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GRAPHICAL CONSTRUCTION OF THE BALCONY STEPPING B& "The Isacoustic curve"

The slope of the Balcony and height of the Steppings shall first
be considered, so ﬁhat the steel used in the construction of the balcony
may be designed accordingly.

When "setting up" the sections of the Parquette circle or balcony
in the theater, it is desirable to sight from the eye level of the spec-
tator, which will be considered as 4 feet 2 inches from the floor when
the spectator is seated, (and 4 feet 10 inches to 5 feet when standing).
The theoretical principles used when fixing the heights of the steppings
uupon which the seats are placed are as follows:

A point is fixed on the curtain line 4 feet below the stage level,
and from this point, after the distance from the stage, the stepping,
and the floor level is placed, set up the spectator's eyes 4 feet 2 inches
above thg floor, vertical with the back rail of the.seat. Now from the
4 feet point on the curtain line, & line should be drawn cutting through
the eye of the spectator in the first row, and produced until it cuts
a vertical line set up at the back of the second row. Then from the
point where the vertical and radial lines intersect 3 inches is measured
up and that point gives the eye level of the second row., From the point
: below the stage, a line is drawn through the eye level of the second
row, and produced until it intersects the vertical line set ﬁp at t?e
back of the third row, and from that point again meé;ured‘up é inches
for each row, and from each eye level, measured dowp 4 feet 2 inches
will give the floor level for each stepping.

After getting the heights of the stepping in this way, the nosings
are not tangent to a straight line, but to a concave curve, and the
steppings are nok equal in height but become steeper és they recede from
the stage. This curve has been named "the isacoustic’ or equal Hearing

curve, and'is a réfinement seldom practiced. Thus each row of spectators
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Mathematical Computations of Balcony Seating

To find a mathematical equation by which the height and difference
in height of the balcony steps (i.e. seating of the balcony) may be
expressed exactly +to conform to the sight lines as drawn. That is, the
line of sight of each person is 3" above that of the person occupying

the seat directly ahead.

JKLTEH &F JicHT LiNEs
NOT DRAWN T0 SCALE

L = 431 2"\= 518"

h = 15! from
AT T e

a = 34" drawing

e = 3"

Each step (platform) is measured down a constant distance (50")
from the line of sight (or eye) of the person seated. Therefore the
height of each step; step 2 = e4 a tan 1; step 3 = ¢ + a tan 2; etc.

= 15t 4 7" + 41 2*

e
P
L

19 9" = 237"

= o
P
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ho ®= hy+ e +atanl

o
W]
i

=h24+ e+ a tan 2

tan 1 = hy = 19,75 = 4575
T 23.1666

etalan 2 |etatan s

e+az’an/



2. F

tan 2 = hy = hy + e +a tan 1 = 237 + 3 4 34(.4575) = 237 +3 + 15,58
Do = hy (.4 2 15,
7Y OO 43.16667 + 34" 518" F 34"

= 255,55 = ,4625
e
tan 3 = hz = h, +e ja tam 2 = 255,55 + 3 +34(.4625) = 258,55 + 15,71
IFEEA T+ 2 518 + 68 586

= 274.26 = ,468
588

tan 4 = h, = h;+e +a tan 3 = 274,26 + 3 + 34(.468) = 277.26 + 15.9
L + 3a L + 3a 620 620

= 293,16 = ,473
620

The height of the first step being taken as zero, because the first
row of seats are to be placed on the floor level of the Balcony directly
back of the rail, the height of the following steps up to the first aisle

are given,

Height of steps up to first aisle: Difference in Height
e+ a tan 1 = .3+ 34(.4575) = 3 + 15,55 = 18,55" of steps to first aisle.
o +a tan 2 T 3+ 34(.4625) = 3+ 15.71 = 18.71" .iZZu
© +a tan 3 = 3 + 34(.468) = 3+ 15,9 = 13,9"

: : ———————— »200"

e+ a tan 4 = 3+ 34(.473) = 3 + 16.10 = 19,10"

These figures give us the correct difference in height to 3 places
of the first 4 rows of seats - which brings us to the first aisle.
That is, each step increases by a small amount above the height of the:
preceeding step. The inerement of difference in height changes so slowly
for the first few steps that for the first 3 places it remains almost
the same. The total difference of the first 4 steps to be taken as
55" (counting the balcony floor level as step 1).

Now starting from the first aisle, to find the height of the steps

up to the second aisle,
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Using h1 for the steps above the first aisle (as shown on the
graphic diagram sheet ). a' = gisle width = 3! 10" = 46"

hi = h4-+ el tan 4+ (e+a tan 4) = 293,16+46 (.,473)+ 3 +34(.473)

= 293,16421,78 +19.,1 = 334,04"
L* = 12 x 58,333 = 700"

tan 1 = hi = 334,04 = ,477
v 700

tan 2 = hy! = hiY%e4a tan 1 = 334,04+3+34(.477)
L% e " 53,555 +34 700 + 34

= 337,044+ 16,22 = 353,26 = ,482
734 734

tan 3 = hy! = hy'+e+a tan 2 = 352,811+3 +34(,482)

L% 2a L'} 2a : 700 68
= 355,81416,35 = 372,81 = ,4855
768 768
ten 4 = h,' = h,'+e+a tan 3 = 572.61+3 +34 (,4855)
L% I+ 3a 190 A0
= 375.61116,56 = 392,11 = .4895

802 802

ten 6 = hg' = h,'+ e+a tan 4 = 392,11+5+34(,4895)
LT+ 4a L'+ 4a 700 136

= 395,11+16,63 = 411,74 = ,493
836 856

tan 6 = hg' = hg'+ ota tan 5 & 411,74 43 +34(.495)
L%%a — 1¥}5a 700+ 170

= 414.74;%16.75 = 431,49 = ,497
870 870

tan 7 = hy' 4 he't e {a tan 6 = 431,49 +3+34(.497)
LY €a L'+ 6a 700 +204

= 434,49+ 16,9 » 451,39 = ,5008
904 904

tan 8 = hg? « h,'teta tan 7 = 451,49+ 3+ 34(,5006)

Y% 7a LY¥ Ta 00+ 258

= 454,491 17,02 = 471,51 = ,504
938 938
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Again, considering the first step above the aisle as zero height.

Height of steps starting with the Difference in height
~second step above the first aisle. of steps.
e+ atanl = 3 + 16,2 = 19.2 inches. - 15"
e +a tan 2 = 3 + 16,35 = 19,35 inches. <
G s abentEEd e O IR dnakish. e .15"
o mnt=3t s s, . e
-------------- +18"
@+ a tan.b 2 3+ 16,77 = 19.77 inches. 2
il knicirmavaer e e .13"
s sttt e 0 0 .12"
$) i tun b= 84170 2018 basbew, - s ‘11"
«93

Thié gives the correct difference, to 3 places, of the heights of
the steppings from the first to the second aisle., A total of approxim-
ately 93 inches in 8 steps.

Starting again above the second aisle: The first step taken as
zero heitht.

Use hy" for the steps above the second aisle.
h," = hg' + a tan 8 + (e +a tan 8) = 472 + 46(.504) + (8 + 34(.504)
T 472+ 23.15 + 20.1 = 515.25"

741t = gog" (see graphic diagram sheet )

e
n

515.25 = .578
894 ¢

et

o

tn
Py
1}
q?;
1

tan 2 = ho'" = h"4 e+ a tan 1 = 515.25 + 3 +34(.578) = 518.25 + 19.65
L'+ a 894 + 34 928 928

tan 3 = hz" = hl+-e +a tan 2 = 537.9 + 3 +34(.580) = 540,9 + 19,7
L™+ 2a 894 4 68 962 962

Z 56046 = 584
962




tan 4 © hg" = h." 4 e 4 a tan 3 T 560.6 + 3 + 34(.584) = 563.6 + 19.84
L™+ 3a 894 + 102 996 996

= 583.44 = ,586
996

tan 5 = hg' = hy"+ e +a tan 4 = 585.44 + 3 + 34(.586) = 586444 + 19.9
L"3-Za 894 + 136 1030 1030

= 606.34 = ,589
1030

tan 6 = h." = hg"+ e+ a tan 5 = 606434 + 3 + 34(,589) = 609.34 + 20
L™ +5a L+ Ba 884 + 170 1064

= 622,34 = ,59
1064

tan 7 = h," =hg"+ e + a tan 6 = 629,34 + 3+ 34(.59) = 632.34 + 20,10
L" ¥ 6a L™+ 6a 1098 1098

= 6b2.44 = ,595
1098

Starting with the second step above the secohd aisle.

Height of steps abowe the second Difference in heights
Aisle of steps.
e+ atanl = 3 +19.65 = 22,65 inches.
_______________ o
e +atan 2 = 3 + 19,756 & 22,75 inches.
_______________ Jog"
e+ atan 3 =3 + 19,84 = 22,84 inches.
RE ORI ol Y e s e e B e BT el el .09"
e+ a tan 4 = 3+ 19.93 = 22,93 inches.
_______________ 08"
e+ a tan 56 = 3 + 20,1 = 23,1 inches.
--------------- BT
e+ a tan 6 = 3 +20,17 = 23.17 inches. E
............... LoB"
e +a tan 7 = 8+ 20.221 = 23.221 inches. s
.481"

The height of the last step at the top of the balcony stepping
= 23.22"

The first step after each aisle has been omitted in finding the
difference in the heights of steppings in each case because of the
difference in the value a (or width of aisle) for this stepping:

a!' = 3' 10" = 46" Using the same angle as for the steps: preceding

the aisle, the height of the stepping following the first aisle



Height of step following the second aisle.

Using the same angle as for the step preceding the aisle.
= a' tan 8 = 46(.504) = 23.15"

To find the distance of the curve, drawn tangent to the nosing
of the steppings,-above”a straight line drawn from a point 2 ft. in
front of the stage at the orchestra floor level and tangent to the n
nosing of the first step (see graphical diagram sheet )e All the
increases in heights of steppings must be summed up.

Thus, starting at the toe of the balcony and the first step, if the
additional height of the first step be denoted by (a), the additional
height of the second above the first by (b), the third above the second
by (¢), ete. Then the total height of the last step above the previous-
ly mentioned tangen£ straight line will be a 4 (a4 b) +(a+ b +c)t

--------- + (a + b¥---- +n). lumerically: from my calculations.
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2nd
3rd
4+th

585th

6th

7th

8th

9th
10th
1lth
12th
13th
14th

15th

16th
17th
18th
19th
20th

21st

step
step
step
step

step

step

step
step
step
step
step
step
step
step

step

step
step
step
step
step

step

rise
rise
rise
rise

rise

rise

rise
rise
rise

rise

rise

rise
rise
rise

rise

rise
rise
rise
rise
rise

rise

+16

.16 +.
38 F
51 +

W71 +
291 +

1.01 +
1,16 +
1.31 +
l.44 4
1.58 +
1.71 +
1.83 +
1.94 +

2,05 +

4,30 +
4,40 +
4,49 +
4458 +
4,66 +

4,73 ¥

«16
.19
«20

«20

«10

.15
.15
.14
«13
.13
012
o1l
.11

2425

.10
.09
«09
.08
.07

«06

(the same angle being used
for the aisle step as for
the preceding step).

