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• Chapter 14, High-Rise Residential, is a new chapter with specifics for residential spaces in
tall buildings.

• Chapter 15, Electrical System Interfaces, deals with difference between the landlord’s
electrical supply and tenants’ electrical supply as well as the diverse requirements for
standby power in a modern-day tall building.

• Chapter 16, Intelligent Building and Controls, is a new chapter that presents some of the
many requirements of modern-day tall buildings.

• Vertical transportation systems. Vertical transportation has improved dramatically in the
last ten years, not only because of the different building types in tall buildings but also
because of improvements in elevator technology and the logistics of people movement.

The design of any tall building is the result of the collaborative effort of owners, architects,
structural engineers, mechanical and electrical engineers, and other specialized engineers and
consultants.

Every building is a product of its location, the time during which the building is designed
and erected, and the specific client for whom the building is being constructed. Although a
building is constructed of multiple commercially available products, in its completed state,

 Figure 1.3  The Burj Khalifa.
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2. Façades for tall buildings, leakage rates, and pressure resistance. As the façade dimensions
increase in proportion to the building’s height, so too does the requirement for limiting
leakage rates and increasing pressure resistance of façades.

3. Natural ventilation for tall buildings. During the past couple of years, there have been fre-
quent requests for spaces to be naturally ventilated. Ambient conditions at higher levels
are often complicated, and therefore natural ventilation design becomes critical.

4. Energy calculations and consumption for tall buildings. Nearly all new buildings are
required to comply with some level of U.S. Green Building Council’s Leadership in
Energy and Environmental Design (LEED®) green building certification program. Many
building codes require compliance with an energy code, in many cases based on ASHRAE
Standard 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings, and
therefore the energy performance calculations become critical. ASHRAE Standard 189.1
will also be referenced in the future.

5. Revised stack effect calculations for tall buildings. As buildings become taller, the calcula-
tion and effect of stack effects become more critical.

6. Green/sustainable tall buildings. With both ASHRAE and the AIA issuing challenges for
buildings to be net zero, the sustainability of tall buildings becomes more critical.

7. Present day trends in tall building HVAC systems, such as active beams and variable-
refrigerant-flow (VRV) systems.

This revised design guide provides information on the following aspects of tall building
designs:

• Chapter 2, Architectural Design, does not address the aesthetics of buildings but does dis-
cuss possible core layouts and emergency egress routes and refuge floors from an architec-
tural perspective. Floor efficiencies are also outlined.

Figure 1.1  The world’s tallest buildings completed by 2014.
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• Different aspects of climatic data, vertically over the height of a building are reviewed.
• Chapter 3, Façade Systems, does not cover any structural engineering but does provide

information on interpreting present-day energy codes that present some stringent chal-
lenges for tall buildings.

• Chapter 5, Indoor Air Quality and Thermal Comfort, provides guidance on required venti-
lation aspects of tall buildings, especially when investigating the possibility of naturally
ventilating spaces such as residential and even offices. The thermal comfort of occupants
is also important, not only because of occupants in these buildings but also in evaluating
glazing and the mean radiant temperature (MRT) near it, specific HVAC systems, and the
application of natural ventilation when assessing occupant comfort by the adaptive com-
fort method.

• HVAC systems are presented and include traditional systems and some newer trends such
as radiant systems and active and passive beams.

• Mechanical, electrical, and IT equipment rooms are always worth discussing and these are
included.

• Central plants are still fairly traditional, but new specifics are presented.
• Chapter 9, Water Distribution Systems, has been revised to include specifics for modern-

day tall buildings of heights over 2000 ft (600 m).
• Chapter 10, Energy Modeling and Authentication, is a new chapter and provides informa-

tion on how to model tall buildings and their systems and, most importantly, how to
authenticate the proposed energy usage.

• Chapter 12, Plumbing Systems, includes information on traditional plumbing systems and
also specifics such as grey and black water systems.

• Chapter 13, Life Safety Systems, contains new code requirements and solutions for life
safety systems in tall buildings.

 Figure 1.2  The world's 100 tallest buildings by function.



Rank Building
[A]

 City Country Height
[9]

 Floors Built 

1 Burj Khalifa Dubai 

 United Arab 
Emirates 

828 m 2,717 ft 163 2010 

2 Shanghai Tower Shanghai  China 632 m
[10]

 2,073 ft 128 2015 

3 Abraj Al-Bait Clock Tower Mecca  Saudi Arabia 601 m
[11]

 1,971 ft 120 2012 

4 Ping An Finance Centre Shenzhen  China 599 m 1,965 ft 115 2017 

5 Lotte World Tower Seoul  South Korea 554.5 m 1,819 ft 123 2016 

6 One World Trade Center New York City  United States 541.3 m 1,776 ft 104 2014 

7 
Guangzhou CTF Finance 
Centre 

Guangzhou  China 530 m
[12]

