
University of the Pacific University of the Pacific 

Scholarly Commons Scholarly Commons 

University of the Pacific Theses and 
Dissertations University Libraries 

1931 

Wind and Earthquake Stresses in Tall Buildings Wind and Earthquake Stresses in Tall Buildings 

Henry A. Reynolds 
University of the Pacific 

Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds 

 Part of the Arts and Humanities Commons, Civil and Environmental Engineering Commons, and the 

Geological Engineering Commons 

Recommended Citation Recommended Citation 
Reynolds, Henry A.. (1931). Wind and Earthquake Stresses in Tall Buildings. University of the Pacific, 
Thesis. https://scholarlycommons.pacific.edu/uop_etds/4057 

This Thesis is brought to you for free and open access by the University Libraries at Scholarly Commons. It has 
been accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of 
Scholarly Commons. For more information, please contact mgibney@pacific.edu. 

https://scholarlycommons.pacific.edu/
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/libraries
https://scholarlycommons.pacific.edu/uop_etds?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F4057&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/438?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F4057&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F4057&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1400?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F4057&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/4057?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F4057&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mgibney@pacific.edu


WIND AND 
11 

EARTHQUAKE STRESSES 

IN 

TALL BUILDINGS 

By 

Henry A. Reynolds 
in 

June 1, 1931 



A Thesis 

Submitted to the Department of Engineering 

College of the Pacific 

In partial fulfiHmen^ 

of the 

Requlrments for the 

of Master of Arts 

APPROVED? 

Heod of the Department 

DEPOSITED IN THE COLLEGE LIBRARY:^ 

*2rC, V. ' ̂ ̂ J Librarian 

DATED: 5,733/ 



i i i  

CONTENTS 

Chapter pa®e 

Introduction iv 

I. Static Stresses and Wind Forces 1 

II. Methods of Calculating Wind Stresses .... 8 

Slope Deflection Method • 8 

Approximate Slope Deflection. Method ... 14 

Ross's Method . 

Fleming's Method No. I.. 22 

Fleming's Method No. II • £8 

Fleming's Method No. II-A 

Fleming's Method No. Ill ...... 33 

III. Design Details ...... 36 

IV. Earthquake Stresses 

V. Conclusions 60 



I KThODUCTXON 

iv 

With the increasing cost of land in the modern 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 engineer has 

played no small part. 

It is claimed by some that the maximum economic height 

has been reached at a thousand feet. However, both the 

Chrysler and Empire State Buildings have slightly passed 

this mark. It is not improbable that even taller buildings 

than these will be built in the near future despite the 

prophesies to the contrary. 

One of the major factors in the design of tall build­

ings is the force of the wind against the walls. It is the 

purpose of this paper to present a few of the most used 

methods for determining; wind stresses in the steel frames 

of buildings. 

fortunately the localities in 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 sufficient intensity to 
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to warrant special design* Comparatively l i t t le is known 

concerning the distribution of stresses in a structure 

subject to earthquake shock. At present the best safe­

guards seem to be to limit the height and to base calcu­

lations upon the'  assumption that the structure is a rigid 

body. Chapter IV deals with this subject.  
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CHArTEK I 

STATIC STRESSES AwD V,TJ»D EORCES 

In the design of tall buildings it is important that 

the bents be as simple as possible with the neutral axis 

in the center if at all feasible, wo hard and fast rules 

can be laid down due to the fact that the first consider­

ations are economic. Each building must be planned in 

advance to suit the type of tenants expected to occupy it. 

In most cases a building under construction is rented or 

leased in part or as a wrole long before it is completed, 

however, close cooperation between the architect and en­

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

simplifying technical matters. 

The calculation of direct stresses consists only of 

the addition of the dead and live loads for each girder 

and column. With these stresses known the size of member 

may be selected from a handbook in accordance with the 

flexure and column formulas. A recommended handbook is 

"Steel Construction" published by the American Institute 

of Steel Construction Inc. AH sizes and shapes considered 

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. The allowance 
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to be made for girders depends upon the span, story and nfl 

thod used, to calculate the wind stresses. A typical bar.t 

shown in figure 1. 

Weight due to wall = 12 (20 ) (100 ) - 24C0O 

live load of f lcor = 20 (£0 ) (100 ,/ 2 - 10000 

Dead " " " - 20 (25) HO}/ 2 - 5000 

Total weight - 4t*000 

Since the spans are equal the moments in the pirders are 
• 

equal. 

WL/8 - 49000(20) ( 12 )/ 8 - 1470000 

The section modulus is m/S - 1470000/18000- 81.7 

A 15", 65.0^"I" beam of section modulus b4.ib is chosen. 

If an increase is to be made to allow for wind stress it 

should be used with the weight or moment and not with the 

section modulus. 

The same calculations are repeated for the transverse 

bent except that there are no loads on tne finders from 

the floor. 

Weight due to wall - 12: (100) 1*0 ) - ̂ 4c^0 

M - Wl/8 — 24000(20)(1^ )/8 ~ ' 0̂C0° 

The section modulus is M / S  =  7*0000/icCOO = 4 0.C 

A 1*"> 40.8* "X" Deem of section modulus 44. is 

There is now sufficient data for the selection ol 

corner columns. It is usually considered good practice to 

allow columns of the same section to continue for two or 



three stories. 

Weight due to floor etc. - 49000/2 - 24500 

Assumed weight of roof - 49000/2 = 245C0 

Weight of transverse girder - 40.8(20)/2 ~ 4b0 

Weight of first girder = 65.0(20)/2 - 65C 

Weight of transverse wall - 100( 12 ) (20)/2 - 12000 

Total weight t2000 

For the prelimenary design no account is taken of 

the effect of moments on the columns due to wind. The 

A.I.S.C. specifications for columns allows 15000 pounds 

per square inch up to 60 1/r where h is tne unsupported 

length and r is the least radius of gyration, roth in iiches. 

/8ooo 
Over 60 L/r the recommended formula is S 

Tables listing the various column sections in terms ol the 

allowable total stress are given in handbooks, ror t». a-re 

column a 10% 21 "H" dethlehem section capable ol resist-

ing 64000 may be used. 

If we allow tne columns to continue lor two stories, 

the welgnt on the column for the fourth story down iron 

the top is three times the shove total weight plus f.e 

weight of additional members acting on the column. 

the base of tne building is approached the weight of the 

A a factor of design, 
members becomes more and mo 

. T „ c standavd specification, American Institute of 
1 A.I-S-C: s me steel construction ^2^.. 

5teel Construction lh . — 
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If static stresses were the only consideration in 

the design of a tall  building, i t  Is obvious from the pre­

vious calculations that l i t t le if any engineering skill  

would be required for the selection of members. The wind 

acting against the side of a building exerts a force which 

must be taken up by the steel frame, foments are intro­

duced into the structure that greatly complicate maters. 

Before the methods of calculating these moments are tak­

en up i t  is well to review the concepts that are used as 

to how the wind acts against the sides of a building. 

Man has long been familiar with the relation between 

force and velocity of the wind. The "harder" 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 pj.ane surfaces 

to a fluid in motion and theoretically deduced the follow­

ing originally written in Latin and given as Prop. XLVIII:* 

The velocities of pulses propagated in 
an elastic fluid are in a ratio compound­
ed of the subduplicate ratio of the elas­
tic force directly, and the subduplicate 

^ Robins Fleming, Wind Stresses In Tail buildings 44. 



ratio of the density inversely; supposing the 
elastic force of the fluid to be proportional 
to Its condensation* 

Expressed in  an equat ion V- K ( P7D* )  o r  F ^ C V * ' .  T h i s  i s  

the  form of  the equat ion most  used today with experimental  

values of C. 

Professor Marvin, who is now chief of tr.e weather bu­

reau, as a result of many experiments on Mount Alison 

gave C the value of .004 where V is given in miles per 

hour and P in pounds per square foot.1  

The wind pressure on a building is not the same at the 

top as i t  is at the base. This is due to the difference 

in velocity. Experiments nave shown that water ilowing 

through a pipe has a greater velocity at the center than 

next to the walls.  This difference is due to friction. It  

is doubtful whetner the friction at the earth's surface 

exerts enough force to seriously impede the total or mean 

velocity of air in motion.2  To investigate accurately the 

relationship existing between velocities as a function of 

the height above the ground would require elaborate pre­

paration and care for good results.  The greatest incon­

sistencies would occur within the first thousand feet,  

miidings, trees, shrubs or any irregular terrain would 

1  Robins Fleming, wind Stresses  in Ta11 .Buddings ,  48. 

2  Ibid.  
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result in eddy currents wbich would seriously affect the 

i data. The results of the first thousand feet Is of the . 

greatest importance to the structure! engineer. Many for-

mulas have been developed and made to agree with exper-

; dmental data. Three that are frequently quoted are: 

(D p=0.00/2& & + //6 ?y. 

//i+ 72} & 
(2) J/-" V(+yt?J 

<« 
, nf> s jt "ing and requires the use of a 

(1) is the work or o. r« « 

Dines anemometer or any anemometer which will register 

pressures. The data was collected over a range of 1000 

f00t. F,l3 the pressure In pounds per square foot at any 

distance h above ground level and Pg is the pressure in 

pounds per square foot at the ground level. (.) and (0, 

are the respective works of Stevenson and Archibald, 

data for (2) was collected over a range of 1095 feet and 

data for (5) was collected for a range not over 50 feet, 

in both cases V is the velocity at a height H feet above 

the ground. An anemometer reading velocities must be used. 

