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\>Abstract

A design load Skité{n is proposed to represent the

0.999 fractiles of the maximum lifetime live load effects. N\
The proposed load pattern is different from the traditional
ACl load pattern,.hhich produces maximum load effects with
inconsistent probabi]ity of being exceeded. Monte Carlo
simulations have been used to generate families of the
lifetime maximum loading effects in a series of continuous
beam-column frames. Linear programming is then used to
compute the magnitudes of the pattern loads for design. The

effect of pattern loadings for the dead load is found to be

insignificant.
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Notat jon

: floor area in square meters

1nflu¢nce area in square meters
tributary area in qu;re meters
sum of the variances of ¥, and ¥,
load factor in design loading

an element of an influence coefficient matrix at
row i and column j

: experimental constant used in the description of the

sustained load

load factor in design }oading

: penalty for load effect i

transient EUDL

expected value of variable 2

. equivalent unifofhjy distributed load

coordinate of influence surface at (x,y)

. parameter defined by Eq. 2.7b
: beam stiffness ‘

: column stiffness

sustained EUDL
nominal live load

absolute value of a high fractile of the

. distribution of the lifetime minimum or maximum load

effect i from the Monte Carlo analysis

absolute value of the minimum or maximum factored
load effect i which can be obtained at a critical

- section from a design load pattern

.o

: mean survey load in KN/sq. meter

" : mean of variable Z




\

n : total number of load effects to‘be fitted by a

des1gn load pattern

' total number of spans in a frame o
Q (: weigﬁt of a single congentrated load in the ‘
! transient load model ’ .
R : number of loads per cell in the transient load model
r .. correlation coefficient between the dead loads on
- o -adjacent spans v

Vy : coefficient of variation of the dead load
wix,y): load intensity at 1x,y) . . . | .
X, : uniformly distribgted de%F load on span j '
Y; : dead load effect i
%, % : zero mean random variables o\\build1ng and floor -

effects P : 2
€(x,y): local load 1ntensity var1atlon from the floor mean

at (x, y) ¥

A . mean number of load cells in the influence area
q, : standard deviatioq of variable Z
' | _ i
i ' |
- . ~ | ‘
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Definitions

QSQLe Carlo Analysis

Case MC1 : a loading situation in the Monte Carlo analysis
in which the influence area of each span is
assumed to be ogigpied by one room

Qase MC2 : a loading situati@n in the Monte Carlo analysis
similar to Case MC1 except that the influence
area of two particular adjacent spans is assumed
to be occupied by one room

Case MC3 : a conservative assumption that the larger of the
Monte Carlo values from Cases MC1 and MC2 are
used in the modelling of 'pattern loadipgs

Design Loadingé ' ‘
i

alternate span loading : heavy factored design load, a;ln .,
on alternate spans, and light factored design
load, byL,, on all other spans where a, > b,

single span loading : heavy factored design load, a,Ll,, on

o one span, and light factored design load, b, L,

on all other spans where a, > b,

adjacent span loading : heavy factored design load, azl,, on
two adjacent spans, and light factored design
load, bzlL,, on all other spans where a; > by

ﬁattern A : a combination of alternate span loading plus-
adjacent span loading &s appropriate, with a, =ag

Pattern B : single span loading

Pattern C : a _combination of alternate span loading plus
aajacent span loading as appropriate, with a,
and b; independent of a; and b; respectively

Pattern D : a combination of single spén loading plus

adjacent span loading as ropriate, with a,
and b, independent of a3 and ‘3 respectively

VAR



1. INTRODUCTION

1.1 Pattern loadings

1.1v1 Pattern Loadings of Live Load

In structural design, it is not the design load but the
effect of the load {(moment, axial force, etc), which is of
ultimate interest. Design codes in the United States (1) and
Canada (19)'requirg that structural e]emegis shall be
deéigned for the maximum,effect of the design live load. The
distribution of loads'causing the maximum load effect in a
particular structure can be dgtermined by drawing an
influence line for the structure and applying loads on those
parts of the structure where their effects will be additive.
In a continuous beam or a one way slab, the iﬁ;]uence lines
of all major load effects (8) indicate that thglloading;‘*
required for maxima can be reduced to two types:

a. full loading on alternate spans,

b. full loading on two'adjacentvspans and bn alternate

e

-~ spans beyond these.
Thésé two are used interchangéably as required to give the
maximum load effect at each section.

Section 8.9 of the ACI code (1) follows a similar load
patfern for the live load effect e;cept that the second type
is simplified to full loading on two adjacent spars only.
The change has little effect on thé corresponding maximum
load effect_because the influence ordinates in the altern#te

spans are relatively very small. The AC! load pattern is -



referred to in this repdrt-as the "traditional load
pattern": |

The probability of occurrence of the -above extreme
loading cases is not known, however. Moreover, this
traditional pattern may not produce the haximum load effects

with a consistent probability of being exceeded.

1.1.2 Patfern Loadirigs of Dead Load

The common practice of structural design in the United
States and Canada does not také into account the pattern
loading éffects of the dead load. In other words, the
factored dead load is considered constant on all spans in a
structure. Section 2.3.3.1 of the“British concrete design
code (4), ‘however, requires that a pattern loading Qf dead
loads should be considered with the minimum design load '
equal to the nominal! dead load and the maximum equal to the
factored dead load to account for the most unfavorable
condition. The load pattern considered is similar to the

traditional load pattern (Sect. 3.2.2.1 of Ref. 4).

1.2 Purpoée andiScope of this Study'

"The purposeyqf this study is to find a s{mple design
live load pattern which will produce all load effects of_
interest with a consistent probabitity of being exceeded for
the extreme cases. As a part of this study, the traditional
load pattern is evaluated sfatistica]ly. Simple analyses of

~a series of elastic frames are carried out to compute the
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v Chapter 4, the results of the study are discussed together -

with the development of a most desirable design load patterﬁ7

load effects correponding to randomly generated

'distributVons of live loads. A Monte Carlo process is used

to generate the loadings according to the probabilistic live

load model, which has beeq,described in the literature (5,

6, 11, 16, 20, 21). Lin§3§~programming is used td develop an
equivalent design loadcng pattern for the extreme lbading
cases. Although the Monte Carlo study is based on office

live loads,L}he_pethbdology can be éxtrapolated to other

types of oczgpdécy.
For dead load, the purpose of the study is to

t
investigq{Z the effect of pattern loadingsﬂ Because of the
sinplic’il’t)y of the probabilistic dead load model, direct
statistical calculation of dead load effects for the extreme
cases is performed. Again,linear programming is used to
develop an equivalent design dead loéd pattern, which is
compared with North American and British practiee.
1.3 Outline of Contents
- Chapter 2 contains statisticaf descriptions of the live
load and the dead load, which have_been developed by several
investigétors (11.16,20;. The analytical study is described
in Chaptec/B, which describes the Monte Carlo analysjs and

-

linear pﬁédramming for the live load effects, and the N

statistical calculations of the dead load effects, The_ /

details of the structures studied are also phgéénted. In

h!

N ad
“ . N ‘/_/

C
. \
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for the live load and the dead load. Finally, a summary and

conclusions are presented in Chapter 5.
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2. LOADING MODELS

2.1 Live Load Model
2.1.i Nature of Live Load

- The gravity live load on a floor area can.be
represented by the two components: a sustained load and a
transient load. The sustained load acts cbntinuously in time
and remains relatively constant between distinct changes
which are generally considered’to occur when there are \\‘\\\
changes in tenants or occupancy. The sustained load consisti/
of furniture, movéab]e'property and personnel normally <
present. Such loads are usually measured in live load
surveys. For certain periods, referred to in this report as
"vacant periods", the sustained load may be entirely absent.
| The transient load happens infrequently with a
relatively high intensity and short duration in the order of
hours. It is caused by unusual events such as crowding of
people and stacking of furnitu;e on a certa{n area. These
special loading situaiions are not usually observed in live

o

load surveys.

+2.1.2 Live Load Surveys

A major live 1oad.survey (18) comprising thi@ty two
buildings was carried out in England in 1865 to 1967 by the
Building Research Station (BRS). More recently an extensive
live load survey (9) of office buildings in tﬁe United

States of America was conducted in 1974 to 1975 by the



National Bureau of Standards (NBS). Twenty three buildings
were surveyed. Statistical analysis (9) of the NBS survey
data indicates that the mean sustained live load is strongly
correlated to room use, but is independent of room area. In
order to enhance the flexibility of room usage, the mean
load of all office bui&dings sQrVeyed is used in the live
load model presented in Section 2.1.3. The mean unit load of
all the randomly selected buildings from the NBS survey is
0.555 KN/square meter (11), which is very close to 0.565
KN/square meter (17) obtained from the BRS survey.

The variance of unit load, Var(ul), appears to decrease
with increasing floor area, A (see Table 7 of Ref. 18,
Figs 29,30 of Ref. 3 and Fig. 2 of Ref. 11). The analysis
(11) of the NBS survey data yields the following equation,

discussed more fully in Section 2.1.3(a):
Var(u) = 0.0601 + 1.407/A : (2.1)

In comparigon. Var{u) obtained by McGuire and Cornell (17)

from the BRS survey data is:
va- ui = 0.0466 + 1.782/A - (2.2)

The values _° Var u) computed from these equations have been

shown to be very ciose (see Fig. 3 of Ref. 11).

The results of other surveys associated with a room

area of about 18.6 squere meters (200 square feet) are.



listed in Table 2.1(5). The survey area weighted average of
the mean unit load is 0.566 KN/square meter. Values ranging
from 0.555 to 0.575 have been presented in Refs. 11, 12 and
17. The survey area weighted average of the stanﬁard

~ deviation based on an area of 18.6 square meters is 0.35

KN/square meter.

2.1.3 Sustained Live Load Mode!

(a) Sustained Load

The instantaneous sustained live load intensity,
wix,y), at any point in a building can be represer ‘ed by a

linear relation (21):

wix,y) = m+ ¥, * ¥ + €lx,y) | (2.3)

)

In this relation, m is the mean survey.load for the type of
occupancy considered. Two independent zero-mean random
variables, ¥ and B} .represent the deviation of the
building average unit load from m and the deviation of the.
floor average unit load from the building average, m + Xb,
respectively. The zero mean property of 35 and K} is
Justified as the mean unit load is independent of the floéf
area (Sect. 2.1.2). The term €(x,y) is a stoéhastic process
represenfing the deviation from the floor averagé, m + ¥
+% . It has a zero mean and is independenf of ¥ terms.

In generél, the values of €(x,y} at tw& points are

correlated‘because ifﬁthe‘load intensity is higher than the
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TABLE 2.1 SUMMARY OF LIVE LOAD SURVEY RESULTS
FOR OFFICES (From Ref. 5)
: >
Surveyed Survey load —
Year Survey Place area Mean |[Std. dev.
(m2) (KN/mz) (KN/mz)
1893 Blackall U.S.A. 7100 0:780 -
1923 Coley U.S.A. 3700 | 0.555 -
Blackall U.S.A. 1100 | 0.302 0.13
McIntyre U.S.A. 3470 | 0.436 - o~
1931 White England 13300 0.517 -
1947 Dunham U.S.A. 46370 | 0.685 - )
1952 Dunham U.S.A 1270 | 0.484 -
et al
1968 Bryson & U.S.A. 4990 | 0.570 0.25
Gross 4500 | 0.464 | 0.2
1969 Karman Hungary 13900 | 0.603 0.33
1970 Mitchell & England 160,000 | 0.565 0.38""
Woodgate
1973 Paloheimo Finland 3000 | 0.330 -
1974 Culver U.S.A. 53900 | 0.555 | --0.37"""
Dayeh Australia 28000 | 0.412 0.25
Schwartz U.S.A. 400 | 0.776 0.52
Area-weighted 0.566 0!35

ek

* kK

)
J

Based on an off%qg area of approximg&e]y 18.6 m2 (200 sq.

/

Derived from Eq. 2T

Derived from Eq. 2.2

average

Y

ft)
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floor average at a certain point, then it is likely that the
load at a nearby point is also high. Nevertheless, Hauser
(13) bas shown that this correlation decays rapidly as the
distance between the loads increases. The analysis was based
on the BRS survey results (18); the correlation coefficient

was shown to be less than 0.25 for distances greater than 3

- meters. Therefore, if the floor area is not too small,

]

€(x,y) can be(reasonably assumed to be an uncorrelated
process (17).

Based on Eq. 2.3 and the preceding assumptions: the
mean and standard deviation of the instantaneuos unit load,

u, on a floor area, A, are (17):

E(u) = m - (2.4)
Var(u) = a + b/A (2.5)
.

in which a is the sum of the variance of ¥ and ¥, and b is

* an experimental constant.

Eq. 2.5'suggests that when A s sufficiently large,
Var(u) approaches a. Hence a is determined from survey data
for a large area. The value for b is selected such that
Eq. 2.5 gives a good fit to survey data for other areas. The
BRS survey of office live loads shows a standard deviation
of 0.216 kN/squaEe meter at A 2z 192 square meters for floors
other than)basements and grounds (Table 7 of Ref. 18). This
yields a = 0.0466 kN”/m*. In Ref. 17 the BRS data, which are

presented in Taple 7 of Ref. 18, are apprdximated with a
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curve based on Eq. 2.5 with b = 1.782 KN°/m?. The analysis
(11) of the NBS survey data of office live loads presented

in Figs. 29, 30 of Ref. 9 yields a = 0.0601 kN*/m* and b

1:407 sz/mz. The two curves are very similar as shown in
\JHE; 3 of Ref. 11. Using the standard deviation of 0.35
KN/square meter for A = 18.6 square meters presented in
Section 2.1.2 and setting a equal to 3.0 ¥ of b, compared to
2.6% from the BRS survey and 4.3% from the NBS survey,
yields a = 0.044,kN?/m*® and b = 1.460 kN’/m?. These values

are used for analysis.

