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SUMMARY 

Statement of Problem: A~curate determination of the adequate quantity of elev
ators for any building has become an important economic consideration in 
building construction c.osts. The number of elevators required to effective
ly accomodate the peak passenger traffic demand (usually when the building 
occupants arrive .for work) is related to the traffic handling capacity of · 
one elevator which is inversely proportional to the round trip time of one 
elevator. Round trip time of an elevator consists of mechanipal ,elements · 
(running and door operation) and variable elements (because of char~cter
istics of human behavior) of passenger transfer time which amounts to 30~-
50~ of the total. The basic consideration in the system of data taking 
developed was the use of round ·trip time to determine passenger transfer 
time at upper floors. The method. of observation employed eliminated human 
and mechanical variables in passenger reaction to the observer which would • have occurred if the observations had been taken in the elevator car. · 

Procedure: This system of data taking enabled one observer located at the main 
floor of a building to obtain data from one elevator for (1) main floor pass
enger transfer time, (2) number of persons ent~ring the elevator, (3) loca
tion of upper floor stops to discharge passengers and __ (4) round trip time. 
Door-open to door-open times for various lengths of travel were determined 
for the test building. By combining the field data secured by this proce_. 
dure and the latter data, the upper floor passenger transfer time can be 
calculated. ·The sys.tem was employed in a single purpose office building 
during the morning peak traffic period. 

Findings and Conclusions: The variations noted in the results followed statis
tical laws. · Main floor passenger transfer time showed little variation 
with passenger load-size changes. This indicated that the element was 
influenced more bi the scheduling interval than by the passenger transfer. 
The sixteen passenger load~size was most frequently observed and was 6~ 
of the rated passenger capacity of the elevators. The load-sizes observed 
reflected true passenger load-size preference since no attendant was in the _ 
loading alcove to direct traffic during this period. In no case was the 
rated passenger capacity of twenty-six observed. The most significant data 
in reference to upper floor passenger transfer time was the variations noted 
in upper floor passenger transfer time per passenger per upper floor stop 
(UPT!'/NS) for different load .. sizes. A constant value (Ks') of 0.22 seconds 
was established for this factor for use in the formula UPTT: KsNS to com
pute total upper floor passenger transfer time .for a single purpose office 
building in which the values of N and Sare known variables. 



PREFACE 

In January 1952 the writer contacted Mr . Bill Bruns, Head of the Research 
Engineering Department of the otis Elevator Company, to seek his advice for a 
thesis subjeet that would be useful to the elevator industry. A study of 
elevator passenger transfer time was suggested by Mr. Bruns a:rter discussions 
with Mr. A. w. Paulson, Chief Engineer and Mr. G. Watson, Assistant to the 
Chief Engineer, both of the otis Elevator Company. Little actual :field in
formation was available on this subject for the new alttomatie type of operation 
of elevators in office buildings. 

'l'his need led to the research in this thesis which was designed to develop 
a system of data taking and to utilize the system in one single purpose ot:fiee 
building to obtain the types of information that would be useful in caleulatiDf
e.xpected performance of automatic elevators. The system of data taking deTeloped 
here will minimize Tariations due to observer reactions and will produce eon
sistant results although different persons make the observations. It is hoped 
that the system will be used to obtain further data in all types of o:f':f'ice 
buildings. 

The writer wishes to express his appreciation to Mr. G. Watson for his 
guidance in providing background data on which to start this study, ' and to 
Mr. 11. G. Thuesen and Dr. G. G. Rose for their helpful adTice and constructive 
criticisms in the writing of the paper. Mr. A. E. Lang, Building Manager of 
the Southwest Home Office Building of the Prudential Insurance Company of 
America was most cooperative in ma.king the building available and providing 
all additional data requested. The writer is grateful to Miss A. Corzelius 
and Mr. G.D. Cox for competent assistance with the mechanical details; and 
to the many individuals in the otis Elevator Company who have offered encour
agement and cooperation. 
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CHAPTER I 

INTRODUCTION 

For many centuries hoisting devio.es have served mankind. The develop-

ment from primitive hoists to modern passenger elevators bas .ma.de multi-story 

buildings practical and thus changed the profile of our cities. Elevators have 

facilitated intensive use of land in our large business areas where real estate 

values are high. 

Development from cast iron oonstruction to steel frame cons.truction in 

common use today permitted an increase in building heights. This also created 

demands for vertical transportati9n equipment to handle effectively the increas-

ed building passenger -traffic. These demands for service were met by ma;ny 

advances in elevator control systems. Today we find automatic high speed eleva-

tors efficiently handling large volumes of people without car attend.ants. 

