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ECONOMICAL DESIGN OF BUILDING FRAMES

CHAPTER I

INTRODUCTION

As a result of accurate experimental and research works
carried on to determine the actual conditions of stress distri-
bution relative to its assumptions, engineers are now abled to
know witihin a fairly reasonable margin of this actual stress
which will exist in the finished structure. Since such varia-
tions from the ideal conditions are so0 closely approximated,
this exactness of results has paved the agitation in favor of in-
creasing the allowable working unit stresses used in designs in
order to develop as economical a structure as possible and with
sufficient degree of safety.

On the other hand, many exgeriments give results of conesider-
able difference between these two stresses; therefore, it must be
borne in mind that conditions do vary and not necessarily accord-
ing to any specific law., Even the most intricate is not zeneral-
ly the most precise solution. The complexity of the analysis in-
volved the consideration of all possible factors that will exert
any influence upon the finished structure, which will necessarily
provide reasonable assurance to the safcty of the design when the
laws of nature act accordingly and exclude factcre beyond human
comprehension. The main consideration in any structural analysis
is to have the laws ¢f statics being fulfilled and to be sure
there are no forces belng coverlooked. Having all these considera-

tions fulfilled to satisfaction, one may conclude that the most
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economical method of analysis will no doubt be one for which

the least amount of labor and material are expended. 4t times
one will be forced to sacrifice precision for time, not exactly
at the expense of safety, but for structures of less importance
which do not justify too enormous an amount of time and labor to
be spent.

In the past years, for buiidings of moderate height, the
analysis of wind stresses is not of great importance in many
cases. However, one cannot now deny that such stresses will de-
serve a careful and thorough analysis, because of the growing ten-
dency toward building of sky-scrapers, especially in populous ci=-
ties where land values are enormously high, there exists a greater
desire to tax a greater return from a unit area of iand in order
to Justify ite utilization. The question naturally arises as 1o
which method of solution t0 apply in order to obtain reliable re-
sults and still permits greatest economy of labor and materials.
Among the various methods that may serve this purpose, the approx-
imate solutions find greater application than those "exact" ones,
mainly because of the increased labor cf computation by these lat-
ter methods. Although these exact solutions sometimes yield re-
sulting stresses representative of the ideal conditions, it should
be remembered that such closeness of agreement between the assumed
and actual stresses rest greatly upon the assumptions of the wind
load rather than wholly on the differential of "exactness" and
"gpproximation".

Experiments have shown that wind velccities vary with the al-

titude; furthermore, it shows that with a given wind velocity, the
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average pressure is less on a large surface than on a smgll sur-
face. Thig information, however, is not sufficient to enable the
engineer to know Jjust what approximate pressure to provide for on
buildings of different height, mass, and exposure. Consequently,
the word "exact" soluticn will be exact t0 the extent that the
above conditions are correctly provided for,

%With these various methods for wind stress analysis, it is
the writer's intention to show by examples that the approximate
methods will permit a more economical design of building frames
than the slope deflection method which is the exact sgolution un-
der consideration in all these discussions. Additional examples
will offer a comparison of the relative economy of the cantilever
and Porter methnods. Included in this discussion of economy in
design will be an example of the design of continuous haunch

beams by the exact and the moment distribution method.



CHAPTER II
SLOPE DEFLECTION METHOD
SYIIMETRICAL BENT WITH BAYS OF UNEQUAL WIDTH

The exact method considered here is the slope deflec-
tion method which takes into account the relative stiff-
nesses of the columns and girders and that the point of
contraflexure of each column and girder is not fixed at the
midpoint which in this respect differs greatly from the as-
sumption made by the approximate methods. The assumptions
upon which the theory of slope deflection is based are as
follows:

1, The comnections between the columns and girders are
perfectly rigid.

2. The change in length of a member, due to direct
stress in it, is negligible.

3. The length of the members are the distance between
the intersections of their neutral axis.

4., The deflection of a member, due to internal shear is
negligible.

5. The wind load is resisted entirely by the steel frame.

In order to show the importance of the distribution of
moments at any joint in direct proportions to their stiff-
nesses, the writer has chosen the symmetrical three bay ten-
story bent of unequal width as shown in figure 1. Since the
cantilever and portal metnods are approximate solutions and
in order to exazzerate the difference of results, no attempt

is here made to readjust the column and girder moments by
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considering its relative stiffnesses. The cross-sectional
areas ¢f the columns are taken to be equal which in this
particular case is very nearly so. The assumptions upon
which the cantilever method is based are as follows:

1. A bent of a frame acts as a cantilever,

2. The point of contraflexure of each column is at its
mid-length.

3. The point of contraflexure of each girder is at its
mid-length.

4, The direct stress is directly proportional to the
distance from the column to the neutral axis of the bent.