(b) Sustained Load Effect

To relate a random set of loads distributed over an
area to a particular load effect (moment, shear, etc.), the
sum of the pfoducts of the magnitude of the loads at each
point times the height of the influence surface for that
load effect at that point is used. The mean ahd standard
deviation of the sustained equivalent uniformly distributed ¢
ioad (EUDL), L, which will produce the same load effect as '

the actual random set of loads are (17):

E(L) = m \ ) (2.6)
Var(L) = a + Kb/A, (2.7a)
in which
K = 51§112(x,y0//[51 (1_I(x,yq2 (2.7b)
0’0 00

- The function I(x,y) is the normalized influence surface of
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the load effect of interest over an influence area, LY

Thé influence area, A, is generally assumed to be
equal to the floor area over which the inﬁluence surface of
the load effect considered is significanfﬁy different from
zero (17). For beam load effects in a cbnventional one way
slab or beam-column frame building, the significant
influence area is generally cons}dered as twice the
conventional ;ributary area of one span. For the column load
effects, the significant influence area is 4 tim;s the
tributary area.

The values of Kk have been shown to be insensitive to
dMfferent end conditions of a single beam and number of
spans in a frame. Using approximate polynomial influence
surfaces, K is found to be 2.04 %or end moments, 2.76 for
mid-span moments, 2.20 for column loads and similar values
for other load effects (17). Thus the variance Var(L)
computed using Eq. 2.7(a) for A, = 37.2 square meters (400
sq. ft.) ranges from 0.144 to 0.179 for the extreme cases.
Because of.the relative insensitivity of K to load effect
types, kK = 2.2 for all load effect types has been suggested

W o

(11) and it is used in this study.

(c) Statistical Distribution of Sustained Load‘

Five major live load surQeys‘have been analysed in
Ref. 6 using three probability models: normal, lognormal,
and gamma. The results indicate that the gamma distribution

is generally better in the overall fit and gives the best

a
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.fit in two-thirds of the cases. Furthermore, the gamma modél
ts in good agreement with the survey data of most occupancy
types in upper tail region and even at the 99.9% level for
offices (see Table 2 of Ref. 6). As the EUDL differs from
.the actpal unit load only by the weighting function*l(x,y).'
the instantaneofis EUDL is also considered as gamma
distributed.

4 _
(d) Statistical Distribution of Sustained Load Durat ion

- Throughout the life of a ¥loor area, the sustained load
is likely to be influenced primarily by %he change in
occupancy while minor fluctuations during the sabE' ccupancy
can be ignored. Therefore the sustained load is assu to
be constant during the time between occupancy changes. The
load during any such constant peried will be*represented by
the instantaneous sustained EUDL.

- The NBS office live load survey data for occupancy
duration exhibit an exponential distribution as shown in
Fig. 18 of Ref. 9. The mean duration is 8.0 Years, which is
close to the mean value of 8.8 years obtained by the BRS
survey (18)f'The BRS survey data for occupancy duration also

gree fairly well with an exponential model aé shown in

ig. 5 of Ref. 21. Figure 18 of Ref. 9 suggests a minimum
duration of 1 year. In this study the the duration of
occupancies is modelled with~an exponential distribution

with a minimum duration of 1 year and a mean of 8 _years.
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2.1.4 Vacant Eeriod , ,2&*
Vacancy or unloading events in an are; are generaﬁlyg'”
neglected in deriving the lifetime maximum EUDL as a .
conservative assumption (17). In this study, however, a
unloading events in a span are significant’;:; should be
considered. Although no éata are available about office
vacancy, it is likely that unloading occurs during periods
of occupancy changes, répainting or remodelling of
furnitufe. In this stud&. an area is arbitrarily assumed to
be entirely unloaded during each change of occupancy. Within
the same occupancy, additional unloading events are assumed
to occur every 2 years. |
Thévduration of an unloading event is assumed from 1
day to 2 months and is approximated by a uniform

distribution. The sensitivity of load effects to the

above-mentioned parameters is examined in Sect. 4.1.1(b).

gigfs Transient Live Load Mode]l
(a) Transient Load
Very few data are available on the transient live load.

-Nevertheless, @ model has been proposed (20) assuming a
S
series of randomly distributed load cells, each\qf which

céntainsﬂa cluster of.concentrated loads. Similaf to the

. 3 i
sustained load, the load effect is also consideqed to obtain

the EUDL. The mean, me, and variance.Qé ’of/}ﬁ; EUDL, E,y

associated with one transient load event ar 1(17T:

2 N
'
- 3
)

7
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me = Amem, /A (2.8)

mf =7\K(mﬂqg + méqf + mémé)/Af ) (2.9)
in which A= mean number of load cells in the influence
area, A . Q and R arevrandom;yariables representing the
weight of of a single concentﬁated load in the cell and the
number of loads per cell respectvely. K is equal‘to 2.2
(Sect. 2.1.3(b)). ; -

There are no data available witﬁ‘which Egs. 2.8, 2.9
can be estimated with confidence. McGuire and Corhel] (17)
have estimated fhe values of the following parameters
(Table 1 of Ref. 17): (mj, T ) = (0.65, 0.13)kN; (mR,thi
= (5, 2). In estimating A, which is area-dependent, it is
reasonable to assume that the average number of(load cells
_per unit area (and therefore the mean and standard'deviation‘
of unit load). decreases with increasfng area. McGuire and

‘Cornell (17) have proposed the following values of N, which

are a function of irkfluence area, AI:

-

A, > 37.2 m? (5\ = /(A 7 15.31/0.84
A =279 =37 | | (2.10)
oA =88 m AN=27 |

A = 9.3 m N= 1.4

N\
Thé mean and standard deviation 5? the unit transient load
from Eqs. 2.8 and 2.9 based on McGuire and Cornell’s

assumptions are plotted as a function of influence area in

K
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Fig. 2.1. The figure shows the decrease of the mean and
standard deviation with increasing area. o

Ellingwood and Culver (11) estimated that (mQ,Qb ) =
(0.67, 0.11)kN, (mo, qz ) = (4, 2) and

AN=/(A - 14.4)/0.58 . (2.11)

Values of the mean aég/standard deviation from Eqs. 2.8 and
2.9pased on these assumptions are plotted in Fig. 2.1 for
co:;S}isoh with McGuire and Cornell’s curves. The figure
shows that the two sets of assumptions give curves that are
very similar for A > 30 m?. For A, < 30 m?, Ellingwood’ s
curve appears unreasonable as the mean unit load decreases
very rapidly with decreasing area (the same unreasonable

trend occurs in standard deviation as Al < 20 m2) In

personal communication with Ellingwood, it has been

suggested irat the mean unit load, and therefore the average
number of load cells per unit area, shoulc be assumed to be
constant when the influence area is less than 30 m?, ie,

A, < 30 m? Nz 0.1734, . (2.12)
The mean and standard deviation based on Eq 2.12 are also
blotted in Fig. 2.1, which shows a reasonable tremd in the

standard deviatfon. In this study, Egs. 2.11 (for A > 30 mz)_

and 2.12 are used to calculate the mean and standard

deviation of the transienf-EUDL.



Mean of Transient Load

Standard Deviation of Transient Load

KN/m?2
o
N

KN/m?2

o
~
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------- .McGuire & Cornéll, 1974
=~ Ellingwood & Culver, 1977
—-= For Influence Area Less Than 30 m?

| 1 1 I | i 1 1 ] 1 ! J

20 40 60 80 100 120
Influence Area, m2

20 40 60 -~ 80 100 120
Influence Area, m2

- Fig.2.1 Mean and Standard Deviation of Transient Load S
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(b) Statistical Distribution of Transient Load Event
Peir (20) has shown by means of a numerical example

that the distribution of the transient load can be
represented by a gamma distribution. The occurrence of the
transient load is generally assumed to follow a Poisson
process (17) basedbon the assumption that tramnsient load
events are independent in space and tiﬁe. The time between
two cgnseéutive transient load events is assumed to conform
to an éxpoqentia] distribution with a mean of 1 year (11,17)
for offices. |

| The duration of each transient load event is assUmed to
be 8 hours (15). Moreover, transient load events are assumed
not to overlap, although a transient load évent can be
followed immediately by another transient load event so that

the minimum time between occurrences is 8 hours.

2.1.6 Live Load Model Used in this Study - Summary
The sustained EUDL is gamma-distributed with a mean of

0.566 KkN/square meter and a variance equal to

Var(L) = 0.044 + 3.212/A, | (2.13)
Q
4 . C:a . -
The duration of a sustained load .event is modelled with an
exponential distribution with a minimum duration of 1 year
and a mean of 8 years.
One unloading event occurs at the start of each

sustained load event and additional unloading events occur
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every 2 years during that sustained load -event. The duration

of a vacant period is approximated by a uniform distribution

with a minimum duration of 1.day to a maximum of 2 months.
The transient EUDL is assumed to be gamma-distributed

with a megn equal to

me = 2.68M/A, ©(2.14)

and a variance equal to

T = 19.9N/AF | (2.15)
where

| N=.J(A - 14.4)/0.58  for A, > 30 m? (2.16)

N=o.a73 A for A, < 30 m2  (2.16)

» ‘

The duration of each transient load event is 8 hours. The
time between two consecutive transient load events is
modelled with _an exponential distribution with a minimum

time of 8 hours and a mean of 1 year,

2.2 Dead Load Model | _

The dead load includes the weight of structural
members, permanent equipment and‘pehmanently suppor ted
non-structural elements such as pértitions, rodfing and
installations. During the life of a structure, tﬁe dead load
maintains a rblatively constant magnitude .though slight

changes may occur.
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Magnitudes of dead loads may vary from those assumed
due to variations in sizé of members, density of material
and weight of non-structurai items. Generally, the weights
of non-structural elements have a strong effect on the
variability in the dead load (12).

The probability_distributibn of the dead load is
generally assumed to be normal. The ratio of mean load to
nominal dead load is commonly assumed to be unity and the
coefficient of variation (12) from 0.06 to 0.15. In this
sfudy, the mean load is assumed to be 1.05 times the nominal
load, and the coefficient of variation of the dead load is

taken as 0.10, based on Ref. 12.



3. ANALYTICAL STUDY

3.1 Live\lLoad Study

A Morie Caplb analysis is used to generate
distributions of the maximum lifetime loadings at various
points in a structure. A linear programming technique is
then used to select a patterd loading to represent a

particular fractile of the maximum 1ifetime loadings.

3.1.1 Monte Carlo Analysis

(a) Description of Monte Carlo Technique

The Monte Carlo techﬁique is a method to generaté a
large number of hypothetical samples by computer
simulations. This method requires a mathematical
relationship between the variable being studied and each
basic variable which affects it, b]us a sfatiétical
description of each basic variable. A set of values of the
baSiq'variabIes is randomly selected according to their
statisfical properties and the final variable }s determined
using the relationship between the basic variables and the
final variable. This procedure is repeated many times to get
a large sample of the final variable for statistical
analysis. ‘
In this study, the Monte Carlo technigue is used to
generafe'large samples of lifetime minimum and maximum 1ive
load effects at various points in a given frame. Durind\the

lifetime of the frame; random values of the sustained loadg
' \

-

20
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vacant period and transient load are continuously generated,
and load effects are calculated accordingly. The miﬁimum and
maximum values of each load effect during the lifetime are

eventually selected. This procedure is‘repeated enough times
(500 to 5000 times) to give dgable stétistical distributions

of the lifetime minimum or maximum values.

(b) Assumptions in the Computer Program

The computer program studies a given one-story frame

that is randomly loaded according to the live load models

escribed in Chapter 2. The life of the frame is assumed to

During the lifetime of a given floor area, successive
16ading events are assulted to be independent. Based on the
insignificant correlation tween the sustained ;ive loads
of two rooms found in the analysis- ( of loading data.'itf
is Eeasonable to assume no correlation fon_the sustained
{oad before_yr aftgf an occupancy change. Consecu
transient load events (Sect. 2.1.5(b)), are also assumed to
be independent, and so are un]dading events.

fhe number of rooms and room arrahgement on the floor
area of a frame give rise to different loading changes
occuring over the floor.‘lt has been shown (16) that it is

conservative to assume the entire 'significant’ influence

area to be occupied by one room. As mentioned in Secti
2 . ; ‘ :
2.1.3(b), the significant influence area is the area/over

which the influence surface of the load effect consfidered is



22

"significantly’ different from zero. For most beam load
effects, the influence surface in the spans other than the
«span where the load effect is considered is relativel;
small. For this reason McGuire and Cornell (17) have taken
the significant influence area for all beam load effects to
be the influence area of the span considered {(ie twice the
tributary area of the span considered).

For the interior support moments, h «=ver, the
influence surface is usually significant n = e two spans
adjacent to the support. Conservatively, tre significant
influence area equal to twice the tributary area cf two
adjacent spans should also be investigated. This matches the
situation in which one room occupies the entire inf iuence
area of two adjacent spans so that the same loads occur over
two spans at any time. For axial forces in interior columns,
the significant influence area is also equal to twice the
tributary area of two spans (ie 4 times the tributary area
of the column) because the inffuence surface is significant
in two adjacent spans. McGuire and Cornell (17) have
suggested this influence area in the case of interior
columns but not in the case of negative moments at interior
supports.

In the Monte Carlo analysis, two loading distributions

-

are agsumed:
/

Case MC1 - the ihf]uence area of each span is occupied

by one room.
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Case MC2 - similar to Case MC! except that the influence
area of two particular adjacent spans are occupied

by one room.

Because Case MC1 is a conservative asstmption for most load
effects as discussed above and appears‘most likely to
happen, it is investigated for all load effects of interest.
For comparison Case MC2 is also examined for interior
negative suppoft moments and interior column loads.

