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Abstract

The development and continued utilization of taller, more slender

building structures has brought about an increasing need for accurate

analysis techniques. These analysis techniques require the under

s tandin g 0 f a va r i e ty 0far e as that ran g e from the con tin u i ty 0 f

joints within the structure to the nature of the forces that act upon

it.

Architects must consider the design of a building as a total

system and cannot cons i der the structure as an add; t i on that w; 11 be

plugged in later by an engineer. This approach is especially essen

tial when considering high-rise structures which require complex

support systems. The safety and stability of these systems depends to

a high degree on the continuity of joints which enable the building to

act as a rigid, cantilevered tube.

This continuity results in forms that are highly statically

indeterminate. These are structures in which the number of reactions

and/or stresses exceeds the number of statical equations that are

available for their determination. For such structures an indefinite

number of combinations of unknowns will satisfy the laws of equilib

rium, however, only one set of values will result in the distortions

that are compatible with the continuity and special conditions that

are unique to the structure.

Statically indeterminate structures may be analyzed by many

different methods. Many approximate methods exist and often times may

provide results as accurate as more time consuming exact methods.



While these approximate methods also serve as areas in estimating

individual member sizes, they usually require the use of certain

assumptions that may restrict their use in high-rise analysis.

Exact methods are often very lengthy and extensive; the method of

moment distribution is a method that has been especially noted for its

speed and accuracy. It is a method that will be extensively studied

and applied throughout the research.

The magnitude of stresses and deformations in the structures are

dependent on the imposed loads and many other effects. Hi gh-ri se

buildings, more than low buildings are affected by the instability of

forces as well as secondary effects that range from changes in temper

ature, settlement of foundations, to the dynamic effect of lateral

loads due to wind or seismic disturbances.

Another factor that must be considered in the analysis of high

rise structures is the effect that the structural geometry may have in

the determination of stresses and probable deformations. The deter

mination of the structure's shape may be a prime consideration when

designing for a specific loading condition.

The objective of this research is to investigate the analysis

methods of statically indeterminate frames and apply these techniques

to high-rise structures. An analysis of loading conditions and struc

tural geometry are factors that also must be considered in this

investigation.

I intend to approach this objective with extensive research in

eng i nee r i n g j 0urn a 1 san d pub 1 i cat ionsalon g wi thac 0 n s tan t wo rkin g



relationship with my faculty advisor. I believe this research and

program will greatly aid me in any graduate studies I may choose to

endeavor in the future.
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I NTROOUCTI ON

A direct outgrowth of the urban environment, the high-rise build

ing is continuing to be developed and utilized on a very large scale.

While initially a response to the high density of population in early

Ameri can ci ties, the deve 1 opment of new means of transportat i on and

the subsequent growth of surburbia has enabled the high-rise to break

free from it's inner-city dock and become a free standing skyscraper.

Amidst the business centers of the world, the high-rise building has

come to symbolize both corporate strength and growth to many business

men and industries.

While the construction business has fluctuated considerably

duri ng the 1 ast few years, the market for hi gh-ri se offi ce deve 1 op

ments has proven to be a steady, if not growing one. One merely n�eds

to visit Dallas or Houston, two cities which have benefitted to a

great extent from the relocation of northeast and midwest industries,

to get a fee 1 for the tremendous amount of mu 1 t i -story construct ion

under progress. Also evident in those cities is the movement of busi

ness centers to suburbs such as the West Loop and SW Freeway areas of

Houston and the Las Colinas development west of Dallas in Irving.

The future use of high-rise buildings is forecast by many to be a

very bright one. While there may soon be a saturation in the office

lease space market, the early success of high-rise condominiums prom

ises to attract the attention of many developers and multi-story con

tractors. The particular growth and development of high-rise build

ings in the Southwest and Sunbelt states can be contributed to many

factors.
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A s me n t ion ed ear 1 i e r , the re 1 0cat ion 0 f ma ny est a b 1 ishe d bus i -

nesses and industries to the South has been brought about primarily by

the freedom these states offer from tightly controlled union activity

and rather burdensome corporate income taxes. With the shift of

industry has come a subsequent shift in population and southern states

have experi enced a steady increase in net popul at i on over the 1 ast

fifteen or twenty years.