(change in height of step
preceding and 2nd follow-
ing the aisle).

(step followiﬁg aisle).

(change in height of step
preceding and 2nd step
following aisle).

1

/0

inches

"

.16
32
51
.71

21

1.01

l.18

1.31

1.45

1.58
1.71
1.83
1.94
2,05

4.30

4.40
4,49
4.58
4.66
4,73

4.78

48,59"
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Thus,the rear of the balcony has increased in height 48.59 = 4! 59"
due to the isacoustic curvature. In this design 3" has been used for
the rise of sight lines of one row of spectators above the other.

This is less than the amount generally used in working a balcony problem
on this basisy 6 inches being the usual difference used in heights of
sight lines for large theaters. But in order that the rise of the

rear of the balcony would not be so great as to make the height of

this bu%lding out of proportion with its width, an amount of 3" has
been used merely to whow the calculations and procedure for a refine-
ment of this type.

In this case I have found that at the Girder supported by the
columns, (whiéh comes under the 12th step), the isacoustic curve is
12.66 inches above the straight line drawn parallel to the first step

nosing. This will be used later in the design of the step frame work.

All computations have been made with a slide rule, tﬁerefore the

figures to several places of decimals may not be entirely accurate.

A plan of the balcony framing will now be laid out and the necess-
ary beams, girders, and columns designed. The balcony floor slab will
be assumed in & depth but will not be actually figured. The process
of floor slab design will be taken up later in calculationé for the
Mezzanine floor.

In designing the balcony'Stringer beams, their lengths haye been
scaled from the Balcony Plan., That is, the lengths hsed in:the design
are the projections of the actual lengths on a horizontal plane. This
has been compensated for by using a live load of 125%/ sq. fH. of

horizontal area. Otherwise a load of 100f/ sq. ft. would have been used.






CALCULATIONS FOR LOADS ON STRINGER BEAMS

Loading:
Live Load of Balcony 125#/ sqe fte for small beams or stringers,
100#/ sq. ft. for large girders.
Balcony floor is to be of concrete slab construction. Assume the
weight of the floor to be 50}/ sq. ft. '
Weight per sq. fte for stringer beams = 125+ 50 = 175#/ sq. fte
The framing of the balcony is symmetrical, therefore only half the

stringer beams need to be figured.
3877/

beamla= 337 /7

SIZES FOR STRINGERS

!

20

Beam la

R ,=14205%

15t 10" x 20 x 175#/ sq. ft. : ‘
2
158,333 x 175

Load

27,750# = load on beam,

27750 = 1387.54/ ft.
e 3
From Carnegie tables - use 14" x 63" - 33{ C.B. Allowable load / ft.

Weight / fte

= 14304/ ft.
From direct computations

Max, M = WL = 28410 x 20 = 71025+ x 12 = 853,000"#

: 8 8
M =T = 853000 = 47.,4"3
2 T IE000

Use 14" x 63" - 33 C.B. I/Y = 47.8"8

Assuming the wt. on the Projection Room floor to be not greater
than the live load on the balcony floor. |
BEAM 5A

Uniform load = 175 x 95 = 1660f/"

Concentrated load at center = 14,205#

Max, M = 1660 x 15 5/6 x 15.5/6 14,205 x 15.5/6 = 52100 56,400
8
= 108,500

Use 16" - 45 C.B. I/Y = 73.8"%




BEAM 2K
/99007
Uniform load = 175 x (252 4_7.93) ; ;
/440777 & :
= 175 x 8,21 = 1,440}/ -
29%

Concentrated load at center

= 14205 , 1660 x 155 = 7100 + 12,860 = 19,900# approx.

2 2
EMRZ =90
Ry ® 1440 x 205 x 14F +19900 x 95 = 627500 +-189000 = 816500 = 27,6608
205 2945 29.5
'ZMRl =0
Rp = 1440 x 295 x 147 + 19900x 20 = 627500 4= 398000 = 1025500 = 347504
2946 29.5 2945

Max, Ms occurs at X = 27650 5 19,2t from left reaction.
1440
M. = 27650 x 19.2 - 1440 x i9.22 = 531,000 - 265000 = 266,000 t#
5, i

12 x 266,000 = I/Y = 177,5"3
—18000

Use 24" - 814 C.B. I/Y = 190.1"3
Checking- by taking the wt. of the beam into account,
Uniform load = 1440 + 81 = 15214/t
Ry = 27650 4 81 x 29.5 = 27650 -+ 1195 - 28,845
Max, M. occurs at X '228845 = 18,951
M 13 3
M. = 28,845 x 18,95 - 1521 x:EE%EE? = 547500 - 274000 = 273,500%

273,500 x 12 = I/Y = 182,0"3
18000

ih 24" ~ 814 C.B, 18 OK




BEAM 8A
Assuming 8A to support 2! of floor on each side of its center.
W =4 x 175 x 6.5 = 4550f w = 700/t

M ® WL = 4550 x 6.5 x 12 = 44,200"#
8 8

44200 = L/Y = 2,46
18000

Use 4" = f.?# I I/Y = 340

BEAM 7A
Assume TA to support approx. a 3 ft. width of floor slab.
Uniform load W = 3 x 175 x 15t = 78504 w = 5254/t

a #
; , 2315
Concentrated load = Reaction of 8A = 2275# = P

b 525%/

> MRg o,
Ry ® 2275 x 1147850 x 7.5 = 25000+ 58900 15" e
15 15 R, 2
= 83,900/ = 55804 Ry = 4,570f :
15
Maximum M, occurs at X = 5580 = 2275 = 525 x 4 = 1215 = 2,32
525 525
M, = 4920 x 6.32 - 2275 x 2.32- 525 x Bs32% = 15,475 x 12 = 185,500"#

185500 = I/Y = 10,3"3
18000

Use 7" = 17.5# I - e I/ = 11.1"°
BEAM 6A
Assume & uniform load of 3 ft. of floor slab & floor load.
= 3 x 175 = 5254/t

Supports 2 concentrated loads = Py = 4,570# Py = 1950/ (Assumed)

4570% =P, 1960 :
Ry = 4570 x 4,75 + 1950 x 1.5 4 (525 x 8.5) x 8.5 : Lis
| 8.5 3 o5 4
= = Ot R, = 5840i &% -
= 42525 = 5,140 2 R z g
Max. M. ocours at Py. M= 5140 x 3,76 - 525 x 3,76°
e S
T 19280 - 3620 = 15,660'# x 12 = 188,000"f# 188000 = I = 10,44"%
18000

Use 7" = 17.5{# I - beam I/Y = 11,1"S



BEAM 3A

76

3A will be designed to take the uniform load - the entire length

of the beam, also the 2 concentrated

loads from 8A and 6A.

Uniform load = 175 x 8.5 = 1490{/' 4 80/:/t (assumed wt. of beam)

Concentrated loads Pg, = 4550 = 22754

2
iMR2=O

—

= 15704

P =5 840#
6A s
’z gE"

<

1510/

sado”

PRBEE

Ry = 2275x25%5840x14+1570 x29 .64
; <

P

29.5 :
= 28,0004

= 822650
2945

Ro= 1570 x 29.5%2+5840 x 15.5 + 2275 x 4%

2.9
R, :

684000 4 90500 + 10230

294b

Max, M. occurs at X = 28,000 - 2275 = 1570 x 4.5

2945

26,5504

1570

58404

Maxs M. occurs underload Pgy =

26,560 x 14 - 1570 x TZ°
: P
218,000 x 12

M

2,620

I 2620000 = 146.5" >
Y 18000

vl =
11}

Use 24" - 70# Co Be I/Y = 161.6

BEAM 4A

1570

372000 - 154000 = 218000t

,000"#

nd

< 18665 = 11,9

Uniform load teken as 175 x 8.5 = 1490f/t over entire beam.

1 concentrated load Pgy = 5140f
Assumed wt. of beam = TO#/t

Rl = 1560 x 29.52' 5140 x 14
2

Total w = 1560#/t

R

, thﬁo*#
2905 ISI/Z, > 14_’ PRI S oo
=751900 = 25,500#
20,5 15607/
Ry = 25,640f 5 29Y; >
Max. M., occurs under the conkentrated load.
M. =25,500 x 15% - 1560 x 15.52 = 395,500 - 187500 = 208,000
b gl

1/y =2,500,000 = 139"° Use 21" -

ToNNN

67 C.B. I/x = 142"3

2,500,000"#



BEAM 3B
Carries a uniform load = 175 x 8.5 = 1490/t
Assume the wte of the beam = 65{/!
Total load W = 1565{/t x 255 & 39600
Use 14" =~ 58/ C. B. Allowable load = 40,1 kips,
BEAM 2B
Use same size as 3B.
BEAM 7B = 8B
Assune a uniform load = to the weight of 2! of floor 1oaa
on each side of the center,
w=4 x 175 = 700#/% of beam W = 700 x 11t = 7700f

Mo = WL = 7700 x 11 = 10,587 '4

e T

8 8
Use 6" = 12,5f I - Beam (American S,)

BEAM 4B

Assume 4B to carry only the concentrated loads imposed by

7B and 8B. - 38507 58507
' !
x i /¢ ) | 1
Assume wt, of beam to be 207,»-/-.2 %“457* ey 4&7{‘
M, = 4008 x 8 - 3850 x 35 - 20 x 8 S
2 /15" 1o
= 32064 - 13500 - 640 = 17,924'F |p _ ;03" Rk

Use 8" - 18.4# I - Beam (A. S.)

BEAM 6B

Assume 5B to support 4' of floor space plus the concentrated loads

of 7B and 8B,

Uniform load = 4 x 175 = 700f/t = w W = 700 x 1549 = 11083

P.p = 38501= Pgp ans0™ 38507
Assume wt. of beam = 307-/. : y '
. =4 o 47
M. = 9690 x 8 - 3850 x 3.5 - 730x8% _ .1%
# 'E ’,3-’10//
- 40,600!
; R,=9690™

Use 8" = 31# C.B.

