Elevators

9.1 VYertical Transportation System

The vertical transportation system in a typical building con
sists of: (1) Service and freight elevators

(2) Passenger elevators.

The cost of such a system for a modern building is about 102 of

the total building cost.



9.2

Ideal Performance of an Elevator System

The ideal performance of an elevator system is characterized

(1)
{2)
(3)
{4)
(5)
(6)
(7)
(8)
(9)
(10}
{11)

minimum waiting time for a car at any level.
Comfortable acceleration.

Rapid transportation.

Smooth and rapid retardation.

Rapid loading and unloading.

Quick and quite power operaticn of deors.

Good visual floor indications.

Easily operated car and landing buttons.

Quite and safe operaticn of mechanical equipment.
Comfortable lighting.

good ventilation.



9.3 Types of Elevators

There are two types:

traction-type and hydraulic.
9.4 Major Elevator Equipment

The major equipment of a traction type elevator is shown in

Fig. 9.1. These are:

(1) cCar.
(2) Cables.

(3) Elevator machinery (generator, motor, controller,..etc

(4) Counter weight.
(5) Guide rails.




LONSDALE  Elevator Components Guide
ELEVATOR

Hydraulic System B8
‘T’V\ rrr'i—,—‘?,:_:"-'.

Guide | e

Shoes

"

Lol --')' ; £
|l RS
Comroller Packiog ’ P
Brailie ~ 0"
/

FloorPlate pnoorgin

Cylinder



TRACTICH SHEAVE SELECTOR TAPE ft ft 2y car
- i COMTROLLER
DEFLECTOR v il
R ¥
HOET
mi n i mum Motor room floor
T Tt s | (i ey e P o Al Sy 2 TR O 2 l 4
QCAERRAOA - Machine beam
CARLE
HEET
s & CAMED il lding stee
| PO FFKGLEDES:
COOR OPERATOR .
A FRAME . nead
B i a2y
i re
CAB & DOORS
4
| ~CAR AT SR
(— CAR BAFETY BRAKE
L 4 = B ' G
0
SILECTORA TAPE I+ hain or rope
ﬁumes\ | |
|
L 4 CIOLEPEMEATING CAPLE 1|
|
x T o e
SRR i CHEDE MRS ‘ i) o
WEKGHT " X “IT
- I
‘ |
|
|
|
|
T \_/
CUNTER WEMIHT L
OLRDE Aans =
Fig
Y ThE ]
B and | ng

AR Fiaurer 9.1 Traction ype Elesvator



DRIVING SHEAVES ILER SHEAVES DRIVING SHEAVE

EW+1.4C J.5W 4= 0.5C
. EF‘?-E*‘“ 05c] l |osw+ozc i
10
SHEAVE o)) 2507 4
1 |
i oW+ 080 T1SW 40530

- 2W 1,40
W+ 070

W= 040

ORIVING
SHEAVE

Wb 040 W 0.4C W 04
() (B} (€] {dh L&}

FIGURE 16.14 Types of roping for electric traction elevators. Rope tension and loads imposed
on sheaves and supports depend on the type of roping, car weight W, and car capacity C.






Hydraulic Elevators

* Uses hydraulics to raise and lower
car

 Equipment room location varies,
but usually located adjacent to
the hoistway on the lowest level

e 3 Basic configurations: holed,
hole less, or roped hydraulic

* Major Components: Hydraulic
pump/motor, oil reservoir,
controller, jack/jack related
equipment, cab, hoistway, doors
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energy in 1ifting and lowering the

the hydraulic elevator are:

(1)
(2)
(3)
(4)
(5)

as shown

Car.

Plunger.

Piston-cyliner arrangement.

Pump.
Control valves.

in Fig. 9.2.

car.
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9.5 Comparison Between Hyraulic and Traction-Type Elevators

(1) Hydraulic elevators are much simpler than the traction-
type because of the absence of cables, chains, counter
weights, drums, elaborate safety devices, penthouse room
and its equipment.

(2) Hydraulic elevators are cheaper.