Case MC1 implies that all sustained load, transient
load and unloading events on adjacent spans are independent

(Sect. 2.1.5(b)), and the influence area used in Eqgs. 2.7,

~!42.9 to calculate the standard deviation of load magni tudes

is twice the tributary area of the loaded span. For
Casg MC2, thg loads are identical on two adjacent spans
where the interior subport moments and the column load are
considered; the influence area used in Egs. 2.7, 2.9 for the
loads on the fwo spans is twice the tributary area of. the
two spans:. The loadings on other spans are independent as in
Case MC11’ | |

The computer program based on Ca;e MC1 is described in
the next section. For Case MC2, the.computer program is only
slightly modified to apply identical loads on two particular
adjacent spans. The pattern load{ng models developed later

will be based on Case MC1 loadings for all load effects. For
1 . .

‘comparison, the models will also be based on Case MC2

loadings for load effects which are more critical in
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Case MCZ™loadings (interior column loads, etc.) and based on
Case MC1 loadings for all other load effects. The latter

case is later referred as Case MC3;

(c) Description of the Computer Program

The computer program is capable of generating\estimates
-of the lifetime minimum and maximum values of a number of
load effects in a population of 500 to 5000 “identical single
storey frames. The 50 year life of the frame is divided intd
8-hour intervals selected so that the length of one interval
is the same as the duration of a transient load with the
result that during any interval the loads on any span do not
change. The loads on each span are randomly chosen from the
loading distributions and .the load effects caused by the
loads occuring ih each interval are determined. When this
has been done@for each 1oad interval in the 50 year l{fg,
minimum and maximum values for each load effect during this
period are selected and denoted as the lifetime minimum and
maximum values, respectively.-The above steps are denoted as
one run in the com;uter program. In most cases studied; 5000
runs for oné particular frame are used to obtain 5000
lifetime m{niMUm and maximum values of each load effect
considered. | |

The structural aﬁalysis in the program is simbiified by’
using an influence coefficient matrix. The matrix for a
particular frame s multiplied by the vector cohsisting of

values of the uniformly distributed load on each span at a
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particular instant to obtain the corresponding load effects.
The formulation of the influence coeffiéient'matrix is shown
in Appendix A. B

Condensed flow diagrams of the computing program are
shown in Figs. 3.1 to 3.3 (the program listing is in
Appendix B). All fhe required data such as the statistical
parameters, the influence coefficient matrix for the frame
studied, the number of spans and the number of runs are
first read in. Then the random sustained loadsg, unloading
events and transient loads are generated for each span in
the 50 year lifetime. For efficiency, actual calculation of
the total load on each spaﬁ is done only when the load on
that span changes; the interval number at the time of change
is also recorded. Similarly the load effects are calculated
using the influence coefficient matrix whenever the total
load changes on any span. At the final stage of each run,
lifetime minimum and maximum values of toad effects are

selected. Finally, the lifetime minimum and maximum values

of each load effect from each run are sorted and printed

-

out.
3.1.2 Linear Programming

(a) Descriptibn of Linear Programming

Linear programming is a technique to provide optimum
solutions to problemslwith a number of possible solutions.
The problem has to be formulated into a linear program which

is a mathematical model consisting of an objective function



Read in all data and calculate ' s
statistical parameters

Call SUSTAN to simulate sustained
Toads for the 50 year 1ifetime

Call TRANST to
Repeat for simulate transient Repeat for
each span loads for the %0 each run
year 1i fetime

Y

A

Calculate total loads during the
lifetime whenever changes of sustained
loads or transient load events occur.
Record the time of each accurrence

Calculate load effects {using an
influence coefficient matrix) during
the lifetime whenever total loads
change on any span. Pick the 1ifetime
minimum and maximum values of each

) load effect

FOIRS
SRS e

Sort the 1ifetime minimum and maximum
Toad effects and print all sorted value ‘

Stop

"

FIG. 3.1 CONDENSED FLOW DIAGRAM OF THE MONTE CARLO PROGRAM



SUBROUTINE SUSTAN

Select the sustained load duration
from the exponential random deviate
generator. Repeat until the sum of
duration exceeds the 50 year 1ife

Y

Select sustained load magnitudes
from the gamma random deviate T
generator

periods in a sustained load event

Calculate the number of vacant

&r

Assign zero load to a

vacant period and record Repeat for each

sustained load event

the time pf its beginning

'

|

Repeat for each
vacant period

Select vacancy duration from
uniform random deviate

generator

Record the non-zerg  sustained load
and the time of its beginning

FIG. 3.2

Return

SUBROUTINE SUSTAN OF THE MONTE CARLO PROGRAM )

W/
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SUBROUTINE TRANST

9 Select the time interval between
, Pransient.load events from the
exponential random deviate

4

generator

Repeat until the
sum of time
intervals exteeds

the 50 year 1ife

\

Record the time when 1
‘a transient load occur |

Select. transient load magnitudes
from the gamma ‘“random deviate
generator

FIG. 3.3 SUBROUTINE TRANST OF THE MONTE CARLO PROGRAM ‘

et

Return |- &

-
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and constraints, both in.terms of linear expressions ot
variables.lThe‘pbjeciive function is the factor to be
optimized such és maximization of profits or minimization of
costs. Thé optimization is restricted by the constraints on
the values of the variables. The constraints are in linear
forms of inequality expressions or equations.

A linear program with two variables can be solved
graphicélly. For more than two variables the Simplex method
(10) has been developed. The method i; an iterative
technique performed using a computer. Theoretically
speaKing, the method is capéble of giving the trﬁe optimal
sotution to the prob]ém solved. In practice, however, the
solution may be inaccurate due to the rounding errors
accumulated in repeated computétjons. For these and other
reasons, the so called Revised Simplex method has been
developed to reduce the errors aﬁd thus improve the
solution. This method is described more fui]y in Ref. 10. In
this study the Revised Simplex method is used to solve
linear programs; the cémputer program for this method is
available ‘from the IMSL library (14). f

In this study the Monte Carlo results for the extreme
loading cases are approximated withAdesign load patterns.
Lineaf programming is used fo find the load factors
corresponding to a particular load Sattern to best .
approximate the Monte Carlo results. The objective is to
select load factors to minimize tHé_differences between the

L

factored load effects from a particular load paftern and tﬁe
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corresponding load effects from the Monte Cardo results. A
series of different load pattern schemes are épnsidered to

select the most desirable model.

(b) Design Loadings and Load Fractiles Used in the Study
In‘any designbload pattern to be,discﬁssed. the load on

each span is the product of a load factor and the nominal

live load. The nominal live load, L., is a defined quantity

based on-Section 4.1.6 of National Building Code of

Canada (19):
L, = (0.3 +V/9.8/A;)L, for A, > 20 m?
Ln = Lo for A; < 20 m? (3.1)

in which A, is the tributary area in square meters. Since
consideration is givén to office buildings in this study, Lo
is equal to 2.4 KN/square meter.

Basically‘two types of desigq‘loédvpatterns should be
considered. The first type is similar to the traditional
load pattern discussed in Section 1.1.1, except that there
may be a small load_on the unloaded>spans. The second }ypé
is a sianer patfern suggestéd by Beeby (2), consisting of
heavy loadihg on only one span and light loading on all
other spans. Other patterns to be considered will be derived
- from these twq,basic types. The design load patterns will be
. described more fUlly in Chapter 4.

-

In order that the factored load pattern selected in

h
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this part of the study should have a probability of
occurrence equivalent to that implied by the National
Building Code (19) or ANSI (12) load factors for live load
on a simple span, the probability of occurrence of various
factored live loads has been studied. The probébilty‘that
the lifetime maximum load will be less than or eeual to the
factored live loads based on eurrent NBC, proposed ANSI and
current ANSI‘are listed in Table 3.1 for three different
influence ereas. The values in the table have been
determined by using a Monte Carlo program based on the one
described in Section 3.1.1, except that the number of spans
has been set equal to onejand the output is expressed in
terms of lifetime maximum values of the live load instead of
load.effects.fThe results indicate that the factored live
load values are close to the 0.999 fractile except for small
areas. For this reason thec0;999 fractiles of thee11fet1me

minimum or maximum load effects are used in the modelling of

pattern loadingsf

(c) Formulation of the Linear Program

For convenience in the following d1scuss1on Moi is
used to represent the absolute value of the algebra1c
minimum or max1mum factored load effect i which can be
obtained at a cr1t1ca1 sect1on from a design load pattern,
-and M is the corresponding absolute value of a high’

fractile of the distribution of the m1n\mum or max1mum load

effect i from the Monte Carlo analys1s Note that the



TABLE 3.1 PROBABILITY OF THE LIFETIME MAXIMUM LOAD BEING
LESS' THAN OR EQUAL TO THE FACTORED LIVE LOAD

\

\ \v/”‘~.x“
s * ] %% %k k
A, 1.5L 6L I/
(NBC) (Proposed ANSI) (Current ANSI)
20 ml ©0.925 0.956 0.973
50 m? 0.9982 0.9986 0.9954
100 m? 0.9984 0.9988 0.9912
to 0.9970
* Assume AT = O.SAI in Eq. 3.1
| 15 |
** L= (0.25 + 12y for A, > 400 sq. ft
n JE; 0 1
L= L , for A <400 sq. ft

L)

D
_ . - n
L -‘[ 1 - min {0.0008A;, 0.6, 0.23(1 + [;o}]Lo

Assume AT

O

[

O'SAI

0.67 to 2.0

——
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i

subscript p refers to pattern and m refers to Monte Carlo.

In the optimization,>the penalty for values of M, less
than M,; (an unconservative case) is twice that for My,
greater than My . The objective is to minimize the sum of
;penaltiés for all load effects to be fitted by a load
pattern: In this way "e iec'lts tend to be conservative.

As discﬁssed in the previous weciion, M, are taken
equal to absolute values of fhe 0.998 fractiles from the
Monte Carlo results. Two cases are assumed in the modelling
with a load pattern. The first case is that the Monte Carlo
results based on Case MC1 discussed in Section 3.1.1(b) are
used for M, in the linear programming. The second case is
that the Monte CéFlo results based on Caﬁe MC3 discussed in
Section 3.1.1(b) ar; also used for My .

The load effects, M, , for a given load pattern and
frame are determined in the linear function of load factors
using the influence coefficient matrix (Appendix A) as

follows:

Mg = alnCy + bL,C, ©(3.2)
where a and b are load factors, which will bé'défined_more
fully in Chapter 4. The ncminal.live-ioad;jLn, has been
defined by Eq. 3.1. The ‘term C, is the sum of the influence
coefficients of load effect i'for.the‘spans which'are‘loaded
‘by the larée uniform load, alL,, and C, is the}sum of the

remziﬁing influence coefficients of load effect i. Because -
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Mp; are defined as absolute values in'the linear brogram,

‘ the algebraic sign of eacholnfluence coeff1c1ent for
negat1ve load effects (negative moments, negative shears)
has to be converted to the opposite sign when formulating

q..3.2.
JVhe linear program is formulated as follows: The
ob\ject {ve funcfion is
minimize z = ﬁ%d (3.3)
i= :

where n is the total ~ ~-..i of ioad effects to be fitted,
and d; is the penalty for load effect i. The penalty, d;,,is

defined in the following:

dl = Mpi - an . ‘ (3-4)
If Mpi < M |
di = 2(Mpmi - Mgi ) (3.5)

Note that both Mp; and Mm; arerabsolﬁte values. The ‘
‘parameteré d; and M,; (in terms of a and b) are variables,
while M, are known values as defined previously. Egs. 3.4,
3.5 are transformed into constraints in the linear'prograh
as shown in Eq. 3,6. The inequal%ty expressions ‘are used
instead of equations becalise eqs. 3.4 and 3.5 are never
satisfied simultaneous‘y. This penalty expression is

arbitrarily chosen such that unconservative estimates of



Eg. 3.5.

The constraints are:

Moi - Mmi < dj
Mmi - Mpi (aO.de

for i=1,n

The variables, a, b and d;, arg also defined as non-pégative
variabies in the linear progrdam. In addition to the above
constraints, the load factors a“and b-are required to be
less than 2.0 (except for tributary areas less than 20 m?)."
. 2 -

3.1.3 Structures Studied

An’in?inite number of variations in types of frames
could be §tudied.,To limit the problem, symmetricél two,
three and five span frames based on Section &.9.1 of the ACI
code (1):are studied. These structures are single-story
sections of frames with the far ends of columns above and
below the floor assumed to be fixed. = | -

| symmetrical frahes with variations in the following

variables are studieq: -

a the tributary area,
vb ;the_number of spans,

c. the span }ength'FatiQ, : ' <::l

the column to beém stiffness Eatio.

Q

A
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iable a affects the loads on a span; variables b, ¢ and d
ffect the influence coefficient matrix. The frames studied
are listed in Table 3.2. The values‘of the variables are
chosen in order to get the effects of_each variable.

The load effects of interest in this study are moments
at the ends, quarter points and mid points -of the spans, end
shears, column moments and QxialAforces. So as to be ablelto
construct moment envelopes, 1ifetime minimum ahd ma x i mum
values are‘required._For the others, only absolute 11fet1me
maximum values are needed. Since the frames considered

herein are symmetrical, only the load effects on one half of

'a frame are required for analysis. Axial deformations of

members are ignored in the structural analysi .

3.2 Dead Load Study

<

3.2.1 Stétistica'l Calculation
D1rect stat1$t1cal calculation of dead load effects is
based on the following theorem (3): If a random var1ab1e. Y,

is the sum of normally distributed variables, X, ¢ namely,
n ) ‘ )

where a is the coefficient assaciatec with X; . then Y 1s

also notﬁally d15tr1buted The mean of Y s (Eq. 2.4.81a of

Ref. 3):

E(Y) = = a,E(X;) | (3.8)

i=1



TABLE 3.2 FRAMES STUDIED

~ Number of Span Length A*

Frame - Kc
Spans Ratio (n?) _EE-

1 2 1:1 25 0.2
2 3 1:1:1 | 25 0.2
3 5 1:1:1:1 1 25 0.2
1 3 1:11 zsv/\z.o
5 ) | 3 1:1.5: 25 0;2
6 "3 1.5:1:1.5 25 0.2
7 3 1:1:1 50 0.2
8 3 . 1 0.2

:1: 10

* Based on the (longer) span

Tength of 5 m

37
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and the variance of Y is (Eq. 2.4.81b of Ref. 3):
i
Var(Y) = Ea Var(X; ) + 22 Ea a; Cov(X; ,X; ) (3.9)
i=l =1 jeis1

where Cov(X; ,X; ) represents the covariance of variables X,
and X; . The results are valid whether X, are correlated or
independent. In the latter case Cov(X; ,X; ) equals zero and
the second term in Eq. 3.9 disappears.

