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to devise better weans,
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with Roman minerals, paragraphs lettered with capital letters,
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tng «alchigan Asricultural Coilesa for.any heisful solesLons
and criticisisducing the inception and progress cf this works,
They desirs to extend their thanis to Arohitect EA. So

for the olueeurints which he so kindly furnished then. Thair
indeotedness to thas authors and co-authors of the Toliowing
cooxs is acnnowledsed;

Ble rican Sivil Engineers! Pockat Tocx, ‘ansfield Jerriwan
Structural Engineers Fandoech, | ilo = metemun,
“echanics of 7storlels, ‘ensfieid Merriman,
Canbris Steal Hansdoox
Cyclopedia of Archite cture and Carpantry Buliidin.,
réesicn ef Steel “ill Buildings, “ilo 8, vetchu,
A Treatise on “‘asonry Construction, Ira 0, Pucer,
Roofs and Eridses, ‘ierriuan end Jacopy.

£64060



Table of Contents.

Part I, Int roduct ion

A.
B.

General discussion of theses,
Discussion of thés thesis,

Part II.Procedure,

Part III,

A.

B.

C.

F.

G.

H.

I,

Loads
1. Dead

a. Weight of structure,
bo. Weight of fixtures.

2. Live.
a. Movable
b. Machinery

3. Wind,
4. Snow.
Roof
1. Weight.
©. Sheathing, moments and shears.
3. Rafters, moments and shears.
Trusses
1. Weights
2. Max. Bending moment.
3, Max. shearg
4. Resisting stresses.
5. Stresses in members,
Girders,

lL. Weight
©. Max. bending moment,
5. Max. shear,
4, Resisting moment,
5. Resisting shear,
Colwans,
1. Weight.

&. Stress.
Column bases and bearing plates.
1. Weight,
2. Required and actual thicknesses.
Floor including floor joists and covering,
lL, Weight
Re Bending monsant.

3. Shear

4. Stress,
5. Resisting Stress,

Foundations including walls andpartitions.
1. Weight
#. Bearing stress.
3. Resisting stress,
4, Bearing on earth,
Fire resisting properties.

Conclusion,

A.
B.

Remarks on this thesis.
Remarks on theses in general,



 

Part I.

Introduction,

A, General discussion of theses,
Many papers and reports of the various designs and invest-

igations of the works ofman are classed under the head of
thesis. A thesis may be the advancing of a theegy and its
proof by mathematical fomulae, again it may be an essay upon
sane subject which the author desires to give all the inform-
ation that can be found, in fact indications show that any
idea which is put forth in the character of a report, may be
Classed as a thesis,
B. Discussion of this thesis.

In thks thesis the authors have investigated a newly cons-
tructed building and have set forththeir theories as to the
safety of the Lansing Auditorium from the stand-point of a
student engineer. Altho the investigators have had no practical
experience along this line, they have set forth their views
and ideag,as to the strength of the various parts of the
structure, from the ideas which they have acquired during
their course as civil engineering students.

The investigators are not desirous of being quoted as to
their canments, but where they have noticed defects in work-
manship and material they have felt justified in setting forth
that knowledge.

In those places where the authors!’ work has shown that the
member is not safe, thay bow down to the experienced architect's
knowledge. In the mumerous cases where the members are found
to be too large, the authors have decided that their assump
tions are incorrect or else the design govern rather than
strength.

The Lansing Auditorium is located on Walnut street, south
of Allegan street, being to the south andwest of the State
Capitol. The building plan has a diamond shape, the points
facing to the north and south, and the entrance being on the
east side of the building. The walls are constructed of brick
with a terra-cotta ledge around near the top and a sand stone
course about one third the distance up the wall fra the
ground.

The roof is nearly flat, enough slope being provided for
the running of water into the conductors, The roof is cons=
tructed of tar paper on 7/8" sheathing. This is supported by
several steel trusses and I beams, All the trusses are sup-
ported on columas that carry the weight of the roof direct
to the piers and foundations. The ends of a few I beams rest
on plates that are laid in the walls, The ceiling underneath
the roof is carried by the roof rafters, thru boards nailed
to the rafters and to the ceiling joist. The balconies are
supported on wooden trusses which extend from the walls out
to and overhanging plate girders. The plate girders being
connected to the columns supporting the roof trusses. In the
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blue=-print, the design of these trusses calls for anchor
bolts into the wall and that the parts of the trusses be
bolted together with 1/2" bolts, Altho the authors looked
this part over closely, they were unable to fing any bolts
of any kind. The first or main fiocor is supporéed on rafters
resting on I beams, the I beams being supported by concrete
piers. Ali floors are constructed of 1" hemlock base with 1*
Maple covering.

The ventilating fan with its motor is between the ceiling
and roof over the entrance. The fan was constructed by the
American Blower Co. The motor is a 5 H.PlL; 60 cycle, Western
Electric Motor of the induction type, taking 4 to 8 amps. at
440 volts and running at 900 R.P.M, The leads from the motor
were held dowm by nails driven into a board and then bentover,
thus pressing the exposed metal against a wood board. The
blue-prints call for ventilators in the roof to provide for
the ventilation of the dead space between the roof and ceil-
ing, observation failed to show them. The fresh air heating
system is located in the basement under the stage. Radiators
are provided in those parts of the bui;ding where they are
needed. The auditorium has a seating capacity of about 2400
people. The balconies and part of the main floor have fixed
seats amounting to 1400. The rest of the main floor has mov~
able seats and will seat approximately 1000. Lighting of the
auditorium proper is by the indirect method,
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Part II
Procedure.

A Loads. :
1. Dead

The dead weight of the structure is taken from the sun
mation of the approximate weights of the various parts,
The following assumptions and their authority quoted, were
used inarriving at the values given thruout the work,

Tar paper roof covering, 8.H.B. pg 4 2t/sq.,
Ywllow pine " " 69 407/£t?
Structural steel " * 69 490g/ft°
Plaster ceiling " * 69 /8Q.t
Common brick work " " 69 ae
Maple A.C.E.P.B. pg. 367 /£t°
Hemlock S.H.B. pg. 69 ab/ft?
Stone concreter " * 69 150¢/£t

Weight of structure

Weight of roof  -:140, 400¥ or 70.2 tons
* ceiling 278, OO0# or 139,0 *

" * roof trusses 68, 436% or 34.2 "
" * girders 99. 82 or 49.9 "
" * columns 19, 52 or 9.8 *
® ® column bases 3, 7938 or 19 *
. . floors 478,a or 573826 "

foundat ions, walls6, 423, 10 or Spe 55 tons

aEO! ¢ ls 187620Add 50°. for details 1,878.00
Total weight of structure 5,604.00 Tons

Weight of fixtures.

Weight of the fixtures was approximated, after estimating
the weight of one fixture, from knowing the Weight of such
articles, by multiplying the weight of one fixture by the
number of such fixtures and then taking the nearest round
number,
Weight of radiators 5, OOOF or 2.5 tons

® piping 1, OOO# or 0.5
" * lighting system 80 or 0.4 *
" * Seating system 2,4 or 1.2 *
" * Miscellaneous articles. of , Lo.

2, 00 or
Total weight of fixtures II, 200¢ or : "



2. Live,

Movable
The minimum live load for movable and fixed seat auditoriums

given by the Chicago Building Laws 1911 and the Schneider
specification is 100$/ sq. ft. (see S.H.B. pgs. 71 & 72)
All live loads on the floors were figured with this assumption.

Machinery.
The only machinery im thig building is the fans and their

accessories which are used in the ventilating system. Since
One portion of this system is in the basement,the action of the
fam has no great effect on the structure. The other portion
of the system is supported on two channels which rest one end
on the wall and the other end on truss 2. This load was used
in the checking, and was assumed as 1900#,

5. Wind

The Wind load was taken as 20¢/ eq.ft. of vertical projection
(sec S.H.B. pgs. 71 & 78) Since the roof was nearly flat and
the walls of the building projected above the roof, there was
not any wind load calculation for the roof,

4, Snow.

The snow load was assumed as 25¢/ sq.ft. of horizontal pro-
jection for flat roofs as is required by the Chicago Build
ing haws 1911 and the Schneider Specifications (see 8.H.B.
pes. 71 & 72)

B. Roof

In arriving at the Weight of the roof, the weight per sq. ft.
of surface was found and this value was then multiplied by the
area Of the roof in sq. ft. In figuring the strength of the
sheathing, the outline of 6, A, Melick given in Fail Term
Graphics was followed, using the value for the bending moment
as W1°/10 where W equals the weight per sq. ft. andl, the
span in ft. The strength of the rafters was figured along
Similiar lines as laid down by C.A. Melick.

 

 

 

 

 

1. Weight.

Area of roof over balconies.
2(18.6 x 73.66) ------------------- 1860 aq. ft.
2(26.66 x 47.00) wee—- 2510 " *
2(12.70 x 14.00) Or eer Ceooeerewe 256 * "

2(12.70 x 12.70) pee lel " *
18x18 x 54.4 ne 980 '

Total boo, Ci
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Area of roof over main floor

 

 

 

54.4 x 66.4 on--~--.----wewrene- 35610 sq.ft.
2(66.4 x 33.2)/ 2 -~---rn~-- 2220 " *

Total BB30 * 8

Area of roof over stage
9x73.67 -— - weee 663 sq.ft.
731.48 x 54.4/ 2 ---~--~~------+- 630 * &®

Total 12593 " *®

Area of roof aver lobby _
71.48 x 4.19 —--—- ~ 300 sq.ft.
71.48 x 54.4/2 ——---~------------ 630 " *

Total 93o *

Weight of roof over balconies and stage in #/ sq.ft.
Weight of tar paper roofing --— - sq.ft.

f " 7/8" matched Y.P. sheathing —-- 3.5 #/eq.tt.
fn "Y.P. rafters 1.625 x 40 / 12 -— 5.4 *

Total 10.9 ® "

Weight of roof over main floor
Weight of tar paper roofing -—~—~----~---- 2.0 t/sq.£t.

* © 7/8" matched Y.P. sheathing --~ 3.5
" " Y.P. rafters 1625 x 40 x 8/144 3.6 " *

 

Total 51 "

Weight of roof over lobby
Weight of tar paper roofing _— 2.0 #/9q. ft.

* 7/8" matched Y.P. sheathing —-— 3.5 *
* © YP. rafters 1.625 x40 x 10/144 4.5 " *

Total Io-o~ " "

Total webght of roof
Weight of root over balconies and stage 7160 x 10,9--— 78, 100%

* main floor 56830 x 9.1 -- 53, 000#
. _ * # lobdby 930 x 10.0 -—- 9,300

Total 2

Since the ceiling immediately under the roof is supported
by the roof rafters, the weight of the entire ceiling is
figured below,

Ceiling weight,
 Lath and plaster - ae 10¢/ yfft.