5. The wind load is resisted entirely by the steel
frame.

The assumptions on which the portal metnod is based are
as follows:

1. 4 bent of a frame acts as a series of independent
portals.

2. The point of contra-flexure 0f each column is at its
mid-height of the story.

3. The point of contra-flexure of each girder is at its
mid-length,

4., The horizontal shear on any plane is divided equally
between the number of gsisles. An outer column thus takes but
one~half of the shears of an interior column.

5., The wind load 1is resisted entirely by the steel frame.

The bent of figure 1 was first analysis for moments and

shearss in columns and girders by the slope deflection method

(5)



and as a comparison of the eccnomy as resulted from the approxi-
mate solutions, the same bent was analyzed by the Cantilever
method. The method of stress analysis by the slope deflection is
outlined here in general as follows:

Consider a strip of the bent one foot wide in a direction
perpendicular to the plane of fig. 1l; the loads are due to a hori-
zontal wind pressure of 30 1lb. per sq. ft. The columns are as-
sumed to be fixed at the base. a4rbitrary values of ¥ for the
columns and girders are snhown. The change in slope of the members
meeting at the joint is represented by © and the deflection angles

by L. From the condition of symmetry the following relation holds:

eh/ = ’e/'l/ e’ﬁ/ -~ 6"6/

sz = Gl Opz = Gk2

Ouz = ©hsz 053 = O's3
etc.

The fundamental equations used to determine moments in girders
being M = 2EK(26, 64 )

and for columns, M = 2EK(26, #ty -3 )

Where i moment in inch pounds

€3]
[

modulus of elasticity

=
[

stiffness factor = I/L

N
]

twist angle near joint

twist angle at opposite joint

RS
u

= deflection angie
By application of tane above formulas, the joint equations are

as follows:
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Joint No. AlO:
2(12.5+422.21) 600 12,5080 +22.21040 -3X22.210(,= O
69.42042z #12.5080 #22.2104s =66.65 = O
Joint No. B1lO:
2(12.5+11,11+22.21)6sr #12.564. »11.1164. »22.216ss -3X22.21¢ = O
102.75080 »12.56us +22.210s5 =66.63L = O
The complete equations for the other joints are found in table 1.
In addition to the jJjoint equations, the additional independent
equations for the determination of the 4 values are obtained by
considering the equilibrium of a porticn of the frame formed by
cutting sections across the Irame just below the top and just
above the bottoms of all columns in any story. The equations thus
obtained are:
For the tenth story:
22.21(0s #0845 +05/ #8085 ) ~4X22.21«= -330X14X12/12E
13%.26(040 +649 #6050 #0ss ) ~533.04, = -55,440/2E
For the ninth story:
22.21(64s #B4s #0635 #8085 »O ) -4X22,21 = =-750X168/12F
13%.26(6ns #0845 »Oss +8ss ) =533.04 = -126,000/2E
The complete equation for the other stories are given in Table 1.
The solution of the eguation are shown in Table 2. The de-
gsired stresseg are found directly after these unknown quantities
are solved. The moments in the columns snd girders are obtained
by the two formulas given above., The shears in columns and girders
are equal to the sum of the end moments divided by ite length. The

resulting values are shown in Table 4 and 5.



Following are the numerical values of the change in slopes

and deflection angles found from the elimination of the 30 egua-

tions:

73-74)

73)

70)

54)

51)

49)

~1,4281 Buo= 308.549

Qao= 216.05

©so =726 = 1562.00

/70

Do

s

B8

1}

Opo= 169.26
0.2995(159.26)#0.2775(216.05) »308,340
47.695#59.954+308.340 = 415.99
0.7233(415.99)-,0051(159.26)-0,2352(216.,05)#23%.867
300.,893-0.812-50.827#233.867 = 483.12
0.0210(485.12)-0.1749(159.26)+0.5245(415.99)#189.112
10.145-27,8556»218,192+189,112 = 389,59
0.3021(389.59)+0.2800(483.12)#551.699
117.695#135.276+551.699 = 804,66
0.7079(804.66)-.0052(389.59)~-0.2349(483.12)+297.2564
569.,700-2,026-115.485+297.204 = 751.44
0.0218(751.44)+0.5247(804.66)-0.1749(389.59) #247,742
16.382#422.205-68.141#247.742 = 618,19
0.2989(618,19)+0.2775(751.44) 709,320
184.,777»208.525+709.320 = 1102.6
0.7195(1102.6)-0.0059(618,19)-0,2343(751.44) »383.275
793.521~3.65-176.062~-383.275 = 996.88
0.0220(996.88)#0.5249(1102.6)-,1749(618.19)+319.785
21.932+678.23561-108.198 = 811,87
0.296(811.87)+0.275(996.88) +900.C0