R 767



BEAM 1B

Assume uniform load 1lst 10! from the right end of the beam

= 13100 e = T
= 175 x (8.5_+_15210 y = 176 x 12.25 21404/
Assume for the remaining 153! uniform load of
175 x (8.5 4 45y = 175 x 6.5 = 11407/t
ekl

Concentrated loads z Py = 9,690); P,p = 4,008
9690% too&*

P /0, \l

>{

TEAM S

=

T T T 77T 7 TES ™ I 777777 1)) 21 8 # 1T [T,
; "beam /B 30 l//

\ | X . \

| 5 i y i

& 257,

R,

-E.MRZ = 0

Ro

25% Ry = 9690 x 21+ 4008 x 10 + 1140 x 155 x 175+ 2140 x 10 x 6
480 x 7ELA
-

203500+ 40080 + 324000+ 107000 4+ 26000
25045

=)
s
1"

700580 = 27,450fF R, = 54840 - 27,450 = 27,3904
2645

=5}
-
]

Max., M. occurs at X = 27450 - 9690 - 1140 x 4% - 80 x 4%
1220

[0S
L)
n

= 27450 = 19770 = 7680 = 6.3' 6,3
1220 1220

Maxe Mo = 27450 x 10,8 = 9690 x 643 =~ 1140 x 10.87~ 80 x 10.8%
: 2 2

10.8! from left end of beam,

= 296500 - 132,160 = 164,340

Use 18" = 64} C. B.
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CANTILEVER BEAMS

CANTILEVERS 1C and 2C

Z et

Length of beam A = 5.5/cos 30° = 5.5 = 6%

: «866
Uniform load on A = 175 x 6.5 x 15'10" = 9100
R

Uniform load on B = 175 x 4% x

: S PACE DIAGRAM
15110" = 6300
1 j = / / !
Ry = 63005x57.75 = 8900} A, 5%
Ro = 6300 x 2,25 = 14204 ’
ey Rals iy b
The horizontal component of the¢ )0 |
| Eesu/#‘a;z‘ : i
force of Beam A = H = Ry x cot 30° ©39¢ 7%
= 8900 x 1,732 = 15,400f HHHJ HHH 20007 = R,
, : . SR
Maxe M. in B at R Y,
: L] 1 4/2 R‘=5900’”
= 6300 x 4,5 = 14,200 x 12 = 170,000"#
2 Forct D/agram For BEAm B
Try 2 = 7" - 9.8 channels
lioment caused by the weight of the channels
T 19.6 x 2.5 198 ' = 2380
e .
Total M. = 172,380"f# Allowable working stress S. m 18,000{/ sq.ine

s = MYL; r
B il ¥

In using 2 channels each channel is considered to take half the
stress, Therefore in finding the stress S, only the elements of one

channel will be used with half the maximum bending moment and half the

thrust H,
S - 86,190 x 3,5 7700 = 14350 +-27OO - 17,050%/ sge. ine
b5 B & 285

Which is under the allowable stress and the 2 - 7" - 9.8{f chamels will
be considered as satisfactory. : ‘
For Beam A in the diagram
Direct stress in A = Ry/sin 30* = 8900 = 17,8004

5

Max, M. of A = 9100 x 6,5 = 7400 x 12 = 88,900"#
il



s
BEAM 3C CANTILEVER
Length of beam A = 4.5/cos 30* = 4.5 = 5,2t
Uniform loa'.d on A = 5,2 x 8,5 x iggsa 77504
Uniform load on B = 175 x 45 x 8,5 = 68004 SPACE DIAGRAM

Ry = 6800 x 6.75 = 10,2004 r‘_ 4'/".1'
1 4.5 : s /

Ry = 6800 x 2.25 = 34004 . » ,
RS 9 e . 2 b

Thrust B z Ry x cot 30® = 10,200 x 1,732 '
. 9 o
= 17,7004 S,
" Max., M. of B = 6800 x 2,25 = 15,3001 I R

5 1490%77 H=17,7006%

= 184,000"#

1 ; . '
Try 2 = 7" = 9.8# channels rf—__— A%L 41 —_—_f*.
R,
T 2 : Forcr Diig
r+ K Allowable stress = 18000#/ sqe ine DingRAm.

Each channel takes half the total stress.
Therefore using half the moment and thrust for one channel
S = 92000 x 3,5 7 8850 = 15,250 + 3,100 = 18,300 #/ sq. ine
211 2.85
This value comes very near to the allowable stress, and is
therefore considered satisfactory.
CALCULATIONS FOR A
Direct pull on A = Ry/sin 30* = 10200 = 20,400f

Max, M, of A = 7750 x 5.2 = 50404 = 60500"#
jpae

Try 2-4" x 3" x 5/16" angles

Using one angle and half the Max. Moment and load to figure the

stress.

ST MY 4 P & 30250 x 1,26 | 10200 = 11200 4 4880
T Sed 2,09
= 16,080#/ sqe in. which is under the allowable and therefore ’

satisfactory,
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CANTILEVER 4C
The uniform load on A & B = 1490#/1
Length of A = 3.5 § cos 30° = 3.5 = 4.04!
Ry of B = esog x 5.75 = 11 176?}66
R, of B = 6800 x 2,25 = 4,370F - )
The Thrust H :.1521/ tan 30° .
2 11,150 = 19,300
5775 . r =

= Direct stress on B. -

I‘— L3/3 | 372,———}

SPACE DIAGRAM.
4

215,300 = 184,000"# Resoltant
=68 oOF
Try 2 - 7" - 12.5ff chanels
M. for whe of the channels ,/é//?n R,
[ 149077 yii
at R = 26 x T.0%z 265 >
o
= 3040"# . R,
i ; Forcr DIAGRAM.
Total M, = 187,440"# Allowable stress = 18,000#/ sq. in, = 8

S = MY 4 P Taking half the Max., Moment and half the load P and

A
using the values of 1 channel

§ = 98720 x 8.5 4 96500 = 13600+ 2700 = 16,300#/ sq. ine
24,1 3.58
Which is below the allowable stress & is therefore §atisfactory.

For Beam A in the diagram.

Direct pull on A = Rl/sin 30* = 11,160 = 22,300#

: e R
Max. M. of A = 1490 x Z,0Z%z 3040 '4# x 12 = 36,500"%
8
Try 2 - 4" x 3" x 2" angles.

Using the elements of 1 angle and half the calculated lMax, loment

and load.

S-MY P = 18,260 x 1.26 ; 11,150 -824o+ssoo-1484o/#/sq.m.
it i 2.8 + 1.69

This stress is much below the allowable but the angleé will be

considered OK in order to have the same size member as in 3C,
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Try 2-- 4" x 3 3/8" angles
Using the elements of one angle and half the Max, M. and

direot stress to figure the stress / sq. in.
S=MY_ P
s s

S = 44450 x 1,26 4 8900 ® 140004 3580 = 17,580#/ sq. in.
z 2 448

This is below the allowable stress and a more economic sec-
tion could be picked, but because of the fact that I am trying to
pick angles with the same length legs for each cantilever con-
struction, sSome of the sections chosen may be in excess of the
required size. Thus the 2 - 4" x 3"x 3/8" as chosen are preferable.

These angles for each cantilever are marked A in the figures,.
Their weight has not been considered in computing the bending
moment as it would be practically negligible.

BEAMS 1D
L = 3t = 3"
Load = 175 x 3 x 8.5 = 4460f
Use & 6" = 12,5/ A, S. I - beam
BEAMS 2D
L =7 Load = 1756 x 7 x 8.5 = 10,400#

Use 6" = 12,54 A, S, I - beam,



BEAMS C & C carry 2 concentrated loads only.
The loads will be figured from the plan’- lengths of beams and
loads taken to cover an area which is the horizontal projection of

the balcony slope. >

B=1mp0 B=/e3 50"
Py = 175(8' + 7/2') x 8.5' = 17,1004
, /2 Sendla 0/ o /
P, = 175(v.6+ 3/2) x 8.6 = 16,350% 4‘— /0 i G
\
bEAM C §C,
A =

Ry = 17,100 x 16 + 16,350 x 6 = 273,500 + 98,000 = 14,280#
26 26

Ry

Assume the wt. of the beam to be 60#/ sq. ft.

(17,1004 16,350) - 14,280 = 19,170#

Then Ry = 14,280 4 60 ; 26 = 15,0604

Ro = 19,170 + 780 = 19,950#
Max. M occurs under Pl

M = 15,060 x 10 - 60 x_1:_52 = 150,600 - 3000 = 153,600"#
T

For Beam C use an 18" - 57# CB Allowsble M = 156,450
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GIKDER A - COMPUTATLONS FOR DESIGN
EXACT METHOD ‘
13 500*; /7aoo*; L74é5;01 : ut?*; /9800% 198007
0 ; az 000 zZ5500
‘Z_E%* 2?50000?* .%'l /0 O #H /.{_’Z,GS';F' %W : _1’4_%/&000¢ 4'-5300 7 ’
' > el ! ! /i % . o ’ o
8%, &%; &%; 1% 1% 6%, Y3 dlg—
Y G
- -2 13 t4 2.90%/
33/ I.'” t
66’ 707 >
Max. M = 164,987 x 33 5/12 - 45,300 x 24 11/12 - 47,800 x 16 5/12

- 55,100 x 7 11/12 - 290 x §§:§Z§§Z
‘A :

5,510,000 - 1,131,000 - 789,000 - 440,000 - 97,300 =

= 36,640,000 "#

3,052,000 14

Max. chear = 164,9874# Allowable sheéring stress = 12,000 #/sq. ft.

164,987 = 15,70 sq. in. necessary to resist shear.
12,000

The web shall be designed to take the shear.
Choosing & thickness of web = ,375 uyepth of girder = 13.7 = 36.6"
315
Depth shall not be less than 1/15 of span = 1/15 x 802 = 5345

Thickness shall not be less than 1/160 of unsupported distance

between f'langes.

Use a 54" depth of web plate.

1/160 x 38.5 (assuming 8" x 6" angles to be used) = ,24°

Use 3/8" = .375" thickness
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For Flange Areas:
Me=SI  y=54 1/a%27.25" 5 = 18,000/;/sq.in.
A 2
I = 36,640,000 x 27.25 = 55,500"% necessary I
18,000
2 " . yL
I, , of 4 - 8" x 6" x 3/4 angles = 26,364,
: i
I,y of 54" x 3/8 Web plate = 1312.2 x 3/8" = 4,920.8
I;.7 of 4 - 5/8" x 14 5/8" plates & 2 - 1/2" x 14 3/8"
, .
plates = 1540 x 14 3/8 4-1229.2 x 14 3/8 = - 39,750,
. nd
71,034.8
Ve
14,
e
f»cn/4ﬂxc&§§z;
5 (9
Deductions for rivet holes in angles and plates:
3/4" rivets to be used .
2 holes - (.05583 x 1 7/8) 2 +2 (105 x 21.25 ) = 1,480.21
: 64
: SOk
2 holes - (.05583 x 1 1/8) 2+ 2 (105 x 24.25 ) = 1,930.21
64
' R LT
8 holes - (.94922 x 7/8) 8+ 8 (126 x 28,125 ) =~ 12,456.65
. 4 g E
15,867.07 "%

Net I = 71034.8 - 15867.,07 = 55,167.73"4
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Reductions for Rivet Holes in stiffeners:
Assume rivets in stiffeners at center of Girder to be max. spackd.