Y.P. joists, 1.625 x 8 16*® 0.c,--—-=-—
Total gest,

Use ceiling weight as 15¢/sq.ft.

Area of ceiling under roof.

 

 

Area over main floor -------~------=— 5, 830 aq. it.
* "©  palconies ------~----~----- 5, 867 fn
* under " annua 4,571 * 8

* over stage - wa-o------- 1,302 " *
* 8

—

lobby weeeneeeeeee =D i
" "Total area 9
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Weight of ceiling
18,500 x 16 qe-~~--—- +eeeeeeeeee278, OOOF

2. Sheathing moments and shears.

Loads
Min, snow load --—-----—-.. -..--------+-+---- 25,0¢/sq.ft.
Tar paper roofing ----—---—---- s+ eeeeee 2.0 * "
7/8" Y.P. sheathing —~~~~--~--------------~ 3,5 " "

2 Total 30.5 " *
Bending mament--~ W1°/10

M- 30.5 x 1.33 x 1.33 x 12 / 10 = 64.6%§
S = Mc/I = 64.6 x 6/128 x .875 x.875 = 42.2 #/sq. in.

Shear V = 30.5 x 1.33/2 = 20.2 $
= 20.2/.875 x 12 = 1.9;'/aaq. in.

Allowed value for i is given as 1, 300¢/sc. in. (S.H.B. pg. 58)
Deflecticn=5xWxl1°/ 384 xzExI

qa - 2x 50.5 x16 x 16 x 16 x12 _
384 x 805,000 x 12 x .875 x .875 x .875

d= ,000302 * loading deflection
d= 16/360 = .00415 " max, deflection permissable

From the above values it is shown that strength does not govern,

5. Rafter moments and shears.
Over balconies
Loads

Nin, snow load ----—-.—--------~—----~—-----=-— 35,.0¢/sq.ft.
Tar paper roofing ---------—~--—----------- 2,0 * n
7/8" Y.P, sheathing -----------~----------- 3.5 " "
Ceiling weight ---~-~—----.---—-~-----meee 15.0 * fn
Rafters,Y.P. 1.@85 x 40/12 -~-------------- 65.4 " "*

Total 2 BOO Of" "

Bending manent -----~ W1"/8
Ms (16 x 50.9 x 23.5 x 23.5)/ (12 x 8) = 4,680'F
S =(4680 x 12 x 6)/(1.625 x 12 x 12) - 1,440#/sq.in.

Shear
Vv = (60.9 x 23.5 x 16)/(3 x 12) = 796
S = 796/1.685 x 13 = 40.8#/sq. in.

Allowed value as given in table pg. 298 8.H.B. for Y.P. is
1,300¢/sq.in. On the same page the following information is
given: "For buildings and similiar structures, in which the
timber is protected from tke weatherand practically free from
impact, the unit stress may be incyeased fifty (50) per cent."
Therefore 8 = 1,300 x 1.5 = 1, 950#/sq. in.

Over Main floor,

 

Loads
Min, snow load -~--.----~~-~------- ~----- 25,0#/sq.£8.
Tar paper roofing —~----~----~-.---—-------+-- 2,0 "  *

7/8 Y.P. sheathing

ub

eee

cnn

esOFasoreOeOns OHOe oees oe OsOOom z.5 e

Ceiling weight —-------------~----.------- 16.0 " *
Y.P. rafters (1.625 x 8 x 40)/144 —------ 3.6 . .

Total 495.1
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Bending moment --~-- w13/g
a = +28 x 49.1 x 16.61 x 16.61)/(12 x 8) = 2,260'#
S = (2260 x 12 x 6)/(1.625 x 8 x 8) = 1,560 #/saq. in.

Allowed value for 8 is 1,950 ¢/sq. in.
Shear

V = 49.1 x 16.68 x 16/24 = 5350#

Over stage.
Since the construction above the stage can be treated as

beams or as trusses, values were foundby both mathods, the
method of beams given here, and the method of trusses given
under trusses.

 

 

Area of roof --~----------- ------.-+-~+---+-- 765.8 sq.ft.
Loads .

Snow --— 765.8 x 25 —~-----------+--ee19, 1604
Tar paper roofing=—--~ 765.8 x 2 -<------++~— 1,531¢
Sheathing Y.P. —----- 765.8 x 3.5 w~vowee 2,6857
Y.P. rafters -—--- 35x40xl,625x12x17.5/1788- 3, 385#

Total | » 6
26,762/765.8 — meeeeeceneeee 35H/sq. ft.

Load per rafter 26, 782/85 weeniemeee (7632!
Bending moment --~---—w1°-/8

M-~--—- (35 x 17.5 x 17.5/8) (16/12) ---- 1,790°¢
& ----- 1790 x i2 x 6/(1.625 x 18 x 12)--- 550#/sq.in.

Allowed value for 8 is 1950#/so.in.
Shear

V ---~ 7763/2 -------------~---+-------+----- 381. S#

Over lcbby
Loads

Min, snow load ----~-~-~-----~----------- 25. 0#/sq.Zs.
Tar paper roofing ~-----~--~-------------- 2.0 " *
&/8" Y.P. sheathing --------— ----------+- 3.5 °
Y,?P. rafters 1.625 x 10 SOOOOeoe 3.4 " "

Ceiling weight ------------------------- 15.0 . .
Total 48.9

Bending moment
M ---- 48,9 x 17 x 17x 16/(8 x 18) wn—2, 350!F
8 ---- 2,350 x 6 x 12/(1.625 x 100) —-——1, 040#/sq. in.

Allowed value 1, 950¢/sq. in. .
Shear

V ---~ 48.9 x 17/2 ---------~------~------- 5534

C. Trusses

The weights of the trusses was figured by multiplying the
lengths of the various members by the weight per foot and
then adding 50% for details such as rivets and gussett plates.
The max. bending moment was found by finding the reactions
due to the loads and then multiplying this reaction by the
length and then dividing by 4, The max, shear was taken as
the reaction of the truss. The resisting stresses was found
by multiplyirs the aiicwed unit by tre area cf the tiece,



The allowed unit for tension in steel was taken asl16000#/sa.in.
(see 8.H.B. pg 57) and for compression 16000- 70 1/r ( see
S.H.B. pg. 80, table 9, A.R.E.A., Chicago, and Ketchum §pec,)
with a max. of 14000#/sq. in. The determination of the stresses
in the members of the trusses was found by the use of the
three fundamental equations of equilibrium

Summation of horizontal components of forces equals 0
© vertical 0

* " moments of forces pre any point " 0
The stresses for each member of each truss @sing the max.
loads are tabulated ubder the force diagram of the truss.

 

 

1. Weights.

Truss 1A and 1B fhalf-truess)
4 angles 6 6xg _33.23' @ 28, 7#/ft. ~——— 3, a0
2 eet 7? @ 4,1 ta 574
2 9'@ 3.62 8 ennnnna 65¢
aes 5.5! e 3.68 © ----------- ot
2 Quxexb/1l6 9 4,5 % eevee 8
4 * ake $'@ 4,1 " o------
2 8 5x5x9/16 8.5' @ 14,5 "% anean--—-- 2
2 " 2x2 4. 5! @ 3.62 ® SSee 334

a 6x6xz 9' @ 19.6 os o-------——- 3
1 Plate 14xz 13' @490%/ft. = 31
Gussett plates aes & 6x2xe @ " 4904/£t 47

otal
Weight of truss 5556 RS a8 ms,700F

Truss 2(half-truss)
2 angles 6x4x3/8 27.5' @ 12,.30f#/' ------ 675¢
eae 37,2 @ 8.20 8 a-—-—-— 4

; " 6.5! @ 5.62% =<—— 165
8 7.8+ 5.60 8 amen 21
2 " Sieice/a , Ot 7.60. 8 ete ”
Gussett plates 35

   

 

Total i
Weight of truss -- 1,885 x 1.5 x 2 -------5, 660#

Truss 3A, 3B, & 4 (half-truss)
2 angles Sebzs/s 27.8' @ 18.30¢/' ----—- 666#
2 27.2' @ 8.20 & = 444+

6 " 8.3'@ 3.62 " -—-- 180¢
; 2 ® 16 8.3! @ 4,50 ® Sn 7oe

2 . 8.3' @ 4.90 ® ----- S1l¢
4 ® 6.7'@ 3.62 % ----= o7¢

& " 6.3'@ 4,50 © ----- 113¢
3 ® 7,0! @

Total
Weight of truss -- 1,681 x 155 x 3 —-~-— 2, 520¢
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Truss 5A, $B, 50, & 5D. (balf-truss)

 

 

 

 

 

2 angles 5x3px5/8 23.5' @ 10.40¢/! ----—- 490
2 5ux03x6/16 23.5'@ 6.10 * ----— 287%
2 " Bexk 7.0' @ 4,10 * —--—— 584
4 * REXLB 7.5' @ 4.10 ® ----- 16
4 " aixe 6.7! @ 3.62 " —— 97

4 * $x23x6/16 7.0! @ 5.60 #,.—---- 157
Gussett plates @ 490#/ftT~----- 45

Total
Weight of truss -—- 1707 x @#@ x 2 - 3414¢

Balcony truss section BB
(4.875 xl x 38 x 40)/12 ~-~--~~-~----~-----~~~-~-- (616¢
1.625 x 1 x 11 x 40)/12 ------ -~ 60
3.250 x 1 x 28 x 40)/12 eeeeee=OAF
4.8756 x 1x 14.5 x 40)/12 ~------------~~----~—- 23

Total I
14 trusses @ 1216¢ ~-------- reeerennneLIQOOH

Balcony truss section AA
40(4,.875 x 1 x 38.1)/12 -----~~--ooo 626. Sf
40 1.625 x 1 x 32.7 /12 eeeo ane ae - <n177,4

40(3.250 x 1 x 21.0)/128 -------~~~.-..~~...~+~-.-.-+-~- 338,
Total e

18 trusses G@ 1032¢ - mmress eeaee=18G00,, OF 

&. Max. Bending Moment,

Truss lA & 1B
Loads fgom girder F and Truss 3A concentrated at U

 

Loads from girder G@ an& Truss 4 concentrated at Up
24,720 plus 14,176 --~----—-----~~---~~.--- 38, 89

Reaction ---—- 27,744 & 38,895/8 & 8,350 --~-~~-~-55, 541
M =(55,541 x 33.23) = (27,6536 & 8,350)16.61

a+1,789, 400 '$

Truss 32

Load from channell K concentrated at Lg ------ 725%
Rafter loads — 1110/2 & 18.04 x 54.375 x 50,9/80 -— 11794
Reaction —- 1179 x 20 & 725 & 2830 = -- 26, 135¢
M= (86,135 x 37.18) - (1179 x 20 x 37,18/2) =