Another factor that has contributed significantly to the develop

ment has been the absence of, or flexibility of, city zoning ordin

ances. For example, Houston, the first city in the nation to issue

over $3 billion in building permits in a single year, is free of any

z 0 n i n g res t ric t ion s • Wit h the ext r eme h i g h cos t 0 f rea 1 est ate i n

metropolitan areas, the opportunity for owners to take ultimate advan

tage of their purchased real estate is an extremely attractive one.

This steady growth and development has brought about an increas

i ng need for accurate ana lys is techn i ques and it is the purpose of

thi s research to exam; ne some of the techni ques that are currently

being used and their application to high-rise buildings.
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BACKGROUND

Paralleling the development of the high-rise has been the trend

to build and design more slender structures. The safety and stability

of these structures depends a great deal on the continuity or rigidity

of the joints within the structure.l This continuity is necessary to

bring about stability to the structure when under the influence of

dynamic loading conditions such as wind or seismic activity. As a

result of this continuity, structures are developed that are highly

statically indeterminate.

Stati cal Indetermi nancy

The key requirement for any structure is stability, the ability

of any portion of the structure, when isolated as a free body, to

satisfy the equations of static equilibrium. When the structure is

such that the external reactions and internal stresses can be deter

mined by the equations of equlibr;um the structure is said to be stat

ically determinate. However, when the shape of the structure makes it

necessary to have a greater number reactions and for internal stresses

the structure is called statically indeterminate. (See Figure 1).2
There are many advantages to the use of statically indeterminate

structures when they are applied to high-rise buildings. Continuous

construction lends itself toward the development of smaller moments

and permits the use of smaller members. This can lead toward as

considerable savings in the amount of material that is needed for

stability. (See Figure 2) Another important consideration is the
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FIGURE 1. STATICALLY INDETERMINATE STRUCTURE

FIGURE 2. MOMENT COMPARISON--DETERMINATE vs. INDETERMINATE
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difficulty of actually finding an ideal simply supported beam in a

structure; the truth is that welded or riveted beam-to-column connec

tion is not simply supported and does develop some degree of continui

ty. Also, members of a particular size can carry more loan if part of

a continuous structure which may permit the use of fewer members and

increased spacings.3
Considerable savings is also made when considering structures

which are naturally continuous and indeterminate such a monolithic

reinforced concrete structure a very popular method of construction

today.

Another important advantage, and one of most importance when con

sidering high-rise structures, is that a statically indeterminate

structure is a more rigid structure. This is of particular importance

when there are many moving loads. A similar statically determinate

structure woul d requi re the use of di agonal cross-braci ng whi ch may

hinder circulation.4

It is generally considered undesirable to use indeterminate

structures where the foundation conditions are poor. The possible

settlement of supports may cause additional moment, shears and

reactions in the structure. Many analysis methods and techniques do

make some consideration and compensation for possible foundation

settlements.

Indeterminate structures also take considerable more time to

design and analyze. It often requires the use of serveral approxima

tions of member sizes before any analysis can be made and may take

severa 1 repeated computat ions before fi na 1 des i gn can be determi ned.
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There are several methods of analysis of indeterminate structures that

are available to the designer.

Analysis Techniques

Moment Distribution

One method that is considerably noted for its speed and accuracy

is the Moment Distribution method developed by Prof. Hardy Cross at

the University of Illinois in the late 19201s. It has been considered

by many to be one of the most significant developments in structural

theory in the last century.5
The moment-distribution method follows a rather simple general

procedure that can be grasped rather easily. It can only be applic

able however if certain conditions are met. The first of which is

that the members are of constant cross section. This is necessary

because the procedure requires that each member carry a percentage of

unbalanced moments based on it1s relative stiffness. Another restric

tion on the use of this method is that there is no displacement of

supports or joints.

The general procedure for moment distribution can be outlined as

follows:

1. Assume all joints fixed and calculate fixed-end moments.

2. Select a joint, release the restraint, and balance all

moments.

3. Temporarily fix joint again.

4. Sel ect another joi nt and repeat same procedure (when all

joints are done, one cycle is completed).
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5. Carry-over one-half the induced moments to beam's opposite

end and repeat the cycle.6 (See Figure 3)

The number of cycles that the distribution is carried out is

dependent on whatever degree of accuracy that one may desire or may be

stopped after just several cycles to get a very good approximate

answer. A common procedure ; s to cant i nue cyc 1 es unt il the ca rryover

moment is approximately 5% of the original fixed end moment.

