .
@ /1/ ——1 fF—+—1 - 1@l Obeae ‘zglAJSIgS >yl b A&l
< 100 == L« Rated total head
T = . 5¢
O T NS S H U 0
1] !
= Rated N B Wl e T oo o ol e
g W o 5 g oy s e e o % 1 2cliS fSI Jaad) (poved) Jawsdl 5l (3 0985 O WY Wyl wie e <
— | %
§ 50 » N Ao diaid o0 % 65 oeH Jl Jar Y o) % 150 Jluies@ Jioolywe <
1]
o
% 140 o= L35 YShut down pressure <
‘ DWW caas dadl 055 ol <
00 50 100 150 20

Percent of rated capacity
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> Hazard Classifications

e Light Hazard

e Ordinary Hazard (Group 1)

e Ordinary Hazard (Group 2)

e Extra Hazard (Group 1) (Eh1)
e Extra Hazard (Group 2) (Eh2)

» Fire Sprinkler System Types - Alarm Check Valve

o Wet System
e Dry System
e Preaction System

o Single Interlock - 1 wlue
o Double Interlock - (iliyg pelus
o Non-Interlock - (ilay 9l wla

o Deluge System

ACV J duuddl L:g..\.o.ﬂ &lé..Ul oy LSy H8e

g—e

I 1
& + %
_'__
A 1
e
/.
A #=t e
Wet pipe system Dry pipe system
fJ
; ‘ Preaction system
9— Check valve
1 -+ Indicating type control valve
_|__
A Alarm valve
- 0 Dry pipe valve
e
FIGURE A.8.16.1.1
~ ments.
Wet pipe and dry pipe system

AN

A
Deluge system

Deluge valve
—<: Fire department connection
e Preaction valve

Examples of Acceptable Valve Arrange-
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Ol dasouaid! Olylis !

Pendent and Upright

Type Hazard Max Max Min Max Min
Area Spacing | Spacing Wall Wall
Light 18 m? 4.6 m 23 m
Standard Ordinary 12 m? 46m 1.8 m 23m
Extra 8.4 m? 3.7m 1.85 m
Light 37 m? 6.1m 3m
Extended Ordinary 37T m? 6.1m 2.4m 3m 10 cm
Extra 18.2 m? 43 m 21m
bl / b 4 121 m? 3.7m 1.8 m 1.85 m
CMSA 1 Laslse ogs o6 121 m? 3.7m 1.8 m 1.85 m
OBl / pa)len LB 9.3 m? 3m 1.8 m 1.5m
ESER Upto 9.1m 9.3 m 3.7m 1.8 m 1.85 m
Over 9.1 m 9.3 m? 3m 1.8 m 1.5m
B A-B
e 7TBIn._ 7 f6in_]
(2.3 m) (23 m)
?nL in. ‘ 75f(2.3m)
(2.3 m)
Light hazard occupancy
+—|—=0 ey 15 ft (4.6 m) x 15 ft (4.6 m)
(5.0m) spacing
o 7.51t (2.3 m)
le— 121t 1in.(3.7 m) —
for 200 ftZ (18.6 m2)
le— 13 ft7'20n. (4.2 m) —»
e FIGURE A.8.6.3.2.3 Maximum Distance from Walls.
FIGURE A.8.6.3.2.4(a) Small Room Provision — One Sprin-
kler.
Side Wall
Type Hazard Area | Max-S Max- L Max-W | Min - W
Light - N -Com 18 m? 43 m 43 m 21m
Standard Light - Com 1Tm? 43 m 3.7m 1.85m
Ordinary - N- Com | 9.3 m? 3m 3m 1.5m
10 cm
Ordinary - Com 1.4 m? 3m 3m 1.5m
Light - N -Com 37 m? 8.5m 43 m 21m
Extended
Ordinary - N- Com | 37m? 7.3 m 43 m 21m
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Ceili Top of sprinkler Ceiling Top of sprinkler
\i’ deflector \ deflector
Soffit / 3 Soffit / _
J {
Pl_ A
Y Allowable X
. deflector-to-
4in. (100 mm) ceiling distance v v
maximum
Wall Minimum Maximum
deflector-to- deflector-to-
Wall—> ceiling distance ceiling distance
|H
SN (ROM VBN M) FIGURE A.10.3.5.1.3.3 Location Sidewalls with Respect
- _ to Soffits — Sidewall Under Soffit.
FIGURE A.10.3.5.1.3.2 Location Sidewalls with Respect
to Soffits — Sidewall in Soffit.

8.7.4.1.4.1 Where soffits exceed more than 8 in. (200 mm) in
width or projection from the wall, pendent sprinklers shall be
installed under the soffit.

8.7.4.1.4.2 Sidewall sprinklers shall be permitted to be in-
stalled in the face of a soffit located directly over cabinets,
without requiring additional sprinklers below the soffit or
cabinets, where the soffit does not project horizontally more
than 12 in. (300 mm) from the wall.

8.7.4.1.4.3 Where sidewall sprinklers are more than 36 in.
(900 mm) above the top of cabinets, the sprinkler shall be
permitted to be installed on the wall above the cabinets
where the cabinets are no greater than 12 in. (300 mm)
from the wall.

* Fire sprinkler {pendent)

Fire sprinkler (horizontal sidewall)
| Sprinkler pipe (drop)

Sprinkler pipe {branch line)

Finished ceiling
} Finished soffit

R
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» Sprinkler Calc.

Density (mm/min)
2.0 41 6.1 8.1 10.2 12.2 14.3 16.3
5000 N q 465

& \\ \\ &
= N

S S S
£ 4000 % S 372 2
@ \ \ NG AN )
o N S CN Q
o N\ N o
£ 3000 0 3 % SR 27 %
g N\ TN\ TA\3 N PN &
5 2500 & 2 o 232 5
© \ > \ > \ o
& 2000 186 £

\ \
1500 \‘ 139
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Density (gpm/ft2)
FIGURE 11.2.3.1.1 Density/Area Curves.

e Hazard Classification
e Density = 0.1, 0.15, 0.2 gpm/ft?
o Area of sprinkler operation =1500 ft*
e No. of Sprinkler in space (N;) = A./ A,
¢ No. of sprinkler in Operation (Ns) = D./ As
e Number of Sprinkler on Branch line (Ny) =1.2VD./ S
e Q.= N; x Flow per sprinkler
e Flow per sprinkler= D4/ As
e Q=KVP
K= 5.6, 8, ... According to Ceiling Height - FM gio0a, P not less than 7 psi

e Qr=0:+ Hose Allowance

* He=H.+Her He Table 10.1.2.1.1 Hose Stream Allowance and Water Supply
Duration Requirements for Occupancy Protection Systems
Hose Stream Allowance Minimum
Duration
Occupancy gpm Lpm (minutes)
Light hazard 100 378 30
Ordinary 250 946 60-90"
hazard
Residential Not Not 30
up to 4 applicable applicable
stories
Residential Not Not 10
one- and applicable applicable
two-family
dwellings
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> Hose Cabinet Calc.

Vertical Riser - Q=500 gpm, Hr=6.9 Bar

.S — g 1 e g H ol & }?M—
g = 151’
L I —
1“777777—7——
Horizontal Riser - Q=750 gpm, Hz =6.9 Bar
@ﬂ. @ﬂ @ﬂ. Y Vertical Riser
" Many Hoses in floor
4
(éﬂ‘ @ ,o‘i‘é‘-‘f‘“* Sprinklers and Hoses
3th Q=1000 gpm, Hr =6.9 Bar
5 E\{_‘Jﬂ"n & .E\!/j]f"n ;’g:;"-: & .‘\ﬂ:j“h _
Zed
5 Wi “::1;]1?;1 :;gi:'"n @ .E\ s —
ls‘r

Vertical Riser

@-& @ﬂf @ﬂ  g— Many Hoses in floor
4t . Non-Sprinklers and Hoses Only
s o i & Wk o e —
@ ny 1 Q=1250 gpm, Hr =6.9 Bar
31‘h - . -
@Iﬂt P 1 il ——
2ed
o t:g/,j;iu P §51:'Zn P :1:3?-: Py W ——|
1s+
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Area < 80,000 ft?
Non-Sprinklers and Hoses Only

Q=1250 gpm, Hr =6.9 Bar

Area < 80,000 ft?
Sprinklers and Hoses

Q=1000 gpm, Hr=6.9 Bar

Area > 80,000 ft?
Non-Sprinklers and Hoses Only

Q=1250 gpm, Hr =6.9 Bar

Area > 80,000 ft2
Sprinklers and Hoses

Q=1000 gpm, Hr=6.9 Bar

2 Part - High and Low
Area < 80,000 ft?

Non-Sprinklers - Hoses Only
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Pipe Schedules Methods

Table 23.7.2.2.1 Light Hazard Pipe Schedules

Steel

Copper

I in. (25 mm)
1Y in, (32 mm)
14 in. (40 mm)

2in. (50 mm)
2V in, (65 mm)

Jin. (80 mm)
3% in. (90 mm)
4in. (100 mm)

2 sprinklers
3 sprinklers
5 sprinklers
10 sprinklers
30 sprinklers
60 sprinklers
100 sprinklers
See Section 8.2

I in. (25 mm)
1Y in, (32 mm)
14 in. (40 mm)

2 in.(50 mm)
214 in. (65 mm)

3in. (80 mm)
3% in. (90 mm)
4 in. (100 mm)

2 sprinklers
3 sprinklers
5 sprinklers
12 sprinklers
40 sprinklers
65 sprinklers
115 sprinklers
See Section 8.2

Ceiling

Table 23.7.2.4 Number of Sprinklers Above and Below

Steel

Copper

1 in. (256 mm)
1V in. (32 mm)
1% in. (40 mm)

2 in. (50 mm)
2146 1n. (65 mm)

2 sprinklers
4 sprinklers
7 sprinklers
15 sprinklers
50 sprinklers

1 in.(25 mm)
1V41n. (32 mm)
1% in. (40 mm)

2 in. (50 mm)
25 in. (65 mm)

2 sprinklers
4 sprinklers
7 sprinklers
18 sprinklers
65 sprinklers

Table 23.7.3.4 Ordinary Hazard Pipe Schedule

Steel

Copper

I in. (25 mm)

1Y in. (32 mm)
1V in. (40 mm)
2 in. (50 mm)

216 in. (65 mm)
3in. (80 mm)

A% in. (90 mm)
4 in. (100 mm)
5in. (125 mm)
6in. (150 mm)
8 in. (200 mm)

2 sprinklers

3 sprinklers

5 sprinklers
10 sprinklers
20 sprinklers
40 sprinklers
65 sprinklers
100 sprinklers
160 sprinklers
275 sprinklers
See Section 8.2

lin. (25 mm)

14 in. (32 mm)
16 in. (40 mm)
2 in. (50 mm)

216 in. (66 mm)
3in. (80 mm)

3% in. (90 mm)
4in. (100 mm)
H5in. (125 mm)
6in. (150 mm)
8in. (200 mm)

2 sprinklers

3 sprinklers

5 sprinklers
12 sprinklers
25 sprinklers
45 sprinklers
75 sprinklers
115 sprinklers
180 sprinklers
300 sprinklers
See Section 8.2

Table 23.7.3.5 Number of Sprinklers — Greater Than 12 ft
(3.7 m) Separations

Steel

Copper

25 in, (65 mm)
3in. (80 mm)
3% in, (90 mm)

15 sprinklers
30 sprinklers
60 sprinklers

3in. (80 mm)

2% in (65 mm)

3% in. (90 mm)

20 sprinklers
35 sprinklers
65 sprinklers

Ceiling

Table 23.7.3.7 Number of Sprinklers Above and Below a

Steel

Copper

1in. (25 mm)
1Y in. (32 mm)
1% in, (40 mm)
2 in. (50 mm)
2V6 in. (65 mm)
3 in. (80 mm)

2 sprinklers
4 sprinklers
7 sprinklers
15 sprinklers
30 sprinklers

60 sprinklers

1in. (25 mm)
1% in. (32 mm)
1% . (40 mm)
2 in. (50 mm)
26 in. (65 mm)
3in. (80 mm)

2 sprinklers
4 sprinklers
7 sprinklers
18 sprinklers
40 sprinklers
65 sprinklers
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> Gas Calc.

e Co;-Mass
= Flooding Factor x Volume x Conversion Factor + Fan Leakage (1 min) + Leakage Rate

A Table 5.3.3(b) Volume Factors and Flooding Factors (SI Units)
(A) (B) (©)
Volume of Volume Flooding Calculated
Space Factor Factor Quantity (kg)
(m®) (m®/kg CO,) (kg CO,/m®) (Not Less Than)
Up to 3.96 0.86 1.15 —
3.97-14.15 0.93 1.07 4.5
14.16-45.28 0.99 1.01 15.1
45.29-127.35 1 igs [ 0.90 45.4
127.36-1415.0 1.25 0.80 115.5
Over 1415.0 1.37 0.74 1135.0
A Table 5.4.2.1 Volume Factors and Flooding Factors for Specific Hazards
Design Volume Factors Flooding Factors
Concentration .
(%) ft*/lb CO, m’/kg CO, Ib CO,/ft* kg COy/m’ Specific Hazards
50 10 0.62 0.100 1.60 Dry electrical hazards in general [spaces
less than 2000 ft* (56.6 m*)]
50 12 0.75 0.083 1.33 Dry electrical hazards in general [spaces
(200 Ib minimum) (91 kg minimum) greater than 2000 ft! (56.6 m*)]
65 8 0.50 0.125 2.00 Record (bulk paper) storage, ducts,
covered trenches
75 6 0.38 0.166 2.66 Fur storage vaults, dust collectors
188 | } 1 ol ’//// 7
gg I(-JO'R’/ /’:/,// ’// i
60 lo T et L] L e _ ]
50 /\000 /////:/ . / C/ - gl
40 ; B — — ~ai
=g L1
© 30(_ &;,///A C 4 7,
E 20 zA £ o~ afl // /”// -§ r/
Pl
g ? o AT " 8 //
[&] / & / =
= 10 T L~ . |1 Lo 3
- ? = || ’J
S 4 L~ r_ &} A
k-] 3 / | mEEL o) / " /,J/
/’
2 // —
/ ~
1 | 1 —
1 2 3 4 5678910 20 30 405060 80100 30 34 40 50 60 70 80 a0
Foot height of atmosphere above center of opening _ ; .
Minimum design CO,, concentration (%)
For Sl units, 1 ft = 0.305 m; 1 Ib/min-ft? = 4.89 kg/min-m?. 2

Applications where temperature of the enclosure Above 200°F (93°C)

For each additional 5°F above 200°F - 1% increase in the calculated total
quantity of carbon dioxide shall be provided.