It le probable that the general exponential equation ia a 

1 Robins Fleming, 
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f o r  actual conditions than the straight 
better expression for aciwx 

line. 
As was already stated the general equation used 

determine the relation between pressure and veloelty Is P 

0V2. Hot all investigators agree with the value of C 

equal to .004 as found by Professor Marvin; the range of 

variation is from .005 to .00S2.1  

In practice i t  is assumed tnat the wind pressure 

with the height above ground as a straight l ine, figure 2 

shows three i l lustrations of the assumed variation com-

pared with the probable under ideal conditions, (a) and (b) 

a r 0  used for extremely tall  gilding, and (c) is used for mod-

erate heights.  The assumptions for (a,  and (b, are valid 

because adjacent buildings tend to oreak the wind 

assumption of (c) is  a oonfsssion of lack of knowledge of 

what takes place near the ground in built  up districts.  

Building codes state the pressures that snail  be used under 

the three assumptions. The pressures as given by the code 

is the highest expected under no^al conditions. ,0 attempt 

l 3  r a ade to design for hurricanes or tornadoes. Designs 

for such abnormal conditions as these would result  in 

d->at- tyiaj would be impossible such expensive structures tnat they wouia 

economically. 

1 ~ Charles I, Spofford, TVdgsnry of Structures^ 20. 



8 

CHAPTER. II 

METHODS OF CALCUi-ATING vvlhD STKES3ES bAHED 

UPON AN EXACT METnOD 

The distribution of wind stresses in a steel building 

is complex and statically indeterminate. Several methods 

which are theoretically correct 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 involved. 

All of the so-called exact and approximate metnods have 

the common assumption tnat trie joints of a bent are ab­

solutely rigid which is not strictly true. It i3 not im­

pertinent to say that the only difference between the app­

roximate and exact methods is the number of assumptions 

that are made. The accuracy of an approximate mat; od 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 

indeterminate structure and an approximate method adds 

enough assumptions to enable the same structure to he 

solved statically. 

SLOPE DEPlEOTION METHOD 

The slope deflection method is an exact method and 

is used to compare the accuracy of approximate methods. 
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The fundamental assumptions upon which the analysis is 

1 based are: 

1. The connections between the columns 
and girders are perfectly rigid, 
i;. The change in length oi a member due 
to the direct stress is equal to zero, 
b. The length of a girder is the distance 
between the neutral axis oi the columns 
which it connects and the length of a col­
umn is the distance between the neutral 
axis of the girders which it connects. 
4. The deflection of a member due to in­
ternal shearing stresses is equal to zero. 
5. The wind load is resisted entirely by 
tne steel frame. 

The propositions upon which the general slope deflection 

method for any statically indeterminate figure depends are: 

1. When a member is subjected to flexure, 
the difference in the slope of the elastic 
curve between any two points is equal in 
magnitude to t:.e area of the Id/El diagram 
for the portion of the member between the 
two points. 
2, When a member is subjected to flexure., 
the distance of any point Q on the elastic 
curve, measured normal to initial position 
of member, from a tangent drawn to the 
elastic curve at any other point F is equal 
in magnitude to the first or statical mo­
ment of the area of the M/EI diagram between 
the two points, about the point Q. 

For the proof of proposition 1 in the above refer to 

W.M. Wilson, and G.A. Maney, WindStresse^ln the Steel 
Frames of Office Buildings, hull No. 80, Ang. Exp. Sta 
Univr~of 111., 9. 

W.M. Wilson, I.E. hichart, Camillo Weiss; A_na_lysis _ol 
Statically Indeteralnate Structures by the Slope De­
flection iethod, bull. No. 108, Eng. Exp. S^a. Univ. 
of 111.> 10. 



W.11. Wilson, F.E. Richart, CamUlo Welss^^Analysls . 
Statically Indeterminate StructuregI^Kr_-irF?r_ Unlv. 
PeTIect'l'onlTrEHQg; Bull/ToTT-OS, ang« ^xp. 
of IIJ.'TT 
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figure 3. The deformation at a distance c from the 

neutral axis is given by c and the unit deformation 
_/p-

is %>TZ~ • Since E- stress we have E or  

strain 

•A'e can assume dx to equal ds without 

appreciable error. Now t h8  a rea  the  

shaded portion in figure 3. Hence the area of the dia-
Q  

gram between any two points F and Q is IJ^- c4* and the 
' P  

difference in slope of the tangent to the elastic curve 

is 

For proof of £ refer to figure 4. It was assumed that 

ds dx. We can see from the figure that dy x but d 

s *  f Q  J  
is equal to ^ henC9  2T-'J£J ^jSi ^ 

equal to the area of the AS/HI diagram between the points 

P and Q and x is the distance from <4 to the portion of 

the diagram between F and ^ hence we can say that y is 

equal in magnitude to the statical moment of that portion 

of, the 11/EX diagram about the point Ct. 

'  ^ W.K. Wilson, F. E. Rlchart, Camillo v.eiss; AnalysIs. 



Figure 5 
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For the development of the dundamental slope deflection 

equations refer to figure 5. 

From proposition 1:"^ 

_ e-A = -(MAB/ei Mi1-) + {MgA-EI)( 1) 

Og - -©A ~ L/££It-MAb + *"bA^ 

From proposition £: 

d - M©a) = (VS)(L)(MBA/SI)(iL) - (2/S)(L){MAB/El)(^fL) 

d - L(©a) - (MEA/6KI)(L£) - 2<lSAB/6EI)(Lfc) (2) 

Transposing (1) and. multiplying (2) by 1_ 
L 

£EI(©b - eA) = L(-Mab • iibA) (A) 

(6EI(d-L©A) = L2(-£Mab + MqA )) 1/L (B) 

Subtracting (B) from (A) we get 

£EI(©b - ̂ A) - 6EId/ L - 6EI-eA-MAsL (A) 

Let R = d/L and K = 1/ L 

4EI©^ i £EI©g - 6EXd =• M^L 

MAB - 4EK©a • 2EK©B. - 6EKR 

M a b  - 2EK(2© A  t % - 3R) 

of Statically Indeterminate structures by the Slope Deflection 
Method t du1j-« No. 108» Eng. Ex.p« Sta. , Univ. of Ili.i 10-
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In the case that d = 0, R = 0 and we have 

MAB = 2EK(20A + %) 

For the nomenclature used in the application of the slope 

deflection method refer to figure 6. Considering the 

columns of the sixth story we have:1 

2(M|7 • Ma6 f M§7 + M 6̂) + W6h= 0 

Substituting the fundamental equation with the proper sub-

subscripts: 

£(£E?A6ts^A6 + - 3Re) t 2EKAc(£©A5 + ̂ Afc" 

i 2EK (2e£e • 0B5 - 2%). * 2EKb6(2Qbfc + ^bg -2%)) 

f >Vgh — 0 

If we let N - £qUhwe have: 

2KA6% • £KEe%b " %He * 2KA6% "« 2iibt% ' Wgh/GE U) 

Considering point Ag as a free body we have: 

m£7 • I.if + -- 0 

Substituting the fundamental equation with the proper sub­

scripts: 

* % " 3R?' ' kkKA8<MA6 ' ̂As " SRS» 

f 28^(29^ t «b6) = 0 

1 %.M. Wilson and G.A. fcaney, Wind stresses in the Steel Frames 
of Office buildings, bull. No. 80, Eng. Exp. Sta., Univ. 
Of 111. 16-17. 
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Letting £ << (I/h) f (1/ L}) of all members that inter­

sect at Ag: 

KA6«A5 - 3KA6R5* JA6«A6 *%% - *k*7 * "A7®7=0 l£) 

Considering point B of the sixth story we have: 

M|p 4 KgB ^ i/j67 4 Mg5- 0 

Substituting 

£EKa6(2eB(, 4 eAe) t 2EKb6(891)6< 6^) A **8,(8%* «B7 

- 3R7) + 2KKj, (feeBc + %5 - 3Rg) " 0 

Collecting we have: 

2»BB«a6 • Kbg • KB7 « %> 1 %% + \\ * %\ 
I ©B5^B6 ~ ĉ 7^-B7 ** ^%^36 = ® ^ ̂  

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

can be set up by properly changing, the subscripts. For each 

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

knowns (OA, 0b and R). There are three unknowns for each 

story. It is possible to solve for the unknowns but it is 

much simpler to use the numerical value of the coeifecients 

which necessitates a prelimenary design. If a member is in­

adequate, it must be changed and the entire calculations re­

peated. Obviously such a method is not practical for desig 

work. However, the slope deflection method is used 

parison for approximate methods. 
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APPROXIMATE METHOD OF YIT.M. AIlEOiN AND 

G.A. MANEY1 

This method is based 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 those of the slope fieilection 

method are: 

1. The change in the slope at the top of a 
column in the story above 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 deflection 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), (2) and (3) it 

is assumed that O^and "&A?are equal to 6Af.and that -eB£and -eB? 

are equal to ̂ £$gand that Ry is equal to Rg. Substituting in 

equations (1), {2) and (3) we have: 

V 

% * % = ®B6 

Rg * K? 