725 x 5.5) =-(2830 x 87.18/23) = 347, 720'#

Truss $A, 8B, 4
Rafter load (16,61 x 49,1 x 16)/12 — 1110
Reaction = (20 x 1110) & 2520 = 24,72
M =(24,720 x 27,2) - (1110 x 20 x 13.6) = 2871, 000'¢





Truss 5A &5B
Load from girder F ------------~~.------= 2, 6487
Rafter loads 15,000# & 6,800¢ ----~~~—~~21, 800F
Reaction = 2,648 & 7,500 & 3,400 & 1707 = 15, O75¢
Mo =(15,075 x 23.5) - (26800 & 112000 & 20200)= 195000 t#

Truss 50 & 5D
Loads fran girder F & ES (2468 & 16736) ---- 19204
Rafetr loads ~----~--~-~~-—~~--~~..--~--—-~------ 6800#
Reaction 6800/2 & 19204/2 & 1707 ------~~-~--- 147094
M —(14709 x 23.5) = 48500 - ~~~==-29750018 

5. Max, Shears,

The reaction is taken as the max. shear.
Truss TA & 1B --------=~ee=“— beet

2 oeweatnsrenenseereeweeeeeee BBLS
© 4, 3B, 4 ---------------~~~---~=--------= 247208
" GA & 5B a...~~eeeeeeee 1507
" BO be Bll mewnmmnseeeeee 1470

4. Resisting stresses,

Truss 1A & 1B
Panel length ---(16! 7 3/8")/2 —- 8! 3 7/16" --- 99 7/16"
Member Make up Area All'd unit Stress

sue BCom Sab 2gsontNbSahooapege6 Pte e 3 .
UU. g " 16.88 12,990 216.0

Uz Le 2 “ ghxBxt 1.64 15, 000 26.8
slo 2 " 28x8x5/16 3.08 16,000 33.2
UpLs 2 " 6x3x9/16 8.36 16, 000 133.8
Ugh; 2 "“ 6x6xz 11,50 12,710 146.0
Uslg 8 " Bbxext 1.64 16, 000 26.8
UL 24 8 . 4.24 9° 950 42.8
Usb, 3 * Oo. 2.12 6, 600 14.0
Ugbs 4 " Z3x2%xt 4.76 11, 860 56.5
Ujh) eteee eee ewe

Truss 32
Panel length 85.25" |

Member Make up Area All'd ubit Stress
Lilg 2 angles 5x3x5/16 4.26 16,000 68.0
UlUsg 38 6x4x3/8 7.22 12, 050 87.0
Uslg 2 “ Bex@xy 1.68 16,000 27.8
U4ls 3 * " 1.68 16, 000 27,8
UzlL, 2 * " 1.68 16, 000 27.8
Urbs 2 * fw 1:68 16,000 27.8
Uol; 38 " S3e383x3/8 4.22 7, 000 29.6
Usbs 2 atxaxd 2.12 8,800 12.5
Usbe 3 * " 2.12 6, 440 13.6
U4l4 3 * " 2.12 7, 000 14.8
Uzb, 3 * " 2.12 7,600 16.8

ap wnp Ge ows 968° oe woe SO CPae ae =@eUE OF oS apGnap2SS@ ap@6p@eaw





Truss 3A & 3B
panel length 65.25"

demebr Make up Area All'd unit Stress
Lilg 2 angles 5x3x5/16 4.26 16, 000 68.0
UU, 2 Gx4x5/8 7.22 12, 060 87.0
Usbg 2 “* BoxB8xy 1,64 16, 000 26.8
Uzl, 2 " 1.64 16, 000 26.8
Usb, 2 " 1.54 16, 000 26.8
UZL3 2 "“ 23x2x5/16 8.08 16, 000 38.8
Ujlo 2 * Sexes 2.44 16, 000 39.0
UjL] ---~~-~---~-~----- Wn eee ---~
Ughs 2 angles Sx2Zaxy 8.88 8, 850 25.3
Usb, 2 " 3.88 8, 800 24.8
Uzi, 2 “ 2x2xb 2,12 6,400 13.6
UsLe 2 2.12 6,170 13.1
Ugg 2" " 2.12 5,910 12.5

Truss 4
panel length 5,43!

Member Make up Area All'd ubit Streas
LiL, 2 angles $x5x5/16 4.26 16, 000 68.1
Ujl, 2 "§ sexed 2.44 16, 000 39.0
Uslz 2 =O" 2ex2x6/16 2.08 16, 000 33.8

UsL; 8 " 1.64 16,000 26.8
Usb, 3 " 1.64 16, 000 26.8
Uglg 2 f" 2.12 5,900 13.1
USL, 2 ° " 2.12 5, 900 13.1
Uslg 2 a 2.12 5, 900 13.1
UsL, 2 & Sx23xy 2.62 7,950 20.
wLs 2 2.62 7,950 20 .8
010g 2 6x4x3/8 7.22 12,400 89.5
UjLj ----~-------— — ------ ----

Truss SA, 5B, 5C, & SD,
Panel length 5,87!

member Make up Area All'd unit 8tress
Libs 2 angles 33x24x5/16 3.02 16, 000 48.4
Uslbz 2 3x25x5/16 2.70 16, 000 43.2
Uzglig 2 “ B5xBxt 1.64 16, 000 26.2

Ulu. 2 5x35x3/8 6.10 11, 150 68.0
Usle 2 2 coe 2.32 5, 900 19.8
Uylg2 ° " 2.12 6,880 14.6
U.b,2 * " 2.12 7,880 16.7
UgLy Z2 8 34505"5/16 3,56 6, 820 24.3
1 1eeeee ™emem em BswetedOD amowww

In all the above tables the member notation corresponds to
the same member notation as is given on the blue prints of
the truss diagrams. The size of the angles is in inches.
The area is in square inshes, the allowed unit in pounds
per square inch, and the stress is in kips.





 

 

 

 



Balcony truss, section BB,
14 trusses spaced 404" on centers.

 
 

 

 
 
 
 
 

 

Loads
Live -+~-—- -- 100#/sq.ft.
1* hemlock ae — 2.08 #/sq.ft.

1" maple ~-- -----~—- 3/33 #¢/sq.ft.
Total #/sq.ft.

Use load for floor as 106#/sq. ft.
106 x 40.25/12 -~----~--~-~---~ -.-----~~--~~~ 356¢peft. of truss
Qsilitg. 16 £.40;86/1S seecsee Ble
Loads as shown on diagram are as follows
CD 2698¢

DE - - 53964
EF = 47974
FG 2028 7¢

GH b1
HI 815¢
IA 4337   

The stress as given on the diagram were figured out by the
finding of the vertical and horizontal components of the
varbous parts and then solving for their stresses,

Balcony truss, section AA
18 trusses spaced3 3! On centers

Floor load use 106¢#/sq.ft.
Loads as shown on the diagram are as follows
BC 
 
 
 
 
 

 
 

755¢
Cb ‘cancion 38027
DE 30824
EF 245
IG. cnecuaeciesteatacee 456f
GH 3934
IJ 1i8i#
HI 131¢
dak 14 

The stresses ase given on the diagram was figured as the
trusses above,

Roof truss over the stage supporting the roof and ceiling,
4 125! yoSx 12”
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ember (a) length 8' make up 1 5/8" x 8" wood.

 

 

 

35 x 8 x 13/96 x 8/12 x 40 --~-.---- 10, 150¢ wt. of rafters
9x 10 x 1l5---~----- - 2+ naeeen 4, 358 n 6") eeeiling

Total IT,500 =" on rafters
P .j-—-—— 11,500/70 —----.---~ -~+.-----— 164,5¢rafter @eeaction
 ----~-~ 8 x 164,5/4 ----------------.-- 32916
Moim----- 369 x 12 --~---~~--~--~-~-.-~------— 3,957 "Ff
g --..~- 3957 x 4/69,4 —------------- 328 #/sq. in,

Member (b) length 6! make up 1 5/8" x 8" wood
6 x 13/96 x 8/12 x 40 ---~~-~-.- ---~------=-21, 74 wt. of member
62.3 & 21,7 -------~-~~-------~------- ---=--~- 104 # load
104/5, RQ ewereseres eeeeee G+- 19.8#/sq.in.

‘ember $9) length 19' make up 1 5/8" 2 10°
19 x 10/12 x 13/9S x 40 -~-~~--~~-..--~--- 86 # wt. of one rafter
10.5 x 32 x 15/24 ---~-~----~----~~~-~-~~ 26.2 " ©" ceiling
Load on (c) fron (a) ---- 82.3 applied 3 los! from rt. end
13,5/15,5 ----~---~--~-----~~--~-~~-~---~~-~- 82
~82 x 19 ------~--~26,86- horizontal distance between supports
082 x 9,5 -------— 7,77 " to force 86?
©8282 x 5.25 --~--=--- 4.3! " " " " 25,.0F
682 x 10,5 ------- 8.6 " " e 8 82.37
Summat ion moments about rt, support equals 0
2000 X 4.3 —--~---~-~-- a eeeseee 118.5 '#%
86.0 x 7.77 ----- ott 20 mee eeeseee 668.5 'F
82.3 X 8,6 mH3oe2ee 709.0 '#

Total 1450.0 '#
L490/15.5 --~-~-~-~--~--~~-—---Reaction ------- 96,0
Mo ame (98.0 x 7.77) - (26.3 x .8) -----~~---- 8700"¢
S ---— 8700 x 5/135, 4 an-.--enn321 #/aq, in.

ldember (d)
R ---- (38.4 x 16) & (14,5 x 82.3) _ 103¢

M---- 103 £3x12 wane 3708GF
S ---- 3708 x 6/234 wen2HHHe++ 95 #/sq.in,
Max, § ---~~- 95 @ 515 ~----~-~~~~----~ ~~~ --~~-~+- 610 #/sq.in,.

D. Girgers

The weight of all I beams was assumed as the weight per foot
times the span. The weights of the plate girders was found by
figuring tne weight of the web plate , the cover plates,
flange angles and joist support angles and then adding 50% to
this value. The 50% takes care of the details such as rivets
and stiffner angles.
The max. bending moments wewe figured frau the assumption

that the reaction caused by the loads was a single concentrated
load applied at the center of the span. This doeg not hold
true for all cases but after several trials the authors came
to the condlusion that the results by this method were as
accurate as by the other methods,





The max, shear on the girders was taken as the reaction.
fhe resisting manent was taken fran §.H.B. Table 7, pg. 23
for all I beams, and the resistang shear fron Pable 11, pg.
28 8.H.B. The resisting moment for the plate girders was
found by the methods as explained in table 87, pg.204 S.H.B.
For all beams acting as lintels, the wall load was assumed
as a triangle whose bass and altitude equaled the span. Where
the span was great the full load on the beam was taken. The
authority for this action is given on pgs. 90 = 100 of the
Cyclopedia of Arghitecture and Carpentry Building, Vol. $.