Applications where temperature of the enclosure below 0°F (-18°C

For each 1°F below 0°F - 1% increase in the calculated total quantity of carbon
dioxide shall be provided
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W = Room Volume X Flooding Factor C: X Design Factor C.
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W= V/S x (C/100-C)
[lable 5.5.3.3 Atmospheric Correction Factors
« V=Net Hazard Volume [m?]
. uivalent Enclosure Pressure .
+ S =Specific vapor volume [m?/kg] F‘gmmde (Absolute) Atmospheric
Correction
« S=0.1269 + 0.0005131 x T (at sea levell) z
. ) ft km psi mm Hg Factor
« C=Concentration [%] =
-3,000 -0.92 16.25 540 1.11
-2.000 -0.61 15.71 812 1.07
-1,000 -0.30 15.23 787 1.04
A Table A.5.4.2.2(b) Class A Flame Extinguishing and Minimum 0 0.00 14.70 760 1.00
Design Concentrations Tested to UL 2166 and UL 2127 1,000 0.30 14.18 733 0.96
2,000 0.61 13.64 705 0.93
Class A Class C 3,000 0.91 13.12 678 0.89
Minimum Minimum 4,000 1.22 12.58 650 0.86
Design Design 5,000 1.52 12.04 622 0.82
Agent Class AMEC  Concentration  Concentration 6,000 1.83 11.55 596 0.78
1. ) - - 7,000 2,138 11.03 570 0.75
FK-5-1-12 3.3 4.5 4.5 8.000 9 45 10.64 550 0.79
HFC-125 6.7 8.7 9.0 i £i e s i
HFC-227¢a 5.2 6.7 7.0 9,000 2.74 10.22 528 0.69
- 10,000 3.05 9.97 505 .66
HFC-23 15.0 18.0 20.3
1G-541 28.5 342 38.5
1G-55 3.6 379 42.7
1G-100 31.0 37.2 41.9
A Table A.5.5.1(j) HFC-227¢a Total Flooding Quantity (SI Units)"
Specific Weight Requir of Hazard Vol WV (kg/m*)"
Vi
Temp(t) Vol -Por,(, Design Concentration (% per Volume)®
(*C)* (m"/kg)" 6 7 8 9 10 11 12 13 14 15
~10 0.1215 0.5254 0.6196 0.7158 0.8142 0.9147 10174 1.12: 12301 13401 14527
=5 0.1241 0.5142 06064 0.7005 0,7987 0.8951 09957 1.0¢ 1.2038 13114 14216
0 0.1268 0.5034 0.5936 0.6858 0.7800 08763 09748  1.07 1.1785 12839 13918
5 0.1294 0.4952 0.5816 0.7642 0.8586 09550 1,05 11546 g 13656
10 0.1320 04534 0.5700 0.7490 0.58414 3 1.0527 1.1316 1.2328 1.3264
15 0.1347 0.4740 0.5589 0.7344 1.0126 1.1096 1.2089 i
20 0.1373 04650 0.5483 0.7205 09004 0.9934 L0886 11859 1.2856
25 0.1399 0.4564 0.5382 0.6217 0.7071 07944 08837 09750 L0684 L1640 12618
30 0.1425 0.4481 0.5284 0.6104 060943 0.7800  0.8676  0.9573 L0490 1.1428  1.2388
45 0.1450 0.4401 0.5190 05996 0.6819 0.7661 0.9402 Losos L1224 12168
40 0.1476 0.4324 050949 0.6701 0.9230 1.0124 1.1029 1956
45 0.1502 0.4250 0.5012 (0.G586 (.90 0.9950  1.0840
50 L1527 0.4180 0.4929 06476 k 08429 0.89784 10660
55 04111 04847 0.6569 0.7156 08782 09623 LOo484 11365
) 0.1578 0.4045 0.4770 B 0.7041 (L8641 00460 L0316 11183
[ 0.1604 10,3980 00,4654 06167 £.6629 (.8504 09318 L0152 L1005
70 0.16209 0.3019 0,462 0.6072 0.6821 07588 0.8571 09173 09994 10834
75 0.1654 0.3859 0.4 0.5070 06717 07471 08245 09033 09841 10668
80 0.1679 0.3801 0.4482 0.5890 06617 07360 08120 08898 09694  1.0500
45 01704 0.5745 0.4416 0.5803 06519 07251  0.8000 08767 09551  1.0854
40 0.1730 0.3690 0.4351 0.5027 0.5717 0.6423  (.7145 (.7883  0.8638 09411  1.0202
A Table A.5.5.1(b) FK-5-1-12 Total Flooding Quantity (SI Units)*
‘l”l :h.ln 1 DfH ‘i ’1- 14 Y ]‘?’_-l 'r.mj'h
Specific Vapor ! . e
Temp(t) Volume(s) Design Concentration (% by Volume)®
cr* (m*/kg)* 3 4 5 6 7 8 9 10
~20 00609140 0.5077 0.6840 0.8640 10479 1.2357 1.6
-15 0640228 0.4965 0.6690 08450 1.0248 1.2084 !
-10 0.4859 0.6545 08268 1.0027 1.1824 1
-5 0.4756 0.6407 08094 0.9816 1.1575 1:
0 0.4658 0.6275 0.7926 09613 11356 1
5 04564 0.6148 0.7766 09418 1.1106 1.48
10 0.06914530 0,4475 0.6026 0.7612 09232 10886 1.4
15 0.0705145 0.4386 0.55M9 07464 09052 10674 1.4
20 .07 18860 0.4302 0.5796 0.7322 08879 1
25 0.4222 05685 0.7184 0.8713 1.1870 13
a0 04144 0.5583 0.7052 0.85353 1.1652 1.3
35 00760005 0,4069 0.5482 0,6925 0.8399 0.9904 1.1442 1.3 4620
40 0.0773720 0.3097 0.5585 0,6802 08250 0.9728 11239 1.2 4361
45 0.0787435 0.5928 0.5291 06654 0.8106 09559 11043 1.25 Al
5 0.080]1 150 01,3860 0.5201 06570 0.7967 10854 | B869
] 0,081 4865 0.5113 0.7833 1.0671 1.: 3636
it 0.0828580 05029 (.9054 L0495 L.1§
i 0.0842295 04947 (.8936 10324 |
70 00856010 0.4868 10158 1
75 00869725 0.4791 0.0098 118
80 0.0885440 04716 LT225 . (L9843 L.
85 0.0897155 0.4644 07115 0.8390 01,9692 1.
00 0.0910870 0.4574 0.7008 0.8263 0.9547 1.
a5 00024585 0,4507 0.68904 0.8141 09405 1
100 OLOSE500 0.4441 05609 06803 0.8022 049267 10540
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PLUMBING NOTES

Shower
Hot Water Pipe
Cold Water Pipe

ELEC. Water Heater

Water Closet

Sanitary

Sanitary Sink Double Storage
Floor Clean ou 5 Waste Pipe

Water Closet
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Water Tank Calc.

oladl (po MI zWix Lo Juaxs juds L”,ll?.ll BERE I ERY

Capacity= No of Capita X Demand/Capita X Storage Days

Building Type

Total
Water

Hot
Water

Total
Water

Hot Water

Total
Water

Hot
Water

01 Apartment (Per Apartment)

150 75

Residence (Per Residence)

250 125 100-400 | 30-240

25

Dormitories

Office Building (Per Worker)

45-170 10

Industrial Plant (Per Worker)

20-100 5-20

School Without Cafeteria or Shower

50 7

School With Cafeteria Without Shower

75 15

School With Cafeteria and Shower

40

Hospital (Per Bed)

300

10 Cafeteria or Restaurant (Per Meal)

35 15

n Place of Assembly

50 7

12 Hotels (Per Room)

100-240 40-160

40

4 Star

600-800 250-350

5 Star

1100 450

13 Swimming Pools

40 10

14 Nursing Homes (Per Bed)

15 Airports (Per Passenger)

16 Commercial Laundry (Per Pound of Wash)

17 Hospital Laundry (Per Bed)

18 Hotel Laundry (Per Bed)

19 Garage

Unit

Gal/Day

Lit/Day

Gal/Day

TABLE 606.5.7
SIZE OF DRAIN PIPES FOR WATER TANKS

TANK CAPACITY (gallons) DRAIN PIPE (inches)
Up to 750 1

751 to 1,500 1Y,

1,501 to 3,000 2

3,001 to 5,000 2,

5,000 to 7,500 3

Over 7,500 4

For SI: 1 inch = 25.4 mm, | gallon =3.785 L.

TABLE 606.5.4
SIZES FOR OVERFLOW PIPES FOR WATER SUPPLY TANKS

MAXIMUM CAPACITY OF WATER DIAMETER OF OVERFLOW PIPE
SUPPLY LINE TO TANK (gpm) (inches)

050 2

50 - 150 2%,

150 - 200 3

200 — 400 4

400 — 700 5

700 — 1,000 6

Over 1,000 8
For SI: 1 inch =25.4 mm, 1 gallon per minute = 3.785 L/m.
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[Table 7.3.1.2 Occupant Load Factor e L (othex Ll s Table 7.3.1.2  Continued
Concentrated Business 50 1.6
Use (ft*/person)* (m*/person)® Use’ Use (ft*/person)® (m?*/person)®
Airport traffic control 40 3.7 - ul“ d%zlj
|Assembly Use tower ohservation Sales area on floor 30 28
|Concentrated use, 7 net 0.65 net levels below street floor P .ok
without fixed seating Collaboration raoms/ 30 2.8 Sales area on floors 60 5.6 Uv\asy.o.“ ua\z.w)’l dde
Less concentrated use, 15 net 1.4 net S(E?C;S 231)5_0 oo above street floor*
ithon d seati -8 m?) in area Floors or portions of See business use.  See business use. | ] [ .
s pathons Gxed asadng ’ _— Collaboration rooms/ 15 L4 \ e 4> | by ‘ 1>
ench-type seating 1 person/18 1 person/455 linear| feigits floors used only for A
b e spaces >150 ft Sffics
inear in. mm T e e ice: .
[Fixed seating Use number of Use number of Day-Care Use e 5.9 ner | [Floos or portions of 200 27.9
fixed seats fixed seats T aitam s mricl 120 1 floors used only for
[Waiting spaces See 12.1.7.2 and See 12.1.7.2 and Correctional Use storage, receiving,
15.1.7.2. 18.1.7.2. Educational Use and shipping, and
Kitchens 100 9.3 Classrooms 20 net 1.9 net not open to general
ILibrary stack areas 100 a3 Shops, laboratories, 50 net 4.6 net public
Library reading rooms 50 net 4.6 net vocational rooms Mall structures? Per factors
[Swimming pools 50 (water surface) 4.6 (water surface) applicable to
g e At 240 223 2
Swimming pool decks 30 2.8 s & use of space
s hde departments s
Exercise rooms with 50 16 Slesping deparimens 150 s csidential Use )
equipment Ambrulatary health care. 150 14 Hotels and dormitories 200 18.6
[Exercise rooms 15 14 Industrial Use Apartment buildings 200 18.6
without equipment and high 100 a3 Board and care, large 200 18.6
[Stages 15 net 1.4 net 1 industrial Storage Use
ILighting and access 100 net 9.3 net 3 : NA NA In storage occupancies  NA NA
catwalks, galleries, Industeial e 300 27.0
gridirons g_‘:":m“‘c LThea o 5%
|Casinos and similar 11 1 : “f(':(;‘r',e;‘ on At 5 ! 500 465
gaming areas Sales area on two or 40 5.7
|Skating rinks 50 46 ety ) occupancies

Je Jpaxll
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e b 353G a3y Gblue D9

PLI T G5 5l dasenas o bl opliin § @231 01

daponad @iy WY gally Oldiduall 65 B alindl § 02)Y Ol LI
pLI A I sz 0o

Al po2 Buked all (S0 4l dapana o skl 031 LI

Solall clibll (Lifting Pump) 28) wlae i
Q(GPM)=Tank Capacity / Time (4:8 Hr.)
o ol el 1 el e ()l ol o2 S0
Table 1.1 (GPMJI e &Ml e <lsFilling 8)gesle Olus oy i
Table 606.5.4 (GPM ( 38Ma)l e suOverflow §ygule Gl @i i
Table 606.5.7 <Gallon ¢ &)l Je sluDrain 8)swle Glus @i .iv
JI lgbg=is WSFUJI ¢y @83l e sloDischarge 8)gwle lus @i .V
Table 1.1 o0 yhd)l Cuzd GPM doglany J5-45 sy GPM
Bl p0 &)l 5leY puss 2l (Booster Pump) wilsuas i

: /‘%‘*‘* | glsgociy Doglall 5138 by Q ol
FILLING . DRAIN GPM JI lehs=is doghall 51933 WSFU e sl Q Qlu o2
WATER TANK DETAIL
Domestic Water Calc.
C.P-@20mm
H.P-@20mm
R.P-@20mm
1
ASaad! Sl Silolas> d
C&H-@25mm ;il L”S}LC Ol 83yWI sleadl Hduan
z:il C&H -@20mm L§)S)A OBew &Ll Dl‘..le)J.«,m
C.P-@25mm i 1. Bathtub and Shower
H.P-@25mm 1 WSFUc=1, WSFUw=1, WSFUr=1.4
R.P-220mm i 2. Lavatory
i WSFUc=0.5, WSFUy=0.5, WSFUr=0.7
3. Water Closet
il | c.p-@20mm WSFUc=2.2, WSFUr=2.2
i H.P-@20mm
CP-G2mm__ [ RP-@20mm | \SEy(=42----- GPM=8.0 ---B<1.25"
i WSFUr=2------- GPM=5.0 ---@=1.00"
i 0SJ9 adYl 65 og,aall of 1a>M5 Table 1.1 Jsasl) lids
C.P-@32mm A8 Olbox g9 el § Olade dgs HUa8YI 31 )5 Gl
H.P-@25mm TO EH & ) 1) § oy 539 iyl llaBl 31 Jiad s
R.P-220mm @20mm el ol sy dsne ol Yol Ul (s g Lo
EROM EH o Saie Fo oY sl fo blas Cuslio glais
T 225mm Dyl G o) Do AN JUES 03Y Olide g
: 84S ()il oS
C&H-220 :
PRy ANK po2 ™™ | WSFUcr=4.2----- GPM=8.0 ---8=1.00"
WSFUhr=2------- GPM=5.0 ---@=0.75"
02 4