The moment distribution method, though quite simple in procedure,

can be a quite lengthy and extensive process when the structure may

have many joints and members. With an increase in height, the rela

tive stiffness (IlL) ratio of column to connecting beam increases and

as a result, in a very tall building a comparatively light floor beam

may be attached to a very heavy column. This requires the carrying

out of an extended number of cycles to obtain the degree of acurracy

necessary 7

Another problem that is involved with the application of the

moment di st ri but i on to ta 11 bu i 1 di ngs i nvo 1 yes the cond it; ons neces

sary for it's application. As stated earlier, one of the original

criteria for the application was that all joints are fixed against any

displacement. While this criteria may be, in theory, an applicable

assumption, in practice it is known that all structures experience

certain degree of sidesway. In low use buildings this effect may be

neglible when determining member moments and shears, in high-rise

structures a considerable amount of joint displacement may be present.

Considerable research has been published to present an answer to

this problem. One of the most noted studies is one that was brought
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forth by Professor L. E. Grinter of Texas A&M in the early 1930's.8

This method of handling joint translations was called by its developer

liThe Simplified Method of Successive Corrections."

The method was based on the assumption that the joint translation

produced a deflection curve that was somewhat of a straight line. If

thi sis known then an assumpt i on can be made as to the increment of

side deflection and additional moment may be applied to the frame.

After balancing all additional moments, shears can then be calcula

ted. The final moment can be calculated by multiplying calculated

column moments in each story by the ratio of wind shears to calculated

shears.

While Prof. Grinter's method has proved very successful in many

rigid frame structures, it too requires a considerable amount of time

and tedious work. It requires an initial distribution of moments due

to wind loads and an additional distribution due to joint displace

ment.

The accuracy of moment distribution methods may depend to a great

degree on the accuracy of assumptions regarding member sizes. It is

often the practice to use member sizes obtained from vertical loading,

but this may not be a correct assumption in cases where lateral loads

are considerably larger than gravity loads.

Stiffness (Displacement) Method

An 0 the r me thod 0fan a 1 ysis for stat i cally i n de term ina n t s t r u c -

tures, and one that is only the subject of a general and brief discus

sion here, is the stiffness or displacement method of analysis. This
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method is primarily developed for computer applications and utiliza-

tion and any extended discussion into the mathematics and programming

of such a method is beyond the scope of this paper.

The stiff n e s s me t h od i s bas ed 0nth e p r inc i p 1 e t hat the bas i c

unknowns within the structural system are the system's displacements,

whether they be joint translations or rotations. This method gener-

ates a system of linear equations which are best resolved by the use

of matrix algebra. After rotation or displacement values have been

determined, final reactions can be calculated.9

The st i ffness method is the method used most extens i ve 1y today

for the design and analysis of high-rise buildings; but it too

requires the initial assumption regarding member sizes to be consider-

ably close for a high degree of accuracy. Another considerable draw-

back to the method is that it does require access and experience with

computers to shorten the tedious work that is involved with matrix

algebra.

Approximate Methods

In addition to the several exact methods for analyzing statically

indeterminate structures, approximate methods are available and have

many practical applications. Some of the more common ones are:

1. An exact analysis may be so tedious and cumbersome that
time is not available for the necessary computations.

2. Approximate methods may often times produce results as

accurate as many of the exact methods.

3. May serve as an aid in estimating sizes of members
before a more exact method of analysis can be used.10
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Port a 1 A n a 1 y sis

Among the most well-known methods of analysis is the portal

method, which has probably been used more than any other method for

determining stresses in building frames due to lateral loads. This

simple method was presented in 1915 by Albert Smith.11

The appl i cati on of the portal method requi res the e s t ab l i shment

of the following qualified assumptions:

1. Entire wind loads are assumed to be resisted by the

building frames, with no assistance from floors, walls,
and partitions with regards to stiffness. This is a

conservative assumption because floors, walls and

partitions do contribute an indeterminable amount to
resistance.

2. Changes in lengths of gi rders and columns are assumed
to be negligible.

3. Building height cannot exceed five times the least
1 ate r a 1 dime n s ion.

After thi s genera 1 criteri a has been met, the bas i c procedure

involved with portal method of analysis is a simple one. In order to

reduce the degree of statical indeterminancy a frame may have, several

assumptions are made in relation to the effect of lateral loads on the

frame:

1. Columns and gi rders bend in such a manner that points
of in fl ect i on occur at mi d-depth or mi d-spans of the
member.

