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PROBLEM
The purpose of this thesis is to determine the effect of secondary
wind moments due to column shortening under wind load upon a five bay

ten-story structural steel building bent.

THE BENT

The bent used was obtained by adding two twenty-two foot bays to
the upper ten:sstories of the clessical Wilson-Maney bent, analyzed in
Bulletin 80 of the University of Illinois. The dimensions and sections
are the same as for the Wilson-Maney bent except that the first story
height has-been increased to 16'-0", Diagram 1 shows the dimensions and
properties of the bent. This same structure was investigated for prim-
ary wind stresses only by Rolland A. Philleo as a thesis problem for
the degree of Master of Science in Civil Engiﬁeering at the Graduate

School of Cornell University.

ASSUMPTIONS
It was assumed that the joints in the bent were perfectly rigid
and that no relative rotation of the members occurred at their inter-

sections.

The foundations were assumed rigid against settlement but were

allowed to rotate by connecting them with a beam.

These two assumptions are not consistent, of course, but it was

thought that allowing the footings to rotete would be a better assump-



tion than the ordinary one of assuming them as completely fixed.

LOADS
The load used was the same one used in Bulletin 80 of the Univer-
sity of Illinois, i.e., a horizontal wind load of thirty pounds per

square foot on a vertical surface one foot wide.



PROCEDURE

Calculation of Wind Moments

The wind moments were first obtained by the Hardy Cross method by
the ordinary procedure. Seven complete cycles were carried through to

obtein the moments. The wind moments are shown on diagram No. 2.

Calculation of Secondary Wind Moments

The change in length of the columns due to wind loads, the result-
ing differences in elevations of the ends of the beams and the fixed-
end beam moments were then determined. These fixed end moments were
then distributed by the Hardy Cross method and the secondary wind
moments found. Six complete cycles were carried through with the

Hardy Cross method to determine the moments.

In the upper stories of the bent the secondary moments were quite
large and would also produce column loads and deformations and more
secondary moments or corrections to the secondary moments which, in
general, would be opposite to the secondary moments. These corrections
to the secondaries would produce a second correction which, in general,
would add to the secondary moments. What actually happens when the
wind load is applied to the bent is that the columns deform and the
stresses arrange themselves in the structure producing equilibrium. In
the solution for wind moments the columns are not allowed to deform
and the column loads obtained from these moments are too large since it
can be seen that allowiﬁg the columns to deform tends to reduce these

loads.
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The diagrams in Figure 1 show the column deformations, fixed end
moments, and final distributed moments at the roof due to wind moments,
secondary moments, and first, and second corrections to the secondary

moments.

The figures in brackets are the distributed moments and the other
figures are the fixed end moments. The moments are in foot-pounds and
positive moment tends to rotate the joint in a clockwise direction.

The wind load is applied at the left.

The diagrams in Figure 1 are for the roof only but the floors
below act in a similar way, the actual deflections of course being
smaller. It can be seen from Figure 1 that one correction to the
secondary moments will give secondary moments that are too small. When
the second correction is applied the resulting corrected secondary
moments (algebraic sum of secondary moments and two corrections) will
be too large and the final wind moments (algebraic sum of wind moments
and corrected secondary moments) will in general be too small. The
magnitude of the error, however, will be small, as can be seen from the
fixed end moments due to the second correction to the secondary moments.
In the solution only two corrections to the secondary moments were

solved for.

The steps gone through in obtaining the secondary moments are a

series of approximations identically analogous to those gone through in



applying the Hardy Cross method. Assuming that the columns do not
deform, corresponds to fixing the joints against rotation and the
calculation of each set of moments corresponds to distribution. Allow-
ing the columns to deform is analogous to balancing and the calcula-

tion of fixed-end moments gives the carry-over effect.

Diagram No. 3 shows the first secondary wind moments, the first and
second corrections to the secondary moments, and the corrected secondary

moments, (algebraic sum of first secondary moments and corrections.)