(3) Hydraulic elevators exert very little stresses on building

structure and therefore are good choice when the absence

of the penthouse is desirable (may be due to certain

load conditions).
(4) Hydraulic elevators have higher weight carrying capacity.
(5) Hydraulic elevators are much slower than traction type.

The maximum speed of a hydraulic elevator is around 200 fpm



(6) Hydraulic elevators need deep pit in the ground.

(7) Hydraulic elevators do not have counter-weights and
therefore need much larger motor (for pumping oil) i.e.
their running cost is higher.

(8) Hydraulic elevators are limited to low-rise applications
(upto 75 ft).

9.6 Architectural Requirements for Elevators

(1) A machine room at the top of building is required for
traction-type elevators. This room should have good
ventilation to get rid of the heat generated by power
equipment.

(2) A space for the elevator shaft that can be integrated
with the building design.

(3) A minimum top clearance and a minimum bottom clearance.
The bottom of the shaft has a buffer spring (to stop a

falling car gently).



9.7 Space Considerations and Elevator Arrangements

After calculations are made to determine the number and size
of the elevators, the important task of their arrangement remains.
In doing so, the following considerations should be taken into

account:
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Figure 9.4: Cores should be arranged in a way to avoid passenger indiecision






(a) 2-car arrangement (Fig. 9.5)
Side by side s preferred.
(b) 3-car arrangement (Fig. 9.6a)

{¢) 4-car arrangement (Fig. 9.6b)
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Figure 9.5: Two-car arrangements.
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9.8 Elevator Shaft, Pit and Penthouse
(a) Shaft

It is the wvertical passage way for the car and counter
weights. It has guide rails on its side walls as well as

some mechanical and electrical control equipment.

Figure 9.6R gives rough elevator dimensional data which can be

helpful in preliminary architectural design.

(b) Pit

It is the space at the bottom of the shaft where the car buf-

fers (springs/dampers) are located.



(c) Penthouse and secondary level floor

“The penthouse contains the elevator traction machine and
control panels. The secondary level floor contains addi-
tional equipment such as the sheave.

0 located above the shaft.

0 requires about 2 stories of additional height above the
top of the elevator when it is standing at its top floor
location.

o floor area of the penthouse is about twice area of the
shaft, while the area of the secondary level is the same

as the area of the shaft.
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9.9 Structural Stresses

To design the main beams which support the penthouse floor

and subfloor, one should have a very good estimate of the elevator
loads. These loads are usually divided into:

(a) Static loads such as eqguipment weights, elevator weight and

passenger weights,

(b} Dynamic loads which result from the rate of change of momen-
tum of the moving masses (car, counter weight, etc...). When
elevator is retarded to a stop, substantial dynamic forces
result. These loads should be accounted for.



9.10 Elevator Selection

The main criteria for elevator selection are:
{a) Interval and average waiting time.
(b} Handling capacity.

{c) Travel time.

9.10.1 Definitions

(a) Interval, I
It is the average time between departure of cars.

(b) Average Lobby Time or Average Waiting Time, Tw

It is the average time spent by a passenger between
arriving in the lobby and leaving in a car.

{c) Registration Time, Tr

It is the waiting time at an upper floor after
registering & call.

(d} Round Trip Time, RT




It is the average time required for a car to make a
round trip starting from the lower terminal and
returning to it. This includes a statistically deter-
mined number of upper floor stops in one directionm and
an express return trip.

(e) Travel Time or Average Trip Time, AVTRP

[t 15 the average time spent by passengers from the
movement they arrive in the lobby to leaving the car at
an upper floor.



(f} Handling Capacity, HC

It is an indication of the maximum number of passengers
that can be handled in a given period. Uswally this
period is taken equal to 5 minutes; the handling capa-
city then is called the 5-min. handling capacity or
simply HC. When HC is expressed as T of the building
population, it is called the percent handling capacity,
PHC.

(q) Zone
Ak zone is group of floors that are served by one eleva-

tor system,



9.10.2 Relation Between Interval and Waiting Time

since the average time between the arrival of cars is I
{interval) and passengers arrive randomly, it 15 expected that

average waiting time to be about 0.5 I. However, tests showed

that

Average waiting time = 0.6 I.

