


]

wom 4 World's Tallest Building Completed Each Year
. . I Bur Knallfa
Starting with the year 2000, these are the tallest buildings completed globally each year. s e Workd e Canter
541 m/1,773 ft
700 m
x":ﬁ'smd Financlal Centar Makiah Ruyaflt Clock Tower Hotel
5 " 601 m/1,.972
Mecca
600m Talpei 101 Trump Intemational Hotel & Tower W Martiott Marguis
toenw.esm 423m/1.385 ft Hotel Duibal Tower 2
Taipel Chicago 35 m/LI6f
Dubat
S00m Ernirates Tower One -
355 m1,163 ft Shimaa Intemational Plaza
Dubal 133 mA1.094ft
Shanghai

Two Intermnatianal Finance Centre
A12m/1,352f
Hong Kong

400m
Mengara Telekom
3omimz it

Kuata tumpur

300m

200m

100m

2000
2001

Kingdom Centre
302m/me9f
Riyadh

2002
2003
2004

2005

2006
2007

- ~ o] «
= S S =)
~ ] & 3]

© Councll On Tall Buildings and Urban Habitat

2008
2009
2010



850m_
800m
750m
700m
650m
600m
550m

500m

450m

400m

350m

300m

250m

200m

150m

100m

50m

Burj Khalifa Shanghai Tower Abraj Al-Bait Towers One World Taipei 101 Shanghai World International Petronas Towers Zifeng Tower
Trade Center Financial Center Commerce Centre




900
800
100
600
900
400
300
200
100

Bur Khalita

‘Abraj Al-Bait Towers

Milad Tower

Al Hamra Tower

Princess Tower



100 1 9 5 E] 3
6 4 8 12
: : : 89
88 87 87 -
so-
so-
40 -
20 -
0 T T T " & T T T T T
(=] = (=] (=3 (=] =3 =3 T
g8 & & & &8 & & § :§ 3

100 tallest buildings by function

I
Office Mixed-use

Hotel Residential

The world's 100 tallest buildings by function.
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CITIC Plaza
Shum Yip Upperhills Tower 1
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Capital Market Authority
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1.5 Various sustainable systems that can be applied to tall, supertall, and megatall buildings.
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2.8 (a) Central core, (b) double core, (c) single-sided core, and (d) east and west sides.



Sensitivity analysis for facade orientation and solar radiation F dCa d e Sys te m
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Typical solar radiation analysis of a building’s facade.
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Figure 4.4 Example of a climate analysis.




The vertical temperature distribution over the height of the Burj Khalifa.



Energy Code

Lighting 12, 19%

Envelope, 25, 39%
< Occupants, 7,11%

Equipment, 20, 31%

Figure 3.4 Breakdown of energy components for energy code building.

Proposed Design

- 53‘

Lighting, 12, 21%

Occupants, 7,12%

Equipment, 20, 34%

Figure 3.5 Breakdown of energy components for proposal design.



7.01 General

A.

Below Grade or Interior Spaces—No infiltration losses or gains are taken for
rooms located below grade or interior spaces.

. Buildings that are not humidified have no latent infiltration heating load.

Winter sensible infiltration loads will generally be 1/2 to 3 times the conduction
heat losses (average 1.0 to 2.0 times).

7.02 Heating Infiltration (15-mph wind)

A.

1.
2.

I NS o s |

N o= 0

Air Change Rate Method

Range 0 to 10 AC/hr.

Commercial buildings:

a. 1.0 AC/hr. one exterior wall

b. 1.5 AC/hr. two exterior walls

¢. 2.0 AC/hr. three or four exterior walls

. Vestibules 3.0 AC/hr.

. CFM/sq.ft. of Wall Method

. Range 0 to 1.0 CFM/sq.ft.
. Tight buildings 0.1 CFM/sq.ft.
. Average buildings 0.3 CFM/sq.ft.
. Leaky building 0.6 CEM/sq.ft.

. Crack Method

. Range  0.12to 2.8 CEM/ft. of crack
. Average 1.0 CEM/ft. of crack

7.03 Cooling Infiltration (7.5-mph wind)

A.