43 |Page



Tel: 0020-1093460618
Email: A.shuhayb@asec.work

a ASEC OFFICE
BIMENGINEERING

L3 Ludlg 53yLJ) olead! sl go yUadl dous

WSEU 40 i =
GPM JI WSFU &as (g3 =
GPM e o cwliadl jladll bpuss m

1405 9oele
Lo 9db S o duowl yUadl (1S5 g L:?LAJL) e o) dsyls Uadl (555 UPVC 9l PPR ol jpulgall Hladl =

Flow Range Pipe Size | Pressure Drop Range Nominal Nominal Out Diameter
(GPM) (Inch) (Of Water/100ft) (Inch) (mm) (mm)
0 2 0.5 0-4 0.5 15 20
3 4 0.75 25-4 0.75" 20 25
5 7.5 1 2-4 1 25 32
8 16 1.25 1.25 - 4 1.25" 32 40
T 5o 4 i “0 o0
49 77 2.5 2 -4 2 50 63
78 140 3 15-4 25 63 75
141 280 4 125 -4 3 75 90
281 500 5 15-4 4" 100 110
501 800 6 1.25 - 4 5" 125 125
moml
2501 | 3600 12 125 - 2.25 & 200 200
10” 250 250
12" 300 315
Table - 1.1 Table - 1.2
TABLE E103.3(2)
LOAD VALUES ASSIGNED TO FIXTURES"
TYPE OF SUPPLY LOAD VALUES, IN WATER SUPPLY FIXTURE UNITS (wsfu)
FIXTURE OCCUPANCY CONTROL Coid ot Total
Bathroom group Private Flush tank 2.7 1.5 36
Bathroom group Private Flushometer valve 6.0 3.0 8.0
- Private Faucet 10 1.0 4
Bathtub Public Faucet 3.0 3.0 4.0
Bidet Private Faucet 1.5 1.5 20
Combination fixture Private Faucet 2.25 2.25 30
Dishwashing machine Private Automatic — 1.4 1.4
Drinking fountain Offices, etc. " valve 0.25 - 0.25
Kitchen sink Private Faucet 1.0 1.0 1.4
Kitchen sink Hotel, restaurant Faucet 3.0 3.0 4.0
Laundry trays (1 to 3) Private Faucet 1.0 1.0 1.4
Lavatory Private Faucet 05 05 0.7
Lavatory Public Faucet 1.5 1.5 2.0
Service sink Offices, etc. Faucet 2.25 225 3.0
Shower head Public Mixing valve 3.0 3.0 4.0
Shower head Private Mixing valve 1.0 1.0 1.4
Urinal Public i 10.0 — 10.0
Urinal Public 2" flushometer 50 — 50
valve
Urinal Public Flush tank 3.0 - 3.0
Washing machine (8 Ib) Private Automatic 1.0 1.0 1.4
Washing machine (8 Ib) Public Automatic 2.25 2.25 3.0
Washing machine (15 Ib) Public Automatic 3.0 3.0 4.0
Water closet Private Flushometer valve 6.0 - 6.0
(Water closet Private |Flush tank 22 — 22
Water closet Public Flushometer valve 10.0 — 10.0
Water closet Public Flush tank 5.0 — 5.0
Water closet Public or private Flushometer tank 2.0 - 2.0
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SUPPLY SYSTEM PREDOMINANTLY FOR SUPPLY SYSTEM PREDOMINANTLY FOR
SIZING PIPE FLUSH TANK SIZING PIPE FLUSH VALVE
Load Demand Load Demand
Inch s Inch s
Nominal WSFU GPM Ft*/M Nominal WSFU GPM Ft*/M
0.50 0.5 2 0.032 - - -
0.75 1 3 0.041
. 2 5 0.068 - - -
3 6.5 0.869 - - -
4 8 1.069 - - -
5 9.4 1.266 1.25 5 15 2.005
3 10.7 1.430 6 17.4 2.326
7 1.8 1.577 15 7 19.8 2.646
125 8 12.8 1.71 8 22.2 2.968
9 13.7 1.831 9 24.6 3.289
10 14.6 1.952 10 27 3.609
1 15.4 2.059 1 27.8 3.716
12 16 2139 12 28.6 3.823
13 16.5 2.206 13 29.4 3.930
14 17 2.273 14 30.2 4.037
15 17.5 2.339 15 31 4144
16 18 2.906 16 31.8 4.241
17 18.4 2.460 2 17 32.6 4.358
1.5 18 18.8 2.513 18 33.4 4.465
19 19.2 2.567 19 34.2 4.572
20 19.6 2.620 20 35 4.679
25 21.5 2.874 25 38 5.080
30 233 3.115 30 42 5.614
35 24.9 3.329 35 44 5.882
40 26.3 3.516 40 46 6.149
45 21.7 3.703 45 48 6.417
50 29.1 3.890 50 50 6.684
2 60 32 4.278 60 54 7.219
70 35 4.679 70 58 7.753
80 38 5.080 25 80 61.2 8.181
90 41 5.481 90 64.3 8.596
100 43.5 5.815 100 67.5 9.023
120 48 6.417 120 73 9.759
140 52.5 7.018 140 77 10.293
160 57 7.620 160 81 10.828
25 180 61 8.154 180 85.5 11.430
200 65 8.689 200 90 12.031
225 70 9.358 225 95.5 12.766
250 75 10.026 8 250 101 13.502
275 80 10.694 275 104.5 13.970
3 300 85 11.363 300 108 14.437
400 105 14.036 400 127 16.977
500 124 16.576 500 143 19.116
750 170 22.726 750 177 23.661
4 1000 208 27.805 4 1000 208 27.805
1250 239 31.950 1250 239 31.950
1500 269 35.960 1500 269 35.960
1750 297 39.703 1750 297 39.703
5 2000 325 43.446 5 2000 325 43.446
2500 380 50.798 2500 380 50.798
3000 433 57.883 3000 433 57.883
6 4000 525 70.182 6 4000 525 70.182
5000 593 79.272 5000 593 79.272

45| Page




o

ASEC OFFICE
BIMENGINEERING

Tel: 0020-1093460618

Email: A.shuhayb@asec.work

Hot Water Calc.

1oyl wlbbud!l <
dawgiall ao)ylinlly 8 piuall Sl Slas-gll QG sl
s5aS Juitl) pllaig Ggud) 3 8,81550)l o 50 (30,50,80,100,150) dakises oo &) Ol =
B AL ‘aUéu'g_;U (6,10) Ozl =
e dud ebygSI Dlgial G5Sw9 A (6,10) S5l Olseud! =
Heater Capacity (Lit) Electrical Load (KW) Application Usage Factor
30 1.2 Hospital, Hotel 0.5
50 1.5 Residential 0.33
80 2 Office 0.25
100 3 DYIERRIESAY
150 4

Power Input (KW) = (p qoon) X FLow (iss) X Cp a18) X ATsoc X UF / Efficiency (.95)/1000

0.063% ol Lit/S 2 0l § passatl) 54>gll Jogox5 uds Yo GPM Il lgbigowis WSF UM ggama e slis FLOw Gl i (53981 Ol

Table 16-3 Hot Water Demand per Fixture for Various Types of Buildings
(Gallons of water per hour per fixture, calculated at a final temperature of 140°F)
Apartment| Club | Gymnasium | Hospital Hotel Industrial | Office Private School YM.CA.
House Plant Building | Residence

1. Basins, private lavatory 2 2 2 2 2 2 2 2 2 2
2. Basins, public lavatory 4 6 8 6 8 12 6 - 15 8
3. Bathtubs 20 20 30 20 20 - - 20 - 30
4. Dishwashers 15 50-150 = 50-150 50-200 20-100 - 15 20-100 20-100
5. Foot basins 3 3 12 3 3 12 - 3 3 12
6. Kitchen sink 10 20 - 20 30 20 20 10 20 20
7. Laundry, stationary tubs 20 28 - 28 28 - - 20 - 28
8. Pantry sink 5 10 - 10 10 : 10 5 10 10
9. Showers 30 150 225 75 75 225 30 30 225 225

10. Slop sink 20 20 - 20 30 20 20 15 20 20

11. Hydro-therapeutic showers 400

12. Hubbard baths 600

13. Lap baths 100

14. Arm baths 35

15. Sitz baths 30

16. Continuous-flow baths 165

17. Circular wash sinks 20 20 30 20 30

18. Semi-circular wash sinks

4038 h0dl Ol el 2o pdSuiw g L3,a)l LBl ol GPH 408 91.& Jazs (Hold! Jgdzdl U= (40

2olég (o> 29 WC de Sgizn duSw Db 1 Jbin

Maxeph = No. Fixture x GPH = (2x2) + (1x30) = 32 GPH

Probablecp = Maxeen x D.F

Heater Capacity indiviaual = Probableeen x S.C.F = 32 x 0.3 x 1.25 = 12Gal x 3.78 = (50 Lit)
Heater Capacity centrat = (Probablecrn x S.C.F)/0.7

Power Input (KW) = (0 aooo) x Probablecen qivs) X Ce (s18) X ATsoc / Efficiency (s)/1000

YV VYVYVY
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1Sl bl <
» Based On Daily Use
= Daily Demand = Demand per Person/Day x No. of Person
= Probablecrn = Daily Demand x Max. Hr. Demand
= Storage Tank Capacity = Daily Demand x Storage Capacity in Relation to Day Use /0.7
= Power Input (KW) = (p qooo) x Probablecpn qitys) X CP (418) X ATsoc / Efficiency (.95)/1000

Table 16-2 Estimated Hot Water Demand Characteristics for Various

Types of Buildings
Type of Building Hot Water | Max. Hourly | Duration of | Storage Heating
Required per | Demandin | Peakload | Capacityin | Capacityin
Person Relation to Hours Relation to | Relation to
Day’s Use Day’s Use | Day's Use
Residences, apartments, 4 177
hotels, etc.®
Office buildings 2-3 gal/day* 1/5 2 1/5 1/6
Factory buildings 5 qal/day’ 13 1 2/5 1/8
Restaurants (See text)

a Dally hot water requirements and demand characteristics vary with the type of hotel. The better class hotel has a relatively high daily consump-
tion with a low peak load. The commercial hotel has a lower daily consumption but a high peak load.

b The increasing use of dishwashers and laundry machines in residences and apartments requires additional allowances of 15 gal/dishwasher and
40 gal/laundry washer.

¢ ALI40F.

» By Hunter Curves
= Storage Tank Capacity = Demand per Person/Day x No. of Person = (1 Gal/P x 20 Person) =20 Gal
=  Probablesrn = Recovery Capacity x No. of Person = 0.175 GPHp x 20 Person = 3.5 GPH
= Power Input (KW) = (p o x Probableces qi/s) X CP (s18) X ATsac / Efficiency (os5) = 0.9 KW

Figure 16-5 Apartments Figure 16-6 Office Buildings Figure 16-9 Food Service Figure 16-10 Elementary Schools
1.
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g , i ! gg 100 Ea 04 ] .
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Figure 16-8  Motel
n.’““ ‘&?r Nursinlg r‘om“ c - = _5 Figure 16-11 High Schools Figure 16-12 Dormitories
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Table 17-1 Piping Heat Loss QH poud! deae puasal
(Btu/hr. Per Lineal Ft. For 140°F. Water Temp and
70°F.Room Temp.) An Allowance of 1 GPM is Assigned for Each Group of
_ 20 Hot Water Fixtures.
Nominal | Insulated Pipe or
Pipe Size | (%" Fiberglass) 1GPM =10,000 Btu/hr.
" 15
%" 17
1" 19 Q circutation Pump= Total Heat Loss (stunr)/10,000
%" 21 =Total Heat Loss = Heat Loss Supply + Heat Loss Return
1%" 25 = Heat Loss Return = 2/3 Heat Loss Supply
2" 28 =Total Heat Loss = 5/3 Heat Loss Supply
215" 3 ez Bygule S JolSIb dis-Ludl oleall dSid x> Jos! Busdids Aol
3" 38 Sbl adall dasd il sy leeliy yladll
4 46 29l Bune dadd e Juaz Galudl 0gilaNl § (29 Wy
5" 55 ® HP = H Losses for longest path
P P = (L pipe + L equivatenty X AP/Lart00t
8" 80

2>l 3)qwle yad euasald °

(Jgwdl) JoVl disydall v/
Sl Bygunla slad as grlll Bygunla slad
"0.75 e gzl Sguls debio Hlad &Y

(ca))) doll dsdall v
§M| 8)gule L} 8yl k} 82J1 do glaas
13 Ol § (o gad Huis

*  Total Heat Loss = 5/3 Heat Loss Supply
G e Hgule S 3 GPMs o 1ia 0538 § (2525 )45 by
= Qcpv= Total Heat Loss (stu/hr)/10,000

W1 Jgaadl I eyl e Juans o5

Y2in.=1.8gpm 2in.=34.6 gpm
%in.=3.5gpm 2%2in. =56 gpm
1in.=6.6 gpm 3in.=93gpm
14in.=12.4 gpm 4in.=181gpm
1%in.=18.3 gpm