240,31#274.16+#900,00 = 1414.5
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43)

41)

38)

30)

27)

28]

22)

19)

17)

14)

31)

'915’

“93_;

Osz

’G'AL

’982

"

0.7190(1414.5)-0.0052(811.87)-0.2343(996.88) »45945
1017.025-4,222-233.58"'+#459,.,45 = 1238.,7
.0224(1238,7)-0,1745(811.87)+#0.5236(1414.5)+#381.033
27.747-141.671+740.632+381.083 = 1007,7
0.2941(1007,.7)+0.2735(1238.7) »1042,.18
296.365+328.784+1042.18 = 1677.3
0.,6663(1677.3)-0,0042(1007.7)-0.2177(1238.7)#520.565
1117.585-4,232-269.665+520.585 = 1364.3
0.0185(1%64.3)~-0.4769(1677.3)-0.1590(1007.7)#424.345
25.240-799.904-160,224»424.345 = 1089.3
0.2983(1089.5)#0.2764(1364.3)»11568.97
324,938+377.093+1168,.97 = 1861.0
0.7104(1861.0)~0,0039(1089.3)~0.22328(1364.3)#575.5617
1522.125-4.248-317.609»575.517 = 1575.8
0.0170(1575.8)#0.5168(1861,0)-0,1722(1089.3) »481.322
26.789+961,7656-187.577#481.522 = 1282.3
0.2992(1282.3)+0.2760(1575,8) #1370.71 = 2189.3
0.0009(1282,3)+0.7173(2189.,3)-0.2395(1575.8) »704,945
1.152+1570,385-377.404+704,945 = 1899.07
-0.0030(1899.1)-0.1758(1282.3)»0.5274(2189.3) 600,043
-5.697-225.428+1154.637+€00,043 = 1523.6
0.293(1523.6)#0.2708(1899.1)+1954,13
446.414+514.268+#1954.13 = 2914.8
0.6493(2914.8)+0,0021(1523.6)-0,2185(1899,1)#967.970
1892.580+3.200-414,947#967.970 = 2448.8
-0.0095(2448.8)#0.,463(2914.8)-0,1543(1523,7)+812.965
-25.,264+1349.552-235.107#812.965 = 1904,1
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6) oL, = 0.2683(2477.6)+0.,2910(1904,.1)+2384,92

664.740+554 ,093+~2384,92 = 3603.7

3) 9, = 0.6228(3603.7)-0.212(2448.8)+0.,0040(1903.9)»1060.89
= 2244,74-519.14+7.61#1060.89 = 2794.1

1) Oy, = -0,0194(2794,1)+0,4369(3603.7)-0,1459(1904,1)+744.109
= ~54,205#1574.456-277,808+744.109 = 1986.5

A) £, = +0.2498(1986.5)+0.,2498(2794.1)+1909,.827
= 496.228-697.966-1909.,827 = 3104,0

Pollowing are the calculations for the moments in column A by

direct substitution into column equations:

M1O-9 = 22,21 2X216.,05+485,.,12-3X415.99
= 22.21(~-1248.0+915,2) = =-7390
M9-10 = 22.21(2X483.12+216.05-3X415.99
= 22.21(-1248,0+1182.%) = -1460
M9-8 = 22.21(2X483.12+751,44~3X804,66)
= 22.21(-2414,0+41727.6) = -15,240
M8=-9 = 22.21(2X751.44+4483,12-3X804.66)

= 22.21(-2414.041986.0) = =-9,530
18-7 = 22.21(2X751,44+996.9-3X1102,.6)

= 22.21(-3307.8#2499.8) = =17,500
117-8 = 22.21(2X996.924751,956-3X1102,.83)

= 22,21(-3308,49+42745.81) = -12,500

Ii7-6 = 22.21(2X996.93+1238.7~3X1414.5)