3845 = 6 rivets necessary in the stiffener.

5
I3-1 2 holes - 2(.05583 x 1 1/8) + 2(63 x 3%) = 18,00
64
I,_, 2 holes - 2(.05583 x 1 1/8) 4 2(63 x 9°) = 161.00
62
' o
I,.7 2 holes - 2(.063 + 2(63 x 15 ) = 448,00
64 '
727.00"*

55,16793=727.00 = 54,440,73 = I of net section at center of Girder.

The extreme fiber stress due to bending:

= 8 =My = 36,640,000 x 28,75 = 19,300//sq. in. which is above
T 54,400.73

the 18000#/sq. in. allowable strees, but because of using 100f/!
instead of 1254/' (see page: ) we will consider the girder o.k.
because 4/% of 19300 = lS,SOO#/%q. in., which is safe enough.
Weigh£ of Girderi4 - 8 x 6 x 3/4 angles = 135.2#/ b
Web and 6 plates = 154 /!

289,24/t = W, of Girder.

CALCULATIONS FOR LENGTH OF FLANGE PDATES

Moment of inertia about the neutral axis with the outside plate

removed top and bottom.

I, 0f 4- 8" x 6" x 3/4" angles = 26364.
I,y of 54 x 3/8" web plate = 4920.8
I,.q of 4 - 5/8" x 14 3/8" Plates = (1540.3 + 402.6)14 1/2 = 28200.

‘ | 59,484,8"4

Reductions for Rivet Holes:
/.

'3 :
I1 i for rivet holes of stiffener = 727.00’ from top of page



Il_1 for rivet holes in angle legs = 3410.42

I 4 : " in flange plates ~

=8 (.6667 x 7/8) 4 (1 3/4 x27.56 ) = 10604 .67
14742,1"%

59484.8 - 14742.1 = 44,742,7"* = I for net section

210,

/ ~ i
Nevfral axis _u_

The bending moment that the girder will resist with these two plaﬁesA',
off = M = 18,000 x 44,742,7 = 31}ioo,ooow#

The bending moment will be figured half way between each concen-
trated load starting at the left end. .

. g A :
164,987 x 8.5 - 160 x 4,26 = 700,650'# = 8,410,000"#
= e

My

: ‘ R ;

My = 164,987 x 12,75 - 45300 x 4.25 - 150 x 12,76 = 1,894,800
: : 2

= 22,700,000"#

; el
= 164,987 x 21.25 - 45300 x 12,75 - 47800 x 4.25 - 150 x 21,25

Mz =
2
= 2,795,500 = 33,550,000"# ;
M, = 164,987 x 29,56 - 45300 x 21 - 47800 x 12.5 - 55100 x 4 - 150 x 2946

2
= 3,035,500' = 36,400,000"#
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’

Moment of Inertia about the neutral axis - 2nd plate top and

bottom removed.

I,.7 of 4 angles = 26364.
I,_; of Web plate = 4920.8
I,_7 of 2 remaining flange plates = 1375,
' 32,669.8"%

D&ductions for rivet ﬁples:
Il-l for rivet holes of stiffeners = T27.00
510 : 4 . of angle légs S 3410.42
I, = 3 " of flange plates.

=8 (.21663 x 7/8) (77 x'§7TT§?) = 7130.00

11,267,42"%

32659.8 - 11,267.42 = 21,392.38"% I of net section.
S The bending moment which the girder will resist with the two outer

plates off of top and bottom of girder

= M = 18,000 x 21,392.38 = 13,800,000
. 27.875

The outer plates shall be cut off 14' from the ends of the girder.
The second plates shall be cut off 5' from the ends. The third plates

shall extend the entire length.

SPACING OF STIFFENERS:

S = 85t1/18,000 (&/V) - 1 = 85 x .375%/18,000 x 20,25 - 1
164,987

= 31.85 x 1,205 = 38.4"
Stiffeners shall be placed under each concentrated load.. :
V at first concentrated load = 164,987 - 45,300 - 290 x 8.5 = 117,2274¥

§ = 85tA/I8,000 x 20.256 - 1 = 31.85 x 2.1 = 67"
171,227
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Between support and lst concentrated load 2 stiffeners will be used.

Between loads 1 stiffener is sufficient.

Sizes of stiffeners under loads = 55,100 (largest load) = 3.7 sg. in.

15,000

(considered as short column) Use 2 - 3 1/2" x 3 1/2" x 5/§hangles on

each side of web.
Number of rivets necessary in stiffener angles under loads:®

Safe stress of 3/4" rivet=6750/ (bearing of 3/8" web governs)

45300 = 7 rivets 47800 = 8 rivets 55100 = 9 rivets
6750 6750 6750

14205 = 3 rivets
6750

END STIFFENERS
Rivets in End Stiffeners must resist 164,987F

164,987 = 25 - 3/4" rivets necessary.
8%50

Rivets - Number and sﬁacing fo fasten flange angles to web.
The longitudinal shear at supports must be figured
Plates and angles only considered.
i, figured at K, with 2 outer plates removed (top and‘bottom)

Mg of 2 angles = 19.88 x 26.69" @ = 511.0

M_ of plate = 14.5 x 5/8 x 27.562 = _249.5 Feallpea

TOTAL STATICAL M 760.5 .

Longitudinal shear = VMg 3 g
: i T 219, 2549

= 164,987 x 760 = 15600#/sq. in. x 3/8
21392.38 x .375

= 58504/" L

Rivet spacing between support and first

stiffener:

- = 5850 x 4 1/4 x 12 = 45 - 3/4" rivets
- 6750
necessary, placed in 2 rows

4,25 x 12 ® 2,22" spacing.
240




Mg with 1lst outer plate removed:

Mg of 1st plate = 14.5 x 5/8 x 28.187 = 249.5

Mg of other plates and angles = 760,5

1010.0 Statical M.
Longitudinal shear at first stiffener, 4.25' from support

= 164,987 - 290 x 4.25 x 1010 = 163,757 x 1010 = 3690i/"
44742,7 . 447427

Number of Rivets to center of distance between next 2 concentrated loads

= 3690 x 8,5 x 12 = 56 rivets in two rows.
6750

Spacing = 8.5 x 12 = 3.6" Use 29 rivets /'row, spaced 3.5" o.c.
28

Ms at a point midway between lst and 2nd concentrated loads:
= 12,75' from end of the beam, all plates on.
Mg of first plate = 14.5 x 1/2 x 28.747 = 208.5

Mg of 2 plates and angles =1010.0

1218.5 Total Mg

Longitudinal Shear = 68,187 x 1218.5 = 1500#/' of length.

55167.75
1500 x 8.5 x 12 = 23 rivets necessary in the next 8 1/2¢
6750 :
Spacing = 102 = 8 1/2" Use rivets in two rows max. spacing of 6"
; 12 to center of beam.
to

Longitudinal Shear between the plate and angles at the support:
Mg of Plgte = 249.5 from page"

S = 164,987 x 249.5 = 1920}/" of length.
21502 .58

for the first 4.25!

1920 x 4.25 x 12 = 9.3 rivets necessary in the plates 1lst 4 1/4!
10603 .

Spacing can be adjusted for convenience of riveting and punching

spaced not greater than 6"
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GIRDER A DESIGN WITH COLUMN 3 PPORTS

METHOD =-- THEOREM OF THREE MOMENTS

Girder is considered continuous over four supports.
Assumed weight of Girder = 290f/!
This is the correct design for Girder A to be used in the construction

of the balcony.

22450%  45300™  47800%  s5u00" 205 sspoc* 7800 453007 zagar
: ’
4 4
/ ’ ,/ 4 (4 ‘*'_//ZJ / & ’
8, 8%l 84 8 & A &%, &k
; it (g
P 4 1L pu
4 Vs 24 4 GrrbrLe  A-Z29d0%
: L, Ly s
wall ’ ’ ' IS 7 war
: 174
/Zﬁ 3 32 74i
dp| T D
A éi B E R
Y
\\ Ls \\

e

Using the THEOREM OF THREE MOMENTS for a continuous beam with
unequal spans, loads concentrated and not equally spaced, the em ation

becomes:
MyLy 4 2Mp(Ly+ Lz) + MLy, = Py(L, - a) + P'l(Ll»- at) +_P_1"(L
L ;3 ) &
1 1 1
===+ Po(Lp = b) + Pp'(Ly, = b') +§2"(L2 - b") 4 ----
h Yo 2 2
- P1ly(Ip - &) = P'Ly(Ig - a') = Py"Ly(Iy = a") = ===- = P,L,(Ip - D)
- PZ'LZ(LZ - b') - P“Lz(LZ - b“.) Nkt ey .
M. =0 M.=0 Beam is not fixed at the ends

A B :
The Moments and Reactions for the wt. of the Girder will be figured

¢ - 8 =



-

2

34 | e

later.
Using only the concentrated loads, the equations are, starting at

the support B:

0 + 2My(17 1/2 +—32){L.M032 47800(17 1/2 - 1/%).+ 45300(17 1/2 - 9)
: : B 1, 29 "17e5

55,100(32 - 8) 4 14205(52 - 16) 4 55,100(32 - 24)
+ =5 32 . o

- 47800 x 17.5(17 1/2 - 1/2) - 45300 x 17.5(17 1/2 - 9)
- 55100 x 32(32 - 8) - 14205 x 52(32 - 16) - 55100 x 32(32 - 24)
99Ny } B2M, = 46500 + 22620 + 41400 + 7102 + 13800 - 14,250,000

- 750,000 - 28,200,000 - 3640,000 - 14,120,000

(1) 99, + 3214, = 131,402 - 66,960,000 = -66,828,600
Setting up_the equation from the support C (or r')

B{BLZ + 21‘&0(]’.&2-’— L3)+ .MDLS _2(L2 - a) + '(Lz o a') + -----

Lz

+_§?(L3 - b).+-%5'(L3 - b') 4 =—-m- - Ppla(ly - a) - Py'Lo(Ly-at)
3 3 ,

-l ———— - PS'LS(LS - b') - m—m——- .

