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PRELIMINARY:
The Hardy Cross method of distributing fixed end moments was em-
ployed. The directional convention of moment sign is used,
that is, a moment which rotates a joint clockwise is positive.
On the summary sheets, all lengths are in inches (unless other-

wise specified) and all moments are in inch-kips.

The first part of this paper contains the conclusions and
the summarizing sheets for both parts of this thesis as well as
a copy of a discussion on 'Wind-bracing in Buildings' submitted
to the.'Proceedings of the American Society of Civil Engineers®
by V. A. Vanoni and the writer. The second part is made up

of computation sheets.



PART ONE

SECONDARY MOMENTS IN BUILDING BENTS

DUE TO COLUMN SHORTENING UNDER HORIZONTAL LOADS

The primery purpose of this investigation was to determine for
a particular building bent the importence of secondary moments due
to column shortening. It was also desired to obtain criteria for

predicting the probable importance of such secondaries.

The twenty-story, three-bay bent analyzed in Bulletin 80 of the

University of Illinois was selected for investigation.

In this investigation the foundations of the bent were assumed
firm, no settlement was considered. Any such movement would tend
to inerease the secondary moments. The second part of this dis-
cussion deals with the effect of settlement of alternsate columns of

a bent.

Starting with no displecement at the foundations the cumula-
' Shortening
tive columnain each column at each floor was determined. The
fixed end moments (bending moments which would result from differ-

ential vertical movement of the ends without rotation) of the gir-

ders were computed and distributed by the Hardy Cross Method.

Summary sheet #1 outlines the procedure and gives all data

necessary to obtain fixed end girder moments. All values are



obtained directly or indirectly from Bulletin 80 (University of Ill-
inois).."P" is the column load in pounds, tension on one side of
the center-line, compression on the other. Under "h" are given
column lengths between floors, in inches. "A" is the column area
in inchesz. | I is the girder moment of inertia in inches4.

Lz is the girder length squared in inchesz, while Mf is the fixed
end girder moment in inch-pounds. Referring to the diagram on sum-
mery: sheet #2, "d":is the cumulative differential column shortening
at any story. "da" is the difference between the cumulative short-
ening (or lengthening) of columns "A" and "B". "db" is_twice the

cumulative shortening of column "B". The computations give ex-

pressions for "Mfa" and "be" in terms of I, L, P, h, and A.

The fixed end moments thus obtained were applied to the girders
and distributed by the Hardy Cross Method, taking account of side-
sway. Because of the proportions of the bent sidesway was con-
siderable and seven cycles were required before satisfactory

aporoach to equilibrium obtained.

The final moments obtained were surprising to say the least,
and at first very disappointing. In general their magnitudes were
of the order of the probable accuracy of the computations. In
other words the moments obtained were probably accurate within
several hundred percent. The relatively largest final girder
moment was only eleven percent of the original fixed end moment.

" . Wlnq(
Summary sheets #2, #3, #4, give the primary.moments (not the fix-

ed end moments) and the resulting secondary moments. - It must be

remembered that these values are not exact and do no more than give



the order of magnitude of the secondary moments.

The value of this investigetion is not immediately obvious.
In fect it seems a waste of time to spend a term discovering that the
secondary moments in a building bent are negligeable. V.A.Vanoni,
making the same investigation on a different bent, found very large
secondary moments, sometimes even greater than the original wind
moments, and generally about half as gréat. Apparantly secondary

moments are not always negligeable.

The question immediately arises: Oan we know beforehand whether
or not secondary moments require consideration? The present in-

vestigation furnishes a clue to the answer.

In the bent under discussion the column stresses on one side
of the center-line of the bent are of the same sign, and the column
stress and therefore the column shortening is roughly proportional
to the distance from the center-line. Obviously when equilibrium
is reached the bent will have moved a considerable distance side-

wise but the girders will be nearly straight.

In Mr, Vanoni's bent, on the other hand, the columns are al-
_ ternately in tension and compression, so that the girders are sub-
jected to considerable bending. Sidesway is small but column and

girder moments are large.

There is included a discussion submitted to the "Proceedings
of the American Society of Civil Engineers" by V.A. Vanoni and the

writer.