1. Weights,

 

 

 

 
 

 

 
 
 

 

 

 

 

 

 
 
 

 

 
 

 
 
 
 
 

 

Al ecawcnesus §5 = 182 1000#
AZ ~~~ 55 x 18,1 1000#
2 See 55 x 18.1 1000#
Cl---~-- 1 wed plate 42x8/8x47 -~~ om

2 cov. * A? xl4x3 --~--~ 2236
4 angles 6x6x7/16 47 --— 3240#
8 4x5x2 x 3.4 ---— 302
a ® x 47 ---- 52

Tt) eaaclnceone 1045
Add 50% for details52@5_

Total waewan——= 157555
C2 --- same as C1 157354
i <ne~ ® o1 10490

less yahees 4x3x3 x47 —--~ 522
ot eeeteeore eeewSeeeeOD

Add 50% for Socata. 4984
Total ~—--—-——-...~-— 14952

El ----~---- 55 x 36.67 147
E2 -----——~—- 55 x 26.67 1473¢
E3 -—~—--~-~- 55 x 26.67 1473#
E4 -~-----—- 55 x 26.67 1473¢
E5 —-~~-~=- 55 x 26.67 1473#
E6 —---~-~--- 55 x 26.67 1473¢
Fl -——-----— 25 x 16.6 4164
FZ -----——— 25 x 16.6 416¢
FS --~---~~--- 25 x 16.6 4167
m4 —--—~.~- 25 x 16.6 41
Ql -—~——---— 55 x 33.23
GZ anne—— 55 x 33.83 183
Hl ---~~-~-- 31 x 13.5 52
Hg =—~~---—~ 31 x 18.5 58
ll 18 x 6.3 22
IZ --------- 18 x 6.3 2
Kl --------- 15 x 18,1 2707
Fo ces 16g 16.1 2704
Ll -<—-...—— 43 x 18.8 788¢
LD secre 42 x 18.8 788#
L3 --------- 42 x 18.8 7884
L4 ----~~---~ 42 x 18.8 788H 



M1 --~------ 2x18x10,5 -------~--~------------- 580% 

 

 

 

WO mmmmmnmme 2X138X10,5 qn~~+ 3808
N --~---~--~ 2x18x 7,5 -«---~~--~ -------~-—-- 27OF
Ol --~-~---~- 2x18x13,0 ----~-~-~~--~-----~--~--- 4684
02 ----~--—-~- 2X18X135,0 q----~~~ 4688
Pl -—---- BS X 26.0 qnwnnnreee 1590#
PZ wnm----=-- 65 x 26.0 —-~~~=~~ 1690#
Assembly floor =---=-— 31gxl4x24 << --~ 1058

_——————— 12gx6.Sx4 TememoSe mae are ou mom esae eeenore 25

@. Max. Bending Moment,

Girders Al, AZ, &B
Span 18.13', balcony trusses section AA spaced 3! o.c.

 

Truss reaction top of girder ---~--~-----—--------~--- 4,1 Kips
Girder reaction 4.1 x 6 -------~~-~~--~~~.-~~—--~- 24.6 *
Max, Moment 24.6 x 18.13/4 -—~---~~-~---~~~~-~~.--- 112.0 * ft.

Girders Clé& C2 :
Pl e+~~ 8 kips P2 ---~--~----~-~------ 0.3 kip
Loads’ eyuals 14x8,3 ~-----~------—-~----~---—--+--= 116 Kips
Reaction --- 116/2 plus 15.72/2 -----~-~~--~-~----~~- 65,8
Moment ----=—-~ 65,8 x 47/4 -------~---~----~~--~------ 775 Kip ft,

Girder D
Masonry above girder(1l.5x5) plus (1x8.5) ~—-=~--==16 sq.ft.
Weight 53.49 x 16 x 120 - 1035007
Load 485 x 40 ----~-------~~-.----—-—--~—-~----~-===~ 19400¢
Weight of girder -----~--------~-—--------~-~--- 14950
Reaction (103500 & 19400 & 14950) /2 -----------~ 68.9 kips
Moment 68.9 x 53.49/4 -------~~------~----- - 920 ft. * 

Girder El & E2
 

 

 

 

  

Pl --~~-~~1600/2-~~-- ~---~-~~- 80
PZ --~--- 18.5 x 26.66 x 560. 9/(20 x2) —enennee 42
Reaction(423 & 800) /10 lus 736 —=- ~--—-— 12886
Moment —-(12,886 x 13.33) - (1223 x10 plus 736) 6.66 ---

~---------- 88, 500!¢

Girder E3 & E4
Loads 23.5 x 26.66 x 50,9 -—----~~- --=—— 32000#
P - - 32000/20 - — — 1600#
Reaction ( 16000x 2)/2 plus 736 --- 16736# 

Moment --(16736 x 13.33) = (16000 plus 736) 6.66-—- 111500 '#

Girder E5 & E6
P] ~------~~-~~.~-~--... --~~~-~~~+--+--- 8008
PZ --- 12, 7x13,9x50. 9/20——-—- ~~ — - 4507
P3 varies fran 1250# to 800
Ry ---(12500x7) & (1473x13.33) & (2250x117. 5) & (8000x19.6) &

divided by 26.66 --------~-----~ --~— 11380?
RZ ------~ 25,696 - 11,380 ---------—------~-~--13580#

 

 

  



Moment ~~~-~ (13580 x 13.33) -_ (12600 x 6.33) = (736 x 6.66)

  

 

-~--~--~-~--~--~-~------------------ 96, 900¢ #

Girders Fl, F2, F3, & F4
PZ --------- 15,61 x 16.61 x 49,1/24 -------~----~-- 564g
Pl varies fran 0 to 54¢
Rg --~- (564x6x8.4) & (282x6x5.5) & (416x8.3)/16.61 —- heat
Rj --~~--a-—aaanenaanononneenanaeee==--.--~--- 30
udment —-—- (3084x8.4) - (3384 & 208) 4.8 --~-------- 10300!#

Girders Gl & @2
PZ -----~---—- 564 x 2 -~-~-~-~-~----~-~~-~---~---~------ 11zef
Pl varies from 0 to 1128
Ro —— (1128x13x8.4) & (1128x6x22.1) & 915/33.2---~~- o1158|
Rj ---- ————=—a aaa——----
Wonent (14175 x 16) - (1128x12x7.3) -7 (915x8.3) -—- 109, 000'#

Girders Hl & HZ act as lintels.

 

 

 

 

 

 

Span 12,5! 12° brickwall 9,5' high supported by girders
Weight of wall 9,5 x 12.5 x 1 x 120 —- ~ 14, 250¢
Reaction 14250/2& 263 x 298 - ~-~---~-7, 3884
Max, moment 7388 x 12,5/4 <--~--~---~-----~------ 23, 100 '#

Girders 11 & 12 acts as lintels.
Span 6! 4% 12" brickwall 7' 8" high supported
Weight of brick 7.66 x 1 x 6.33 x 120 — 5,820
Reaction 5820/2 % 114 x 2/2 -~-~--~---~~~~~..--.-- 3.02
Moment -=--=-. 3024 x 6.33/4 -— 4,760'¢

Girders Kl & K2
Weight of fan - --~--—— ~ 1, 500¢

* motor —- == ” 400# 
Ro ---- (4 x 400) & (Geosx 12)/ 18 & 590 &135 -—- 725¢
Ry ---- =—<=-------~--- ---- 6957
Was. moment occurs"at 695y -- 725(18 ~y)

9.2!

 

CD©2 ~2GPee CS ~OD2GaaD4Des4D@ oo 2DGPae= =>ap G@® =e

 

Max, moment -----—695 x9,3 = (400 x 5.2) ---~-—-—— 4, 320!#

Girdera Li, L2, L3, & LA.
P -+----~-~~--- ---~~~~~~+19474
Reaction (1947 x 14) & 788/8 -----~-~ ~ -~-14, 000
Moment 14,000 x 18.79/4 -~~---------~-~~--------- 65, 800' F

Girders Nl & NZ
Span 10.55' supporting 8" brickwall 29' high,
Weight of wall 10.55 x .665 x 29 x 120 ------~-~ 23, 200#
 Reaction 190 & 33300/2~~11,» 7904

Moment 11790 x 10.55/4 ~---~----~--~--~~-—--~----= 31, 100! #

Girder N
Span 7,5' supports 8" bgickwall 29' high
Weight of wall 7.5 x .666 x 29 x 120 -—--------~—= 16, 500
Reaction 135 & 16,500/2 ann~~= 8, 385F
Moment --8,385 x 2.5/4 -----------~--~--------- --~ 15, 700 'g



 

 

Gid@der O1 & O28
Span 13' supporting 12" brickwall 7.66! high
Weight of wall 7.66 x 1 x 13 x 120 ---~------------— 12, 000#
Reaction -—- 834 & 12,000/2 —--~--..---- -.------ +--+ 6, BS4#
Woament ---——-----. 6, 234 xX 13/4 -=------~---+--+------ 80, 200'#

Girders Pl & PZ
Span £26' supporting rafters 12" o.c,
Loads 1104 @ (105.41 & 54) x 13,5/2 -----.----+---- 2,170
Reaction 2170 x 26/8 neeeomene meeeeee a8 Z00#
Moment ~-------- 28,500 x 28/4 ------- . - neenee eee 183, OOO! F
This exceeds the allowed value by nearly 30, 000'¢ therefore
the aswumption as te the live icad on the stage floor mist
be wromg.