A particular dead load effect, Y, , is a linear function
of the uniformly distributed dead load on each span. The

relation is represented by
Y, = S a;; X (3.10)

where 3;; is an element of the influence coefficient'matrix
at row i and column j for a particular frame (der1vat1on of
‘the matrix is shown .in Appendix A). The term X is the
un1formly d1str1buted dead load on span j, and n is the
total number of spans in the frame. Since the dead loads,
Xj» are normally distributed variables (sect. 2.2),\Yi is
also normally distributed. The mean and the variance of X;
is the same for j = 1 td n, therefore, using Eqs 3.8 and

3.8, the mean and variance of Yi become
. ) o |
HY mXEQJ (3.11) .

var (Y, ) = (ji a|J rYarS X gy e, - (3.12)
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where r is the cbrrelation coéfficient between Xj. As

mentioned in the dead load model in Section 2.2, the mean

-unit dead load (or the mean uniformly distributed load per

unit width), m is assumed to be 1.05 times the nominal

X
unit dead load which is taken equal to unity for analysis,
and the coefficient of variation, Vy+ is assumed to be 0.10.
No data are available to estimate the value of the
correlation coefficient, r, between Xj . Howevar. it is most
liKely that the dead load on one span is highly correlated
with the dead load on adjacent spans, therefore, r = 0.75
has been arbitrarily assumed for analysis. The extreme
situations of r = 0.0 (completely independent loads on all

spans) are also exam1ned for comparison. Perfectly

correlated loads (r = 1.0) have not been considered since

lthis corresponds to constant loads on all spans. Based on

the normal distribution of the dead load effect with 1ts
mean and variance given by Egs. 3.11 and 3.12, any fractile

of a dead load effect can be calculated.

'3.2.2 Linear Programming

In the similar manner as for the live load, the dead
load effects obtained from the statistical calculation for
the extreme cases are modelled with simple load patterns
The formulation of the linear program-for the dead load*1s

similar to that discussed in Sect1on 3.1.2(c) for the Iive

~load. The term Mmi in Section 3.1, 2(c) is redefined here as

the absolute values of the 0.999 fract1les determ1ned from
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w
the statistical calculation. For comparison, the load

pattern based on 0.99 fractiles of the dead load effects is

also examined.

3.2.3 Structures Studied

The type of structgres studied for the dead load is the
same as for the live load (Sect. 3.1.3). Since the results
of the analysis of live loads presented in Chapter 4 show
that the type of frames has an insignfficant influence on
the final results of analysis, Frame 2 in Table 3.2 has been

arbitrarily choser to be studied for the dead load.

-



4. DISCUSSION OF RESULTS

4.1 Live Load _
4.1.1 Results of Monte Carlo Analysis

(a) Overview of Monte Carlo Results'

Eight different frames (see Table 3.2)&BaVe been
studied in the Monte Carlo analysis. The Mgpte Carlo results
of a typical frame with 3 spans of constant span length,
column te—feam stiffness ratio equal to 0.2 and tributary
area of one span equal to 25 sqg. meters {(Frame 2} are shown
in Figs. 4.1-4.3. Each figure shows the moment envelopes
obtained from the 0.999, 0.99 or 0.5 fractiles‘for loading
Cases MC1 and MC3, and the moment envelopes from the ACI
load pattern (the_traditional pattern).v

~}n Fig. 4.1, the 0.999 fractiles of the negative
moﬁbnts at the interior support for{]oading CASe MC3 are
_about‘10% higher than ghose fq"pase/MC1. while moment
envelopes for both cases are the samé at all_other sectiongﬁ
The comparisonrof loading Cases MC1, MC2 and MC3 for
different frames will be discussed in Section 4.1.1(c).

Figufe 4.1 also'shows that the factored moment ‘envelgpe
from the ACI load pattern based on a load factor of 1.7 and
a nominal live load given by Eq. 3.1 is close to the 0.999
fractiles from fhe Monte Carlo nesu];s,ve%cépt for negative()
moments at the interior support and positive moments at the )
inter}or_sdpport, Since the latter are offset by dead loéd

momqhts. they will Ee disregarded.

41
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~ The interior negative support moments from the ACI load
pattern are about.40% larger than the 0.999 fractiles for
Case MC3. This large discrepancy suggests that the design
load pattern of full factored load on the two spans adjacent
to the support is too.severe. This is cbnfirmed by the
results of linear programming discussed in Section 4.1.2.

In a similar manner to Fig. 4.1, Fig. 4.2 shows that
the 0.99 fractiles of the hegative moments at the interior
support for‘idading Case MC3 are larger than those for
Case MC1, and the discrepancy between the 0.99 fractiles of
the interior negative sapbort moments and thése'from the
fgctored ACl load pattern is much larger than the
.discrépancy"at the other sections. In Fig. 4.3, the moment
envelope from 0.5jfractiles is compared to that frqﬁ the
unfactored ACI load pattern. The unfactbred moment envelope
from the ACI Toad pattern is seen to be more severe‘than
that from the 0.5 fractiles at all critical sections.

With respect to the end Shears, the 0.999‘fractiles:’
from the Monte Car1o results'aré 5lﬁghtly fess than tﬁgh
factored shears from the ACI load pattern. For the ihterior
column axial load, the .0.999 fractile based on loading
Case MC3 is about 10% higher than that based on loading
Case MC}} while the exterfor column load remains the.same in
both loading caseé. The different loading cases will be
gingSSed more fully in Section 4.1.i(c).;1i7the>same way as
the negative moment at the interior support, the igtérior

column axial load obtained from the ACI load pattern based

¢

-

»
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on a load factor of 1.7 is much larger than .the 0.989
fractile; Again, this is confirmed by tHe results of linear

programming discussed .in Section 4.1.2.

{b) Effects of Variables on Monte Carlo Resu1t§

A number of parameters have been varied in the Monte
Carlo Analysis. They'can be divided intq two categories: the
barameters of . the Qacant period, and those of frame
properties which include the tributary area, number of
spans, span length ratio and column to beam stiffness ratio.

In the description of the live load model, it has been
arbitrarily assumed that no live loads are present during
"vacant periods" representing tenant changes, etc. A]théugh
it seems reasonable ‘that they should occur, no data are
available on the characteristics of such periods. In the
‘analysis, the vacant period has been described in terms of
its duration and the.t{me between successive vécant periods.
To study the effects of the assumed values, a parametric
sfudy has been ﬁade. Table 4.1 shows the effects of varying
the parameters of the vacant period on the Monte.Carlo
. results. The 0.99 fractiles from the 500-run computer
-results using Frame 8 (see Table 3.2) based on the assumed
parameters in Section 2.1.4 are compared wifh the results
based on other sets of parameteﬁsq The sums of the'values,
while meaningless in themselves, show a small incréase in
results- when the time between periods increases or the -

duration of the period decreases. These differences are of

e e ey L e oot e < 2t e £ g o m o $m e e s e e s ;
T TR ST mm S e RISl 2 s ek B R - == < -y



47

sxeak ¢ sxealk g sieak ¢ saxealk gz spotaad oMl Usamiaq SuITl
sAep 0zT-1 shep 0Z1-1 sAep (Q9-T siep (pg9-71 POTied jueocea v 3o uoy3zeINg
va €4 . ‘za ‘14 . *

ZL"89 ZE°LY ¥8°69 1€°89 19" TH- SO° Tv - 6€ " 2h- £S°TH ~ wng
voe’s 901°8 819°8 981°8 - - - - ST
aLets Z90° g £6€° S ¢IT"S - - . - ) - AT
T€T° 1 S2T1°1 9T 1 IST T - - - - €1
98 "1 6L9°T 608°1 €ELT - - - - z1
89% 01 SEQ"TIT 860°TT GET 1T - - - - IT

- - - - 90V°CI~  692°CZT- ZIS'ZI- 060°ZT-] o1
£bL 0T PCT 0T . 98L°0T1 vzee ot - - - - 6
S0€° 9 ZbL° 9 918" 9 L86°9 9€0°¢- 000°¢~ 99T "2~ 9p0°Z~ 8
89Z°¢ 916" ¢ SIE‘€ £€LG6°¢ ZSS° €~ vzte- 9LTE~ - L6Z°E- L
980" 1 LBT°T S6T"T- 990" 1 oog" L~ 80€° L~ pTiL L~ 089° L~ 9
9%89°0 - 06L°0 T2L°0 289°0 * oop-g- €8€°8- L88°8- ' 6ZE£°8-~ S
9v6"¢€ 98G°¢ 219°¢ L99°¢ 896" 2~ €8L°C~- 88672~ Z9L°2Z- v
T2L°8 000°8 766°8 Z€2°8 | OLb TI- £2€~1- 6S€° T~ LSV 1- £
Iv1°9 vos8° g L91°9 8v8°¢ 96¢£ "0~ IBE 0~ SLE" O- 0P " 0- 4
61970 LSS"0 ZLS°0 ,  ¥19°0 2L9 €~ 86e°€- 819°¢- 99y "€ - 1
.ea *ma : Lcd .*—a cea «mm *Na «Fa (b p°614)
WNWLXeR 3WL3d4L7 JO S3[LID2BU4 66°0 UNWLULW awLlaj L 40 S3|L3ded4 6670 uotiedo] -

(2°¢-aiqey aag) g aweuy - (LOW 3se) uo paseg) s1ns3y OTUVI IINOW
JHL NO G0I¥3d INVIVA IHL ONISI¥OS3IQ S¥3LIWvivd JHLANIAYVA 40 S123443 (¢ 37avl



f

—0—0—0—@
1 234 5|67 8

r

-—0—0—

>

-

Beam Moments

1 T 1
S 10{11
Bt » A
| Beam Shears
T 1T 7
12 13
ji ji b4

T

Column Moments

T

r

14

15

-

A

Column Loéds

-

Fig.4.4 Locations of Calculated Load Effects

o]

48



49

K . <
the same magnitude as the errors introduced by other

assumptions and the values of these pag;meters as chosen in
Section 2.1.4 are assumed to be good enoubh'for the final'
analysis. ) |
The tributary area of a frame affects the loads on each
span, while other frame properties affect the influence‘
coefficients, ie, the transformation of the loads to load .
effects. In the description of the live load model, the
magnitude of the_livé léad is a function, of tribuféry area
/"¢br influence area); the Targer is the tributary areé. the
smaller is the livé load. As a besult. for comparable
frames, the frame with a lérger tributary area obtains
smaller values of load effecté-per unit width from the Monte
Carlo analysis than one with a smaller tributary area doés.
For the other frame properties, the longer span of two
adja t uneven spans gets larger moments and shearé‘than
<§\\ thejzggrter span doés; when the column to beam st%ffness
ratio is higher, the beam moments become smaller while the
column moments are larger. The effects of different number
.of spans-dh'the Morte Carlo results, however, are not
sufficiently consistent to draw any conclusion. To account
for. the effects of a series Qf frame variables, é number of
different frames have\péen considered in the linear .

_programming an(lysis»pfggéntedvin'Se;zionv4.1.2(b).
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\)\C) Compar fson of Monte Carlo Results for Loading Cases MC1,
MC2 and MC3 ‘

The 0.999 ;ractiles of the interior negafive support
moments and the interior column load based on Cases MC1 and
MC2 are compared in Table 4.2 for four different frames. The
results indicate that‘Case MC2 {two adjacent spans occupied
by one room) always govern the interior column load but may
or may not govern the interior moments . fhis can be
explained by observing thé influence coefficients in
Table 4.2. for the interior column load, the influence
coefficients are always sigﬁificant in the first two
adjacent spans for any frame. For the support moments,
.Case MC1 governs when the influence coefficient in one of .

tgs first two spans is relatively smél]f as shown by Frame 4

_'iﬁ which -the column to beam stiﬁfness ratio is 2.0.

The results of the comparison, therefore, verify the
assumption discussed in Section 3.1.1(b) that, |
conservatively, the span(s) where the influence surface is
significant should be ‘occupied by one‘room in the Monte
Carlo analysis.

‘ A third loading case, Case‘MCB, hés been derived uéing
the larger of the Monte Cérlo values from Case MC1 and

Casé MC2 for the interior negative support moments, the

- interior column lpads‘from Case MC2, and all other moments,

shears and exterior column loads from Case MC1. While this

appears to be an extreme case, i<doés allow for the

*

possibilities that the loads onfany two adjacent spans may
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be correlated or that the loads on all spans are

independent .

4.1.2 Results of Linear Programming v
(a) Comparison'of'Different Design Load Patterns

The design load patterns considered in this study are

j».
¥ and the1r ability to represent extreme loading

\.

three%ypes of loading are:

alternate Span loading - heavy factored design load,
- 8,L,, on alternate spans, and light factored design

load, b1Ln,'on all other spans where a, > b,,

single span loading - heavy factored design load, aan,
on one span and light factored deeign load, b,L,, on

all other spans where a, > b,,

g -

adjacent span loading - heavy factored deswgn load
azl,. on two adjacent spans and light factored

- design  load, bsL,, on all other spans whene ay > bs.