Substituting values:

52M37+-99Mc—k 0= SSé;OO(SZ - 8)-+—145205(52 - 18) 4 553;00\52 = 24)

47 800(17 1/2 - 1/2)_ 45,300(17 1/2 - 9) - 55,100 x 32(32 - 8)
i B 24 3 75

- 14205 x 32(32 - 16) - 55,100 x 32(32 - 24) - 47,800 x 17 1/2(17% - %)
- 45300 x 17 1/2(17 1/2 - 9).

ssz 4 991, ¥ 41400 4 7102 + 13800+ 46500 —+ 22620 - 28,200,000

- 3,640,000 - 14,120,000 - 14,250,000 - 6,750,000 = 131,402

- 66,960,000

(2) 32M, 4 99M, = -66,828,600
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Solving simultaneously (1) and (2)

Mult. (1) by 99 9801y +-3168M; =~ -6,610,000,000

Mult. (2) by 32 102411, 4 3168l = -2,140,000,000

8777y = =4,470,000,000

Mg = -610,000'# = - 6,120,000"#

M

- 66,828,600 4+ 510,000 x 32 = - 50,528,600

: 99 99

Mg = - 510,000'# = - 6,120,000"

To Determine the Reactions, knowing the moments at supports.

Since the Girder is symmetrical

H # :
R ARG R, = Ry Z2b80 ‘,Lﬁw 478 00*
!
" A section is taken just to the left &y &z
| ' |
of Be X hAb
Vg is unknowg My is known = C .
- 510,000'# D Ve
-\

M around any pt. must = O.
3 £ DLCTION Yo LirT O R
With center of Moments at K.

17 1/2 Ry + 510,000 = 22,650 x 17 1/2 4 45,300 x 9 + 47,800 x 1/2
17.6 Ry = 396,500 + 407,500 + 23,900 - 510,000 = 827,900 - 510,000

R, = 317,900 = 18,1505 = Ry
17.0

R, +R3 = 310,544 - 18,150 x 2 = 310,544 - 36,300 = 274,244

Ry = 137,1224 = R4

THE MOMENTS & REACTIONS FOR THE WEIGHT OF THE GIRDER

Assumed to be 2904/

Three moment equation for a uniform load.

3 3
ML+ 2Mp(Ly + L) +Mgly & -W;1q - Wlp My =0, Mp=20




tarting st Be |
o+ By 38+ 32)+ %’*M‘m

{1) D8l -+ S2Eg ® 350,000 = 286,000 ® - 2,751,000
Pror G

gyt gl + 1) + gty ® = Kgls” - Eka”

(2) s2u,+ 00M,+ O % = 2,575,000 = m,mm-z‘mm
WM

Bulte (2) by 82

Wl n,t mwmagtm

g,:; 3 40 300 I%#m - 5e

gl+g‘tm;ﬁulﬁt:z!'w~m*%m

i diina |
mgnug#-m-smew =mm‘$
Total By ¥ By ¥ 18,1350 + 1360 = 19,5004
Total By ¥ By ® 157,12C + 0360 = 15,4720

q,,‘:o#, w-"_ of}qur‘ler

IRoc™ LSSiodt.
o | =2

&l/zf : O/z,‘_"“ o

—— e—

Section-p Giapra

oo el

= #
k‘lz 17’500# RZ" ’45’4720
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Hy % 19,600 x 38.6 + MG,472 = 16 = 22,660 x 556 = 45,500 x 26 -
= 47,000 x 0.5 = 56,100 = 8 = 9,720 x 10.96
¥ 556,000 T 2,580,000 = 760,000 = 1,150,000 =~ 766,000 = 441,000
= 163,000 ¥ 2,084,000 = 5,200,000 » 276,000'F = = 3,310,000
The lomont over the supports Ky and Iy is the controlling momont
= « 530,800%¢
FOR OIRONR A -~ USE A §8" 226) CJB. Soctien
Alloweblo X ® 577,060%)
shich 45 @ mooh Mghter seoticn than thet nsoumed in oaloulations.



CONPUTATIONS FOH DESION OF GIRIDER B

38

A

/9p 50" /995
/9800™ /98007 27375¢ 21390 19 &co# /9800%
200%* 2236 . Jlstoc” = /5600 307 5200%
25000%  32030% 429907 /4000 42990 220 30% 25000
! ! A ! ’ I ’ '
8% &%, &%, 3 &' &l &% &%
[ Y
2&3’ ’_I QieDpED B 550#% assomed .,
’
T 617
25000
22030
19950
42990
00 0o
//ewo#‘

/1 700 =% Wt o /Gercr
728,670%. 14141 R,

bowss, cantlilicvers anl beano G and C.
fmxe Moment Ocours ot the Centor,

HE® 128,690 x 88 42 - 25,000 225 « 22,000 x 16 12 « 2,900 2 8

The Cirder is Linfted to o Dopth of §* # @0"  Decause of Ymelk of

- 19,050 = 10 3/8 = 4,510,000 = 625,000 « 304,000 « 544,000
- 230,000 = 4,810,000 - 1,563,000 S 2,767,000 & 38,200,000




Fron talles:
$flogoenglos " 248"x27/18" 4% 27 sg tn.

¥ shall not bo loss than 1/160 of h = =
| 1/260 = 46 32 ® 20° =

\ /3
Uoo 5/6" thickuoss & 375" |

Per o more eunct corputati
1% 5= 38200000 ; :

7

Length o neb pL
~N
o=

“w
i)
3

{

607”
h L

4 uu.-m 8" = 6" = 7/1¢
& » 8 12" 20,9764 o
4 Flange platos 18" = 1/2" = ainae , —

T

4, = 58 14" a,000"
1 veb plate 57 32" x 38°

¢ =ae" 5,000

. 9,00

4 Flange Biwets or holes 1" z1 34" 220 53/ = g2
2 b Holes 1"z138 =2y = 2008
2 Ueb Toles "=z13A ;aumtg"

69068 =~ 8966 * 50,202"% Dot I £ roquived I _
An extra 3/8° plate will bo placed on top end botton of center seotion.
1 =2 =~ Flange plates = 38" = 54" - 4y ¥ 60 12" ® 12,500°%



50,202 +12,500 * g2,000°4 = 3
sotual 78 of Cirdor 4 Flango englos 28 =6 = 179/16 808/
e " 3W333m S 1028 =
s * =wz3b " 89

1 Wob plate 68 x 5/8 ® 960 o
Gisdor Velght = 328.1 i/
HOPY DIAGRAN PO CUTTING OPP FLAIOB PLATRS

nétm.mnsw.-:saa%‘awﬁcm,mw
ﬂn-mm:n~mzm-m=g‘nmm~w
%tmzwwam:n-a:z,mu.hmxg.
A ® 2,623,200 ® 31,800,000
Hp ¥ 128,670 x 5545 = 26,000 = 2545 = 22,080 x 17 = 19,950 = 1046
-m,m:m-ueagaz,wm'mm”ﬁ
E‘SW,MzW-'ﬁm.x&tm-%,MzG-mtg

= 2, 426,300 * 20,100,000°

R red le ngth of Tap E[Q,‘c_szj:;' N
¥ ,c_l-ual le2olth of To p Plafes=29"
4 4 74
p By o
S \
Resiiked Jenath a2l Plate s> #1!
wl|” c%uZ/ [cngo/'h of 27 | Plafes = 43" e,
= 4 u
# 8 j; P=T. \
0 X =
§° v’- S ‘ ”
. & JcALE {1-10,000,009 " P
Shae :31 =
] 4|
3 = =
% 1 ! 1 1
-8 8l 3 8 8 Yo Bl — B
-

A ey

Scale 1"=70"

%, 7o ot

”t"o'
| BEEDLID HOWET DIAGEAR



| ‘ et
Using for the safis steeos £, the retio b x 10000 ® 468

BAS 2N 2T P G x 405
ﬁ p

2AB 27+ 18 ® 45 sue dna
U 48 m 405 .

he liaxe Noneot That The Glrder 111 Seelst 5t The Conbor, WiSh AYY
the Plates in the Jeotion and Using on llowdl
:éxm 25 % 63 + 1545 ® 6.5 500 4n -+ 148 of wed ares
'M+§i§*m

u #%ﬂ

¥ ® vort. choar ot the pt. /
ifferors shall bo pleced under all comsontentod loads with o drivisg
fit.



¥ ot firet concentruted Joed 3 102,3080

Thore chall b 2 interusdiate otifferors Detwesn the recction und the
only 1 stiffener ic neoded.

fumber of vivets neosssary in the stiffoner undor the Pirst conpentratod
Joad. Boarirg of T4 rivet on 54" of stesd 2 7876
Mmmmtﬁtaamtm

¢ 2l i " %au or 3 rivoto

* Sl - " *%DM or 3 rivote

®  4th - - *%'M or 6 viwots

A - " " 2O w2 rivets
: %

o%s rivots undor all concontrated loods con bo mexdoum spaced.

becnired rivets in flange anglos
mmmmmmummm
ttq/at.m" mmmaﬁ,

iy ot supports 2 plates off.
i, of pleto ® 1/2 x 18 = 20.5 % 205
Mg of anglon = 1106 528 =552
i1g of wob sbove the polnt

takon =5 /6 % 3/8 % 20,125 GG  Toval = 653.4"°



oy

id‘mim—l‘m-kmgw-m*w | :

{approx. fron page
%‘W 3 ,‘ 128 670 = 4B,

2 vows of rivets'= spacing ® 2 = 7875 = 6.50"

+«*s rivete con be meadmem specod in flanpe angles.

Riffonors under consontrated loods shell be 6" x 3 1R2° = 34" engles
mmmmmmawusw’xaﬁ“
sugles. ind stiffenors chell be 2 = 6° z 4" x §/8° angles placed
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PLAN - BEARS & GREDERS

Using @ floor Joad ® 1005/ sge £8. (18ve Jood)
rolnforolng 2000/ 0ge ine conorets will be usode
, SOLID SLAB COBATEUCTION

A strip of sleb 1%-12° wide w411 bo used and troated me & Doems
Asowme supporting Besms te bo 8° wide. lelnfarcing ¢ Fus porpendic-
ular to the boema. 4 cloar spsm of B ¥2* will bo used {oswber to center)
tme spen only, Soking & seotion 1* wide.
Ascume for woight caloulations that the sleb is ¢ 1/2" in thickmosse



W#Mmmﬂ. = 54
idve Lowd por oge Phe =200
fpoitive doment at oomber:

%f':g‘& % 827 x 8427 zglw”f
In disgren 1 (Relnforoed Conorebe 5.89) fur £ ® 20,000 #/ sq.bn.
£o = 000
E®18L3 |
P ® 0,755 ® 0,0005; J * 076
sleunwisoo0eiz
B3 -
b = 12" {oosumed seotion)
=i, 4=353"
=

oo @ % 3.25" (mesh %0 Bo probeotod by 1.25° of conerete including
thicknoes of the medhe)
= 0.278 29+ inme

_Mdﬂhww (from Carnopie pe 275) Triongle losh
Hyle noe 207; X stv==3. ot ares por ft. width % 200 oge ine
aﬁmwwﬂﬂmmWMa

4 1/2° sled would be used, is cerrect. |
mnmammmwxsg

n_&___ﬁw*m
L, %0 = “ ' £0.185sq.in,
TR
mmp.m ;
mmmma‘mﬁnmwmumﬁh

of the cupporting bewnce




| . 3 —7%¢
nood not e figured. '

‘bear: {sseming vidth of support 67) and using tho oled as o shmple

Temporature Teinforcenent will be Wmet!wﬂa.mm
| of the meshe

for the 4hroo centor beams 1,2 & 2% tho load is uniform end
® to 0% x 164 = 20 /2 = 50,500/ :

WL ® 56,00 2 20 3/8 * 188,000

Uso 16 587 CoBe  Allowedlo i ® 145,600'F (thds will teke cave

of boem welght)
Posms § & 3

‘mpport in addition to the mmifeorm floor o seotion of partition.

oight of Pertition ® aprrox. 16°

Tolght of Partition

Gotal leth and plactor ® 8/ oge fte 2 sides ® 15/ x 16% = 2400/% run.