Cooling load infiltration is generally ignored unless close tolerances in tempera-
ture and humidity control are required.

. Cooling infiltration values are generally taken as 1/2 of the values listed earlier

for heating infiltration.



Heat loss calculations for high buildings

Floor Addition to infiltration rate Designation of U-valve
Ground, 1st nil Normal
2nd to 4th 25% Normal
5th to 11th 50% Normal
Above 11th 100% Severe

Infiltration heat loss

Heat loss for 1 air change per hour = 0.34 W/m® K (0.018 Btu/hr ft* °F).
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Wind speed profile for different ground roughness.



EXFILTRATION INFILTRATION
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STACK EFFECT REVERSE STACK EFFECT

Figure 4.7 The airflow caused by stack effect and reverse stack effect.
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Figure 4.8 Theoretical stack effect pressure gradient for various building heights at alternative tempera-
ture differences.
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ANSI/ASHRAE Standard 62.1-2013

(Supersedes ANSI/ASHRAE Standard 62.1-2010)
Includes ANSI/ASHRAE addenda listed in Appendix }

Ventilation
for Acceptable
Indoor Air Quality
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© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (?ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
person_person ST Lism? wantim e LR
Correctional Facilities
Cell 5 2.5 0.12 0.6 25 10 4.9 2
Dayroom 5 2.5 0.06 0.3 30 7 3.5 1
Guard stations 5 2.5 0.06 0.3 15 9 4.5 1
Booking/waiting 7.5 3.8 0.06 0.3 50 9 4.4 2
Educational Facilities
Daycare (through age 4) 10 5 0.18 0.9 25 17 8.6 2
Daycare sickroom 10 5 0.18 0.9 25 17 8.6 3
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 7.4 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 13 6.7 1
Lecture classroom 7.5 3.8 0.06 0.3 65 8 43 1
Lecture hall (fixed seats) 7.5 3.8 0.06 0.3 150 8 4.0 1
Art classroom 10 5 0.18 0.9 20 19 9.5 2
Science laboratories 10 5 0.18 0.9 25 17 8.6 2
ggi)vrzrtsoirtiygscouege 10 5 0.18 09 25 17 8.6 2
Wood/metal shop 10 5 0.18 0.9 20 19 9.5 2
Computer lab 10 5 0.12 0.6 25 15 7.4 1
Media center 10 5 0.12 0.6 A 25 15 7.4 1
Music/theater/dance 10 5 0.06 0.3 35 12 5.9 1
Multiuse assembly 7.5 3.8 0.06 0.3 100 8 4.1 1
Food and Beverage Service
Restaurant dining rooms 7.5 3.8 0.18 0.9 70 10 5.1 2
Cafeteria/fast-food dining 7.5 3.8 0.18 0.9 100 9 4.7 2
Bars, cocktail lounges 7.5 3.8 0.18 0.9 100 9 4.7 2
Kitchen (cooking) 7.5 3.8 0.12 0.6 20 14 7.0 2
General
Break rooms 5 2.5 0.06 0.3 25 7 3.5 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an
air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant
density, activities, and building construction shall be used.

n

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.

B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator
area”).

D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

12 ANSI/ASHRAE Standard 62.1-2013
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© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (;ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
porson_persen_ O0® Lisw? wintm? paon Lspern
Coffee stations 5 2.5 0.06 0.3 20 8 4 1
Conference/meeting 5 2.5 0.06 0.3 50 6 3.1 1
Corridors — — 0.06 0.3 — 1
g;"l‘i‘é’i?g;eosrt;‘i‘sge rooms 5 2.5 0.12 06 B 2 65 32.5 2
Hotels, Motels, Resorts, Dormitories
Bedroom/living room 5 2.5 0.06 0.3 10 11 5.5 1
Barracks sleeping areas 5 2.5 0.06 0.3 20 8 4.0 1
Laundry rooms, central 5 2.5 0.12 0.6 10 17 8.5 2
ﬁj‘v‘:ﬁ‘;{g rooms within 5 25 012 06 10 17 8.5 1
Lobbies/prefunction 7.5 3.8 0.06 0.3 30 10 4.8 1
Multipurpose assembly 5 2.5 0.06 0.3 120 6 2.8 1
Office Buildings
Breakrooms 5 2.5 0.12 0.6 50 7 35 1
Main entry lobbies 5 2.5 0.06 0.3 10 11 5.5 1
g)‘;c(‘l"rpyii’:t’:rgsge rooms 5 2.5 006 03 2 35 17.5 1
Office space 5 2.5 0.06 0.3 5 17 8.5 1
Reception areas 5 2.5 0.06 0.3 30 7 3.5 1
Telephone/data entry 5 2.5 0.06 0.3 60 6 3.0 1
Miscellaneous Spaces
Bank vaults/safe deposit 5 2.5 0.06 0.3 5 17 8.5 2
Banks or bank lobbies 7.5 3.8 0.06 0.3 15 12 6.0 1
Computer (not printing) 5 2.5 0.06 0.3 4 20 10.0 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an
air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant
density, activities, and building construction shall be used.