 1,739 ft 111 2016 

7 Tianjin CTF Finance Centre Tianjin  China 530 m 1,739 ft 98 2018 

9 China Zun Beijing  China 528 m 1,732 ft 108 2018 

10 Taipei 101 Taipei  Taiwan 508 m
[13]

 1,667 ft 101 2004 

11 
Shanghai World Financial 
Center 

Shanghai  China 492 m 1,614 ft 101 2008 

12 
International Commerce 
Centre 

Hong Kong  China 484 m 1,588 ft 118 2010 

13 Lakhta Center
[14]

 

St. 
Petersburg 

 Russia 462 m 1,516 ft 86 2018 

14 Landmark 81 

Ho Chi Minh 
City 

 Vietnam 461.2 m 1,513 ft 81 2018 

15 Changsha IFS Tower T1 Changsha  China 452.1 m 1,483 ft 88 2017 

16 Petronas Tower 1 Kuala Lumpur  Malaysia 451.9 m 1,483 ft 88 1998 

16 Petronas Tower 2 Kuala Lumpur  Malaysia 451.9 m 1,483 ft 88 1998 

16 The Exchange 106 Kuala Lumpur  Malaysia 451.9 m 1,483 ft 97 2018 

19 Zifeng Tower Nanjing  China 450 m 1,476 ft 89 2010 

19 Suzhou IFS Suzhou  China 450 m 1,476 ft 92 2017 

21 
Willis Tower (formerly 
the Sears Tower) 

Chicago  United States 442.1 m 1,450 ft  108 1974 

22 KK100 Shenzhen  China 442 m 1,449 ft 100 2011 

23 
Guangzhou International 
Finance Center 

Guangzhou  China 440 m 1,440 ft 103 2010 

24 Wuhan Center Wuhan  China 438 m 1,437 ft 88 2016
[B]

 

25 432 Park Avenue New York City  United States 425.5 m 1,396 ft 88 2015 

26 Marina 101 Dubai 
 United Arab 

Emirates 
425 m 1,394 ft 101 2015

[B]
 

27 
Trump International Hotel and 
Tower

[15]
 

Chicago  United States 423.2 m 1,388 ft 98 2009 

28 Jin Mao Tower Shanghai  China 421 m 1,380 ft 88 1999 

29 Princess Tower Dubai 
 United Arab 

Emirates 
414 m 1,358 ft

[16]
 101 2012 

30 Al Hamra Tower Kuwait City  Kuwait 413 m 1,354 ft 80 2011 

31 
Two International Finance 
Centre 

Hong Kong  China 412 m 1,352 ft 88 2003 

32 
Guangxi China Resources 
Tower 

Nanning  China 402.7 m 1,321 ft 85 2018 

33 
China Resources 
Headquarters 

Shenzhen  China 392.5 m 1,288 ft 67 2017 

34 23 Marina Dubai  United Arab 392.4 m 1,287 ft 89 2012 
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Rank Building
[A]

 City Country Height
[9]

 Floors Built 

Emirates 

35 CITIC Plaza Guangzhou  China 390.2 m 1,280 ft 80 1996 

36 Shum Yip Upperhills Tower 1 Shenzhen  China 388.1 m 1,273 ft 80 2017 

37 30 Hudson Yards New York City  United States 386.6 m 1,268 ft 73 2018 

38 
Capital Market Authority 
Headquarters 

Riyadh  Saudi Arabia 385 m 1,263 ft 77 2016 

39 Shun Hing Square Shenzhen  China 384 m 1,260 ft 69 1996 

40 Eton Place Dalian Tower 1 Dalian  China 383 m 1,257 ft 81 2015 

41 Logan Century Center 1 Nanning  China 381.3 m 1,251 ft 82 2017 

42 Burj Mohammed bin Rashid Abu Dhabi 

 United Arab 
Emirates 

381 m 1,251 ft 88 2014 

43 Empire State Building New York City  United States 381 m 1,250 ft 102 1931 

44 Elite Residence Dubai 
 United Arab 

Emirates 
381 m 1,248 ft 87 2012 

45 Central Plaza Hong Kong  China 373.9 m 1,226 ft 78 1992 

46 
Federation Tower (East 
Tower)

[17]
 