In each type of loading, the load on a span is the product
of a load factor, a or b, and the nominal iive load, L,
which is given by Eq. 3.1.

| FbSm thehEQEee basic types of loading, four design load

i.
L
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patterns are considered:

Patfern A - a combination of alternate span loading
(Fig. 4.5a) plus adjacent span load1ng (Fig. 4.5¢c)
as appropriate, with a,= a; and b1- b,

Pattern B'— single span loading (Fig. 4.5b)

Péttern C - a combination of alternate span loading
(Fig, 4.5a) plus adjacent span loading (Fig. 4.5¢)
as appropriate, with a, and b; independent of a, and
b; respectively,
- ’ ' ¥ g
Pattérn D -Aa cdmbinetion of single span loading

/(Fig. 4.5b) plus adjacent span loading (Fig. 4.5c¢)

as appropriate, with a, and b, independent of az and

/ b; respectively.

Pattérn‘A’{E\s4milar to the traditional design load pattern

ex'épt that there may be a small load on the unloaded spans.

| Pattern B is a simpler model suggested by Beeby (2). The

nsideration df Pattérns'c and D results from the lack of

~consistency in-the results of Patterns A and B as discussed / .

later. A possible load pattern similar to Pattern D except

.,a%%d 3 and b, = b3 is not cons1dered because the. results of

"Patt rn D 1nd1cates that a2 is much d1fferent from a3 as

-

shown later.
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i span loading and thoséﬁof the ad jacent span load1ng
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The 0.999 fractiles of the lifetime minimum and maximum
load effects from the Monte Carlo analysis of Frame 2 (with
constant span length ratlo and column to beam st1;?hess
ratio equal to 0.2, see Table 3.2) have been used to
investigate the validity of different design load patterns.

The results are presented in Table 4.3. >

Pattern A

Based on loading Case MC1 (loadsefall spans

independent), load factors of 1.56 and 0.02 are ebtained for

Vheaviiy and lightly loaded spans. The penalty‘obtained is

very high because the design load pattern overestimates the
interior negative support moments by more than 40%. In the -~
design load pattern, those load effects are modelled with

the adjacent span loading. The other loadleffects which are

modelled with the alternate span loading are relatively welt

- fitted.

Loading Case MC3 gives higher values for the interior
support moments and the interior column load than Case MC1

does (see Table 4.2). When these load effects are modelled

with Pattern A, better agreement ‘is obtained. Nevertheless

they are still 51gn1f1cantly overesqamated as shown by: the

high penalty These results, however, infer that the penalty

- can be minimized by tu‘t‘gng load faétors of the alternate

S

1ndependently. leading to cons1deratson of Pattern C.

- 9.
(&
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TABLE 4.3 COMPARISON OF DIFFERENT DES{GN LOAD PATZLERNS
R
y © Pattern A Pattern B | Pattern C Pattern D
[oad ' :
Factor ‘V’Case Case | Case Case | Case Case | Case “ase
-1 Ma MC3 MC1 MC3 MC1 MC3 MO MC3
a'] 2 1.56 1.56. | *.66 1.66 | 1.63 1.63 | 1.66. 1.66
b 0.02 0.02 }.0.07 0.07 | 0.06 -0.06 | 0.03 0.03
1,2 oa : .
ay - - - - 1.26. 1,’;“4' 1.26 ‘ 124
by Y| - - | - - {123 o0.28 1.3 o0.28
. ® L ’ ?
Total : q o F
Pena,ty”m.e 10.5 7.3 1.4 4.7 4.0 | 2.9 2.2
\x» h
. ,
0 ) 2 <
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Lo
(N

Pattern B

When load factors are derived for Pattern B based on

loading Case MC1, the penalty obtained is less than for

-Pattern A. For Case MC1, Pattern B underestimates'the'
1nter1or suppqrt ‘moments and the interior column load by
ntwe‘thaﬂ 10%, while other. 1>ad effects are well fitted. For
Aiasg MC3 the penalty is even higher because the interior

y support moments and the interor column load are more

»!"severely underestimated. This 1s conceivable because for

LR

PR

o

those load effects with 51gn1f1cant influence surface in
adJacent span:T\tRe single span loading pattern (Pattern B)
eppears less representative of the extreme load1ng cases
than the adJacent span loading does. Therefore‘? it is
reasonable to also consider a Pattern D, which includes the
adjacent—span loading in addition to the s1ngle span

’

loading.

Patterns C and D

The load ﬂactoss *or the Pa&tern C loading are given in
Tabﬂe 4.3. These. suggést that the 0.999 fractiles of the
load effects from the Monte Cario analys1s based ‘on Case MCT
can. b‘st be represented by an alternate span load1ng with
1.63 or 0.06 thmes  the nominal load placed to give maximum
va lues of load effects. normally predicted by alternate span
values plus a constant load of 1.23 to 1.26 times the
nom1nal load. when predlct1ng 1nter1or column loﬁdSkor

negatfve momenfs at 1nter1or supports “For Case MOB ‘fhe
. ¢

Voo ’ - w
v . N
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-load factors of the alternate span loading are the same as
those of Case MC1 because the alternate span loading fits

the same load effects in both loading cases. The ﬁﬂ‘jacent

fk

span loading, .ever, is different, with 1, 24 pes the
“&‘Bad on the

nominal load on two adja'cent spans and a sma

other spans. The’pehalty for Pattern C, shown in Table 4.3,

is considerably reduced. As antLpipated. the load‘ factor ‘a?‘\_‘. N
of the adjacent span loading, which models the interior !J !"_"‘!.‘5&
‘support moments and the interior column load, is %

significantly less than ‘the\ load factor a, of ’.the élternate
span, loading. - : % A (

] "In Pattern D the. load factors for the ad,mcent span
loadmg are the same as those 1n Pattern C beéause theypboth
model the same load effects, while the lolad factors for the
single span loading are slightly higher thag those in
Pattern D. The penalty foqwttern‘D is less than for

] “Pattern, C, which indicates that‘.the‘ swi‘ng:e span loading may. \

be more representative of the gxtreme loading cases for '
0.999 fracti‘les of the l‘oad effects concerned than the

_alternate span loading. L | -

| Patterns C and D' will be examined in the next section
Hor differént frames ,to_linVestig'ate the effects of other
variables and also as a continuous comparison of the. two
load patterhs. Becauee the adjacent span.load‘ing models the '
sal'ne load effects irl both patterns, the real comparison fis

between the alternate span and smgle span loadmgs which
model the load effects other than those modelled by the

g N
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adjacent span loading. The significance of the penalty as
| related to the degree of fit of.a pattern will be

illustrated as well in the next section.

(b) Effects of Variables
The load factors of fatterns C and D for different
frames based on Cases MC1 and MC3 are presented in - .

Tabld 4.8, As ment ioned previously, the Ioeq factors of .the -

adjacent span loading are the same in both}ﬁg;terns C and D.. ¢
'thh two exceptions discussed later, the adjd&gpt span
‘loading has been used tp- fit the 1nterior Hbgat1%e- t.

F s ;.nl., ’ qg‘u@

moments and the interior column loads. The other load

effects have been modq)led with the single span or alternate
span loading. The load factors for ,’he single span or
alternate span loading are essentiaf‘QNEhe same in Cases MC1
-and MC3, because in both cases the single soan or alternate
span loadinqﬁhas been used to fit .the same load effects.

It has oeen shown in Table 4.2 that Case MC1 governs.

the interior negative support moments in Frame 4 (with T
column to beam stiffness ratio equal to 2.0, see Table 3,2}ﬁg}v
and also governs the interior negative suoport mohent of: the
'longer (exterlor) span in Frame 6 (with span length rat1o |
equal to 1. 5:1.0:1. 5, seﬂ Tab'fe 3.2). This is because the
'influence surface in one of the. adgaceht spans is relative]y
small,. as explained in Section 4 1.1(c). When constdering'
Frame 4, the interior suppor t maments and the 1nterlor ' .,‘

column load have been‘poorly fitted by the_adJacent span

&
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loading; the penalty is severe because the 1nterior column
load is much overestimated while the negative moﬁ;ﬁis are
undereﬁtimated if a constant loadlfactor a; is used. The
load factor a3'is about T1.35, which is higher- than the value
obtained by Frame 2 presented in Tablé 4.3. To reduce the
penalty and hence increase the accuracy, the interior «
neggtive‘support moments have been included. in the sing]e
span or alternate span loading, which gives much better fit,
especially the single gpan loading. The adjacent span
loading, which fits the interior columniload'only; gives the
load factor a; equal to 1.07 for Case MC1 and 1.20 for

Caée MC3, as presented in Table 4.4.

In a similar manner, the interior support moment of the
longer span in. Frame Bjais also included in the singlevspan
or a]ternate/iﬁan lqhdkpg The above spec1§J$anrangement of |
the 1nter1or support moments, however,'leads }o the
consideration of both single span. {or élternéte span) -
,‘Ioadingfand adjacent span loading even whenvcalculating‘the
interior negative support\moments. )

Table 4.4Ashows that the load factors of the alternate
span loading or the single span loading appear insensis;ye
to most variables except the tributary area (Frames 7, 8).
For a trlbutary area, A;, of 10 m (Frame 8), the load factor
a1 or a, {s much higher than the load factor for A; 25 m’
(Frames 1-6§). This isabecause the nominal 11vebload
(Eq. 3.1) becomes cons¥ant for A -< 20 m*, while the loads

determined from the live 1Qad model as used in this study



62

Keeps increasing for A; < 20 m®*(see Eq. 2.7, Fig. 2.1).
= 50 m?, the load factor a is smaller than that for A

= 25 m*, but the effect can be considered relatively:
insignificant. In all cases, the load fag?zr b, or b, is
close to zero.

The variables have some significant effects on the
‘penalties in the alternate span loading as shown in
Table 4.4. The penalties in the single span loading,
however , consistenly remain small and less than the
penalties’ in the alternate span loading for all different
frames. Note that the penalty for the five span frame
(Frame 3) 1s higher than the others because more load
effects ﬁ%@e been f1tted This 1nd1cates that the single
span loading is cons1stently a better representation of the_
extreme loading cases for the load effects w1th a
sign1ficant influence surface in one span and relatfvely
small influence surfaces in all other spans. The average
Qalue‘of the load factor a, of.the‘single span loading for
Frames 1-7 is 1.60 (excluding the large load factor obtained .
by Frame 8), and b, is practically equal to zero. ‘>

In a similar manner as for the alternate span or s1ngle
span loadings, most var1ables have an 1ns1gn1f1cant effect
on the load factors for the adjacent span lodding case
except the effect of small tributary area. The load factor
az is sfmi?ar for Cases MC! and MC3 ranging from 1.07 to
.1.26 for MC1 and 1.20 to 1.26 for MC3 for frames with large’

tributary areas (Frames 1-7)._Since Case MC3 represents a2
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“more conservative situation, it is considered more\desirable
as the basis for a design recommendation. The values of the
load - factor ag for different frames (except Frame 8) based
on Case MC3 are consistent and the aQerage is 1.23, which is
0.77 pf the load factor a, of the single span.loading. For
sinpﬁteity, it is proposed that in design the load factor a,
should beltaken edual to 3/4 of the load factor of the
single span loading. The load factor by, which rangés from 0
" "to 0. 28 for Frames 1 to 7 with aneﬁverage of 0.07,-shall be
set equal to zero for des1gn purposes.

The degree of fit of Pattern D is illustrated in
Tables 4.5 and 4‘6 by Frame 2 (Table 3.2) for loading
Case MC3 with load factors presented in Table 4.4. Column 5
'in these tables 1ﬂlustrates the relative sign1fvcance of the
penalty as functions of a single.beem-moment,gshear, etc.
Pattern D, based on Case MC3, is tekéﬁfas a design
recommendatton which will be presented more fully in the

next section

“
A

4.1.3 Design Recommehdation »
It is recommended that the deswgn value of a 11ve load

effect in a contlnuous beam or a one way slab be determ1ned

using yhicheyer of the follow1ng types of loading that

- Al
<

produces the largest value: . _ \ \\\
' a. factored ltve'load oh one ‘span, _ :
b, ‘iy4 of the fathred ltve load on two adJacent spans.

The load’?actor corres ing to 0.999 fractiles of the iig'

I ¥



*,

TABLE 4.5 COMPARISON OF 0.999 FRACTILES OF LIFETIME MAXIMUM
LIVE LOAD EFFECTS WITH THOSE' FROM LOAD PATTERN D
- FRAME 2 (See Table 3.2)

%3?3?1?2) g}gggiTes ' 032132 Eiggﬁgafxbs[Z] L%l x 100%
- 1] [2] (3] [4] (5]
1 0.505 0.575 0.070 1.0
2 4.864 4.863 -0.001 -0.01
3 6.847 6.859 0.012 0.2
4 3.100 3.100 0.0 0.0
5 - - - -
6 - - - -
7 2.862 3.127 0.265 3.8
8 5.642 6.804 . 362 5.2 »
9 8.503 - 8.503 : 0.0 0.0
10 - - ‘ - -
1k 9.078 9.208 0.130 2.3
12 1.442 1.444 0.002 0.04
13 0.977 0.974 -0.003 -0.06
. 14 8.502 .8.504 0.002 0.04
25" 15518 15.536 0.018 .16

“

*  Fitted by 'the adjacent span loading (see Sect. 4.1.2(a) )

- | L s2 _ _
**  For beam moments, F = -{}—’ where Ln is the nominal live

load given by Eq.3.1 .and S is the
span length (5 m).
LS. -

% *



\ TABLE 4.6 COMPARISON OF 0.999 FRACTILES OF LIFETIME MINIMUM
LIVE LOAD EFFEETS WITH THOSE FROM LOAD PATTERN D
- FRAME 2 (See Table 3.2)

1" 23" ) M v I (5
1 -2,883 -2.888 0.005 0.07
“. 2 -0.347 -0.337 © «0.010  -0.1
3 -1.200- - -1.365 ' 0.165 2.4¢
4 -2.255 -2.510 0.255 3.7
5** -7.326 -7.326 0.0 0.0
6™ 7007 -7107 0.0 0.0
7 2.7 -2.884 0.113 1.6
8 -1.787 -1.420 -0.367 -5.3
9 - - - -
10 ;Jgg- -9.941 -9.913 -0.028 -0.5
1 - - - -

o Refer to Table 4.5

. ** Fitted by tlﬁ adjacent span loading (see Sect. 4.1.2(a) )

65
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lifetime minimum and maximum live load effects for office
buildings is 1.6. This design load pattern is valid for
calculating moment envelopes, end shears; column moments and
column joads. | |

. The-one span loading gives larger values for most load
effects than the adjacent span doading does. The adjacent
span loading, however, gives larger values for load effects
with significant influence surfaces in two adjacent spans
such ae the interior column loads and the negative moments
at interior supports. Neverthelese. for the frame with a

high ratio of column to beam stiffness petio such as 2.0

. ‘ .0, .
'- I ive moments at

the one span loading also governs the

-

interior supports.