Diagram No. 4 gives the ratios of the first secondary moments to
the wind moments and the ratios of the corrected secondary moment to
the wind moments. The first ratio is given near the member and the
latter is given over the first one. Positive ratios indicate that the

secondary moments add to the wind moments and viee versa,

Diagram No. 5 shows the wind moments, corrected secondary moments,

and the ratio of the former to the latter.



Span AB Span BC Span CC

L =22'-0" I/I = 7.7 L = 22'-0" I/L = 7.7 L =18'-0" I/L = 9.4
M, + MR| 4 Fixed-End Mi + MR 4a B Fixed-End| My, + Mg| 4 B Fixed-End

Floor| — 1 | nE Moment |=——s——| h Moment |~ 7 | h Moment
1lbs. Ft. x 1lbs. 1%3. Ft.x lbs. l%s. Ft., xlbs.

Roof 27.1 171.5 360 22.3 77.6 163 32.6 |121.0 379

10 6l.2 1707 358 53.8 77 .2 162 79.1 [120.4 377

9 101.1 168.1 355 88.2 7640 160 130.5 |118.6 371

8 141.5 162.6 341 123%.2 73.5 154 179.8 |114.8 359

7 180.9 153.0 328 159.5 69.1 145 234,8 [108.2 338

6 219.0 139.4 293 192.3 62,9 132 282.8 98.8 308

5] 254.8 120.0 252 228.2 54.0 113 336 .2 85.2 266

4 293.7 99.7 210 265.5 45,2 95 390.1 71.6 224

3 328.5 7345 154 ~297.1 33.8 71 446,.8 53.8 1€8

2 302.6 45,9 94 309.5 2l.1l 44 527 .9 3346 105

Table - 1.(a)

Calculation of Fixed End Moments Due to Wind Load Column Deformations

Column A. Column B. Column C.

Load Area |P lbs.| Load Area |P 1lbs.| Load [P 1lbs. | Story

Story lbs, Sg. in. in.2| lbs. Sg. in.fa in.z lbs. |o ip.2 | Height

10-R |- 27.1 38.86 0,70 + 4,8 41.00 0.1 |- 10.3] 0.3 12'-0
9-10 |- 88.3 u 2.27 +12.2 " 0.3 |- 35.8] 0.9 o
8-9 |-189.4 " 4.88 +25,1 b 0.6 |- "77.9{ 1.9 "
7-8 |-330.9 i 8.52 +43.4 & 1.1 [-134.5] 3.3 u
6-7 |-511.8 42.26 12:10 +64,8 44,39 1.5 [|-209.8] 4.7 "
5-6 [-730.8 " 17.3 +91.5 t 2.1 |-300.3| 6.8 It
4-5 |-985.6 53.79 18.3 +118.1 59.72 2,0 |-408.3| 6.8 o
3=4 [-1279.0 s 28,7 +146.5 " 2.5 -533.1 8.9 "
2=3 |=1607.8 64.24 25,0 +177.9 67 .80 2.6 -682.8| 10.1 i

1-2 [-2004.1 1 31.2 +214.7 o 3.2 |-851.2] 12.6 16'-0

Calculation of Fixed

Table - 1.(b)

End Moments Due to Wind Load Column Deformations.




Tables l.(a) and 1.(b) show the calculations for the column deform-

ations and fixed-end beam moments due to wind load. The gquantity,

M, * MR ghich is the sum of the moments at each end of a beam, divided

L
by span gives the beam shears, the sum of which is the column load. The

quantity .% E 1is the difference in the elevations of the ends of the
beams in inches. (d), divided by (h), the story height in inches times

(E), the modulus of elasticity for steel, (30,000,000 lbs. per sq. in.).

All the story heights except the first one are egual, so by reducing

the first story stress to one producing the same deformation in a column

having the length of the upper columns, (multiply by -lg) it was possible
12

to factor out the common story height as indicated.

If the difference in elevations of the ends of the beams are given

the fixed-end moment is given by the following expression,

AR 2L h

% Erd) &E) Fe. x 1vs.

=i

Where h is the story height (12'-0") and L is the span of the beam.

Checking Solution

Each solution for moments was checked by calculating the horizontal
deflection of each column. Obviously the deflections of all the
columns in a story should be equal since the ends are rigidly connected

by the beams.
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Figure 2.