N Lo gl

duaall 380l Juae ®
Baollh ol lasnll =
&?-\)3\ B)ywl.o)Uaﬁ L
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Table 20-2 Drinking Water Requirements
Waste and
Delivered Consumption/ | Consumption
Water Gal/ Person/Hr, | Only/Person/Hr,| People
Type of Service Temp., °F | Person/Hr| oz (liquid) oz (liquid) | Served/Gal
Office (cup) 45-50 0.033 4.2 42 30
Office (bubbler) 45-50 0.083 10.5 42 12
Light mfg. 45-50 0.143 18.3 7132 7
Heavy mfq. 50-55 0.20 256 10.24 5
Hot heavy mfg. 55-60 0.25 32.0 12.8 4
S E—0
Restaurant® 40-45 0.1 qal/person
(Cafeteria® 40-45  0.083 gal/person
Soda fountain 40-45 0.5 qal/seat
Theater® 45-50 1.0 qal/100 seats continuous capacity
Schools 45-50  same as office
Hospitals
A. Perbed 45-50  0.083 gal
B. Per attendant 45-50  0.083 gal
Hotels 45-50  0.08 gal/hr/room
Public fountains, amuse- ~ 45-50  20-35 qal/hr
ment parks, fairs, etc.
Dept. stores, hotel and 45-50  4-5 gal/hr/fountain
office building lobbies
a Spedial consideration should be given to peak-load demands for this application.
Circulating Pump Capacity Table 20-3 Refrigeration Load
See Table 20-6. Size the pump to circulate a minimum of 3 gpm per branch Btu/Hr/Gal Cooled to 45°F
circuit or the gpm necessary to limit the temperature rise of the circulating Water inlet tempF |65 70 1075 | 80 | & )
water to a maximum of 5%, whichever is the greater value. The pump should |MTD" 167 | 208 | 250 | 291 | 333 | 374
be located in the return line to discharge i E T s 2
into the cooler with the makeup water Table 20_6( Clrcl:ltlatlng Pump h;:;:um'fmﬂm_f‘;;ﬁlwgr““‘h“wwﬁ‘*zm Table 20-3) plus Bru/hr from
connection between the pump and the paety -
oo o Room Temperature, °F ) )
Pipe Size, | 70 ﬁ 90 Table 20-4 Circulating System Line Loss
Makeup Water Mixture L in. GPH/100 (Heat Gain) Approx. 1-In. Insulation
Calculate the temperature of the mix- 3}; 8'2 1:'1 143 Btu/Hr/100 Ft 145'-3? Girculating Water)
ture of makeup water and circulating wa- 3 2‘1 ;13 :g§ Pipe Size Btu/HI/FU°F | °
ter. The quantity and temperature of this W 104 146 187 iff) | 70 80 90
mixture are used as the specified capacity 11,; 112 15.7 20.2 '—ﬂ;%]_ .ﬂﬂ%]li:i%ﬂ 280 300 500
HEfhE WQFBT'COOIII'lg e ’:.DGT;;{:HDEI T af pipe (inchuding all branch lines) circlation rate to limit % U‘”g 3m 420 540
Storage Tank temperature ise to 5°F (water at 45°F). ] 0‘]39 350 630
Size the storage tank for a capacity of iﬁ”;::g::gﬁmﬁbmimm o setp 1% 0.155 390 550 700
50% of the usage per hour. . Installpum o the retumn lne o discharge it the coling unit. 1% 0.174 440 610 790
5. Makeup connection should be between the pump and the cooling 2 020{] sm m 900
axl;anuwxmmm 2% 0.228 570 800 1030
3 0.269 680 | 040 | 1210
=  Circulation Pump Capacity Table 20-5 Circulating P T —
= 3 GPM / Branch or (Table 20-6) is the greater value MotorH: = m i T/lrcu ay ng ;:I'I'Ip ]ea ?::u 3
_ .. ) F. 4 3 2 2
HP= GPM x Head /3960 x (Efficiency)orsoss Btu Hourly | 636 | 850 | 1272 | 1908 | 2545 | 3816 | 5090
= Usage Load = = —

= [(5 Gal/Hr./Fountain x 10 Fountain x 250 Btu/Hr./Gal) (Table 20-2, Table
20-3)
+ Pipe Heat Gain (Table 20-4)
+ Circulation Pump Heat (Table 20-5)] x Safety Factor q.s)
=  Storage Tank
= 5 Gal/Hr./Fountain x 10 Fountain x 0.5 per hour = .....Gal
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Sand Filter
A= Q/NV
Dinmy= (4XQ/3.14xV)*5x1000
V=30: 50 m*/hr./m?

CODE TYPE @ CONNECTIONS FLOW  QUARTZ FILTER AREA  DIMENSIONS  PACKING WEIGHT VOLUME

e g N “
MU-S0VT  Top 450 1w 8 75 0.16 800 570 2 16,5 0.19
MU-S50VT  Top 550 1%" n 125 0.22 840 610 2 n1 0.23
MUGSO-VT  Top 650 1% 16 150 0.30 960 730 2 U3 0.38
MU-450vS  Side 450 %" 8 IH 0.16 670 590 2 165 0.19
MU-550-VS  Side 550 % n 125 0.22 710 630 2 il 0.23
MU-650-VS  Side 650 %" 16 150 030 830 660 2 M3 0.38
MU-700-vS  Side 700 m" 18 25 0.50 895 750 2 i 0.45
MU-800-VS  Side 800 i 5 300 0.50 1030 900 2 415 067
MU-300-VS  Side 900 ry 30 400 0.64 130 930 2 523 0.85
MU-1100-VS  Side 1100 g a3 650 098 1310 990 1 115 184
MU-1200-V5  Side 1200 P30 56 1000 113 1430 1020 1 124 132

Softener Filter

Get Total WSFU then Convert to GPM

Hardness = Inlet water hardness - Outlet water
Hardness = 350 - 75 = 275 ppm
275 ppm = 275/17.1 grain/gal = 16.1 grain/gal

Water usage per day = GPM x 60 Min x 24 Hr.
=32 x 60 x 24 = 46080 gal/day

Total grain/day = 16.1 x 46080 = 741888 grain/day

Resin volume required = grain/day x no. of days / resin capacity
= 741888 x 1/150000 = 4.9 ft® of resin = 0.14m®
From Catalogue in (grain/ft® of resin)

Salt consumption per generation = resin volume x salt dosage
=4.9 x 15 Ib/ft*= 73.5 Ib =33.5kg
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Drainage Design

1 e Jgmasd! LSy JWI Jgdad! IS (50
DFU 4.3 o
douall B9l L jall Jad J8l ded @

TABLE 709.1
DRAINAGE FIXTURE UNITS FOR FIXTURES AND GROUPS
FIXTURE TYPE VALUE AS LOAD FACTORS | (inches)
Automatic clothes washers, commercial*® 3 2
Automatic clothes washers, residential® 2 2
Bathroom group as defined m Section 202 5 o
(1.6 gpf water closet)”
Bathroom group as defined in Section 202 6 -
(water closet flushing greater than 1.6 gpf)’
Bathtub® (with or without overhead shower or whirlpool attachments) 2 1Y,
Bidet 1 13
Combination sink and tray 2 1,
Dental lavatory 1 1Y,
Dental unit or cuspidor 1 1Y,
Dishwashing machine®, domestic 2 14
Drinking fountain L 1
Emergency floor drain 0 2
Floor drains" 2" 2
Floor sinks Note h 2
Kitchen sink. domestic 2 1Y,
Kitchen sink. domestic with food waste disposer, dishwasher or both 2 1
Laundry tray (1 or 2 compartments) 2 1',
Lavatory 1 1,

Shower (based on the total flow rate through showerheads and body sprays)

Flow rate:

8%
[+
-2

5.7 gpm or less

Greater than 5.7 gpm to 12.3 gpm 3 2

Greater than 12.3 gpm to 25.8 gpm 5 3

Greater than 25.8 gpm to 55.6 gpm 6 4
Service sink 2 1,
Sink 2 1/,
Urinal 4 Note d
Urinal, 1 gallon per flush or less 2 Note d
Urinal, nonwater supplied 1 Note d
Wash sink (circular or multiple) each set of faucets 2 1/,
Water closet, flushometer tank, public or private 4+ Note d
Water closet, private (1.6 gpf) 3 Noted
Water closet, private (flushing greater than 1.6 gpf) 4+ Note d
Water closet, public (1.6 gpf) 4= Note d
Water closet, public (flushing greater than 1.6 gpf) 6° Note d

For SI: I inch =254 mm, | gallon = 3.785 L. gpf= gallon per flushing cycle, gpm = gallon per minute.

a. For traps larger than 3 inches, use Table 709.2.

. A showerhead over a bathtub or whirlpool bathtub attachment does not increase the drainage fixture unit value.

. See Sections 709.2 through 709.4.| for methods of computing unit value of fixtures not listed in this table or for rating of devices with intermittent flows.

. Trap size shall be consistent with the fixture cutlet size.

. For the purpose of computing loads on building drains and sewers, water closets and urinals shall not be rated at a lower drainage fixture unit unless the lower
values are confirmed by testing.

o Q0 o
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Table 704.1
Slope of Horizontal Drainage Pipe

Size Minimum Slope Minimum Slope Minimum Slope
(Inches) (In/Ft) (cm/m) (cm/m) Practical
2.5 or less 1/4 2 1
3:6" 1/8 1 0.5
8 or Larger 1/16 0.5 0.5

TABLE 710.1(2)

TABLE 710.1(1)
HORIZONTAL FIXTURE BRANCHES AND STACKS®

BUILDING DRAINS AND SEWERS
MAXIMUM NUMBER OF DRAINAGE FIXTURE UNITS MAXIMUM NUMBER OF DRAINAGE FIXTURE UNITS (dfu)
CONNECTED TO ANY PORTION OF THE BUILDING Stacks®
PIPE (inches) PIPE (inches) |horizontal | discharge of three greater than
Slope per foot branch i:to °"h° I tbra“fh three branch
"/, Inch '/sinch '/;inch '/,inch | T intervals
17, — — 1 I 17, 3 2 4 8
17, — — 3 3 2 6 6 10 24
7 = = 71 76 2, 12 9 20 42
3 20 20 48 72
I — —
24 2: 2 4 160 90 240 500
2 = % 4 30 5 360 | 200 540 1,100
4 — 180 216 250 6 620 350 960 1,900
5 — 390 480 575 8 1,400 600 2,200 3,600
6 — 700 840 1,000 10 2.500 1,000 3,800 5,600
8 1.400 1.600 1.920 2.300 12 3.900 1.500 6.000 8.400
10 3500 3.000 3.500 2.200 15 7,000 | Notec Note ¢ Note ¢
12 3.900 4,600 5,600 6,700
15 7,000 8,300 10,000 12,000

For SI: 1 inch =25.4 mm, 1 inch per foot = 83.3 mm/m.
a. The minimum size of any building drain serving a water closet shall be 3
inches.

Table 12.8.1
Maximum Length of Trap Arm

Size Length Minimum Slope Minimum Slope
Trap Arm Trap Arm to Vent (cm/m) (cm/m) Practical
1.25" 105 cm 2 1
1.5" 150 cm 2 1
2" 240 cm 2 1
3’ 300 cm 1 0.5
4 360 cm 1 0.5
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Pipe Size Cooling Capacity
(Inches) (Ton)

0.7%" Less than 3 Tr
1 3:20Tr
1.25" 20:100 Tr
1.5" 100: 300 Tr

2" 300: 600 Tr
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Figure 6-4 Procedure for Sizing an Offset Stack

\ Size of stack above offset

based on F.U. connected
to stack from 16th thru
8th floors. (Table 6-3

column stacks more than
three stories in height.)
450 F.U. requires a 4" stack.

Assume each branch
interval has less than 90 fu.

Offset sized as house drain

(Table 6-5). 450 F.U. at
14" per ft. slope requires
5" size. NOTE: Piping does

not reduce in size for vertical
portion right after the
horizontal section.

Size of stack below offset
based on total F.U.
connected to stack from

16th floor thru 2nd floor
(Table 6-3). 1300 F.U.
requires a 6" stack.

Offset below lowest
branch sized as house
drain (Table 6-5).

1300 F.U. at %" per ft.
slope requires 8" size.

Roof I
16th Floor L\
S —— \
15th Floor
FeTEesg— \
14th Floor
13th Floor
e
12th Floor
11th Floor
/
10th Floor
9th Floor
s /’/450 FU.
th Floor
o~ 4 £ -
2'- 0" min. Y
7th Floor
Z
6th Floor
/ Ty
5th Floor
/
4th Floor 850 FU.
\
3rd Floor 7
\—'\
2nd Floor
1300 F.U. )
1st Floor \ /
L_* /
~——2'- 0" min.
Basement e

;W Jousmdl
Figure 6-6 Sanitary System with an Ejector GPM:ZDFU a‘éﬁj_l_’_psump P|t dj‘o Bjﬁwu‘)_b_é
Soil Stacks
Size and Length of Sump Vents
sy Table 12.14.2
? GPM Diameter of Vent (Inches)
1.25 1.5 2 25 3 4
10 NL NL NL NL NL NL
?\~5§i1or 20 270 NL NL NL NL NL
iy R Tale e 40 72 160 NL NL NL NL
S | 80 GPM 60 31 75 270 NL NL NL
Piping installed at " slope 80 16 41 150 380 NL NL
FIFETMCNES] @pmy 100 <10 25 97 250 NL NL
= 150 | NP | <0 4 | mo | 370 | NL
- e 200 | NP NP 20 60 210 NL
For SI: 1 irich = 254 min, | gallon pet mintte = 3,785 Lita. 250 NP NP 10 36 132 NL
300 NP NP <10 22 88 380
400 NP NP NP <10 44 210
Velocity in Pipe - Min. (0.61m/s), Max. (2m/s) 500 AR AP AP AP 24 130
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Sump Pits Capacity

H1 = 30cm (Including suction depth)

H2 = 20cm

H3=H4= 0.5 x (Effective Volume/Sump Area)
Sump Area = Length x Width (1.5m?)

Min. Sump Length = Width =1.2m

Effective Volume = 5 x Pump Flow

Pump Flow = Inlet Peak Flow/No. of duty pump
H5 = 20cm

Hé =10cm

H7 = Inlet pipe invert level from F.F.L

Sump depth = Sum (H1:H7)

o) [} A
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3
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Septic Tank Capacity

FINE21:3. PracastSepticTank Wh han 18" TABLE 21.1 Septic tank capacity for one- and two-family
n i . v v 4 ~ - .
am:ndmr:aznolael o dwellings. Copyright© 2009 by International Code Council, Inc.
L : within 8 of grade. Reprinted with permission. All rights reserved.
Manholes — 20" min. —
l“‘l$ NUMBER OF BEDROOMS SEPTIC TANK (gallons)
Influent from ,R_T, vl 9,/::;;_ RGO NN —— — - e
Structure _.:“ j_ T = 1 750
s d 9 1 | - 3
o - A
& min. | |/ N T3]
7] Y a W] Effivent to 3 1.000
‘A: Baffle . 3 3 .J;. Drainfield S —— -
3 S Bc || 3 | 1,200
) g[8 4.3 i) I ] -
¥ 8|2 72| Baffie” |3 8 1,425
g =3 W 2 R ..
& 5| v .
,§ g oA % 6 1,650
3 )‘ X —
3 12 kA
R} uf‘ ? 7 1,875
3 ).} 5 NN i B
125 NeT P2 A 2a N p N B 8 2.100
2/3 L 1/3 L —>
L For SI: 1 gallon =3.785 L.