wn

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.

B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator
area”).

D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

ANSI/ASHRAE Standard 62.1-2013 13

*RTUO @SN §,83SU33TT J0) L0-E0-9T0Z UD WENUTH Ydasor 03 pasuadf] Terdalew paiystdrdog

J uoswoyl RO JYYHSH J04 PIINOTJIST "PaiiTudad ST UDTINGTJISTR JO0 UOT3INpOJdad Jayidny O "pasdasad SiyaTd 1T



© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,

or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (?ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
f;jjjjr(f;gf;)f“germd 10 5 0 0 E 0 0 0 2
General manufacturing
(ai’zf;‘;giz;ngsjggusmal 10 5.0 018 09 7 36 18 3
chemicals)
Pharmacy (prep. area) 5 2.5 0.18 0.9 10 23 11.5 2
Photo studios 5 2.5 0.12 0.6 10 17 8.5 1
Shipping/receiving 10 5 0.12 0.6 B 2 70 35 2
:S"Srglfiypa"kmg’ light 7.5 3.8 0.12 06 7 25 12,5 2
Telephone closets — — 0.00 0.0 — 1
Transportation waiting 7.5 3.8 0.06 0.3 100 8 4.1 1
Warehouses 10 5 0.06 0.3 B — 2
Public Assembly Spaces
Auditorium seating area 5 2.5 0.06 0.3 150 5 2.7 1
ij:}fi;fre“gious 5 2.5 006 03 120 6 2.8 1
Courtrooms 5 2.5 0.06 0.3 70 6 2.9 1
Legislative chambers 5 2.5 0.06 0.3 50 6 3.1 1
Libraries 5 25 0.12 0.6 10 17 8.5 1
Lobbies 5 25 0.06 0.3 150 5 2.7 1
Museums (children’s) 7.5 3.8 0.12 0.6 40 11 53 1
Museums/galleries 7.5 3.8 0.06 0.3 40 9 4.6 1
Residential
Dwelling unit 5 2.5 0.06 0.3 FG F 1
Common corridors — — 0.06 0.3 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.
2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 Ibg,/ft’ (1.2 kgg,/m>), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an

air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.
Default combined outdoor air rate (per person): This rate is based on the default occupant density.

wn

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant

density, activities, and building construction shall be used.

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1
A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.
B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator

area”).
D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

ANSI/ASHRAE Standard 62.1-2013
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© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (;ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
person_person ST Lism? wmt poan Hspersn

Retail

Sales (except as below) 7.5 3.8 0.12 0.6 15 16 7.8 2
Mall common areas 7.5 3.8 0.06 0.3 40 9 4.6 1
Barbershop 7.5 3.8 0.06 0.3 25 10 5.0 2
Beauty and nail salons 20 10 0.12 0.6 25 25 12.4 2
Pet shops (animal areas) 7.5 3.8 0.18 0.9 10 26 12.8 2
Supermarket 7.5 3.8 0.06 0.3 8 15 7.6 1
Coin-operated laundries 7.5 3.8 0.12 0.6 20 14 7.0 2
Sports and Entertainment

