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INTRODUCTION

with the increasing cost of land in the ﬁodern city
it has been necessary to expand upward rather than on the
surface. The result has been to concentrate commercial’
and industrial enterprises in small areas whose influence
is felt over the entire world. Notable examples are New
York and Chicago. In these developments the engineef hes
played no small part.

It is clalmed by somé Lhat the maximum economic height
has been reached at a thousand feet. However, both the

Chrysler ané Empire State Buildings have slightly passed

this mark. It is not improbable that even taller buildings

than these wiil be buillt in the near future despite the
prophesles to the contrarye.

Ope of the major factors in the design of tall buillid-
ings is the force of the wind against the walls. It is the
purpose of this paper to prssent a few ol the most used
methods for determining wind stresses in the steel frames
of buildings.

Fortunately the localities 1n which most of the extreme-
ly tall buildings are constructed are not subject to earth-
quakes as the layman thinks of them. That is, judging from
the past and from present observations it is not probable

that there will be any tremors of sufficlent Iintensity to



to warrant special design. Comparatively little 1s known
concerning the distributlon of stresses in & structure
subject to earthquake shock. At present the best safe-
guards seem to be tp 1imit the helght and to base calcu-
lations upon the assumption that the structure 1s a rigid

body. Chapter IV desls with this subject.



CHAFTER I

STATIC SThuSSES AND 4IMND FORCES

In the design of tall bulldings it 1s Important that
the bents te as simple B3 possible with the neutral axils

in the center if at all feaslible. No hard and fast rules

¢can be laid down due to the fact that the first consider-
ations are economic. Each building must be planned 1in
gdvance to suit the type of tenants expected to occupy it.
In most cases a builiding under construction is rented or
leased in part or as a w~ole long before it 1s completed.
However, close cooperation between the arcﬁitect and en-

gineer will result in many savings to the buyer as well as

simplifying technical matters.
The calculation of direct stresses c¢onsists only of

the addition of the dead and live loads for each glrder

and column. Witk these stresses known the size of member
may be selected from a handbook in accordance with the
flexurs and column formulss. A recommended handbook is
"Steel Construction® published by the American Institute

of Steel Construction Inc. All slzes and snapes conslidered
standard for American practice are listed. In selecting
members , moments and loads on columns and girders should

be increased to allow for wind stresses as will be ex-
plained in later chapters. The amount of this increase

depends upon the experience of the engineer. Tne allowance
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to he made for girders depends upon the span, story and me-
thod used to calculate tne wind stresses. A typical bent 1ia
shown in figure 1.
Welght due to wall =12{20){(100) = 4C00
iive load of flcor =20(£0)(10C0,/2= 20000
Dead " k. T 20(25)(«0le = 5000
Total weight:'49000*

Since the spans are equal the moments in the girders are

equal. i
s

M= WL/8= 42000(20)(12)/8= 1470000
The section modulus 1s m)S-:1470000/18000-=81.7
A 15", 65.6*’“1" beam of section modulus v4.z8 1s crosen.
If an increase 1is to be made to allow for wind stress it

snould be used with the welgnt oOr moment and not with the

section modulus.
The same calculations ars repeated for the transverse

hent except that there are no loads on tne girders from

tne floor.
. 2
Weight due to wall.:lz(lOO)(zo)==c4OCO

”,
M = Wi/8=24000(20) (1% )/ 8 =7=CC00

The section modulus is M/ & = 720000/ L5000 =40.0

A 12", 40.8”!"I“ peam of section rodulus 44.8 1s

There is now sufiicient data tor

onsidered good practice 1O

50820,

the seiecticn ot tne

corner columns. It is usually ¢

me section to contirue for twc OT

allow columns of the s8



three stories.

weight due to floor etc. = 48000/2 = 24500#

Assumed weight of roof = 49000/% o £45C0
Weight of transverse girder =~ 40.8(20)/2 = 450
weight of first girder = €5.0(20)/2 — (X716

We ight of transverse wall = 100{12){20)s/c = 12000

Total welght €2000 #

For the prelimenary design no account is taken of
the effect of moments on the columns due to wind. 7The
A.J.8.C. specifications for columns allows 15000 pourds
per square inch up to 60 lvr where L 1is tue unsupported

length and r 1s the jeast radius of gyratlom, coth in i1ches.
/8000
Over €0 L/r the recommended formula 1is S =-/_ﬂ( .
/5000r’)

Tatles 1iisting the vaerious coiumn sections in terms of the

allowable total stress are piven 1n handbooks. ror tne ai.0Ve

column a 10", 21 "yv sethlehem section capabie of resist-

#
ing 64000 may be used.

It we allow tne columns to cosrtinue for two storles,

tne welgnt on the column for tne fourth story down from

the top 1is three times the arove totar weig-t plus L8

g on the column. As

welgnt of additional members actin

the base of tne pbuiiding is approached the weignt of the

members becomes more and more a factor of design.

1 4.7.5.C. Standard specitication, Americen Institute of
steel Constructicn Inc. steel Construction &t




If static stresses were the only consideration in

the design of a tall building, it 1s obvious from the pre-
vious calculations that iittle if any englneering skill

would be required for the selection of members, The wind

acting against the side of a bulliding exerts a force which
must be taken up by the steel frame, ioments are intro-

duced into the structure that greatly complicate mgiggs.

Befors the methods of calculating these moments are tak-
en u» it is well to review the concepts that are used as
to how the wind acts agalnst the sides of a buliding.

Man has long been familiar with the relation between
force and velocity of the wind. The "narder" the wind
blows the faster a windmill will revolve, consequently
performing more work in a given time. Newton was the
first to formulate this knowledge into a mathematical
expression., He observed the resistance of piane surfaces
to a fluid in motion and theoretically deduced the follow-
ing originally written in latin and given as Prop. XLVIII:1

The velocities of pulses prop4r~t=d in

an elastic fluid are in a ratio compound-

ed of the subduplicate ratloc of the elss-
tic force directly, and the subduplicate

g hobins Fleming, #ind Stresses 1n Tail buildings 44.




ratio of the density inversely; supposing lhe
elastic force of the fluid to be proportional
to its condensation.

- A ¢
Expressed in an equation V=K(p"/D*) or F=CV¥. This 1is

the form of the equation most used today with experimental

values of C.

Frofessor Karvin, who is now chief of tre weather bu-
reau, 8s a result of many experiments on Lount wilson
gave C the value of .004 where V is given in miles per

hour and P in pounds per square foot.l

The wind pressure on a building is not the same at the
top as it is at the base. This is due to the difference
in velocity. Experlménts nave shown that water flowing
through a pipe has a greater velocity at the center than
next to the walls. This cifference 1s due to friction. It
1s doubtful whetner the friction at the earth's surface
exerts enough force to seriously impedse the total or mean
veloecity of air in motiOn.2 To investigate accurately the
relationship existing betwesen velocities as a function of
the height above the ground would require elaboraté pre-
paration and care for good results. T1he gr:=atest incon-
sistencies would occur witnin the first thousand feet.

suildings, trees, shrubs or any irregular terrain would

1 Kobins Fleming, Wwind Stresses in Tall Bulldings, 48.

£ Ipid.



_ result in eddy currents which would seriously affect the

; data. The results of the first thousand feet is of the
greatest importance 1O the structural engineer. kany Tor-
mules have been developad and made tO agres withx exper-
i{mental data. Three that are frequently guoted are:l

(1) P =000/26 2 * 1 /6 .Pj.

Y/
(2)1/——;//-;”7*-77-‘-5 =

(3) V-w//-;—’)//"

(1) is the work of 8. r. “ing and requires the ussé of a
Dines anemometer OF any anemometer which will register
pressurss. The data was collected over & range of 1000
feet. P.1is the pressure in pounds per squere foot at any
distunce h above gr0und jevel and Pg js the pressure in
pounds per square foot at the ground ljevel. (&) and (%)
are the raspective works of Stevenson and Archivald. The
data for (2) was collected over & range or 1095 feet and
data for (3) was collected for & range not over 50 feet.
in both cases V is the velocity at a helght i feet above

the ground. An anemometer reading velocitias must be used.

1t is probable that the general exponential equation 1s a

1 rouins Fleming, #ind Stresses in Tall Buildings, 41-43.
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Ebetter exbression for actual conditions than the straight
‘line.

As was already stated the ganeral equation used tO
detsrmine the relation between pressure and velocity 1s P
:cvz. Not all jnvestigators agree with the value of C
" equal to .004 as found by Professor Marvin; the range of

variation is from .00 to .0032.1

In practice i1t is assumed tnat the wind pressure varies
with the height above ground as & scraight line. rigure 2
shows thres 1jlustrations of the assumed variation com-
pared with the probable under 1deal conditions. (a) and (b}
are used for extremely tall bpuildings and (¢) is used for mod-
erate heights. The agsumptions for (a) and (b) are valid
pbecause adjacent puiidings tend tO break the wind wnile the
assﬁmption of (¢) is a confession of lack of knowledge of
what takes place near the ground in built up districts.
Building codes state the pressurgs that shall be used under
the thrse assumptions. The pressures as given by the cods
1s the highest expected under normal conditions. No attempt
1s made to design for hurricanes oOr tornadoes. Deslgns
for such abnormal conditions as tnese would rasult in

such expensive structures tnat they would be impossible

economicaily.