Girders under main floor
Po weeneeenereee GBB KX QB emmennnme eeeeeeee 19108
14' span of girder$ 16" spacing of rafters
14 x 12/16 ---~-~-~~.--------.- 10,5 rafters supported
1910 x 10.5/2 ----------- 10,000 & 220 ---~ 10220 -- Reaction
Moment 10220 x 14/4 -----------9-1eeewomene--— 36,000!2

3 kax. shears taken as greatest react ion

ember Max. Shear
Bamenateenoieeteeeeeeeee. 24, GOOF

BZ mannanneenee24, 600F
Bo weeneneennemremeeee D4, 600
C1 man...nienoe eeeeeeeee 65, 800
CR mmnnrenere eeee ee re me 65, 800
DD mreeeeeee eeeeeee 68, 9008:

BL mereeneeneeemetseeree 12, 886¢
EGreteee oerenne 12, 886¢
EG ennenmeeres 16,736
Bmwmneeee ciesme: 16, 736
E65 annereeeeeeeeeeeee §=©=—6-18,) 580F
E6 —-~--- ----------~--- woe 15, 5804
Fl --~---~--—---pieoeee 3, 02
FQ emernnnmieee 3, 0244
BS --—-——-oeneere 3, 0244
F4 --~---- weeemememe 5,02
GI mmnneee oe ee eteee ee 14, 1754
GQ naeeeeee

=

140175¢
Hl meee teee 7, 588¢
FG wwnseeeee ee eeae 7; 3882

TL eenmeieeeen 3, 024F
LQ mmmmnie ieemmreerecrettere 3, O24
Ki] menenn. eeeeee te ee ee 6954

U2 menanenee eeeeee 695¢
Ll 2--..--weenieeeeeneees 14,0008
LZ wweernwerre 14, 0007
LB mennnwemnHeeeeee 14, C00#
L4 weeenneereeeee 14, O00#
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Member wax. shear

MI] mameere ereeeneee 11, 7907
MQ menanee cee eeeeee ee 11) 7908
No eeenee nneeeeee eeeee 8, 3852
QL sencerereeeeee cere eee

|

QBB4d
OB momenne ie ee te ee eee eeeee 6, RS44
Pi] amaneceeeee 28, 2002!
PQ Qeenneneenceeee 88, 5002!
Under main floor -~----~--~------- 10,220

4, Resisting moments as taken from §.H.B. pa. 83

ember Resisting moment
A] amennnereeeee fe eee eee eee 118, 000'F
AB mmmnnn Hemeeeeeneeee oe eeeee 118, 000 tg
Bo eteeneeeeeeeeeermere 118, O00! #
Cl

back to back of angles 42,5" ------ d
dist. to extreme fibre 21. 758 ---——- c
Honent of inertia 4 angles 6x6x7/16-------- 7838

R 1 web pl, 42x5/8 ----~~ 2858, 8
" * " 2 cover pl. 14x------~6472.2

Total I

iiaz.ent of inertis of rivet holes (¢ rivets, 7/8 holes)
location number1229 area dis.to M@ of hole I
web 3 1ix7/8°S.63 19,50
flange 4 15/le6x7/83.28 21.365 1480

Total £00

- 18,169 - 2,455 ---~-~------eee «15,714 int
t/5 = 16, 714/21, 95 —_—————=anne| 784 in?
§ -------=- 16, 000¢/ sqJ/én.
M anemone 16,000 x 784/12 ---------~ 965, 000! #

C2 SleeleseesOOwm 0-1IONOCa GEOOeOme &-e oe o-ooer J) 965, 000 ig

Do mene eeeeeeee- game as Cl ---- 968,»oooNBE] enwnnneeeeeeee

=

1187000!EQ cmeeceeeeeeen 1187000!
|ee 118, 000!
E4 enon.oeeee peeeee eeee 118, 000 '¢
E5 wenneeeeaeeeeeeeeeeeeee 118, 000 '¢EG annaneee meeecenceeesamen: 11870004
BP weereeeeneeeeeeeee eeeee 33, 000!
FQ mennneeeeee 33, 000! ¢
FF ceeenen ree ere tee eeeeeee eeeeee. 33, O0O'#
F4 Haneeneeeeeereeee 33, 000 ! ¢:
Ql] ---..... --eeeeemee 118, 000 t#
GQ —-----eeeeeeneeee Ceeeeee 118, C00 't#
H] spaneee 2 eeeee Here 50, 000t
HQ ------ane Heneeeeeeeeeeeeeee 60, OOOt
TI] nnnwwnnee Cerneeeee 38, 000! #
Ile a an eeOe © ©aeemene1O1 6 awe o-% © aoe. 38, OOO! #:

 

 

 





Member Resisting moment
6 eee Sinieie ~-- 18, 00014
KZ walsictcnaeo1ek 000 '¢
L1 -a--nnnnnnnene=: 79,000 |
LB qanarae neeenn eeeee 79, 000 "¥
PS. RKORiot ese 79, OO -
L4 qon- —~~ + 2aeeee eeeeee 79,"0Q@12!
El Sererweiecmeinatencenseaneees, BBLOOOUE
UZ emma ee neeeeBB, 000
is 38, 0001
Ol -----~~~~~eeenn--— 28, 00018
2 28, 000!
Pl . ~186,000'¢
PQ ----~a—+- -----~------- 156, 000 IF
Under main floor -----—-~—--~---~--— 48, 000'#

 
 

 

 

 
 

5 Resisting Shear.(see pg. 28, table 1], S.H.B.)

Member Resisting shear
Al 82, 8007
Az : - 82, 800#
Bo wwe 82, 800%
Cl

  
 

 

Area of web--~ (42,5 - 6)5/8 --~-------- 22.8s8q.in.
hears< 2268 £-10) 000 amsaceerences 228, 000#

c2 tices meme PR, 00
D 228, 00
BD esesaveeeee aenook
EZ -----~ 88, 800
ES o- 82, 800¢

E6 ’ 8B, SOOF

Pp SeninmnrseeceeSenceasasa, ‘S51, 000¢
To ees aeaonena———= 81,0008
F4 -~ 31, 0004
Gd martensum echaatiseret seces 16a. 8008

 
   

 
 
 

 
 
 

 
 

 
H] aneHenneeeeeeeeee 826, 1007
WS = othe 26, 100#
id -- -----~ £1, 600#
IQ memenn eee eteeeeee 621, 600F
Kl weeee eee~ 24, 000F
Ke ~ 24, OOO#

ae ae 61, 500#
LS él, 500#
itmeneeos a 61, 500¢
M1 el, 600#
Nae ecesetweeedaaaeames) ed BOOP
N -—--— 21,6004
Oii weesccs 21, 600F#

 

 

 
 
 
 
 
 
 

 
 





Member Resisting shear
02 ortonoress pornsseerrese £1, GOOF
Pl wormne-.-eenHe ee Peeee oe Reee eeti 100, Ooo}
PQ mmmnwoneeoeneee oe re ee. 100, OOO#
Under main floor ------.-.----+--------- 42. O007

Comparison table for girders

Member Depth wt/ft span wt. Bend.w Bs. Shear Res. 8
Al 18" 55# 18,1!1000¢ 112.0 118.0 24.6 88.8
AZ 18 55 18,1 1000 112.0 118.0 24.6 82.8
B 18 55 18.1 1000 112.0 118.0 24.6 82.8
Cl 43 47.0 18.7K 775.0 965.0 65.8 228, 5
C2 43 47 15.7 775.0 965.0 65.8 228.0
D 43 54.4 14.9 920.0 965.0 68.9 £28.90
El 18 55 86.6 1,473 88.5 118.0 12.9 82.8
Es 18 55 26.6 1,473 88.5 118.0 12.9 82.8
E3 18 55 26.6 1.473 111.5 118.0 16.7 82.8
E4 18 55 2646 1.473 111.5 118,0 16.7 8.8
E5 18 55 26.6 1,473 96.93 118.0 13.5 82.8
E6 18 55 26.6 1,473 96.9 118,0 1325 82.8
Fl 10 25 16.6 .416 10.3 335.0 3.0 31.0
F2 10 25 16.6 .416 10.3 33.0 3.0 31,0
F3 10 25 16.6 2416 10.3 33.0 3.0 31.0
F4 LO 25 16.6 .416 10.3 35.0 3.9 31,0
Gl 18 55 33.2 1,83 109.0 1328,0 14.2 82.8
G2 18 55 $33.2 1.83 109.0 118,0 14.2 84.8
Hl 2- 9 21 12.5 .263 260i 5 85.0 7.4 26.4
HZ z- Q ai 12.5 .263 23.1 25.0 7.4 26.1
Ii e- 8 18 6.53 114 4.7 19.0 $3.0 22.6
I2 g- 8 18 6.3 .114 4.7 18,0 3.0 21.6
Kl 10 15 18.0 .2a7 4.3 18.0 o? «684.0
KZ 10 15 18.0 .27 4.3 18.0 otf 24,0
Li 15 42 18.8 .788 65.8 79,0 14.0 61.5
Le 15 42 18.8 .788 65.8 79,0 144.0 61.5
L3 : 15 42 18.8 .788 65.8 79,0 14.0 61,5
L4 18 42 18.8 .788 65.8 79,0 24.0 61.5
Ml mca 8 18 10.5 .19 31.1 38.0 11.8 821.6
MZ o- 8 18 10.6 .19 $1.1 38.0 11.8 21.6
N o> 8 18 7.5 ~ 135 15.7 38.0 8.4 2106

Oi a- 8 18 13.0 .234 20.2 38.0 6.6 £1.46
02 2- 68 18 13.0 .254 20.2 38.0 6.8 21.6
Pl 20 65 26.0 1.69 188.0 156.0 28.2 100/0
Under
main
flcor

24— 12 $24.5 14.0 .441 36.0 48.0 10.8 42.0



 
South Balcony during constwuction



E. Columns

The weight of the Bethlehem H columns was figured by multiply-
ing the weight per foot by the length, The weisht_of the cast
iron columns was figured by first finding the area oi the
Metal and then multiplying this value by 1 foot and then by
the weight of cast iron per cu. ft., this gave the weight per
lineal foot. This last value was multiplied by the length
thus giving the weight of the columns,
In analyzing the stresses in the columns there was two class-
es of loading to be considered. Some of the columns were just
centrally loaded, hence the stress was computed by the colum
formula given in the Cyclopedia of Architecture and Carpentry
Building, other columns had loads applied centrally at the
top with eccebtric loads applied on the sides. The jlatter
loads not only increased the compression stress, as diid the
centrally applied loads, but also produced a stress in the
column that resisted the the moment produced by the eccentric-
ally applied loads. From the formula, 8 = M c/I the fibre
stress due to the moment was determined and added to the stress
produced by the direct compression of the loads. In the case
where two eccentric loads were placed on opposite sides of
the column, their respective moments are of opposite sign and
the fibre stress developed depends on the resultant moment.

1. Weight Bet hlehem
Column Wt./ftf/ height weight

1 71# 43.23! 3.07 Kips
2 71 43.23 5.07
3 54 43.27 Re ot
4 54 43.27 Reot
5 82.5 40.20 5,42
6 82.5 40.20 5.48

Cast iron
Area of column, « 785 (36 - 20.2) SM*OOaeeee 12.3 84. in.