22.21(~4243,5#3232.56) = -1010,9X22.21 = -22,500

16=5 22.,21(2X1238,7+1364.3~-3X1677,3)

22.21(~503.19+3841.7) = -26,420

(10)



116=7

16=-6

15-4

Mé=-4

12-1

Ml=-2

[i1=-0

22.21(2X1258.7+996.93-3X1414.5)
22.21(~4243.6+3474.3) = ~17,100
22.21(2X1364.3+1238.7-3X1677.3)
22.21(=5081,9+3967.3) = =23,600
25.0(2X1364.3+1575.8-3X1859.3)
25.0(-5577.9+44304.4) = =-51,800
25.,0(2X1575.8+1364 .5-3X1859.3)
25,0(~b577.9+44515.9) = =-26,500
25.0(2X1575.8+1893.0-3%X2185.7)
25,0(=-6551.1+5044,6) = =-37,700
25.0(2X1899.1+1575.8-3X2189.3)
25,0(=6567.9+5374.0) = -29,800
21.42(2X1899.142444.8-3X2914.8)
21.42(-8744.4+6243.0) = =53,500
21.42(2X2444.8+1899,1-3X2914.8)
21.42(-8744.4+678.87) = =42,000
20.82(2X2444.8+2794.1-3%X3603.7)
20.82(-10811.1+7683.7) = -65,200
20.82(2X2794 .1+2444 .8-3X3603,7)
20.82(-10811.1+8033.0) = =58,000
18.52(2X2794.1-3X3104.0)
18.52(~-9512.0+5588.2) = -69,000
18.52(2794.1~-2X3104.0)

18.52(-9312.0+42794.1) = -121,000



¥10-9

119-10

M9-8

18=9

M8-7

7-8

M7-6

Li6=7

1i6=5

b-6

M4-5

1i4-3

Moments in the B-Columns

22.21(2X159.26+389.59-3X415,99)
22.21(-1248,04708.1) = =-12,000
22.21(2X389.59+159.26-3X415,99)
22,21(~1248,0+1397.4) = 6,870
22.21(2X389.59+618.19~3X804.66)
22.21(-2414.0+41397.4) = -22,600
22.,21(2X618.19+389.59-3X804.66)
22.21(-2414.0+1627.0) = -17,500
22,21(2X618.19+811.87-3X1102.6)
22.21(-3307.8+2048.2) = -28,000
22.21(2X811.87+618.63-3X1102.83)
22.21(-3308,49+2242.37) = -23,700
22.21(2X811.87+1007.4-5X1414.5)‘
22.21(-4243.50+2631.14) = -35,800
22,21(2X1007.4+4811.87-3X1414.5)
22.21(~4243.5+2826.67) = -31,500
22.21(2X1007.4+1089.3-1677.3%X3)
22.21(-5031.9+3104.1) = -42,800
22.21(2X1089.3+1007.4-3X1677.3)
22.21(-5031.9+3186.0) = -41,000
25.0(2X1089.3+1280.4-3X1859,3)
25.0(=-55779+3459.0) = -52,800
25,0(2X1282.3+1089.,3~3X1861.0)
25.0(~-5583.0+3653.9) = -48,230
25.,0(2X1282.3+1523,7-3X2189.3)

25.0(-6567.9+4088.3) = -61,990

(12)



M3=-2 21.42(2X1523,7+1904.,1-3X2914.8)

n

21.42(~-8744,4+4951,5) - -81,250
13-4 = 25,0(2X1523,7+1282.3-3X2189.3)

= 25.0(-6567.9+44329.7) = ~55,960
12-3 = 21.42(2X1904.1+1523,7-3X2914.8)

= 21.42(-8744.445331.9) = -73,200
M2-1 = 20.82(2X1904.1+41986.5-3X3603.7)

= 20.82(-10811.1+5794.7) = -104,3%00
1I1-2 = 20.82(2X1986.5+1904.1-3X3603.7)

= 20.82(-10811.,1+5877.1) = ~103,000
M1-0 = 18.52(2X1986.5-3X3104.0)

= 18.52(-9312,0+43973.0) = =99,000
MO-1 = 18,.52(1986.5-3X3104.0)

= 18,52(-9312.0+1986.5) = -136,000

Moments in the Girders

(Bay AB)