1 Charles M. spof ford, Theory of Structures, 20.




CHArTmh. I1
METHODS OF CALCULATING wIND STRESSES DASED

UPON AN EXaACT METnOD

The distribution of wind stresses in a steel bullding
is complex and statically indsterminate., Several methods
which are theoretically correcﬁ have been developed, but
practically all of them with the exception of the slope
deflection method are unworkable for tall buildings,\be-
cause of the complexity and number of equations invoived.
All of the so-called exact and approximate metrods have
the common assumption tnat tre joints of » bent are ab-
solutely rigid which is not strictly true. It is not im-
pertinent to say that the only difference between the app-
roximate and exact method; is the number of assumptions
tnat ére made. The accuracy of an approximate met:o0d varies
directly with the initial assumptions over and above those
made for the exact method . Generally speaking, we might
say that an exact method is a solution for a statically
indeterminéte structure and an spproximate method adds
enough assumptions to enable the sams structure to he
solved statically.

SLOPE Daf L kCTION MiThOD
The slope deflection method is an eéxact method and

is used to compare the accuracy of approximate methods.



The fundamentalaaésumptions upon which the analysis is

besed are:

p !

1. The connections between the columns
and girders are perfectly rigid.

2. The change in length of a member due
to the direct stress is equal to 26T0.

a. ‘ihe length of a girder 1s tne distance
~etween the neutral axis of tre columns
which it connects and the length of a col-
umn is the distance btetween the neutral
axis of the glrders which it connects.

4., The deflection of a member due to in-
ternal shesring stresses is equal to zero.
., The wind load is resisted entirely Dby

tne steel frame.

The propositions upon which the general slope deflection

method for any staticedtly indeterminate figure depends are:”

.

1. #hen s member is subjected to flexure,
the difference in the siope of tne elastic
curve between any two polnts is egqual in
megnitude to tre area of the #/EI diagram
tfor the portion of the member between the
two points.

2. When a member is subjected to flexure,
the distance of any point § on the elastic
curve , measured normal %O initial position
of member, from a tangent drawn to the
elastic curve at any other point P is equal
in magnitude to tne Iirst or statical mo-
ment of the area of the k/kI dlagram between
the two points, about the point Q.

For the proof of proposition 1 in the above refer to

1 w.x. Wilson, and G.A. Maney, Wind Stresses in the Steel
Frames of Office Buildings, “ull No. 80, Eng. BExp. Sta.

Univ. of I11l., 9.

L

£ 4. . Wiison, I.E. hichart, Camillo Welss; Analysis of

Statically Indeterminate Structures bv the Slope De-

flection nethod, bull. NkO. 108, Bng. kxp. Sta. Univ.

Of Illl » 10.
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figure 3. The deformation at a distance ¢ from the

neutral axis 1s given by ¢ and the unit deformation

l7¢
cde 7z

is A5 - Since E- stress we have E A or
strain %g‘

M |
a@—’g}"d@ we can assume dx to equal ds without

app'recia»ble arror. Now[z/:?z‘dx is the area of the

shaded portion iIn I'i-gure 2, Hence the area of the dla-
9 .

gram between any two points P and Q isfg AX and the
P

difference in slope of the tangent to the elastic curve

is (.&,;Qz) ://#Z[—;Z/X.

For proof of £ refer to figure 4, 1t was sssumed that

ds 'dx. e can see tfrom the figure that dy x  but d
Q

¢

' M dx = 2L 2L AKX

is equal to 77 nence yﬁ] XAX vut ET is
- ”

equal to the ares of the K/EI diagram between the points
P and @ and x is the dlstance from § to the portion of
the diagram between P and @ hence we can Say that y 1is

equal in mégnitude to the statical moment of that portion
) 2

of, the u/EI dlagram about the point Q.l

4w, ‘e Wilson, #., E. Richart, Camillo <eiss; Analysis.
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For the development of the dundamental slope deflection

equations refer to figure Sa

From propdsition 1:1

Oy - Oy = ;(MAB/EI)(%L) + (Mpp-EI)( 1)

ep - 04 = L/ZEI@Mpy + Wpy) (1)

From proposition Z:

a - L{&y) = (1/3)(L)(Mpa/EI)(XL) ~ (2/3)(L)(iyp/BT)(%L)
d - L(6y) = (Eppr6kI)(L®) - 2(Map/6EI)(I¥)  (2)

Transposing (1) and multipiying (2) by 1

g

ZEI(Op - €) = L(-Mpp + kiga) (A)
(6EI(d-18y) = L°(-2Myp + Mpy)) /L (B)
Subtracting (B) from (A) we get

2EI(Op - ©4) - 6EId/L - BEIOp= Masl (A)

Iet R=4/L and KX=1/L

4EI€1 < ZEIQB - SEKd ='MADL

Map = 4EK®, + 2EK@p - GEKR
ligg = 2EK(20, + €g - 3K)

of Staticsally Indetsrminate structures by the Slope Deflection
Nethod, ouli. KO. 108, kng. Exp. Sta., Univ. of Iili,, 10-15.




lla



12

In the case that d = 0, R = 0 and we have

For the nomenclature used in the application of the slope

deflection method refer to figure €. Considering the

columns of the sixth story we have:l

zu§7 + M38 + uB7 + uZ®) 4 Wgn= o0

Substituting the fundamental equatlon with the proper sub-

subscripts:

2(2Eag(20ag + OAg - 3Re) + ZEKA (20a5 + 04~ 3F6)
¢ ZEK (205, + Oy - SR) + REKpg (20, t €5 - BFg))

4 .'llv‘.eh. =0

If we let N = 22§jh,.we have:

2K, O, t+ ZKp O, - NeFg 4 2Ky € -4 285 Op, = = #gh/CEE (1)
Considering point Ag as a free body we have:

Mﬁ7 + m§5 + MéB.: 0

Substituting the fundamental equation wlth the proper sub-
scripts:

QEKAV'(Z{}AE + 8A7 - 5&7—) ¥ zh;i(Ae(zeAe 4 9&5 - 3R6)

+ EEKae(ze-A6 + 636) =0

1 %.M. %ilson and G.A. kaney, %ind Stresses in thse Steel Frames

of Office buildings, bull. No. 80, Eng. Exp. Sta., Unlv.
of Ill. 16-17.
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letting JAG: £ <3(I/h) ¢ (I/L}) of 8ll members that inter-

sect at Asz
K- -e - SK H. * J 9 - - Ko : -
AgTAg Ag O Ag"Ag t Kaﬁens OKn7R7 + Ka7ev =0 (2)
Considering point B of the sixth story we have:
1AB :BB 6 165 =
NAB 4 MEDB ¢ MG/ 3 ug5= 0
Substituting
2EK36(2986 + 946) + ZEKb6(2e-56+ eBﬁ) 4 z}ai(B?(%B6 + O,
- 3Ry) + BEKI.,e(zeBL - 655 - 3Rg) = O
Collecting we have:
+ Ke ) 4 €, K, +9, K, 4 €K
7 . Bg Agag T VB bg T "By Dy

t Sgskpg - :337&57 - SRG-Kgs::O (3)

For each story equations similar to (1), (2) and (3)

28 (K + K + K
BB 36 b6 B

can be set up b’ properly changing the subscripts. For each

bent there can be as many equations written es there are un-

knowns (OA, Op and R). There are three unknowns tor each

story. It is possible to solve for the unkncwns but 1t is

much simpler to use the numerical .value of the coeffecients

which necessitates & prellmenary design. If & member is in-

adequate, 1t must bse changed and - the entirs calculations re-

peated., Obviously such & method is not practicel for design

work. However, the siope deflection method 1s used 88 8 Com=

parison for approximate methods.
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APPROXIMATE METECD OF W.M. AIL50N AAD

G.A. NANEY!

This method is bdsed upon the slope deflection method but
additional assumptions are made enabling the stresses to be
determined for any story independently of the others. The
assumptions made in addition to thosse of the slope flefiection

method ar=a:

1. The change in the slope at the top ol a
column in the story acvove and in the story
below the one in which the stresses are to be
determined, are equal to the change in slope
at the top of the corresponding column in

the latter story.
¢, The ratio of tbe dzflection to the length

of the columns in the story above the one in
which the stresses are to be determined, is
equal to the ratio of the deflection to the
length of the columns in the latter story.
Considering the previous equation (1), (£) and (3) 1t
is assumed that easand eh7are egual to QAGand that-easand-057
are equal to eBeand that k; is equal to Rge Substituting in

equations (1), (£) and (3) we have:
OAS = GA,? - BAL

- e -
e By = ©Bg

Rg = hy

. %.E. Wilson and G.A. Maney, &ind Strgsses 1n the Steel rrames

of Office Buildings, Buli. No. 80, Eng. Exp. Sta. Univ.
of Ill. 25,
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- 3(K + 5 i34 . ]
A ¥ BhyiBe ® Wy, # ¥, K9, R B =8 I

- 8(Kpg + Kpy)Rg + KagBpy # (Kyg + Iy 4 Kpgd KBy )O3
20 (I11)

These equ:tions have been written for the sixth story
and by changing the subscripts may e written for any other
story. The K's and J's are known (from preliminary desifn)
which gives us the eguations in three unknowns whlch cen be

solved, W.M. Wilson and G.A. laney have constructed a serles
of diagrams for columns and girders in terms of K ratios and

percentage of wind moment which may be used instead o! sol-

ving the above equations. The chiet objection bo.this method

is the need of a falrly accurate preliminary desisn. Uith

other approximaﬁe methods this is not necessary and probably

accounts for thelr popularitye.
hoss 'S mETHODL

" gphis method is based upon the slope defiection method

also, and the results agree very closely. For an ideal bent

the followlng are deairable:

on contrafliexure of all
{r midpoints.
is taken bty

1. The points
members are at the
2, Ali the direct stress

the outside columnse.

yde T. Morris. HThe Design
ist Nind", reprint from
o

t Civil englinsers, 1E5C e

1l Albert Ward Ross, JTe and Clyde
of Tall Building Frames to kes

Proceedings, American soclety ©
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The fundamental equation of the slope deflecticn method 1s:

Mpp = 2EK(2@, + &y - OK)

setting up equations in accordance with the conditions for

an ideal tent: (refer to flgure 7)
Mg, = 2E‘.Kal(36-) ; Mpy = 2EKp, (30) 5 Mg, = 2EK, (38)

MAy T 2EKp, (3¢ - 3R) ; Mpy = 2EXp, (%€ - 3il)

ZEKAO(I‘)-G' - %R)

=
Q
i

ZEKcl(SG' - SR} 3§ MAO
Mp, = EEKBO(B(-} - 3R) ; Mco = EEKCO(SG’ - 3R)

and

&al - MAl + MAO ;.Mal 4 Mbl:: ﬁBl % MBO
Ivlbl 1 Mcl = i\ﬂcl + MCO

Substituting:

2Edg, (30) = Edy, (30 - 3R) ¢ ZERa (L@ - &i)

2EKg,(20) + 2EKp, (4€) = 2EKp (30 =~ 3K) ¢ 2EKp (%€ - “R)
2EKbl(39) + 2Erel(3€) = ZEKCL(SB - 3k) % QEKCO(59 - 3R}
Eliminating the €'s and tne R's and transposing:

[
E
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(Kbl + Kel)/(KCL + KCO)

From the above it 1s seen that the K's of a column above
and below a floor must be proportional to the K's of the gir-
ders connected to it.