Elevator service can be classified according to the waiting time

during peak time as follows:

Excellent waiting time = 15 - 18 sec
Average (good) = 22 sec
Border line = 26 sec

Suggested Elevator Intervals are given in Table 9.1.



9.10.3 Handling-Capacity Relation

The Handling Capacity of an elevator system depends on:

1) The frequency or interval I

2) The capacity of the car p i.e. the number of passengers
that a car is rated to accomodate. Note also that even
at peak time, cars are not loaded completely but

loaded to about 80% of their maximum capacity.

The S5-minute HC period is usually taken as standard.

He = 2.Mmin. x 60 sec/min x Passengers/car
Interval (sec)

ue - 300 P

The individual car loading or passenger capacity is given in Table

9.2 for typical elevator cars.

A good system in a diversified building should have a 5 min.
handling capacity of 12% of the building population. Table 9.3

below gives more details.



Table ¢,1 Suggested Elevalor Intervals

Facility Interval (in Seconds)

Office Buildings

Center cily 2510 30

Investment 30 1o 40
Residential

Prestige aparimenis 50 o V0

Middie-income apartmenis 60 1o 80D

Low-income aparimants 80 to 120

Dormitories 60 1o B0

Holels—1sl quality 40 to 60

Hotals—2nd quality 50 1o 70

Table 9.2 Car Passenger Capacity

Normal
Elavator M aximum Passenger
Capacity Passanger Load
{Pounds) Capacity per Trip
2000 12 10
2500 17 13
3000 20 16
3500 23 19
4000 28 22

*The number of passengers carmed on a wip dur-
ing peak conditions is approximately 80% of the
car capacity.



Table 9,4 Population ol Typical Buildings
for Eslimaling Elevator and Escalalor

Requiremenis
Net Area
Office Buildings Square loot per
parson
Diversifieq:
Large lower floors 110 1o 120=
Upper floors 120 1o 145
Average use 130
Single purpose 120
Hotels Persons per
sleeping room
Mormal use 1.3
Conventions 1.9
Hospitals Visitors per bed*
Ganeral privale 1.5
General public (large
wards) Jlo4
Apariment Houses Persons per
bedroom
High rental 1.5
Moderale renial housing 2.0
Low-cosl housing

2510 30

*Denally may vary for diferent lloors, Clerical and steno-
graphic area may hive a populalion density as high as

50 s R por person.

Bif visiting hours sre restricted, visilar populalion will de-
ferming elevalor requiremeants, I visiting k= nat restricted
to only @ certaim law hours, stalf reguiremants may de-
termine elevator dessgn. Where LaMic is heavy. 3 Combi-
nation of passenger cars and larged “hospilal” cars
should be uvsed o provide oplimum service

Table 9.3

Application (PHC T i .
Office building. 13 to 15%
Residential

Prestige 5 to 7

Other 6 to 8
Dormitories 10 to 11
Hotels, first quality 12 to 15
Hotels, second quality 10 to 12




9.10.4 Estimation of building population

The starting point in figuring the number and size of ele-
vators is the number of users which is generally equal to the
building population. The estimation of such population is quite
difficult. It depends among other things on building use. Tables
based on previous experience give the area allowed per person or
some other equivalent parameter. Table 9.4 gives such data for

a number of applications.

9.10.5 Travel Time or Average Trip Time AVTRP

It is defined as the sum of
(a) lobby waiting time

(b) travel time to the median floor



In Commercial Buildings

Trip time < 1 min. 1is highly desirable

75 sec 1is acceptable

90 sec 1is annoying

120 sec is the limit of tolerance.

The average trip time is a function of number of local
floors, speed of elevator, height between consecutive floors, car

weight capacity and interval.



9.10.6 Round Trip Time RT

It is the time consumed by a car from door opening at the
Tower terminal to door opening at the same terminal at the end of
a round trip to a median floor. Obviously RT depends on elevator

speed, number of floors, floor to floor height and car weight

capacity.
RT is composed of the time for each of

(a} Loading at the lobby.

(b) Door closing at the lobby.

(c) Accelerating from terminal.