Weight per foot 12.3 x 12 x 4650/1788 —-----~ 38,4¢/lin.ft.
7 58.4 14, 87 57
8 38.4 14,87 » 57
9 58.4 9.5 056

10 38,4 9.5 o 56
Total weight 19.528 Kips,

The following formulas as given in Vol. 8 of the Cyclopedia
Of Architecture and Carpentry Building pgs. 87 —- 105 were
used in the calculat lop of the stresses in the columns,

8 = P/A (1 plus k L*/r*)
Where P is the ultimate load, 8 the unit stress, L the length
and r the least radius of gyration. k has the following
values 1/18,000 for columns with two pin ends

1/24,000 * " " one flat and one pin end
1/36,000 * " " two flat ends.





For cast iron columns= hollow —- with comparative thin walls
Tne following a modification of Rankine's formule is often
used 2 2

P/A — 80,000/(1 plus L /800a”)
Where § is the load L the length and d the outside diameter.

&. Stresses

Columns 1 & @,
LyWe 43! Be" mooeeeeee 528.75"
L® —~-.-—+eeeeeeeeeeee Seeee 280, 000
P eeeaeHerneneeneHee 2.56"
Ge ------neeneneieeee 6,55
T/C annenesnnnneneeee700
Area -----~-~---------eeeeeree 20.91 sq.m.
k ---------- flat endg —~--~~--~--~----------L--1/36, 000
Direct ceditral applied loads

From truss § -----~----~-------~-----— 26, 135¢i" # 6D ~~.ee 14, rae
f * 1B - ~—-Sereree-~— 55,541
" girder E6 --~-----~-------~---~ see

Total 2
Eccrentric loads

From girder Cl ---- ~--~----~-—--—=-~ 65, 800

 

 

RO AL aene 24, 600
Total direct compression loads >

S§ ---- 198,901(1 plus 280,000/ (36,000 x 6.55)) _2se5¢/aq. in
edd =

Resultant moment set up in column due to eccentric lcads
(65,000 - 24,600) x 5 3/16 —------~----- 213, 7408#

8 from eccentric loads -—-- 213, 740/87 ------ 7,930
Total strees ---- 7,930 plus 2,525 -~------- 10, 455#/sq.in.

Columns 3 & 4

 

 

 

 

 

 

Top load ( 12,886 & 9,115 & 15,075) -----~-- 37,076 ¢
Eccentric load ———---~+--~——---~—-.--+--+~-+-+- === 65, 500¢
Eccentricity of load - - et eeeee 5"
Length of column 43! 34" ---------.---------~ 499,25"
Make up 10" 64/ Bethelhem H column
ATCO wweeeerneree 15. 91eq,in,.
least Y ----------——~-~~-~~--- 2,518
S --- 37,076 (1 plus(1/36000(499.26/2.51)*)) — 5,010¢/sqsin.

I/c went —— Or Om Os Gata Ome Ome in OF" Oot NE ORRO88nt Oeet 20.2

Mo anmn—————— 65,3500 x 5 -------===women—= 326, 500%F
§ --—-- 326, 560/20,1 -~--------------~-~---+---- 16, 100#/sq. in.
Total Ss eoOnanae 16, 100 & D, O10 RSenee Or es OF" OF" ame ne er Bee Be” Dae ad, 1104/sa. in,

Columns 5 & 6
LOads eq-—-—-2eeeeeee ~- 68, 900#
Length of column --------- 40! 25" + ~— 482.5"
Make up -~---~ 10" 82.5¢ Bethlehem H column
Least Y q-<------——-—nnernnneeneee 2.68
AYX@Q mmm.+eerneen 24.29 sq.in 



g--------~-------- 68,900(1 plus 1/36000(488. 5/2, 58) @
 

 

 

 

 

 B4.29 —
§ -~---~---~-------~-.--------- ---------------- 51600#/sq. in

Columns 7 & 8
Load Rok, OOO# 1
Length of column -=----—--~-~-----eeeeeeeee 14! 10s" =—- 178.5
Make up ---~----==--~ Cast iron 6" dia. ¢*" metal.
Area meenen-2een 12.3 s@. in.
Pp —~---- 12.3 x 80,000/ (1 plus 178.5°/800x36) -- 474, 000
$74, 000/224,000 —-—---—- 2,1 factor of safety

Columns 9 & 10
Load ---~-----=n maneneneen—--—— 28, 0008
Length of column -------— Qt 6® -——..----- 114*
Make up -------------- Cast iron 6" dia. ¢" metal
Area ReaeONORReme meSEContme on One ONae Oe re5eemeen ee One on me ae OmOeeeOm 12.3 sq.in,

P ----— 12.3 x 80,000/(1 plus 114°/800x36) =--—-- 680, 000#
680, 000/28, 000 -—- ~- 24.6 factor of aafety . 

F, Column bases and bearing plates.

The weights of the bases and bearing plates was figures from
table 2 pg 12 8.H.B. The resisting stress was not figured
out directly but the required thickness for the plate was
found and compared with the thickness used, For the above
Calculation the following formula, taken from the Cyclopedia
of Architecture and Carpentry Building wol. 5, pg. 96, Was
used.

t = .866(L — b) (R/b'L£)®
where t is the required thickness

L the length of the plate perpendicular to the bean.
b'the width of the plate parallel to the beap
b the width of the beam resting on the plate.
R the end reaction of the bean,
f is a Bonstant 16,000 for steel and 2,500 foe cast iron

1. Weight of bearing plates.

 

  

 

 

 

 

 

 

 

 

 

 

 

Main floor -----= ~=-~ 32x1, 33x34 ----------~~-.- 1, 540%
Girders I & 0 - 8xlx17 - Henee st
Girders L m----e-— 4x1, 33x40.8 —ee-a---------- 318
Girders P -------------<-= 4x1,33x54.4 -- w------ 291¢
Girders M & N mwwwneeeeee Gxlx]] -—~~eeeee 1028

Girders E —-—----------— 6x1x40.8 a -- 94

Girders K a--e— 2xlxl7 - -- ~ 344
Girders H ~-------------- 4x1,.33x17, -= -~ Sag
Columnss 7&8 -----~~---~--~ 2x1. 3x76.5 - -~-  198¢
Columns 9 & 10 —----~----— 2x1,2x59.5 - 1434
Columns 1 & 3 ------~---= 2x8.33x58 -~------------- 27 Ort
Columns 3& 4 ~~ 2X1,83x58 -—~-—---- 212#
Columns 5 & 6 -—--------— 23x8x79 -—-~~------+------+— 3)

Total 3,





 

Sreennnmanorens=~ 68,900 2plus 1/36000(482.5/2,58)*)-

 

 

 

 

Go meereeeeen - aaa==------- 5316008/sq. in

Columns 7 & 8
Load 224, OOO# ;
Length of column -<-----~~-----~----- -eee 14¢ 105" = 178.5
Make up -~--~----=--~ Cast iron 6" dia. 2" metal.
Area ~- Oe SeET OF” ONAOeat Oe Oe OeOONNOLOHee we | Om eeESoe 12.3 88. in,

P —---- 18.3 x 80,000/ (1 plus 178.5°/800x36) -- 474, 000¢
474,000/224,000 ——----- 8,1 factor of safety

Columns 9 & 10
L0ad ---~—----ne anaenne—e §=—28, OO0F
Length of column -~-----— Qt Gf -——.—---~-—- 114*
Make up -~-~---------- Cast iron 6" dia, ¢" metal
Area SOOR”OOae UNCrOO OE” OF amr an aN Ome ome ome GRD my OTcane, Se Ge OSae OPre5SOOPSSOEOe 12.3 sq.in,

P ——--~ 12,3 x 80,000/(1 plus 114°/800x36) --—- 680, 000#
680, 000/28, 000 --------—- 24.6 factor of aafety .

F. Column bases and bearing plates.

The weights of the bases and bearing plates was figures from
table 2 pg. 12 8.H.B. The resisting stress was not figured
out directly but the required thickness for the plate was
found and compared with the thickness used. For the above
calculatbon the following formula, taken from the Cyclopedia
of Architecture and Carpentry Building wol. 5, pga. 96, Was
used.

t = .866(L — b) (R/b'L£)®
where t is the required thickness

L the length of the plate perpendicular to the bean.
b'the width of the plate parallel to the beap
b the width of the beam resting on the plate.
R the end reaction of the bean,
f is a fonstant 16,000 for steel and 2,500 fow cast iron

1. Weight of bearing plates,

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Main floor ---- -~-~ 32x1.33x34 -------- ~~ 1, 540#
Girders I& 0 women 8xlxl7 --~——-----------—~ 13

Girders L meena 421, 33x40,.8 —ene---------- 3218
Girders P --~-~----------— 4x1, 33x54,4 ------------- 291
Girders M& N —--~----- Bxlxl] amannneeee=: 1028

Girders E -~--—------+---—= 6x1x40,.8 meemee ~ 24

Girders K mene 2xlx17 a ~ 34d!

Girders H --~~-~—~-+—--—~~- 4x1.33x17. <= omen 88¢
Columnss 7&8 ---—-~-~-~-~-- 2x1. 3x76.5 oneness98

Columns 1& 2 weeennm= 2X8, 53x58 —-------------- 2704
Columns 3& 4 — ~~ 2x1,83x58 --~-------- -- 812%
Columns 5 & 6 -—~------— 2x8x79 —-~-------~------+— 316

Total





§-------------++ 68,900(1 plus 1/36000(482.5/2.58))
BALO —

§ weenneeeteeeeeee+ 5600#/s8q. in

Columns 7 & 8
Load 224, 000f |
Length of column ------------~--~--eeeeeee 14' 105" =- 178.5
Make up ---~----=--~ Cast iron 6" dia. 2" metal.
Area waneenenneeee 12.3 Qe in.
Pp —---.- 18.3 x 80,000/ (1 plus 178.5°/800x36) -- 474, 0004
474, 000/224,000 ~~----- 8,1 factor of safety

Columns 9 & 10

 

 LO8d aweeeee Hee ee ee 28, OOOF
Length of column -~-~-~- Qt 69 on-~~-—.-————— 114*
Make up --—----------- Cast iron 6" dia. ¢" metal
Area SFeSSOISOONeTOe ENmetem, RP me Oe wane Gooe5EeeeOe 12.3 8d. in,

P ----—- 12.3 x 80,000/(1 plus 114°/800x36) -~—-- 680, 000#
680, 000/28, 000 -—------—- 24.6 factor of aafety .

F, Column bases and bearing plates.