Let Figure 2 represent a column under load causing bending moments
shown in diagram. 6, can be caléulated from the known conditions at
the base, i.e., the foundations do not settle. Take statical moment of

the moment disgram for Col. 1-Z about 2.

Mp L 2L Mp L L 2 Mg -Mp L _

—_— = == - = = == dzg - L 6

EI 2 3 EI 2 3 6 e ? '
L

Multiplying through by E/L,

2Mg - My _ E dg
GB(I) - T % E )
T
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adding the known value of 6] we get the value of E dg which should be
L
the same for each column in a story.
The velue of 65 may be found by adding the change in rotation

between the bottom and the top of the column 1-2 to ;. This is equal

to the area of the_Q%I diagrem of the column 1-2.

= (Mp - Mr = Mp - My
e1- L
)

Multiplying through by E we get:

EAGQ._, = M-Mr (2)
2 (I)
T
Then E 63 =E 61 + EA 67.2.

The sign convention used in these expressions is the same as that
used before, namely, that moments tending to rotate a joint in a clock-
wise direction are positive. Angular rotation in a clockwise direction

is also considered positive.

Teble II. gives the computations for the deflections of the
columns in the first four stories of the bent due to secondary wind
moments. No other calculations beside those appearing in the table are
necessary and after a little practice the application of the check

becomes very rapid.
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(@ - Le)E aE T
Story Column E 6 1L L EA ¢ L
A + ,087 + ,364 + ,451 + ,957 18.8
lst.Story B + ,162 + ,293 + ,455 + ,528 19.9
] + 142 + G345 + ,485 + ,628 19.9
A +1.,044 + ,044 +1,.088 + 691 18.8
2nd.Story B + 690 + o360 +1 .050 + ,502 19.9
C + ,770 + ,352 +1.,122 + ,502 19.9
A +1 5755 - ,128 +1,607 + .629 18.3
3rd.Story B +1,192 + 439 +] 631 + ;511 18.6
C +1 ,272 + 341 +1.,613 + ,403 18.6
A +2,3564 ~ 283 +2.,081 + ,601 18.95
4th.Story B +1,703 + 412 +2+115 + ,323 18,6
C +1,675 + ,38D +2.,060 + ,350 18.6
A +2,965 - .5l4 +2.,451 + ,560 14.3
5th.Story B +2.,026 + 423 +2 ,449 LA 14,6
C +2.025 + 525 +2+550 + G445 14.6
Table II.

Calculations of Horizontel Deflections of Columns

The values of E © for the first story columns were calculated from
the first story beams connecting the bottoms of the columns. Since the
foundations were assumed to be fixed in elevation the value of 4 in
equation (1) is zero and the expression gives'the desired E 6. It will
be neticed that the moments are given in foot-pounds so that if the
deflections are wanted in inches, where E is in pounds per square inch,
the result must be multiplied by 12". The values of Qig are merely
proportional to the inclination of the column from the vertical and

serve only as a check.

The above method of checking results was found to be very valuable.

The expressions for the rotation and deflection are very simple and ean

be applied even with rough mental calculations and are often useful in
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checking and predicting results at least in a gqualitative way. The
same concept may be applied to any indeterminate structure and should

prove to be of appreciable assistance at least in interpreting results.

The calculations for wind moments and first secondary moments by
the Cross method were made on large sized diagrams as used by the
Engineering Department of the Institute. Subsequent calculations,
however, were tabulated as suggested by E. A. MaclLean, Esg. in his
discussion of the Cross method on page 421, Proceedings of the American
Society of Civil Engineers for March, 1932. The latter method was
found much faster and easier than using the large diagrams and is
recommended very highly. The flexibility of the Cross method in
geﬁeral was demonstrated on several occasions. In some cases the
moments at a joint would not balance due to errors made in computations.
The error was easily corrected applying it as an unbalanced moment and
carrying over perheps once or twice,depending on the relative size of
the error. In calculating the fixed-end moments due to the secondary
moments an error was made which affected all the fixed=-snd moments in
the center span. The error was not discovered until the entire solu-
tion for the first correction to the secondary moments had been made.
The error was corrected by running an independent solution using the
error in the moments in the center span as the fixed-end moments. The

correet moments were then the algebraic sum of the two solutions.
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DISCUSSION
Foundations

As was stated above, the foundations were assumed fixed against
vertical movement. This assumption of course does not seem reasonable
since the foundations act as an elastic body and deform under load.
The movement of the foundations would tend to increase the fixed-end

moments and hence the secondary moments.

