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Intredustion

The duildiag of whieh this is the Anmalysis is the Supply
Bouse of the Burre Noumtain Cepper Cospany, lesated sear Tyrone,
Now Nexico.

I8 1e used as a generzl warehouwse, It is 60°' By 138°¢,
bas a conorete dasement, steel coluana pand 18° I deam girders sup-
porting 12° I fleor bdesms on which is & 37 plank {loor desigmed to

earry 400 pounds per square foet. The wells are tile and the roef

$e suprorted by weoden trusses, There is an overhead 4 tom trelley

and a 1§ toa elevator,

The method used in the design is as fellows:

1. ZRstimate Weight and Déad Lead Panel Concemtrations fer Combination

Roof Trues.
2., Draw Stress Diagrams aad Tadulate Stresses ir Roof Truss for
Dead Load - Max. Snow Load - Nin, Smow Lead, and Viad Load,
3. Amalyse Roof Purlins amd Rafters.
4. Tadulste Max, Stresees and Analyse Truss Nemders.
S. Analyse Joiat details for Each Typical Joimt, _
6. Analyse Wall Footings for Max. Wall Height and Trusfoading.
Y. Amalyse Meinforoed Congrete Limtel - 10 ft. Spah.
8. Analyse 3 ia, Fleering.
9. Amalyse Steel Floor Beams B, L - B 14 in,
10. Amalyse Pipe Celums.



1.
132.

13.
14,
8.
16.
17.
18,
9.

21.

Analyse Bullt-Plate and Angle Columms.

Analyse All Nemders of Tlevator Framing and Supporting Beam C 1
and C 3,

Analyse Column Footings.

Analyse Reinforeed Consrete 8tairs.

Analyse Walle and Duttresses for 01l Sump.

Analyse I Beam Trelley.

Analyse Cross Girders of Hand Trolley Support.
Analyse Beans for Eand Trolley Swpport.

Analyse Columms D1 = D 4 in. Hand Trolley Support.
Analyse Braciang and Tie Reds, Hand Trolley Suppert.

sSunmary,



INDEX.

The different articles are takea wp ia the order just
naned as follews:

Article 1 - page 1.
. 2 -~ 4.
. § - " 8.
. 4 - v T.
. S - * 1,
. ¢ - * M,
. T - * 28,
. $ - " 9.
" 9 . v g0
* 10 - * 324,
* 1 - " 35
" 13 - " 3.
* 13 - " 20.
" 4 - " 39,
* 15 - " 2%,
* 16 - * 30,
* 1Y - * 33,
" 18 - " M,
* 19 - * 35,
" 820 - * 37,
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Iadex to Posket Dravinge.

Drawing of Truss aad Truss Details -~ Exhibit A,
8‘".‘““....-‘..-0’“'1‘..
Suppert of 4 Tem Trelley - - = = = « Exhibit C,

Index of Referemces.

A. H, B, = American Civil Engineer's Hand Book.

8. H, B, = Ketehan's Struotural Engineers Hand Beok.

A. R, k. A. = Amerisan Railway Ingineeriag and Nainteaance
of Way Assosiation.
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Indes of Symbols weed.

Bending moment.

Fidre stress in pounde per eq. in.

Noment of Inmertia.

Distance to extrems fidre.

Safe workiag stress fer the columm.

Safe ond bdearing stress, coxpression with the grain,
Leagth of eclum.

Least side of eolumm or met depth of dean.
8teel ratioe:.

Ratie: of dopth of meutral axis te depth 4,
Ratior of lever arm of resisting couple to depth d.
Stress in pounds per sq. in. ia the steel.
Stress in pounds peor sq. in. in the concrete.
Breadth of bdeanm,

Bond stress per unit leagth of dean,

Total vertical shear ia any section,
Resistiag Noment.

Coneentrated load.

Length of bdeam.

Arvea.

Least radius of gyration.

A comstant takea from A.H,B,

Noment of inertia around axis yy

Noment of imertia around axis xx

Inside diameter of pipe columa.

Outeide diameter of pipe columa.



vy = ’ﬂ} o

Veight of earth per eu. ft.

The angle of repose.

Horisoatal pressure of the earth oa the wmall,
VYertieal pressure on the soil.

Breadth of footing.