The weights of the bases and bearing plates was figures from
table 2 pg 12 8.H.B. The resisting stress was not figured
out directly but the required thickness for the plate was
found and compared with the thickness used. For the above
Calculatbon the following formula, taken from the Cyclopedia
of Architecture and Carpentry Building wol. 5, pg. 96, Was
used, }

t = .866(L — b) (R/b'L£)2
where t is the required thickness

L the length of the plate perpendicular to the bean.
b'the width of the plate parallel to the beap
b the width of the beam resting on the plate.
R the end reaction of the bean,
f is a Bonstant 16,000 for steel and 2,500 foe cast iron

1. Weight of bearing plates.

 

  

 

 

 

  

  

 

 

 

 

  

Main floor -----= w——~ 32x1,33x34 ----------+= 1, 5404
Girders I & O - Sxlxl7 ~ en —— 13

Girders L ma---e-— 4x1, 335x40.8 ——---------- 218

Girders P --~----------~= 4x1,33x54,4 --~----------  291#
Girders M& N —----+ Bxlxl] ameneneee ozs

Girders E ---—-~-~-------— 6x1x40.8 = meee o 24

Girders K wee 2x1x17 = -——— - 344
Girders H ~--~~------—---—- 4x1, 33x17. -~ 884
Columnss 7&8 -<-~-~------ 2x1. 3x76.5 - -- 198%
Columns 9 & 10 -=-~---.--- 3xl,2x59.5 ------ -  143¢
Columns 1 & 2 ------~-~-=-= 2x2.33x58 ----~----------- 27Oct
Columns 3& 4 ~~ 2x1.83x58 --~----- --—- 2124
Columns 5 & 6 ~—~----~-—— 8x8x79 q—-~-ee— 31

Total ’





® Required and actual thickndsses of plates.

 

 

Main floor
Make up =---- 32--- 16"x16"x5/8" plates
Reaction ---~-—---—~--—~—~-.-- awaee-—— 10,220x2 -- 204 OF
D ereneee  e-eee nhteiee—-5"
DI meneeeetmeneneeeeee IGN
L weno ne-----~----- --—eee 168 
 

£mnnnoennncnngennnnnnnnn=— 16, 000
t ---- .866(16 -5) (20440/16x16x16000)
Required thickness is .670"
Actual thickness is .625" plate should be .035" thicker,

----------~ .670

Girders Il & 12

 
 

 

  

  

 

Make up ]-—----- 8 -~-+ 8x12x6/8 plates
Reaction eee ---—— a 5, OB44}
D arenennneeennenennee 8.5"
b! eee eee a eeeeee Bh
LL a-~~~~enee -—— --—— 19"
f -----—--—----- Henne -- - 16,000
t--- .866(12 - 8, 5) (3,024/8x12x16000)2 — wawee— , 1335"
Required thickness is .133"
Actual thickness is 625" plate ia .492" thicker than necessary

Girder O1 & O2
Make up -<<----—-eee same as for I1lé& Ie above
Reaction —_— --- ~~ 6, 2S4¢G
t —-- ,866(18 - 8.5) (6,234/8x12x16000)2 --—--------- , 193"
Required thickness is .198"

   

 

 

 

Actual * .625 or an excess of .432°"

Girders Ll, L2, L3, & L4,
Make up ----- 4 plates 16"x16"x5"
Reaction —---———--.ee—— 14, OOOF
b - ee rr reeeene be"
b! 88nnneee 16
[ymnceeeeeeeeeeeeeeeeGRR
f ---~~~~.—~~.2.2~2253-~anes~ 16,000
t -—- .866(15 ~ 5, 5) (14000/16x16x16000) <----——— Sa
Required thickness .538"
Actual " e750 or an excess of ,2l7"

Girders Pl & B2
Wake up -------~------ 4Pilates t6xl6x1
 

 

React ion=-—-—-~--~-~~-~~~...- wane=. 38, BOOF
Deerarennneeneneeewaaa=- 6425"
DP weens neeeeeneeeeoenae ae a neeeane weeeeeeneeee 16"

L en-----~~eee ——— - - 16*

fo nannnnneneneee 16, 000
GF mm e 866616 - 6, 25) (28200416x16x16000)2;——-s—— e 7*

Required thickness 7"
Actual 1.0 or an excess of,3"





Girders W1 & M2
Make up -----~a nee eeeee 4 plates 8"x12"x5/8"
Reaction ----= aneweeeeeenee11, 7908
weeneenpeeeeee BM
Dl anneneaeee ce eeeeeeee §=—«d1,08
Ly aneweeeneeeeeeee one wee— 8.0"
fo amnie16, 000

Required thickness .ac6*
Actual " 625 or an excess of .859

Girders N
dake up -----.---~~--~-- 8 plates 8%x13"x5/8"
Reaction --~--——---~—~.~--+4ne2eH—- 8385+
b, b' ,L, & £. s@me as above
t —-—-~---=--—- ,866(12 - 8,5] (8385/8x12x16000) -- .324"
Required thickness ,224"
Actual " ~625 Or an excess of .401"

Girders K1 & K2
Make up ----------+---------—8"x18"x5/8"
Dermaee2weene teeeeaeo aeemeeteneneeeen—~——me 2,6"
pt awnseee.e.. na ecavene eensean. vena eneeeeeeeee=e 1398

To maneaeeeeneeeeeeeenee Bf
Fmmnaanetneeeeneeep ee=----- 16000
t --- .866(123 - 2.6) (695/8x12x16000) #~——-----~- ~172"
Required thickness .172
Actual " e625 or an excess of ,453#

Girders E5 & E6
Mak UP werntee2eee (12"x16"x4" Plate
ROACt LON —m2eeoeoeeesee 13, 580¢
b ----------aesaee 6*
pl --_.~~_.. ne eeeee eeeaeeeeee_~———— 13"
Yo mmnnnnaee eeeeeeeeee 16"
Fo --33+2eeee eeeesne eeeeee— 16,000
t --— .866(16 - 6) (13580/12x16x16000) -_——--—= 575"
Required thickness .575*
Actual " ~ 750 or an excess of.175*

Girders E4 & ES
Wake up --------~~~-~---~-----— 12x16x¢ plate
Reaction —~----~-~~—~-~~-~..+--+~—--~~~~-~~~ 16, 7364
b, b', L, & f are the same as above,
t--~ .866(16 ~ 6) (16736/12x16x16000) ------— .640°
Required thickness .640*

 

Actual " 750" og an excess of .110"

Girders El & EZ
Make up s<----~--~---~~-ateeet 12xl6x¢ plate
Reaction -~----~--~-------~~~-----~-~-~----~--=- 12, 886
b,b',L,& £ are the same as above
t --- 2866(16 - 6)$12886/12x16x16000) #---------  .563"
Required thickness .562*"

Actual " ~750" or an excess of .188"





Girders Hl & HZ
Make up -----vtecaesu-+-= 2 plates 8"%x16"x5/8"
Reaction ---~~—-~---~-~~3+eeeeeeneee 7, 3884
[LQ ewwwaneeeeeeeeene erent geenee en f
Bp! --------++eeenee+aweona 16"
Uy -~--—.-.~.—..~~eeeeeeneeeeneeoeeeene eo eo eoeeeeee gn

GF menawoeoeenneeee peeeeee 1B, 000
t --—- ,866(16 - 9. 25) (7388/16x8x16000) 2--------~—- 350"
Required thickness ,350"
Actual " 625 Or an excess of .275"

G, Floors( floer beams and covering)

The weight per sq. ft. of floor surface was found and then
multiplied by the no. of sq. ft. of floor, thus giving the
weight of the floor covering, to this value was added the
Weights of the joigts.
The bending moment for the floor covering was taken as W1"/10
being the same formula as Was used for the roof sheathing.
The #esisting-stress was figured fran the relation 8 = M c/I
The resisting stress was taken as 1300¢/sq.in. with an
increase of 50% for unexposed building material

 

 

1, Weight

Weight per sq.ft.
1* hemlock --------—--caneeaeeenoeeememeine 2.08#/sq.ft.
1*® maple -~-~—~-~-~-~-~-----~--~-~--~--~~-— 3.32¢/sq.ft.

Total B.4 #/sq.ft.

Balcony section BB,
Area of floor --~---~~~-~---~~~~-—~~~-~-~-— --~--~ 4087 sq.ft.
Weight 488725, 4 wenaee ——— 36, 4008 |

Balcony section AA,
Area of floor -~--~-~~-~-weeeeeeeee 96060. ft.
Weight 980x5,4 --~----~---=----~=~~= 5, 500¥

Main floor
Area of floor ----~-~~~-~--~~~-~~~~-—~~~ 10, 6878q.ft.
Weight 10687x5,4 —~--~---—-—----—~~~---~-re 57, 800¢

Joists
Number length Total
84 13! 1090!
45 6t 270!
84 13! 1090!
64 13! 834!
42 13! 546!
80 10! 800!
56 30! 1680!
40 19! 760!

Agregate
Weight 7170 x(1.625/12)x 40 --~----~--~~--------=---= 389, 000#
Tofal weight of floor A%6, OOOF





 

Test of flooring
Loads

Live ~---~~- eneaaeaane aaeeeeeenes~~~ 100¢/sq.ft.
Dead -----~--~--~-=---~~—---~~~~~eae 5.4#/sq.ft.
Use 306#¢/sq.ft. as the load

Mom—~ W1°/10 —-—..---~~ 106x9/10 --~~-~---— 95,4 '¢
8 ---- 95.4 x 12 x 6/(12 x 4) -----~-~-~- 143#/sq. in.
Shear 106 x 3 -----------~---~~~~.-------- 4184
The floor is safe for the resisting stress is 1950¢/sq.in.

Test of joists
lst. floor under balcony, section BB,

Load on rafter 106x(16/12)x13.25 --~-~--— 1,87
Weight of "® (1,.525/18) x 1x13.25x40 --- 7

Total
Reaction --- 1,947/2 ---~~--~--~-~------~~~~=-~--—--974
M --- 974x13/4 ---~-~---~----~~-~~------~.=--~--=- 3,170 '¢
S --- 3170x12x(6/(1.625x144)) ----~-~--~~~~~----- 975¢/sq.in, 

Allowed unit is 1950#/sq.in. therefore joist is safe.

Joist under main floor
Loads on floor 1064
Weight of joist --(1.625/12)xlx40x13 --~--------- 70, 5#

" " floor on joist 106(16/12)13 ~---~--~~4, 840¢
Reaction 70.5 & 1,840 divided by 3 -~~----~~~-~ 955#
Mem— 956x13/4 ---~-~--~~--~--~~--~~-~~~~----~---- 3,100'¢
§ --- 3100x6x13/(1.625x144) ----~~~~--------~----~ 9554/sq. im
Alaowed unit is 1950¢/sq.in. therefore floor is safe,

Joist under stage floor,
Load on joist 1067/sq.ft.