Moscow  Russia 373.7 m 1,226 ft 95 2016 

47 
Dalian International Trade 
Center 

Dalian  China 370.2 m 1,214 ft 86 2018 

48 The Address the BLVD Dubai 
 United Arab 

Emirates 
370 m 1,214 ft 72 2017 

49 Golden Eagle Tiandi Tower A Nanjing  China 368.1 m 1,208 ft 76 2018 

50 Bank of China Tower Hong Kong  China 367 m 1,205 ft 70 1990 

51 Bank of America Tower New York City  United States 365.8 m 1,200 ft 54 2009 

52 Almas Tower Dubai 
 United Arab 

Emirates 
363 m 1,191 ft 68 2009 

53 Hanking Center Shenzhen  China 358.9 m 1,177 ft 65 2017 

54 Gevora Hotel Dubai 
 United Arab 

Emirates 
356.3 m 1,169 ft 75 2017 

55 
JW Marriott Marquis Dubai 
Tower 1 

Dubai 
 United Arab 

Emirates 
355 m 1,166 ft 82 2012 

55 
JW Marriott Marquis Dubai 
Tower 2 

Dubai 
 United Arab 

Emirates 
355 m 1,166 ft 82 2012 

57 Emirates Office Tower Dubai 
 United Arab 

Emirates 
355 m 1,163 ft 54 2000 

58 Raffles City Chongqing T3N
[18]

 Chongqing  China 354.5 m 1,163 ft 79 2018 

58 Raffles City Chongqing T4N
[18]

 Chongqing  China 354.5 m 1,163 ft 79 2019 

60 OKO Tower - South Tower Moscow  Russia 354 m 1,160 ft 85 2015 

61 The Marina Torch Dubai 
 United Arab 

Emirates 
352 m 1,155 ft 86 2011 

62 Forum 66 Tower 1 Shenyang  China 350.6 m 1,150 ft 68 2015 

63 The Pinnacle Guangzhou  China 350.3 m 1,149 ft 60 2012 

64 
Xi An Glory International 
Financial Center

[19]
 

Xi'an  China 350 m 1,148 ft 75 2017 
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the tall commercial building in detail regarding smoke management needs and the venting of
elevator shafts. Many of these matters are discussed in more detail by topic in later chapters of
this design guide.

ENERGY STRATEGIES

The fundamental strategy is to minimize energy usage, resource consumption, and plant
space. Several factors affect this strategy, including the following:

• Minimization of solar energy gain to occupied areas through the façade/envelope

• Use of daylight to minimize lighting, and reduction of lighting when levels rise above the
required level

• Maximizing re-use of 60% or more of the building energy use

• Minimize fan and pump energy use, possibly by floor-by-floor service

• Utilization, if possible, of wind-driven ventilation and cooling, as well as passive technol-
ogies.

• Low-energy terminal devices on occupied floors

• Allowing indoor temperature and humidity to fluctuate within comfort limits

We first propose a framework for understanding the energy consumption differences
between tall and low-rise buildings. This framework is then mapped onto city-wide energy
consumption data from New York City to discuss differences between tall and low-rise build-
ings. Finally, correlations between the data and framework are highlighted as well as additional
noteworthy trends.

 Figure 1.5  Various sustainable systems that can be applied to tall, supertall, and megatall buildings.
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• Space for risers for the piping of the HVAC system and plumbing system as well as riser
space for electrical distribution cable and the building management and fire alarm systems
distribution cabling

The number, location, and arrangement of the stairs is an architectural issue driven by the
local building codes. A minimum of two stairs are always required and the maximum travel
distance for any occupant on the floor is defined within every building code, but the specific
maximum travel distance can well vary from code to code. Moreover, for very large floor
areas, there may be a need for more than two stairs to meet the maximum travel distance
requirements. Although the entries to the stairs should be located as remotely from each other
as possible, the project design must conform to the maximum code-defined distance from any
occupied area on a floor to a stair.

The details of alternative vertical transportation systems are discussed in Chapter 13. The
effect of the elevators on the core design can involve not only the elevators serving the floors
but also the elevator shafts that contain elevators that bypass specific floors and serve floors
above the floors for which the core is being designed. This would be the case in buildings in
excess of approximately 15 to 20 floors where multiple banks of elevators are usually included
to meet the design criteria for interval and waiting time, which is critical in the selection of the
elevator system. Note that where multiple banks of elevators are deemed necessary to meet the
needs of the building, alternative core designs must be completed where a bank of elevators
serving a group of floors is eliminated beneath an elevator machine room.

A second concern in the core design as a result of the use of multiple banks of elevators is
that the alternative core, as it changes because of the elimination of a bank of elevators, must
address the shaft locations for HVAC ductwork and piping and electrical risers with minimal, if
any, offsets in these shafts. If the core is designed in a manner that requires offsets in the ser-
vice risers, it must be understood that any transfers are likely to be expensive as well as con-
sumptive of space.

Finally, the elevator system for a first-class tall commercial building usually includes ser-
vice or freight elevators which are used to move material, goods, or equipment, in addition to
people, within the building. In some buildings, usually smaller in size, one of the passenger
elevators can be used as a “swing car” used for passengers most of the time but converting to
handle material on an as-needed basis. This issue is discussed in Chapter 11.

Restrooms are, as a minimum, driven by the applicable building code. The code will man-
date the minimum number of fixtures (water closets, urinals, and lavatories) for each sex. The
Federal Americans with Disabilities Act (ADA) and the building code will also address the

 Figure 2.8  (a) Central core, (b) double core, (c) single-sided core, and (d) east and west sides.

(a) (b) (c) (d)



CHAPTER 3
Façade Systems

BUILDING ORIENTATION

Though the building orientation is normally set by the available real estate and the archi-
tectural design, the tall building HVAC designer must remember to consider increased or
decreased infiltration rates and solar loads affected by the planned building orientation. This
can be especially important for megatall and supertall buildings, because infiltration from wind
loads may be significant for very tall buildings, particularly for sites that may not have adjacent
buildings or landscape that mitigates high winds.