Table 16.6.1
Capacity of Septic Tanks
Single Family Dwelling Multiple Dwelling Units Maximum Fixture Units Minimum Septic Tank
Number of Bedroom Capacity in Gallon

1-3 20 1000

4 2 units 25 1200

5-6 3 33 1500

7-8 4 45 2000

5 55 2250

6 60 2500

7 70 2750

8 80 3000

9 90 3250

10 100 3500

Extra Bedroom: 150 Gallon each
Extra Dwelling Units Over 10: 250 Gallon Each
Extra Fixture Unit Over 100: 25 Gallon Per Fixture Unit
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Interceptors
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Q gom= 0.75XVXn /T
V gallon, p292d! dl> eax>
n, p2lg=Ylsue
T min, 84=lg da8s W G saill o10)

Q = No. Meals perhour x Waste Flow Rate x Retention Time x Storage Factor
Waste Flow Rate

e, 250 (946.3) per bed
Kitchen waste only . .....25 (94.6) per bed

Laindny Waste DR ... bt ecsieissiesiors ol 40 (151.4) per bed
9. Hotels {no kitchen waste) ..............ccocoioiiiiiiiiiiiininice e e enen .80 (227.1) per bed (2 person)

8. Hospitals ..............

ceveeenn. 20 (75.7) per employee

..... 7 (26.5) per customer
veeee.B (22.7) per meal
...... 1 (3.B) per meal
.2 (7.6) per customer

15. Restaurants —cafeterias...................iiiiiiiiiiida i

kitchen waste..................

add for garbage disposal

add for conktall loumEes: . e s s i T iy
kitchen waste —

S OSADIS SETMITR .o inssmismsns imioviiionsivsosisiom s siab e e s BASE HB Me oR i 2 (7.6) per meal

Retention Time
e Commercial Kitchen - 2.5 Hr.
e Single Kitchen - 1.5 Hr.
Storage Factor
e Commercial Kitchen
v' 8Hr. Operation -1
v" 16Hr. Operation - 2
v' 24Hr. Operation - 3
e Single Kitchen - 1.5

Q = No. Vehicle pernour x Waste Flow Rate x Retention Time x Storage Factor
Waste Flow Rate

14, Parks, maobile hOmMes ..o cersnsinensene 200 (346.3) per space
picnic parks (toilets only) ... 20 (T5.7) per parking space
recreational vehicles —

without water ROOK-LP ..o

with water and SeWer NOOK-UP ......cccovreriiiisiesns i s v eessesees e

rerereeeene 10 (283.9) per space
100 (378.5) per space

Retention Time
e Sand Silt Oil - 2.0 Hr.
Storage Factor
e Auto Washers
v Self-Serve - 1.5
v' Employee Operated - 2

Q = No. Machines x2 Cycles per nour x Waste Flow Rate x Retention Time x Storage Factor
Waste Flow Rate

11. Laundries, self-service
(minimum 10 hours per day)..........cccoiniiiiiiesiieenease00 (189.3) per wash cycle

COMMETCIAL.......cccoieeiiieies e ee e nannaeennnnn . P BT NANUFACtUrer's specifications
Retention Time

e Laundry - 2.0 Hr.
Storage Factor

e Laundries-15
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Neutralization Tank

IC and Manhole
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Table 2-3 Acid Waste
Neutralization Tank Sizes
Number of Tank Size, gal

Sinks {L)
o 5 (18.9)
4 15 (56.8)
8 30 (113.6)
16 55 (208.2)
i 75 (283.9)
27 90 (340.7)
30 108 (408.8)
40 150 (567.8)
50 175 (662.4)
60 200 (757.0)
5 275 (1,040.9)
110 360 (1,362.6)
150 500 (1,898.5)
175 550 (2,081.8)
200 650 (2,460.3)
300 1,200 (4,542)
500 2,000 (7,570)
600 3000 (11,355)
Note: For commercial and industrial
laboratories, the number of lab sinks
should be multiplied by a 0.5 use factor.

IC - Inspection Chamber

oty i) Byt ol

120x80 | 90x60 | 60x40 iaidil] Ay Bos
Lasld) o
25 25 25 o 50 2
25 25 25 o 85 J1 50 oy S|
38 25 - o0 120 J1 85 ;50 S
38 - - e 150 41120 o S|

Maximum Distance Between Two Manhole

2lun ST Lasdl s
¢ 30 200-175
¢ 50 300 - 200
o 60 400 - 300
2100 900 - 400
¢ 150 1200 - 900
¢ 200 1200 o0 S|




a ASEC OFFICE
BIMENGINEERING

Tel: 0020-1093460618
Email: A.shuhayb@asec.work

TABLE 909.1
MAXIMUM DISTANCE OF FIXTURE TRAP FROM VENT
SIZE OF TRAP SLOPE DISTANCE FROM TRAP
(inches) (inch per foot) (feet)
B 1 5
A A 6
2 i 8
3 e 12
4 A 16

Note:The drain must be a minimum of 2" since the sink
connects above the lavatory and the drain receives 2 DFU'S

Vent System Types

Individual Vent

Sized as Individual Vent
Minimum of 1-%4"

Floor Level

Both Fixtures Located On
Same Floor Level

Sink

=  Common Vent

TABLE 911.3
COMMON VENT SIZES
PIPE SIZE MAXIMUM DISCHARGE FROM UPPER
(inches) FIXTURE DRAIN (dfu)
1 1
2 4
2',t03 6
=  Wet Vent
TABLE 912.3
WET VENT SIZE
WET VENT PIPE SIZE DRAINAGE FIXTURE
(inches) UNIT LOAD (dfu)
1Y, 1
2 4
2 6
3 12
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Lavatory

Floor Level

|
e Common Vent

Drain
- — 1"
|
WET VENT ‘ LAV
STARTS HERE -
\ ‘
X T
U %
N
LAV -}}
. ) | ‘
3] BT
22 /‘V1 ‘ ""
r = Y~
WET VENT ENDS | Y _——— ]
HERE - ’% &
(DASHED LINE P < & %
REPRESENTS THE WET P o
VENT PIPING} e J]: - 1%
N e )
N L C - .
\\ > “L V\
N 5 s o
A5 ™ ==
- F_ 3 - T SH
< * 3 Wy
2 N
" E
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=  Waste Vent

TABLE 913.4
WASTE STACK VENT SIZE
MAXIMUM NUMBER OF DRAINAGE FIXTURE UNITS
(dfu)
STACK SIZE Total discharge into one
(inches) branch interval Total discharge for stack
1Y, 1 2
2 2 4
27, No limit 8
3 No limit 24
4 No limit 50
5 No limit 75
6 No limit 100

= Circuit Vent

TO VENT STACK
Xa

5° (76 MM) CIRCUIT VENT +
”Pl
|
|
|
|
|
|

co

/— SOIL STACK
|

|
|
|

4" (101 Mm) HORIZONTAL BRANCH

L X 3 (101 X 76 Mm) TYS

Circuit Vent
3" (76 MM) LOOP VENT '
/”—‘.
T |
p— -—
T el |
n— I
‘F* 3" (76 MM) (TYP) I

co

N STACK VENT
|
|
|
I

4" (101 MM} HORIZONT AL BRANCH

L N——
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/ mmhﬂmsmk

Full Size Stack Vent -
=KS (TYP)
ly |
KS (TYP)e
-
- i Offsets Prohibited
-
p TN
-
-
e
j o 3" Size Uniformiy
u! Throughout Its Length
)
Vent Stack

*j"}\x\ [

4—— Drainage Stack

2" Relief Vent

2" Circuit Vent

V2

AN
z“‘Qgﬂ"' L]
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Mote:1-1¢" vent allowed if the run of the vent
piping is 40' or less

\‘ | Sizing As Per
TABLE 915.2.2 Sechon w82
SIZE OF COMBINATION WASTE AND VENT PIPE
MAXIMUM NUMBER OF DRAINAGE
FIXTURE UNITS (dfu)
DIAMETER | Connecting to a horizontal Connecting to a building
PIPE (inches) branch or stack drain or building subdrain m:m:g‘; ;?n;img "':v
2 3 4 all
2%, 6 26 ¥
3 12 31
4 20 50 "
5 160 250 -
6 360 575 =)
an
;ﬁ‘\l‘] B Combination Waste & Vent
¥ - . . D
g /‘, l Mote: (Floor Drain is a waste receplor with a 2 dfu.)
" Island Vent Distance Unlimited G He—— ®
(Sized Per Table 915.2.2)
Q‘ Vari Rise Above
Bottom of Fixture  Flood Lavet Rim
Rated Floor

—

" Low Point of Vent Connacts Downstiam

of Fixture Drain
Stack Vent
R_m“‘}
Sink
Air Admittance Valve
Individual Vent
Rated Floor
 Firestop .
w
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TABLE 917.2 Pt ;,.;;'"'W
SINGLE STACK SIZE — —
MAXIMUM CONNECTED DRAINAGE FIXTURE UNITS o] —
Stacks 75 feet to | Stacks 160 feet |wew = | o
STACK SIZE | Stacks less than | less than 160 feet | and greater in = mr;
(inches) 75 feet in height in height height 5 w ] -
3 24 NP NP | —_— -~
4 225 24 NP ”
5 480 225 24 bt =
6 1,015 480 225 S beon O T
3 2,320 1,015 480
Offsat Venting Offset Vanting ‘Buisang Oran.
10 4,500 2.320 1,015 Nt R o e Resdind L
12 8,100 4,500 2,320
15 13,600 8,100 4,500
=  Size and Developed Length of Stack Vents
Table 12.16
SIZE AND LENGTH OF VENTS
Size of Drainage Diameter of Vent Required (inches)
Fixture Drain, Fixture for the Maximum Length of Vent (feet)
Drainge Stack, Units
or Building Drain Connected | 1-1/4™ | 1-1/2" | 2% | 2-1/2" | 3" 4n 5" 6" 8"
(inches)
1-1/4" 1 (n
1-172" 8 50 150 [ ]
z 12 30 75 200
Y 3ig 20 26 50 150
3 10 30 [ 100 | 200 [ 600 —
3 30 | e— 60 | 200 | 500 1
> 60 50 80 400 [ ]
4" 100 a5 100 | 260 | 1000
4" 200 30 | 90 | 250 | 900 —"
4" 500 20 70 180 | 700
4 200 | 35 BO | 350 | 1000
- 500 30 70 300 | 900
g 1100 [EE ] 20 | s0 | 200 | 700
[ 350 [ ] 50 200 | 400 | 1300
6" 620 30 125 300 | 1100
6" 960 e 24 | 100 | 250 | 1000
6" 1900 Ti— | S— 20 70 200 700
B" 600 50 150 500 1300
i 1400 40 100 | 400 | 1200
8" 2200 = 30 80 350 | 1100
3 3600 | 25 60 | 250 | 800
10" 1000 J— 75 | 125 | 1000
10" 2500 | — 50 100 500
1" 800 | 30 30 350
10" 5600 25 60 250
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Storm Drainage Design

Figure 7-2 A Simple Drainage System

Q=CxIxAx0.0104 oot Drain
Roof Deck ~
n ~\ ‘\\\ i
Roof Drain Vertical Leader Requirements for Horizontal T T S neulate (Above Celing): 3
Roof Areas at Various Rainfall Rate N ca
L) * and horizontal rain Ceiling
Hourly Rainfall in Inches leaders above grade
Leaders 1 12 2 21 3 4 5 6 7 8 e —
Pipe Size Roof Area 5q. I't
2" 50 2,880 1,920 1.440 1,150 960 720 575 480 410 360 lo
3" 82 8,880 5.860 4,400 3,520 2.930 2,200 1.760 1.470 1.260 1,100 =
4" 110 18,400 12,700 9,200 7,360 6,130 4600 3680 3,070 2630 2,300 T
o 3l 125 34600 23,050 17300 13,840 11,530 8650 6920 5765 4945 4325 -
6" 150 54,000 36,000 27,000 21,600 18,000 13,500 10,800 9000 7,715 6,750
8" 200 116,000 77,400 58,000 46,400 38680 29000 23200 19315 16,570 14,500 ; Basement Floor \
Hourly Rainfall in mm TL
Leaders 25 40 50 63 75 100 125 150 175 200 } ot
Pipe Size Roof Area Sq. mt.
an 50 268 178 134 107 89 67 33 45 38 33
L 82 825 545 409 327 272 204 164 137 117 102
4" 110 1.710 1,180 855 684 370 428 342 285 244 214
a 125 3216 2,143 1,608 1,286 1,072 804 643 536 460 402
6" 150 5.019 3346 2,510 2,008 1.673 1,255 1.004 837 717 627
8" 200 10,782 7,194 5,391 4313 3595 269 2,156 1,795 1.540 1,348
TABLE 1106.2
STORM DRAIN PIPE SIZING
CAPACITY (gpm)
Ti::l'lselsZ]E SLOPE OF HORIZONTAL DRAIN
VERTICAL DRAIN - — = 2
1/, inch per foot 1) inch per foot 11, inch per foot 11, inch per foot
7 34 15 22 31 44
3 87 39 55 79 111
4 180 81 115 163 231
5 311 117 165 234 331
6 538 243 344 487 689
8 1,117 505 714 1,010 1.429
10 2,050 927 1,311 1,855 2623
12 3,272 1,480 2,093 2,960 4,187
15 5,543 2,508 3,546 5016 7.093
TABLE 1106.6
HORIZONTAL GUTTER SO B TABLE 1106.3
i ey e ot s VERTICAL LEADER SIZING
T %27, — % SIZE OF LEADER CAPACITY
I'7, x2', 73 40 (inches) (gpm)
3 39 5 30
I 73 = 2 3
3 %3 /2 &7 2x2 30
5 ™ 1Y, % 2Y, 30
A% 37, 106 2 £
EEEA 7, 156 25 54
- :f' o 27, %27, 54
Ixs ; 157 = =
T3 755 3 2
3 m 172
: 1 2% 4 92
7,76 7 ) 2, %3 92
7.6 7, 94
10 331 5 182
T F) 3x4Y, 192
i il 3, x4 192
410 1055 2
5 360
4=%5 360
4, x4, 360
6 563
5x6 563
5, %57, 563
8 1208
68 1208
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MEDICAL GAS NOTES
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MEDICAL GAS

= MEDICAL GAS:

Anaesthetic Gas Scavenging Systems

0, Oxygen

MA4 Medical Air
SA7 Surgical Air

MV Medical Vacuum
AGSS

N20 Nitrous Oxide
HE/O, Helium Oxygen

= GAS SOURCES:

SOURCE 0, MA4 | SA7 MV AGSS N20
Fully Automatic Manifold Duplex Compressor Two Pumps Of
Simplex, Duplex VIE Two Compressors Of SULTES AL Au.tomatlc
Primary A Triplex Compressor puil
Gas Cylinders
Liquid Cylinder Two Compressors Of Two Pumps Of Waste
PSA A Quadruplex Compressor A Quadruplex Pump Anesthesia
Manual Emergency Manifold Automatic Manifold Third Pumps Of Gas
Automatic Manifold Third Compressor Of A Triplex Disposal
Secondary Second Vessel Duplex Vie A Triplex Compressor (WAGD) Manu;ll Er};el:igency
anifo
Automatic Manifold Other Two Compressors Of Other Two Pumps Of
A Quadruplex Compressor A Quadruplex Pump
Reserve Automatic / Manual Manifold Automatic Manifold Portable Suction Automatic / Manual
Equipment Manifold
= PIPES SIZE: 1 Termiral unt o
igure erminal unit mounting order
o CD (12|15|22!28|35|42|54|67|76|108) WALL MOUNTED TERMINALS - Horizontal array
= COLOR CODE: HTM-02 A o e
02 e ) fams
MAL @ © © © @ @ ©
0,  NO OJN,O MA  SA AGS  He/O,
SA7
MV WALL MOUNTED TERMIMALS - Vertical array
AGSS TOP TOP
N20 © o %
HE/O e ] @ ©
2 L™ - P
@ ©
(o) Ou/NO OR