From the fundamental equation the moments in the girders
with equal e's is M = 2EK(%0) and for columns ki * ZEL(S€ - 3R).
since the entire direct stress caused by the wind 1s taken by
the outside columns the stress on the inside columns is zero
and the shears in the girders are equal at anf floor level.
The_e's are equal hence the point of contraflexure is at the

center of the columns and girders. For the moment in the girders.

M = shear(is2)= 2BK(30)

shear = 4kK(Z6)/ L

Since E and & are constant it foilows that K/L is the var-
jable. As po:nted out the shear is constant for any floor
hence K must be proportional to L. Therefore, the ideal

bent would be proportioned as follows:

). The sum of the ¥'s of a column above
and below a t1loor, must be proportionsl
£o the sum of the K's of the girders di-

rectly connected to it.
+. The K's of a girder must be proportional

to treir lengths.
Obﬁiously, it is impossible to strictly comply with the

above in practice as the dead and live loads of floors, walls,

etc. are not proportional to the length of the supporting

e e s o a8
¥
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member. As the K's vary from the theoretical relationship
the O's are affected. To 2nable the designer to approximate
this change with relstion to girder shesar Mr. hLoss made
a disgram from data obtained by the golution of thirty-five
bents of varylng spans and proportions calculated by the
approximate slope deflection method. The diagram has been

photostated and ig Figure 8. For s clearer idea of the

effect of & change of © upon the moment; if Op of MAR
2EK (20, + ©p) (where £, = g ) increases 100% we have:

MAR = 2EK(4OB + OB)
which is an increase in.MAB of €6-2s/3 per cent.

and for the effect of a change of &-upon the shear:
shear = 4EK( ZOB )/ L= IQEKOB/ i8>

for a 100% increase in ©

shear = 2EK(40g)/L + ZEK(S€)/ L = 18BKOy/ L

which is an increase in shear of 50%.

For practical deslgn hr. Ross suggests the following

routine:+

1. Calcualte the wind sh:ar 1in each story

trom the assumed wind loads.
2, Calcualte the external wind moments, in
tne outside columns, assuming all of it to

- Albert Ward Ross Jr. and Clyde T. worris, “The Design of
Tall Buiiding Frames to hesist #%ind", reprint from
Proceedings, May 19«8, American Society of Civil
Engineers, 1417.




The preliminary desiyn s compiste b

not “"Theoretically proport

determin

e the effeet of this differance ©

be there and that the points of contra- =
flexure of the columns are at their mid-
points.

%. Calculate the columr shears and mo-
ments, assuming that all.the girders
shears arz equal and that the contraflex-
ure points are at the middie of tre mem-
bers. '

4, (Calculate the dead and live load
stresses in the columns.

5, Proporticn the columns to carry the
d3ad and live load from Item (4), to-
gether with the wind tending and direct
stresses from Items (<) and (3).

€. #ith the girder shears from Item

(3), calculate the wind moments in the
girders and design the key glrder at
each floor for its wind moment combined
with its dead and live load moment. The
key girder is usually the shortest onse.
(note that the maximum wind moment and
and maximum dead and live momsnts do not
occur at the sams point. )

7. Proportion the othser girders by their
reletive K's, which arse proportional to
the girder lengths taxen directly from the
dimensions of the bent. The sizes thus
determined should be checked to see that
the allowed unit stresses are not exceed-

ed for dead and live load.
ut the members are

joned" hence 1t is necessary to

n the momeénts.

8. The relative theoretically prOportiowed
K's of tke columns 8IS detarmined by adding
the K's of the adjacent girders.

g. Determire the ratio of the sum of the
actual K's above and peiow each 1loor to

the theoretically proportioned K's of tne
columns. The one with the leasi ratio will
then ~e termed tneoreticaldy propor"ciomad.°

10, Determine the ratio of the sum of the .
setual K's of the ugheoretically proportioned

—~ey
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column above and below each floor, to
the sum of the K's of the connecting
girders. :

11. With the ratios of the actual col-
umn K's to the theoretically coiumn K's
as determined for the columns which vary
from theoretical proportions in item (9),
and the ratios of the theoretfical column
K's to the K's of the adjacent girders,

. as determined in item (10) the relative
varistion in the sheers: and moments in
the girders can be:determined f'rom figure
8.

12. For equal O's the relative moments

in the girders are proportional to the
girder is's.

1%3. Combining tne relative woments found
in items (1L1) and (lz), the resulting pro-
portionate moments for the girders are

Iound. @
14, From the relative moments found 1in

item (13) the aclual gircer momehts may be
found, because the sum of the moments at
the ends of all the girders st a floor is
equal to shear in the story above times
half its story height, pius the shear in
the story below times half 1its story height.
{This 1s approximate because the contraflex-
ure points 1in the columns may not be at the
mid-height.)

15.  The moments in the colupns may now be
found by assuming that the ratio of the mo--

ment above a tloor to that below is the same

es the ratio of the story shears multiplied
by tre story heights. From rfigure 7, it
then follows:

ca
s A w2 M. a1, ¢
A-/+5L & s Solo < /*-.5:,[.0
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1€, The girder shears are determined
from the equation,

S = AMap + A4
48 Fa

17. The basement story column moments
must be calculated from equationeccass

bigl = Mlo= -2EKO)

For the development of the last expression in the

above we have for the moments at the top and bottom of

the basement column, assuming that the connection to the 3
foundation 1s rigid enough tO prevent deflegtion: : ;ﬂ
hlo== dbﬂ(cﬁl + eo - &R) ii

By subtracting we get the desired expression since €g = 'k
!

Ce il i
i
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CHAPTER II1

APPROXIKATE MxTHODS OF CALCULATING WIND STRESSES

FLEMING'S METHOD NO. I - CANTILEV=E METHOD

The most important of the approximate methods are
known as Fleming's methods I, IX» II-A and III. They
were given by him in an artical "wind Bracing Without
Diagonals for Steelframe Office Buildings" in Englineer-
1ng News, Vol. IXIX of March 13, 1913 and becaﬁe known
by his name although as he points out they‘afe_not al-
together original on his part.l In 1930 Mr. Fleming
published ?ﬁind Stresses in Buildings" which included
methods I and II-i. In the latar work method II-A was
referred to as IXI. It 1s 1ikely that mors buildings
have been designed by these four methods than with all
other methods combined. |

The greatest value of these metnods is that they
ecan be worked raplidly which is of the utmost importance
when the actual cost in delay is taken into comsidera-
tion. Buildings are expensivs, especially the axtremely
tall ones, and the intcrest on the financial outlay 1is 2
direct loss to the buyer until the investment is paying

returns. Speed is necessary from the time the prospective

1 G.A. Hool and %. S. Kinne, Stresses in ¥ramed Struc-
tures, 451.
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building has been decided upon as ropresenting a good

investment.
The fundamental assumptibns of all the Fleming me-
. |

thbds are:l

1. A bent of a frame acis 83 & cant -
ilever. -

2. The point of contraflexura of each
column is at mid-height of the story.
3 The point of contraflexurs of each

girder is at 1its mid-length.

4., The direct stress in a column is
directly proportional to the distance
from the column to the neutral axls

of the bent.
5. The wind load is resisted entirely

by the steel frame.

Consider the reactions of the columns to be propor-

tional to their distance from the neutral axis of the

building. The neutral axis is determined by the areas
tral axis of the

of the coiumns. In Figure 9. tne neu

buillding is in the center since the building is symet-
rical « The wind loads ar2 as shown in the figure. Since

the reactions are assumed to be proportional to the dis-

tance from,the neutral axis and X is the common factor

of shear, the reactions in the columns will be 10X for B

and C and 30X for A and p. Hence, for the eighth story

-we have:
6(€000) ¢ 18(6000) + 30(€000) + 4£(4000) = 1CX(10)

+ 30X(30) + 30X(30) + 10X(10)
2000% = 492000

X = 46

stresses in Buildings, 109

1 fobins Fleming, 4%ind
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10X = 2460
30X = 7380

For the seventh story ws have:

6(6000) + 18(6000) # 30(6000) + 42(€000) + 54(4000)

"= 10X(10) # 30X(30) + ZOX{20) + 10X(10)

£000X = 792000

X = 396
10X = 39€0
30X = 11880

Now the difference in tension between the seventh

and éighth stories in column A 1s taken up by shear on

the girder. considering this joint as & free body we

have as shown in figure 10, a.
| 11880 - 7930 = 45000

The shear in the eighth story 1s 22000 and in the

seventh story <8000 with 6000 eacting at the joint. e

then have as increments of shear in the seventh story X,

(6/28)X and'(22/28)x which act as shown {n Figure 10.

ound the point

) = 4500(10)

Thus taking moments ar where X is applled.