2. Horizontal shear is divided among the columns in the
ratio of one part to exterior columns and two parts to
interior columns. Another common distribution is to
assume that each column takes a percentage of the wind
shear based on the amount of total floor area it
supports.12
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The general procedures of the portal method is as follows:

1. Column shears, horizontal shears on each level are
distributed between the columns by one of the earlier
prescribed methods.

2. Column moments. Obtained by multiplying column shears
by one-half the column height. This follows the origi
nal assumption of points of inflection at mid-height.

3. Girder moments. The sum of the girder moments at any
joint in the frame is equal to the sum of the moments
in the columns. Starting at top left hand side of the
frame, moments are added or subtracted as might be
needed.

4. Girder shears. Following the assumption that points of
inflection occur at mid-span, girder shear are equal to
the girder moment divided by one-half girder spans.

5. Column Axial Stresses. Column axial stress is equal to

gi rder shears for exteri or co 1 umns and is equa 1 to the
difference between the two gi rder shears for interior
columns.13 See Figure 4.

Once again it must be stressed that the application of the portal

method is restricted to the satisfaction of the general criteria. If

thesec0 nd it; 0 n s are not met, e r ro r s may occur 0 f sub s tan t i alp r 0 p 0 r-

tions in the results.
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LOADING CONDITIONS

The nature of loads that have an effect on high-rise buildings is

a sub j ec t that mu s t beg i ve n care f u 1 con sidera t ion. The for cest hat

may have only a small effect on low-rise buildings may have a consid

erable effect on the stability and serviceability of a high-rise

structure. An understandi ng of the effects of 1 ateral loads and many

other secondary conditions is necessary to get an understanding of the

building behavior in its natural environment.

Loads Due to Volume Changes in Buildings Material

Many of the new design trends involve the exposure of the stru

ctural frame of the building as a response to the reduction of the

building's weight and cost. The result of such design methods is the

vulnerability of the building to loads due to temperature changes.

The structural member is now exposed to both the controlled tempera

ture of the interior of building and the seasonal changes on the

exterior. Thi s temperature di fferent i a 1 may cause movement in the

member due to contraction for temperature drop and expansion for an

increase in temperature.14
The effect of such temperature induced moment is dependent a

great deal on the original structural rigidity of the building and is

generally proportional to the number of floors within the structure.

There are a variety of different responses that may be evident in a

building that is not properly designed for temperature differential.

Some of them are column bending in exterior columns due to temperature
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differentials, differential movement between exterior and interior

columns, floor cracking and resulting partition damage.

Similar to the effects caused by temperature differentials is the

effect that creep shrinkage may occur in the materials. This effect is

usually time-dependent based on the magnitude of the stresses and the

initial strength of the concrete mix. If careful consideration is

mad e duri n g the des i g n 0 f the 0 rig ina 1 mix, s h r ink age may be red u c ed

up to 40%.

Lateral loads

The most influential loading condition in today's high-rise

building is the influence of lateral loads such as wind action and

earthquate conditions. The early skyscrapers were not as affected by

such loads due to the tremendous weight of their masonry walls. Wind

forces coul d not overcome the gravi ty 1 aods to become an i nfl uenci ng

factor. However, as the design of high-rise buildings shifted toward

the development of more open interior spaces and an overall lighter

structure weight the consideration and response to lateral loads

become a prime consideration. The use of longer spanning beams, non

load bearing movable interior partitions, and use of glass curtain

walls have taken away from the overall rigidity of the building and

the resistance to lateral sway has become a prime consideration.1S

Considerable research and literature has been compiled on the

effect of wind on buildings. A true understanding of wind and the

ability to predict its behavior may be impossible in scientific

terms. The dynami c effect of wi nd is i nfl uenced by many factors such
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as the roughness and fonn of terrain of the surrounding environment,

the shape of the structure itself and the effect of arrangement with

respect to other buildings.

In studies of wind velocity there has been readings indicating

two different types of action: a mean wind velocity and a gust wind

velocity. The mean wind velocity is representative of a static

loading condition and gust velocity is the dynamic component of the

lateral forces. The wind mean velocity is generally a function of the

height of the building. If there is considerable ground clutter due

to trees, land forms, or other buildings, the maximum mean velocity

will be found at a higher height.