Artiole 1,

Rstimate of Weight and Dead Loand Pamel Comceatrations for
Combination Roof Truses. See Fig. la - Exhibit A,

Span 60'<0" Rise 15'-0",

Spacing f Trusses 8 18! -« §* C, to C.
A - Estizate of weight ¢f Truses.

«l- Wooden memders. Wt, per cu, ft, Oregea pine (Douglas
Fir) = 32,144 (P368 A.R.B.)

Sise Length Wwt, / ft. Yoight
2x10 304 1¢ 4,46 910
2x 8 108 3.58 386
4x6- § 5.36 118
6x8 3 10,712 . . LI
6xé ” 8.04 740
48 36 7.16 337

Total = 2796,

-3« Estimate of weight of bolts. (Table 103 8.H.B.)

¥o S8ise Wt./ 100 Poight
84 1ex7j* 2524 1364
a8 Iz 1 14

3 1x31 852 1

3 1-3/8x38 1400 28

2 1-3/8x28 1200 24

Total & 3364
-3« IEstimate of wt. of hanger dolts. (76 and 7103 8.H.B.)

| 1) Diam, hl‘th "Q/‘to... .

3

2 5.28 1.502 15.64

| 1-1/8 .16 3.379 61.9

3 7/8 8.78 2,044 35.8

b § 7/8 .16 2.044 8.6
W, of nuts and heads 10,0

Total < 142,.14v
~4- Wt. of special parte = 304



Total wt, of Truss.

(1) Veodem memders -~ - 27944
(8) Bolts = = = = =~ - 236
3) BRanger delts - -~ 143
4) Spesial parte - - 30

Total s 33044

Wt. of Truss per hor. sq. ft. 3 B4 C 4 364
B Estisate of wt, of Roof severiag.

«le Corrugated eteel roofing. (P25 8.H.B.) Cerrugated steel
to sover 100 sq. ft. usiang 3 sorrugation side lap and 6 inch ead lap =
188 oq. 1t. Area to be cevered 3 3 x 32.6 x 12.9 = 840 oq. It.
Wt. of 100 sq. ft. #30 galvenised corrugated sheets with 3* eorruga-
tiocns = 1704

1.280 x 8.40 x 178 < 19704
i}'jﬁ; o 2.3 per hor, s, ft.
=2« HNailing strips.

2 x 4 nailing strips spaced 3'-1"

W & 6550/ her. sq. ft.

-3~ Rafters 2 x 6 spased 24" C, to C.

it o T x18.8 °3.81%/ hor. s 1t.

<4- Purlins 428

$28zx13 y $xlB.S M -
iv s > ALl = 20294 / Bor. w11,

¥t. of Roof eevering.
gl) Corrugated steel 2.534 / her. sg. f%.

3) Nailing stripe 68/
3) Rafters 1504/ * LI



e Panel leads,
«l« Doad panel leoad.
T, of Truss 4.264 / hor. 0. ft.
Wt. of Roef Covering §.898 / hor. sq. ft.
Total 0284/ » » »
Horiseatal profestion of eme panel 3 7.5
Dead panel 1-‘ 2 10,19 x 7.5 x 18.5 = 9804,
-2+ Snow panel lead (fig. 1 p. 4 S8.H.B.)
Latitude 340 « { piteh, Snow load = 104 / hor. eq. I,
(Note - Tor Pagific Ceast and Arid regicms use § the tabular values)
Nin. snow load ® 5§ / hor. eq. 8. Nin, snow panel load 2;5%’ x
950 & 4494 Nax. snow leed.
From the fig. n p ¢ 8. H.B, the max, snew load is emaller
thaa the minimwm, therefore 1t is meglected.
«3- Wind panel load (SEB p. 6 Pig. 3). P =\ao4/ sq. f%.
A ® 20° Use Duchemin formulas. Froz the curve aormal pressure =
224 Panel load = 323 x 8.4 x 13,5 ® 23004,
~4- By Art 37 p. 5S¢ S.N.B. Vortical panel loading at 204 /
hor. sq. ft, TETS :.950 s 38004 / hor. eoq. ft.



Article 2.

Tadbulation eof stresses in roof truss for dead load, minimum
snow load, and wind load.

See Tig. 15, Exhibit A; Fig. 3, Exhibit B aasd tadle I
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Artiecle 3,

Analyeies of Roof Purlins and Rafters.

(Art. 26 P 86 SHB ) Roof sovering should be designed for
a hormal load of not less than 304 / sq. ft.