(3/14)X(6) + (11/14)X(12
X = 45000/ 10.7 = 4200

(3/14)% = 400 *

(11/14)X = 3300 ¥

in the girder and column aré:

The moments
1

o
. 45000(10) = 45000

Mi y
» 19800 '

Mo = 3800(8)

T
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Mg = 4200(€) = £6200" "
For the joint about B at the eighth story (Figure 10, b)
we have a difference in tnesion in column B of:
3960 - 2460 = 1500#
This must be sdded to the shear in the girder ab since

girder bc must carry in shear the difference in tension

of column A and B.

1500 + 4500 = 6000~
Treating the joint as a free body and taking-moments a-
bout the point where X is applied: |
(11714)X(12) + (3/14)X(6) = 4500(10) + 6000(10)
105000/ 10.7 = 9800

h

X

(%/14)4 = 2100

i

(11/14)X = 7700
£
My = 4500(10) = 45000 '

t

M2 = 6000(10) = €CCCI
£

g - 980C(6) = 58800 ’
#

Mg = 7700 - 4e200 '

Considering the joint about C at the eighth story
(Figure 10, ¢) we notice that on this side of the neu-
tral axls the columns are in compression. Hence, the

total shear on girder cd 1s:
6000 - (3960 - £460) = 4500

The free body sketch is as shown and the equation 1

same as for joint B.

s the
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(11/14)X(12) + (3/14)X{6) = 6000{10) 4500(10)

X = 105000/10.7 = 9800
2z
X = 105000/10.7 = 9800 - |

(3/14)% = 2100% |

(11/14)X = 7700 * ]

The moments are: ' T
Mg = 6000(10) = 60000:’ | i'

Mz = 4500(10) = 45000 ' i

¥
= g8oo{6) = 58800 .

*,

K10
My, = 7700(6) = 46200
Joint D (Figure 10, d@) is similar to joint A. The i

moment equation where X is applied 1s: !

(11/14)X(12) + (3/14)X(6) = 4500(10})

X = 45000/10.7 = 4200
(3/14)X = 900 *
(11/14)X = 3500
Mg = 500(10) = 45000
lijp = 4200(8) = £5200""

o
Mz = 3300(6) = 19800 ’

It 1s interesting toO note thet the stress in girders

ab, bc, cd decreases from 6000 tTo0 2ero. Triis is true for

any bent and glves the dealgner 2 check on his computations

at each step.

In the preceding axample it was assumad that the col-

umns were equally spaced. Suppose tne dimensions of the

——e T T e e

i e R s NS st S
4 LR e 2 “-"‘"Ef:m




- 26a

/0

105 — >

~——— /85

Fipgure 11




<7

bent to be as shown in Figure 11 and that the sectionil

ares of column A 1is 1A, column B 1is 2,54, column C is p2EN

and column D is 1.1A. These relations are easily deter-

r‘A
“

mined in practice from the dead and 1ive loads as in Chap-

ter I. lLetting Y equal the distance of the neutral axis

from thé'left we have:.
1A(0) #+ 2.5A(18.5) + £.3A(40.5) + 1.1A(€0)
= (1A + 2.5A + 2.30A + 1.1A)Y
Y = (0 ¢ 46.3 + 93.2 4 66)/(1 + 2.50 ¢ £.%0 4 1.1)
= 205.5/6.90 = 29.8
For the determination of the forces on the columns, W&
have the moment due to the wind at the eigﬁth story of

4920(1?0i'{t and that at the seventh story of 792006" from

the previous exampls. Letting F equal the stress in col-

umn A, we have from the assumption that the stresses in
the couiumns Ars proportional to their distance from the
peutral axis:
2.50(11.3)F/29.8= stress in column B
2.30(10.7)F/25.8 = stress in column C
1.10(30.2)F/29.8 = stress in column b
Then:
492000 = F(29.8) + (2.50(11.3)F/29&8)11.3 3
(2.3(10.7F/29.8)10.7 + (1.1(20.2)F/29.8)20.2

—_—— T




492000 = <9.8F + 10.7F ¢ 8.83F 4 33.7F

For the eighth story the stresses in the columns are:

the seventh story 1s computed in the same manner: ‘
|

_28

83.0F = 492000

F = 5930

Column A = 5950#tension i

& i
5620C° tension

Coiumn B < ,S48(5930)

Column C 7 -825(5950) ~ 4900 aompression

#
column D = 1.11(5950) < 6610" compression i

83,0F = 792000 !

P = 9550
Column A = 9550" tension

-
g050 tenslion

h

Column B = .548(9550)

h

Column C < .B25(9550) 7880¥compression

#
.1.11(9550) = 10600 compression

Column T

All computations made with the slide rule.

WETHOD II; METAOD OF EQUAL Sabanst

In addition to the assumptions of method II the to-

tal horizontal shear is regarded 8s beling distributed 8~

mong the columns proportional to their moments of inertia.

The compression and tension on the columns is ca lculated
by the bsy and since the stresses on the two middle col-

umns are equal butb of opposite sign, it is assumed that

4 G<A. Bool and vi.S5. Kinne , Stresses in Framed structurss,
457-458.
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the outside columns take all the stress,
For the seventh story the stresses are:
6(6000/3)—+‘18(6000/3) 4 30(6000/3) + 42(6000/3) +
$9(4000/3) = 20X

60X = 492000

X = 8200

The stresses in the outslide columns of the seventh story
are:

6(6000/3) ¢ 18(6000/3) + 20(6000/3) A 42(6000/3) +

42(4000/3) = 20X

60X = 792000

X = 132000

The total horizontal shear in the eighth story is 22000
or 5500 per column and in the seventh story is 2800C to-
tal or 7000 per column. The momants &are:
(refer to Figure 12) _
My = 5500(6) + 7000(6) = 75000""
Jip = 5500(6) 4 7000(6) + (13200 - 8200)20
My = 75000 ¢ 100000 = - 25000"
Mz = 2(5500(6) + 7000(6)) - (13200 - 8200)20
No- 150000 - 100000 = 50000"'
Mg = 2(5500(6) - 7000(6)) - (13200 - 820040
K4 = 150000 - 200000 = -soooo""
Mg = 3(5500(6) - 7000(6)) - (132C0 - 8200)40

#
Mg = 225000 - 200000 = -25000 '



I T

g
Mg

S0

3(5500(6) ~ 7000(6)) - (13200 - B200)60
oS
= 225000 -~ 300000 = -75000 !

The column moments are:

Mg

My

-42000""

= h‘iJ_o: Mz = Mig= ~7000{(6)

i

- - 5 ~ “l

The cvompression in the floor girders from the wind 1s:

it

ab = 6000 - 1500 = 4500~

»

be 4500 ~ 1500 -~ 3000

h

o
cd = 3000 - 1500 = 1500
In the case of a bent with unevenly spaced columns

1s assumed that the horizontal shear is distributed

among the columns according to the span length of the

bays. This 1s readily seen; since, if the assumption

were not made, the stresses from adjacent bays upon an

interior column would be equal and hence the interior

column would be stressed. By taking the wind loading

proportional to the span length of the bays the stresses

upon an interior column are equal in amount but oppoSs-

ite in sign and their algebraic sum 1s then zero.l

weTHOD IT-A, rORTAL WETHCOD

In this method the structure is regarded as being

a series of portals each independent of the other.

1

G.A. Hool and W.5. sinne, Stresses in Framed Structures.
457 -488.
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Thus ; the total horizontal shear 1s divided by the munm

ver of bays and the shear on an outside column is nalf

" that any other. For the eighth story refer to rifure 1l.

The shears in the elghth story are:

22000/3 = 7330
Column A = 3670%
Golumn B = 73307

Column C = 7330*
Coiumn D = 3670‘

For the seventh story the shears are:

1

9330

column A < 46'7'0“‘f

28000/ 3

Column B = 9330 %
" Golumn C = g330%

#
Golumn D = 4670

The compression and tension in the outside columns duse

to thse viind apre for the seventh -tOTry¥:

¢ N o Ay =2 (& §
€(6000) + 18(6000) + s0(6000) + 42(€000) ¢ 5440000 = ¢

792000

60X
X

12:200# compresaion and tensicn

ares
The outside column stresses sn the elgnth 8toTJ
30(£000) + 4z (4000) = €CK

6(€000) + 18(6000) +

60X = 492000
Bzooo#co:r.-pression arnd tansicn

X

e e I APt
e s - _.....j



The bending moments 1n the girders arc:
#
M= 2870(€) 4 4670(6) = 50000 '
My = 3670(8) + 4670(6) - (13200 - 8200)20 = -50000""

2670(6) 4 4670(¢) » 7330(€) + 9350{¢€)

M

(9N

_ (13200 - 8200)20 = 50000%"

Mg = Z670(€) 4 4670(€) 4 7320(6) + 9330(6)
- (13200 - 8200)40 = -50000""

M5 = 3670(€) + 4670(€) + £(7330)6 + 2(93%0)6
- (13200 - 8200)40 = 50000*'

Mg = 3670(€) + 4670(6) ¢ 2(7330)6 4+ 2(98%0)6
- (13200 - 8200)60 = -50000%"

The moments in the columns are:

My = HMyz= 3670(€) ° 22000%!
Mg = Mpp = 7380(€) = 44000%*
Mg = Mig = 4670(c) = 25000%"
Mig= Myp= 9330(6) = 56000""