' Since the elevat or portion of the initial investment in a multi-story of-

fice building is approximately ten per cent of the total building cost, the 

problem of determining adequate vertical transportation in an economic~l manner 

has become very important. The elevator installation for ea.ch building must be 

capable of effectively accommodat ing the peak passenger traffic loads. Normal-

ly, this peak demand for elevator service in an office building occurs in the 

morning period. when the building occupants are arriving for work. The number 

of elevators required is determined by t he ratio of the expected traf fic load 

at this time to the traffic handling capacity of one elevator. The passenger 



handling capacity of an elevator is inversely proportional to the round-trip 

timel of the elevator. The total round-trip time of the ele'V!;!,tor is the summa-

tion of the following elements; (1) passenger transfer time2 at the main 

2 

floor (io load passengers), (2) running time in the up direction (inciudes accel

eration and deceleration time), (3) door operation time at each floor (includes 

time to open and close car and hoistway doors), (4) passenger transfer time at 

upper floors ( to unload passengers), (5) running time in the dawn direction 

(includes acceleration and deceleration time). Elements (2), (3), and (5) are 

mechanically constant and can be determined for various elevator speeds and for 

various types of door operators. Elements (1) and (4), passenger transfer time, 

are influenced by human behavior and will vary with each type of elevator oper-

ation and building reqttirement. It is a significant portion of the total round-

trip time, and amounts to 301,-501, of the total. 

The various elevator companies have developed re Uab le emp:irical data for 

elements (l) and (4) which is used for calculations of elevator performance of 

attendant operated elevators ( in this type of operation the attendant polices 

traffic, registers passenger floor calls and starts the elevator in motion). 

The introduction in recent years of high speed automatic elevators in office 

buildings influenced passenger reaction time. To date, no field data is avail-

able to indicate the variation in time caused by the change to non-attendant 

operation. 

~e round-trip time of an elevator is the time utilized to complete a 
cycle o~ operation. The cycle commences when the _elevator is ready to load 
passengers at the main floor, extendstbrough the discharging of passengers on 
one or more upper floors and terminates when the elevator .is again-- ready to load 
passe~ers at the main floor. 

· "2The passenger transfer time is the passenger loading and/ or unloading time 
of an elevator. 
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Because of this need, this projeet was designed to: (l) determine the type 

of information that would be useful in calculating anticipated perforIIS'ttl:le of 

automatic elevators, (2) develop a reliable system of data taking · tba.t aould be 

used to ascertain passenger transfer time, (3) utilize this sytem· of data taking 

in an office building. 

(1) Type of information obtained -

Although there are many variables in passenger reaction time, it vn:rs be-

lieved. that there were constant patterns that could be- recognized. The expect-

ed passenger handling capacity of an elevator can be accurately established by 

reliable data on the following factors: (a) average first fl()(l)r loading time, 

(b) total upper floor pass~nger transfer time-., ( c) upper floor passenge?"' trans

fer time per passenger loaded at the first floor, and (d) upper floor pa.-ssenger 

transfer time per passenger loaded at the first floor per upper floor st°op. The 

data secured in referenee to items (a) and (d) above are particularly signifi-

cant and wi 11 be discussed in Chapter VL 

(2) System of data taking -

This was necessarily a study of human reactions. The following general 

factors apply to human behavior and are significant in expl..a.ining wide varia

tions noted in reactions of persons using elevators: (a) people are attected 

similarly by the same factors but differ in their capacity and manner o:f"per

formance, (b) people react differently under varying conditions or under the 

same conditions at different times, (c) their behavior is influenced by other 

people.3 The system of data taking was developed to mak-e use of factors 

3Frederick H. Zurmuhlen, "Engineering With People", American Engineer, 
(November 1956) Po 200 



that could be observed directly on one elevator during a complete cycle of $jper

at1on. These were tota.l rou:nd-.trip time, first floor passenger transfer time, 

number of passengers loaded on the e~eva.tor at the first floor and. the number 

and location of t1l)per floor stops to discharge passengers. Tb.is data was e0m~ 

bined with typical running time and door e>peratien time :Ln order to calculate 

upper floor passenger transfer time which was not directly observed.. The meth..; 

~ of ealcul.ation. 'Will be explained .in Oba.pter III. 

(s) T.Jtiliza.tion~of· the system of data. taking -

This syatem of data. ta.king w:a.s employed to obtain in:f'orma.iiion on passenger 

reaction times in a single purpese office building, the Southwestern Home Office 

Building of the Prudential Insure.nae Co. of .America in Houston, -Texas. All 
. . 

types ef' buildings baving the operatwless4 type of elevator equipmemt were not 

available in the Routon area. -No attempt was ma.de to develop data. that would 
. . 

meet all ~eds for ealeulatien of elevator performance for single purpose offioe 

buildings but only an example of· the · use of the system of data. taking was given. 

4 ' . . 
Operatorless +s the term generally u.sed to describe high speed automa.tio 

elevators operating without attendants in thei ca.rs. 

4 



CHAPTER II 

BASIC CONSIDERATIONS AND DEFINITIONS 

The total round-trip time of one elevat0r du.ring the mo:J.'.'ning peak traffic 

dema.nd p_eri@d we the primary factor of consideration of this research project. 