(a) Analysis of Roof Purlins.

w= G x50 = RE2"/F% E[

-
‘ bz

" IR.5.

(Art 20 ® 651 and P 368 A, H. B, ) Allowable urit extrome
fivre strese for Oregon Pine (Douglas Pir) e 130 z 8008 « 10404
/ eq. 1a, .

Max. ¥ = 282 x12.5% ;192 89,1000

s |
I "l-f,;l’ s 286 o= 4°

Resisting moment = g
L

59100 = g x 286
¢

s = 9344/ 0q. ia which is well within the allewadle

working strese.

(B) Analysie of Rafters.

w= &0 =/ FF D ‘}

g«’




Analyse for a mormal load of 304 / eq. ft.

Max ¥ = §0 384 x13 = §,360%

s
¥ _gl
L

3
1= 358 = %
12

6360 = ,__}_n

s ~» $30§ whish 1s well withinm allowadle workiag stress.



Artivsle 4.
Tabulation of ¥ax stresees and analysis of Truse Nemders.
Refer to tadle I

To find maxizen load comdine 1, 2, 4, -1,28,5, 1, 4 -

1, 5 or 6.
Nombor INax, Max. Max. Nax. 8ise of Ma
Cemp Road Tonsion Load lNem. Sect .

A 31800 ) 6x8 48 sq. in
Be 18780 [ 6zx8 . 48

Ch 6180 6 4x8 38
Di 3140 6 4z28 3
al 19400 é 6x120 40

»1 19400 ¢ ¢ x10 40
ol 18100 [ é6z10 40
11 ) 843 1,4 éx10 40
gl 19400 [ éx 120 4

ad - - - - dia 3 *‘
b0 4427 1,2,4 6x 6 36
ol 3349 1,8,8 dia 1-i/8
de 342 1,2,8 6xé 3
hi 4433 1,3,4 4xé 34
of 3610 1,8, 7/8 dia
fs, 900 1,4 6x 6 36
g 3742 1,3, § éxé 3

; 8830 R 6x8 32

fh 13850 ¢ 6x8 32
¢h) 111850 [ ] 6x8 38
se’ $00 1,8 7/8 d1a

Top Chord memberssi and ¢B

NMax. Strees 3 218004 compressien

Length of chord per pamel = 8.4!¢

Nin ees. .’4\.8‘. in.

Safe end bdearing stress Oregon Pine (Dewglas Fir) = 13004 x
1.30 = 13604 (A. X, B, p. 637).




Celusa forsula adopted dy A. R. E. A,
8] 3 8 (12 . W )
6 ¢

8, o 1960 (1L iyl ) 2260 (1-.28)
3 11204 eafe working stress for the solum.

The allewed stress ia ai and oD 2 48 x 1130 = 53,7504

Top cherd memdere he and {D
Max, stress = 61804 ocompression.
Length s 8.4
Min. soetion T 33 #q. in.

The allewable stress = 32 x 1138 = 358004

Bottom shord members al, dI, ol and I
Nax. Stress = 194004 temsion
Allewed stress in teasiea < 1.30 x 000 2 10404
Min. net section & 40 eq. in.
Alloved stress ia the member 3 40 x 1040 = 416004

Tie rod ad
Nax. stress + 0

Nember od
Nax strees S 33494 tension
Allowed temsile stress im stédl = 160004/ sq. in.
Fet area of steel in a 1§1/8" rod < ,994 sq. in,
Allowed stress in rod T .994 z 16000 3 15,9004,



Member of

Nember bs

- 7/8% red.
Maz, strese 3 36104 temsion
Not area = 60 oq. inm.
Allewsd stress 3 .60 x 16000 = 96004

Nemdor ggl - 7/8" red

Max etress = 6004 tensien

Allowed stress = 96008

Nax. stress = 44274 comp.

L38s.4

Nin, sect, & 36 oq. in.

Allowed stress < 36 x 1130 = 40,4004

Members dh, fh, gh.

NMax. stress = 133304 sompression

LS8

Min. Section = eq. in.

Pormula for colusms A.R.E.A. (A.H.B, p. 657)

83 1000 (2o LG EQE ) 21560 x .38 2 ovs4
Allewed stress in the eoluma 3 232 x 9,78 S 313004

Nember do

Nax. stress = 37434 coxpreseion
L Sfref, Ty F0.8
Min, seotion = 38§ eq. in.