M10 = 12.5(2X216.05+159.26) = 12.5%591.36 = 7,390

149 = 12.5(2X482.12+389.6) = 12.5X1355.8 = 16,950

118 = 12.5(2X751.44+4618,19) = 12,.5X2121.1 = 26,550

7 = 12.5(2X996.93+811.87) = 12.5X2805.73 = 35,100
L6 = 12.5(2X1238.,7+1007.4) = 12.5X3484.8 = 43,600

M5 = 14.58(2X1364.3+1089.3) = 14.58X3817,9 = 55,600
L4 = 14,58(2X1575.8+1280.,4) = 14.58X4432.0 = 64,700
Lid - 15.62(2X1899.1+1523.7) = 15.62X5321.9 = 83,400
M2 = 15.62(2X2444.82+1904.1) = 15.68X6793.7 = 106,200
M1 = 16.67(2X2794,1+1986.5) = 16.67X75674.7 = 126,000



K10 = 12,5(2X159.26+216.05) = 12.5X534.6 = 6,580

1

L9 = 12.5(2X389.59+483.12) = 12.5X1262.3 = 15,800

M8 = 12.5(2X618.19+751.44) = 12.5X1987,.,84 = 24,800

M7 = 12,.5(2X811.87+996.93) = 12.5X2620.67 = 32,700
16 = 12.5(2X1007.4+1238.7) = 12.5X3253.5 = 40,600
Jit5) = 14.58(2X1089.3+1364.3) = 14.58X3442.9 = 50,200
114 = 14.58(2X1282.3+1575.8) = 14.58X4140.4 = 60,370
3 = 15.62(2X1523.7+1899.1) = 15.62X4946.5 = 77,500
M2 = 15.62(2X1904.142444.8) = 15.62X62563 = 98,000
M1 = 16.67(2X1986,5+2794.1) = 16.67X6767.1 = 112,600

lioments in Girders BB'

M10 = 11,11(3X159.26) = 11.,11X477.8 = 5,320

M9 = 11.11(3X389.59) = 11.11X1168.8 = 13,000
118 = 11.11(3X618.19) = 11,11X1854.6 = 20,600
M7 - 11,11(3X811.87) = 11.11X2435.61 = 27,100
16 = 11.11(3X1007.4) = 11.11X3022.2 = 33,600
M5 = 12,96(3X1089.3) = 1296X3267.9 = 42,300

14 = 12.96(3X12824) = 12.96X3846.9 = 49,860

13 = 12,96(3X1523.7) = 12.96X4571.1 = 59,240
112 = 13.89(3X1904.1) = 13.89X5712.3% = 79,400
M1 = 14.80(3X1986.5) = 14.80X5959.5 = 88,400

(14)
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CHAPTER TIII
CANTILEVZR METHOD

SYMIMETRICAL BERT WITH BAYS OF UNEQU.L WIDTH

vilviiy

In analyzing the ten-story bent shown in fig. 3, the
writer has found it very feasibie to determine the constants®
for horizontal shear, direct stress, and moments in the columns
by the use of fig. 2. The method of doing this is to apply a
unit load at joint A and take moment at a distance 1 foot below
4. Thus this is equilvalent to assuming the point of contra-
flexure to be 1 ft. below A and the total shear in that story
is then 1 pound. The solution of the bvent is outlined in general
as follows:

Assuming area 0f columns equal, the moment of inertia of the

bent = /1(9)%» 1(25)°/2 = 1412 £t7°
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(*see Schneider's Practical Wind Bracing )
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0.01768 1b,

Direct stress in colwmns A and A' = 25X1 =
1412
Direct stress in columns B and B' = 9X1 = 0,00636
1412
Vertical shear in AB = 0,01768 lq.
" " in BB' = (0.0176840.00636) = 0.02404 1b.
" " in B'A' = (01768-.00000) = 0.01768 1b.

Homent in AB and A'B' = 0.01768X8 = 0.14144 ft. 1b.
" " BB' = 0.02404X9 = 0.2163¢ ft. 1lb.

A " ocolumns A and A' = 0.14144 ft. 1b.

" " " B and B' = 0.35780 ft. 1b.
The direct stress in the rcof beams are:
AB = (1-0.14144) = -0.8b6856 1u.
AB' = (0.85856-0.35780) = +#0.50076 1b.

B'AY = (0.50076-0.35780) = #0.14296 1b.
With these constants found, the stresses in the columng and
girders are readily solved. Thus the shear in column A and A' of
the tenth story is 0.14144X3350 = 47 1lbs., for B and B' is 0.35780X

330 = 118 1lbs. The moment in column 4 and A' is then = 7X47 =

329 ft. 1lbs., and for columns B and B' = 7X118 = 826 ft. lbs. The

direct stress in columns 4 and A' = 0,01768X2310 = 41 1lbs., and
that for B and B' = 0.00636X2310 = 15 lbs. The vertical shear in
girders AB and A'B' = the direct stress of column & and A', while
that for BB' = vertical shear of 4B plus the direct stress of
column B which is 41-15 = 56 1lbs. Similarly the other stresses
are obtained.