- NeK6 • 4KA6®A6 • 4KB6% -'Jr6h/6E 

1 Vf.B. Kllson and G.a. Maney, Wind Stresses In tna Steel frames 
of office Buildings» Bull. No. SO, Eng. Exp. bta. Univ. 
of 111. 25. 
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- 3(K* •  h. )R a  * UA  + J a  f K a  • K & =0 (II) 

x  Ae a7 6  Ae Ae Ae Ae ae ce 

-  S(KB e  • kB7)k6 +  Ka6# A6 * ( K be * J bo* K be* KB7) eB e  

- o  ( i n )  

These equations have been written for the sixth story 

and by changing the subscripts may dq written for any other 

story. The K's and j 's  are known (from preliminary design) 

which gives us the equations in three unknowns which can be 

solved. W.M. Wilson and U.A. Kaney have constructed a series 

of diagrams for columns and girders in terms of K ratios and 

percentage of wind moment which may be used instead of sol­

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

is  the need of a fairly accurate preliminary design. With 

other approximate methods this is not necessary and probably 

accounts for their popularity.  

hOSb'S mKTHOD1  

This method is based upon the slope deflection method 

! t ,  o c r e e  v a r y  c l o s e l y .  F o r  a n  i d e a l  b e n t  also, and the results agree veiy 

the following are desirable: 

i- «>• g.!?338s:! °f a" 
rlu t" direct stress is tahen by 
the outside columns. 

s r ivde T. Morris,  "The Design 
1 Albert Ward Hoes, Resist  Wind", reprint from 

of Tall  Building of Civil  engineer.  ,  Sv~. 
Proceedings,  American Socle /  
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The fundamental equation of the alope deflection method la: 

Mab r 2EK(2SA • - Mi) 

Setting up equations in accordance with the conditions lor 

an ideal tent: (refer to iigure 7) 

M r 2EKa (S6-) ; Mb - 2EKb (3©) ; ~ 2EKCi(3©) 
9. ̂  J_ J. A 

MAl = 2EKAl(2e- - 3R) ; MBi - 2EKB±(3©- - 3n) 

MCl s 2EKCl(3e - Ml) 5 MAo - 2EKAo(3# - 3R) 

MBq ^ £EKgQ {30- - 3JO J MCo = 2*2^ ( 36- " 3R> 

and 

«a, = % < MA0 1 "a, « % = % + % 

Bbi l MCi = M0i 4 MCo 

Substitutirig: 

2EKai(3^) = 2EdAl(3e - 3R) • *EHAo(Z& - W 

2BKai(20) + 2EKbl(3e) - 2EKBl(30 - 3R) t 2EKg0<3e " ̂ n) 

2EKbl (20-) + 2Ei-6;L(3e) = 2EKCl(3© - 5h) * ̂ EKCo(30- - oH) 

Eliminating the ©-'s and tne R's and transposing: 

Ka^/ (KAi t KAq) - (Kai 4 Kbi)/(KBi + K.Bq) -
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Prom the above i t  is 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(S0) and for columns M -  -  SB). 

Since the entire direct stress caused by the wind is  taken by 

the outside columns the stress on the inside columns is zero 

and the shears in the girders are equal at  any floor level.  

The O'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 (JV 2)- 2EK(30) 

shear -  4KK (£-©•)/!• 

Since E and 6-are constant i t  follows that K/L is the var­

iable.  As pointed out the shear is  constant for any floor 

hence K must be proportional to L. Therefore, the ideal 

bent would be proportioned as follows: 

1.  The sum of the K's of a column above 
and below a floor,  must be proportional 
to the sum of the K's of the girders di­
rectly connected to i t .  
k. The K's of a girder must be proportional 
to t :  eir  lengths. 

Obviously, I t  is impossible to strictly comply with the 

above in practice as the dead and l ive loads of f loors,  walls,  

etc.  are not proportional to the length of the supporting 
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DESIGN OF TALL BUILDING FRAMES TO RESIST WIND [Papers. 

3 3 33 3 

I 

10 Percentage Increase In Shear* in Girder* adjacent to Variable Column 
FIQ. T.—VARIATION a IN MOMENTS AND SHEARS. 
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member. As the K's vary from the theoretical relationship 

the 0's are affected. To enable the designer to approximate 

this change with relation to girder shear Mr. Ross made 

a diagram from data obtained by the solution of thirty-five 

bents of varying spans and proportions calculated by the 

approximate slope deflection method. The diagram has been 

photostated and is> f igure 8. For a clearer idea of the 

effect of a change of ©• upon the moment; if  0B  o f  MAB 

2EK(20A  + (where -0^ = ) increases 100$ we have. 

MA B  - 2EK.(40g + OB) 

which is an increase in MA B  of €6-2/3 per cent, 

and for the effect of a change of 0-upon the shear: 

shear -  4EK(30g)/L- 12EK0B/L 

for a 100$ increase in © 

shear = 2EK(40b)/L • 2EK(5©B)/L -  18EK0B / L  

which is an increase in shear of 50$. 

For practical design Mr. Ross suggests the followlng 

routine.: 1  

1. Calcualte the wind sh.ar in each story 
from the assumed wind loads. 

Calcualte the external wind moments> in 
the outside columns, assuming all  of i t  to 

1 Albert Ward Ross Jr.  and Clyde T. Morris ,  "The Design of 
Tall Building Frames to nesist Wind ,  reprint Iron 
Proceedings, May 1928, American Society of Civil 
Engineers, 1417. 



be there and that the points of contra -
flexure of the columns are at their mid­
points. 
3. Calculate the column Jh9ars and mo­
ments, assuming that all , the girders 
shears are equal and that the contraflex-
ure points are at the middle of the mem­
bers .  
4. Calculate the dead and live load 
stresses in the columns. 
5. proportion the columns to carry the 
dead and live load from Item (4), to­
gether with the wind bending and direct 
stresses from Items (t) and (5). 
e.  fcith the girder shears from Item 
(3), calculate the wind moments in the 
girders and design the key girder at 
each floor for its wind moment combined 
with i ts dead and live load moment, ihe 
key girder is usually the shortest one. 
{jxote that the maximum wind moment and 
and maximum dead and live moments do not 
occur at the same point.) .  
7. proportion the other girders by their 
relative it 's,  which are proportional to 
the girder lengths t . .« 
dimensions of the bent. ® ® t h a t  
determined should be pecked to see that 
the allowed unit stresses are not exceed 
ed for dead and live load. 

The preliminary desi.n is complete but the members 

not "Theoretically proportioned" hence It  is necessary t 

determine the effect of this difference on the moments. 

8.  The relative *h"™8Ja£^Jn?ji0by'lading 
x 's of the columns are aei-rm-Lu 
the K's of the adjacent Sixers. 
9. Determine the ratio of ^h s™o o r  t o  

actual K's above an o ned K's of tna 
the theoretically prop i e a 3 t  r atio wili 
?rnrt9r^e^e icalf,  proportioned. 

a1°tuarK-r0 irthee"i rheJret1oa:1y proportioned 



Figure V 
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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 coxumn K's 
as determined for the columns which vary 
from theoretical proportions In item (9),  
arid the ratios of the theoretical column 
K's to the K's of the adjacent girders, 
as determined in item (10) the relative 
variation in the shears and moments in 
the girders can be-determined from figure 
S • 
1£. For equal O's the relative moments 
in the girders are proportional to the 
girder iv's- . _ .  
13. Combining tne relative moments lounc 
in items (11) and (l£)* the resulting pro­
portionate moments for the girders are 
found. ^ -
14. From the relative moments found In 
item (13) the actual giraer moments may be 
found, because the sum of the moments at 
the ends of all  the girders at a floor is .  
equal to snear in the story above times 
half its story height $ plus the shear In 
the story below times half its story height. 
(This is  approximate because the contra!lex-
ure points in the columns may not be at the 
mid-height. ) .  .  
15. The moments in the columns may now be 
found by assuming that the ratio of the mo­
ment above a floor to that below *a  

93 the ratio of the story shears multiplied 
by tne story heights.  From figure 7,  it  
then follows: 

s,<-. 

A**'-

A3 2/ A ĵ> 

/ + -  *  

3C 

S,<L, ^ £-t 
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16. The girder shears are determined 
from the aquation, 

^0 z 

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

lilQl " &10~ -£Ei i0l 
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 

foundation is rigid enough to prevent deflection; 

M0 1  = 2ZK(2<e0  t  -  2R) 

U i o =  2 E K ( 2 V 1  + - 3R) 

By subtracting we get the desired expression since -
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CHAPTER III 

approximate »a*a* of calculating wind stresses 

Fleming's method NO. I - cantilever method 

The most important of the approximate methods are 

known as Fleming's methods I. II. H-A and III. They 

were given by him In an art tea I "Wind Erasing Without 

Diagonals for Steelframe Office Buildings" in Engineer­

ing sews, vol. IXIX of March 13, 1913 and became known 

by his name although as he points out they are not al­

together original on his part.* In 1930 Mr. Fleming 

published "Wind Stresses in Buildings" which Included 

methods I and II-A. In the later work method II-A was 

referred to as II. It la likely that mors buildings 

have been designed by these four methods than with all 

other methods combined. 

The greatest value of these methods Is that they 

can be worked rapidly which is of the utmost Importance 

when the actual cost In delay Is taken into considera­

tion. Buildings are expensive, especially the extremely 

tall ones, and the Interest on the financial outlay is a 

direct loss to the buyer until the investment Is paying 

returns. Speed is neoessary from the time the prospective 

1 G.A. Hooi and W. S. Kinne, SH2M9l-jJ-*''raro9d 5tr'U£-~ 
turea # 451. 
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building has bsen decided upon as representing a good 

investment.  