Existing (adjacent) buildings can provide significant shading for a newly constructed tall
building. Though an adjacent tall building can reduce the peak and annual cooling load on the

 Figure 3.1  Typical solar radiation analysis of a building’s façade.
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ing. The vertical movement of the air within the building will occur in the shafts and stairs in
the building as well as any other openings that exist at the slab edge or in vertical piping
sleeves at various locations that are less than perfectly sealed. The figure also indicates that the
movement of air into and out of the building increases as the distance from the neutral pressure
level increases.

 Figure 4.4  Example of a climate analysis.

 Figure 4.5  A typical stack effect in a building.
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trations is provided. Vestibules or air locks can be provided for loading docks with good door
seals on the doors to and from the loading dock.

The entry doors for tall buildings in cold climates should always be revolving doors.
Doors of this type are important in that they are balanced with equal pressure in opposite direc-
tions on the panels on either side of the central pivot, making their operation relatively simple
with no special effort required to have them turn. They also provide closure at all times
because of the gasketing included in a quality revolving door.

Two-door vestibules with adequate heat will work for the loading dock, assuming the doors
are properly spaced to allow them to be operated independently, with one of the two doors to the
vestibule always closed and sufficient heat provided in the space between the doors. If properly
spaced, the simultaneous opening of both doors on either side of the vestibule can be controlled.
However, two-door vestibules have proven inadequate for personnel entry because, with large
numbers of people entering the building at various times, both doors will be open simultane-
ously and major quantities of air can enter the building. In projects where two-door vestibules
have been tried for tall buildings in cold climates, there have inevitably been problems. It is
strongly recommended that revolving doors be used at all points of personnel entry.

To control possible airflow into the elevator shaft, the inclusion of doors at the entry to the
elevator banks should be included. This creates an elevator vestibule on each floor that will
minimize the flow through elevator doors that open on any given floor.

Garage entry elevators should also have an entry lobby, since these may be under the
building. This would minimize air infiltration to the tower.

Another solution is to install variable-air-volume (VAV) boxes at each floor for outdoor air
risers to regulate the air quantity; otherwise, stack effect can adversely drive the air quantities.

In cold climates, the air balance in the lobby is essential to control the building’s stack effect.
If the lobby air pressure is not controlled, the whole building will be affected. The return air pres-
sure is controlled, and in some cases the lobby supply air can be increased above the calculated
supply air volume. The lobby system should be a separate VAV system. It is also worth informing
the building engineers that the system needs to operate to control pressure and not temperature.

 Figure 4.12  The vertical temperature distribution over the height of the Burj Khalifa.
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 Figure 3.4  Breakdown of energy components for energy code building.

 Figure 3.5  Breakdown of energy components for proposal design.
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7.01 General

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

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

C.	 	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.	 Air	Change	Rate	Method

1.	 Range	0	to	10	AC/hr.
2.	 Commercial	buildings:

a.	 1.0	AC/hr.	one	exterior	wall
b.	 1.5	AC/hr.	two	exterior	walls
c.	 2.0	AC/hr.	three	or	four	exterior	walls

3.	 Vestibules	3.0	AC/hr.

B.	 CFM/sq.ft.	of	Wall	Method

1.	 Range		 0	to	1.0	CFM/sq.ft.
2.	 Tight	buildings	 0.1	CFM/sq.ft.
3.	 Average	buildings	 0.3	CFM/sq.ft.
4.	 Leaky	building	 0.6	CFM/sq.ft.

C.	 Crack	Method

1.	 Range		 0.12	to	2.8	CFM/ft.	of	crack
2.	 Average		 1.0	CFM/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.	

B.	 	Cooling	infiltration	values	are	generally	taken	as	1/2	of	the	values	listed	earlier	
for	heating	infiltration.
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• Model it using weather forecasting techniques

The use of remote sensing offers direct measurements, and the measurement protocol can
be established to take simultaneous ground and elevated measurements. The options for sens-
ing climate variables above grade include Lidar, weather balloons, and satellites although some
methods (e.g., satellites) measure temperature indirectly.

Climate modeling, such as that conducted by weather services, can also be used to gener-
ate climate data for the past. The advantage of this is that measurements at different weather
stations can be used to seed the simulations. This means that the climate modeling tool is used
to fill in the spaces between weather stations. The advantage of this approach for building
design is that it can be used to recreate weather records for any location on the planet, includ-
ing different elevations. Through the use of measured climate variables, the data generated by
the simulations is based on actual measurements.

CLIMATE MODELING USING MESOSCALE NUMERICAL TECHNIQUES

There are different modeling tools available, typically referred to as mesoscale numerical
weather prediction systems. They serve for both operational weather forecasting and atmo-
spheric research needs. They are based on solving the fundamental equations of atmospheric
motion on a three-dimensional grid, which includes representations of terrain and land use in
the modeling.

The modeling can incorporate parameterizations for various grid scale and subgrid scale
physical processes that influence atmospheric conditions, such as boundary layer turbulence,
deep convection and cloud formation, precipitation, radiation, surface heat transfer, and moisture
flux. Thus, various weather conditions, including sea breeze events, ground-level fog, and verti-
cal wind shears can be detected. Further, the models contain physics for resolving turbulence
structures in the atmospheric boundary layer. The modeling is not exactly the same as computa-
tional fluid dynamic (CFD) modeling, because of the scales involved, but the process is similar.