8, * 160 (1-12‘.3.2.%!) s 10184

Allewed stress = 36 x 1015 = 36,8004




Member hi

Max, Stress = 44324 gomp.

L<s.4

Min, cootion = 34 sq. in.

Allowed streess = 34 x 1130 s 26,8004

Nomber “1

Max. Stress 8 9004 cempressioa
L 3 10,6

¥in. section S 36 eq. in,

Allowed stress = 36 x 1015,S 34,5004

Nemdor fg

Nax. stress = 37434 compressioea.

L 310.6

Nin, section 2 36 eq. in,

Allowed etrees o 36,5004

Summary of Asalysis of Truss members,

Nemders

Aa, Do
on, D1

al, M, oI, I, gI,
ab

de
ed
de

d fh 1s the same memder as gh.

Allewed Stress

«53,780
-85, 800
1,600

=40, 400
15,900
36,500
=36, 800
& 9,600
-36,500
=36, 500
31,200
49,600
~31,200

Actual Stress

21,800
- ‘.1”
419,400

- 4,427
T 3,349
-3143

- 4,438
+ 20610

~3,743
«12,880

600
«12,580

10 -
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Article §.

Analysis of Joiat Detaile for esach Typieal Joiat, Ses Fig.
1, Exhidit A.

Analysis of Jeint U,

The area of the bdearing surface of de on the en the upper
cherd S § sq. in. at an angle of 83° with the fidres and 36 sq. in.
at an angle of 7® with the fidres. Allewed dearing stress of be then
oquals (by A.H.B. p @Sl and 700) 1.3 x 989 x8 4+1.3x 321 x303
16,6004 which is sufficient.

There is no stress ia the rod ad,

The min, section of the upper chord at the joiat = 38 eq. ia.
The allewadle sompressien thea, at the jeimt, of Aa or Bc & 38 x 1120 S
43,3004 which is sufficiont,

Amalysis of Jeist Uj.
Area of the plate on the end of ¢4 & 74 x 3 « 1.23 8 21,37
8q. in,
Allowed etress in ed S 21.37 x 260 - 33304 whieh is sufficient.
Bearing surfase of Be on 4h 2 34 x 6 B 13 sq. in. at an angle
of 61° with the fidres and u} 2 63104 8q. 4n, at 8° .,
Allewsdle comp. at 61° = 963 x 1.3 = 13504,

"

Allowable como, at 8° 224 x 1.3 3 3904.

Allowadle comp. in Be = 18 x 1380 & 16.5 = 6 x 390 = 18,750
plus 29000 = 47,750 which is sufficieat.

The bearing surface of dh en Be s 3} x 6 2 18 oq. in. at an
angle of 60° with the fidres.

Allowable stress # / sq. in 3 980 x 1.3 3 13384.

Allowadle stress im dh thea equals 15 x 1238 = 18,5004






-u-

The horizomidl component of the stress ia Oh '#0 x 6180 =
5,5504 which must be transmitted through the dlesk to the bolt and
washer, The area of the washer = 18 - 1 3 17 ¢q. in. The surface
of the washer makes an angle of 370 with the fidres. Allowed stress
(A.H.B. p 700) ® 1,30 x 341 < 4434  Then the foree which cam be

tramaitted thru the dlock < 17 x 443 & 75204 which is sufficient.

Amalysis of Joimt U, .

The cutward thrust of the socmpression memder which is equal
to the pull of the temsion memder er 19,4004 is resisted by the shear
of the lower chord along the plane de anéd by the horisental component
of the tension of the belte., The allewadle shear with the grais
® 1,30 x 180 x 6 x 16 = 16,2004 Jeaving a remainiag stress of 3,3004
10 be taken by the delte. The horiscatal compeatent of the strees
in the belt = 33004, 325, ™

The stress resited by the bolts = 4300f. There are 2 1-3/8
bolt which are sufficient. The 3,3004 horisontal etress mmst de ear-
ried by the projection of the plate whose area = 6 x } = 4.5 eq. in,
Allowed comp. perpendicular to the fidre = (1300 x 1.2) x 4.8 3 70004
which {s sufficient. The horisental shear that can ds taken by the
plate 2 1,30 x 120 x § x 48 = 48,600 which is sufficieat. The plate



-1l3 -

must take a foree of 43004. The area of the plate = 99 eq. in,
Allowadle compression T 99 z 360 & 35,740 which is sufficient,

Asalysis of Joint Lg .

| Vith wind on the left the maximum stress in ds = 44274 and
maxisum stress in de¢ egquals 1304. The horisontal component of these
foces muet de c¢arried by the projection into the temsion memder.