The fundamental assumptions of all  the Fleming me­

thods are:" '" 
1.  A bent of a frame acts as a cant­
i lever.  _ ,  
2.  The point of contraflexure of each 
column is at  mid-height of the story. 
3.  The point of contraflexure of each 
girder is at  i ts mid-length. 
4.  The direct stress in a column is 
directly proportional to the distance 
from the column to the neutral axis 

5^ t?he wind load is resisted entirely 
by the steel frame. 

Consider the reactions of the columns to be propor­

t ional to their distance from the neutral ails of the 

building. The neutral axis Is determined by the areas 

of the columns. In Figure 9.the neutral axis of the 

building is in the center since the building is symet-

rlcal.  The wind loads are 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 . i l l  be 10X for b 

^ n Hen-e. for the eighth story 
and G and SOX for A and D. Hen.e,  

we have: 
6(6000) 4 18(6000) 4 30(6000) 4 48(4000) = 1CX(10) 

f  30X(SO) + SOX(50) + I0X(10) 

2000X = 49£000 

X "  'M 

1 Robins Fleming, '  1°= 
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10X = £460 

30X ~ 7380 

For the seventh story we have: 

6(6000) + 18(6000) * 30(6000) * 42(6000) + 54(4000) 

-  10X(10) •  30X(30) 4 30X(50) 4 10X(10) 

2000X = 792000 

X - 396 

10X -  3960 

3OX - 11880 

Now the difference in tension between the seventh 

and eighth stories In oolumn A is taken up by sheer on 

the girder. Considering this Joint as a free body we 

have as shown in iigure 10, a.  
11880 - 7380 r 45000 

The shear In the eighth story Is 88000 and In the 

seventh story *8000 with 6000 acting at the Joint.  

then have as increments of shear In the seventh s ry 

(6/88)X and (22/28)X which act as snown In .  Igure 10 

n ,ns t h e  tjoint where X is applied. 
Thus taking moments around 

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

X -  45000/ 10.7 -  4£00 

( 3/ 14 )X - 900 4 

(11/14 )X - 3300 * 
v (n the girder and column are: The moments in the gi ^ 

- 45000(10) = 45000^ 

3300(6) * i9300"' 



£5 

- 4£00(C) = £5£00 1 m6 

For the joint ahout B at the eighth story (Figure 10, b) 

we have a difference In tnesion In column B of: 
# 

3960 - £460 - 1500 

This must be added to the shear in the girder ab since 

girder be 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.: 

(11/14 )X(1£) + (5/14 )X(6) - 4500(10) 4 6000(10) 

X - 105000/10.7 = 9800 

( 3/ 14 )X - 2100 

(11/14 )X * 7700 

M1 = 4500(10)- 45000'' 

M2 = 6000(10} = C00CO ' 

Kg -- 9800(6) - 58800 

M9 = 7700 r 46200 ' 

Considering the joint about C at the eighth story 

(Figure 10. c) we notice that on this side of the neu­

tral axis the columns are in compression. Hence, the 

total shear on girder cd is: 

6000 - (3960 - £460) = 4500 

The free body sketch is as shown and the equation is the 

same as for joint B. 
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U1/14)X(12) • (3/14 )X{6 ) - 6000(10) 4 4500(10) 

X " 105000/10.7 - 9600 
* 

X - 105000/10.7 = 9800 

(3/14 )X - 2100 * 
* 

(11/14)X = 7700 

The moments are: 

Mo - 6000(10) - 60000 ' 
** * 

MS = 4500(10) * 45000 1 

M10=9800(6) " 56800 

VllX' 7700(6) = 46200*' 

joint D (Figure 10, d) is similar to joint A. The 

moment equation where X is applied is: 

(11/14 )X( 12 ) i ( 3/ 14 )X(6 ) - 4500(10) 

X - 45000/10.7 - 4200 

* 
(3/14)X » 900 

( 11/14 )X - 3300 

Mj - 4500(10) - 45000 

M12 = 4200(6) - 25200*'' 

M13 - 3300(6) ^ 19800*'' 

It Is interesting to note that the stress In girders 

ab, bo, cd decreases from 6000 to zero. Tnls is true for 

any bent and gives the designer a cheek on his computations 

at each step. 

In the preceding example it was assumed that the col­

umns were equally spaced. Suppose the dimensions of the 
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t,9nt to be as shown in Figure 11 and that the sectional 

area of column A is 1A, column B is 2.SA, column C is ..cA 

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

mined in practice from the dead and live loads as in Chap­

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

from the left we have:. 

1A(0) + 2.5A(18.5 ) t 2.3A(40*5) + 1.1A(C0) 

r (1A + 2.5A + 2.30A 4 1.1A)Y 

Y = (0 + 46.3 4 93.2 4 66)/{l + 4 2-30 4 1-1) 

= 205.5/6.90 - 29.8 

For the determination of the forces on the columns, we 

have the moment due to the wind at the eighth story of 

492000*1 and that at the seventh story of 792000 ' from 

the previous example. Letting F equal the stress in col­

umn A, we have from the assumption that the stresses in 

the cxumns are proportional to their distance from the 

neutral axis: 

2-50(11.3)F/29.8 - stress in column B 

2-30(10.7)F/2S.8 - stress in column C 

1.10(30.2)F/29.8 * stress in column D 

Then: 

492000 - F(29.6) • (2.50(11-3)F/29.8)11.3 4 

(2. 3(10.7F/29.8^x0.7 + (1.1(30.2 )F/29. 8)30.2 
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492000 -  29*8? •  •  Q 'Q Z* H  

83.OP -  492000 

F '  3930 

For the eighth story the stresses In the colons are: 

Column A * 5930* tension 

Column B -  .948(5930) = 5620* tens Ion 

column 0 .825(6630) * 4900* Compression 

Column D -  1.11(5930) * 6 6 1 0 * compression 

the seventh story Is computed In the same manner: 

83.OF -  792000 '  

F -T 9550 

Column A r  9550* tension 

Column B -  .948(9550)'  9050* tens Ion 

column o-- .825(9650) 7 8 8 0*compression 

Column I  =.1.11(9590) r  10600* compression 

All computations made with the slide rule.  

METHOD II;  METHOD OF EkUAL SHJvAnS1  

In addition to the assumptions of method II  the to-

. tal  horizontal shear is regarded as being distrihuted a-

mong the columns proportional to their moments of inertia.  

The compression and tension on the columns is calculated 

by the bay and since the stresses on the two middle col­

umns are equal but of opposite sign, i t  is assumed that 

1  ft ,A. Bool and M.S. Hi una ,  8treeeee_lnFramed structures,  
457-458. 



Figure 12 
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the outside columns take all the stress. 

For the seventh story the stresses are: 

6(6000/3)-+ 18(6000/3) + 30(6000/3) + 42(6000/3) + 

5^(4000/3) = 20X 

6OX - 492000 

X - 8200 

The stresses in the outside columns of the seventh story 

are: 

6(6000/3) f 18(6000/3) + 30(6000/3) 4 42(6000/3) + 

42(4000/3) " 2OX 

6OX - 792000 

X •- 132000 

The total horizontal shear in the eighth story is £1000 

or 5500 per column and in the seventh story is £8000 to 

tal or 7000 per column. The moments are: 

(refer to Figure 12) 

H1 r 5500(6) + 7000(6) - 75000*' 

Ja2 z 5500(6) + 7000(6) + (13200 - 8200)20 

M2 = 75000 * 100000 - - 25000 1 

M3 = 2(5500(6) + 7000(6)) - (13200 - 8200)20 

Ms_: 150000 - 100000 - 50000*' 

Ma r 2(55 00(6) - 7000(6)) - (13200 - 8200/40 
-4-

M4 s 150000 - 200000 = -50000 ' 

Ke, = 3(5500(6) - 7000(6)) - (132C0 - 8200)40 

U r 225000 - 200000 - -25000 ' 
D * 
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li6 3(5500(6) - 7000(6)) - (13200 - 8200)60 

Me - 225000 - 300000 - -75000 1 

The column moments are: 

M8 r M10z m12~ ̂ 14 ~ -7000(6) - -42000*• 

M? ~ M& r M13 - 5500(6) * 30000^' 

The compression in the floor girders from the wind is: 

ab - 6000 - 1500 - 4500^ 

be - 4500 - 1500 - 3000 * 
* 

cd - 3000 - 1500 - 1500 

In the case of a bent with unevenly spaced columns 

it is assumed that the horizontal shear is distributed 

among the columns according to the span length of the 

bays. This is 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. 3y taking the wind loading 

proportional to the span length of the bays the stresses 

upon an interior column are equal in amount but oppos­

ite in sign and their algebraic sum is then zero.1 

k-tTHOD 11-A, rORTAL iJil'HOD 

In this method the structure is regarded as being 

a series of portals each independent of the other. 

G.A. Hool and 7V.S, ^inne, Stresses in framed Structures-
457-458. 
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Thus the total horizontal shear is divided by the nun-

ber of bays and the shear on an outside column Is half 

that any other. For the eighth story refer to figure 1 

22000/3 -  7330 * 

Column A 3670 * 

Column B -  7330' 

Column C -  7330* 

Column D r  3670* 

For the seventh story the shears are. 