 Figure 4.1  Wind speed profile for different ground roughness.
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It is possible to calculate the total theoretical pressure differential that exists in a building
of a given height and at various differences in temperature between the air inside the building
and the air outside the building.

The theoretical stack effect pressure gradient for alternative temperature differences and
building heights is shown in Figure 4.8. The diagram is intended to provide the potential maxi-
mum differentials that can occur (and they are significant), but these plotted values are based

 Figure 4.6  Reverse stack effect in a building.

 Figure 4.7  The airflow caused by stack effect and reverse stack effect.
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on a building with no internal subdivisions in the form of slabs and partitions. The plot, there-
fore, includes no provisions for resistance to the flow of air within the building. Further, the
permeability of the outside wall will influence the values on the diagram and, as noted earlier,
the operation of the building air-handling systems and fans will affect this theoretical value, as
will the wind effect (see Figures 4.9, 4.10, and 4.11). Accordingly, the diagram should be con-
sidered one that will point to the possible magnitude of the problem and should not be viewed
as an actual set of values for any building. The actual stack effect in any building as well as the
location of the neutral pressure level is difficult, if not in a practical sense impossible, to deter-
mine, but it does exist. Stack effect can be troublesome, and possible effects must be recog-
nized in the design documentation for a project. Furthermore, it constantly changes as lobby
doors, elevator doors, and any other opening to the building is opened or closed.

PRACTICAL CONSIDERATIONS OF STACK EFFECT
The existence of stack effect in tall commercial buildings has often presented major problems.

The problems most frequently manifest themselves in a difficulty in getting elevator doors to close
and in difficulty in heating lower levels of the building. The elevator doors’ failure to close properly
is caused by the pressure differential across the doors which, in turn, causes the door to bind in its
guide way to the degree that the closing mechanism for the elevator doors does not generate suffi-
cient force to overcome the binding effect. The heating problems are caused by the substantial
influx of cold air through the doors at the entrance level itself and across the outside wall of the
building because of the higher permeability of the wall than is the design requirement of the specifi-

 Figure 4.8  Theoretical stack effect pressure gradient for various building heights at alternative tempera-
ture differences.



Chapter 5—Indoor Air Quality and Thermal Comfort 57

Key issues for consideration in selecting and designing natural ventilation systems include
the following:

• Delivering sufficient outdoor air to dilute indoor pollutants and maintain the required ther-
mal comfort (in accordance with ASHRAE Standard 62.1 [ASHRAE 2013b] and
ASHRAE Standard 55 [ASHRAE 2013a])

• Reducing the entry of undesirable constituents in polluted outdoor air

• Good solar control and modest internal gains, plus an acceptance that the internal temper-
ature will exceed 77°F (25°C) for some period of time (CIBSE 2005)

• Controlling airflow through passive or active means, which requires well-designed sys-
tems with thorough consideration of airflows under the wide range of outdoor weather
conditions to which the building will be subjected

• A satisfactory acoustic environment (natural ventilation openings provide a noise trans-
mission path from outside to inside, which may be a determining factor in some building
locations; in addition, naturally ventilated buildings often include large areas of exposed
concrete in order to increase the thermal capacity of the space, and such large areas of hard
surface require careful attention to achieve a satisfactory acoustic environment for the
occupants)

• Smoke control (because smoke can follow natural ventilation paths, the integration of the
fire safety strategy must be integrated with the natural ventilation design)

• Health and safety (many natural ventilation openings will be at significant heights above
floor level, so safe/easy access to these openings/control devices is required to be consid-
ered in the design)

 Figure 5.1  Natural ventilation concept for a supertall building.
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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.)

Occupancy
Category

People Outdoor
Air Rate

Rp

Area Outdoor
Air Rate

Ra Notes

Default Values

Air
Class

Occupant Density
(see Note 4)

Combined Outdoor
Air Rate (see Note 5)

cfm/
person

L/s·
person

cfm/ft2 L/s·m2 #/1000 ft2

or #/100 m2
cfm/

person
L/s·person

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 4.3 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

University/college
laboratories

10 5 0.18 0.9 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/ft

3 (1.2 kgda/m
3), 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.
5 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”).

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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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

Occupiable storage rooms
for liquids or gels

5 2.5 0.12 0.6 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

Laundry rooms within
dwelling units

5 2.5 0.12 0.6 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 3.5 1

Main entry lobbies 5 2.5 0.06 0.3 10 11 5.5 1

Occupiable storage rooms
for dry materials

5 2.5 0.06 0.3 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

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.)

Occupancy
Category

People Outdoor
Air Rate

Rp

Area Outdoor
Air Rate

Ra Notes

Default Values

Air
Class

Occupant Density
(see Note 4)

Combined Outdoor
Air Rate (see Note 5)

cfm/
person

L/s·
person

cfm/ft2 L/s·m2 #/1000 ft2

or #/100 m2
cfm/

person
L/s·person

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/ft

3 (1.2 kgda/m
3), 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.
5 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”).