g?g;g;;ts arend 20 10 0.18 09 E 7 45 23 2
Spectator areas 7.5 3.8 0.06 0.3 150 8 4.0 1
Swimming (pool & deck) — — 0.48 2.4 C — 2
Disco/dance floors 20 10 0.06 0.3 100 21 10.3 2
Health club/aerobics room 20 10 0.06 0.3 40 22 10.8 2
Health club/weight rooms 20 10 0.06 0.3 10 26 13.0 2
Bowling alley (seating) 10 5 0.12 0.6 40 13 6.5 1
Gambling casinos 7.5 3.8 0.18 0.9 120 9 4.6 1
Game arcades 7.5 3.8 0.18 0.9 20 17 8.3 1
Stages, studios 10 5 0.06 0.3 D 70 11 54 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an
air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.

W

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant

density, activities, and building construction shall be used.

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.

B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator

area”).
Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

D
E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.
F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

vided such value is the product of the net occupi-
able area of the ventilation zone and the default
occupant density listed in Table 6.2.2.1.

6.2.2.2 Zone Air Distribution Effectiveness. The zone
air distribution effectiveness (£,) shall be no greater than the
default value determined using Table 6.2.2.2.

Note: For some configurations, the default value depends
upon space and supply air temperature.

ANSI/ASHRAE Standard 62.1-2013

6.2.2.3 Zone Outdoor Airflow. The zone outdoor air-
flow (V,,), i.e., the outdoor airflow rate that must be provided
to the ventilation zone by the supply air distribution system,
shall be determined in accordance with Equation 6.2.2.3.

V., =V,JE, (6.2.2.3)

6.2.3 Single-Zone Systems. For ventilation systems
wherein one or more air handlers supply a mixture of out-
door air and recirculated air to only one ventilation zone, the
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© ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

TABLE 6.5 Minimum Exhaust Rates

Occupancy Category Exhaus.t Rate, Exhauzst Rate, Notes Exhau.st Rate, Exhal;st Rate, Air
cfm/unit cfm/ft L/s-unit L/s'm Class
Arenas — 0.50 B — — 1
Art classrooms — 0.70 — 35 2
Auto repair rooms — 1.50 A — 7.5 2
Barber shops — 0.50 — 2.5 2
Beauty and nail salons — 0.60 — 3.0 2
Cells with toilet — 1.00 — 5.0 2
Copy, printing rooms — 0.50 — 2.5 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories — 1.00 — 5.0 2
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 1.5 2
Kitchens—commercial — 0.70 — 35 2
Locker/dressing rooms — 0.25 — 1.25 2
Locker rooms — 0.50 — 2.5 2
Paint spray booths — — — — 4
Parking garages — 0.75 C — 3.7 2
Pet shops (animal areas) — 0.90 — 4.5 2
Refrigerating machinery rooms — — F — — 3
Residential kitchens 50/100 — G 25/50 — 2
Soiled laundry storage rooms — 1.00 F — 5.0 3
Storage rooms, chemical — 1.50 F — 7.5 4
Toilets—private 25/50 — E,H 12.5/25 — 2
Toilets—public 50/70 — D,H 25/35 — 2
Woodwork shop/classrooms — 0.50 — 2.5 2

NOTES:

A Stands where engines are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes.

B When combustion equipment is intended to be used on the playing surface additional dilution ventilation and/or source control shall be provided.

C Exhaust not required if two or more sides comprise walls that are at least 50% open to the outside.

D Rate is per water closet and/or urinal. Provide the higher rate where periods of heavy use are expected to occur, e.g., toilets in theatres, schools, and sports facilities. The lower rate

may be used otherwise.

m

the higher rate.
See other applicable standards for exhaust rate.

e}

Rate is for a toilet room intended to be occupied by one person at a time. For continuous system operation during normal hours of use, the lower rate may be used. Otherwise use

G For continuous system operation, the lower rate may be used. Otherwise use the higher rate.
H Exhaust air that has been cleaned to meet Class 1 criteria from Section 5.16.1 shall be permitted to be recirculated.

6.4.3 Control and Accessibility. The means to open
required operable openings shall be readily accessible to
building occupants whenever the space is occupied. Controls
shall be designed to properly coordinate operation of the nat-
ural and mechanical ventilation systems.