Inspection of the resulting direct column stresses will im-

mediately reveal the eccnomy of this methocd. It will be noted

that the column moments are quite less than that obtained by the

(29)



slope deflection method, thereby resulting a saving of ma-
terial in regard to bracing and connections. This difference
in the column moment and direct stressés are due wholly to the
difference in assumption of the point of contraflexure at the
columns and girders by these twc methods. The resulting stres-
ses will have closer agreement had the stiffnesses of the
columns and girders as used in tne slope deflection been taken

equal,

(30)



CANT/L EVER METHOD
S VATAM L 7‘)?/6144( TEN-STORY BENT

X (Fr19.3) N e
250 Y ) 1
o 3z8 >
= 283 &as) 225
W= 330 %v} 27 RQ /8 :3@ VL4 N 47
H20 \l \l N 5
(/—3?/2 (/_635 1072
~ 3) 2/0) e
EW= 75D Q% /06 Mol 260 e 26é59)NR /06
S t\t\ oty ———— %\o Q %% T g %\ iy
et o | IR R R S R
! ! i
320 ;
a2 /7OF 2670 /) TOF
2 NEPESEZETI N =/96) N3 =60) oD
Fpode SR eyt T NR e T 4k 705557 oyl r67
ar=2/960 N7 NI Q N NN
330 ) N\ e
% 2240 Fgz20 Z2z40
e I e TN P T (e %g 5357°) NY| z,2
pr=s7800 N[ & NN S ane TN Ne
SR 'nl R ?J Y mf Ny
5 2856 2378 2856
Feot oo | £309) §§ 55789 N8| £ 577 & o
wm=s57960 QX W W0 R & W
B ol agb RS R Eh N A
360 ' G
% 12;64’%Q e FE6F
Sw- 2220 %Q i [N 795(5:;‘”) §.‘Q oss 0 3\% T
M= 82720 NN § v A Y 21
360" wl & k!
2% F080 6228 FI 72
S| L Cwo DR N
- 2580 Q% af”v)§§ 22577 NR| 2:57% §§ 365
Ar=ss0270 | N RSN N O NN N
N %l ) %1 0 % Y
390 | % SR
S gy
- ~/96) & .
Fw=2970 XS| 7z §& /063 3| s062” 32 | Fz/
I1=187570 NN Y > S JarT T E 6 kg
3 9§ N Y N DN n N
Sl e
5 & 808 JOF/3 6808
NS €386 ~ €225 ~ CE642) A~
Sw= 3. N Nh Nk\ RN
A2 O Q¥ LEZ oy /<< oyg| 224 Nw| “FEZ
M=r95660 MM Q NAB ) ) I . e
LS 9 o R Sl
E872 /3502 8872
a C#37) C23¢) = R
ZHW= 7930 NQ\O ST QQ /o7 '“Q /FO7 N'“QO‘ S5T
r=-258390 Oy by 4 e
3 B NN oy
3 3 ok 2%
T 7 — Ve '’ -JL- s v
—— 6L e L8 " = 60

AT ONTEN TS N FOOT POLNDS LS /3572
LEGEND LIRECT CONLPRE SS/ON I POLUNAS 7/US. (-2.52)
Ly RLECT TENS/IQV NV APOUMLS 7/7US, (F/6422 )
(37)




CHAPTER IV
CANTILEVER METHOD

SYLIIETRICAL B3ENT WITH UPPER STORIES SET BaCK

The bent is shown in fig. 6, with the upper five stories
of bent set back. The analysis for wind stresses for these
stories were made similisr to that menticned in the preceding
chapter. Since the same wind pressure as well as the same di-
‘mension were used, the constant of fig. 2 thus applies here.
The stresses for these upper five stories are taken directly
from fig. 2.