The- compressions in the glrders areé:

ab. = 6000 - 1000 = s00¢*
5000 %

be = 5000 - £00O
1000 *

cd = 2000 - £000

If the bays are unequally spaced &8s in kigure 11, 1t 1is

g in the columns are proport fonal

umns. letting the

assumed that the shear

to the moments of inertia of the col
respective moments of inertia be Il 2,51, “.c1 and Jald

we have: (Note that the resu.its from this ratio of




=)
<3
moments of inertlia of ccliumns is not comparable to the
results in method I which had the same ratio of areas
because the moments of inertia of sections are not nec-
egsarily proportional to the area.)
IX + 2.5X # 2.3X + 1.1X= 22000
6.9X = 22000
X = 4190
shears in columns of the eighth story are:
Column A = 1.0% = 5190 *
Golumn B = 2.5% = 7980 %
Golumn € < 2.5% = 7340 %
Column D = 1.1X = 25107
Shears in columns of seventh story are:
6.9X = 28000
X = 4060
Golumn A = 1.0K = 4060”
Coluzn B = £.5% = 10100”
cotusn o = .55 & ubsd®
Column D = 1l.1X = 44¢0
The moments in the girders and coiumns are computed
in a similar manner to thos® of tne previous exampa8e.
METHOD I1I, CONT INGCUS fOuTAL RETHOD |
The tension and compression in the columns 13
'!
D




distributed as in method I. For the seventh story:
€(6000) + 18(6000) + 30(6000) + 42(€000) + 54 (€000)
= 10X(10) 4 %OX(20) + cOX(30) ¢ 10X (10)
2000X = 792000
x = 396%
I10X= 3960’4
30X = 11880%
For the eighth story:
e (6000) + 18(€000] + Z0(6000) 4 42(4000)=
10X(10) + 30X(&O) + 20X (30) + 10X(10)
2000% = 492000

x = 2467
Jox = 24607
”

50X = 7380

The shears 1in the girders is agsumed to be as in method I:

#
shear in ab = 11880 - 7%80 = 4500

#
shear in bc = xgeQ -(<4€0 - 4800) = €00

- s
Shear in cd = 6000 - (39€0 - 24€0) = 4500

The horizontal shear 13 agsumed to be evenly aistrivuted

smong the columns 83 in Figure 1<. The shesr in theé eighth
story is <2000 or 5500 per colurn and in the seventh sLO-
nts in the girders

ry 28000 or 7000 per columne. The mome

are:
75000#'

1

M, = 5500(€) + 7000(6) ,
‘u ' - - t ]

Mo = 5500(€) 14 7000(€) - (11880 - 7e30)20 = -1£000 ,
= 1

Mz = 2(5500)¢ + £ (7000)6 - (11880 - 7380)<0 = 60000




Mg

“5
Ky = 2(5500)€ + 2(7000)6 - (£9€0 - 2460)20

. (11880- 7380)4C= -€0000°"

Mg = 3(5500)€ # B(7000)€ - (2960 - £460)%0

_ (11880 - 7380)40 = 15000 '

Mg 3(5500)€ - 3(7000)6 - (3960 - 2460)40

. (11830 - 7380)60 - 3960 - 2460)2¢  -75000

The moments in the columns are:

M, = Mg = Myy=Bg=5500(6) = 33000 !
= My, =7000(6) = 42000

= Mjo=HMye
The compressions 1in the floor girders &re:
ab = 6000 - 1500 = 4500
be = 4500 - 15C0 ~ 3000"
cd = 3000 - 1800 < 15001

if the columns are rnot evenly spaced but are simiiar

to Figure 11, the horizontal shear 1s taken proportional

to‘ the moments of inertia of each column as {n method II-A

and the compression and tension 1n the columns t0O vary 8s

the sectlconal area and distance from the neutrsl axis as

1y, mELHOA. ot

1 Gg.A. Eool and ¥.>. Kinneé. MM

4€2-4€4.,
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CHAPTER V
DESIGN DETAILS

No matter how carefully the wind, live and dead
stresses are determined, the finished structure 1s no
better than 1ts details. The detdailer has no set rule
to go by and must on occasion tax his ingenuity to the
utmost to meet the many conditions of satlisfastory de-

sign.
For combiined loading the A.I.S.C., Standard Specif-

ications read:l

Members subject to both direct and
bending stresses shall be 80 pro-
porticned that the greatest combin-
ed stresses shall not exceed the al-

lowed limits.

T-is means that the sum of the direct stress and extreme
fiber stress due to bending shall not exceed s value com-
mensurate with that for a member of the gieen L/r retio.
The A.I.S.C. column tormula allows 15000 per square inch
up to 60 L/r and beyo d 60 L/r the permissible unit stress

is S = 18000 .< 9Tnhe bending stress is determined
l - (L‘/iBOOsz

by S ¥e/I which is added to the stress on the member

the sum of which must not exceed that given above for

1 aAmerican Institute of Steel Construction Inc. Steel
ggnstrustion, 11 and S.

% 1pid.




the maximum depth ia known as 1s tb

e o o o 8 0

37
columns. Obviously, for design purposes a tentative col-
umn must be selected and finally chosen by trial and err-
or. It 1is permissible to increase tha allowable unit

stresses when used for wind locad alone. These increas2d
unit stresses will be taken up in detall later in the

chapter.,

Girders are selected in accordance with their secticn

modulus as was done in chapter I and checked as already ex-

plained if they are subject to & direct stress, Ahen stand-

ard rolled ssctions arec too small, girders must be built up.

'I'His is also true for columnse. Listed in the differcnt

handbcoks are the gection moduli for various bullt up gir-

ders, but the deslgner may frequently have conditions which
warrant. special design.

The moment that the girder must resist 1s known, and

the architectural conditions o ten limit the depth; hence:

@ span. the required

moment of inertia may De approximated fairly close by I

Me/Se. It 1s well to increase the moment of inertis by

ending upon the dep
Tre rivot noles

size of
one or two per cent, deP aal

rivots to be used and pending moment.

of inar-
shift the neutral axis oif center and the morment
necked 1O sae thatl it

tia of the finished girder must be €

1s no less than that reguired.
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There are two moment diagrams that affect the glrder;
nemely, the live and dead load which 1s 2 parabolas and the
‘wind load which 1s two triangles. (ses Figurs 14) The a-
mount that the wind joad affects the deslgn of the girder
depends upon tbe position of the point of contraflexure.
1t is well to investigate the resultant moment dlagram ob-
tained by adding the two diagrams superimposed. It is no-
ticed that the resultant moment diagram is greater on one
side of tnelspan than on the other, but when the wind re-
verses, the dlagrams are reversed. Beneath the diasgram is
the development of Lwo formulas which may pe used to deter-
mine the point at which the resulta t moment dlagram 1s a
maximum and the amount. pulit up girders may pe of the box

or "I" type. The method of calculation for each type is the

ssme and an example of the latter is given.
#
Assume total load to =@ 90000

Let h = 14"

let L= 20! assuming negligible wind moment

- thickness of web T 14/60 T 1) (Iniaccordance with
A.I.S.C. Specifications)l Use &/ 8" plate
I - me/S T 45000(12)(1/8)(7)/18C00 = 525in?

Ip= moment of inertia of web = (1/12)bd?
- (1/12)(3/8)(2740) = 85.51in. 2

Fequired moment of inertia of four angles about neutral

1 american Institute of Steel Construction IncC.ys Steal
Construction, 1ll.
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axis = 5256 - 8D.0 = 439

Inereasing 1.15% gives 503

1 - 4"x3"x1/2" angle has I = 2,42, A = 3.5, X = .83

The 4" leg is used as tne outer most fiber of tne glrder
glange and X is the distance from this leg to the neutral

axis of the angie.

I;, - Ip - d°A = 2.4z - (7 - .83)%3.25 = 128
4(128) = 512

Use 4 - 4"x3"x1l/x" angles

Spacing stiffners in accordance with A.I.8.C. speclficatlons.l

85t (18000(A/ V) - 1)‘ = 85(*/8)l18000(l4)(3/8)/4‘000 - 1)l

~ 136" Use 5' spacing for stiffners

—

selection of stiffner angles:

V/8 = 45000715000 = 3 in®
fae & ~ 3"x3Vx1l/2" dngien for stiffners in psirs A= £.75

I= 2.22,X = .93
Ty e By o 9 S BERe (£.75)(.75 - 98)</& = 4,16
g = 14" 2(I) = 2(416) = B.52

15000 per square inch 18 permissible if L/F 1s less than

£Q.

4
vr = 141(8.3215.50)‘= 11.4 original assumption

was correct.

Kivets for stitfners:

Rearing value of /4" rivets on &/ 8" piate = 8440

steel Constructicn IncCe» steel

1 american Institute of
Construction, 11.




shearing value of 3/4" rivets = 11'530;‘g

35000/ 8440 = 5.33

40

The resulting spacing of 6 - 3/4" rivets would be too

close. Use two palrs of stiffner angles at each end of

the girder with four rivets in each pair. Five fest out

from the end the shear in the girder is: 45000/2 = 22S0L

22600/ 8440 = 2.67
Use 4 rivets for inside stiffners

1/2" fillers should Dbe used between stiftners
Coﬁputing spacing of &/
. ol vlﬁz'VlQ/bI - 450009/ (3/8)525
Q = statical momsnt of flang

axis of girder = 2(3.40)(7 - 831 7 $9.4

v = 45000 (9.4 )/ .375(525) = 9000

Using the same unit stressaes as before:

84407 000 < .988

This value 1s jess tha

rivet and by the A4.7.5.C. spacificatio

We have the choice of choosing 1larger angles

ing tre web thickness. The small

mit two rows ot rivets ys 5". Hences it
al to increase the size of the piate- p
g on 5/8" plate ~ 11920

Bearing of &/4" rivet

Shearing of /4" pivets = 11430

l 3
American Institule of Stee

struction, 12-1<.

est angle which will

»

and web,

4% fiange rivsts at antervals of

e angle areas about neutral

n 3 times tre dismeter of the
ns can not be used.*

or increas-

per=

js more sconcmice
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s

N L — g
ek iy



40a

LE€'

A - ——

Figure 15




41
vy = 45000(39.4)/ (5,8)(525) = 5560~ 119%0/5560 = 2.14"
Space rivets 23" c-c tor first Y
45000 -~ 3(4500) = 3150
vo = %16000{ 8.4 )/ (5/8)525 = 3610
11900/ 3910 = 3.04“
Space rivets 2% o.c for balance of distance.