= PIPES SUPPORT:

Outside Maximum interval
Diameter (mm) between Supports (m)
Up to 15 1.5
22-28 2
35-54 2.5
>54 3
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CIRCULAR (eg pendant) - Viewad from below
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FIGURE 2 TERMINAL UNIT MOUNTING HEIGHTS:

PENDANTS
(For rigid units, distance
is measured in fully
retracted position)

400 mm

TU separation
135 mm + 2.5 mm

Terminal unit mounting
height range
9001600 mm

abaowve FFL

{Recommended range
S00-1400 mm
above FFL)

between centres,
for 3 or more TUs

700 mm |

TU centreline
=200 mm {min)
" from side walls

TU separation
150 mm = 2.5 mm
between centres,

for 2 TUs only

900 mm

FINISHED FLOOR LEVEL

= FIGURE 3 AVSU AND LOCAL ALARM PANEL MOUNTING HEIGHTS:

AVSU
ALARM
F Y
PAMNEL A
200 mm
h 4
F
Mounting height
range for AV5Us PMounting height 1800 mm
1000-1800 mm range for local alarm
{1000 mm is the panel
optimum height: 10001800 mm
when multi-circuits
are installed, it may 1000 mm Recommended
be necessary to (800 mm) location —
reduce this to Murse base
800 mm to avoid
too many columns)
Mounting order as for
vertical TU array
Y
_rEeEe-—-————
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(el CByadlg pludN Cljlall wildaie

Department Pl 0, N20 MA4 | SA7 VAC | AGSS | AVSU
Accident and Emergency Blghll oud 1
Resuscitation room oilaidl 48,8 2 2 2 - 2 2 2*
Treatment/Plaster room duwns )l Al 49,8 1 1 1 1 1 1
Post-anesthesia recovery sl e A38Y1 A3y 2 - 2 - 2 - 2*
Treatment room/cubicle Al b 3,2 1 - - - 1 - 1
Operating department Oldes)l 0ud 1
Orthopedic plas)l Gldes 2 1 2 - 2 1 1
Neurosurgery Slasly FZall wldes 2 1 2 - 2 1 1
General surgery dolall d>ly=dl 2 2 2 2 2 2 1
Post-anesthesia recovery asll e 438 48, 2 - 2 - 2 - 2%
Equipment service room Aoyl wlgol 4,2 1 1 1 1 1 1 1
Anesthetic room sl 48, 1 1 1 - 1 1 _
Maternity department 83Yg)l ouud 1
LDRP room RSPV RN 1 - - - 2 - 1
Operating suite Olleall 7l 1 1 1 - 1 1 1
In-patient accommodation w2l dal8) 48,2 1 - - - 1 - 1
Neonatal unit L3Syl Liliadl Bu>g 2 - 2 - 2 - 2
Pediatrician JabYl b 48,6 1 - 1 - 1 - 1
Nursery oasedll 48, 1 - - - 1 - _
Obstetrician dgdlly sludll Jlasl 43,8 - - - _ 2 _ 1
Diagnostics department vaseid| eud 1
Special procedures room Lol Clog=all 43,6 1 1 1 - 1 1 1
Anesthetic room sl 48, 1 1 1 - 1 1 1
Holding and recovery dsls| 49,8 1 - 1 - 1 - 1
Ultrasound Aigsall 390 Olgall A8y 1 - - - 1 - 1
Fluoroscopy 0S| dail 48,8 1 - - - 1 - 1
Urography Jodl Szl pguas 1 - - - 1 ; 1
Tomography hie- Ablall 43,0 1 - - - 1 - 1
MRI guabliaall o)) 1 1 1 - 1 1 1
Angiography Lgodl due gl pblia 88y | 1 1 1 - 1 1 1
Endoscopy gl el able 20,8 | 1 1 - 1 1 1
Single and multi-bedrooms w2l dal] 45,2 1 - 1 - 1 - 1
Renal department
Per dialysis station S sl 03 1 - 1 - 1 -
Per bed space 1 - 1 - 1 -
Critical care area 43850l Dliadl @ 1
Per bed space L3Sy0 dlis 4 2 4 - 4 2 2*
CCU per bed space Jall Lle 4 - 4 - 4 _ 2*
HDU Aoy &l 4 - 4 - 4 - 2%
Burns unit B9yl Bu>g 2 2 2 - 2 2 2%
Department ! 0, N0 MA4 | SA7 VAC | AGSS | AVSU
Adult mental illness Clacly Foll oud 1
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ECT room

a0,eS) Slaall 21

Post anesthesia recovery

4sley| da,e

Fracture Clinic

)}HSJI Olabe

Plaster room

BTSN ETVELI RN

Oral surgery, orthodontic

Ol o)l Oy

Consulting/treatment room AR
Recovery room a3y dde 1 _
Appliance laboratory Aoyl Gldiae Jono 1 1

Sterile services department euad)| o

Washroom Oldae)l Juws 48,8 - -
IAP room Oldaell jam=b 48,¢ - - 1
adadly arexidly
Notes:

* Dual circuits.
t Dental vacuum only.

p = Project team option.

hp/lp = high-pressure and low-pressure alarms for oxygen, medical air and nitrous oxide

(1) Departmental AVSUs installed on the hospital street side of fire compartment doors.

(2) Installed immediately outside the room.

(4) In addition to the dual circuits, additional AVSUs will be required to sub-divide the number of
terminal units controlled. This subdivision should be based on the layout of the accommodation; for
example, if the recovery area is divided into several separate room/areas, each would have a separate
sub-set (see Figures 4 and 5).

(5) This is intended to provide some flexibility and the exact number will depend on the total number
of rooms within the department.

(6) If a high-dependency unit is included within general in-patient accommodation, a separate set of
AVSUs should be provided for the unit. In addition to the departmental valves or the ward, an
additional set will be required to control the single-bed, multi-bed, and treatment rooms.

(7) Department AVSUs may be required if the units are large and separate from, for example, the

critical care area.

(8) Additional AVSUs may be required in a large unit: the aim should be to have about 8-12 rooms

controlled by a set of valves - discretion is required to arrive at the logical number.

(9) Installed in reception area.

(10) Installed in the operating room in the “main panel” or within the room, or an anteroom, e.g.,
control room of an MRI device.

(11) Installed at the main staff base (nurses’ station). (12) Installed in the room space with the AVSUs.

(13) Separate AVSUs will be required if endoscopy room is included.
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Gas Source Volume Consumption

1- Oxygen - O,

Q-Diversified Flow for Department, Qw - Diversified Flow for Ward

Table 13 Oxygen: design and diversified flows

Department Design flow | Diversified Aow € (L/min)
for each
terminal unit
{L/min)

In-patient accommodation (ward units):
Single d-bed rooms and mreatment room 1 (2, = 10+ [{m = 1)5/4]
Ward block/department 10 Q= Q11+ (nW—1)/2]
Accident & emergency:
Resuscitation room, per roolley space 11Kl (2= 1+ [{n — 1104
Major trearmene/plaster room, per tmlh'}' space 10 (3= 10+ [(m=1)5/4]
Post-amaesthesia recovery, per trolley space i Q= 10+ [(n=1)6/4]
Treatment roomfcubicle 10 Q = 10} + :[u - !':IGHU]
Operating;
Anaesthetic rooms 100 | € = no additon made
Olperating rooms 100 [ €= 100 4 (7= 1)10
['ost-anaesthesia recovery Q=10+ in-1)a
Marernity:
LORT rooms:

Muother 10 Q=10+ |[(m— 1}af4]

Haby 10 w104 [im=1)3/2)
Clperaring suires:

Anacscherist 1K =1+ (n5 - 116

Paediatrician 1 Q=10+ (w—-1)3
Post-amaeschesia recovery 1 Q=10+ [(m— 1)3/4]
[n-patient accommodation:

Single/muli-hed wards 10 Q= 10+ [(m= 1)aiG]

Mursery, per oot space 1] @ =10+ [(n-1)3/2]

Special care baby unir 11 Q=10+ (75— 1)
Radiological: | (H] Q=10+ [in - 1)53]
All anaesthetic and procedures rooms
Critical care areas 1 Q_: 1+ i — 1)6]3/4
Coronary care unit {CCU) 1 =10+ [(m— 1)0]3/4
Hig"lallependun::y unit (HIYLI) 11 f:g = 10+ i[u I:llf,'u]_’l."-'i
Renal 10 2= 10 + [(n - 1)6/4]
CPAT ventilation 75 Q=7m=75%%
Adult menral illness accommaodation:
Elecrro-canvulsive therapy (ECT) room 1 0= 10+ [(m— 1)GM4]
Post-anaesthesia, per bed space 10 Q=104+ [{n— 1)&4]
Adult acute day care accommodation:
Tresatment paoms 10 Q- 10+ :[u - I_:lfm'-'il
Posr-amacschesia recovery per bed space L = 10+ [(r— 1)6M4]
Day patient accommadation (as “In-patient accommodation”) As "In-patient accommodation”
Oral surgery/orthodontic:
Consulting rooms, tvpe 1 1] Q=10+ [(n— 1)62]
Consulting rooms, types 2 8 3 10 =1+ [in - 1)afF]
Fecovery room, per bed space 10 Q= 10+ [(m— 1360
Chut-patient:
[reatment rooms LE1] I'Q = 10+ ({0 = 1)iF4]
Equipment service rooms, sterile services etc 1 (K Residual capacity will be adequare

without an additional allowance

n- number of beds, nS-number of operating suits, nW-number of wards, nT-number of theatres
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Annual 02 consumption = Q (L/min) x 60 x 10 (hr.) x 365 /1000=
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md/year

6.21- The maximum potential daily demand should be based on the peak flow condition between 8.00 am and 6.00 pm

Gas Source Annual Consumption

(m?/year)

Manifold Gas Cylinder Less Than 3000

Liquid Cylinder From 3000: 40000

Bulk VIE From 27500: 40000

PSA Plant Far from Supplier

Primary Source

=  Volume = Q (L/min) x 60 x 10 (hr.) x Storage days x NGF = Liter
o Storage days

. 6.124- The 1997 edition of HTM 2022 defined a (fixed) VIE primary
vessel capacity of 14 days’ oxygen supply

6.160 The table below provides a matrix for the
calculation of primary reserve stock based upon

distance from gas supplier and fitting of telemertry.

o NGF
= 8:10% Kilometres from |  No telemetry Telemetry fitted
| gas supply depot | (no of days’ stock) | (no of days’ stock)
= No. of cylinders = Volume / 6540 = Liters - Gas U}j “'_’”’ " >
= Liquid Volume = Gas Volume / 840 = Liters - Liquid Fo 22 b 3
150-300 7 5
Owver 300 8 6

Secondary Source

= Volume = Q (L/min) x 60 x 4 (hr.) = Liter
= No. of cylinders = Volume / Cylinder volume = Volume / 6540 (Liter)
= No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

Third Source (Reserve)

= Volume = Q (L/min) High dependency areas x 60 x 4 (hr.) = Liter
= No. of cylinders = Volume / Cylinder volume = Volume / 6540 (Liter)
= No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

High dependency areas

LDRP Mother Room - Critical Care Areas - Special Care Baby Unit - Pediatrician Room- Operating Room

Table 2-10 Exterior Bulk Oxygen-Storage Installation Criteria

Bulk Tank

Separation Distances, Item
ft (m)
1 (0.30) Building structure (except wood frame)
5 (1.52) Property line

10 (3.05) Parked vehicles, sidewalk, structure openings

15 (4.57) All classes of flammable and combustible liquids stored below ground. Class Il B
liquid, 1000 gal (3785 L) or less, above-ground storage.

25 (7.62) Solid slow-burning material, coal, lumber, etc., underground tank vent or fill openings.
Above-ground flammable and combustible liquids, 1000 gal (3785 L) or less,
except Class Il B liquids.

35 (10.67) Clearance for ventilation one side.

50 (15.24) Public assembly area, open or enclosed, Wood-frame structure. Non-ambulatory
patient area.

75 (22.86) Liquefied hydrogen storage above ground. Clearance for ventilation one side.

25 (7.62) 1000 gal (3785 L) liquefied gas or 25,000 ft* (700 m?) non-liquefied gas.

50 (15.24) Over 1000 gal (3785 L) of liquefied gas or over 25,000 ft* (700 m?) of
non-liquefied gas.

Source: NFPA no. 50.
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Table 15 Nitrous oxide: design and diversified flows
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Department Design flow for Diversified flow Q (L/min)
each terminal unit
(L/min)
Accident & emergency: resuscitation room, per trolley space 10 Q=10+ [(n—1)6/4]
Operating 15 Q=15+ (rT-1)6
Maternity: operating suites 15 Q=15+ (nS-1)6
Radiological: all anaesthetic and procedures rooms 15 Q=10+ [(n—1)6/4]
Critical care areas 15 Q=10 + [(n—1)6/4]
Oral surgery/orthodontic: consulting rooms, type 1 10 Q=10+ [(z— 1)6/4]
Other departments 10 No additional flow included
Equipment service rooms 15 No additional flow included

Primary Source
=  Volume = Q (L/min) x 60 x 10 (hr.) x Storage days = Liter

= No. of cylinders = Volume / Cylinder volume = Volume / 8900 (Liter)

= No. of cylinder banks = 2 (right & left) [Each bank 2Day.]

6.160 The table below provides a matrix for the

Secondary Source and Third Source

=  Volume = Q (L/min) x 60 x 4 (hr.) = Liter
= No. of cylinders = Volume / Cylinder volume =

Volume / 8900 (Liter)

= No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

3- Nitrous Oxide/Oxygen Mixture -(N,0/0,)

calculation of primary reserve stock based upon

distance from gas supplier and fitting of telemertry.

Kilometres from No telemetry Telemetry fitted
| gas supply depot | (no of days’ stock) | (no of days’ stock)
Upto 75 5 3
75-150 O 4
150-300 7 5
Over 300 8 6

Table 16 Nitrous oxide/oxygen mixtures — design and diversified flows

Department Design flow for each terminal unit Diversified flow Q (L/min)
(L/min)

Maternity:

<12 LDRP room(s), mother 275 Q=275+ [(n-1)6/2]

>12 LDRP rooms Q=275x2+[(n-1)6/2]

Other areas 20 Q=20+ [(n-1)10/4]

Equipment service rooms 275 No additional flow included

Primary Source

*  Volume = Q (L/min) x 60 x 10 (hr.) x Storage days = Liter

*= No. of cylinders = Volume / Cylinder volume = Volume / 4740 (Liter)

* No. of cylinder banks = 2 (right & left) [Each bank 2Day.]