T >

#/00

The horisontal compoment = 41004 ~ 100 & 40004.

Allowed dearing vaule = 1.3 x 1800 = 15604

Area of boaring = 6 x .5 S 3 eq. in,

Allowed dearing = 3.0 x 1360 3 4,6004 which is sufficieas.
The area of the plate = 21.27 sq. inches.

Allowed stress in cd S 260 x 21,37 = 8530 which is sufficient.
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Artiocle 6.
Anajysis of wall footings for Max., Wall Height and Truss
Loading.

(2) wt. of Pilaster (Pig. 3).
Wt. of comorete X 1504 / eu. ft.
Vol, of footing < 2.Y2 x 8.66 x 8 3 14.50 cu. ft,
Vol. of Concrete wall & 9,65 x 3,73 x 3.66 3 69.8 ou. 1t.
Vol. of listel = 20 x )0 x 8,73 = 3.77 ou, ft.
12 13

Total volume 3 88 0T ou. {t.

Veight = 88.07 x 180 3 12,3504

Vol. of solid tile ® 12.58 x 1.66 x 2.73 = §1.3 eu. ft.

Wt. of solid tile = 1204 / eu. ft. (kent p 177)

W, of tile = §1.3 x 130 = 7,280¢4

vt. of pilaster - 13,2350 plus 7380 = 20,5504
(B) Truse loading (Fig. 3)

Reastien due to dead lead = 98004

Roastion at right with wiad on right = 6315§

Vertical ecapensnt of wind resctien 3 6318 x gg—‘ = 86804.

Totzl truss leading takenm by the pilaster = 5630 plwe 9800 ®
15,450# Tetal pressure on the footing = 20,550 plus 15,450 = 36,0004,
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(C) Wwt. of wall detween pilasters (Fig. 4)

Vol, of cencrete = 9.65 x 9.79 x 2 plus 2 x 2,66 x 9.79 plus
.28 , 13- x 9.79 = 2189.0 plus 52.0 plwe 21,0 3 282 eu. 11,

¥t, of conerete = 852 x 1850 = 87,0800 ¢

Vol. of tile = 9.79 x 13.58 x 1 3 133 ou. ft,

Yol. of solid tile = appreximately 2/3 x 138 = 88 cu. ft.

Wt. per cu. ft. of solid tile = 1204

wt. of tile = 10,6004

Total wt. of wall between pilasters = 37,8004 plus 10,6004 =
48,4004

Total wt. on footing exclusive of floor deams = 36,000plus
48,400 = 84,4004

W, por ft. w s §7404.

There are two floor deams between each pair of pilasters,
(rig. 4a)

The floor was designed for a umiform leading of #4004/ sq. ft.

Load on the two floor beams = 18x 13 x 400 3 73,0004

Wt. of 2 - 15" Ie @ 434 18' loag = 12604.

Load on wall 2K 3 45,6000,

Load per ft. S !.Lgﬂ, S 20304.
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L

argo™
2930

Tekiag moments about A, 2930 x 6.75 S 9§10 X

5 - 2920 x6.18
3 2670 ’3.05 inches,

Teat of wall footing.

2-8"
7 From A.H.B. P 587
[4 ” !.”
Tl o 83 * § (1914 §)
0
- el oo BE o

3 36904/ oq !

l\i\ 5, sl a-s¢)

8p = I (1-.014) = 35604/ aq. 1t.
Allowed pressure s 40004 / sq. ft.

¥t. of wall at max. height. (Pig. 8)

VYolume of comerete - 3.66 x 6 x 1.5 plus 6 x 2 2 9,88 <
23.9 plus 111.0 @ 134.9 ou. {t,

Wt. of comorete = 150 x 134.9 3 20,3004

Vol. of tile S ¢ = 1 x 303 3 182,0 ew, ft.

Yol. of 0lid tile = x 183 = 130 cu, ft.

W, of tile 3 130 x 130 = 14,4004,

Total wt. of wall = 30,300 plus 14,400 = 34,7004

n.nrnw=§%mg=umw.






scaLe 21’

] r
s Y
e‘é]l:
erial
i »
’_- 22_797
&
IAJ"H?Q
o 2'g"
-~ % [
o I
o .
i
FIGS I
F/6 5a
Ealx T
N
)
=1 %




-l7 -

¥t, transmitted to wall by ene floor bdeam 2

LL_L&.Q;!_‘Q plus n.*.ﬂ. = 9000 plus 260 = 93604.