4.2 Dead Load | C .

The British’Standard Code of Practice (4) requires
pattere appﬁﬁcatibn of dead léed to a structure as shown 1%
Table 4.7. This is not required by the ACI Code (1) or NBC
Code (19). The 0.999 and 0.99 fractiles of the dead (load
effects have been found to be well modelled by Load
Pattern A (see Sect. 4.1.2(a)), which is similar to the
traditional load pattern. The load factors, a and b,
corresponding to_the 0.999 and 0,99 fractiles are presegted

in Tables 4.8 end 4.9vforwthree values of the coeffictent of
acorrelatien, r, between the déad loads on adjacent spans.

Table 4.8 shows that the Br1t1sh dead’ 1oad pattern

-

closely approadﬁégdﬁhé load pattern wh1ch produces 0.999

»
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-

J?'ABLE 4.7 CURRENT DESIGN DEAD LOAD FACTORS STIPULATED
BY DIFFERENT DESIGN CODES

Code British NBC ACI

*

a 1.4 1.25 1.4 -
ok :

b 1.0 1.25 1.4

© TABLE 4.8 LOAD FACTORS CORRESPONDING TO 0. 999 FRACTILES
OF DEAD LOAD EFFECTS

Correlation '
Coefficient 0.0 0.754% .
a 1.3 1.37 1.37
*
I b - 0.96 1.22 1.37
Total g "
Penalty - 0:8 0.3 " .

13

TABLE 4.9 LOAD FACTORS CORRESPONDING TO 0.99 FRACTILES
' OF DEAD LOAD EFFECTS

- Corre]ation
Coefficient °-0 0.75 1.0
as o127 129 129
C k% i ; ’
b. 0.98  1:18 1.29
| Total o ee B
Penalty ~* 0:65 0.26 -

* Large load factor in- Pattern A (see Sect. 4.1 Z(a) ) \
** Small Toad f factor'jn Pattern A (see Sect. 4.1. 2(a) )

0{;_

R
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fract1les of load effects for r = 0.0 or éompletely

uncorre]ated dead loads on adjacent spans. On the other
hand, the NBC and ACl assumptions of constant factored dead
loads on all spané,approach the case of strongly or
completely correlated‘dead loads on all spans. The dead load

factors in the NBC and ACI Codes correspond to the 0. 99 and

O 999 fractiles, respect1vely, as shown in Tables 4.8 and

4 G : .
 The extreme situatiom f r = 0.0 is unlikely in a real
situation since the same source of cqncrete‘will generally
be used for all spans and the same framing crew will
probably build the forms for atl spans. A more realistic
situation of r = 0.75, however, indicates in Tables 4.8 and

4.9 that the dead loads are approxxmately constant on all

spans for 0.99 and even for 0.999 fractiles of load effects.

For .computational simplicity, it is reasonab}e to consider

that the facfdred dead loads are constant on all spans.

o



5. SUMMARY AND CONCLUSIONS

5.1 Live Load
A Monte Carlo process was used to generate extreme
Qalues of moments and other major load effects for a series
‘of frames subjected to varying live loéds during théir '
lifetime. The liv% load model used in this study was
developed by several investigators (11,16,20) based on the !
office live loads. The analyses gererated load effects for
loadings assumed to be independent on each span anq for ‘
loadings &hich were correlated on two adjacent spans buot
independent on 411 others
Linear programm1ng was used to invest1gate the val1d1ty
of several possible design, load patterns for approximatig
the O.Sgs‘frecttles of lifetime minimum:and maximum load
effects from the Monte Car16 results. The results indicate
that the design load pattern which be;t:represents the 0.959
fractiles is either the factoreu live fead on one span, or
L* 3/4 of the factered live loa&'éh any-%wo adjacent spans, as
appropriate to give max1mum load effqpts The correeponding
load factor was found to be 1.6 to represent the 0.999
fract1le of the maximum loading effects. This design Noad 9;

pattern represents a conservat1ve load1ng as$umpt1on that

h the loads may be 1ndependent oﬁ‘afy_spans or correlated on:

1 .

any two adjacent span%. » , a
This design load pattern was shown to be valid for %

different frame properties although when the tributary area
. ‘ N
¢

&
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. square meters. o

2

5. 2 Dead Load

Dtrect statistical calculation of dead load effects for

the extreme casesqbas per for ue to the simpliclty of the

dead load model Again 'li programming was used to
develcp an equivalent design dead desd ioad pattern The
results 1nd1cate that the effed* ofhpa ¥ern Load1ngs 1s

1nsign1ficant “for 8 correlaticrﬁc ”ffi' ;t between dehd
. 'Hefct itis 5 :

>
>

“loads on adjacent spans qual to 0

recommended‘gpat pattern dead loads‘ \be used in des1gn
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APPENDIX A
. ] .
Formulation of an Influence Coefficient Matrk(

Load effects caused by any uniformly distributed load

. on .each span are represented by the following relation: N -
Jw : [ .
K ". {
“@ n B . .
Via,m = =298 X e o (A1)
] .j-1 'w“ , -
where . .

e Y, = value of load effect i ]
a:’(';" a = an eghent of'the mfluence coeff1c1ent matrix
,:3; . | ” -

. Tt . &) at*w a1~.and column J for a part1ou1ar'f” .
.. . ., » - - .
o X umfor‘ml&distgmuted load on span‘ . o
. v , o

H = tota] number of load effects cons1dered
: n = t_ot‘al «oumber of spans in the framé .
'R X \ e , L ‘
- ' ’ . >
. ' / (;‘“) R
@w | L Accord‘ingly.' aij ) .ar;e determined by the fotl fowing method:
: /" o * i . A ' . . o - ’
P | R : B |
LY ;3 i
(A.2)

Let X,  =.1" and X, -rO\, !

< Eq A 2 s then applied m Eq A 1 ‘which results in

ﬁ‘@g"\ﬁfﬁ:’*'ﬂ’ - ;~ -';.-., &_v_\.i.} QGMM ) : .
o — -‘-,a.qg -"#“Yf - “For i =-1,m : ' L (A.3)

; ’ ‘ \ ' K - o .\‘, ’ | |
| because \(,,,1 - qan be determined-(uhen X_, = 1 and Xk =0)
using a sinple frame ana,l,ysis Qutputer program, the

o
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influence coefficient mptrix can be formulated by repeatihg_

the analysis for kK = 1 tg;h. | . IR @ﬁ
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coNTiiue
catL mffmey ’ .

..

3

100 CONTINUE . s
CALL SuTPUT
.sver

“" o ' . .

.,

SORBLSSERRGRERESE

BUBROUTINE DATA

- "
%&.-cujnn.-.------o--
3 , T

THIS 8 flll ATADS “I WRITES ALL-YNE INPUYT DATA AND THEN
CALCUL !‘ 7!‘. IIWI TATISTICAL PARANETEAS. ALL THE TImE'
RELATED 'V D INTD UNITS OF TRANSIENT LOAD
ouRAYION, 1“‘7 ll .Il 17 IS BOVAL -TO THE TIME OF THE
DURATION DF ONE nnqm‘r ALL SUBSROVENT CALCUATIONS
WILL BE BASED ON THIS WWIT. . . -

SUBROUTLNE ‘DATA: - .

SOUBLE PRAECISION S3ESS,SDSEND,UNSEED.TLSSED, THEND

» SOKERS , UNSEED, TLSRRD, TERED
‘COMMON

M{CR0S, 23 ), ANINN{ 8000, I.l..]l” ), 1NT(800,.8),
ANL{200),INTR(208), IUILI(|M) 'l'?‘l(l.o) XMED

Ty
ot nln."u) SLENDA(S], TLENDA(S ). ISLIFE, NURUK, NUSPAN, NUROW,
. ISNEAN, TROMI N, NDIIN, NONAX , NTTME . RFNIN, FTHEAN, ITaNIN
COMMON 1SPAN, IRUN,NUS Y, NPRAME , SUROWS R .
c ) .
. DINENSION SPANLIS) 4
[ .
€ READ ALL INPUT PATA ¢ .
| ‘ }
3 - .

::;;:-'uinmnu ! nvgr l :
~ J .Jl‘ A -
* ,.-cmM ; "\" .

-

LI
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RRAD(S, 100 )R, MR TD, X0, Q87D ., TL
LT ] l,'!‘)'ﬂllﬂ TAMIN, TRDUR 7!

[ 3
3 WRITE ALL TWPUT PATA
[ Y

Rivee,
wRIvTe(s

_ v -®
dedsun<0w
.

WIDTH, RATIO
31,11, nueran)

.09 12 Lit, Nunew 4 =Y
WRITR(0,1010) (XMCORP(1,4), St muran) . b ’
12 consinui ' :
c r
WRITR(S,1011) . . &
WRITE(S, 1013)SUMEAR, SUSTD, AREA

. 1013)8MEAN
ot4) (%4
. . GIB}DPNIN, DMAX , UNTIME, PMIN, UNSERD
e18)
O17)MA, MRSTD , XNQ, 9STD, TLERED
. O18 | THRAN, TAMIN, TROUA, TSEEO
' .1019)
€ ) . P
N IP(MURUN.LT.Z)CALL EXIT ’
- IP(MUSPAN .LY 2)CALL BXIT :
N IP(ICHEEK.RO. 1 )CALL EXITY . .
c - ) .
[ convEw ‘Qu OESICN LIFETIMRE INTO THE SREVIOUSLY DEFINED UNITS
c
. lll. BeSLIFE*385 .¢24. /TRDURD . § M
[
[ utnmu THE VARTANCE B7 BUSTAINED EUDL POR LACH SPAN d
3

WRITE(S,1031) @ L
S1:8UVAR/ (0.0341 . 0/aREA)

VAR 0.0 . ° . .
3s81882 & v ?

1
SOMEANSSUMNLANG SUMEAN L &

DO 21 ISPANEY, NUBPAN
VARSU'SIB2¢I0S2/3PANL(ISPAN)

DETERMINE THME PARAMET RS ;Ul THE GAMMA DISTRISUTION OF THE
SUSTAINED BUDL

onnn

POLISPAR) sSOMRAN/YARSY
SLANDA[ ISPAN} 1SUMRAN/VARSY

wRITH T*I.l'llinl PEVIATION OF THE SUSTAINED BVUOL

STDSUsSORT (VYARSY)
WRITE(S,1032)18PAN,STOSY

31 Coavimue <

CONVERT THE MEA ft‘ﬁuum SUSTAINED LOAD nunnau INTE THE
‘PREVIOUSLY- nn R

mm Au /YNDUReO .8 T
llﬂl iﬂll'g.l 28 . /TRBURSO. B

C..VIIT THR DATA ON U”GCU?‘ID rER10DS

nnnd n

'“l.llﬂl.'!l /TRBUR+G . 8 oo !
NEMAN S DMANCSS . 7 TROYR 40 .

NTIMEsUNT IR *28./TABURGO . B
WPNINFMINe3 24./TADUR+O .8

SETERMINR THE AN ANp- VARIANETE OF TRANSIENT GUDL FOR EACK SPAN

AN

. WRITE{S, 1033) . ' Lo ' .
EMOR s XMOCFLOAT (00 ) . o 5
ARSTD2FLOAT(HRSTD )0 sz .
S ORSTDE. nlnn-nn-uwr(n)oxnuxu-unuuul--:) . . )

09 23 ISPANS |, RUSPAN I ’

ARgAsSPANL (1SPAN) awIDtH ' R : .
. . IP(AREA.LY.20.0)00 T0. 21 . . ) H s
B Lo RsTARBA-14. ll(o .38 . . AR ' ’
L BORT (¥ ‘\
2

.

31 -
32

ntlnnu_u R T nntuun POR THE GaMMA DISYRIBUTION OF TRANSIENT
HH 4

.'UI.PAI’)IY.-A.OTMAIIVl'AI 2 i . ~ N - *
TLENDA{ISPAN) sTRNEAN/TRAVAR -

. k’ e . ER . ) . . < A
. ’.': B ”IT. o “‘- ‘I- qhm.' ..'l‘fl.- .W..V LOAD ! -
.81 4 . . N
. . 214, - ruuunnnvul . .. A
- 218 . nlf'l'. 1934) um 7.“..,. 'I'?. R . '
. : g e - . .
) ol . R s L : S . ’ R ‘e .
-, 1.3 o
B . b , . o . |
v ' ! . . -
: ST : R - e T :
- \ T P B . \ . )
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onon

1007 rommMar(/10x,

2 CcomrpNug

CONVERY TYHR YIM® #R
PREVIOUSLY DEFINED VUWITS

ITMRAN YMEANS R4 . /TROUASS . 8
ITRMIMITANINGRA . /TRDURS . 8

WRITR(S, 1081) o
WRITRAL, 10U ) ROWMY , KROWNE :
WA TR

wR1Y

R16) 100%)
WRITR(E 1084 )NROWAY . NRONAS
RETURN N
romlhy sTatmanrs

10V romMari{ite,rie.2,2110)
102 PFORMAY(110,8P10. 2}

103  roRMarvinrio 1)

o4 PORmMAT(2110)

PORMAT{RP 10 . 2)

PORMAY (3P 10.2,D10.2) R
FomsMar(3ri16.2,010.2)
PORMAY (4P 10.2,010.2)

PORMAY (R710,3F10.2,0.00.2)
FORMAY (3P 16 .2,D10.2})

171 PeNMAY(RSV0)

SCCURRANCES WP YRANSIRNY LOABS INTO TYHE

1001 "ﬂ“""",////|..,'llll"'lllll'l.t..---.'.'-l.-l!.l...l.ll esove

|".' /10K, MANTH-CARLS STUDY OF PATTEAN LDADT
tesuongsransenassnsienanncunrnnse

ox
1002 'Olllvlllllll 'l‘n CHECK OoF 1wPUT DA FRAMER
1

Teveasant)

1003 rnunl//ll
1004 runuhol noms .
/10X, oesiow Lire SYRUCTURS
1008 nnuvl//!n ‘FRAME PRQ TIRG” /8K, '---~-----~---
1008 PORMAL (10X, ‘NUMBRR OF SPANS v,
*TRIRUTARY WIDYN e,
ATIO BF COLUMN TO SRAM.-SY[PPNESSs ‘.,
AN LENETH IN METERS /18X,8710.2)
1008 rnmvllnou,
T1ON, “swsernsccncrodaonnancanannennananss
toos rnmtllwl ‘TOTAL wunaga §r mows ¢, 14
1/89%, (ThR Lasro 13, L N

1010 TEIEN . 8F10 .4 ) ~
1019 Y(//178K,  Sus un'u- Miteannns
1013 an ¥ LOA N

14

110
LIS TR
conar)

110

F10.2,° METERS

rio. :l

LPAD RFPECY IWFLURNCH COIF'ICII'I nateix:d

-}
F10.3,"

D8 NOT RRQUIAR LIPETIME MINIMUM VALUI!]