6.5 Exhaust Ventilation. The Prescriptive Compliance Path
or the Performance Compliance Path shall be used to meet the
requirements of this section. Exhaust makeup air may be any
combination of outdoor air, recirculated air, and transfer air.

ANSI/ASHRAE Standard 62.1-2013

6.5.1 Prescriptive Compliance Path. The design exhaust
airflow shall be determined in accordance with the require-
ments in Table 6.5.

6.5.2 Performance Compliance Path. The exhaust airflow
shall be determined in accordance with the following subsec-
tions.

6.5.2.1 Contaminant Sources. Contaminants or mix-
tures of concern for purposes of the design shall be identified.
For each contaminant or mixture of concern, indoor sources

19
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2000 FT 600 M
60 KPA
20FT COOLING
44-56°F COoIL 6.7-13° C
ZONE 3 ZONE 3
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Figure 9.5 Zoned chilled water for 2000 ft (600 m) tall building.




160 and above Mechanical
156-159  Communication and broadcast

155 Mechanical
139-154 | Corporate sutes
136-138 | Mechanical
125-135 | Corporate sutes
124 . At the Top observatory
123 Sky lobby
122 At mosphere restaurant
1M1-121 . Corporate suttes
109-110 | Mechanical
77-108 | Residential
76 Sky lobby
15 | Mechanical
12 | Residential

43 Sky lobby
4042 | Mechanical
38-39 . Armani Hotel suites
19-37 Armani Residences
17-18 | Mechanical
9-16 Armani Residences

1-8 Armani Hotel
Ground Asmani Hotel

Concourse Armam Hotel
B1-82  Parking, mechanical

The different floor levels of the Burj-Khalifa in Dubai.



Expansion Joints for HVAC Steam
Systems

Monday Morning Minutes | by Norm Hall, September 4, 2017

Steel expands when you heat it. This is a fact of nature and shouldn’t be overlooked
when designing the HVAC steam piping system. One way of accommodating the
expansion of the pipe is to use an expansion joint. Today, the R. L. Deppmann Monday
Morning Minutes offers a solution for steam piping expansion joints.

MetraGator

Externally pressurized
expansion joint

Expansion of Steel Pipe

There are many ways to control the expansion of steel pipe in steam distribution
systems. One obvious solution often used is the natural flexibility of the pipe by
installing a hard-piped expansion loop. Let’s look at a quick example. Let’s assume the
project has 50 PSIG saturated steam in a 10” supply pipe which is 150 feet between
anchors. The steam temperature is about300°F. If the project is in Michigan and the
pipe is 0°F when installed, how much will the pipe expand?



Carbon Steel Copper 304 Stainless Steel

Change in Linear Thermal Expansion  Linear Thermal Expansion Linear Thermal Expansion
Temperature °F in/ 100 Feet in/ 100 Feet in/100Feet
0 0 0 0
10 0.08 0.12 0.11
20 0.15 0.24 0.22
32 0.24 0.37 0.36
40 0.3 0.45 0.45
50 0.38 0.57 0.56
60 0.46 0.68 0.67
70 0.53 0.7 0.78
80 0.61 0.9 0.9
S0 0.68 1.02 1.02
100 0.76 113 1.13
120 0.91 1.37 1.37
140 1.06 1.58 1.59
160 1.22 1.8 1.8
180 1.37 2.05 2.05
200 1.52 2.3 23
212 1.62 243 2.43
220 1.65 2.52 2.52
240 1.85 2.76 2.76
260 2.02 2.95 2.99
280 2.18 3.22 3.22
300 2.35 3.46 3.46

From the chart above, with a 300°F difference, we see that the steel pipe will expand
2.35” per 100 feet or a bit over 3.5” for 150 feet. The engineer may apply a safety
factor to the numbers and ask for 4” of expansion in the piping system. Using the chart
below from the Metraflex MEJ97 expansion joint guide, the engineer identifies the
hard piped expansion loop must be 16’ long by 8 feet wide. Sometimes that required
area for the loop or the installed cost becomes a hindrance and the engineer chooses to
use an expansion joint.



Loops

ANCHOR TO ANCHOR EXPANSION

W

MOMENT GUIDE H

H MOMENT GUIDE

!