 

Weight of joist —-(1.625£12) x1x40x20 -----a~~ 108¢
Weight of floor on joist 105 x 20 ~-~-~-~-----~----— 2120#
Reaction 21280 & 108 divided by 2 ------~--- 11144
Mo -—~ 1114%20/4  ---~-~~--~--~~-~--=~---~=-===--—- 5,570 '#
§ ——- 5,570 x 6 x 12/(1,625x144) ~--—---—------~--— 1,700¢g¢eq.in,
Therefor the joist is safe since the allowed unit is 1950¢/saqgin

H. Foundations (ingluding walls and partitions)

The vokugns of the Walls was figured both for the brick and
for the concrete, The volumns was multiplied by 120 for the
brick walls which gave the weight of the brick walls. For
the concrete the volumns was multiplied by 150 and this
result was the weight of the concrete walls. The sum of the
two results was taken as the waight of the founda&dionm walis
and partitions. The bearing stress on the walls was figured
by dividing the area of the plates by the load on the plate
The resisting stress was taken from 8.H.B. pg.56.
The earth bearing was found by dividing the weight of the
structure and fixtures by the sq. ft. of Woundation resting ob
the earth, This value was compared with the value in 8.H.B.pg56



 

 
Entrance during construction,

showing forms for doorways, also the steel roof frames

in the background.



  

Weight of brick Walls and partitions.

 

Under front part of stage --- 4x1x130x120 ------~ 68, 400#¢
Gutside walls -~-~~---- 320” 44x17£12 x192 ---~-~i, 434, 000#F

44%1x104x120 ------~~-.-~~~~---~-~ 550, 0
$4x1xx9lad20-——-—~-~----—~-~~--~~- 381, 00

Partitions 18x1x150x120 -~~-~~--~-~ae=eee 324, 00
44x1x82x120 -~-~--~~--—~~-~---~-~~-~=-~ 433, 00
18x.66 x32x120 ~—~-~-~~~~~-—~~~~—--= 46, 10OF
18x6216x120 -------~~--~—-—~~~~--~— 208, O00¢€
40x. 66x156x120 -~----~-~-— ----~-----—— 500, oot

Wall over girder D 53,5x1xl6x120 -----~~-~~-~- 103, 5OOF
Total weight of brick masonry 45038,000f

or 8,016 tons,

Weight of concrete walis and foundatiogs.
2(2x48.66x11.5)150 ~--- -----~~~.--—~---~~~==a 335, OOOF

20/12911.5x274,5x150 ------~~---------~~~— 788, 00
2(39x11,5x2)150 ~~~~~~-~-~--~~~~-~-~~-~~~~~---- 270, 0
2(4x11,5x1.5)150 ----~--~~~~--~--~~-.~~~~--Leveneane 20, 700

11, 5x. 66x361, 6) x150 --~-~~~-~~--~---~~~---— 4165, O00#
11,5x1x261)150 ~-~~----~-~~~-~~-~-—~-~-~--—--== 45, 0004
11,6x2.83x91)150 ~-----~-~-~~.---= 444,00 

24(1.33x1, 33x11, 5) 160 -~-~ ..-~
Total weight of concrete

or 1,195,55 tons.

 oT oor
3

&. Bearing stress

Under columns 1 & 2.on concrete
LOG, memeeeneeneaneeooeeeeee 198, 901#¢
Area iD0wae tae OnnaeSPage WDeneaed MODee ED O00 ORD ae a one ED ee em me 30x24 memeone waepane eae 720 sq. in.

Pressure on masonry 198, 901/720 — ---——-—— 276$/eq.in.
Allowed value as given in 8.H.B. pg 56 is 280¢/sq.in,

 

 

Under columns 3 & 4 on concrete
LOOweesaws in

eotne

meneweeeaeeeeneaeeeeee~108,,o16F
Area --~~~-----~--e=~~—— 20X00 -—--—
Pressure on masonry 108, 376/484 ~~-
Allowed value 280#/sq.in,

 

in,

il.L.st/earin 

Unde@w columns 5 & 6 on concrete
  

 

Load ---nn nnernencneeeeeennna= 68, 9004
Area -—-~- -— ~ 22X28 won 616 sq.in,
Pressure on masonry -~ 68, 900/616 -—-------~-~= 112#/sq.in
Allowed value 280#/sq.in.

Under colums 7 & 8 on concrete
Load #-~~~-—-—~~-~=~~-~~ee= 224, OOOF
ALCO mem=eeeeeeeee 15x15 --~--~-- e258q.in.
Pressure on masonry -—- 224,000/225 ---~---~--~-- 99. 5#/sq.in.
Allowed value 280/sq,in.





Undre colwans 9 & 10 On concrete
  Load ----~----------~-- -+-~~=--~-—--- 28, 000#

ATOQ enn3aeeoe 14x14 ~-——= 196sq. in.
Pressure on,mMasonry 28,000/196 ---~-~-~---~- 145#/sq.in.
Allowed value 280/sq. in.

Under girders ES & &6 on brick
Load aa eeeeee------~~~= 13, 580#¢
Area ---~-~--~-~-----------~-~-— 16xlZ ------~ i828q.in,
Pressure on masonry --—- 13,580/1828 --------- 74.5#/sq.in.
Allowed value 8.H.B. pg. 56 is 168¢/sq.in.

 

Under girders E4 & E3 on brick
 

 

Load -~-------~-~ _----- 16, 736%
Area ----~--~~-~--~-------~--— 16x12 -------- 18298@.in,
Pressure on masonry 16736/182 -~-----~ — 91,5#/sq.in.
Allowed value 168¢/sq.in.

Under girders EZ & El on brick
 boad — --—— - ~~ ——— 12, 886#

Area -—---~----~-~---~—---=----—- 16x12 ------ 182 sq.in.
Pressure on masonry 12,886/182 -—-------—-- 714/sq.in
Allowed value 168¢/sq.in,

Under girders Hl & HZ on brick
Load --~~------~------~~~=-~~=---~---~-~--~= 7, S88F
Area -----~-—~-~-~------~-- 16x8 ---~--~-~-~~-~---~ 1288sq.in,
Pressure on masonry 7, 388/128 -----~------- 59#/sq.in.
Allowed value 168#/sq. in.

Lintels in walls composed of 2 angles 33x3ax5/16
Span 8 feet; use load as triangular load of 6ft. base and
6 ft altitude. :
Reactions 6'xl17/12 x3x120x5 -~------~--~=-- 1530?
Max moment 1530 x 6/4 -—--~-~~~--~~--~~--=-2300 '#
Max mOment as taken from 8.H.B. is 2x1310 ~—= 2620'¢
Since these lintels are supported in between the ends the
angle irons are more than strong enough.

3
5. Resisting stresses

The resisting stress for common brick as taken from &.H.B.
Pg. 56 is 12 tons per sq.ft/ or 168¢/sq. in.
The regigting stress for concrete as taken from S.H.B. pg.
56 is 20 tone per sq.fj,-or 280¢/sq.in.

4, Earth bearing

Area covered by cross section of walls -------- 1,600s¢.ft.
weight of structure -~---~-----~~--~---=-----=-—= 5,630 tons
Bearing ----~ 5,630/1,600 --~~--~--~----------- 3.5 tons/sq.ft.
The earth on which the building is loeated is clay and in
8.H.B.pg.56 the allowed bearing value for clay is 4tons/sq.ft.





I. Fire resisting properties

The investigators, after inspecting the Lansing Auditoriun,
offer as their humble opinion, that little or no attempt has
been made to produce a fire=<proof or slow burning structure,
The floors, interior finish and roof are constructed of wood,
and for the most part, those parts enumerated are constructed
of soft woods and are of comparatively thin dimensions, this
making the parts favorable for rapid consumption by fire.
None of the wood has been treated with a fire resisting pre-
paration in order that the fire hazard may be reduced.

The walls being of beick and containing very few openings
would act similiar to a stack, tims allowing the interior to
burn like fuel in a furnace. These openings in the wall are
so placed and of such a nature, that if a fire started in the
fan room, under the balcony floors, or under the roof in the
dead space between the roof and ceiling, it would be practicas-
ly impossible to reach the source of the fire. The fan room
is a very favorable place for the starting of a fire. In this
room are the fams, motors,and electric wiring which might +4
ignite the wood thru heating or sparking. As noted in a pre-
ceding paragraph, at the time of the inspection by the invest-
igatore, the leads from the motor in the fan room were held
to a pine board by nails bent over. The leads were not very
Widely separated thus offering favorable conditions for spark-
ing between the leads if an excess of current should pile up
at this point.

However, the building is amply equippedwith fire escapes
and exits tims preventing any serious calamity in case a fire
occured when the auditorium was félled to its capacity.

Taking into account the increased cost of a fire proof
structure and the small risk of destruction by fire;
financially, the present construction is perhaps better engin-
coring than an increase of expenditure by fire-proofing the
structure.



Part lil

Conciusion,

A, Concluding remarks on this thesis.
The report of the investigation is finished. Whether the

authors have tested all the parts of the structure, they can
not postively state,altho they are of the opinion that all
parts of vital importance have been touched upon, The invest
igators have received a number of ideas from books, due to
the fact that the design called for some research, As the
authors noted in a previous paragraph, some of their methods
may prove unique, but as a whole they are satisfied that
they have done justice to the work, by attempting to invest
igate a structure in which so many stresses may occur, The
authors are confident that in some parts, they have omitted
the stresses due to peculiar loadings, but as they did not
know how to complete that part of the investigation, they
did not tackle those portions,

B. Concluding remarks on theses in general,
The authors are here offering some suggestions that they

would lixe to hear discussed by all other students who work
theses. In leading up to this topic the authors will state
some of the conclusions that they have drawn during the
progress of their work, First; altho the authors have
acquired considerable book-knowledge along lines of invest
igation, they feel that they did not go déep enough into
the investigations of the various parts; second, the methods
used for the investigation of the structure were acquired
partly from books and partly from ideas of the investigators.
The authors are not postive that the means so devised are
correct or even close enough as to give values within the
prescribed limits.

For the elimination of this trouble, the following idea
is suggested; first, allow the student to name the subject
which he thinks would be of interest to himself. Some of the
subject might be Sewage Disposal, Water Supply, or
Investigation of Some Structure. Second, after this choice
has been made place all those desirous of taking one subject
into a class, all those taking another subject into another
Class and so on, Third, assign an instructor to each class.
Fourth, have these classes meet once a week for four weeks.
At these meetings, each student must give a report of the
time and methods used in conducting the work, The class
can then comment on the methods employed and the instructor
can correct errors in the methods employed. After the four
Weeks has passed the work should have progressed far enough
so as to be £inished in a proper manner,

It is with regret that the authors here write
FINIS
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