Ft, por ft,. = }*& S 185404
Nax. Wt, traasmitted to wall by D11 = 36404.

W, per £t. _3640 < 6074.
[}

Tost of feoting.
Take moments about A (fig. Sa).
1840 2 6.73 - 60T x 8 3 7927 Y
T = 1009
s I (14 % ) = BB (2.0%) = 33004,
82 s % (1;33. ) = 3re04
Allewsd pressure = 40004
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Artigle 7,
Analyeis of Rcinforeed sencrete limtel 10' gpan. (A.H.B.
p. 460) See Fig. 6 and la,

AT e 2 sis0 <170%0%_ """ T
”~

N el e . e s - ——— —— P o o

,70”

L7
- rods v Lo 0" r64

/’/'f. 6a

e \prs
4o

Y
Max, ¥ = Pi = 10 x logg 13 = 23,800

Ps o".zs'x 1628 : % * o.clis

ks TS -ar 3 /15250065 (3§15 x,00888) -

15 x 00655 = .356
u:c(x—x/n).u:u-dil) s .18

ke el caue G

36404 / oq. in,

Max, shear < 850§

D=3 (60x.788) S 135.6

vs ¥ o ¥V Suaziisex.re32103 vess
Then rz:hting shear = 9984,
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Article 8.

Analyeis of 3" floering.
Fxs2 Floer boara

| zrbmailing strip

£.9” -
PLEY M

0

-x.lmntz.lp =5gg_=_m’a1z=1mo-l
w:a |
]
13 s 3t s
¥ T4
¢ 518"

19,800 & Lg..ll
1.

st mﬂ.#.l..l. 2 11004 / oq. in. which is elightly
above allowable stress.
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By & 790004
Nax. Nom. om left half S 23,200 x 2.79 = 2400 2 LT3 = $65504
Ny & 79000'¢ :
Analysie of B & 120 . 1 @ 404 See Tig. B,
B6 was designed oo that 1f the dullding were leagthensd a
stringer gould de rum along the cemter of the beame B and it would
hold up a wt. of 400# / sq. ft. Then the deam would de desigaed as
though it were half as long.

Nax. ¥ ® 240 5 ITTE ® 39,6004

8
K, S 60,000

Analysis of the bdeam Bé which holds up a partition and a live
lead of 1004 / sq. ft,
Max. moment ® = 560004
B T 60,0060
Amalysis of BY. il' - g @ 43§, See Fig. Bo.

Max. m. = 3400 3 J4.7 = 4,000'%
Mg & 790004 ’
Analyeis of the dean B 7 on shigh the colwmm D3 of trolley
framing rests.
. / 1%, dus to fleor load. equals 2300¢4.
W, / ft, due to partition load equals 2004.
Nax. wt, tranemitted by D3 equale 33334 (from Art. 20).
Ry 3 17000 plus i!'" x 3833 2 19,9804
Ry ® 308304
Max, N 319,100 x §.4 = 13960 x 3.7 S 68,000
Ny = 79,000'4
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Amalysis of B 8. 15" - 1 @ 434.
D8 has same 10ad and very mearly the same span as BY and neet
not be anslysed.
Analysis of B9, 15 - 1 & 43¢
Max N en right half of deans 8100 x 3.5 = 28400'¢4,
Ny © 7900014,

Nax. N on left half of beam = $100 x a.s-m’m"”:
23,2004
Ny 3 79000'4.

Analysis of MO, 18* -« I & 21.5¢4. See Pig. M.
lu.ltuﬂ_%mp S 8,500 '4.
¥ = 48,0005,

Anralysis of Bl1. 15% - 1 @ 434,
Proa Article 18 ths load carried %o B11 by e 2 11,9384,
lilgﬂ, ,1-;,_% x 11928 3 13350
Ry ~ 60884,
Nax. ¥ = M, -um:z.u-mj:if 2 18,5004
N, © 79000°4. | ’

Analysis of M13. 18" - 1 @ 434,
R, £ 83004 Ry 84604,
—
lu.l.I‘SO“O:l.“-w = 32400'¢
Ny 3 79,0004

Nax. X same as B10 I 38800'#,
X, 5 19,00044,
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Summary of floer deam Amalysis.