While extensive research is being conducted on the dynamic

actions of wind, the building codes are fomulated as a static approch

to this action. Wind pressure values are determined as to a maximum

annual mean velocity, 30 ft. above the ground for a 50-year recurrence

interval. The mean velocities were obtained by the U. S. Weather

Bu reau. These tab 1 ifi ed va 1 ues have been es tab 1 i shed fo r reg i ona 1

areas (See Table 1). The code has also established coefficients for

building shape which reduce the value of the mean velocity. The code

approach however, does not take into account the gust effects of wind

action nor the effect of environmental conditions which may influence

building response.16 Research must continue in this field for design

ers to get a better conceptual understandi ng of the dynami c component

of wind.

Another important factor that must be considered when designing

for wi nd loads is the tol erance that the occupants have to bui 1 di ng
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Table 1. Uniform Building Code-Wind Pressure Values

TABLE NO. 23·F -WIND PRESSURES FOR VARIOUS HEIGHT
ZONES ABOVE GROUND'

1 wnW·PRESSURE MAP AREAS

HEIGHT ZO�ES 'pound s per square foot)

(in feet) I 2rJ I 25 I 30 [. �:- ! 40 I 45
l

50
__ + _____ 1 --- t .--

r
-- -- - " .- --

Ll'SS thew 3(1 I 15 2:) :2.5 : 2.') 3() 1 )) I
..w

I !30 to-i9 I 20 � 2'5 30 I 3.5 ..Hi -1'5 ')0
')() to 99

I

2.5 3() -HI I -1.'5 I )( I )3 1)(1!
lIl() to -1Y9 30 I -1() -15 i 5.') GO -;-11 7'5
51l() to 11 cJCJ I 3') i -\'') '5.3 i 0(1 -;-0 'jll 9(lI I

12()1) d nJ 0\ l r -tIl .')t) I)() i -, �I) 'il} t(lI}! "

I I

::,c·_: t-:'!?ure :'-.0 . ..1. \\ ,�'.� ;lr::')-,ur:: ,_'�'iumn l�� ··:c �Jtlk' "ndui� :-':.' "d.:k> ... ':..·� .\hh.:h
," h�dJ1..�li C·\ J \ "'!lIJ(' 1..,,�rrt.:')p0nJing '0 : :�:.: 'llll1\fn .. .rt: rc;·11h ... i{1!t..·. ·::."'-�l1..lr1t

Alno prev-ur e Inu;�jlcj ',)[ I he >,arlku!ar "J,,,II[\

r:7 rl�ure� Ilj\r:n lr>: �-;:: ...·Jmmt·n:Jc.J j'\ :r\Jrl .. liJil\ fhc .... c: �._·�U::l';1:l'!;;, "':0 nl.lt

:--rJ':;l.!e !v-r �vr�..:.Jl)t.."'"

"C· IO�· l!· 10·

-------

. -

-
r .... /·i

I .

"
e G 0 I 0 4

- -=-_-_"".:- - -
("�"

.r:>

....

;:,'r-: ALeJWA3LE RESULTANT <�"f:'_' :m"EJW��'�G ��E):;,,��E.�[SSUQU ",
:"" El: "(RIC,", �u�'" ... C!� :� ';.01"""'" SOu""e: .,..

�

! ... n, CIt'.":; S ,.. �Q r£::'" •.!��_ �RO'J"'C
-

,�. �<'. .,.
---------------------------

.�. ....,

C·
z

;.,.

FIGUF,E NO.4

TABLE NO. 23-G-MUlTIPlYING FACTORS FOR WIND

PRESSURES-CHIMNEYS. TANKS AND SOLID TOWERS

HORIZONTAL CROSS SECTION 1 .

fACTOR

1. n()
o. sn
0.50

Square or rectun cul.ir
Hexagonal or oct��ol1,11
Round or elliptical



18

sway. The bu i 1 di ng st ructure may be ab 1 e to wi thstand such sway but

occupants may experience motion sickness. This requires a further

design reduction in the lateral sway of the building.

This lateral sway in the building is called drift and is measured

in relation to the building height by a factor called the drift index

(6/h). It is common practice to design the building with sufficient

lateral stiffness to keep the drift index between 0.0015 and 0.0030.

This is usually based on worst mean velocity for a "ten-year storm."