Sin~e this peak load we of short duration (a.pproxima.tely 45 minutes ea.eh day), 

the uual p~a.@ti¢le wa.s t© expreH "both traffic demand and tra.ttio handling .!!,- · 

pa~ity of an elevator in terms of the number of persons transported from the 

maiu fl@~ in a five minute period., In the form~la 

Iro = 300 N /R~ 

round-trip time was represented. by RT'.r in seco~, total number o:f' persons 

trauported from the min floor during a five minute peried by IiO alld:1the num-

ber @f pers~ns entering the eleva.t<er at the main floor each trip by N. Round.

trip time referred tio the expellted handling oapac:ity of an elevator in this' 

f~rmulao The cal~ulation of the handling capacity of an elevator thus depem.d-

ed upon an a@cu.ra.te determination Gf R'fT a.nd N. The value of N was establish

ed by the lYei°igb.t @a.rrying capacity of the elevator. 

Round-Trip Time 

Figure l illustrated gra.]lhi~a.lly t?ae. five el'l;ments composing round trip

time .. Since the elements of running time (up or down direction) and door 0per

a.tion time were mechanically ~onstant, they were combined to facilitate data-

taking. The data shown in Figure l was-ta.ken from the sample ea.laula.tions at 

the em. of Chapter III. 

5':'rb.e inter=fl@or and down direction traffic was eonsidered to be negli
gible di:i.ring the morniri.g peak trattio period. 



(l) Main Floor Passenger Transfer Time - This time measurement was start

ed when the elevator doors were fully open to allow passengers to enter the 

elevator_ear and was terminated when the doors cotmn.enaed to-close. The door 

elosing operation was initiated eit,het by the __ expiration of the normal 

scheduling interva16 or the action of a load weighing device.7 

(2) Door Operation Time - The ear and hoistway doors of an elevato~ op-

_erated simultaneously and bad to be completely closed before the elevator car 

would move .. The doors were opened as the elevator oar approached the_floor at 

slow speed, thusJ) the ear was ready to discharge or load passengers by the 

time it was level with the floor. 

(3) Up Direction Running Time - This was the total time that the eleva

tor moved in the up direction and included the time to accelerate to full speed, 

the running time at full speed and the time to decelerate to a stop at floor 

level .. 

(4) Upper Floor Passenger Transfer Time - This element comprised the 

total standing time at the upper floors for passenger transfer. As will be 

shown later9 this was an unknown which was computed from the data obtained. 

(5) -Down Diree·tion Running Time - This was the total time that the eleva

tor m©ived in the down direction and included the time to accelerate to :f.'ull 

speed, the running time at full speed and the time to decelerate to a stop a.t 

f'loor leve lo 

6ar~ups of elevators were provided with automatic scheduling equipment 
(variable timed signals to dispatch the,.,elevators) which coordinated the ver
tical spacing of the -elevators to meet the individual building tra.:f.'fic needs~ 
The interval between dispatch signals during the morning peak period exceeded 
passe~er l~ding time when small numbers of passengers were loaded. 

iLoad w~ighing devices automatically weighed the passenger load in th~ 
elevat~r and dispatched the elevator when loaded with 80% of its rated weight 
eapaeity. Generally during the morning peak period the aa.tion of-the load 
weighing device, due to an 80% load, dispatched the elevator before the 
scheduling interval had expired. 



7 

Description of Element Time 
0 

(1) Ma.in Floor Passenger Transfer Time 15.3 
10 

20 

30 

i 
(2) Door Operation Time 61i.. 7 

40 0 
C) 

(3) a, Yp Direction Running Time 00 

s:I 

'" ;o 

! 
E-"I 60 
J:l' 
~ e 70 1 
~ 
,-1 so 
.$ 
0 
E4 

90 (4) Upper Floor Passenger Transfer Time 27.3 

1.00 

110 
(5) Down Direction Running Time 17.7 

120 (2) Door Operation Time 

- Fig .. 1 - Time Cba.rt for total round-trip time 



Fc»r practical purposes the door- operation times and the running times 

were combined to prcvide w'.bs.t was k1l0Wll as·the "door-open to door-Qpetl time". 
_; 

This was the t<!>tal ete.psed time Which commenced with the door alosing opera-
.. , .. ,., ' . . ' ·1· 

ticm a.t. €>D.e floor, extended through the running time and terminatedvhen the 
.. , ' I . , ~ - 1 , 

door again 'W!!l,S eoDQ)letely open :..and t~ elevat~ was ready ~o tra~feF pa.sse~-
.. . I ' . . .. r. • ' . ' 

gers at anotlmr···fl:oor. Table· .I :tilustr~ted a,~41.n whiah th.a .de~--open to . . .· - . . .. • . 

door-O)p>en tilp.e ~s used. This was 'based .on data secuufed· from the building in 
I .,'• • ,•. • • ·~ , • ' L. 

whi~h tlit.is system of- ~ta ta.kb~· was emfl.oyed. · 

Table I 

D~or-Open to Door-Open Time for Test Buiiding .. 

Oa.r iTavel 

E£.!!! To -
l 2 

l 3 

l 4 

1 5 

l 6 

l 7 

l a 

l 9 

l 10 

2 3 

2 4 

2 5 

.2 6 

Door Open to Door Open T:f..me 

(up or Down Direction) in seconds 

10.2 

11.5 

12.4 

13.4 

14.5 

15.5. 

16.6 

17.7 

19.1 

8.8 ~ 

l 
12.6 ~ 

Sa.me for all 
typical floor 
heights. •. 