Now by the use of fig. 4 below, the direct stress at the
sixth floor line will be calculated and carry down the columns

immediately below as reactions.
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(fig. 4)

The vertical shear in the oth. floor beams are for 4B, the
direct stress in coclumn 2 at the 6th. floor line, minus the di-
rect stress in the same column at the 6th. story, or (1223-1025)

= 198, For beam BB' it is equal toc the algebraic sum of the di-
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rect stresses in the same columns at the 6th., story, or (1223+
4391)~(1025-378) = 259, and that for A'B' is the same as 4B
The moment in the 6th. floor beams are 198X8 = 1584 ft.
1bs. for beams i3 and A'B'; and equal to 259XY = 2331 ft. 1lbs.
for beam BB', These are the moments necessary tc balapce the
moments in the 6th. story column.
The constant factors are next determine for the bent be-

low the 6th. floor as shown in fig. 5 below.
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Assume a horizontal load of one pound applied at the 6th.
floor line of figure above and assume point of inflection of
the columns to be one foot below the 6th. floor line. The total
wind load is then one pound and a unit overturning moment in
foot-pound.

The center of gravity coincides with the center line as the
bent is symmetrical., Assume the cross-sectional areas of columns

to be all equal. Then I =/1(9)°+ 1(25)°# 1(41)/2 = 4774 £t7



Direct stress in columns A and A' = 1X25 = .00523 1b.
i kK i " B and B' = %§34 = 0.00188 1b.
4774
B " & " C and C' = 1X41 = .00858 1b.
. 4774
Vertical shear in CA = 0.00858 1lb,
< & " AB = (.00858+,00523) = 0.01381
" o " BB'' =z (.00858#.005623~-.00188) = 0.01569
" " " B'A' = (.0085+.,00523+.00188-.00188)= 0.01381
& i " A'C' - 0.00858
Moment in CA and C'A' = 8X0,00858 = 0.06864 ft. 1b.
" " AB and B'A' = 8X.,01374 = 0.11048
o " BB' = 9X.01569 = 0.14121
Lioments in columns C and C' = 0,06864
. % 7 A and A' = (.06864+.11048) = 0.17912
" " " B and B' = (.11048+,14121) = 0.25169
Horizontal shear in columns C and C' = 0.06864 1b.
. " o i A and a' = 0.17912
o o " W B and B' = 0,25169
Direct stresses in beam:
AC = (1.0000~-.068€4) = 0.93136
AB = (.93136-.17912) = 0.75224
BB' = (.75224-.25169) = 0.50055
BTA' = (0.500565-0.25169) = 0.24886
A'C' = (0.24886-0.17912) = 0.06974

The resulting stresses i
bent are shown in fig. 6.
floor are for C and C' = #162

and for B and 3' = #796 1lbs,

n the columns and girders of the

The direct column stress in the first

5 lbs., for A and A' = 22214 1bs.,
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CHAPTER V
PORTAL METHOD
SYMMETRICAL BENT WITH UPPER STORIES SET BACK

For symmetrical bent with equal bays, the Portal method
possesses a unique feature in that the interior columns of the
bent will not be subjected to direct stress. Since the bent
under consideration are of unequal width, the moment in the
joints will not balance. Therefore, in order to overcome this
complication, use is made of the solution as propcsed by Pro-
fesscr Smith. The scheme utilized is outline here in general
as follows:

The four columns with their girders which form the bent of
the upper five stories are assumed sc three separate portals
with a load of 1/5 pound applied at each joint. The horizcntal
shear in each column of each portal is equal to one-sixth of a
pound. The moment in each column a unit distance below the

joint is one foot pound and is shown in fig. 7 below,

Y
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~— 6L /&L g L e /6 20 L
(fig. 7)

The direct stress in columns 4 and B of the first portal

and the columns A' and B' 0f the third portal = 1X0.333% cor
16
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0.0208 1lbs. The direct stress in columns B and B' of the se-
cond pertal - 1X0.8333 or 0.0185 lbs.

The verticallghear in the girders of each portal equals
the direct stress in its respective columns which are 0.0208,
0.0185 and 0,0208 1bs. for 4B, BB' and B'A' respectively.

The moment for girders are 8X.0208 = 0.l666 ft. 1lb. for
AB; 9X.0185 = 0.l666, for girder BB'; and 8X0,0208 = 0.1666 for
BYA'Y,

These stresses are then combined alzebrically to be used

as the constants for the upper five stories of the bent. The

resulting stresses thus combined are shown in fig. 8 below:
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(fig. 8)

The direct stress for coclumns A and A' remained the same;
but for column 3' = -0.C208+0.0185 = -C.0023 1lb. and for column
B = #0,0208-0.,0185 = »0.0023 1lb.