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
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Freezer and refrigerated
spaces (<50°F)

10 5 0 0 E 0 0 0 2

General manufacturing
(excludes heavy industrial
and processes using
chemicals)

10 5.0 0.18 0.9 7 36 18 3

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

Sorting, packing, light
assembly

7.5 3.8 0.12 0.6 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

Places of religious
worship

5 2.5 0.06 0.3 120 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 2.5 0.12 0.6 10 17 8.5 1

Lobbies 5 2.5 0.06 0.3 150 5 2.7 1

Museums (children’s) 7.5 3.8 0.12 0.6 40 11 5.3 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 F,G F 1

Common corridors — — 0.06 0.3 1

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.)

Occupancy
Category

People Outdoor
Air Rate

Rp

Area Outdoor
Air Rate

Ra Notes

Default Values

Air
Class

Occupant Density
(see Note 4)

Combined Outdoor
Air Rate (see Note 5)

cfm/
person

L/s·
person

cfm/ft2 L/s·m2 #/1000 ft2

or #/100 m2
cfm/

person
L/s·person

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/ft

3 (1.2 kgda/m
3), 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.
5 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”).

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.
14 ANSI/ASHRAE Standard 62.1-2013
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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 (Ez) 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.

6.2.2.3 Zone Outdoor Airflow. The zone outdoor air-
flow (Voz), 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.

Voz = Vbz/Ez (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

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

Gym, sports arena
(play area)

20 10 0.18 0.9 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 5.4 1

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.)

Occupancy
Category

People Outdoor
Air Rate

Rp

Area Outdoor
Air Rate

Ra Notes

Default Values

Air
Class

Occupant Density
(see Note 4)

Combined Outdoor
Air Rate (see Note 5)

cfm/
person

L/s·
person

cfm/ft2 L/s·m2 #/1000 ft2

or #/100 m2
cfm/

person
L/s·person

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/ft

3 (1.2 kgda/m
3), 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.
5 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”).

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 15

 Thomson Reuters (Scientific) LLC, www.techstreet.com



© 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.

Copyrighted material licensed to Joseph Finkam on 2016-03-07 for licensee's use only.  All rights reserved. No further reproduction or distribution is permitted. Distributed for ASHRAE by
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.

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

TABLE 6.5 Minimum Exhaust Rates

Occupancy Category
Exhaust Rate,
cfm/unit

Exhaust Rate,
cfm/ft2 Notes

Exhaust Rate,
L/s·unit

Exhaust Rate,
L/s·m2

Air
Class

Arenas — 0.50 B — — 1

Art classrooms — 0.70 — 3.5 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 — 3.5 2

Locker/dressing rooms — 0.25 — 1.25 2

Locker rooms — 0.50 — 2.5 2

Paint spray booths — — F — — 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.
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

the higher rate.
F See other applicable standards for exhaust rate.
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.
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tion. The considered dynamic head should be the head generated by the pump at or close to shut-
off at full pump speed even if variable-speed pumps are used. This is because it is possible to
operate the pumps at this shutoff point at full speed. The point is that the working pressure on
piping and equipment will be less as the static head at a specific location is reduced.

CHILLED-WATER PIPING ARRANGEMENTS
The arrangement of the piping of the chilled water in any project is subject to alternative

approaches as a function of the experience of the designing HVAC engineer, local practices, and
the needs of the project. There are basically two alternative approaches that find application in
tall commercial buildings. Either of these two basic alternatives is subject to variation by the
design engineer, but any specific solution will be a modification of either of the basic concepts.

 Figure 9.2  A typical distribution of water systems for a megatall building.
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a resultantly small number of fittings. Valves are also only installed at the machines and are
few in number. This limit in the number of fittings and the smaller number of valves may not
be sufficient to offset the cost of the flat-plate heat exchanger and its valving as well as the
added pump on the secondary side of the heat exchanger. Beyond that, there will be an increase
in the temperature of the condenser water, which will increase the cost of operating the refrig-
eration machines.

PIPING, VALVES, AND FITTINGS
The working pressure on the piping, valves, and fittings at various levels in a building

must allow a proper specification of the piping material. In the United States, with steel pipe,
Schedule 40 pipe is the standard wall thickness for pipes up to 10 in. (250 mm) in diameter. For
pipes 12 in. (300 mm) and larger, the pipe standard used has a wall thickness of 0.375 in.
(9.5 mm). Either of these standards would accommodate the working pressures experienced in
any expected pipe diameter in any tall commercial building. The allowable pressures for vari-
ous pipe diameters can be found in the ASME publications ASME B16.34-1996,
ASME B31.9-1996, and Boiler and Pressure Vessel Code and in the publications of various
pipe manufacturers. The valves that are used should be reviewed in the valve manufacturers’
literature to ensure their ability to meet the project’s requirements.

 Figure 9.5  Zoned chilled water for 2000 ft (600 m) tall building.
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systems must be efficient and reliable, particularly in very exclusive properties where the ele-
vator opens directly into the residence. Properly designed elevator systems complement and
enhance the asset value of the property.