(d) Decelerating at-each stop.

(e} Passenger transfer at each stop.

(f) Door operation at each stop.

(g) Running time at rated speed between stops.

(h) Return express run from the last stop.



Charts given in Figs. 9.9 and 9.10 give RT variation with the

number of floors and speed for a given car capacity and floor to

floor height.

9.10.7 System Relationships

Here is a list of symbols used; most of them have been

defined earlier.

p Individual car passenger capacity = 80% of maximum during

peak hours.
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Table 9.5 ‘Elevator Equipment Recommendations

" Minimum

Car Capacity Car Speed* Car Travel

Usage - (Pounds) (Feet per Minute) (Feet)
Office buildings 350 to 400 0 to 125
Small building 2500 500 to 600 126 1o 225
Medium building 3000 700 226 1o 275
Large building 3500 800 276 to 375
1000 Above 375

Hotels 2500

3000 As above As above

Hospitals 150 0 to 60
200 61 to 100
3500 250 to 300 101 to 125
4000 350 to 400 126 to 175
500 to 600 176 to 250
700 Above 250

Apartment houses® 100 Oto 75
2000 200 76 to 125
2500 250 to 300 126 to 200
| 350 to 400 Above 200
Retail stores 1500 200 0 to 100
4000 250 to 300 101 to 150
5000 350 to 400 151 to 200
500 Above 200

S

‘Geared equipment is used up to 400 fpm, gearless at higher speeds.

*FHA minimum reguirements call for full-collective variable voitage control; minimum of two cars, and

approximately 120 bedrooms per car, for all buildings exceeding seven stories in height.



h 5-min handling capacity of a single car.
N No. of cars in a system.

HC 5-min. handling capacity of system.

RT Round trip time, in seconds.

AVTRP Average trip time, sec.

I Interval

PHC % of population to be moved in 5 min.

The important system relations are as follows:

HC = 300 p/I (1)
h = 300 p/RT (2)
I = RT/N (3)
N = HC/h (4)



The above relations are used to determine the number of elevators
provided a car (passenger capacity, speed, weight) has been
selected. A typical procedure is illustrated in Example in

Section 9.11.

9.10.8 Car Selection

In general, it is trial and error procedure. The criterior

{gito give acceptable I. Table 9.5 can be used to make a reaso-

nable initial guess for car selection. The car travel and

building type and size are the parameters used in this table to

determine the initial guess of car.



9.11 An Example for System Design

A procedure for the determination of the elevator system is

fllustrated through the following example.

Example 1
An Office Building for diversified use is located in the

downtown area. It has 14 rentable floors above lobby. The area
of each floor is 12,000 ft® net and the floor to floor height is

12 ft. Determine a workable elevator system.

Procedure

(1) The minimum (PHC) for this application as suggested in Table

9.3 is 13%.
Table 9.3
IPHE}MH = 13% Application (PAC Tmin.
0ffice building. 13 to 15%
Residential

Prestige 5 to 7

X i Other b to 8
PHC % of population to be moved in 5 min. |Dormitories 10 to 11
Hotels, first quality 12 to 15
Hotels, second quality 10 to 12




{E] Table 9.1 wggesti that 1 = 30 sec Table 9,1 Suggested Elevator Inlervalg
- ml = -

Facility interval (in SE
P Office Buildings
(3) The average population density is estimated to be Center city 25:@
Investment 30t
Residential
such that 130 ft? are allowed per person. (Table 9.4). " prestige apariments 50 to 70
Middle-income apartments 60 to 80
Low-income apartments 80 to 120
D itori 60 to 80
Therefore, Hotels~lat quality 40 to 60
Hotels—2nd quality 50 to 70
14 = 12.000 Table 9,4 Population of Typical Buildings
. & - » = 1292 rso for Eslimaling Elevalor and Escalalor
Building population 30 292 persons Requirements
HC = 0.13 = 1292 = 168 persons _ [MetArea
Office Buildings Square fool per
) person
Building rise = 14 floors x 12 = 166 ft Diversified:
Large lower floors 110 10 T28
Upper lloors 120 to 145
Initial Trial Wuigucalomnd Nm
{3) Based on the recommendations in Table 9.5, the following
car is chosen
alions - )
. - Minimum
Car weight 3000 1bs Car Capacity Car Speed* Car Travel
_ (Pounds) (Feet per Minute) { Feet)
No. of passengers per car = 16 (Table 9.2) 350 to 400 0to 125
2500 500 to 600 126 to 225
- 3000 700 226 1o 275
Speed = 500 fm 3500 800 276 1o 375