.28000/3 = 9330 
4 

Column A ~ 4670 

Column B « 9330 

Column G ~  9330 

Column D -  4670 
.  „ i n  t h e  outside columns due 

The compression and tensi 

to the wind are for the s e v e n t h  y  .  

6 (6000) •  18(6000) 4 30(6000) 4 42(6000) 

• kOX r 792000 
x ,  i W  c o m p r e s s i o n  a n d  tension 

i n  the elgnth # t o r? * r a '  
The outside column stresse 

. »•<»» • ' 
x  ^ 82000 compres 
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The bending moments in the girders ar«: 

3670(6) 4 4670(6) ~ 50000 '  

Mg =• 3670(6) 4 4670(6) -  (13200 -  6200)20 = -50000# '  

-  3670(6) 4 4670(6) * 7330(6) 4 9330(6) 

-  (13200 -  8200)20- 50000*' 

M4 -  3670(6) 4 4670(6) 4 7330(6) 4 9330(6) 

-  (13200 -  8200)40 "  -50000*' 

M5 -  3670(6) 4 4670(6) 4 2(7330)6 4 2(9330)6 

-  (13200 -  8200)40 "  50000*' 

M6  = 3670(6) 4 4670(6) 4 2(7330)6 4 2(9330)6 

-  (13200 -  8200)60 -  -50000*' 

The moments in the columns are: 

1S7 = M13- 3670(6) r 22000*' 

M 9  =  M u r  7 3 3 0 ( 6 )  -  4 4 0 0 0 * '  

M8  - M i 4- 4670(c ) -  25000*' 

M10 s  M12" S330(6) = 56000** 

The•compressions in the girders are: 

at),  r  6000 -  1000 r  500C* 

'be — 5000 -  2000 -  3000 

•cd r  3000 -  2000 " 1000* 

If the bays are unequally spaced as In fcigure l i t  i t  ia  

assumed that the shears in the columns are proportional 

to the moments of inertia of the columns, letting the 

respective moments of inertia be II.  2.51. 

we have: (Bote that the results from this ratio of 



moments of inertia of columns 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 

assarily proportional to the area.) 

IX •  2.5X f 2.3X + 1.1X* 22000 

6.9X r  22000 

X -  £190 

Shears in columns of the eighth story are: 

Column A - 1.0X = 5190 * 

Column B -  2.5X = 7980^ 

Column C -  2.5X -  7340 

Column D -  1»1X '  2510 

Shears in columns of seventh story are.  

6.9X = 28000 

X = 4060 

Column A 1.0X r 4000*' 

Column B -  2.5X "  10100 

Column C 2.3X 
d 

Column D -  1.1X 4 4 t 0  

Th. moments In the girders and columns are computed 

in a similar manner to those of toe previous .»«»..  

BC.TH0B III , OOWIKUCUS M.ffAi *«*<» 

The tension and compression in the column 



distributed as in method I. For the seventh story: 

6(6000) + 18(6000) + 30(6000) + 42(6000) 4 54(6000) 

- 1CX(10) + SOX(30) *• SOX(30) 4 1CX(10) 

200OX r 792000 
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X - 396* 

10X= 3960 

SOX = 11880* 

For the eighth story: 

6(6000) 4 18(6000) + 30(6000) 4 42(4000}= 

10X(10) + 5CX(30) * 30X(30) • 10X(10) 

200OX = 492000 

X = 246* 

10X = 2460 * 

SOX - 7380* 

assumed to he a3 In method I: 
The shears in the girders ' ^ 

. _ noon - 7380 - 4500 
Shear in ah - 11880 # 

4 h(. - r<960 -(2460 - 4500)= COOO 
Shear in he - ^ 

----6000 
The horizontal shear is assumsa « ^ ̂ ̂  elfhth. 

among the columns as in Figure ^ 

ft 

Ml - 5500(e) • 7000(6) - 75000^ = 

„2 = 5600(6) t 7000(6) - ^ ̂ __ 6M00> 

M 3 =  2 ( 5 5 0 0 )6 * 2(7000)6 
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M4  r 2(5500)6 •  2(7000)6 -  (2960 -  2460)20 

(11880- 7580)40- -60000 '  

M- -  5(5500)6 f  3(7000)6 -  (3960 -  2460)20 
u 

-  (11880 -  7380)40 -  15000 '  

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

-  (11860 -  7380)60 -  3960 -  2460)20 -75000 

The moments in the columns are: 

*7« « M1 X« M1 S  r 5500(6 >«•• 33000*' 

Ma  -  M1 0-M1 2-  M1 4-7000(6) ^ 42000*' 

The compressions in the 1 loor girders Are. 

ab = 6000 -  1300 = 4500* 

be = 4500 -  1500 2000^ 

cd -  3000 -  1500 -  1500 
not evenly spaced but are similar If the columns are not even.ij 

^ ,_o r , tni shear is  taken proportional 
to Figure ±1, the horizontal shear 

.  - in e rtia of each column as in method II-* to the moments of inertia u*. 
,  < .„ r . e . io n  in the columns to vary as 

and the compression and tens 
j  hi stance from the neutral axis as 

the sectional area and dis 

method -1.  ̂  

l n  Framed Structures» 
G.A. HOOI and *.b.  Kinne, — • 

462-464. 
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CHAPTER V 

DESIGN DETAILS 

No matter how carefully the wind, live and dead 

stresaes are determined, the finished structure is no 

better than its details. The detiller has no set rule 

to go by and must on occasion tax his ingenuity to the 

utmost to meet the many conditions of satlsfaetory de-

sign. 

For combined loading tne A.I.S.C. Standard Specif-

I 
ications read: 

Members subject to both direct and 
bending stresses shall be so pro­
portioned that the greatest comnin-
ed stresses shall not exceed the al­
lowed limits. 

This mesns that the sum of the direct stress snd extreme 

fiber stress due to bending shall not exceed a value com­

mensurate with that for a member of the gi.cn IVr ratio. 

The A.I.S.C. column formula allows 15000 per square Inch 

up to 60 Vr and beyo d 6" Urthe permissible unit stress 

1* s - 18000 The bending stress is determined 
1 - (L^/iSOOr^) 

by £ Kc/I which is added to the stress on the member 

the sum of which must not exceed that given above for 

1 American Institute of Steel Construction Inc. Steel 
Const rustion» 11 and 9. 

k- Ibid. 



columns. Obviously, for design purposes a tentative col-

umn must be selected and finally chosen by trial and err­

or. It is permissible to increase the allowable unit 

stresses when used for wind load alone. These increas-d 

unit stresses will  be taken up in detail  later in the 

chapter. 
Girders are selected in accordance with their section 

modulus as was do,a In chapter I and cheated a.  already ex-

plained if  they are subject to a direct stress.  Ahen stand­

ard rolled sections are too small,  girders must be built up. 

This is  also true for columns. Listed in the different 
- 1 1  f 0 r  v a r i o u s  b u i l t  u p  g l r -

handbooks are the section m 
f-rapmientlv have conditions which 

ders, but the designer may frequently h 

warrant special design. 
.  that the girder mat resist Is Known, and The moment that the en 

rften l imit the depth; hence, 
the architectural conditions often 11=1 

the maximum depth Is Known aa Is the span «.  ~  " 

moment 01 inertia may he approximated lair» »• 

drayarw^ftse the roo n i ent or m 
Mo/S. It  is  we 11 to mc o f  

o n e  or two per cent,  depending upon the ^  

rlvots to he used and heading moment. -
,  a*ia Oil center and the moment 

shift the neutral axis l t  
checked to 

t l a  of the finished girder must 

u  no less than that required. 

. . . .  „  _  .  I .  |  —f 

L 
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There are two moment diagrams that affect the girder; 

namely, the live and dead load which la a parabola and the 

Wind load which la two trlanglea. (see Figure 14) The a-

mount that the wind load affects the daalgn of the girder 

dependa upon the position of the point of contraflexure. 

It  la well to investigate the resultant moment diagram ob­

tained by adding the two diagrams superimposed. It  la no­

ticed that the resultant moment diagram is greater on one 

side of tee span than on the other, but when the wind re­

verses, the diagrams are reversed. Beneath the diagram is 

the development of two formulas which may be used to deter 

mine the point at which the results t  moment diagram Is a 

maximum and the amount, oullt  up girders may be of the box 

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

same and an example of the latter is given. 

Assume total load to t.e 90000 

Let h -  14" 
let i = assuming negligible wind moment 

- 14/60 " .233 (In accordance with t  r  thickness of web -14/60 „ p i a t Q  
A.I.S.C. specifications; 

1 a lic/8 -  45000(12 ) (1/ 8 } (7)/18000 = S25inf 

Ip S  moment of inertia of web = (l/12)bd3  ^ 

- (1/12 ) (3/S) (2740) -  85.5in. 

Required moment of inertia of four angles about neutral 

1 American Institute of Steel Construction I n c .  ,  Steel 
Construction# 11• 



axis -  525 -  85.5 ± 439 

Increasing 1.15% gives 505 

I - 4 nx3"xl/ £1 1  angle has I  -  £.42 ,  A ~ 3.25, X -  .83 

The 4" leg Is used as tua outer most fiber of trie girder 

glange and X is the distance from this leg to the neutral 

axis of the angle. 