8 



CHAPTER III 

SYSTEM OF DATA TAKING 

This system was developed to provide data for the calculation of the upper 

floor passenger transfer time. This calculation. was based on "main floor" ob-

servations by one observer of the total round-trip time, the min floor pas-

senger transfer time and the location of upper floor stops of one elevator in 

a group. This "min floor" method eliminated both hUDBn (passenger reaction to . 
the observer) and mec~nical ( space in the elevator occupied by the observer) 

v-ariables which would nave occurred if observations -had been ta.ken in the eleva-

tor car. -The equipment illustrated in Figin-e 2 was used tG> time and record 

data. Because (1) good architectural arrangement and the system Gf dispatching 

of the group of elevators ' negated the possibility of passenger preference in 

choice of' elevators, (2) walking t:tme in tbe corridor to each elevator was _ap

~roximtely equal ( see Fig. 3), and (3) each elevator in a group bad the same 

capacity--&nd speed cbaracteristics, the a~umption that any one e~~vator in a 

-group could be used to indicate an average performance of the group was per-

mitted. 

O:BSERVATION PROCEDURE 

(1) Main Floor Passenger Transfer Time - The first floor loading time 

was observed on stop watch "B'' and recorded. on the data sheet in seconds. 

(2) Number of Passengers - The number of persons entering the elevator 

at the main floor was observed and recorded on the data sheet. 



•.; 

Fig. 2. Equipmen~ utilized in this system of data-ta.king to time and 

record data. Stop watches nN' and uB" were attached to the clip board so 

observer could operate one with each band. 

10 



(3) u,per Floor Stops - This observation was made from the in(iiea.tor 

panel in the ma.in floor lobby. The locations Of the upper floor stops made 

by the elevator for passenger transfer were observed and reeorded on the data 
. ',_,, 

sheet. 

{4) Total Round-Trip Time - The total round-trip time of one elevator 

was observed on stap watch "A" and recorded on the data sheet in minutes and 

Sequeliae of Observations: The sequence in which the data was observed 
.. , .. ,· 

and. recerded was as follows: (1) Both stop watch "A" (to rec017d total round.-

ll 

trip I time) a.ncl stop we. tch "B 11 ( to record main floor passenger transfer time) 

were started simultaneously when the doors ,ot the elevator car were fully open 

and the car was ready for the loading of passengers. (2) :During the loading 

time the nti:mber of persons entering the e lava.tor car were counted. (3) As 
-.· ,, ;:,• . . 

e"on as ·.the doors started·· to olose, stop watch ''B" was stopped and the passen-

ger transfer- time recorded~ (4) An "X11 was placed on the data sheet indicat

ing fl"rs where stops were made during the travel in the up and de!JW'n diree

tiono (5) When the elevator returned to the :ma:l:n floor, the doors opened and 

t~e eleva.tm:- car again was ready to load passengers, stop watch uA" was stopped 
'· .. ·. 

and the total r~und trip time recorded in minutes and seconds. 

In addition to the above observations it was neeessa.ry to obtain the type 

~f data sh.own in Table I (door-open to door-open time). Sin~e passenger trat

f'ic during the morning peak period we.~ predomimately in the up direction, ob

servation where stops were made during the trip in the dewn direction were 

negligible and, therefore, were not ued in a.my of the calculations. By ea-

billing the field test da.ta. secured: by the procedure outlined above and tlle 
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data in Table I, the total upper floor passenger transfer time was calculated 

for each complete round-trip observed (see sample calculation). 

SAMPLE CALCULATION: 

From an observation en June 27, 1956, sixteen persons entered the elevator 

at the first floor and u.pper floor stops were made at the 2nd, 3rd, 4th, 5th., 

6th, 8th., and 9th floors (a total of seven stops) to dischar·ge passengers. The 

first floor leading time was 15.3 seconds. The total round-trip time was 2 

minute~ 5 seconds. 

Total reund-trip time ····~································ 
Door and running time 1st to 2nd floor •••••• 10.2 seconds 

Daor and running time five .l-floer runs••••• 44.o se~ond.s 

Door and rw:ming time one 2-f'loor run••••··· 10.5 seconds 

Tota.L.Door and Up Direction runni~ time ....... 64.7' seconds 
I 

Door and don direction running time ........ 17.7 seconds 

Total door and running time•••••••••••••••••••··•·••••·•• 

T::::Yt2.1 pa5'.""enger transfer time •••••••••• •• ••.•.••••••••••••• 

Firs-€ }1oor passenger transfer.time•••••••••••••••••••••• 

Tota.1 upper r1oor passenger transfer time at 1 stqps ••••• 

125 secomds 

-82.4 seeends 

42.6 seconds 

-15.3 seconds 

27.3 seconds 



CRAP'l'ER IV 

CHARACTERISTICS OF TEST BUILDING 

This system of data taking vas employed to analyze the morning peak traf-

fie in the Southwestern Home Office Building of the Prudential Insurance 

Company of .America located in llrouston, Texas. The portion of the building 

which was studied was classified as a single pu;rpose office b\Ulding.8 
' 