Secondary Source and Third Source

=  Volume = Q (L/min) x 60 x 4 (hr.) = Liter
= No. of cylinders = Volume / Cylinder volume = Volume / 4740 (Liter)
= No. of cylinder banks = 2 (right & left) [Each bank 2hr.]
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4- Medical Air -MA4

Table 18 Medical air 400 kPa - design and diversified flows

Department Design flow for | Diversified flow Q (L/min)
each terminal
unit (L/min)
In-patient accommodation (ward units):
Single/multi-bed and treament rooms'!) 20 Q=20+ [(n-1)10/4]
Ward block/department 20 Q= Q1 + (nW-1)/2]
Accident & emergency:
Resuscitation room, per trolley space 40 =40+ [(n-1)20/4]
Major treatmend/plaster room, per trolley space 40 €2 =40 + [(n-1)20/4]
Post-anaesthesia recovery, per trolley space 40 €2 =40 + [(n— 1)40/4]
Operating:
Anaesthetic rooms 40 No additional flow included
Operating rooms 40 €2 = 40 + [(n1- 1)40/4]
Post-anaesthesia recovery 40 €2 =40 + [(n—1)10/4]
Maternity:
LDRP rooms: 40 Q=40 + [(n - 1)40/4]
Baby!?) 40 0 = 40 + [(n — 1)40/4]
Operating suites:
Anaesthetisr 40 €0 =40 + [(nS—1)10/4]
Post-anaesthesia recovery 4() Q=40 + [(n - 1)40/4]
Neonatal unit (SCBU) 40 J=40n
Radiological:
All anaesthetic and procedures rooms 40 Q=40 + [(n— 1)40/4]
Critical care areas'?! 80 Q=80+ [(n—1)80/2]
High-dependency units 80 €2 =80+ [(n - 1)80/2]
Renal 20 Q=20+ [(n—1)10/4)
Oral surgery/orthodontic:
Major dental/oral surgery rooms 40 =40 + [(n—1)40/2]
All other departments 40 No additional flow
allowance to be made
Equipment service rooms 40 No additional flow included

Primary Source
= Compressor flow= Q (L/min)
* No. of compressors is 2 for even (Duplex or triplex or quadruplex)
= Air Vessel (Receiver) volume = Compressor flow (L/min) x 0.5 x 1 (minute)
» Use one duty receiver, if flow > 500L/min use two
= Using duplex dryer

Secondary Source
=  Volume = Q (L/min) x 60 x 4 (hr.) = Liter
* No. of cylinders = Volume / Cylinder volume = Volume / 6220 (Liter)
* No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

Third Source (Reserve)
= Volume = Q (L/min) High dependency areas x 60 x 4 (hr.) = Liter
* No. of cylinders = Volume / Cylinder volume = Volume / 6220 (Liter)
* No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

S8 09 3Wly bl Jatlgs 2 sue a1 0sSiTriplex or Quadruplex pladl o8 A>3
Olebu 4 Joad (255 clogl) (S il e Ollghud W1 juasll 05509
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5- Surgical Air -SA7

Table 20 Surgical air 700 kPa — design and diversified flows
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Department Design flow for each Diversified flow Q
terminal unit (L/min)
(L/min)
Operarting room (orthopaedic and neurosurgical operating rooms only):
<4 operating rooms 350 Q=350 + [(z—1)350/2]
>4 operating rooms 350 Q=350+ [(»n—1)350/4]
Other departments, eg equipment workshops, fracture clinic 350 Q=350
Equipment service rooms 350 No additional flow required
Table 19 Typical pressure and flow requirements
for surgical tools
Type of tool Pressure (kPa) | Flow (L/min)
Small air drill 600-700 200
Medullary reaming 600-700 350
machine
Oscillating bone saw 600-700 300
Universal drill 600-700 300
Craniotome 620-750 300
Primary Source
= Compressor flow= Q (L/min) x Factor (0.33:0.66)
= No. of compressor is 1 for even (Simplex or Duplex)
= Air Vessel (Receiver) volume = from table according to design flow
= Use one duty receiver.
" Using Simplex dryer Design flow Vessel size Compressor
(L/min) output (L/min)
>500 1 x 200% design flow | 0.33 x design flow

Secondary Source

=  Volume = Q (L/min) x 60 x 4 (hr.) = Liter

Third So

500-2000 | 2 x 66.6% design flow

0.66 x design flow

2000-3500 2 x 200% design flow

0.66 x design flow

3500-7000 | 3 x 33.3% design flow

0.5 x design flow

No. of cylinders = Volume / Cylinder volume = Volume / 6220 (Liter)
No. of cylinder banks = 2 (right & left) [Each bank 2hr.]

urce (Reserve)

=  Volume = Q (L/min) x 60 x 4 (hr.) = Liter
No. of cylinders = Volume / Cylinder volume = Volume / 6220 (Liter)
No. of cylinder banks = 2 (right & left) [Each bank 2hr.]
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6- Vacuum Air -VA

Table 21 Vacuum - design and diversified flows

Deparmment Deesign Aow | Diversified Mow () (L/min)
for each
terminal unic
(Lfmin)

In-patient sccommodation:
Woard unir Al £ = 4i)
Mulriple ward unirs 40 €3y = A0 & [{n— 1)40/4]
Accident & emergency
Fsuscitation roam, per croley space 4 = 4l + [(w— 1)4004]
Major treatment/plaster room, per tralley space Al e ) 4[5 = 1)4004)
Posg-amaesthesta recovery, per crolley space Ll £ A (e — 14004
Teearment toomdcubicle Al £ = 40+ [ — 1340/8)
Operating:
Anavcthene moms ETH] Mo additional Howe inelwded
Operating rooms:

Ansestherise 4 =4l

Surgeon 40 ) = 4
hperating suires E1h f,'i = Bl o [fd = 118042
Post-amaesthesn recovery 4l £ = 4+ [ = 1 pai4]
Maternity:
LRI pusorns:

Mother 41 £ =4l + [(m— 13404

by 4i Mo additional Aow included
Uhperaning suices;

Anaesihenist 40 )= 4

Oibstersician a0 )= 40
Operating suires £2 = B+ [[#5 - 1)18042]
Posg-anaeschesin recovery 11} 3w A0 4 [ — 134004)
In=parient accommnd anon:

Woarel wnie |.|.l|1!.|1ri'.l.l1¥ -.mgir. mule-bed and trearment moom 4l )= 4l

Bubti-ward units Al 0= 40+ [(w— 104002

Miirsery, per COE space 4 Mo additonal o be included

SCRU 4 63 Al 4 [ — 104004)
Radiology/diagnostic departments:
All anaesthetic and procedures rooms 40 £ = Al 4 [ — 10d0/8)
Critical care arews 40 3 s & | (= 1)4004)|
High-dependency units 40 £ = Al [w = 134004]
Henal 40 €2y =40 5 [{n = 1)40/4]
Adule mental illness sccommodation:
ECT room 4l = 4l o+ [(m— 104004)
Post-anaecsthesia, per bed space 4l €3 Al 4 [ = 14004]
Adult acute day care accommodation
Trearment rooms 40 €3 = A4 [(r— 13d004]
Posr-nnaesthesin recovery per bed space 4in €= Al o [l = 1)400E]
Day patient accommodagion (is "Tn-pacsenr accommuodarion”) As "In-patient accommodarion”
Ciral surgery/ orthadontic
L :|II'I:1IJ|I!i|:||.',I [LEETRRER I!'|'|.u: 1 Al [Drenral vacuiiim 1:II|J:|
Consulring rooms, types 2 & 3 40 Drental vacuum only
Recovery room, per bed space 4 £ = Al 4 [iw = 10400E]
Out-parient
Treamment rooms 4i = A4l 4 [(w = 1400/8]
Equipment service rooms, sterile servioes eic 4 Hesicdual capacity will be aderuars

withowr an additiona] allowance

Primary Source and Secondary

=  Pump flow= Q (L/min)
=  Pump pressure = 60kpa

= Vessel volume = Pump flow (L/min) X 1 (minute)
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7- AGSS
Department Design flow for each terminal | Diversified flow @ (L/min)
unit (L/min)
Accident & emergency resuscitation room (per trolley space) v Q=V+[(n-1)Vi4]
Operating departments 4 Q=V+nT-1)V

Q=V+nS-1)V

Marternity operating suites

Q=V+l(n-1)V/4]

Radiodiagnostic (all anaesthetic and procedures room)

Vv
%

Oral surgery/orthodontic consulting rooms (type 1) Vv Q=Vu+[(n=1)V/4]
4

Other departments Q=V+[(n-1)Vi8]

Note:

1. For the purpose of sizing the AGS disposal system pump,
Vis taken as either 130 L/min or 80 L/min (see paragraph
10.16).

Primary Source and Secondary

= Pump flow = Q (L/min)
=  No. of vacuum pumps is two (One duty + One standby)

Notes:
If duplex pump selected one of them is duty and other is standby

if simplex pump selected another one shall be provided as standby

Table 10 Suggested sizes for gas sources

Source Service Number of cylinders | Cylinder size | Notes
Oxygen 2x10 J Used as a stand-alone manifold or
support for cryogenic system/PSA plant
Medical air 2x 10 ) Used as a stand-alone manifold or
Surgical air 2x6 ] support for compressor plant
Automatic Oxygen/nitrous oxide mixture 2x8 G
manifold - - -
Nitrous oxide 2x6 G
Carbon dioxide 2x4 VF
Helium/oxygen 2x4 H
Nitrogen 2x6 \4
Oxygen 2x2 J
Medical air 2x2 J
Surgical air 2x1 J
Manual ()xygcn/ni(rous oxide mixture 2x2 G As SCCO"d]I')’ suppl)* for an automatic
manifold | Nitrous oxide 2x2 G manifold system
Carbon dioxide 2x1 VF
Helium/oxygen 2x 1 H
Nitrogen 2x2 W
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Outlets and Pipes Sizing

1- French Standard Medical Gas Outlet

3- English Medical Gas Outlet

TRORBART AR E I |
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Wall Mounted Outlets

corkl |
| @] = %

— —

Bed Head Unit Outlets

i

Multi Movement Electric Single Arm Pendant

p's

75| Page



o

ASEC OFFICE
BIMENGINEERING

Pressure Drop from Source to Outlet
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Nominal Plant Pressure Alarm Alarm Alarm Minimum
Pressure | Pressure Safety High Low Local Pressure Qutlet
4 bars 420 KPA 530 KPA 500 KPA 370 KPA | 360 KPA 370 KPA
7 bars 850 KPA 1100 KPA 1050 KPA | 650 KPA | 650 KPA 700 KPA
-VA 60 KPA 48 KPA 37 KPA 40 KPA

A- 4 Bar Gases:

Pressure at source of supply = 420 Kpa.
= Pressure at most remote outlet = 370 Kpa.
= Maximum pressure drop = 50 Kpa.
= Pressure drops from Source to Riser = 7 Kpa.
* Pressure drops through Riser = 7 Kpa.
» Pressure drops from Riser to most remote outlet = 7 Kpa.
= Pressure drops through Outlet = 21 Kpa.
= Total pressure drops in Piping = 42 Kpa.

B- 7 Bar Gases:
Pressure at source of supply = 850 Kpa.
» Pressure at most remote outlet = 700 Kpa.
= Maximum pressure drop = 150 Kpa.
» Pressure drops from Source to Riser = 40 Kpa.
= Pressure drops through Riser = 40 Kpa.
= Pressure drops from Riser to most remote outlet = 40 Kpa.
» Pressure drops through Outlet = 21 Kpa.
= Total pressure drops in Piping = 141 Kpa.

C- Vacuum Gases:
Pressure at source of supply = 60 Kpa.
= Pressure at most remote outlet = 40 Kpa.
= Maximum pressure drop = 20 Kpa.
= Pressure drops from Source to Riser = 2.5:5 Kpa.
» Pressure drops through Riser = 2.5:5 Kpa.
= Pressure drops from Riser to most remote outlet = 5:10 Kpa.
= Total pressure drops in Piping = 15 Kpa.

(English Outlet) (French Outlet)

OXYGEN OUTLET DISS TYPE
VACUUM INLET DISS TYPE
MEDICAL AIR OUTLET DISS TYPE

N20 OUTLET DISS TYPE
WAGD INLET DISS TYPE

OXYGEN OUTLET QC TYPE
VACUUM INLET QC TYPE
MEDICAL AIR OUTLET QC TYPE
N20O QUTLET QC TYPE

WAGD INLET QC TYPE

L1
v
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Mono system (English Method - HTM)  Dual system (French Method - Afnor)