Elevator systems must also address special needs including, but not limited to, the following:

• resident security
• visitor access
• deliveries
• discreet penthouse access
• resident move-in/move-out
• accessibility for the mobility impaired
• stretcher accommodation
• discreet maid service

The elevator system should be designed based on the late afternoon/early evening peak
five-minute two-way traffic condition. This reflects the most demanding traffic period, when
residents return from work and leave for evening activities. Target performance requirements
are based on the location of the property, the type and quality of the property, the number and
type of residential units (one-bedroom, two-bedroom, etc.), and the projected number of per-
sons per each type of unit. Next, determine the appropriate average interval and required han-
dling capacity, as a percentage of the theoretical residential population. These values then
allow calculating the number, capacity, and speed of the elevators required.

Separate parking elevators from the garage levels to the main lobby provide security for
residents by requiring a physical transfer between the parking garage elevators and the residen-
tial tower elevators. This also improves the efficiency of the tower elevator systems, particu-

 Figure 11.6  The different floor levels of the Burj-Khalifa in Dubai.
Popp (2013).
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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. 

 

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? 



 

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. 



 

 

 

Why Packed Expansion Joints Should Not Be Used 
Many specifications call for “packed type” expansion joints for steam systems. These 
joints have the ability to absorb large amounts of movement but have a long list of 
disadvantages. The first is simply the very large anchoring loads. Second, these joints 
have packing in them and if they are left in a set position for long periods of time, the 
packing may set up, which results in higher anchor loads and even leaking. Third, they 
are very expensive. Fourth, and probably the biggest drawback, they require regular 
maintenance by a knowledgeable service technician or fitter. 
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https://fa.wikipedia.org/wiki/%D9%81%D9%87%D8%B1%D8%B3%D8%AA_%D8%A8%D9%84%D9%86%D8%AF%D8%AA%D8%B1%DB%8C%D9%86_%D8%B3%D8%A7%D8%B2%D9%87%E2%80%8C%D9%87%D8%A7_%D8%AF%D8%B1_%D8%A7%DB%8C%D8%B1%D8%A7%D9%86#cite_note-8
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C
https://commons.wikimedia.org/wiki/File:Salmanshahr.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahid_rajai_plant.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Tehran_Mosalla8.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Mashhad_yas_tower.png?uselang=fa
https://commons.wikimedia.org/wiki/File:7%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Salmanshahr.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahid_rajai_plant.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Tehran_Mosalla8.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Mashhad_yas_tower.png?uselang=fa
https://commons.wikimedia.org/wiki/File:7%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Salmanshahr.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahid_rajai_plant.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Tehran_Mosalla8.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Mashhad_yas_tower.png?uselang=fa
https://commons.wikimedia.org/wiki/File:7%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Salmanshahr.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahid_rajai_plant.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Tehran_Mosalla8.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Mashhad_yas_tower.png?uselang=fa
https://commons.wikimedia.org/wiki/File:7%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Salmanshahr.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Shahid_rajai_plant.jpg?uselang=fa
https://commons.wikimedia.org/wiki/File:Tehran_Mosalla8.JPG?uselang=fa
https://commons.wikimedia.org/wiki/File:Mashhad_yas_tower.png?uselang=fa
https://commons.wikimedia.org/wiki/File:7%D8%B3%D8%AF_%D8%B4%D9%87%DB%8C%D8%AF_%D8%B1%D8%AC%D8%A7%DB%8C%DB%8C.jpg?uselang=fa


 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

سد جیزفت ۱۸  ۱۳۴ جیزفت 

 

بزج سفید ۱۹  ۱۳۲ تُزان 

 

 ۱۲۷ اودیمشک سد کزخٍ ۲۰
 

یزيی دریاییبزج مزجان و ۲۱  ۱۲۵ تُزان 

 

مُستان ۳بزج بی ۲۲  ۱۲۰ تُزان 

 

 ۱۲۰ تُزان بزج دمايود ۲۳

 

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


 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

[۷]بزج آسمان ۲۴
 ۱۲۰ تُزان 

 

 ۱۱۸ تُزان بزج َشارٌ سًم ۲۵

 

ٔ  کىىدٌ َای خىک بزج ۲۶  ۱۱۸ اصفُان ویزيگاٌ شُید مىتظزی 

 

[۹]بزج سپُز ۲۷
 ۱۱۵ تُزان 

 

بزج وگار ۲۸  ۱۱۴ تُزان 

 

 113 تُزان بزج مجلل لکسًن ۲۹
 

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


 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

[۱۰]َتل چمزان شیزاس ۳۰
 ۱۱۰ شیزاس 

 

َای گلدستٍ ۳۵  ۱۱۰ اصفُان مصلای اصفُان 

 

۲بزج باران  ۳۶ [۷]
مشُد   ۱۱۰ 

 

 ۱۱۰ تبزیش بزج تجاری ي تفزیحی ائل گلی ۳۷
 

[۱۱]بزج ققىًس ۳۸
 ۱۱۰ سمىان 

 

 ۱۰۷ لًاسان سد لتیان ۳۹

 

سد سفیدريد ۴۰  ۱۰۶ مىجیل 

 