The building consisted of a lower section of ten floors and a tower sea-

tion of' eight floors. F.a.ch section was served )y a separate group of eleva

tors. The tower was not occupied by Prudential Insure.nee Company employees 

and was. not included in th.is survey. Th.ere was a total of 1019 employees Oll 

the second through tenth floors. Of these, 870 were Prudential lnsu:r:"ance 

Company employees and 149 were employees of ot'ker concerns. The net renta.ble 

area of this portion of the building was 202,8o9 sq .. feet distributed as noted 

in Table II. The vertical transportation aonsi~.ted of. four automatic passen

ger elevators which had a capacity of 4000 lbs. (26 passengers}end a speed of 

800 feliillt-])er minute. Figure 2 illustrated the physical arrangement o:f' the.ele-

vators studied and their locatiGn in relationship to the ma.in building en-

trances .. 

8A single purpose o:f':f'ice building was utilized primarily by a. single oon
G@:neern whos.e employees shared common. working hours. 



Table II. Area Distribution of Prudential Insurance Company Building, 

Routon, Texas. 

Gross Area Rentable Area Sq. Feet 
Floors Sq. Feet. Prudential Tenants 

2 30,627 21,831 

3 30,627 21,982 -. 
4 30,627 23,953 

; 30,627 23,813 

6 30,627 23,813 

7 30,627 23,913 

8 30,627 5,019 ·18,894 

9 30,,27 23,81.3 

10 23,306 13,778 

Total 268,322 202,809 

Passeneer Load Cbe.racteristics - Tlle working hours of all Prudential 

-Insvance Company employees started a.t 8115 A.M. Figure 4 indicatea the total 
: -

traffic bamd.ledby the four elevators during the morni~ peak tra.ffie period. 

Partieularly heavy traffic ns noted :f'rom S:oo to 8:15, amd this wa.s possibly 

due w an inc·entive system.9 'W'hicib. Prudential used to encourage promptness. 

9Tius incentive system was in the form of a vacation bonus for a.rr.ival-te
work ,ranptness. 
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CHAPTER V 

RESULTS 

The data obtained frOJll observations at the test building recorded by this 

sjstem (Fig. 1, Table 1) were compiled in '.rable III. 

Table III. Compiled results or Data-taking. 

RTT - Round trip time •. 

MP'rf - Main floor passenger transfer time. 

UP1.1T • Upper floor passenger transfer time. 

:N - Bumber of. passengers entering elevator at main flo.or .• 
<;, I I 

S - Number of stops to discharge pa•sengers above main floor. 

TP'fT - Total passenger transfer time (MPT'f + UPTT). . . 

UPTT tJ.PTT UP'l'f N - - - i6' DATE RTT MP!"!' UPTT ?l ~ -N s B NS. 

6-26-56 100 21.l 23.6 8 2.96 3 7.9 988 .. ; " .,37 
76 13:8 26:4, 6 4~4' 3· 8.8 1.43 .23 
76 12J3 2i-:1 8 - 2~64 4 5.28 .66 ~31 
·si: liL3 26:2 7 3:72 4· 6:5 :93 ;27 

125· 22.6. . 37.7 15 · 2.52 7 5.4 .36. .58 . 
106 15.7 40·.2 11 3.65, 5 8.Q5 .73 .42 
109. 10.4 32.9 16 2.05 7 4. 7' .294 .62 
124 16.9 24.7 8 3.1 4 6.2 .77 .31 
137 12.0 36.7 10 3.6, 5 7.34 · .734 .38 

6-27 .. 56 117 19:3 30q7 9 3.40: 5 6.1; .685. .35 
119 17.0 37.0 9 4 . .,,12 5 7.4 .82 .35 
106 17.1 29.7 10 2.97 4 7.42 .74 .38 
106 15.4 22.8 11 2.08. 5 4.58 .418 .42 
103 14.1 28.l 14 2~00 6 4.86 .349 .59 
128 15.0 27.5 15 1.83 7 3.93 .33· .,s 
125 1;.3 27.3 i6 ·1.7 7 3.90 · .244 .62 

6-28-56 118 12.Q 3i.1 16 19.5 6 ,.2 .325 .62 
111 27.3 J.J.9· 19 .84 ' 3~2 .168 .73 
U6 25.1 16 i 11 1.*6 Q 2.7 .24; .42 I. 4 

47 21.l 2:.9 4 .13 1 2.9 .72; .15 
91 14.l 9.2 7 1.31 5 1.814- .26'.;·· - .27 

TPTT 100 - X RTT 

45 
52.8 
72 

. 47.5. 
48 
,2~5 
39:6 
33;5 
35:; 
42.6 
45 
44 
36 
41 
33.1 
34 
36.5 
38.8 
35.5 
51 
25.7 
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UPTT UPTT UPTT N TPTT 100 DATE RTT MPTT UPTT N '1r 6 ~ NS 2b RTT X 

6 .. 28-56 60 16.2 5. 3 1.67 2 2.50 .833 .ll 35.4 
149 29.7 37.3 16 2.33 7 5.33 .355 .62 45 
114 19.5 27.2 ll 2.47 5 5.45 .495 .42 41 
101 17.5 15.7 14 1.12 5 3.15 .225 .;4 33 