Assuming that the foundations deform 1/8" under a unit load of
6000 1lbs. per square foot, and proportioning the footings to carry the
allowable load of the first story columns at the above unit soil
Aue Ffo wing/ lood .
pressure, the deflections of the footingsjwere found to be from 25 to
50% of the column deformmtions at the roof. From this rough calculation

it would seem that the settlement of the foundations would add appreci-

ably to the secondary moments.

Secondary Wind Stresses in Wilson-Maney Bent

The secondary wind moments in the twenty-story Wilson-Maney bent
were calculated by Mr. M. P. White as a thesis problem and were found
to be negligible. This result can be justified if it is noticed that
the unit wind stresses and hence the column deformations are very
nearly proportional to the distance from the center line of the bent.
All the fixed-end beam moments act in one direction and the resulting

sway will tend to decrease them so that when equilibrium is reached
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the beams will have very little moment in them and will be praectically

straight.

The column deformations in the bent analyzed in this problem were
alternate lengthening and shortening (See Fiz. l.) and the fixed-end
moments were in different directions. Side-sway in this case increases
some moments and decreases others with the result that the secondary

moments are qiite appreciable.
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CONCLUSION

The conclusions to be drawn from this investigation are not very
definite or far reaching. Iven the justification of the results
obtained was at times quite difficult and certainly any very general
prediction regarding the magnitude and effect of secondary moments

would be hazardous.

It is believed that the following general statements may be safely

made regarding secondary wind moments in building bents.

1. Secondary wind moments of appreciable magnitude occur in the

upper stories only.

2, If the wind stresses in the columns vary approximately as
their distance from the center of the bent, the secondary moments will
be small and if the columns are alternately in tension and compression

under wind load the secondary moments may be large.
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WIND BRACING IN STEEL BUILDINGS

Discussion

This article was submitted to the "Proceedings" of the
American Society of Civil Engineers as a discussion to the
report of the Committee on Wind Bracing.

A rather sketchy investigation 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 subject 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 small com-
pared with the original wind moments. However, it must be remembered
that the effect of column shortening is cumulative 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 than near the

ground.

In its discussion the Committee on Wind-Bracing states that in the
case of a high, narrow building secondary moments require investigation.
In the relatively high and narrow Wilson-Maney bent secondary moments
are negligible. Apparently there is another 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
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is roughly proportional to 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 side-
sway and the girders in their final position (after equilibrium is
reached) will be nearly straight. When we have al ternate tension and
compression in the columns, the girders are constrained and may there-
fore have large bending moments after equilibrium is reached. In such

a case sidesway will increase certain girder moments and decrease others.

The Committee does not consider the possibility that the secondary
moments as first obtained may require correction. For example, in
general (not always) the secondary moments in the girders will be oppo-
site to the primary moments. If the secondaries are large, say 50%
of the primaries, the resultant moment will be one-half of the original.
But the secondaries will also produce column shortening which will cause
more secondary moments, ordinarily of the same sign as the primary
moments. If the first secondaries are 50% of the primary moments then

the second secondaries will be about 25% of the primary moments which

will make 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 ten stories
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of the Wilson-Maney bent gave very interesting results. Under wind

loads the columns of this bent were alternately in temnsion and com-

>
pression. The accompanying diagram gives the ratio of the first

secondary to the original wind moments (lower figure), and the ratio
of the secondary moment after two corrections (algebraic sum of

secondary plus first correction plus second correction) to the

original moment.

V. A. Vanoni,

Junior Member, Am.Soc.C.E.,
Graduate Student,

California Institute of Technology.

M. P. White,
Assistant in Civil Engineering,
California Institute of Technology.
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