Table A2 Pipeline pressure loss: 400 kPa (4 bar) pipelines

:‘f‘;s""""“mﬁnmﬁx Distance from: sensce (m) 5t 400 kP for 7, 14, 21 ks (1, Z; 3 ped) picsute foss
Outside Pressure loss 8| 5| 30| e[ o] 22 52| isa| 213 44| 274] 305 335| 366] 396] 427 457
Diameter (kPa) T, ;
{onc) Free air Alow rate (L/min)
12 7 st 200 141 95| 75| ed| se| so| 46| 43| a0l a7 as| 4| x| m| a0
14 455 307 207 139 110 94 82 74 68 63 59 55 52 50 47 45 44
21 564 382 258 174 138 117 103 923 85 78 73 69 65 62 59 57 55
15 7 579 391 263 177 140 119 105 94 86 80 75 70 66O 63 60 58 56
14 845| s72| 386 2060] 207 a7s| 1s4] 130 127] ns| no| 104 es| 93] 80| 85| 82
21 1038 711 481 325 258 219 192 173 159 147 137 129 122 117 111 107 102
22 7 1677 1135 T68 518 411 349 a7 277 254 235 220 207 196 186 178 170 164
14 2441 1656 1123 759 604 513 451 407 373 345 323 304 288 274 262 251 241
21 3023 | 2053 1395 945 751 638 562 507 465 431 403 379 359 342 326 313 301
28 7 3363 | 2283 1547| 1047 832] 706| 622| seo| swa| 476 44s| 419 397| 378 361 346| 332
14 4881 3320 | 2257 1530 1218 1035 912 823 754 699 653 615 583 555 530 508 488
21 6034 | 4109 2800 1901 1514 1287 1135 1024 938 870 814 767 726 691 660 633 609
35 7 6023 | 4096 2783 | 1886| 1500 1275 1124 | 1013 928 861 805 758 718 683 653 626 602
14 8720 | 5943 | 4051 | 2752 2192 1865 1644 | 1483 | 1360 | 1261 1180 1111 1053 1002 957 918 883
21 10758 | 7344 | 5018 | 3415| 2723 | 2317| 2044 | 1845| 1692| 1569| 1468| 1383 1310| 1248] 1192] 1143| 1099
42 7 10103 | 6883 | 4685| 3180| 2533| 2154| 1899] 1713] 1570] 1456| 1362| 1283] 1215| 1157] 1105] 1060] 1019
14 14587 | 9963 | 6B0G| 4633 | 3694 | 3145 2775 2504 | 2296| 2130 1993 1878 1780 1694 1619 1553 1493
21 17963 | 12290 8421 5743 | 4584 3904 3446 3112 2855 2648 2478 2335 2213 2107 2014 1932 1858
54 I 14974 | 10588 | 7487 | 5294 | 4323 | 3743 3348 3056| 2830 | 2647 | 2496 2368 | 2257 | 2161 | 2076| 2001 1933
14 21176 | 14974 | 10588 | 7487] 6113 | 5294 | 4735| 4323 4002| 3743 3529] 3348| 3192] 3056] 2937 2830[ 2734
21 25935 [ 18339 | 12968 | 9169 | 7487 | 6484 | 5799 5294 | 4901| 4s8s| 4323] 4101 3910] 3743| 3597 3466| 3348
76 7 37754 | 26696 | 18877 | 13348 | 10899 | 9438 | B442| 7706| 7135 6674 6292| 5969 | 5692 | 5449 5236| 5045 | 4874
14 53392 [ 37754 | 26696 | 18877 | 15413 | 13348 | 11939 | 10899 [ 10090 | 9438 | B899 | 8442 BO49 | 7706 | 7404 7135| 6893
21 65392 | 46239 | 32696 | 23119 | 18877 | 16348 | 14622 | 13348 | 12358 [ 11560 | 10899 [ 10339 [ 9858 | 9438 | 9068 | 8738 | 8442

Table A3 Pipeline pressure loss: 700 kPa (7 bar) pipelines

Tube BS EN 1057: Distance from source (m) at 700 kPa for 7, 14, 34 kPa (1, 2, 5 psi) pressure loss
R250, Table X
Outside: | Prassuire s| 15| 30| @] o[ 22| 52| s3] m3| 244] 274] 30s| 335] 366 396] 427 457
Diameter | loss (kPa) _ )
ey Free air flow rate (L/min)
12 7 408 276 186 125 99 B4 74 67 6l 56 53 50 47 45 43 41 39
14 s99| 405 274| 18s| 147| 124 109 99| 90| 84| 78] 74| 70| 66| 63| 61| s
34 979| 664| 450 304 242] 205| usi| 13| w0 uss| 20 22| uis|[ nio| wos| 10| 96
15 7 79| s14]| 347 234 1se| 1ss| 139] 12s] 14| 06| 99 93| ss| sa| so| | 74
14 1112 754 510 345 274 232 205 184 169 156 146 138 130 124 118 114 109
34 1811 1231 836 566 450 383 337 304 279 258 242 227 215 205 196 188 180
2 7 2192 1488 1009 82| 42| 40| 406| 366| 335| 310[ 290 273 259| 246 235 25| 217
14 3198 | 2175| 1478 1001| 797 77| s97| s3s| 493| 4s7| 48| 403| 3s1| 363| 347| 332 320
34 5180 3533 2410 1638 1306 1131 980 884 811 752 704 663 628 598 571 548 527
28 7 4387 2984 2027 1374 1093 929 819 739 677 628 587 553 524 498 476 456 439
14 6382 4351 2963 2013 1604 1364 1203 1086 995 923 863 813 771 734 701 672 646
34 | 10290 | 7038| 4s16| 3283 2620 2232] 1970| 1779| 1632 1514 1417] 1335] 1266] 1205| 11s2| 1105] 1063
35 7 7841 | s5345| 3638| 2470 1968] 1674] 1476 | 1332] 1221 1132] 1059 998] 94s| 900| seo| sos| 793
14 | 13so| 7775| s307| 3e12]| 2881 2453 2165] 1954] 1792] 1662] 1556 1466] 1389 1323] 1264] 1212] 1166
34 18271 | 12528 8599 SB7G| 4696 | 4003 3536 | 3194 2931 2720 2547 2401 2276 2168 2073 1988 1912
42 7 13128 8964 6113 4159 3316 | 2823 2490 2248 2061 1912 1789 1686 1598 1521 1454 1394 1341
14 19010 | 13012 8901 6070 4847 4129 3646 3293 3021 2803 2624 2473 2344 2232 2134 2047 1969
34 | 30392 ] 20892 | 14381 9849] 7881] 6723| s942| s5371| 4930 4577| 4286] 4042] 3833] 3651| 3491 3349| 3223

77 | Page



a ASEC OFFICE
BIMENGINEERING

Tel: 0020-1093460618
Email: A.shuhayb@asec.work

Table A4 Pipeline pressure loss: 1100 kPa (11 bar) pipelines

British Standard
Size Tube BS EN Distance from source (m) at 1100 kPa for 7, 14, 34 kPa (1, 2, 5 psi) pressure loss
1057: R250, Table X _
Outside | Pressure 8] 1] 30| er] o[ 122] 52| s3] 213 244] 274 305 335] 3e6| 396 427] 457
Diameter | loss (kPa) o .
{mm) Free air flow rate (L/min)
12 7 487 356 252| 77| 144 124 12| 102 94 88 84 79 75 72 69 67 65
14 689 503| 355| 249| 204| 177| 158| 144| 133| 124 n8| 11| 06| 102 98 94 91
34 1084 791 560 392 321 277 249 227 210 197 185 176 167 161 154 148 143
15 7 867| 634| 448| 314| 257 222 199 181| 168| 157 148| 141 134| 128| 124] 19| 115
14 1226 895| 633| 444| 363| 314| 281 257| 238| 222| 209| 199 189| 181| 174| 168| 162
34 1929 1409| 996| 98| 572| 494 443 403| 373| 350 330| 313 298| 285| 275| 264| 256
22 7 2332| 1703 | 1205| 845| 692| 598| 535| 487| 452| 423| 399| 378| 360| 345| 332 319| 309
14 3294 | 2405| 1701| 1193 977 844 755 689 638 597 562 534 509 487 468 451 436
34 5185| 3787| 2678| 1878| 1537| 1328| 1189| 1084| 1005| 939| 886| 840| 801| 767| 737| 710| 686
28 7 4469 | 3263 | 2308| 1618| 1325| 1145| 1025 935| 866| 809| 764| 724| 91| 660| 636| 612| 591
14 6311 | 4608 | 3259| 2286| 1872| 1616| 1448| 1320| 1223| 1143| 1078| 1022 976| 933| 897| 864| 835
34 9935 7255| S5130| 3598 | 2946 | 2544| 2279| 2077| 1926| 1799| 1698 | 1609| 1535| 1469 | 1412] 1359| 1315
35 7 7718 | S636| 3985| 2795| 2289| 1976| 1771| 1614| 1495| 1397 1319| 1250| 1192| 1141| 1097| 1056 | 1021
14 10898 | 7959 | 5628| 3947 3231| 2791| 2500| 2279| 2112| 1973| 1862| 1765| 1684 | 1611| 1549| 1492 1442
34 17157 | 12530 | 8860 | 6213| 5087 | 4394| 3936| 3587| 3325| 3107| 2932 2779| 2651| 2537| 2439| 2348| 2271
42 7 12550 | 9166 | 6481 | 4545| 3721| 3214| 2879| 2624 | 2432| 2272| 2144| 2033| 1940| 1855| 1784| 1718| 1661
14 17724 | 12944 | 9152| 6418| 5255| 4538| 4066| 3706| 3435| 3209| 3029 2871 2739| 2620 2519| 2426| 2345
34 27902 | 20377 | 14409 | 10104 | 8273 | 7145| 6401| 5834 | 5407| 5052| 4768 | 4519| 4312| 4125| 3966| 3819| 3692
Table A5 Pipeline pressure loss (vacuum)
British Standard
Size Tube BS EN Distance from source (m) at 59 kPa (450 mm Hg) for 1.3, 2.6, 3.9, 6.5 kPa (10, 20, 30, 50 mm Hg) pressure loss
1057: R250, Table X
Outside | Pressure 8| as| s er| o] a22] as2| ass| 23] 244 274 s0s| 33s| see| a96| 427|457
Diameter | loss (k) .
(e Free air flow rate (L/min)
12 1.3 - - - - - - - - = = = = = = = - ~
2.6 a7 = . - - . . . . . . - . . . . .
3.9 Gl 40 - - - - - - - - - . — — ~ ~ —
6.5 82 55 - - - - - - - - - - - - - - -
15 1.3 59 = = > - = > = - - = = = = - = =
2.6 89 59 30 - - - = = = £ = = = = = = =
3.9 113 76 5] . - - . . S = . . . = - . .
6.5 153 103 69 46 = = = = - = = = = = = = =
2 1.3 173116 78 52 4l - - - - - - - - - - -
2.6 260 174 117 79 62 53 6 [P = - - . = = = 5
3.9 330 20 149 100 79 &7 59 53 9 5 42 i0 B . - B B
6.5 445 301 203 137 108 92 81 73 67 62 57 54 51 49 a6 a5 a3
28 1.3 350 236 159|106 84 71 63 36 51 48 44 a2 40 : = 2 >
2.6 525 353| 238[ 1e0| 127] 107 94 85 78 72 67 63 60 57 54 52 50
3.9 666| 448 303 204 161 137]  120] 108 99 92 86 81 76 73 69 66 7]
6.5 900 G607 412| 278 20| 187 164| 148] 135| 125 117 10| 104 90 95 9] 87
35 1.3 637| 427] 288] 193 i53| 130] 14| 102 94 87 81 76 72 9 65 63 60
2.6 947|  638| 43l| 290 230 195] 171 154] 141 131 22| 15 109 103 99 95 91
3.9 [198] 808| 548 360 293| 248 28| 197] 80| 167 156] 147 130| 132 126 121 116
6.5 1614 1091 | 743] S03| 399 339| 298| 269| 246| 228| 13| 00| 190| 180| 72| 165] 158
12 1.3 1074 724| 488 | 328 | 260] 220] 194 174 160] 148 | 138] 130 123 117 | 11l 107|103
2.6 1598 1079] 73 493 301 33 201 262| 240 220| D08| 196 185] 176| 168 61 155
3.9 2016] 1363 | 92 626 | 497 422|371  334| 306| 283] 265] 249 23 224 214 205 197
6.5 2706|1833 ] 125 851  677] 57 S06| 456] 417 387] 36 30| 32 306|293 80| 2t
54 1.3 2091|1480 1001 674 535 45; 399 359 329 304 284 268 [ 25 241|230 0] 21
2.6 3246] 2196| 1493| 1010| 802| 681|599 S40| 494 458 28 03| 381 363] 346] 332 318
3.9 4083 2766| 1889 [ 1281 1019] B65| 762 GB7| 629 582 545  S13| 48| 462| 4dl| 423|406
6.5 5448 | 3699 | 2549 1737 | 1384] 1176 1037 935 856| 794 742| 699 662|630 | 60|  576] 554
76 1.3 5521 3773| 2563| 1733| 1377] 1169] 1029 27| ®49| 786] 735] 692 655 623 595| s70] 548
2.6 BO70| 5563 | 3807 | 258G | 2058 1749 1541 1389] 1273] 1179] 1103] 1038 983| 936| 894| 857 | 823
3.9 10041 | G968 | 4801 3274 | 2009| 2219 1957 1765| 1617| 1499 1402 1320] 1250 1190 1137] 1090] 1048
6.5 13166 9233 | 6439 4421 | 3533 | 3009| 2655 | 2396] 2197 | 2037 1906] 1796| 1701| 1619| 1547] 1483| 1426
108 1.3 12874 0140 6543 | 4552| 3732| 3280 2879 | 2628 2433| 2276 1919] 2036| 1941 1858 1785] 1712] 164l
2.6 18207 | 12874 | 9235 6578 | 5274] 4552| 4071 ] 3716| 3441 3219 3035| 2879 2745| 2628 2525 2422] 2325
3.9 22494 15905 11374 8114 6509 5657 | 5030 4592 4251 3976 3750| 3557 | 3391 | 3247 | 3119] 2992| 2870
6.5 20238 | 20675 | 14708 | 10520 | B8445| 7343 6538 | 5968 | 5526| 5169 | 4873 4623 | 4408 | 4220 4055] 3889 3730
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Example

Calculate the pressure drop in a 15 mm diameter pipe, 12 m in length, carrying medical air at
a design flow rate of 800 L/min.

Solution

The pressure drop Ap across the pipe can be calculated from the formula:

Ap =

Measured length of pipe ( Design flow

2
) x Pressure drop from Table

Nearest length of pipe from Table Nearest flow from Table

From Table, the nearest length to 12 m is 15 m and the nearest flow rate to the design flow of
800 L/min is 711 L/min in the 15 m column, at which there is a pressure drop of 21 kPa across
a 15 mm diameter, 15 m length of pipe.

Using these values, Equation gives a pressure drop across the 12 m pipe of:

12 /8002
Ex(m) x21 = 21.3 KPA

If this loss is unacceptable, use the next (higher) pipe size, that is 22 mm. The nearest flow
rate to 800 L/min is now 1135 L/min, representing a pressure loss of 7 kPa over 15 m.

In this instance:

Ap = 2.8 kPa.

Table A6 Equivalent lengths for copper fittings

6mm | 8mm | 10mm | 12mm | 15mm | 22 mm | 28 mm | 35 mm | 42 mm | 54 mm | 76 mm
Ball valve 0.10 0.10 0.20 0.30 0.30 0.60 0.90 0.90 1.10 1.20 1.20
Tee (Thru') 0.12 0.15 0.18 0.21 0.32 0.42 0.54 0.70 0.82 1.05 1.56
Tee (Branch) 0.46 0.52 0.70 0.80 0.95 1.26 1.60 2.10 2.45 3.14 4,67
90° Elbow 0.17 0.20 0.25 0.33 0.47 0.63 0.80 1.05 1.23 1.58 2.36

Table A7 Equivalent lengths for ABS (acrylonitrile butadiene styrene) vacuum fittings

40 mm 50 mm 70 mm 100 mm | 125 mm
Tee (Thru') 0.95 1.23 1.65 2.20 2.56
Tee (Branch) 2.76 3.38 4.57 6.12 7.68
90° elbow 1.25 1.71 2.44 3.08 3.84
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