6-29-56 128. 21.l 34.8 11 3.16 6 5.8 .528 .42 43.5 
145 33.8 29.2 16 1.82 7 4.17 .26 .62 43.5 
112 16.4 20.3 16 1.27 6 3.4 .212 .62 32.8 

96 17.0 19.6 16 1.22 4 4.9 .306 .62 38 
117 21.4 20.8 16 L30 6 3.47 .217 .62 36 

81 22.0 6.5 3 2.;i.7 3 2.17 .72 .11 35.2 
'· 

7-13 .. 56 102 21.2 23.7 11 2.16 4 5.9 ,53 .42 44 
121 22.6 13.,3 12 1.11 7 1.9 .16 .42 29.6 
144 37.2 23.1 19 1.22 6 3.85 .202 • .73 42 
166 47.9 43.2 t; 2.88 6 7i2 .48 .58 55 
115 24.8 15.3 14 1~09 6 2,56 .183 ,54 35.6 
135 28.3 24.3 17 1.43 7 3 .. 47· .204 .65 39 
116 31.6 25.0 6 4.16 4 6.25 1.04 .23 48.8 

7 ... 15 .. 56 142 33.5 40.7 9 4.55 5 8.2 .91 .35 52 
159 30.6 46.4 17 2.72 7 6.6 .39 .65 48 
123 28.9 26.3 19 1.34 5 5.3 .277 .73 45 
149 26.8 30.0 12 2.5 8 3,75 .312 .46 38 
107 21.2 26.4 6 4.4 4 6.6 1.1 .23 44 
110 2liL2 23.0 13 1 .. 77 6 3.85 .296 .50 41 

12-4-56 104 28.9 8.1 13 .62 5 i-.6 .123 .50 36 
113 19.1 18.6 19 .98 6 3.1 .163 .• 73 33 
116 12.9 20.7 15 1.38 7 2.94 .195 .58 28 
lll 24. 12.2 17 .718 6 2.0 .118 .65 33 
103 21.8 9.5 19 .5 6 1.6 .084 .73 30 
108 12.5 28.2 19 1.54 5 5.6 .295 .73 38 
126 31.1. 19.6 21 .93; 6 3.5 .166 .81 40 

59 10.8 15.5 4 3.88 2 7.7 1.92 .15 44 
12-5-56 68 17.5 6.8 2 3.4 2 3.4 LT 18 46 

122 27.5 16.5 6 2.75 6 2.7 .45 .23 36 
114 18.3 20.8 13 l.6 6 3.4 .262 .50 34 
117 12;9 28~8 9 3.2 6 4.8 .53 .35 35 
113 19.0 26.2 17 1.52 5 5.2 .305 .65 40 
71 10.3 7.9 8 .985 4 1.96 .245 .31 26 
75 10.8 4.8 5 .96 4 l.2 .24 .19 20 

128 29.6 23.5 18 1.3 6 3.9 .216 .69 .;,;42 
138 18.3 44.4 14 3.16 6 7.4 .53 .54 45 
120 22.8 22.5 18 1.22 6 3.7 .205 .69 38 

75 l~L9 4.3 7 .61 4 l.l .157 .27 23 
12-6-56 109 25.1 17.4 12 1.45 6 2.9 .24 .46 39 

105 15.8 34.l 8 4.27 4 8.5 1.06 .31 48 
73 16.5 5.7 6 ,95 3 l.9 .333 .23 30 
66 17.0 3.7 8 .465 3 l.2 .45 .31 31 

121 34.o 12.l 14 .865 6 2.0 .143 .54 38 
133 24.3 16.5 12 1.37 8 2.0 .166 .46 31 
116 17.5 23.6 17 1.39 6 3.9 .23 .65 35 
118 16.8 33.9. 17 1.99 5 6.8 .4 .65 · 43 
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UPTT yt>TT UPTT N TPTT - Ts""' 2b RTT x 100 DATE R'fT MP'l'T UPTT N N s s 

12-6 ... 56 103 17.6 17.6 16 1.03 5 3~5 .219 .62 34 
119 22.7 21.2 19 1.11 6 3.5 .185 .73 37 

12 ... 7 ... 56 86 17.7 8.4 5 L68 5 1.7 .34 .19 30 
98 26.2 6.8 7 .97 5 1.4 .20 .27 30 

119 27.9 16.2 15 1.08 6 2.7 .18 .58 37 
68 13.0 5.7 7 .81 3 1.9 .27. ,.27 28 
97 21.7 7.5 8 .94 5 1.5 .188 .,1 30 

J.20 21.9 16.0 12 J..33 7 2.3 .191 .46 31 
90 20~1 10.0 10 1.0 5 2.0 .20 .38 33 

103 22.3 12 .. 9 18 .72 5 2.6 .144 .69 34 
128 .36.0 10.0 19 .53 7 1.4 .074 .73 36 
110 13.0 24.5 16 1.53 6 4.l .256 .62 34 
120 25.8 11..8 13 .91 7 l.7 .13 .50 31 

12-11-56 83 16.1 6.7 9 .74 4 l.7 .189 .35 28 
109 25.1 16.1 5 3.22 5 3.22 .65 .19 38 