Ih '  IA '  ̂A  " '  ( ?  " •8 8^'k 5  ~ l 2 &  

4(128) -  512 

Use 4 -  4Mx3nxl/2" angles 

Spacing; stlffners In accordance with ».I.S.C. specifications. 

8Bt (180001*/*) - !>*-" 85(5/8)(18000( 14) 13/ 8)/ 45000 - 1) 

-  3.36" Use 5 '  spacing for stiflners 

Selection of stiffner angles: 

V/S -  45000/15000 2 3 i°2  

u s e  2  - 3"x3"xl/2" angles for stiffners in pairs A -

I r 2.22, X = .93 

X l ,  I £  .  d ^ A  =  2 . 2 2  -  ( £ . 7 5 ) 1 - 7 5  -

d -  14" 2d) -2(4-16) r 8.32 
t nArmiSSlble i f  U V  1 8  l e S S  

15000 per square inch is P 

60. 
t, *>0)* = 11.4 original assumption 

i/r = 14/ (8.3*/5.50J 

was correct. 

ftivets for stiffners: _ 0440^ 
mrt */ 8" pJ.ate oa^v. •1 ** V4" rivets on v/o f Bearing value 01 

f  steel Construction Inc.,  IHli 
1 American Institute o 

Construction, 11 * 
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Shearing value of 3/4" rivets - 11930 

45000/ 8440 ~~ 5 .33 

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

close. Use two pairs of st iffner angles at  each end of 

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

from the end the shear In the girder Is:  45 000/2 -  22E0C 

22500/8440 -  2.67 

Use 4 rivets for inside stiffnere 

1/2" fi l lers should be used between stiffner.  end Mb. 

4 rr nt* **/4" fiange rivets at  entervals of Computing spacing of */4 1 -fc 

3 ' .  v  ~  V j Q / b l  -  4 5 0 0 0 0 / ( 3 / 8 ) 3 2 5  
1 , * of flange angle areas about neutral q 5 statical moment of I lang 

a x i 3  of girder = 2(3.25)(7 -  -8 3 ;^ 

vi- 45000(39.4 )/ .375 (525) -  9000 

Using the same unit  stresses as 

8440/9000 -  -938 
c  than 3 times the diameter of the 

This value is less than 
,  T  .  0 spsclflcetlons can not be u. .d.  

rivet and by the A .I .S.C. ^  l n o r . . .-

We have the choice of choosing larg 
a  T * 6  smal l e s t  angle whic 

ing the web thickness,  i .  
4c 5".  Hence » i t  l* ** 

m i t  two rows of r i v e t s  

al  to increase the size of the pa* f l ,0* 
c/o" plate -  Hy-U  

Bearing of 3/4" rivets on 5/8 ^  

Shearing of 3/4" rivets H"0 0  

steel Construe 
American I n s t i t u t e  

structionj 12-1*-* 
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Stiffnens 
/w/fers 

H \*J%3 
,4 

Figure 15 
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v _ 45000l39.4>/<5/8)(525)= 5560* 119SQ/S560 * 2.14" 
1 ~~ f 

x ~<r <, p-" r-a fo r first 3 . Space rivets ̂  c-c iwx 

45000 - 5(4500) - 3150 

Vg - 515000(39.4 )/ (5/8)525 =3910 

11900/3910 " 3 * 04 4t 

Space rivets 3" o-e lor 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 area and shift it from the center. 

Determining the true neutral axis: (refer to figure 

C.6ly - .83) 4 (5/8)ly)(y/a) = . 6.5(x - .83) 4 (6/8)(X)(X/2) 

. (3/4 ) (lg)(x - 1.75) - (3/4 ) (5/8) (X - 4*) ID 

x 4 y = 14 DI) 

Solving these two equations we get: 

x — 7.36 

y -r 6.64 

Checking the moment of inertia oi the girder. 

I (for angles) r 2.42 - (6.64 - .83)23.£5 - 109 irr 

I(for web) r (5/8)(6.64 )3/3 - 60.8 >*>* 
4 

Tdtal I = 2(2(109) - 60.8) 5 338 >" 

Required I = 525 

The member is designed for a moment oi ln9 

525 and even though it was found that the actual moment 

of inertia is 558 the load should not exceed 90000 be . 

cause the flange rivets were computed for the ii 
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JOINT DESIGN 

In all details where the only stresses are wind it 

is permissible to increase the unit stresses. Robins 

Fleming recommends the following unit stresses:1 

Tension, rolled steel net section - 2*000 
Compression incolumns , gross sec­
tion (with a maximum of *0000)^ 

Shear on gross area of webs of beams 
and girders w. ere height between 
flanges is not more than 60 times 
the thickness of web(or wnere webs 
have stiffners) 16000 

Shear on gross area ol web when 
h/t exceeds 60 (without stiU ners|0000 _ 70h/t 

Shear in power driven rivets - 18000 
Shear in hand driven rivets - i^CU 
Bearing upon power driven rivets — b^uuu 
Bearing upon hand driven rivets ^ 27000 
or rough bolts """" 1Anno 
Rivets in direct axial tension 

In the esse of combined live, dead and wind stresses 

none of the above unit stresses are to be used if the 

resulting section is smaller for the live and dead 

loads than it would be If the ordinary values were 

used. 

As said before, there is no set rule that the de­

signer can follow and his decision as to the type of 

loint to be used depends upon the particular conditions 

1 Robins Fleming, wind Stresses in Buildings, 120 
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confronting him. Figure 16 shows several types of Joints 

in common use* 

For tvpe "a" (Figure 16) 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 figure 16 "a" 

It  is noticed that there is no moment from the dead and 

l ive load on the Joint.  The number and diameter of the 

required rivets for the leg of the angle adjacent to the 

column is: 
Nd^ — 4F/(3.14.16 ) (16000) 

Usually the diameter of the rivets Is assumed sad thus 

the number  can be found.  The thickness of the angle 

t  -  ( 3 . 1 4 1 6 ) ( d 2 ) h / b  

b  r  width of angle 

Fleming suggests that the point of contrafis.ure of the 

«<«* half way between the root 
angle leg may fall  at a point 

.  tvift r ivet.T In such a 
of the angle ard the center 

case the above becomes: 
t  =  ( 3 .1416)d2h / 2 b  

,  * frsT* shear due to the live and 
The rivets must be checked 

,  «t is better to consider 
dead load. For this purpose i t  

7 -,,M H ~ t r n — «  BUILDINGS* 151. 
Robins Fleming, Wind S 



only the bottom angle since I t  la undesirable to have 

rivets in tension for l ive and dead loads which would be 

the case If  the top angle were to take a portion of the 

load. For bearing on the r ivets in the bottom angle ad­

jacent to the column Ndt (16000) must be equal to or great­

er than half  the total  dead and l ive load on the girder 

and for shear the r ivets in the bottom angle Hld^/ 4)1000 

must be equal to or greater than half  the total  l ive and 

dead load* I t  has been assumed in both cases that  the 

rivets will  be hand driven. The number and diameter of 

r ivets in the leg of each angle adjacent to the girder 

with respect to shear is  2 

N = M/(3.1416)(D)(4500)d2  

These r ivets are also subject  to direct  axial  tension.  

The number and diameter with,  respect to direct  axial  

tension is:  (refer to figure 16 "a") 

F -  M/{D -  2h) (s  1 -  Sx/32) 

Ud2= 4F/(16000)(5.1416) 

X = wind moment on joint  

To protect  against  bearing stresses t 'Nd(£2000) should 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. 

I t  is  not necessary to go through al l  these steps 
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In actual design after one or two joints have been com­

pleted. Many times designing for one stress automatic­

ally takes care of another. This is particularly true 

of shearing and bearing. 

Obviously, the controlling factor in joints of the 

angle type is the thickness of tne -Legs, gome times a 

split "i" beam is used as in figure 16 "b". The calcu­

lations are similar to those for the angle type. When 

either of the above types are inadequate for the wind mo­

ment ,extens ions may be used as shown in Figure 16 "c" 

Again the calculations ax-e similar. 

When the girder is composed of two rolled or built 

up channels a gusset joint may be used similar to iig-

ure 16 "dtt. The size and number of the rivets through 

the webs of the channels and the gusset plate are giv­

en by: 
i 

Nd = M/p(33&0)) for hand driven rivets 

Nd - M/p(4500))* for shop rivets 

The above is given with respect to shear, for bearing 

the following holds: 

Nd c M/tp (27000) for hand driven rivets 

Nd = M/tp(32000) for snop rivets 

In both cases t is the thickness of the gusset piate pro-

tided It is less than the sum of the thinness of the 
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, n fhs depth of the rivet lines, 
webs of the channel and p la the deptn 

,.i „ an&les to the column* 
For the rivets connecting the ang 

let n number of rivets 
be the respective 

let s1, s2 , s3 , s4 n 

t-T.™, rivets to the neutral axis distances from rivets 
_J F- be the permissible 

let Fji ̂ 2* '4 n 

direct axial stress for one rivet. 

rivet on the tenalon aide of the neutral 
The outer most rivet on 

13 stresses to the allowed limit. Ihe oth9r riV°" "* 

stressed proportional to their distance from the neutral 

axis. Obviously the rivets on the compression side are 

^ rnnqidering the rivets on the tension side, 
not stressed. Considering 

U/2 *1*1 *• lpl(s£/sl)s2 + ̂ (sg/fiJs^ F1(s4/ 1 4 

---+F1(sn/si)sn 

~ wind moment 

For the rivets connecting the angles to tne gusse 

we have the same equation except that Fj is the permiss-

or bearing stress; the latter depending up-
ible shearing or bearing, 

f the gusset Plate if it is less than 
on the thickness of the gusse v 

^rirness Of the two Channels. The the sum of the web thickness ox 

Of the leg Of tne angle adjacent to the column 
thickness oi the xeg 

must be determined: 

Let p' = Pitch of rivet3 

Let y - distance from center of rivet to 

<\f* OVlJjl ft 
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Mc ZZ SI 

Pih{t/4) " 24000(t3)(y 4 p'/2)12 
1 

t ~ (Fj_h/ 8000(y - p'/S))*" 

Fi = permissible axial tension of rivet 

h — 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 is the same. 