.

N/80.MRTR

YIOI OF SumrvRy Lﬂl'l'.P|° ,.' KN/80.0ETE ~

ARK .F10.2,° se nnn-
: 113 lu yuiltgn --.ounol -
1083 LOAD BDURATION B .rFt10.2,° ulr'
: 1 LOAD ByRATION ., -'.no 2,’+vEARS
) 1 b v 0 RuMBSEA “r.B18.18)
1014 PFOR [T X¥FIY] w.....-......--...-
1015 FORMAT 105, MINIMUN BURADION - T s, 710.2, 7 pAYS
1 /108, ‘MAX INUN BYURATION - -'.No T.° DAYS"
1 Z10% ., "TINE BETWREN PERIODS YEARS‘
1 210X “MININUN TING TWEEN TWD PERIODS * YEARS ‘
. 1 710K, INITIAL SHEM [ 1] .
1016 PORMAT(//8X, * TRANSIENT LOAD“/8X, '~------------~')
1017 PFORMAT( tOK t rER chLL ‘.18
[ VIATION OF LOARS PRER ctu-',u
1 S1NOLE LOAD *,F10.3,° KN
1 *STANDARD AYIPN OF SINCLR LOAD . P10.3,° KN*
1 10K, “IMITIAL MA B MUMBER s.010.10)
1018 FORMAT| 10X, ‘MEAN TINE BRTWREN YWD LOADS "0 ,F10.2,° oavs”
\ 710K, MINTNUM TIma TWEREN TWO LOADS £°,F10.2,° DAYS* N
/lbx 'wnnn or -'.HoA:,; HOURS *
‘D18 10 .

1033 !.ﬁﬂ"l//l.l
. 12

‘1084 FPORMATY(////37X

AnnnnnnAnnnn n

1
1010 nnun/l;l
1020 FORMAT( /10X, * &
1021 roRMAT]

198

", 13

1831 FoRMAT(///Vex, tnu

1 /30K, - Ru/ue, MY )
1022 PORMATISK 18, 17X, no 3} .

MRAN 8F TARNSIBNY EUBL

lu'r KN/S0 . METER" )

3)
fll'/ll/lox
/8ex, ° llllll.

sox

. )

1082 FORMATY{/// /3%
1METhR/ ng s -w3

1083 ¢

sTR OB

8°)
fupL

V:IEYIOI' *

;

. L] "
I ?n unnu‘ S TRL13, 0 - BRAM MOMENTS IN KN-
' .
mn/l//!'u PRON ucnnu' I’ ¥0°,13,° - SHEARS IN XKN/METER-

1w .
!OII r lll?(//l/”l."l.ﬁ L.Cl?l.ﬁ' IF,© ¥8°,13,° - COLUMN MOMENTS 1IN
) !

The Nt!ll/“l"l-.ll?ﬂ
M LecaTION®,

139, ', 13,
METER-WIOTH) | : ‘

<., SUSROUTINE SusTAW

. ‘
lll.."'l...'.ll.’t

L

..

N 3 Y

N"l !Il.l.i"lll lll.lcft ™y ﬂ“ll ANS. aRNITUSES l' llllf
etillllﬂ In aug l’ﬂl 1% 'Nl ll'l'l. oF THR STANCTYORR. ﬂll

ARIAL FORCES IN xN

R

oans
wnno-p .

te
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¥
NRODON Aannan

nnndn .,

»>
AND NUMBRR OF UNDCCUPIRD PRAISES RAR-ALSS SELECYED. LOAS MARN!ITUDE <
D IRN/METER/METER-WIBTHIAND THE TINE AT TN 1L & OF NACH DIFPRRENT
LOAD ARE STORED I *SUBLN' AND - INTSN® RESPRCTIVRLY. )

SUBROSTING SUSTAN
POUBLE PRRCISION SSEED . SPRERN , UNSEED, TLERRD, TSEED

n o nnne

COMMON SBNAD,SOSERD, UNSERD, TLENED, YRERD
COMMNON XMAEM(B000,23),XMINM{R00®,18),0({800,8),1uT{800.8), ,
1 TRANL[200) , INTR{208) SUSLN(100) ., INTEN[ 100), XNCORP t33,8]),
1 PE(S) . PY(8) SLANDA{N), TLUNDAIS) , ISLIFE, NURUN, NUSPAN, NUROW,
ISMEAN, 180MIN, NONIR, ABMAK  WTIME, NPMIN, TYREAN, I TANIN
COMMON ISPAN, IRUN,  HUGY , NP RAME , NVRPWE '

DIMENSION WK(T83), 1SOUR(BO) SuUsLise) A(Y)

ISY0Teo . < -

NUSUS 01 ’ ’

ISPRIBLIPR-IBDMIN

SHEANCPLOAT(1SMRAN)

SOMINSIFLOAT(ISOMIN] - ' v

'

SRLACT SUBTAINED t.l‘ PURATION FROM THE RXPONENTIAL DISTAIBUTION .,
. 8

LY.

LULER]
1" CALL BOEXNISDRERD SMEAN,NUA, R) .
IP(R(1). LY. SOMIN]IEO YO 3 \ 3 é

ONTERMINE NUMBER OF SUSTAINNN LOADS TN THB- DESIEN LIFETIMR ' <~

L
~
o .
ISOURINUIYS) sR( 1) 0.8 : : k
ISTOT+1SY0OT+ISDURINUSUS) < . . l;
.

nan

IF(ISTOT. BT I87)60 TD 13 v P
NUSUB sWUSUS+T j S
80 T0 11 S .

12 1SOURINUSUS )T ISLIFR- (ISTYOY- 18D v8 ) ’

. . S +@h . »
SELECT THR MABNITURE OF EACH .W cAOAD PROM THE GAMMA . -
DISTRIBUYION N :

. .
r:(uu-l.l{iul’.’ PRuUsL)
" .

LY. XY

cALL saamrissand,
SLENDISLENDA(ISPA
00 V3. 12y, wusus .
SUSL(T)s8USLIT)/RLEND
3 PNT N ’ Lo

Soiw
T . , : L

TN

YIMEAPLOAT (NTIME)
OMINSFLOAT(NDMIN]
FIPLOAT(NDMAX) -DMIN

8 3% 1Susvi, wusus N .

€
[ . . 5
€ UETEAMINE HUMSRR OF UNOCCUPIND PRRIQDS IN RACH SUSTAINED LOAD

€ " ASBSUMING THAT AN UNGECUPIED PERIGD OCCURS AT THE DREINNING OF NACK

€ SUSTAINED LOAD. THR WINIMUM TIME (WPMIN) BPETWEEN THE OCCURRENCY OF .
T THE LAST UNOCCUPIND PERIOD ANMD THE DCCURRBNCE OF NEXT SUSTAINED ‘ .
€. LOAD NUSY BE BREATER THAN THE NAKIMUM BURATION OF AN UNGCEUPIED :

€ PERIGD INDMAZ). NPMIN MUST 8K LRSS YHAN THE MiN]

3

3

LOAD ouunnl(llmn,& e

T 18D 1BRURIISUS) o RSP S -3
ANUNGSFLOAT{ISD)/TIMRes . 0 Tk .
NUNGERRUNG : - . . Lo .
1T1MEsTI00e (XNUNE-FLOAT {NUNG] ) o0, 7 : .

IPLITINE. LT WFMIN)NUNEeNYNG - 1 d
%0 22 Ju1,Nums . > ; - * *
4, ) . . . ' .
W 2ERO LOAD TO EACH UNDCCUPIED PERISD AMD RECORD THE ‘TIME AT . : / ;
T »pg,;umluc OF RACH, UNGCCUPIRD PERIOD [ . . ‘

A TT IS {13 . - . : L

luunllsl)-o.o.' . - . . :

INTENIIBN)sHp R . e, . )
SHLECT DURATION OF EACN UNDEEN PERI®D 71101 UNIPORM DISTRIBOTION .
(THE MINTMUM DURATION NDMINMUSY B SREATER [THAN OR EOUAL TO THE .\
BURATION BF A TRANSIENT LOAD) - . . . ’ .

INEGrDMINSDIFPeGEUBPS(UNSERD } o0 8

RECOAD THE NON-ZIERO SUSTAINED O AND YHE TINE AT ITS BRGINNING .
17 15 ASSUNED THAT THE MINIMUMQURATION OF A SUSTAINED LOAD - ISOMIN T e [ ’

SMMET SE SREATER THAN THE Al DURATION OF AN UNOCCUPIED PERIOD . : "
(NPRAK] . : . R o . R .

ISNLIBN ‘ ) -3 : . . . . .

T.BUSLMILEN) isuSLEISUS) : . . : L S o ..
inrsnisEnlsnposnmg ; - : . .. Lo - DR

IT 15 ASBUNED THAT THE YIME SETWREN TWO UMOTCUPIED PERIODS {NFIME) .
MUST BE GREATER THAN THE MAXINUM DURATION OF AN UNOCCUPIED PERIOD c L
{uoMAX ) L ‘ : T fu
T upampentimg Lo . . i . ) e
22 CONTINUN | - [ . RS 1 N
c S e . o s R ) e, . . .
NPEDINPSReISE | : L - - T T . .
. NPeNPSD T 9 ) S Y. N ) . N
217 cenvines R S . e DU v ;
c N .- - S - . T
€ STYONE THE LASY SUSTAINED LOAD AT THE UND SF THS LIPRTIMR . R
Ciswaiswey | B : ¢ c ot ’
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/
» 7/ .
.

SUBLNIISN) e 3USL (NUBUS )
INTSuiIam)sinLre
REYURD
e i

Sestessensnena

SUSROUTINE TRAWSTY
. “ Tt

S28a33sstevsnnssany : . .

s

PHINLBUBROUTINR SELACYS THER maGN?TuRES l* v
OF TRANSIENT COADS 1N ONE SPaAy 10 THE LIFRYL
LOAD MASRITUNES (KN/METER/NEY
OF TRANSIENY LOADS ARR 8T
17 18 ABSUMED THAT YHg oC

OF YHE SCCUNRENCE OF uneCCy
18 PROSABLY

IS INSEPRNDRNT
RARFOAR 4 TRANSTRNT LBAD
RAlGD

: -

a

lUIi.U'Il' TRANSY

POUSLE PRRCEISION SSEED.S0REYS . uNSRER, TLENED, TRRRD | .
COMMON ‘S3EED,S0SKER, UNSELD, TLENED, TaRND L oo
COMMBN XMAXN(500¢, 23], KMINM(B000, 15),0( 800 8), 1INt (800 :
t TRANL(200), TWR(200), SUsL (100), Inty 100), Xncogr (23,.8), i
' PRIS) . PYIS), SLENBAIS], veanola(s) . 181 PR, NURUN, NUSPAN, NURSW, ’
' TRWRAN, 1SOMIN, HOMIN, NDMAX , NT IME . NPMIN; | THEAN. I TAMIN
COMMON TSPAN, IRUN, NYD 1, NFRANE , NUROWE
DIMENS1ON WR(000); A(1) © ’ o
: , - - ‘ Al
ASBUME THE PIRSY TRANSISNT LOAD OCCUNS AT THE BEEINNING > -
INTRI1) 01 * .
. A4 N
1TeTey .
WUTRe2 > . -
1BFaISLIPR-1TRNIN iy L e
TMEANTPLOAT( I THEAN) P . . . .
TRNINCFLOAT(1VRMIN) . R -
SELECY THUR Tiw-SPtwWRaEN RRENCEY ,OF TRANSIRNT LOADS Prow V. . '
EXPONENTIAL DISYATOEY oN" - % MINIMUM TMIME(ITRMINIMUST BX GROATEIA i
THAN DR NOUAL TO THE DUNATIENW or oms TRANSIENT L6AD(Y) . :
[ 1] TX] ‘. ° . o -
T AALL SREXN[TARES, TRWAK, NUR, A) ‘ ) P )
IPIR{t) LT .TRMIN)CO tO 3V - : > MR S - -
\ &5 < ) LY
OETEAMING, NUMSER OF TRANSIRNT LoADS FF ‘Tre virnyfie, . , 4 .
2 ’ i * S
INTIMRsR{1)e0.8 ,
CITRYelvOTeINTIME . =
IFLITOY. BT . J8P )60 To 12 -
aEcoRD YuE Timk AT macw TRANSIENT L0AD DCCURRENCE . . .
« . 3 - .
INTR{NUTN)+ 1VOY .. .
v . . .
TR NUTRS s A
SUNTROL THAT THE NUMBER OF TRANSIENT LOADS WILL NPT ExCEED ™e o, 0t ’ oo
STORARK .sPACE R : o4 - ‘ .
IPlauTR. R0 . 200000 TH 12 .. . . , : o
&0 To 1y . ' L,
" LAST nn&nn L0AD WNICH IS ASSIGNED ZRRO MAENITUBE QCCURS A - %
% anp or TNE LIFgYING . . Goe ' G
- R N . . . )
nvhisurd)sisLyrn . - R Y
ATRANL(NUTR):0. @ ) o . : . -
SELECT TWR WMABNITUNE OF EMCH TRANSIENT LOAD FROM SammA o18TRISUTION- . . .
ITROMUYR-1 _ : S
CALL BCAMR(TLARES,PT(ISPAN], ITR, Wk, TRANL) ' - [ e :
‘ TLENDSTLANDA(INpAN) . ’ : : ) - . . -
cgn 13 Iy, iTM B i . . .
RANL(TIoTRANL L) /TeamD %) y - i f ‘\ -
cosYinve . . , AN «
» & . - ° -t
RETURN . - o C . !
. .
o - ) . . ,
: . ) ~ v .
» ' - .
0 . . X ° M
! - 1 - . .~ Y
- o . sasesansse l 3 X
. . { ) ) B . oy X
. susRsuTING connp. “ ;
- . --i:”-.--.np-.c-.l, ' ) . [
: L. B '
- . R - P ) . ’ . I .
JHIS SUSHSUTINE ‘COMBINES THE SVETAINGS LBARg ANS T JUNT LOASS . : .
THE LOAS MAGKITUSSS ANS TNE nr AT Tug o_tg-nn.‘ gacH aIrragany
s - - . . 5 ’