T | | T >4
12'6" 12'6"
Pipe Anchor to Anchor Expansion
Size 1" 2" 3" 43" 5" 6" 7" 8" 9" 10"
o W | 20" | 26" | 36" | 40" | 46" | 50" | 56" | 60" | 66" | 70"
"H | 40| 50" | 70" | 80" | 90" (100" |11°0” |12°0" [13'0" |14'0"
214" W | 20" | 30" | 36" | 40" | 46" | 50" | 56" | 60" | 66" | 70"
“H | 40" | 60" | 70" | 80" | 90" [10'0” |110" [12'0" |13'6" |14'0"
3“ w 2'0" 3 o" 4'0" 4'6" 5'6" 6'0" 6'6" 7'0" 7‘6" 8'0"
H | 40" | 60" | 80" | 90" |11'0" [12°'0" |13'0" | 140" | 150" |16'0"
4" w 2'6'1 3'6" 4'6" 5'6" 6'0" 7'0" 7'6" 8’0" 9'0!' 9!6"
“H] 50" | 770" | 90" [11'0" [12'0" [14'0" |15'0" [16'0" |18'0" [19'0"
5" W | 2'6"| 40" | 50" | 60" | 7'0" | 80" | 86" | 96" |100" {11'0”
"'F“_ 510:: 8'0" 1010» 12r0n 14:0:0 16'0" 1700:1 19101: 201011 22:0:0
6.‘ w 2'6" 4'6" 5'6" 6'6" 7'6" 8'6" gle" 10'6" 1 1'0" 12'0"
_'H'_ svon 9'0" 1 1'0" 1310:: 15-0:0 17non 19:01: 21 'On 22'001 2400::
8“ w 3 0" 6" 6'0" 7'6" 8'6" 8‘6" 1 016" 1 1 l6l' 1 2'6" 1 3'6"
H| 60" | 90" |12°0” | 150" |17'0" |19°0" |21'0" |23'0" |250" |27'0"
10" W | 30" | 46" | 66" | 80" | 96" [10'6" [11'6" |12'6" |13'6" |14'6"
—n— 6 oll 9'0“ 13'0'0 ’6'0.0 19'0” 21’0” 23'0!‘ 25'0" 27'0" 29'0"
12" W | 30" | 50" | 66" | 86" [10'0" |11°0" |12'6" |13'6" | 14'6" | 150"
H | 60" |100” | 130" |17'0" {20'0" |22'0" |25'0" |27'0" |29'0" |31'0"
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https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D8%AC%DB%8C%D8%B1%D9%81%D8%AA
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%B3%D9%81%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%DA%A9%D8%B1%D8%AE%D9%87
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D9%85%D8%B1%D8%AC%D8%A7%D9%86_%D9%86%DB%8C%D8%B1%D9%88%DB%8C_%D8%AF%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D8%A8%DB%8C%DB%B3_%D9%85%D9%87%D8%B3%D8%AA%D8%A7%D9%86&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:1.1.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borje_sefid2.jpg
https://commons.wikimedia.org/wiki/File:Chitgar_lake_2.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_B3.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Damavand_tower.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:1.1.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borje_sefid2.jpg
https://commons.wikimedia.org/wiki/File:Chitgar_lake_2.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_B3.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Damavand_tower.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:1.1.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borje_sefid2.jpg
https://commons.wikimedia.org/wiki/File:Chitgar_lake_2.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_B3.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Damavand_tower.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:1.1.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borje_sefid2.jpg
https://commons.wikimedia.org/wiki/File:Chitgar_lake_2.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_B3.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Damavand_tower.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:1.1.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borje_sefid2.jpg
https://commons.wikimedia.org/wiki/File:Chitgar_lake_2.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_B3.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Damavand_tower.jpg?uselang=fa
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https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%A2%D8%B3%D9%85%D8%A7%D9%86_(%D9%81%D8%B1%D9%85%D8%A7%D9%86%DB%8C%D9%87)
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%A2%D8%B3%D9%85%D8%A7%D9%86_(%D9%81%D8%B1%D9%85%D8%A7%D9%86%DB%8C%D9%87)
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D9%87%D8%B2%D8%A7%D8%B1%D9%87_%D8%B3%D9%88%D9%85
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%D8%B4%D9%87%DB%8C%D8%AF_%D9%85%D9%86%D8%AA%D8%B8%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%B3%D9%BE%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%B3%D9%BE%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D9%86%DA%AF%D8%A7%D8%B1
http://www.lexontower.com/
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Aseman_Tower_Tehran.jpg