Jolste spuood 16" 0we 2 by 4%s useds

Holght por jolet » 2 x & = 16 x 2.5 B 26/

azgifﬂuﬁ/"m



Total woight of “ertition/V run » 240 + 38 12 = 20050
Uniforn floor load on the boum * 15¢ = 5 +08.6 ® 3270/

1248%

slslentiargr e D

‘ 258Yy
ISP ISEER '7»70*/"114///"/////;/////
@O/ C?.rr_umed
2,94, <
R - 20400 : ' B,

to bo carried by s cross beame WM@@(W
Z* of full bolght for cponing Joss) = 268

"7 x20 % 1,100+ 30 9 (wh. of beom) 2 1115 + 2567 ® 12407

2020 ﬁgf’!ﬂ&zg‘-}-m = 10 4 268.5 ;¥+ﬁ xg

Rl = I + 32 400 EE o P 3 : ¥ 4

Pbe OF Naxe 1 ¥ 20,400 = 1,550x ® O
x*%ammmw

Haze i ¥ 20,400 = 165 = 1330 x 15,3 ® 512,000 = 166,000 * 166,000%
Gow 368" 63F Cebe Allewable I ® 188,650

feans 4 & 4*

iave pariition loads emtending 12° from loft onde tafreny
1248 e
out exztonds 9
Unifern Joads on the | 205 — 737577
Doos ® 154 x 8.5 G~

Jat—— b ’

out = 164 = 8 1/2 = e85/



b_—7s

. e 2 -
20,6 By = 200,86 x 12 3 23,6 + 066 x 9 = 26+ mu$+&n¥

1240 = 17.8

Hase i 00000 5% 28,00 = 60 x 12 = 636 x O = 268.5 x 12
«1810 28~z 1570%0 :

= 10.50° from the left support.
Big ® (24008 + 1370 = 17 1/2) = 10400 ¥ 55,000 - 18,400 ® 20,4000
%ﬁ*ﬁ.ﬂa%*%s@’sm*m
= 108,000
oo 16" 63 GuBe  Alloweblo ¥ ® 168,860°)

Beans 5, Bys Bgs Bge & bg:
Uniforn lood on Sown * 1684 = 8 1/ = 0 2 118000

T 3% 3,800 2.6 18 = o 00
g o i |
6" 20F  H beume will bo used %o give preper cupport to

Bosms & & & _ . .

2= 4" 7.9 (CuBa vootions) besms will bo need on esch side of

tho messenine floor lendings 1 above & 1 bolow the steps to |
Boams T & B ‘

Use & 4" 7% beum to support the oled ot ench stairwey out oute
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. @IRDFRS TO SUPPORT MEZZANINE PLOOR BEAMS

GIRDER E. :
59007 54@5# 190ST £908” . 5Fac™ . 5F00" ookt apET . Lgn ¥
12y &F 7248
a/, 0/; /ZZZ 4_,/' ' ’ ZL"/Z i l’,/
S it " 3 T e i &% &5
A : \
/
66
4
L5520 R,

LOADING FOR GIRDER E.
Loading is symmetrical R, = B, = § total load
Ry - 24,640 :
Max, Moment will ocour st the cemter of the beam under the center Yeuk,
M= 24,640 x 33 -~ 5,900 x 24,5 - 3,466 x 16 - 1,218 x 14 2/3 - 1,906 x.
112 - 5,900 x 8 - 100 x %gz = §15,000 - 144,500 ~ 55,400 - 17,900 ~
21,900 - 47,200 = 54,500 '
M= sxs.oeoé 319,600 = 473,800%% \ .
Use & 30" - 115§ C. B. i Allowable M = 489,600'#

FIGURED BY THE METHOD OF LEAST WORK

GIRD'R F. " - P
24300™ 2785157 /705 24050" 240507 240507 /908" 27515 24300
i s* 12187

' i 2 2 o h ’ ’ Lid IZ 4 r
o YRRV AR N &'l 44 9——{.

Oo
R

3
66
111 — 33" i 4
E, R BEs " R,
" SPACE DIAGRAN - - SHOWING LOADING OF GIRDER F. | L

To express Ry & Ry in terms of the Redundants T; & T
Treating & !2 as the Redundant Reactions.



Ry 1s equal to } the total losd minus the reactieom T) _

The losds (27,518 & 1,218%) #111 be eonsidered as dirvectly over the

\oelm Therefore they will not be takom into seccount in the loment

,mummdnumwmnmr..mui.mrw

total resction.

Ry in terss of the redundent Ty using helf the girder,

The girder being symsetricelly losded cnly half will be considered.

n,a?4.m;1.m+u.m-g_§gc_g+uosn/=-r;‘(mm:m
over the support ﬁ!‘ng neglected ). |

By = 70,060 - 7,

Setting up the Moment equations.

From By to Py (first loed).

%o R, x.eao%’:

Sub, for By its velue [ ® 70,6608 - T% - 128%% -
From P; to Ty '
xcva, (9 +X)~ (280x 9) (é+x)-z¢,m-ae%%
® 626,820 - 97 = TX 4 44,1101 - 126%2
From T) to Po . |
¥=ny (17 4 X) - 24,300 (ak+x3~mnmza%+:)+r,x-m%
® 593,260 4 41,086% 17,67 - 1262
From Py to Py
Ee iy (21 4 X) 26,50 (12 4 X) = (260 = 21) (30} 4 X) + 7, (3 4 X)
-1.m-zsa§:;-;.m&-;v,gi&m-lw*
From Ps to P
NEm (25h +3) - 26,500 (26} 4 %) - (260 x 263) (12 +X) 47y (B4 X)
© 1,900 (4} #X) = 24,000 - 2605 |

Sub, for By ftawalue N = 026X » 17,67 =



5 &3

The deflection or settling of the cclumms will mot be taken imto scsount,
essuming that thelr value C Ty 47/47; will de negligeble snd would mok
change the squstion spprecisbly. Therefore the value of ¥) would
ehenge very 1ittle. Thus only the work of the Bending Homents will be
vsed o find tho redundant Ty.

{See pext shoet for table of Yoments snd
Weork equation)
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SIZE OF GEEDIS 7.
Using the Begutive Bending lowent st ihe supports Ty & Ty ss the
Beximum = 782,700'] ‘
Use @ 36° = 153 C. B, for the Glrder, (fres abridged Carmegie p. 122).
Phe sssumed wt, of the Sirder wes 2808/*, Therefore the safety fector
is ineressed snd the Homents will mot be recsiculated.

St

This Girder has Lsen considered as contisuous and thus Pigured:
Por purposes of design it soulé have been more presticel teo divide

the Girder inte three spans snd fasten iy
the eolumn and Slrder o3 showm : colormn
: Mexzaninc floor lere/
h &. m' —q E«j’}rmjcra—' .5>/a/r /ﬂﬂa’lnf /crc/
The senter section of the ‘ L\\
Fred J‘/W”'

Nesseulne floor Lelng 20.7° higher Hkh o
v = & : More ccoperrcal

than the lseding of the stelre from the Vainm vog ok pinee

Foyer, The center seetion of the Girder could G

be reised for seonomical design snd esch spam

figured s for & sisple beam, Bt for the purpese | |

of showing the least work Hethod, the Girder will Do taken s caleu~
" 1ated ebove and placed Delow the level of the stair lending for sll
three spens., The stringers of the Nessenise floor shall be relsed
ebove the Ulvder to their required floor level.

The Hethod of support of the stringer besms will be by shors
colums, extending wp from the Girder. These chort columss will be
sections of Carmegie I -~ besns fustered to the Tlemge of the Girder
by smsll anmgles.

=



DETAIL OF SHORT COLGHE & COMNPOTIONS TO SUPPORT SYRINGERS

} s JStringer F fo 4-7; priets
. o i ”
7" —#o = f‘ d"l"/ﬂjef
G-H column Ao 35)( 3?2)( 3/6’ 7

IS

a

Al rivets 7g

4 8° « B = Josm will bo used =e the short
column to support the s»d resetions of the
£ stringer besns = GS00F - 13,1807 » 24,0800,
_2his 1s the senter stringer and therefore s c reastisn squel 80 or
| lirger than the others. Thus the 6" = H = buem cax be used for each
sot of strisgers, ingluding the small besms B 3§ & which support the
slsb ot the top end Lottem of the thres steps leading from the main
stalr Jenéing to the messenmine floor level.
Bivets necsssary to support the 18" stringer:
Using 7/8" rivets  wob thickness of 16° - 885 C 5 = 3/8°
Allowsble value of 7/8" rivet im besring = 7,678/ (for 3/8” bearing)
18150 = 3 rivets necesssry wuwse & rivebs apeved 37, o.c. .

3" B, Gurder

e
Use 2 « 3§" x 33" = §/8° angles 12" long, 1 on esch alde of the atringer
Por the support of the 6 - ¥ stringer the ne. of rivets necessary «
;:;g'lﬁm. 2 = 7/8 rivets will be used.
Use 2 = 53" 5}"z 3/8" engles 6" long. Rivets placed 3" spart,
1 angle »i1l be pleced on ench side of stringer web,
Per the srgles conpeoting the short columm snd Girder flasge use
2 - 33" 3 33" x 3/8" sngies 8" long. 1 placed om euch aide,
'S-Yﬁﬂwbdnh;mhuﬂlqsr&twa.mnla'uh
This design will holé for all other stringer supports that ere reised



2 56

sbove the Girder with the sxeeption of the smsll beuns of the foot
and head of the thres steps mentioned previcusly.

There will be very 1ittle tendemey for the short eclumm to tip or
twist and therefore will be entirely ssfe with the uo. of rivets and
angles weed ot its bese comncetion. '



m'mmwmnm;&rmMuuw
braced et the Messenive floor. Therefors the columss will be design~
‘@d in two separate paris. Pirst the colusm consisting of the length
fron the Yessenive Ploor (Girder T) %o the bottom of the Baleeny,
{Girder 3) which 1t supports, will be designed.
Distance of bottom of Baloony steps sbove the Uessanine floor Girder
on’t"am,‘ Depth of Glrder 4 = 337,
Onsupporte? Tength of colusn is therefore 18°.
f1oed om columm = 146,472F from sheet
Use 30" x 8% = 81§ C, T, Sesticn. (frem p. 253 Carnegle bridged 4dd.)