-

-

L]
-

n 0 nanand
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‘“l‘ll LOAD ARE STYORED IN ‘@' AND °INY' RESPRCTIVELY.
' ROBRAUTING COMNOND
BOUBLE PRECIBION SSERD.SOSEED, UNSRED, TLSERS, YSRED

Commllly S8EED,SDORED, UNSRES, TLSE [

ComaN {1 ), nu-n(l 800.8).1nT (000, 8]},

1 ] (1) JINTSN{100), RNCORF( ,8),

] nun(l),nun,uulun.-uu L HuAow,

JUDMAN NTIME , WPFMIN, ITMEAN, ITRMIN

'
1TRe .
coNTINUL
LUTSNe INTSN(ISN) ) .

LNTROINTR(ITR) - b
IP(LNTSR-LATRIVY, 12,13,

. Yrausiu(InN)
N)eLuTSN

[

a

1T 18-AQBUNED Iﬂvilll FOLLOWING THAT THE MINIMUM DURATION PP A
SUSTAINES LOAD AR GREATER THAN BA BOUAL Y8 TWiCH g sbmavien
oF A Ymansigny snn. L4

QIuS. 1SPAN) rSUSLRIISN)osTRANLIITR) R
IRPAN)eLNTEN <

.ge. 18L1PR)GO TO te “
RYReY, . 4
%

» . Bl . . ‘
IP{INTR{ITR) . €9 . INTRZ)ES YO 10 ‘
SiND,ISPAN}aBUSN[1IBN-1)

JISPAN) cINTYRE &

. .
o
. . L]
sine, llOAll-luan(ll!-l)ovnnlL(11|)
INT(NQ, ISPAN) s LETR
INTRILNFRSY , S
ITAITRS Y . S
HOENOe
IFLINTRIITRY EO. llfn:):u o 10
1F{INTRE . NO. SH)ISNsISNe
{ ISPAN) sSUSLN(1SN-1) '
PAN)cINTRZ . - L
L 1 v . e
STIPUISPAN . RO, 1) NURTaND : N

RETURN . °
Ll ' )

susasuTINg wrrgeY

CHANGES OF LOARS 14 ARY SPAN. THE RTINE (AGOBSRAIC) MAXIMUM AND

vhis susasuriNg CaLEuLATES LodD lwn 1IN EACH BPAN m’;- THERR ARR -
L

RINIMUM VYALUES PRR UNIY WIDTH AR

BLECTHD ANF STORRD IN “XNhAXM‘
AND "EMINM‘' RRSPRETIVELY . N

SUBRBETING RPFRCT . . - .

ssuBLE nl.euau.lula.nnu.unnb. TLSERS, TSRED

COMMON SEERD,SUSEED, UNSERD, TLSESD, TERED ‘

COMMBN XMAXM(BBOS . 23),XNINN(E000, 1 QIB0e,8),1NTI800,8]),

| TRANL (290) , INTR{200) ,SUSLN( ). utnunl,lmuvua 8},

t . PRiS), ?Nl) ll.!-u(l) Y;llull).llu'l HURAUR, NUSPAKR, NURDW,
llnpu TSOMIN, NDMIN, NDMAK, 0T IME | NPMIN, ITHRAN; lnmu

COMMON ISPAN, IRUN, NUG L., nFRANE, lwlm

.

niuuuu AMAKEZZ), NNENT 18], W(8), KOURT(S)

B8 12 -INBWs Y, NUROW
XKNRA( ITROW) 20 . 0

/ contigye B - . S
SECAUSE TNT(1,18PANI¢1 FOR ISPANS1,NUS . TAEREFORE THE PIRSY XMin
AN xMAX TAN- SR Assummp As THe roLiowIN p

90 31 1ROWS 1, NUROW .
0 32 n’“u RUSPAN . i
-lmlrmhmulltmﬂxunl\n.llq‘lfoo('l.l”nn <.

cont T . .
contines - : ;
_HURIWS  SUROW-SURIWE . R AN -
- ' : . . \ “
PN - \ -

e

4
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AN i’
.
. . i
IBIRROWs 1, NUROW) :
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IP(IROW GT WNURDOWY)CO YO 212

4
DO 12 1MUNTY NURUN
RMOMY (TRUN) P XMINMIIRUN, | ROW)
12 coNYINUE !
4
¢ SORT THE MIN MUM YALUES BY ALGEBRAIC Yvaiuyl
4 A
CALL YSRTa mMOMY NURUN) J ot
4
4 CALCULATE THME MEAN STANDARD DWVIATION COEFFICIENT OF vARIATIAN
c CORFPICIENT OF SKEWNESS AND COEFPFICIENT OF KUATO
4 .
CALL BTAT I RMOMT NURUN, RMEAN 8TDY COVAR COSKEW. CONUR)
c
4 WAIYE YHE RESULTS AMD THE SORTED (IPEYIME MINIMUM YALURS
4
WRITE(S 102)IROW, NFRAME
wWRITE(S, 1001}
WRITE(6. 103 )AMEAN STDY COVAR COSKEW.COKUR
4
4 1P MUMBER OF RUNS 18 MULTIPLES U’ 100 . VYALUES OF © 01 FRACTILE TO
4 © 89 FRACTILE WIJH INCAEMENTS Of 0 O1 FPRACTILE WILL BE PRINTED
4
1P(DIFPF G © 0O®IGCO YO e0
4
DO 14 151,88
JeNR-[MCa] .
RM( 1) RMOMY | J)
14 CONTINUE
c N
wWRITE(S, 1003)
WRITE(® 108)(RMIY]) 131 B8]
c .
0 WRITE[E, 1008 .
WRITE{&, 104 ) (RMOMT (1) 1s1 NURUN)
3
212 CONTINUE
00 131 ITRUNSY NURUN
AMOMY { [RUM) + XMAXM{ IAUN, | RDW ]
13 conTiNUE |
c
c SORY THE MAXIMUM YALURS AND CALCULATE THE STATISTICAL PARAMETEAS
c THEN WRITE THE RESULTS AND THE SORTED VALUES
4
CALL VSRTA[RMOMY K NMURUN]
CALL STAT(RMOMT NURUN.AMEAN STDV COVAR, COSKEW,COKUR)
c
WRITE(S,102)IROW, NP RAME
WRITE(S, 1002)
WRITR(S.102)RAMEAN STDY, COVAR COBSKEW, COKUR
c
IP(DIFF GX ©0.009)C0 TO 81
WRITR[S,1003}
WRITE(S, 104 ) (RMOMY (1), 151NC, MAX, INC]
t
L} WRITR(S, t008) .
WRITE(S. 106} [RMOMT (1), 101, MURUN)
c
102 FORMAT(1°.//8X,"AT LOCATION',13,' (REFERRING TO THE ROW NUMSER or
! THE LOAD &FPECT INFLURNCE CORPFICIENT MATRIXK] - PRAME-. 14

vEesaacesses )

1 /8x,
103 FORMAT[///10X, "MEAN M v, F10.3

1 //10%, "SYANDARD DEYIATION L A K- §
1 //10%, "CORPPICIENT OF VARJATION s ,F10 .2
1 //10K, "CORPFICIENT OF SKEWNESS ¢« . Fto 3
1 //10X, "COEFFICIENT OF KURTOSIS vLP10.37 /)

104 FORMAT(S(2X,10P13.3/))
VOO1 FORMAT(//BX, LIFETIME (ALGEBRAIC) MINIMUM YALUES PER UNIT WIDTH: *

az7 1 A Y
128 1OO02 FORMAT(//SX, LIFETIME [ALGESRAIC| MAXIMUM VALUES PER UNIT WIDTH, *
y F T B A
1003 YORMAT[ 10X, ‘VALURS OF 0.0V FRACTILE INCREMEN
TS OF ©.01 FRACTILE " /10X, " --covmneemnnnnanann. R I
1- D L T T R R
1008 FORMAT(///10X. "COMPLETE DATA'/toX, " - /)
1 coNTINUE
c
4 WRITE THE PINAL SEED NUMBERS
c
WRITE(S, 108)
WRITE(G,108)8808D
WRITE(S t07)8D84&ED
WRITE(S,108)UNSRED
WRITE(S, 109)TLSERD
WRITE(S,110)TSRED
[4
108 FORMAT(//BX, “PINAL SEED NUMBERS * /8K, ‘-cccoeumn.. LTS
106 FORMAT(/10X, "SSRED v,018.11)
107 POAMAT( 10X, 'SDSERD .D1a.11)
108 PORMAT({ 10X, "UNSKED c,P18. 11}
108 -PDRMAT( 10X, " TLSRED D1s.11)
110 FORMAT[1OX, 'TERED .p18. 1)
[4
RETURN
c
o
4
4
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c .
c SUBROUTINE STAT
[4 3
c Besemasaveveasense
c
c

e
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c
VAI'(IUN)'INIA.'.UNI)/'ko‘Y(H-‘)
STDY:DSOAT[VvaAN)
[
IF(XMRAN #0 .0 .0)CO TO 18§
COVARISTOV/XMEAN
[
1 IF(BTDY RO © ©O)GD 10 14
4
SUMli0 O
DO 13 1y N
BUMIsSUMIeX{])re)
'3 CONYINUVE
c .
o4 SKREWL (SUMI -] O XMEAN="SUM2 ) /N Mo Oe (XMEZAN=])
0% COSKEW'SKEW/ (8TDYess])
"o C
07 SUMA+O O
08 oD 14 v N
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1o 14 CONTINUE
1 4
12 KKURS { BUMA - o O XMEANTSUMI S O XMEAN>XMEAN®SUMZ ) /XN-) O¢ {XMEANes4 )
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o114 c
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(XX c Svsscssansenens
220 <
" c IMBL ROUTINES
212 [4
"33 [4 ®resascacnunnee
224 [4 ,
ezs 4
4 THE FOLLOWING I35 A BRIEF ODESCRIPTIDN OF THE IMSL SUSROUTINES AND
14 PUNCTIONS WHNICH ARE USED IN THIS PROGRAM THIS INMFORMATION Jf
C AvalLasLE 1In THE IMSL LIBRARmY REPERENCE MANUAL EDIYION T AN | 19
c THE Imsy IDU‘I'II ARE STORED IN THE PuBLIC FILE »ImMSLLI®
[
[
c saene
r IMSL ROUTINE NAME - GCEXN
3 . cssas
c
c PURPOSE - EXPDONEMYIAL RANDOM OEVIAYE CENERATOR
[
c USACE - CALL CC!"LD!!!D,!M,N,.)
c
4 ARCZUMENTS DSEED - INPUT AN INTEGER YALUE 1w THE EXCLUSIYR RANCE
c (1.214%M83847) DSERD 1S REPLACED BY A NEW DSEED
[ TO SE USED IN SUNSEQUENT CaLLS CSEED MUST aE
c TYPED DOUBLE PRECISIOW IN THE CALLINC PROCRAM
c h
c XM - IMPUT MEAN YvALUE
[
c N - INPUY NUMBER OF DEVIATES TO SE CENERATED
[
c - R - OUTPUT YECTOR OF LEMGYN M CONTAINING THE
c EXPONENT JAL DEVIATES
c
c
C (X NN
c IMSL ROUTINE NAME - CGAMR
c Tevsen
c o
c PURPDSE - OME PARAMETER GAMMA RANDOM DEVIATE CENERATYOR, AND
[4 USABLE A3 THE BASIS FOR TWO "PARAMETER CAMMA
[+ OEVIATE CENERATOR (
c .
c vsace © CALL CCAMR(DSEZEND, A, N, ,wKiR)
4
c ARGUMENTS DSEED - IwpPUuT AN INTEGER val IN THE EXCLUSIVE RANCE
c [1.,2147483847) osEeED REPLACED BY A NEW DSEED
4 7O 8% USED IN SUBSECUNNT CALLS. DSNED MUST BE
c 1yred bous PRECISION IN THE CALLING PROCRAM
(4
4 A - INPUT SMAPE PARAM R FOR THE DESIRED CaMma
c FUNCTION. A MUST BE GCREATER THAN ©.
c N
L E R 4 N - INPUT WUMBER OF DEVIATES YO mE CENERATED
72 [
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