https://commons.wikimedia.org/wiki/File:Tehran_25.11.2009_11-52-06.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Isfahan_Refinery_%26_Isfahan_Thermal_Power_Station-cut.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_sepehr.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Tehran_Negar_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Aseman_Tower_Tehran.jpg
https://commons.wikimedia.org/wiki/File:Tehran_25.11.2009_11-52-06.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Isfahan_Refinery_%26_Isfahan_Thermal_Power_Station-cut.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_sepehr.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Tehran_Negar_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Aseman_Tower_Tehran.jpg
https://commons.wikimedia.org/wiki/File:Tehran_25.11.2009_11-52-06.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Isfahan_Refinery_%26_Isfahan_Thermal_Power_Station-cut.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_sepehr.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Tehran_Negar_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Aseman_Tower_Tehran.jpg
https://commons.wikimedia.org/wiki/File:Tehran_25.11.2009_11-52-06.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Isfahan_Refinery_%26_Isfahan_Thermal_Power_Station-cut.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_sepehr.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Tehran_Negar_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Aseman_Tower_Tehran.jpg
https://commons.wikimedia.org/wiki/File:Tehran_25.11.2009_11-52-06.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Isfahan_Refinery_%26_Isfahan_Thermal_Power_Station-cut.png?uselang=fa
https://commons.wikimedia.org/wiki/File:Borje_sepehr.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Tehran_Negar_Tower.jpg
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https://fa.wikipedia.org/w/index.php?title=%D9%87%D8%AA%D9%84_%DA%86%D9%85%D8%B1%D8%A7%D9%86_%D8%B4%DB%8C%D8%B1%D8%A7%D8%B2&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D9%87%D8%AA%D9%84_%DA%86%D9%85%D8%B1%D8%A7%D9%86_%D8%B4%DB%8C%D8%B1%D8%A7%D8%B2&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D9%85%D8%B5%D9%84%D8%A7%DB%8C_%D8%A7%D8%B5%D9%81%D9%87%D8%A7%D9%86&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D8%A8%D8%A7%D8%B1%D8%A7%D9%86_%DB%B2&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D8%A8%D8%A7%D8%B1%D8%A7%D9%86_%DB%B2&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%85%D8%B4%D9%87%D8%AF
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D9%82%D9%82%D9%86%D9%88%D8%B3
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D9%82%D9%82%D9%86%D9%88%D8%B3
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D8%B3%D9%81%DB%8C%D8%AF%D8%B1%D9%88%D8%AF
https://fa.wikipedia.org/wiki/%D9%85%D8%B4%D9%87%D8%AF
https://fa.wikipedia.org/w/index.php?title=%D9%85%D8%AC%D8%AA%D9%85%D8%B9_%D9%85%D8%B3%DA%A9%D9%88%D9%86%DB%8C_%D8%B3%D8%A7%D9%85%D8%A7%D9%86&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%85%D8%B1%DA%A9%D8%B2_%D8%AE%D8%B1%DB%8C%D8%AF_%D9%82%D9%84%D8%A8_%D8%B4%D9%87%D8%B1_%D8%A7%D8%B5%D9%81%D9%87%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%B1%DA%A9%D8%B2_%D8%AE%D8%B1%DB%8C%D8%AF_%D9%82%D9%84%D8%A8_%D8%B4%D9%87%D8%B1_%D8%A7%D8%B5%D9%81%D9%87%D8%A7%D9%86
https://commons.wikimedia.org/wiki/File:Musallah_of_Isfahan.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Baran_tower_Mashhad.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Semnan_Ghoghnoos_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86_(%DB%B2).jpg
https://commons.wikimedia.org/wiki/File:Sefid-Rud-Dam.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Musallah_of_Isfahan.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Baran_tower_Mashhad.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Semnan_Ghoghnoos_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86_(%DB%B2).jpg
https://commons.wikimedia.org/wiki/File:Sefid-Rud-Dam.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Musallah_of_Isfahan.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Baran_tower_Mashhad.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Semnan_Ghoghnoos_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86_(%DB%B2).jpg