The assumed neutral axis is not the true, since the
rivet holes on the tension side of the neutral axis are
deducted from the gross arsa and shift it from the center.
Determining the true neutral axis: {refer to Figure 15).
€.5(y - -83) + (5/8)(y)(y/72) = 6.5(x - .83) ¢ (5/8){x)(x/2)
- (3/4)(15)(x - 1.75) - (5/4)(5/B)(x - 4%) (1)

x 4+ y= 14 (11)
Solving tnese two equations we get:

x = T.36

y = 6.64
Checking the moment of jnertia of the girder:
I(for angles) = 2.4% - (.e4 - .B8)¥5.25 = 109 n?
I(for web) = (5/8)(6.€4)%/3 = 60.8 in?
Tatal I = 2(2(109) - 60.8) = 538 M74
Required I = 525 #7

The member is designed for a moment of inertia of

525 snd even though it was found that the actual momenF

of inertis is 558 the load should not excaeed 90000 be - N

cause the flange rivets were computed for the first valu®.
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JOINT DESIGN

In all detalls waere the only stresses &ars wind it

is permissible to increase the unit stresses. Robins

Fleming recommends the folilowing unit stresses:l

Tansion, rolled steel net section -- 24000
Compression incolumns , gross sec-
tion (with 2 maximum of 20000)

-m== 24000 - TCL/T
Shear on gross aresa of webs of besmns
and girders w.ere height between
flanges is not more than 60 times
the thickness of web(or where webs
have stiffpers) T7777 16000
shear on gross area of web when
h/t exceeds 60 (without stiffners)

20000 - 70/t

Sphear in power driven rivets -=- 18000
shear in hand driven rivets -- 13600
Esaring upon power driven rivets -- 32000
Bearing upon hand driven rivets

or rough bolts -= 27000
Kivets in dirsct axial tension -~ 16000

In the case of combined l1live, dead and wind stresseés
none of tne above anit stresses are to be used if the
resulting section 1s smaller for the live and dead

loads than it would be i1f the ordinary values were

used.

As said before, tnere 1s no set rule that the de-

signer can follow and hls decision as to the Lyp® of

joint to be used depends upon the particular conditions

1 popins Fleming, wind Stresses in Bulldings, 120.
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confronting him. Figure 16 shows several types of joints

‘ in common use.

For type "a" (Figure 1€) two angles are riveted to

t e beam and column as shown. The moment is resisted as

indicated by arrows, The stress in the top rivets in ten-

sion is:
F - M(D - 2h)

M = wind moment

D and h are as shown in tigure 16 g "

It is noticed that there 1s no moment from the dead and
1ive load on the joint. %he number and diameter of the
required rivets for the leg of the angle adjscent to the

column is: .
NdR = 4F/ (%.1416)(16000)

Usually the diameter of the rivets is assumed and thus

the number can be found. The thickness of the angle 1s:

& = (3.1416)(a%)n/b
b = width of angle

Fleming sugrests that the point of contraf iesurs of the

angle leg may fall at a point nalf way between the root

of the angle ard the center of the rivet.l In such 8

case the sabove hecomes:
¢ = (3.1416)d°1n/2D

3 d
The rivets must be ecnecked for shear due to tne live an

g better to consider

¢ tarwn . T8«
1 fobins Fleming, Nind Stresses in Bu:ldingss 121

- ORngA GWT T o
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only the bottom angle since it is undesirable to have

rivets in tension for live and dead loads which would be

the case if the top angle were to take a portion of the
1oad. For bearing on the rivets 1in the'bottbm angls ad-
jacent to the column Ndt (16000) must be equal to or great-
er than half the total dead and live load on the girder
and for shear the rivets in the bottom angle N(d<,4)1000

must be equal to or greater than half tne total live and
dead load. It has been assumed in both cases that the
rivets will be hand driven. The ‘number and diameter of
rivets in the leg of each angle adjacent to the girdenr
with respect to shear 1s:

N = 1i/(3.1416) (D) (4500)a°
These rivets are alsoc subject to direct axial tension.
The number and diameter with respect to dalrect axlal
tension is: (refer to rigure 16 “a") -

F=MI{(D~2n)(s) - sy/sg)

Nd* = 4F/ (16000)(5.14186)
% = wind moment on joint

To protect against bearing stresses t'Nd(%2000) snoulid be
equal to or less than M/D. The thickness of the leg of
the angle adjacent to the girder should be the same as
that adjacent to the column.

It is not necessary to go through all these steps

T L
S R 2t
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in actual design after one or two joints have been com-
pleted. Many times designing for one stress sutomatic-
allv takes cares of another. This is particularly true
of shearing and bearing.

Obviously, the controlling ftactor in joints of the
angie type is the tnickness of tne legs. Sometimes a
split "I" beam 1s used as in ligure 16 “p", The calcu-

" lations are similar to trose tor the angle type. ‘hen

either of the above types are inadequate for the wind mo-

ment ,externsions may be used as shown in Figure 16 "¢

Again the calculations are similar.

Bhen the girdsr is composed of two rolled or built
up c¢hannsls a gusset joint may be used similar to Fig-
ure 16 "d". The size and number of the rivets through
the wabs of the channeis and the gusset plate are giv-
en bi:

Nd = M/p(3350))f tfor hand driven rivets

Nd = M/pL4500))%' for shop rivets
The sbove 1s given with respect to shear, ror bearing
the following holds:

Nd = M/tp(£7000) for hand driven rivets

Nd = M/tp(32000) for srop rivets
In both cases t is the thickness of the gusset piate pro-

vided 1t is less than the sum of the thickness of the
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weba of the channel and P is the depth of the rivet lines.
For the rilvets connacting the angles to the column:

let n number of rivets

let 815 Sg» S30 R L s, be the respective

distsnces from rivets to the neutral axis
let Fy, Fp» Far Fy e-euem=-e-=-F_ be the permissible
direct sxial stress for one rivet.
The outer most rivet on the tension side of the neutral
ig stresses to the allowed limit. The other rivets are
stressed proportional to their distancs from the neutral
axis. Obviously the rivets on the compression side are

not stressed. Considering tae rivets on the tension side:

N2 Fis) ¢ Fi(sgrsi)sz ¢ Fi(sz/81)s3t F1L54/51)34

¥ = wind moment
For the rivets connecting the angles to tne gusset plate
we havs the sameé equation except that Fl 4s the permiss-
ible shearing OT pearing stress; the latfer depending up-
on the thickness of the gusset.plate if it is less than
the sum of the web thickness of tne two channels. The
thickness of the leg of tre angls ad jacent to tre golumn

must be determined:
Let p' = piteh of rivets
Let y = distance from center of rivet to

extreme edge of angle
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Mec = 81
Flh(t/4) = 24000(t3)(y + p's2)12
t = (F3h/8000(7 - p-'/2))£
35 permissible axial tension of riveé

h

Hi

distance from center of rivet to edge of leg

of angle adjacent to column.
The above calcualtions need not be repeated for the leg
of the angle adjacent to the gusset plate; since, the mo-
ment at the root of the angle 1s the same.

For continuous girders of channels or buillt up chan-

[ ([P 1 §

nels gusset joints may be used simlilar to ¥igure 16 "e”.
To determine the number of rivets connecting the channels
to the gusset plate, the amount of moment that the chan-
nels will stand must be determined. This value is deduct-
ed from the sum of the two maximum wind moments. ffor the
dead and live loads the channels act as continuous beams;
hence, there will be a negative moment which must be cared
for. Usually the channel sections are adequate to pro-
perly care for this moment. rowever, if 1t is found that
the section is greater than is required, advantage of the
fact srould be used in designing for the wind moment. The
columns ar: so designed that they will resist the wind mo-
ments trrown upon trhem. It may be necessary in some cases
to design for each wind moment separately, due to architec-

tural considerations, withoug adding the two together. 1In
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such a case the number of rivsts will not be the same on
eaech side of the column but will be proportional to the
moment on each span of the girder. The numbsr and di-
ameter of rivets required for sn:zdar 1s:

Nd2 = b/ (3.1416)(p)(3350) for hand driven rivets
¥ = moment
p — effective depth of rivet rows
For bearing:
Nd = M/pt(27000])

1

t tirickness of gusset plate

In practically all joints it will be found that the shear
and. bearing upon the rivets due to the live and dead loads
are small in comparison to the wind stresses when the mo-
ment is large enough to warrant the use of a gusset joint,

Obviously, for a detailer to design each jolnt 1s

imprectical so far as speed is concerned. All the pos-
sible joints that can be made from tandard sections are

designed and put in tabular form. Tse Jjoints are then

selected from the depth of the girder and the sectlon mo-

dulus. For joints, the section modulus is a guantity which

when multiplied by the value of one rivet in shear, direct
axial tension or bearing, whichever might be the predom-
inating factor for a pasrticular type of joint, £lves the

moment 1n foot pounds or inch pounds.
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column spilces s-ould be designed so that the moment
of inertia 1is commensurate with that of the column section.
If this is not practical, 1t srould be designed to resist
the moment expected 1O fall upon it. As 8 rule columns
are spiiced a few feet above the girders because of the
resulting advantages in construction. This distance de -
pends, of course, upon the joint which must be cleared.
The number of rivets required 1s determined in a manner
similar to that for the flange rivets of the girder preée-
viously given. The moment of inertia of the splice plates
is found from the formula given in mechanics I = Ig + Ad%.
rre use of this formula was j1lustrated in the girder de-
sign. The ends of columns for splicing are ususlly milled;
and if they are of different section, & plate is laid be-
twesn them to 1lnsurs full bearing for each column. NO gén-
eral equation for splicing 1is given ecause of the numbsr

of built up column sections trnat may be made.
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CrnAPTER IV

EARTHQUAKE STRESSES

Considerable wdfk hes been done towards a solution of
the problem of earthquake stressas in buildings, but much
still remains before all conditions can be fully deter-
mined. Of recent years the study of seismograph records
have done much to further the-work. At least it 1s pos-
sible at the present time to-make estimafions that approach
the truth with enough accuracy to warrant using them for
design purposes. |

The movement of the earth during Qn earthquake is not
econfined to any one plane. This has been ably demonstrated
by professor Sekiya who took the records of seismographs
recording movements in two planes and solved for the re-
sulant or absolute movement. He then took stiff copper
wire and bent it to correspond with the absolute motion
for a given time, distence and direction.1 The appaarance
of the wire was similar %O a quantity of solder wire that

had been bunched together in thke hand.