For continuous girders of channels or built up chan­

nels gusset joint3 may be used similar to figure 16 "e". 

To determine the number of rivets connecting the channels 

to tne 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. For the 

dead and live loads the channels act as continuous beams; 

hence, there will be a negative moment which mu3t be cared 

for. Usually the channel sections are adequate to pro­

perly care for this moment, nowe-ver, if it is found that 

the section is greater than is required, advantage of the 

fact sr-ould be used in designing for the wind moment. The 

columns arc so designed that they will resist the wind mo­

ments thrown upon them. It may be necessary in some cases 

to design for each wind moment separately, due to architec­

tural considerations, withoug adding the two together. In 
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such a case the number of rivets will not be the same on 

each side of the column but will  be proportional to the 

moment on each span of the girder. The number and di­

ameter of rivets required for shear is:  

Nd2  - ki/ (3.1416) (p) (3350) for hand driven rivets 

JJ "  moment 

p — effective depth of rivet rows 

For bearing: 

Nd = M/pt(£7000) 

t  •=" thickness of gusset plate 

In practically all  joints i t  will be found that the shear 

and bearing upon the rivets due to the live and dead loade 

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 joint is 

impractical 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. Tr-e joints are then 

selected from the depth of the girder and the section mo­

dulus. For joints, the section modulus is a quantity 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 psrticular type of joint,  gives the 

moment in foot pounds or inch pounds. 
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Column splices should be designed so that the moment 

of inertia Is commensurate with that of the column section. 

If this is not practical, It should be designed to resist 

the moment expected to fall upon it. as a rule columns 

are spliced 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 is determined in a manner 

Similar to that for the flange rivets of the girder pre­

vious!,, given. The moment of inertia of the splice plates 

is found from the formula given in mechanics I = I0 • Ad2-

The use of this formula was Illustrated in the girder de­

sign. The ends of columns for splicing are usually milled; 

and if they are of different section, a plate is laid be­

tween them to insure full bearing for eaeh column. Ho gen­

eral equation for splieing is given ecause of the number 

of built up column sections tnat may be made. 

I 

I 
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CnAFTER IV 

KAEEEQiUAKE STRESSES 

Considerable work has been done towards a solution of 

the problem of earthquake stresses 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 Is pos­

sible at the present time to make estimations that approach 

the truth with enough accuracy to warrant using them for 

design purposes-

The movement of the earth during an earthquake is not 

confined 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 

sulant or absolute movement, he then took stiff copper 

wire and bent It to correspond with the absolute motion 

for a given time, distance and direction.1 The appearance 

of the wire was similar to a quantity ol solder wire 

had been bunched together in the hand. 

The waves as registered on a seismograph are not sine 

waves although for purposes of estimating the accelera 

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

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

1 RnM„a Fleming * Wind Stresses In Buildings, 160 
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estimating the acceleration, the maximum amplitude and 

shortest period should be used since: 

1a 4iggmg, A -  acceleration 
period^ 

It  is true that a wave of the largest amplitude may not 

be the most destructive as a glance at  the above equation 

will  show. According to Dr. i>ercy Byerly of the Univer­

sity of California there are three groups of waves which 

2 may be recorded :  
As recorded on the seismograph, three 

groups of waves are to be distinguished. 
Tre first  to arrive are composed largely 
of the compressional,  rarefactional or 
longitudinal type; they havetraveled .  
through the earth by a curved path with 
a dip deeper than a chord. T^ e^ r  

citv is about 5.6 km. per second, lhe 
waves of t ' re second group are of the sr.ear 
or transverse type; and have traveled a 
similar path to the waves of the f lrst  
croup, but with a lesser speed, a out 
km. per second. The f irst  two groups are 
termed the first  and second preliminaries.  

The third group of waves appears on 
the seismogram after the second prelimin­
aries.and usually carry the maximum ener­
gy at  distant stations. They have trav­
eled along the earth's surface and are 
therefore referred to as surface waves. 
Within these surface waves are at  least 
two separate t-pes,  and possicly more. 
The motion in the first  type seems to be 
traverse to the path and largely In the 
horizontal plane. The velocity is a^out 
4 4 km. per second. The second kind ol 
of surface waves has a vertical compon­
ent ,  and they have a velocity of about 

1 Earthquake - Resistant construction 1  - Dat» o f  £|=1 ( r n '  
Henry D. Dewell,  Eng. News-Kecord, April  26# '  
vol.  100, 653. 

2  Ibid.,  650. 
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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 second. 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 waves. 

Following the maximum portion the rec­
ord diss out In a long series of oscillations, 
which are often referred to as the coda. 

In nearly all earthquakes the second 
preliminaries, and tne maximum portion or 
principal portion are usually inseparable 
if not identical ... 

Many observers have noticed waves in 
the alluvium at the time of a severe earth­
quake. These are obviously a secondary ef­
fect. Their velocity is 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 stations are looked on 
rock* (2) such extreme motion would disaole 
ordinary seismographs buixt for delicate 
work. 

The above Is Interesting in that it gives us another 

ly in which an earthquake may affect a building. There 

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

Lon known as amplitude, both are non-coplanner. There 

, also the effect of the wave as a body when it strikes 

19 building in the path of propagation. Ihis is partic-

Larly true of the first of the groups mentioned above, 

r. Bailey Willis, past-president of the Selsmological 

oclety of America gathered evidence in Santa Barbara 
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which seemed to him to cause the collapse of certain types 

X 
of buildings at the first shock. 

The destruction caused by an earthquake is due prim­

arily to the movement in a horizontal plane, hence, the 

primary data for design is to approximate the maximum acc-

eleration as given at the first of the chapter. If seis­

mograph records are not available, a rough estimate can be 

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

used: 

t'/A- W/g 

F may be determined from the moment causing overturning, » 

may be closely approximate from the dimensions and density 

of the object and A *7 then be determined. Obviously, the 

results of the above should be compared with an object that 

did not overturn so that a maximum and minimum value of the 

acceleration may be had. The true value would be somewhere 

between these two. 

If the assumption, is made that a structure is perfect­

ly rigid, then the shear and moment at any horizontal plane 

s J f>rnffl Newton's equation as given above, 
may be determined from ftewx,on 

* creel frame work must overcome acts at 
The force that the steel iw 

the center of gravity of the Portion of the building above 

1 Henry D. Dewell. 
Data of Design, bng. 

2 Ibid, 553. 
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the plane. For purposes of calculation it is not necess 

ary to determine the exact center of gravity. Suppose for 

an inside bent similar to figure * we have ̂  

Wt. of outside walls = 20(12)(100) = 24000^ 

•' « partitions - 12(20)(25)- 6000 

" » floors: 

live * 20(20)(100) = 40000 

dead = 20(20)(25) = 6000 

Assume total weight of roof to equal ^ 

weight of floors - 46000 

Approximate weight of roof girders 3 * 600- 1800^ 

» columns A and D 1500 - 3000 
4 

u „ it •» B and C 1200 - 2400 

The total weight above plane x-y Is £21000 

f = (W/g)A letting A - .10g 

F- (£21000/g)•= 22100 

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

tve centers of gravity of the walls, floors, partitions 

hut we have obtained the total force as 
and members, but we nave 

If we repeat the procedure for 
shear on the plane x-y. Ir we r3p 

+ ch each story, we will find that 
a plane passing through each sw * 

a tfliv the sum of those of the stor-
each shear is approximately the sum o 

. H n n  will be exact if the girder and 
ies above. The relation wxxj. 
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column sections increase proportionally from top to bot­

tom. Unlike the action of the wind against the side of a 

building, the total shear due to an earthquake for a given 

plane through a story is distributed among the columns. 

In some of the previous approximate metnods this condition 

was assumed but in this case i t  is strictly true. The dis­

tribution of the shear is proportional 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 weight 

that the column supports. In the design of the Mitaue Esnk 

Building i t  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 Is obvious. Method II-A is probab­

ly the most adaptable because of the similarity of the ass­

umption that the columns take horizontal wind shear propor­

tionally to the bay widths which is also approximately true 

of the distribution of weight among the columns. It  is to 

be noticed that the points of contraflexure for girders will 

not be at the midpoints of the span, due to the fact that 

the weight of the outside walls upsets slightly the original 

John W. Pickworth and Walter H. V/eiskopff, Tokyo bank 
Building Designed to Resist Earthquakes, Eng. News-
Record vol. 98, 1012. 
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assumption made for the method when used in connection with 

wind stresses. 