1000 Above 375



(4) Using figure 9.10c, the round trip time is obtained. 220 1= Round trip time as 3 funclion of no. o *

210 - 120" oot to thor L
200 3000 tb car / [
5
RT = 143 sec 1% e
180 / //y“&_
170 // /ayw“h_
. . Pl
while the average trip time is obtained from Fig.9.8c. Eiz AT
A e
a 8 /’/’f/;i’ =
AFIHP = 130 //‘,/:‘Efﬁ-wm
76 sec 120 /‘f/;f/
110 A ///
100 /ny
(5) Single car 5-min handling capacity w2
m -
h_BDDP= Bﬂﬂ [15] s & 7 8 9 10 11 12 13 14 15 16 17 18
= _ﬁT’_ _li'g‘_'_' No. of l:::‘al foors
= 33.5 persons
95 ::.ar: 1ri“ time as a function of | 250 om
» 12t oo T
(6) No. of cars, &5 30 sec interval L L 0 iom
N |11 400 fom
_—1 500 fpm
N=33% = 5.0 cars g €
3.5 “ n ,"’::::2’::"‘
==
=
60
5 6 7 B8 9 10 11 12 13 14 15 16 17 I8

No. ol local floors
lich



(7) The interval is given by

R - 183 -
I 'N-— T = 28.3 sec.

Table 9.1 suggests an interval of 30 sec. Therefore the

above result of 28.3 sec appears excellent.

Second Trial

Let us now investigate the possibility of reducing the number of

cars by using faster cars. The car chosen is:

weight 3000 1bs
p 16 persons
speed 600 fpm

RT under these conditions is 137 sec.

300 P _ 300 x 16 _
h = T=T—-35 persons



N = %%§-= 4.8 + say 5

[ = lgz- + 27.4 sec.

Actual PHC = (3-5—5) x 13% = 13.5%

This solution is not better than the initial choice, moreover it

costs more because of faster cars.

Other Trials

(a) Larger cars : 3500 1bs cars

At 500 fpm RT = 155 sec, h = 36.8

N = 4.5 + 5 no advantage
At 600 fpm RT = 152 sec, h = 37.5

N = 4.48 + 4

1 = 42 sec., excessive



Third Trial

Now we will try slower cars to reduce cost. Let us try a
30001bs car with a speed of 400 fpm
RT = 152 sec
AVYTRP = 77 sec.

h-300p_ 300216y g

N = 3%%§~ = 5.3 =+ use 5

_RT _ 152 _
=y =75 =%4

_ 5 -
Actual PHC = %] (13) = 100 = 12.26%

Actual PHC is slightly below the minimum for this applicaton.
Therefore among the 3000 1bs class of cars, the acceptable solu-

tion is 5 cars at 500 fpm.



Recommendations for the choice of elevators

for residential buildings based on the dia-
grams produced by the FEM and taking
account of the building bylaws of the indi-
vidual German states (fire-service elevators
are not taken into account)

Capacity requirements

1y v« 400 kg 0B3Ims
(Z) 1 = 400 kg 10m's
'-ﬁ' 1 = BMhg 10ms
I?-f- 1 = 1000 kg 1.0 ms
(5) 1 = 400 1« 1000 kg 1.0ms
:Ii:l 1« B30 i1 1000 kg 10ms
() 2 « 1000 kg 1Qms
(&} 1= BM o 1 = 1000 &g loms
(@) 2 = 1000 kg t6m's
0 2 = 6 1 = 1000 kg 16ms
(D 3 = 1000 kg 16 ms
(3 2 « 1000 kg 25ms

(3 3 « 1000 wg Z5ms