The waves as registered on a seismograph are not sine
waves although for purposes of estimacing the acceleration

of the earth in any one plane they are assumed to be such.

The amplitude is, of course, not constant; hence when

1 Robins Fleming, Wind Stresses in Buildings, 160
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estimating the acceleration, the maximum amplitude and
shortest period should be used since:

1 {<amp A = acceleration
periodd

It is true that a wave of ﬁhe jargest amplitude may not
be the most déstructive as a giance at the above equation
will show. According to Dr. Fercy Byerly of the Unlver-
sity of Californla there are three groups of waves which

may be recorded:2

As recorded on the seismograph, three
groups of waves are to be distinguished.
Tre first to arrive are composed largely
of the compressional, paretactional ¢r

longitudinal type; they have travelé&d -
through the earth by a curved path with

a dip deeper than & chord. Theilr vélo-
oity is about D.6 km. per second. The
waves of tre second group are of tne srear
or transverse tjpe; and have traveled a
similar path to the waves of the first
group, but with a jesser speed, a out 3.2
km. per seccnd. The first two groups are
termed the first and second preliiminarles.
The third group of waves appears on
tte selsmogram aftcr the second prelimin-
aries.and usually carry the maxXimum ener-
gy at distent stations. They have trav-
eled along the earth's surface and are
therefore referred to as surface waves.
Wwithin these surface waves are at least
two separate L.pes, and possicly more.
The motion in the first type seems to he
traverse to the path and largely in the
horizontel piane. 1he velocity is atout
4.4 km. per second. The second kind of
of surface waves has & vertical compon-
ent , and they have a velocity of about

- Earthquake - Reaistant Construction I - Data of Design,

Henry D. Dewell, Eng. News-Record, April 26, 1928,
vol. 100, €53,

2 Ipid., €50.
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3,9 km. per second. On some records the so-
called "maximum portion" arrives as something
definitely new with a velocity around 3.3 km.
per seccnd. Often this portion builds up
gradually and appears as a part of the pre-
vious type. The maximum portion has a larger
vertical component, and the waves resemble,
or are, surface wavesa.

Followlng tne maximum portion the rec-
ord diles out in 8 long series of oscillations,
wrich are often reterred to as the coda,

In nearly all earthquakes the second
preliminaries and t:e maximum portion or
principal portion are usually inseparatle

if not identical ...
Many observers have noticed waves 1in

the alluvium at the time of a severe earth=
gquake. These are owuviously a secondary ef-
fect., Their velocity 1s quite small rela-
tive to those of the waves above described.
Observers relate seeing them approach and
bracing themselves for the movement. These
waves may be very effective in damaging
buildings on alluvium. These waves are not
recorded on seismographs, since (1) whenever
possible seismograph statlons are located on
rock, (£) such extreme motion would disable
ordinary seismographs buiit for dellicate

work.

The above is interesting in that 1t gives us another

way in which an garthquake may aftect a buiiding. There

is a motion at right angles to the direction of propaga-

tion known as amplitude. both are non-coplanners There

is also the effect of the wave as a body when 1t strikes

the btuilding in the path of propagation. 1his is partic-

ularly true of the first of the groups mentloned atove.

Dr. Balley Wwillis, past-president of the Seismological

Society of aAmerica gathered evidence in Sants Barbara

R A i I I 70 O S ot
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which seemed to him to cause the ccllapse of certain types

of tuildings at the first s‘nock.l

The destruction caused by an earthquake is due prim-

arily to the movement in & horizontal piare, Hence, the

primary data for design is to approximate the maximum 8cC~

eleration as gilven at the first of the chapter, If sels-

mogreph records are not availatle, & rough estimate can be

made from overturned objects.2 Newton's first law may be

used:
K/AT We
F may be getermined from the moment causing ovarturning, ¥

may be closely approximnte from the dimensions and density

of the object and A may.then be determined. Obviously, the

results of the above should be compared with an object that

did not overturn so thet a maximum and minimum value of the
d be somewhere

acceleration may be had, The true value woul

between these two.

ption 1s made that & structure is perfect~

If the assum
1y rigid, then the shear and moment at any horizontal plane
may be determined from Newton's equation as glven above.

the steel frameé ~ork must o
portion of the building above

The force that yercome acts at

the center of gravity of the

Earthquake-ﬂasistant construction I -
~“kng. News-Fecord vVol. 100, €51.

3 Henry D. Dewell,
Data of Design,

2 1bid, ¢€53.
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the plane. For purposes of calculation it 1s not necess-

ary to determine the exact center of gravity. suppose for

jde bent similar to figure ¢ we havs:

an ins
wt. of outside walls = 20(12)(100) = 24000 ¥
w v paprtitioms = 12(£0)(&5) = 6000

n w {floors:

1ive = Z0(£0)(100) = 40000 .
dead = 20(20)(26) = €000

Assume total walght of roof to equal

weight of floors = 46000

Approximate weight of roof girders 3 & 600~ 1800

" L ¥ ecolumns A and D 1500 = 3000
L 1 B and C 1200 = 2400

Lk tr

The total weight anove plane X-y 1s 221000

= (Wg)A letting A = .108
F = (221000/8).108 = 22100 *

The force of 22100 1 the sum of the forces acting at

tre centers of ¢ravity of the walls, floors, partitions

and members, but we have obtained the total force as

shear on the plane X-y. 1f we repeat the procedure for

a plane passing throuch each story, we will find that

each shear 1s approximately the sum of tnose of the stor-

jes atove., The pelation will be exact if the girder and

b
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column sections incregse proportionally from top to bot-
tom. Unlike the action of the wind against the side of a
building » the total shear due tc an earthquake for a given
plane through & story is distributed among the columns.

In some of the previous approximate metrods this condition
was sssumed but in this case it is strictly true. The dis-
tribution of the shear is proportioral to the weight of the
part of the building which is acting against the column.
Just how the weight divides itself is a matter for conjec~-
ture. A logical assumption would be according to the welight
that the column supports. In the design of the Mitsuse Bank
Building it was assumed that the horizontal shears on the
columns were equal in the same plane.1 If we assume that
the points of contraflexure for columns are at the midpoints,
an approximate solution 1s obvious. Method II-A is probabe-
ly the most adaptable because of the similarity of the asse
umption that the columns teke horizontal wind shear propor-
tionally to the bay widths which is also approximately true
of the distribution of weight among the columns, It is 1o
be noticed that the points of contraflexure for girders will
not be at the midpoints of the span, due tO the fact that

the welght of the outside walls upsseis slightly the original

John W. Pickworth and Walter H. Weiskopff, Tokyo Bank
Building Desisgned to Resist BEarthquakes, Eng. News-

Record vol. 98, 10i<.




Iblud Ui ko » 1A L1,
-t preie  ES - : R_— -:...1-.' 1ed
b I.._...-_!-:i

-

TERny

56

assumption made for the method when used in connection with

wind stresses. _ |

The value of_.lOg for the horizontal acceleration as
used in the above is usually recommended. In made and
marsh land accelerations as high as 10 to 12 feet per se-
cond were estimated in the ban Frsncisco earthquake.

Phis value is extremely high and as in the case of extreme

winds can not be economically taken care of. The Tokyo

building regulstions use a value for the acceleration of

.10g s but the combined dead and live load, and earthquske
1osd must not exceed a working siress of 16000 per squars
inech or other usual working stresses as stated in the Jap-
anese building code.2 It was stated in a previous chapter

that the allowable unit stresses for wind may be increased

due to the fact wind will not always have the velocity ass- A

umed in the deslgn. Likewise the unit stresses for earth- J
i

quakes should also be jnecreased and should be greater than

those for wind because of the possibility of occurrence.
Two general principies of design are used. The first

endeavors to make as independant as possible the motlon

of the ground and tne building. Small buildings in Japan

have actually been constructed which have rollers between

Henry D. Dewell, kKarthquake-hkesistant Construction I = l
Data on design, Eng. News-kecord, April 26, 19<8, .

vol. 100, €52. ;
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the foundation and superstructures. It has been noted that
tre most dastructive waves areé on the surface of the ground
and that a few feet down the destructiveness 1s decreased;
hence , it has been proposed that certain buildings continue
jnto the ground and have a space batween them and the sur-
rounding earth connected only by lateral members designed

to permit moveﬁent. It has also been suggested thet sllp
joints be used at the points of contraflexure for the base-
ment columns. The second system consists of rigidly cor-

necting the foundation and superstructure together.l

The most notable example of earthquake building con-
struction at the present time is the Mitsul Bank bulliding
at TOKyo, Japan, The consulting englneers who are raspon-
gible for sedign sre John W. Piekworth and walter H. Weis-
¥opf. The building is designed for a horpizontal ecczler-

ation of .10&.