۱بزج الیشٌ  ۴۱ مشُد   ۱۰۵ 
 

 ۱۰۵ تُزان مجتمغ مسکًوی سامان ۴۲
 

َای بزج ۴۳  ۱۰۳ اصفُان [۱۲]سیتی سىتز اصفُان 
 

۱بزج الیشٌ  ۴۴  ۱۰۳ مشُد 
 

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


 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

[۱۳]بزج تجارت قشيیه ۴۵
 

 ۱۰۳ قشيیه

 

سد رئیس ػلی دلًاری ۴۶  ۱۰۲ بزاسجان 

 

[۱۴]بزج شُزان ۴۷
 ۱۰۰ تبزیش 

 

۳بزج باران  ۴۸ مشُد   ۱۰۰ 
 

مشُد بزج میىیاتًر ۴۹  ۱۰۰ 
 

سایىدٌ ريد سد ۵۰  ۱۰۰ چادگان 

 

َای ديقلًی الُیٍ بزج ۵۱  ۱۰۰ تُزان 

 

بزج وگیه رضا ۵۲  ۹۸ تُزان 
 

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
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 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

بزج بُشُز ۵۳  ۹۵ تُزان 

 

َای گلدستٍ ۵۴  ۹۴ ساَدان [۱۵]مسجد مکی 

 

َای گلدستٍ ۵۵ الله خمیىی آرامگاٌ سید ريح   ۹۱ تُزان 
 

۲َتل الماس  ۵۶ [۱۶]
 ۹۰ مشُد 

 

۲َتل وزگس رضًی  ۵۷ مشُد   ۹۰ 
 

 ۸۴ تبزیش بزج تجاری گل شزق ۵۸
 

[۱۷]پل غدیز اًَاس ۵۹
 ۸۱ اًَاس 

 

 ۸۰ مشُد [۱۸]بًستان ملت چزخ ي فلک ۶۰

 

مشُد بزج آبشار کًثز ۶۱  ۸۰ 
 

مشُد بزج ػدالت ۶۲  ۸۰ 
 

 ۸۰ مشُد َتل دريیشی ۶۳
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 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

مشُد بزجُای مُز کًَسىگی ۶۴  ۷۸ 

 

 ۷۸ اردبیل (بزج َای ديقلًی ريواک)درحال ساخت ۶۵
 

 ۷۵ مشُد َتل قصز طلایی ۶۶
 

بزج باوک مزکشی ۶۷  ۷۴ تُزان 

 

 ۷۲ تُزان ساختمان اسکان ۶۸

 

مشُد بزج مزيارید گًَزشاد ۶۹  ۷۲ 
 

بزج گىبد قابًس ۷۰  ۷۲ گىبد کاييس 

 

 ۷۰ مشُد بزج سلمان ۷۱
 

 ۷۰ مشُد بزج مسکًوی یاس ۷۲
 

https://fa.wikipedia.org/wiki/%D9%85%D8%B4%D9%87%D8%AF
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 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

[۱۹]بزج آلتًن ۷۳
 ۷۰ مشُد 

 

 ۷۰ مشُد ساختمان مزکشی باوک صادرات ۷۴

 

 ۷۰ مشُد مجتمغ تجاری صدر ۷۵
 

 ۷۰ مشُد َتل سی وًر ۷۶
 

َای ديقلًی سامان بزج ۷۷  ۷۰ تُزان 

 

ساختمان بًرس ايراق بُادار تُزان ۷۸  ۶۸ تُزان 

 

 ۶۷ مشُد سیست خاير ۷۹
 

https://fa.wikipedia.org/w/index.php?title=%D8%A8%D8%B1%D8%AC_%D8%A2%D9%84%D8%AA%D9%88%D9%86&action=edit&redlink=1
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https://fa.wikipedia.org/wiki/%D8%A8%D9%88%D8%B1%D8%B3_%D8%A7%D9%88%D8%B1%D8%A7%D9%82_%D8%A8%D9%87%D8%A7%D8%AF%D8%A7%D8%B1_%D8%AA%D9%87%D8%B1%D8%A7%D9%86
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https://commons.wikimedia.org/wiki/File:Mashhad_saderat_bank_tower.png?uselang=fa
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 تصًیز (ارتفاع )متز مکان وام ساسٌ رتبٍ

 ۶۵ مشُد بزج مسکًوی امام رضا ۸۰
 

 ۶۵ مشُد بزج مسکًوی آتزیه ۸۱
 

 ۶۴ تبزیش َتل کایا لالٍ پارک ۸۲

 

بیمارستان میلاد ۸۳  ۶۳ تُزان 

 

[۲۰]بزج گزگان ۸۴
 ۵۷ گزگان 

 

 ۵۵ تبزیش َتل پارس ایل گلی ۸۵

 

 ۵۲ اصفُان مىارٌ مسجد امام ۸۶
 

 ۵۱ اردبیل بزج لًکس مُتاب ۸۷
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https://commons.wikimedia.org/wiki/File:Opening_of_the_Gorgan_Tower_(Img2).jpg?uselang=fa
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