- | PRRPAPEVS R C0

The oolumn extending from the Nessemive floor to the footing.  The
ecluss 111 extend. five fost belew the orchestra floor to the footinge
mm@»mmwushmmmmm;am The

e T SEEnn 56 TP
por 84. Tt. including : 422% ‘ COLUH;:,_:::J;QEIM? ?
ﬂ&! glab as m 22%’ rl_——l—f 2'151 EEI_ZZIE ‘ E 22,/ Zf"E 15:—).
= é 22% e |
o
WE v 1[@ |
22yz’/ BALconv COhwmMN
1 I_T 7_1_1 1_1 ; l ]

‘ ' ‘ : 120
Sketch shows tho apprexisate placszent of Pootings.

PLAN Btrow [lLoox LEvEL



7 2 —5
The ares aof the Ploer supported by ape colwsn (from sketeh preceding :
page) -@534- 15/2) (32/2 4 18/2) © 18.78% = 26* = 469 oq. £t.
Load = GEOXISHE = 77,6000
‘Puis is only sn eppremiration ss the problem does mot Sover the dew
wammnmguwwmw. (kam
elose npproxidetion is sufficient for my caleulations.
Corsldering ihe columns ss aiso leterslly braced st the orohestre
floor lovel, the design length of the colusm will be tuken es 10° (l.e.
the distance from the boitem of the messnine flgor Girder to She msin
fioor bensus ).
The loads coning on to this lemgth of coluam are 145,742§ « 104,038f =
249, 778¢ :
Aii‘_zw‘*-iﬁﬁfc-l.mmunXé be used, t;.m:wzm-wi
The total load on he columm bensath the orchestra floor &
946,776 4 77,600 = 527,278/
Tois cen be taken by s 1™ x 12" < 78F ¢, B, Seotiom {p. 244.)
u'mm;smmmihmhummmmuu
orvhestrs floor, T°1s coluns will extend up past the messanine floor
Girder and spliced at this polint to the emaller ¢olusn supperting the
Baleony Girder.
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Sloped Top Yootlings will be wsed,

. Loasd on Pooting:
Looh Vreight Sunn 4 cedums water Dilossy Sisder & M, N0F
_$oad oo the eclumn from Hesssnine Glrder = 104,08:¢
Orchestra flcor losd on the column - T77,800°
Total Column Load = 527,295§
Ammqﬁsaumw«m“.mmm

‘o be hocked,

Alowable soll prossure o be taken s 4,0008/sq. ft.
issume wt, of footing as 24,000/

 Pooting bese eves = 321,278 4 24,200 = S1.88 fq. Pi.
Base of Pooting w111 be taken o8 O} ft. squere.

et SSLEIEL (towd W) © 3,850/ 0. Pe.

Take & » 2* & 24" » (side of the solumn) i.0. widkh of plste beseath

. golumn tase. ,
Cwl/e (of ~2) 3%

n-;kn.m)-!-g:g(t+4.!}1m‘-m.w#~1.mﬁ'§

fsgume 4 = 23"  Total depth » 32"
Shoey, Yo w 1? . (0 428)2 © 80,26 « (2 44 2/8)2 3890 =
Q&ﬁanw

ve v ﬂlmbhultﬁwtm??mq.’h.

. 1= A
E R L0 R 4

This is the depth 43 from the center of the reinfersing ateel to the

feos of the slope dirsotly sbove s point shere s 45 1mmnmm




2 —%o |

of the colusm hite the steel,

.h'%'m » t.“u.h.mrysﬁniwg
ie exch direotion,

Use 16 « §/8" rousd bsre In esch bend iy ® 4.9 sq. in,

Effective width of footing

‘ v..u;u&(x.---m-m/a-&i(m“awa':w-w

munmnrmrﬁoﬂ"g 2 8J' 0.0, SPPrOX. |

‘zmummupnuumaéfwmmmmd‘

The unit bond stress on each set of bars is

ewsw (oo 4+0°) = 2800 {7 412 = 7 = 11
__g{m_l v‘!g’ ,,%l" w &f!mm_

60f/ ag. in. ® sllowable bond stress for pleis bers, therefore
mu-é'mannmi'na.u&thmﬁ“¢mu'm

“EPER R Ve
Wﬁmmyhmﬂafhﬂmﬁdeuﬁm;m
Asmmz.nuw«mmiaammm-m'
23" radius, The top of the footing will be 3° squere. The solumn will
be set on & plate 2 square.

The permisssble working stress over the loaded area would be

| Taeo0.sn P}"-xsm’/‘; ® 750 x 1.3 » 9784/ eq. in,
totusl beering m:u'am,msasf/ﬂ.m Therefore ok,
Seniniing Muve sIi WSl Silnn fyen (Betaforsst cramete Gusety) Uy Il
Yol. 1, ». 282, |
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SOLUME FOOTINGS =- COBRTIEUED.
ﬁim!‘c&ingﬁn»mhmmcd from the “Hand Sook of Relnloreed
Conevete Pulliing Tesiga” by ivthur B, lerd,

2000/ Consrete to be used

Total soluse loed = 527,2758

Allowable soil pressure » 40008/ sq. f%.
froa dlegran 114, page 154,

Footing l&l! be 94" square.

Totel thickness to be = 26%

Kecessury stesl ares ig ® © 8qg, in.
¥ininum thiskness = 10° ot the edges
Prom dlagrem 109, page 149. Use 3" round plals bavs.
' Use 26 - §* pound plain bars speced 4=1/8" o.c.
Prom Pig. 17, poge 148
The plete on which the coluss rests shell be 23 squave.
The top of the footing shell be 3° squere.

‘voﬁ)(%)%:i :n&(r")z(n.i_x_g ® 19.8 = 80 = 133"

Total lemgth of rols = §* €% 4 20 x (5% = 107 4° us & wintumn,
211 bers to be hooked and 20 dismebers past the leagth of vne side,

PHIE POOTING 10 BE USED
IN MY DESIGH - 58

J)
]

\\ : -,F
S -

SECTION — SLoPED [00TING
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PPSION OF CARTILYVTR SRAY CONETCTIONS 7O GIRCTR B,

ol
N> 7L
12
[} ‘{\v0 Kl ;ﬂ? 2
e X9 I 1y
v e’ b ! 6‘3?0-"
i 6' 3| 1/
(BN ° @
i & “*3"1' 54"9
1L \b L v
‘l“ 1+ x ' 4
+ v ’:4' x*x : (",1)
2% ! +/ "
i++ 23
+
R/ crer 2.C. it [ y%
0 +1~ T
i +2lo i ibhe gt
T i +T“—e ;
s ” 7
i éfalfé'u.s.sc,/a e G-?(,:r/rc/s ehis et ++| 7 &
[ Lt d g ++
{ T 2-7 s {'{'I/JJ’/// ner Ls 3/€X3&x}é bireds ¢”oc .
}eané
Scale f4'=1'0"

Size of top plate and no, of rivets necsssery to resist the pull of A,

Pireet Stress on 4 = 17,600 = P

1 sq.

in, of steel im temslion =ill teke this stress.

Use & 5/8" plste te give smple beuring to rivets.

7/8" rivets =11l be used.

singblm eontrolles for the rivets.

Shearieg velue por rivet w 7216 :
Becsuse the cexbir of grawity of ide rivets doss not coluside with the

neutral axis of he eogles (4).

There will be an ezesctric force bee

.mmﬁmtrm%tmﬂm(Mtumﬁwme

acd sngles ) nust resist,



9 ah
Using a 3/8" gusset plste, single shear on the rivets govern.
Using 7/8" rivets, safe stress of a rivet in single shear « 7,216§.

Vertioal Reaction of (4) ot Girder:
4,550 » & wniforn load

Totel Verticel Fesction for beam (A)e13,4507
Rivets to conneet engles to gusset plate = 13,450 = 2 rivets. Use 3 rivets.

»

Becentricity of the ¥ertiesl Resctiom with respeet to the rivets connecting
the gusset plate to the gw-m"' s 8.
Homent of the couple = 13,450 x 10 = 134,500

: fe 8% »7
o .
!:’ using 8 rivets sprced 3 :t‘t '- 2 ' e ha | gt /"H——'—-‘—-—_" l Nz
d) = 20,25 4 1,89 = 22,14 = dy @ &5 = 45 o= JW%&\’% ﬁ .
‘:' 4.8" : *2|vc+d % Center O/Gravn‘j/
: : 2 2 :
G5 =226 4109 =46 mdgedy ey 4 = 2,05

B oz ionoBE - S
- -
{a = resultent shesr due to bending Moment at a unit distence from the

center of gravity of the rivets s u )
: s a°

Stress on the cutalde rivet due to bending Moment = od » 1,278 x 4.8 »
8,8764 '

Force Diagrar

Direct stress = 13,450 = 1,681
) Scale /585005
Resultant Total Stress on outside rivet :
(from diagran) ® 6,500 which is less them
the allowable stress per rivet; therefore 8 - 7/8" rivets sre utw.
Rivets required for comnecting top plate to 18" - stringer (1b). '
pirect pull on the plate s 17,800f (from sheet Je
pistance from the senter of gravity of the rivets to the meutral axis

of the besm = 9" = @,
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Therefere this jJoint also hes arn eocentric force seting, Replascing
wﬁmmw.fmmammpwwmm

/480
E ‘?.m b 4 " L m'w ‘§‘ Q .
: ‘3;,\ ;ﬂa-aszo '/t,:/f__{
The direct force P ® 17,8008 Bk
: 5 L st l g
fry 12 - 7/8° rivets spaced 3" o.0. £ V2
s 4
Allesuble stress per riwet (single shear) e e -
= ,,ﬂﬂ@; “Plan — Rivets 5 Distagrces .

‘Lot a » stregs on ¢ rivet & unit distancs fron the senter of gravity of

the rivets due to bending Moment; thes as d® ® i, su%
; >3

2
-‘1 = ,:31 + 1-%2 - ”J‘ il - ,o"

2
4. 8 c.az-l- 2-753' 2851

5s. @ “ ' -
." e ecd R

_ mm. on the farthest rivet due Lo the bending Moment = 466 x 7.7 =
Tireat stvess por rivet ¥ 17,800 = 1,4808

_ ke 17,80 = 1,

e stwess dus to the Nenend slmge asts puspsatinular 3o & 1ine Sren She
rivet to the center of gravity of the rivets. Tets] shearing stress on
the outaide rivets s 2,700 (from diagram).