This discussion includes a disgram summarizing the results ob-
tained by Mr. Vanoni. The reader is alsc referred to Mr. Vanoni's

Thesis.
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WIND-BRACING IN STEEL BUILDINGS

DISCUSSION

A rather sketchy inveétigation disclosed only one reference to
the subject of Secondary Stresses in building bents due to column
shortening under wind-load, Bulletin 80 of the University of
Illinois covers the suﬁject in a paragraph. The shortening of the first
story columns of the twenty-story bent is computed and the fixed-
end moments in the first story girders determined. These moments
are smell compared with the original wind moments. However, it
must be remembered that the effect of column shortening is cumu-
lative from bottom to top, while the girder moments due to wind
become smaller so that the effect of column shortening should be

much greater at the top then near the ground.

In its discussion the Committee on Wind-Bracing states that
in the case of & high, narrow building secondary moments require
investigation. In the relatively high and nerrow Wilson-Maney
bent secondary moments are negligible. Apparsntly there is an-
other criterion. The importance of secondary moments depends
upon the relative size of bays and upon the relative stiffness of
columns and girders. In the Wilson-Maney bent both columns on
one side of the center line have the same kind of stress under

wind load and this stress and therefore the shortening is roughly



proportional tc the distance from the center line. Since all the
fixed-end moments in the girders due to column shortening act in
the same direction, they will all be reduced by the resulting
sidesway and the girders in their final position (after equilibrium
is reached) will be nearly straight. ¥hen we have alternate
tension and compression in the columns, the girders are constrain-
ed and may therefore have large bending moments after equilibrium
is resched. In such & case sidesway will increase certain girder

moments and decresse others.

The committee does not consider the possibility that the
secondary moments as first obtained may require correction. For
exemple, in general (not always) the secondary moments in the gir-
ders will be opposite tc the primary moments. If the secondsries
are large, say 50% of the primeries, the resultant moments will
be one-half.of the original. But the secondaries will also pro-
duce column shortening which will cause more secondary moments,
ordinerily of the same sign as the primary moments. If the first
secondaries are 50% of the primary moments then the second second-
aries will be about 25% of the primary moments which will meke the

resulting moments 75% of the original moments instead of 50%.

In general the first secondary moments will give results

which, for girders, are on the unsafe side.

Calculations were made on two bents; one, the twenty story
Wilson-Maney bent, gave negligible secondary moments. The other

bent, which was obtained by adding twenty-two foot bays to the



upper fen stories of the Wilson-laney bent, gave very interesting
results. Under wind loads the columns of this bent were alter-
nately in tension and compression. The accompanying diagrem
gives the ratio of the first secondary to the original wind mo-
ment- (lower figure), and the ratio of the secondery moment

after two correctionsi(algebraic sum of secondary plus first

correction plus second correction) to the originsl moment.

V.A. Vanoni,
Junior Member, Am.Soc.C.E.
Graduaste Student, Calif. Inst. Tech.

M.P. Vhite,
Assistent in Civil Engineering,
California Institute of Technology



RATIOS OF FIRST SECONDARY MOMENTS AND CORRECTED

SECONDARY MOMENTS TO WIND MOMENTS
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PART TWO

PRIMARY AND SECCONDARY MCMENTS IN A BUILDING BENT

DUE TO FOUNDATION SETTLENENT

In connection with the first pert of this investigation it was
decided to find the effeect of column settlement. Because of the
short time availible a very simple bent was selected, the upper
six stories of an interior bay of the Insurance Exchange Building
in Los Angeles. This building is of reinforced concrete. All

essential dimensions are given on the summarizing disgram.

Fixed end moments resulting from one-quarter inch settlement
of alternate footings were calculated and distributed by the Hardy
Cross Method. The assumption of one-quarter inch differential
settlement is certainly pessimistic, but is not an impossibility.

In any case the effect would be proportional to the displacement.

The final moments thus obtained are much greater in the cen-
ter than in the exterior bays. Dead loed moments and wind load
moments (assuming thirty pounds per square foot) had previously
been determined for this bent. In the exterior panels the mo-
ments due to footing settlement were about equal to dead load
moments and to wind load moments, but in the interior panel the

moments due to settlement were from two to three times the dead



load or wind load moments.

The next step was the calculation and distribution of fixed
end moments due to column shortening. The finel moments obtained
by this process of course are correction moments for the original
moments. They are of opposite sign and therefore, if neglected,
constitute a factor of safety. They vary from about eight per-
cent at the bottom to about thirty-five percent at the top of the

bent.

Unlike secondary moments due to wind loads, moments due to
footing settlement and the resulting secondary moments do not
depend on the characteristics of the bent for their importance
(except that they increase directly with stiffness of members).

They are primarily a linear function of the settlement.



PRIMARY AND SECONDARY MOMENTS
DUE TO FOOTING SETTLEMENT
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