The value of .10g 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 San Francisco earthquake.1 

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

winds can not be economically taken care of. The Tokyo 

building regulations use a value for the acceleration of 

. lOg, but the combined dead and live load, and earthquake 

load must not exceed a working, stress of 16000 per square 

inch 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

umed in the design. Likewise the unit stresses for earth­

quakes should also be increased and should be greater than 

those for wind because of the possibility of occurrence. 

Two general principles of design are used. The first 

endeavors to make as independant as possible the motion 

of the ground and the building. Small buildings in Japan 

have actually been constructed which have rollers between 

1 Henry D. Deweii, Earthquake-Resistant Construction_I_z. 
Data on design, Eng. News-Record, April 26, 19*8, 
vol, 100, 652. 

2 Ibid. 
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the foundation and superstructure. It has been noted that 

the most destructive waves are on the surface of the ground 

and that a few feet down the destructiveness is decreased; 

hence, it has been proposed that certain buildings continue 

into the ground and have a space between them and the sur­

rounding earth connected only by lateral members designed 

to permit movement. It has also been suggested that slip 

joints be used at the points of contraflexure for the base­

ment columns. The second system consists of rigidly con­

necting the foundation and superstructure together. 

The most notable example of earthquake building con­

struction at the present time is the Mitsui Bank building 

at Tokyo, Japan, The consulting engineers who are respon­

sible for sedign are John W. Bickworth and Walter H. Weis-

kopf. The building is designed for a horizontal acceler­

ation of .10g. 

The foundation consists of a solid reinforced concrete 

mat which distributes the vertical load evenly over the sup­

port ine ground. Tests show that 4000 pounds per square 

foot bearing upon the soil 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, ggj^uake - He s is tant^ons t.ruct 
Data on Design, Eng. News-he cord, April -it, 19^8, 
Vol. 100, £54. 
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Prom the architectural requirements the first floor re­

quired rather long columns which resulted in correspond­

ingly large bending moments. The detail used was lour 

angles at each corner heavily latticed. This design is 

particularly adaptable in that the moment of inertia and 

radius of gyration are the same in tv/o directions. That 

is,  the general outline of the columns are square. In 

splicing columns i t  was required by the building code 

that there was no bearing between sections. Since the 

bending moments in all  members were extremely large all  

girders were latticed. 

In the previous solution for earthquake stresses i t  

was assumed that the building was perfectly rigid which 

is not true. Omori observed that tall  chimneys did not 

rupture at their base as would be expected but at a dis­

tance about two thirds of the height or one third the 

height 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 iillne aays that the acceleration that 

. i l l  fracture a column firmly fi*ed at "a foundation is:2  

2  Robins Fleming# Wind Stresses in Tall Buildings, 18k. 

! i 

i :  

i I 
: I 
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a - (g/6)(PAB)/fW 

a - acceleration 

P r the force of cohesion, or force per unit surface, 

which when gradually applied produces fracture. 

A i area of base fractured 

B - thickness of the column 

f r 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 rigidity 

and use a method of calculation similar to that given 

would result in extremely heavy design for buildings 

approaching a thousand feet In height. Obviously such 

a design would be impossible economically. Present en­

gineering knowledge for such cases is hardly more than 

a guess. It is not unreasonable to say that if an earth­

quake such as struck San rrancisco in 1906 were to occur 

In New iork, many if not all the tall buildings would 

be so damaged that they would have to be torn down and 

rebuilt if they did not collapse. 



to 
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CHAFTER V 

CONCLUSIONS 

Several methods for calculating wind stresses have 

been presented, but no one method has been recommended. 

I t  is not feasible to use the slope deflection method 

because of the time and work required. At best this 

method is primarily for review. For the approximate 

slops deflection method Ross olaims that a change of 

member because of Inadequacy to care for a moment tends 

to increase the same conditions. In the design of the 

American Insurance building Ross says:1  

Tn order to determine the possibility 

determined for the bent as constructed, by determine ,  deflection method, the approximate slope *e  A  a a d  m O r n 0 n t  
The first solution |gav ^  ̂  t h Q  o u t_ 
for the long center P short span 
side »h l l |a^° ™°™a r"atsr than that for which 
was considerably g 3 Q C ti0 n s  of the gir-
i t  was designed* these stresses 
ders were pepropor " o f  s t r 9 3g3 3  made, 
and a second calcula ^ d i r ection and 
The variation was in^ s o l u t i o n  a n o w 8 d  t h e  
more marked. A th 3 0iutions the sec-
same tendency. In n o t  c hanged, but 
t ions of the colum - sections of the 
i t  is evident that f  ® ® a t e d  b y  the 
glndsrs ware change ^  ̂  ,, g r e a t .  
stresses, ^ne 
ly altered also. 

1  Albert WaM Ross and Clyde T. Korrla, 
T a l l  B u l l d lnLbMmei^o_a^X-
Civil~Kni7 1410* 
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If the slope deflection method is accepted as a 

standard* Ross's method is probably the moet exact for 

design purposes. However, due to the assumptions made 

for the slope deflection method it is not impertinent 

to question the accuracy of the method. Upon the ass­

umptions made the method Is exact, but the question a-

rises as to the validity of the assumptions. Moliter 

evaluated the effect of the assumptions as follows 

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 is negligible. 
This may involve errors ofabout 1 
per cent. 
3. The lengths of the members are 
the distances between intersections 
of their neutral axes. This may ef­
fect the stresses. 
4. The deflection of a member due 
to Internal shear is negligible. De­
flections in beams are usually about 
10 per cent greater when the web 
shear is considered. 
5. The wind load is resisted entire­
ly by the steel frame. If this were 
true, tall buildings would sway in the 
wind three or four times as much as 
they actually do. In other word3 the 
architectural clothing probably in­
creases the rigidity of the frame from 
300 to 400 per cent... 

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 and 

approximate methods is questionable. Due to the fact 

that i t  is necessary to maice similar and no less ass­

umptions than are made for the slope deflection method 

i t  is valid to use this so-called exact method as a bas­

is for comparison although it  in itself may be in error. 

Wilson and Kaney compared the results of the slope 

deflection method, the approximate slope deflection and 

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

pare in about the order given.1  ho-ss compared the re-

suits of his method with those obtained from the slope 

deflection method for the first eight stor.es of the 

erlcan Insurance Building. In order to use the si  p 

deflection method for a portion of the buitdlng without 

solving for the whole i t  was assumed that * *7 and K7  

= r6 .2 The results of Fleming's method so. I  were com­

pared and were found to be considerably in error. In 

this building i t  was necessary to omit some glr 

the second and third floors in order to provide for a 

mezzanine floor. It  ma, be that the errors In Fiend's 

1  W.M. Wilson and G.A- »aney^iini- | i51|o_ 8 0_ i n g .  SpT 
2= and 24, 79-BO. 

© "ivde T. Morris,  2  Albert Ward hcss Wde .  S0 C .  ot Civil 
Tall Bumiji£3_to_R6s_iab 
Eng. 14Q2. 
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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 eight stories will affect the results of 

the slope deflection method. 

I t  is seen that in methods II and III that the mo­

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-

notherj the girder connections and the girder itself is 

designed for the largest moment. The result is usually 

an over design for the girders while the moments in the 

columns vary in hoth 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.* 

In the past all  four of Fleming's methods have been 

used and i t  is 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 i t  affords the 

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

1  G.A. Hool and W.S. Xinne, Stresses in Framed Structures, 
464. 
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be worsted. The points of contraflexure Tor methods I  

end II-A are at  the mid-pojnts of girders and columns; 

hence, the moments to be designed for in the column and 

girder connections are not so great.  

Por purposes of design no one method may be recom­

mended since all  have their advantngea. Prom the stand­

point of accuracy the approximate methods to bo used for 

design are Ross's and P'laming's motnods No's.  I  and II  

with the approximate slope deflection and slope deflec­

tion for checks of peculiar or irregular dimensioned 

bents or portions of bents.  I t  is noticed that methods 

II  and III  have been left  out.  I t  may or nay not be sig­

nificant that of the number of methods given by rlemlng 

in .Engineering News, Karch 13, 1913 and those of 'Six 

Ponographs on A'ind Stresses" from articles by f^emin. pub­

lished in book form, he only gives what are classed In 

this paper as methods I  and II-A in hla recent took "Alnd 

Stresses in Buildings" published in 1930. 

The choice of methods depends upon the Judgment of 

the engineer.  Sometimes I t  may be feasible to use more 

than one method on a building, the final choice of meth­

ods depends upon the height of tr .e tulidir* ar.d tr .e least 

width of the base, the type of the building and last ,  tut 



65 

by no means least the time allowed the engineer to com­

plete the design. As Professor Burr says, "So long as 

the stresses found by one legitimate method of analysis 

are provided for, the stability of the structure is ass­

ured."1 

It is readily seen that to design an extremely tall 

building to resist earthquake shock on the assumption 

that it is a rigid body is economically impossible. It 

is entirely possible that calculations upon this assump­

tion are greater than is actually the case were the truth 

known. It is probable that adequate bracing at the third 

point is sufficient, but the stresses to be designed for 

are unknown. At the present time the surest measure of 

safety is to limit the height of the building 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 building, the result is problems ileal* fto 

amount of designing could resist the tremendous stresses 

resulting from such an occurrence. If the buixding rests 

upon a reinforced concrete mat as in ths 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 a separate footing but even the least 

that might happen would necessitate expensive repairs if  

the fissure were very wide, however# any saving in lives 

resulting from earthquake "proof" construction is money 

and time well spent.  
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