It is recommended that the buil ding withstand sa fe 1 y "50-yea r storms II

and "IOO-year storms."l7

In addition to wind loads, buildings in some regions are also

susceptible to seismic conditions. The usual practice when designing

for earthquake loads is to determine an additional lateral load based

on some percentage of the total weight of the building. A common

range for this percentage is 5 to 10%. Some designers simply increase

percentages of wind loads for seismic loads, however, this assumption

is not very well justified because seismic loads are more of a func

tion of building weight rather than exposed area.18
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RESEARCH OBJECTIVE

Our i n g the co u r s e 0 f the resear c h 0 f s tat i cally i n d e term ina t e

analysis techniques, a question was raised pertaiing to the extent of

the appl ication of the approximate method of analysi s--the portal

method. In 1940, a comprehensive study was done by a subcommittee of

American Society of Civil Engineers on the analysis methods of steel

buildings under lateral loads. It was determined by this committee

that the portal method produces satisfactory results in buildings up

to 25 stories in height.19

However, in discussion with several practicing engineers it was

determined that the portal method is generally not considered a very

reliable method for buildings in excess of only six stories.

It was from this discrepancy in the accepted theory and practice

of the portal method that the objective of this paper was formulated.

In order to develop an understanding of high-rise structures under the

influence of lateral loads it was determined that an examination would

be made of the actual accuracy of the portal method in comparison with

some more exact methods available. See Figure 5.

�1ethods

Because of the agreement over the accuracy of the portal method

in a six-story frame, it was detennined to be the starting height for

comparitive analysis and the comparison would progress at a floor by

floor rate unti 1 approximately 75 stories or a pattern of error was

discovered.
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The results from the portal method were obtained by hand calcula

tions made rather easily from the procedure described earlier in this

paper. The determi nat i on of a bui 1 di ng frame si ze was one of the

important parts of the comparison procedure. In order for the portal

analysis results to be valid the building fram had to meet the general

criteria that was outlined earlier in this paper. It was decided that

a three-bay frame of 2-1-2 proportions would be satisfactory to

simplify both the hand calculations of the portal method and the

comput e r i n put for the mo re exact res u 1 t s, and yet still have the

flexibility in reaching the desired story height. See Figure 6.

Loads to be applied to the frame were obtained from tables for

wind loads in the 1979 Uniform Building Code. These wind pressure

values were described earlier and are tablized in Table 1.

The results for the exact analysis were obtained through the use

of a finite element program utilizing the stiffness method. The pro

gram, called STRUDL (STRUctural Design Language), was developed in the

mid and late 1960ls as part of the integrated Civil Engineering System

(ICES), a group of engineers gathered at the Massachusetts Institute

of Technology (MIT) to study computer applications. With the assis

tance of Professor Lee Lowry in the Dept. of Civil Engineering, an

input was developed for a six-story moment resisting plane frame. It

was decided that the use of printed cards would be the best means of

manipulating the data file for the different story heights and also

save the cost of terminal time.
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Results

Using the above described procedure, a comparitive analysis was

made of the frame from a six-story height to a twelve story height.

At this time, it was observed that a pattern of error had been devel

oped. While it was originally thought that as story height increased

the accuracy of the portal method would decrease, it was found that

the method proved to be as accurate at the six-story frame height as

at the twelve-story height.

As a measure of accuracy, the percentage difference between

portal moments and stiffness moments proved to be very effective. The

examination of the interior column moments showed that the percentage

di fference of the top three floors tended to be very simi 1 ar regard

less of story height and that the top floor was consistently over 30%

difference (See Table 2). A similar examination was made of the

exterior-column moments and it was found that on the bottom floor and

upper two floors the porta 1 method produced conservat i ve di fferences

and the pe rc e n tag e d iffere n c e wa scornpar a b 1 eregar d 1 e s s 0 f 0 vera 1 1

story he; ght. All other results were well withi n a 15% difference on

the non-conservative side (See Table 3). A graphical representation

of the results was made and it was di scovered that the portal method

did not produce answers of less accuracy as story height increased but

that all of the results fell within an envelope of accuracy (See

Figure 7).