The direct stress for 4B = 1.00-0,.,1667 = 0.,8333 1lb.,; for

BB' = 1.00-0.1667-0.3333 = 5.000 1lb.; and for 3'A' = 1.00-0.1667
~0.3333-0,3333 = 0.1666 lhu.
The moments and vertical shears for the beams remained the

same after combining. The moment for columns B and B' a 0.1667#

C.1666 = 00,3333 and for columns 4 and A' it is the szme as before.

(87)



Having these constants, the bent is mechanically solved
and the resulting stresses are shown in fig. 1l1l. Starting with
the fifth story, a new set of constants are obtained by means
of fig. 9.

The proceedure in obtaining these constants is precisely
that outlined above. Referring to fig. 9, the six columns with
their girders are considered as five portals; therefore, the
wind load at each portal is 0.2 1lb, applied at the joint. The

shear in the columns of all portals are 0.10 1lb.
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The direct stress in the columns of all portals excepting

0.0125 1b, The direct stress for

the center one is 0,20
6
column B and B' = 0,20

18

The vertical shear in each portal equals its respective

0.0111 1b.

column direct stress which is 0,011l 1b. for BB' and 0,0125 1b.
for the other girders.

These portals stresses are then combined by adding alge-
braically the results shown in the above figure from which the

constants are obtained for fig. 10 below:
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This algebriac summation is carried out exactly as be-
ore mentioned., Then before proceeding to apply these con-
stants to the bent, it is necessary to calculate the over-
turning moment at the floor of the sixth story from which the
direct stress at the floor line may be carried down the cclumns
of the floor immediately below as reaction. This is explained
in detail in the cantilever method and will not be repeated
here.

The final stresses are shown in fig. 11; the direct stress
at the first floor columns are for C and C' -z 2366 lbs., for

A and A* is #1438 lbs.,, and for B and B' it is 424 1lbs.
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PORTAL METIOD

WINOD STRESS ANILYS/S
SYMMETRICAL TEN- STORY SET BACK BENT
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MODIFIED PORTAL METHOD

In order to retain one of the features of the Portal
method, the writer has slightly modify thé assumption to
arrive at this desired result. The assumption as modified
here being to assume the shear as distributed in proportion
to the unit volume of each bay in the bent and not equally
among the bays irrespectively of its width. The basis for
this assumption may be erratic in character, nevertheless,
the stresses obtained will not differ greatly from that of
the Portal method. In the design, the wind load is assumed
to act on the total surface of the building in the windward
side, but it must be remembered that the building is not a
surface, and that the wind could blow in any directicn; thus
under these circumstances, the above ascumption is justified.

The procedure of calculation of the stresses is exactly
as outlined for the Cantilever and Portel methods. The only
step which need to be mentioned here will be the distribution
of the columns shears. Thus for columns A and A' the shear is
1/2 X 16/50 X 330 = 53 lbs. and for columns B and B' the shear
is 1/2(18/50 + 16/50)330 = 112 1lbs. from which the respective
moments are 7X53 or 371 ft. 1lbs. and 7X112 or 784 ft. 1lbs. Pro-
ceeding from here, the shearing and compressive stress for the
girders are obtained as mentioned in the previous chapters.

The resulting stresses are shown in fig. 11l-A., For this

particular bent, there is hardly any variation in the results



obtained, but for bents with outer bayers whose width are pro-
portionately greater than the center bay, the moments in the

outer columns will be greater than that got by the original

portal method and vice versa.
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CHAPTER VI
CONTINUOUS HAUNCH BEAMS

Haunched beams have recently come into extensive use
because it offers two essential features not characterized by
ordinary straight beams; namely, the artistic appearance it
presents to the structure and the relative economy of material.
This reduction of material at tne center reduces the moment
due to dead load of the girder, and in effect to decrease the
moment at the center while increasing the negative moments at
the supports. Since such beams occur in building frames very
frequently, the writer in this connection have chosen such a
continuous beam over four supports to illustrate the possible
economy in material as required by the calculations of the
slope deflection method and that of the moment distribution
method. The columns which suppose to form tae frame work are
purposely omitted and substitute for it with simple supports.

The general slope deflection equations used for the cal-

culation of the moments are: (1) for uniform loadings:

M, = AE I, (BO, »C8, =3L) +CF
7
M,= AR I. (36, #C6;, -5)-CF

b

and (2) for concentrated 1

o

ads, the term F in the above equation
is replaced by = DsPL and = D.P¢, where D, and D,are coefficients
depending upon the position of the concentrated load P. A, B,
and C ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>