https://commons.wikimedia.org/wiki/File:Sefid-Rud-Dam.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Musallah_of_Isfahan.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Baran_tower_Mashhad.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Semnan_Ghoghnoos_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86_(%DB%B2).jpg
https://commons.wikimedia.org/wiki/File:Sefid-Rud-Dam.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Musallah_of_Isfahan.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Baran_tower_Mashhad.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Semnan_Ghoghnoos_Tower.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF_%D9%84%D8%AA%DB%8C%D8%A7%D9%86_(%DB%B2).jpg
https://commons.wikimedia.org/wiki/File:Sefid-Rud-Dam.jpg?uselang=fa
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https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%AA%D8%AC%D8%A7%D8%B1%D8%AA_%D9%82%D8%B2%D9%88%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%AA%D8%AC%D8%A7%D8%B1%D8%AA_%D9%82%D8%B2%D9%88%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D8%B1%D8%A6%DB%8C%D8%B3_%D8%B9%D9%84%DB%8C_%D8%AF%D9%84%D9%88%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%B4%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%AC_%D8%B4%D9%87%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%B4%D9%87%D8%AF
https://fa.wikipedia.org/wiki/%D9%85%D8%B4%D9%87%D8%AF
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D8%B2%D8%A7%DB%8C%D9%86%D8%AF%D9%87_%D8%B1%D9%88%D8%AF
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%AF%D9%88%D9%82%D9%84%D9%88%DB%8C_%D8%A7%D9%84%D9%87%DB%8C%D9%87&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D9%86%DA%AF%DB%8C%D9%86_%D8%B1%D8%B6%D8%A7&action=edit&redlink=1
https://commons.wikimedia.org/wiki/File:Qazvin_Trade_Tower.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Rais-Ali_Delvari_dam.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahran_Tower,_Tabriz.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borj_shahr.JPG
https://commons.wikimedia.org/wiki/File:Qazvin_Trade_Tower.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Rais-Ali_Delvari_dam.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahran_Tower,_Tabriz.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borj_shahr.JPG
https://commons.wikimedia.org/wiki/File:Qazvin_Trade_Tower.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Rais-Ali_Delvari_dam.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahran_Tower,_Tabriz.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borj_shahr.JPG
https://commons.wikimedia.org/wiki/File:Qazvin_Trade_Tower.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Rais-Ali_Delvari_dam.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahran_Tower,_Tabriz.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borj_shahr.JPG
https://commons.wikimedia.org/wiki/File:Qazvin_Trade_Tower.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Rais-Ali_Delvari_dam.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahran_Tower,_Tabriz.jpg?uselang=fa
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:%D8%B3%D8%AF.jpg
https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Borj_shahr.JPG
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https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D8%A8%D9%87%D8%B4%D9%87%D8%B1&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%85%D8%B3%D8%AC%D8%AF_%D8%AC%D8%A7%D9%85%D8%B9_%D9%85%DA%A9%DB%8C_%D8%B2%D8%A7%D9%87%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D8%B3%D8%AC%D8%AF_%D8%AC%D8%A7%D9%85%D8%B9_%D9%85%DA%A9%DB%8C_%D8%B2%D8%A7%D9%87%D8%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D8%B1%D8%A7%D9%85%DA%AF%D8%A7%D9%87_%D8%B3%DB%8C%D8%AF_%D8%B1%D9%88%D8%AD%E2%80%8C%D8%A7%D9%84%D9%84%D9%87_%D8%AE%D9%85%DB%8C%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%D8%AA%D9%84_%D8%A7%D9%84%D9%85%D8%A7%D8%B3_%DB%B2
https://fa.wikipedia.org/wiki/%D9%87%D8%AA%D9%84_%D8%A7%D9%84%D9%85%D8%A7%D8%B3_%DB%B2
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