After careful analysis of the data was made, a question was

brought to mind as to whether factors coul d be derived from the per-



Table 2. Moment Comparison--Portal �. Stiffness

FLOOR STIFFNESS PORTAL % DIFF

1 17621 15135 14% L

2 14770 12825 13% L

3 12566 10305 18% L

4 9760 7785 20% L

5 6400 4905 23% L
6 2820 1735 38% L

1 30268 25320 16% L
2 27288 23010 16% L

3 24658 20700 16% L

4 21902 18180 17% L

5 18595 15300 18% L
6 14925 11128 19% L

7 10908 8663 21% L
8 6788 5198 23% L
9 2733 1733 37% L

1 45728 38025 17% L
2 42601 35715 16% L
3 39396 33405 15% L
4 36695 30885 1696 L
5 33368 28005 16% L
6 29682 24833 16% L
7 25647 21367 17% L
8 21563 17903 17% L
9 17486 14483 17% L
10 13424 10973 18% L
11 8745 6930 21% L
12 3344 2310 31% L

24



Table 3. Moment Comparison--P �. S--Exterior Columns

FLOOR STIFFNESS PORTAL % DIFF

1 14488 10.090 30% L

2 6587 8550 23% H

3 5944 6870 13% H

4 4843 5190 7% H

5 3543 3270 8%1
6 1376 1155 16% L

1 24767 16880 32% L

2 11446 15340 25% H

3 11058 13800 20% H

4 10011 12120 17% H

5 8741 10200 14% H

6 7304 8085 10% H

7 5628 5775 3% H

8 3916 3465 12% 1

9 1587 1155 27% L

1 37341 25350 32% L

2 18219 23810 23% H

3 17332 22270 22% H

4 16343 20590 21% H

5 1 5112 18670 19% H

6 13698 16555 17% H

7 12058 142a5 15% H

8 10389 11935 13% H

9 8720 9625 9% H

10 7172 7315 2% H
11 5331 4620 13% 1

12 2417 1540 36% L

25
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cent di fferences and appl ied to a frame of similar proportions. It

was decided that an application of this hypothesis would be made to a

similar six-story frame. Factors were derived simply from the percen

tage difference in moments obtained form the earlier comparison.

These factors were then applied to moments calcualted by hand util

izing the portal method and compared to results from a stiffness

analysis provided by the computer. This comparison is tablized in

Table 4. As can be seen the portal method with use of the adjustment

factors produced results that were much more in line with the more

accurate analysi s results. However, the results for the top floor

interior columns and the bottom floor exterior were considerably

different in comparison to the other results obtained. This increase

in the percentage difference for these two cases is one that is hard

for us to explain and an area that requires further investigation.

One possible explanation for these differences may stem from the

additional moment that may be induced in the building due to lateral

sidesway. As mentioned earlier, this was one of the problems that was

encountered with the moment distribution method when analyzing wind

loads and was the spearhead of the research by Gri nter. Si nce the

s t iff n e s s me thodis bas edon j 0 i n t t ran s 1 at ionsand rot a t ionsit ; s

likely that the induced moments from sidesway would appear in its

tabulated results. It may be this induced moment that is producing

the original percentage di fferences. The di fferences that appear

after adjustment factors in bottom floor exterior col umns and top

floor interior columns may be due to distribution of moment due to a

possible increase in lateral sidesway.
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Another possible explanation for the differences may stem from

the original assumption that points of inflection in a portal frame

lie at mid-height of columns and mid-depths of beams. Upon comparison

to actual points of inflection it was found that this assumption was

only true for the middle floors of the frame (See Figure 8). It is

possible that portal analysis results based on these new points of

inflection would produce better results.
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CONCLUSION

It was the purpose of thi s invest i gat i on to exami ne some of the

simplified methods and possibly bring them closer in line to true

values when their accuracy drops off. It was originally intended to

carry the comparison procedure up to the 24 story height. Problems

were encountered due to the considerable high cost of running a STRUDL

analysis program. Considerable time and effort was spent in an effort

to obtain a similar program through another system that would be free

for my use. However, after running into problems with access to this

program it was felt that in an effort to save time the STRUDL analysis

would be continued. After running programs through the 12-story

height a pattern was discivered and the analysis stopped there.

As stated earlier, the need for accurate analysis techniques is

continually growing due to the increasing utilization of the high-rise

building. The use of simplified methods with the application of

adjustment factors may produce very good estimates for the architect,

structural engineer, and contractor to determine overall building

structure size and weight. And with further refinement and investiga

tion it is felt that these could be applicable.

While our investigation involved only one particular building

frame it is hoped that this research would continue with the investi

gation of other frames.
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