The foundation consists of a soild reinforced concrete
mst which distributes the vertical load evenly over the- sup-
porting ground. Tests show that 4000 pounds per square
foot bearing upon the soll is permissible, but 2000 pounds

is all that has been used.
In accordance with the Japanese Building code all

column splices are made at the points of contraflexure.

1 Henry D. Deweli, Earthquake -kesistant Construction I-

Data on Design, Eng. News-hecord , April 2t , 19«8,
Vol. 100, ¢€954.
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From the srchitectural requirements the first flocor re-
guired rather long columns which resulted in correspond-
ingly lsrge bending moments. The detail used was four
angles at each corner heavily latticed. This design ia
particularly adaptable 1n that the moment of inertia and
radius of gyration are the same 1n two directions. That
is, the general outline of the coiumns are sguare, In
splicing columns 1t was required by the bullding code
that there was no bearing between sections. Since the
bending moments in all members were extremely large all
girders were latticed. |

tn the previous soluticn for earthquake stresses 1t
was assumed that the bulilding was perfectly rigid which
is not true. Omori observed that tall chimneys did not
rupture at their bsse as would be expected but at a dis-
tance about two thirds of the height or one third the
helght from the base. It is reasonable to believe that
such is the case for structures and some buildings in
earthquake areas have additional bracing at the third

points. Professor iilne says that the acceleration that

2

will fracture & column firmly fixed at its foundation 1s:

2 Robins Fleming, Wind Stresses in Tall Buildings, 18%2.




a = (g/6)(FAB)/LW

a = acceleration

|
i

the force of cohesion, or force per unlt surface,
which when gradually epplied produces fracture.
A - area of base fractured

B = thickness of the column

g
H

height of center of gravity of column
above the fractured base. |

W = the weight of the portion broken off.

It is readily seen that to assume perfect rigldity
and use a method of calculation similar to that given
would resuit in extremely heavy design for buildings
approaching a thousand feet in height. Obvicusly such
a design would be impossible economically. PFPresent en-
gineering knowledge for such ceses 1is hardly more than
a guess., It 1s not unressonable te say that 1f an sarth-
quake such as struck san rrancisco in 1906 were to occur
tn New iork, many if not all the tall buildings would
be so damaged that they would have to be torn down and

rebuiit if they did not coliapse.
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CHAFTER V

CONCLUSIONS

several methods for calcuiating wind stresscs have
reen presented, but no one method has been recommended.

1t is not feasible to use the slope deflection method

because of the time and work required. At best this

method is primarily for revisw, For the approximate

slope deflection method Koss claims that a change of

r because of inadequacy to care for a moment tends

In the design of the

co Building Ross says:1

In order O determine the possiblility
of using the gpproximate slope deflection
method in designing, the nineteenth floor
of the American Insurance Building was seé-
lected and the stresses jin the girders wers
determined for the bent as constructed, by
the approximate slope deflection method.
The first solution gave a decreased moment
for the long center spén and for the out-
side while the moment for the short span
was considerably greatsr-than that for which
jt was designed. The sections of the gir-
ders were peprqportioned for these siressaes
and a second calculation of stresses made.
The variation was 1n the same direction and
more marked. A third solution snowed the
same tendency. In these solutions the sec-
tions of the columns wera not changed, tut
it is evident that 1f the sections of the
girders wers changed as indicated by the
stregses, the column moments would Ze great-

ly altered 2130.

membe

to increase the same conditions.

American Insuran

Albart Ward Ross and clyde T. Morris, The Design of
mes Lo hesist _Wind, Aver. 90¢.

Ta]l Buildine ¥ramss 2= __—===
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If the slope deflection method is accepted as a
standard, Ross's msthod is probably the most emact for
design purposes. However, due to the assumptions made

for the slope deflection method it 1is not impertinent
to question the accuracy of the method. Upon the ass-
umptions made the method 1s exact, but the gquestion a-~

rises as to the validity of the assumptions. Iloliter

evaluated the effect of the assumptions as follows:l

1. The connections between columns
and beams are perfectly rigid. This
may influence the resulting stresses
by 30 to 50 per cent as indicated by
strain gage measurements on riveted
connections.

2. The change in lengths of members
due to direct stress 1s negligibile.
This may involve errors ofabout 1

per cent.

3+ The lengths of the members are
the distances between intersections
of thelr neutral axes. This may ef-
fect the stressass.

4, The deflection of a membsr due

to internal shear is negligible, De-
flections in beams are usually about
10 per cent greater when the web
shear is consldered.

5. The wind load is r2sisted entire-
ly by the steel frame. 1If this were
true, tall buildings would sway in the
wind three or four times as much as
they actually do. In other words the
architectural clothing probably in-

creases the rigidity of the frame from
300 to 400 per ceénteee

1 Robins Fleming, ¥Wind Stresses in Buildings, 102.
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If the above approaches the truth, the value of

requiring close agreement between slope deflection &nd
approximate methods is questionable, Due to the tact
that it 1is necessary to make similar sand no less ass-
umptions than are made for the slope deflection method
i1t is valid to use thils so-called exact method as a bas-
is for comparison although jt in itself may be in error.
Wilson and Kaney compared the resulta of the slope

deflection method, the approximate slope defiection and

Fleming's methods I, II and III which were found to com-

pare in about the order given. Koss coupared the re-

sults of his method with those obtained from the slope

deflection method for the first eight stories of the Am-

erican Insurance bBuliding. In order to use the slope

deflection method for a portion of the buiiding without

solving for the whoie 1t was assumed tnat @3 = €, and Ky

= Re.2 The results of Fiaming's method No. I were com-

—

nd to be considerably 1in errar. In

pared and were fou

this building it was necessary to omit some girders at

the second and third floors in order to provide for a
It may be that the errors in Fleming's

mezzanine floor.

W.M. Wilson and G.A. Maney., #ind stresses in the Steel
Frames of 0ffice bulldings, “ulle. No. 80, &n&. LXD e
Sta. Unive. of Iiles Taples 2o and 24, 79-80.

2 - e 43 nivde T, Morris, The Design of
1 rapd Loss ard LY € 1. —_—
RAgoys i s to Resist 4ird, Amer. S0Ce of Civil
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method were due to this irregularity. It is also true
that the above assumption to make possible the solution
of the first elght styries will affect the results of

the slope deflection method.

It is seen that i; methods II and III that the mca=-
ments at the ends of a girder are not equal but are con-
sistently greater at one end than at the other. Since
the wind is as likely to blow from one direction as a-
nother, the girder connections and the girder itself is
designed for the largest moment. The result is usually
an over désign for the girders while the momente in ﬁhﬁ
columns vary in both directions from those found by the
slope deflection method. Method III is applicable to
bents of not more than three bays because the point of
contraflexure will fall outside the span length of the

girders.l

In the past all four of Fleming's methods have been
used and it 1s likely that they will continue to be used
in the future. Methods I and II-A have been somewhat

preferred; method I for the many checks it affords the

designer and method II-A for the speed with which it may

1
G.A. Hool and W.S. Xinne, Stresses 1In Framed Structures,

464.
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be worked. The points of contraflexure for methods I
end II-A are at the mid-points of ¢irde:s a:d columns;
hence; the moments to be désigned for in the column and
girder connectlons are not so great,

For purposea of design no one mathod may be recom- f

mended since all have their advantagea, From the stand-

point of accuracy the approximate methods to bto used for %'
design are Koss's and Fleminyg's methods No's, I and II ;f
with the approximate slope deflection end slope deflec- %i
tion for checks of peculiar or irregulsr dimensioned € 
bents or portions of bents., It 1ls noticed that methods é

IT and III have been left out, It may or may not te sig- E

nificant that of the number of methods given by rleming ;

in Engineering News, karch 19, 1913 and those of "Six
Lonographs on #ind Stresses" from articles by Fiemin. pub-

lished in book form, he only gives what are ciassed 1in

this paper as methods I and II-A in his recent coox "Aind :

Stresses in Bulldings® published 1n 18l0.
The choice of methods depends upon the judgment of

the engineer., Sometimes it may te lessibls L0 use mcre

than one method on a tullding. the final cholice of meth-

¢ tre tulidir, 8nd tre lsasl

— -

ods depends upon the helght ©
width of the tase, the type of trhe bullding and last, tut
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by no means least the time allowed the engineer to com-
plete the design. As Professor Burr says, "So long as
the streases found by one legitimate method of analysis
are provided for, the stability of the structure 1is ass-

ured. "®

It 1s readily seen that to design an extremely tall
building to resist sarthquake shock on the assumption
that it 1s a rigid body is economically impossible. It
is entirely possibls that calculations upon this assump-
tion are grester than 1s agtually the cese were the truth
known. It 1s probable that adequate bracing at the third
point 1s sufficient, but the stresses to be designed for
are unknown. At the present fime the surest measure of
safety is to limit the height of the bullding to some con-
servative distance and assume that the structure is a rig-
id body. If during an earthquake a fissure occurs at the
base of the buiiding, the r:sult is problematical. No
amount of designing could resist the tremendous stresses
resulting from such an occurrence. If the buiiding rests
upon a reinforced concrete mat as in the case of the Mit;

sui Bank building, the results may not be as bad as if each

1 Robins Fleming, Wind Stresses in Buildings, 117.




€€
column rested upon & separate tooting but even the least
that might happen would necesgitate expensive repalirs if
tne lissure were very wide. However, any saving in llves
resulting from earthquake “proof" construction is money

and time well spent.
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