72 14.7 4.7 3 1.57 3 1.57 .52 .11 27 
98 22.3 23.1 11 2.1 5 4.6 .42 )+2 47 

106 22.6 15.6 16 .98 5 3.1 .. 193 .62 36 
127 15.1 29.9 19 1.57 7 4~3 .226 'o 73 35 
121 13.5 25.5 14 l.82 7 3.6 .256 .54 32 
109 li.2 2:L9 17 1.35 6 3.8 .. 224 .6, · 31 
143 18.0 35 .;5 22 1.61 8 4.44 .20 .85 37 
138 16.2 61.6 20 3.08 4 15.4 .77 .77 56 
141 16.8 34.7 18 1.93 8 '4 .3 .238 .69 37 

84 18.0 15.7 4 3.94 3 5.2 .13 .15 40 

1".31.57. 65 27.5 2.2 4 .55 2 l.l .275 .15 46 
94 28.l 8.5 7 l.21 4 , 2.1 .30 .27 39 
62 15.0 3.3 5 .66 2. l.6 .32 .19 -30 

115 19.2 33.3 8 4.17 6 5.5 .68 .31 46 
76 20.5 6.2 6 1.03 3 2.l .35 .23 35 
83 18.4 7.5 5 l.5 4 l.9 .38 .19 31 
92 23~6 8.2 5 1.64 4 2.0 .40 .19 35 

-123 30 .. 4 20.l 16 1.25 6 3.3 .205 .62 41 
135 ·27: 4g: 18 2:62 7 .6 .33 .69 51 
108 19.5 23.5 14 1.69 5 4.7 .335 .54 40 

1..:31 .. 57 117 20.0 14.6 15 .97 7 2.1 ~14 .58 30 
110 27.5 20.2 14 1.44 5 4.04 .28 .54 43 
151 27.3 34.2 18 l.90 9 .3.8 .211 .69 41 
90 25.0 7'.6 7 1.08 4 l.9 .27 .27 36 

2 ... 5 .. 57 59 12.0 4.5 4 l.l 3 1.5 .375 .15 28 
92 28.1 13.8 9 1.53 3 4.6 .51 .35 li-5 

121 22.l 17.9 14 l.28 7 2.55 .182 .;4 33 
115 27.0. 13.1 14 .94 6 2.2 .156 .54 35 
96 20.6 15.2 6 2.53 4 3.8 .635 .23 37 

136 29.0 14.3 14 1.02 8 1.78 .127 .54 32 
146 23.3 !i-7 .8 15 3.2 6 8.o .533 .58 49 
102 24.8 18.0 16 l.12 4 4.5 .281 .62 42 
112 20.0 16.8 14 l.2 6 2.8 .20 .54 33 
108 17.7 30.4 18 1.69 4 7.6 .423 .69 45 



19 

UPTT UPTT UPTT .·N TPTT 
DATE RTT MPTT UPTT N "11 s ~ °1is ab RTT X 100 

2 ... 5 ... 57 136 28.2 15.2 17 .89 8 1.9 .112 .65 32 
80 12.2 10.8 4 2.5 4 ~L5 .625 .15 29 
95 15.0 13.l 5 2.6 5 2.6 .52 .19 30 

2 .. 6-57 56 15.8 5.6 3 1.87 2 ~LB .93 .ll 38 
67 13.8 3.9 5 //8 3 1.3 .26 .19 26 
94 18.2. 8.5 7 1.22 5 L7 .243 .27 28 
88 15.5 5.5 10 .55 5 1.1 .ll ,.38 24 

126 32.6 12.5 10 1.25 7 1.78 .178 .38 36 
96 27.0, 6.8 6 1.13 5 1.36 .227 ~23 35 

110 27..6 7.5 10 .75 6 1.25 .125 .38 32 
104 27.3 9.7 5 1.94 5 1.94 .39 .19 36 
115 29.8 12.9 15 .86 6 -2.15 .144 .58 0 37 
.l.07 16.6 23.4 20 1.17 5 4~68 .234 .77 37 

92 20.7 11.1 16 .69 4 2.78 .173 .62 35 
··1.19 ·30.1 16.4 13 1.26· 6 2.73 .21 .50 39 

42 8.2 2.8 3 .93 l 2.8 ,,93 .ill 26 
2-HH:>7 102 18.4 8.7 7 1.24 6 1.42 .208 .27 27 

118 19.3 16.7 17 .98 7 2.40 .141 .65 30 
114 19.2 15.2 15 1.0 7 2.l.7 .145 .58 30 
149 49.2 20.2 18 l.12 7 2.88 .16 .69 47 
119 28 •. 0 16.1 15 1.07 6 2.69 .179 .58 37 
100 19.9 17.9 12 1.49 5 3.58 .298 .46 38 

98 15 .. 4 16.9 8 2.1 5 3.38 .423 ,31 31 



CHAPTER VI 

DISCUSSION AND CONCLUSIP:tE 

The variations noted in the results of thiJ data ta.king in a single ptµ:>

pose office building followed statistical laws rath-r t¥n physical laws and 

required the establishment of logical trend lines to indicate elevator perform. 

ance. Previously it was nqted that people reacted differently to different con

ditions or to the same conditions at different times. For example, the multiple 

oeeuranees of one elevator passenger transfer condition will produce a range of 

time values rather than a fixed time value because of the inherent variableness 

of.people. 