'¥hia §s much Jes then the allowable stress, but bscusse of & possible
twist from the joint below whish hes not been tsken into scecurt 12 - 7/8°
rivets w111 be uand. '

To take oure of the thrust put into the girdsr by the chansls (3) &
plate will be used on the opposite side of the girder te ecsrry this
force up into the stringer besnm (1b),

2- 33" x 5} x 3/8° angles will exterd the full Yength of the top of the
plate by which the plate will be fastemed to the stringer. The direct
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Mh%Mﬂ!lhmMﬂme‘tmmm

iniw» l’M“

There is alse eccentricity cm the joint of the plate to the stringer.

The eccentricity % ¢ = 23", loment ceused by the ecoentrieity =

17,800 x 23" = 410,000,

Agsume 1€ rivets to be used, 8 in each engle, space 3™ 0.0,

Let & = the stress on @ rivet 2 unit distence from the center of gravity

L ek
of the rivets due o bDending Monent: e ® § —— T
Px e

From 8ec. 6 (8) A.1.8.0, Hend book Pe B i

15,5000/ sq. in. rivets may be used in this csse.
Safe stresz (single shear ‘l‘/l" rivets = 8118f)

23

r”

‘:‘lﬁ.‘tiﬁl-u:'!las“ 4, = 30,68 - force s
2 2 2 °§” ! Jide View —Rivets &
‘x . " ‘ i = e ; Tn EJCo/e /l/-/apaovspl's’lﬂhceJ
‘3“&:*‘0”’ 23481 [? T <
2
‘:llv""i." ‘__ﬂ i%dw##-t— g
Wi x4 = m«t‘ ®za

8= 401,000 = 5098
0656

f/ﬂn -Rivets & Distarces .

smpmmﬂmmwmlm-mamﬂai,w

Pireot stress per rivet '2@' 1,1184
Total stress on the uxﬁi« f#ivets = 5,000f (from diagrem)
16 « 7/8" rivets speced 8" is satisfectery.

The vertical Reaction of the stringer (1b) will now be considered,
Its lesction perpendicular to the fuce of v'e beam ® 27,%50#, but from

shest 81l loads on the stringer sre verticsl; therefore the resctions

are vertiosl, and 27,480{is the true verticn]l resction. This recction
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will be considered to be carried ints the plate K by the group of rivets
which fasten the sngles to the top of the plate ard will sot through the
ssster of grevity of this group. From this point s vertiosl line is
dropped end will be corsidered as the lire of setios of the resction.
This produces s couple about the center of gravity of the group of
rivets which sormesct the supporting plate £ to the girder,

The Moment of the eouple = 18" x 27,450 » 410,000"/, This &
equal in magnitude to the Homent resisted by the rivets commeoting the
plate to the strisger (Ib). Therefore the sewe musber of rivets wi11
be auple ss they were unier stressed in the former joint, Use 16 - 7/8°
rivets,

The four rivets in the plate to resist the thrust of the chanmels
(2) will be Pigured in the necessary 16 rivets, ss the shraring stress
‘Mbyﬂsh couple tends to lessen their shearing stress. There=
fore they will have very little stress beceuse of :he equalising of the

two forees.

The munder of rivels fastening the ieam () te beam (B) will be the
+
same in musber 88/ the coposite er? of (A) % 8 = 7/8" rivets in esch connec-

The top plete commecting (A) & (1b) shell be as shown in the sketeh
and 1s 3/8" ie thickness.

e R +o+ +3”+%I"
L e E ‘L

-1

e : : 4’5’/2: I




BALCONY STRINGERS -~ CONNECTIONS Po GIR°SR A AT TEE COLUMS

Prom Sheet: ; |

The lest step 2t the rear of the belocny is 4' 68" above a
straight lire drewn from s point 2' abesd of the stege lime and st
the orehestra pit level, and tangeot Lo ihe mosieg of the first
step. At the supperting Girder A the step ia 12,66" above this
lire. :

The sormsotion of the eantilever and stringer at Girder 3
was dosigned in o straight line snd parellel te the tangent Iiil :
sbove mextloned, Therefore the emd of stringer (2b) which cornects
witk Girder 4 will oo neet et s polat 12,86" belcw the top of the
Oirder (eonsidering the top of the girder as flush with the line do=
noting the step). '

The end of the stringer been (J8) #ill be pleced s distence
of 4 below the top of Girder & for its eompection meking the other
end of the beam vhich frases into the wall 3% 8,60%,- say 3' 83" bee
low the level of the l«st step. The Tertisel Resetion of stringer
(34} ~ 33,5008 (from sbeet), waing 7/8% rivets in single shear,
The susber of rivets -ecesssry to sunport the m~%-c
rivets, 4 g
2« 4" % 4" x 3/8” angles 18" long will be used for the conneoticom,
»ith € rivets in the web of the besm and 5 rivets in other legs,
(9ee dstail). The Vertioal Resction of stringer (7b) = 15,8004
mwmrwvﬁ'ﬂmummmn»w-;,
Use 2- 4" 2 6" 3/8" sngles 81" long which 1o = standerd B connes~
‘tiom, page (299) abridged Cermegie.
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The Girder A shall be cornected to the colums by 2 angles placed
one on each side of the column web ard 2 engles placed one on esch
outer side of the colusn flamge. A11 engles riveted to the flsnge
oft&’eiwéar.

4" x 4" x 3/8” angles shall be used.

Angles on the oolumn web shall be 9° long with 3 rivets in esch leg
 gpaced 3" o.c. _ : ;
hgmmmaxmn@mn be 7° long with 2 rivets im each
leg spaced 3" 0. €.

17 rivets in 21l shall make up the conneotion.
MmMm;u;Mthm'gm«.umm
_dﬁwumy.ﬁuufmus.muummum.rmant
in order to do sway wlth sny possible vibration. '

Beam {3) hes u reseticn st the column = 20,400/ (from sheet).
Shearisg wslue of s 7/8" rivet (single shear) » 7,216/
Hecessary rivets ® 20,400 » 3 rivets.
A standard mtiml be used consisting of 2 engles 4" x 33" = /8"
(from p, 298 Abridged Cermegle). ;
{See dotail sheet)

Beam {5) hes & reactiom at the cclumn ® 5,900
5,900 #= 1 pivet necessary %o support the besm.
!‘,m .

4 stenderd conneotion will be used (p. 208 sbridged Carnegie) for from
8" to 7" besns.



@irder ¥ shall be conmected to the oclusm et the top and bottem
by = conmsetion the seme ss wes used for Girder A. {see preceding page)

The cemmeeticn of the colum S thy Base pINGS shall B Smposed
of 2« 6" x 4" x 3/8” angles 12* long, Pastemed to the web of the
column, 1 on each side, with 4~7/8" rivets in esch leg, spaced 3"
0.0 .&-G'xi’xm':a‘lu?’!m.pha‘mnm'ulm
flange, with ¥ rivets in esch leg speced 4" <. oo

Te bese plate (bearing plete) shsll be enchored to the reln-
foreed corerete footing by 4- 11" dowl pins, ome at esch corsmer of
plate, 4" in from the sides.




SUTH MARTY

The pature of this problem was to design a centilever baleony
for a small theatre. It hus been my desire to presert entire plems
for & theatre bullding. These have beem arranged snd proportioned
with eonsidersble time and thought, beerirg in mind strustursl
feasibility snd economy. However, my obief imterest hes beem in
the Cantilever Beloony Preming end im overceming difffculties sris-
ing from demards of belecny architesturs. _

ma..ipmm«nmmnmnamrﬁtm
Buflding Code, with the exception of the heights of baleony steppings.
In n&nu obtain the desired balecony lemgth end proper sighting,
the lsst few rows of steps are & 1ittle in md‘ﬁn‘lhﬁm
height specified, This, I do mot believe to be cbjestionable.

, nmormmmrxm.‘umﬁnmm&uq.w
gether with = conter seotion of the building, have beem drawn to
sesle, Complete deteils of the baloony frasework sné conmectians,
_.inhﬂac surporting ooluyu. footings end me:sanine nu;r. Wave
beer worked out snd seetions shoms, |

mm-umxaamuxmmmmu

such & way thet = man of aversge height, standing st the rear of
the orchestire floor, may see the top of the sereen; slso all speo-
tators im the baleony can see the entire orchestra pit, Grest pains
heve been taken in the perfectiom of sightisg in order to conform
40 exigencies of a thestre where objoots or speskers sre contimuslly
shifting their positiors. Therefore, the steppinge of the bulcony
heve been worked out in such « wey thet the eight line of each spec~
wumm-mm;mtuuarmmmm
1y shead, mmmﬁmmm_mmuaw



2 7,

!m.m&.ammnmt-imwhmcwgl in height
-m.mmmmumymmmm.' This curve
is oalled “the iscooustic®, or mi-kmiu—m, and is & refine-
ment seldom practiced in amall theatres,

& graphical solution of the heleony sterpings hes besn presented,
and en arithnetical method derived end checked with the graphieal,
he Praming of the beloony sonsists of Beam and Girder oonstruction,
since centilever truss work proved to be tos deep to get the desired
ceiling heights for rooms on the messsnine floor,

Baleony ond messonine floor girders were Mw o span the
entive tu;"bwi\n. e distance of sixtye-seven feet center to center
of sutside wlls, The plate girders were designed first by the Fx-
‘a0t Method; secondly by the Chord Stress, or Approximete Nethed.

The Chord Stress Eothod proves to be a ssving of lsbor, and its re-
sults are olase enough to the results of the Bxsct Hethod so as mot
%0 nake amy material change in the design. Oirders over the supporte
hg'ulmm‘mi_b‘ntn MMMM«M. To
tlal'm sises thelr mum._um;mmm“
. figured by two metheds snd cempared. The Theorem of Thres Noments
jfimr-xquu.muuéa.m«mnm. ‘The defloo~
“tfon of the colums was ot teken into cossideration (the celwmne |
umaw-m)ummw«m«um'.mmm

" pesults of the two methods shouid be ldenticsl, The some losding

h!a;miudnimmmuw ‘the girder wss egain dee
cmwmm-anmmgw. A‘!horuulhm
. @ eonsiderable imerense in reguired sise snd materiel. .Slm
mlwofthou)waﬂmmtdﬁcmﬁonmmn
mtr-wsula. nmmmzarwmwmam
mmmwmmmmmum.my
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to eliminate all twist and possible overturning of the giider, which
was designed for vertical loads only., Loads on all stringérs were .
considered vertical and without thrust. To accomodate the steps
frqm the main stair 1anding to the mezzaniqe floor 1evei, short
columns have been placed above the girder to support the stringer
‘beams of the mezzanine floor.

Two thousand pound per square inch concrete was used for floor

slabs and footings. The allowable working stresses of structgral

steel and rivets as given by the Carnegie Steel handbook was used

in the design,

ek e e S

| Y
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