The discussion was divided into the two main catag__ories wli:i(!h were .the ob

ject of this investigation: (1) main-floor passenger transfer time (loading time) 

(MPTT) and (2) upper floor passenger transfer time (UPTT) (unloading time). 

::19.in Floor Passepger Transfer Time - The variation in MPTT with different 

passenger loa.d;,.sizes was indicated in Figure 5~ From this, it can be seen that 

there was very little variation in MPTT regardless of P,assenger load-size. This 

indicated that MPTT was influenced more by the 111echanical scheduling interval 

for the group of elevators than by the time requireJXient for passenger transfer, 

The. few ·exa.mp1.es noted.01)a.ssenger ·loa.d .. sizeso:f;'ttl:enty··to twenty-two (greater 

than 80% load) required less MPTT due to the a.ctiori6f the load weighing device •. 
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Figure 6 indicated the frequency distribution of' the passenger load-sizes 

observed. The sixteen-passenger load which was 62% of the.rated passenger ca-

·paoi ty was most frequently observed {and re·presented 10% of the total observa-

tions during the morning peak period). In no case was the rated passenger ca-

paoity of twenty-six observed. Since there was no attendant in the loading al-

cove to direct traffic or influence elevator loading, this frequency distribu-

tion reflected a true passenger load-size preference. 
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Fig. 6 Frequency Distribution of Passenger Load-Sizes. 

The main floor passenger loading in this single purpose office building 

was characterized by the occupants who (1) moved rapidly, (2) were well ac-

qu.ainted w:i:tb the automatic elevator operation and door protective devices and 

(3) preferred to wait for the next elevator rather than crowd into an elevator 

loaded to about 62a/a capacity~ 



Upper Floor Passenger Transfer Time - The variation in total UPTT with 

different passenger load-sizes -was indicated in Figure 7. This showed that 

23. 

UPTT increased directly as the passenger load-size increased within the scope 

®:f' this data. Insufficient examples of upper-range load-·sizes (greater tban 

twenty Passengers) were observed to substantiate a trend line in .this portion · 

o:f' the eurve. Considerable variatiom in UPTT we.s nGted :f.'or some l,0e.d-sizes 

e.nd this we.s due to variations in (l) the number of stops me.de above, the ma.i~ 

floor to diseharge passengers amd (2) the number of passengers disaha.rged at 

. ea.eh stop. 

Figure 8 ~ndioa.ted for different passenger load-sizes the variations in 

upper :floor passenger transfer time per upper floor stop (UPTT/;3). Beaa.ue no 

trend line ~ould be established from these values to produce a useful oonelu

sion, this negative a.a.ta was shown in the form of a bar graph. 
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Fi.go 8. graph showing variation in Upper Floor Passenger Transfer time 

per stop. 
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As the total number of pa.sfllengers loa.ded·on the eleva.to:r:-.a.t the ma.in :f'l.oor 

increased, the upper :f'loor passenger transfer time per passenger (UPTT/N) de-

creased. 'fh:Ls was beaaWiie more passengers left the elevator at ea.eh ~top. 

This rela.tionsbip was indicated in Figure 9 and also was subject te va.ria.tioJ!JS 

produed 'by the difference in (l) the number ot' steps :ma.de above the· main floor 

te discharge pa.ssengez,s. and(~) the uumber of pa.ss~ngers discharged at each 

step. 

'flie most sigrdfi~a.nt data. in reference to tlPTT was indicated in Fig\a'e 

10. This showed the val"ia.tion in the upper floor passenger transfer time per 

passenger loaded on the main floor per upper floor stop (UPT'?/16) for differ

ent load-sizes. The· value of UPTT/NS to discharge one passenger a.t one stop . 

was l. 5 seconds. This. value of 1. 5 seconds was the minimum door-open time at 

any upper floor stop~ rJPFJ'!/NS decreased rapidly a.s :the passenger load-size in

creased u.p to about 50% of the rated ea.pa.city and then ~emained constant at 

o.aa seconds regardless of greater load-size inc~ease. This constant va.lue,of 

UPTT/NSwa.s termed Ks (constant value of UP'rf/E in single purpose off;Loe build.r

ings) and was approximately one-third tbe K computed and presently used for cal

culations of expected elevator performance in office buildings with atte:nda.nt 

Since:. UPTT/NS : Ka 
Tb.en: UPTT. 

fbis established a method Of' computing the UP'l1T for a.n.y.»roposed sir.igle. 
-

plJrPOSe office building in which values of N and S were~ variables. Simi-
, 

la.rly, the UJ?TT _of any type oi' office building could be determined once its 

pa.rticula.r K va.lu ~d b-een established by the method pf data. ta.ld.ng presented 

here~n. 
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Fig. 10. Upper floor passenger transfer time per passenger loaded at the 
ma.in floor per stop for various load-sizes. 
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