Sise
18" - 60F - I
Same as R
18* - 608 - 1
135° « 434 - 1

!Bﬂﬂg!

18° « 424 - !
12% - 404 - 1
18% - 43¢ - 1
Sams as BY

15" - 434 - I
13%-01.54 - I
15" « 434 =1
u-.u#-t
15 - 424 - I

PEpEpE2EIRR

Astual Strees

108800
Same as B
109800
38376

67470
36580

856000
39600

Same as MY

28400
23380

33400
383004

Allowed Stress

138000
Same as B}
128000

79000

79000

Same as BY

79000

79000'¢

79000
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Article 10.

Asalyeis of Pipe Celwmns (figs. 8, 9 & 20).
Greatest value of P em any of the pipe
colums 8 40,0004,

Inside dia. (Standard wrt. irem pipe) =
3.088°*

Outside dia. 3 5,562"

A% 34,31 » 19.9 < 4,32 sq, in.
128,08 18 2 9.3

r 21,810 =17

} =0 ¢

Assume § 3’& (A.B.B, » 207) * s _rf‘__(rp

40,000 3. s
4.32 14 iﬁh ('1.3)3 'I!!Tll’ .

|
8 *40,000x 3.1428 & 10,6004 which ie well withia
4.33
allowed stress for wrt, irem.




,
|
25,3 5735 .y Suutro> /g - 23 ”_

|
|
, 3y
Swuwnyor o/f- 17
NE TS NVo/lLEONnoS |
| SSbUS| ”
[ . . |
7 . . "
=4
3 . : . % - 2 : ol 7
|
N
. .
|
70 ° ° ° 0 ° ° o o ,
|

OOl







Article 11.
Analysis of BDuilt Plate and Angle Colusn. (8ee Figs. 11 amd lla)

Plate 7" x §*

Fig lla g y sla S}t

124 47 = 78

A of 4Ls 3 5.76 03, 1a,

A of Plate = 1.78 sq, in.

Total A = 7.51 eq. 4a.

1yy (Le) = 16 Izx (Ls) 3 81.
Iyy (P1) = .01.

I 216001

et » lg.-% r 3148

R SR

P = 74000
1 =4
3
; 38-0)
¢
€ =350 (AN D, p 208)

A S 7.9) sq. inshes.

8= 1% Plus .@. x 84 2 138204 whieh is not excessive.
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Artiele 132.

C4.

Analysis of all memders of elevator framing and supportiag
bean Cl and C3. (Bee Pig. 14 and 14a)

1§ ton elevater. (Use soneemtrations of elevator om p 331
Vol II Heel).

Pind load tramsmitted to O4.

Lead at & = i:-k sMpln}:*x‘OO‘lﬂ“.

Load at b & game as at a » 17884.
x.m.u:‘..*:xooo,x-%um:moo.

Load truca;db is earried te the columns dy a bdeam adeve

' Load eaused by D = Aull xmopmhzusossm.

10,85
Lead eaused by C @ Elﬂ' x 1380 ,mlz..nﬂ. x 1350 & 4004,

Lead on 03! :r-c..unzwzm.m}:g!lmzm.
Lead on C3 ® 978 - 836 = 1434.

Maltiply the stresses by two due to the impast caused by stopping

and starting the elevator. Taking memmmts about left reastion

3516 x 3 plus 3816 x 3.5 plus 3080 x 7.5 plus 384 x 8.3

Rp = 1022 plug 12260 vlus JE200 plue 2400 = 8004
8.8
n 3 72684
Max, X ocours at b and equals - 68516 x 5.0 plus 5080 x 4
s 13360'§

Ny of C4 which i a 10" - 1 @ 2354 = 32000'#

Nax, load oa columm C3 = 73684
L z13.88
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02 4¢a 10" -1¢p 384
L R | ]

B Tang =10
.97
Az 737

(A.E.2, P 207) ¢ = odudf

I
A xiuhz

(= 1+ ﬁw (13.9)°

g3 -;-lgg- 2 10004/ 8q. ia. which is safe.

Amalysis of 01, 15° « 1 @ 424. (See Fig. 14D)
By = ol = 7260 pine #a00 (Jef- x 6230 pawe Bado 1 7040 =
84904 . '
Ry = 30438 - 7490 = 11,9284
Nax. N = 8490 x 8.5 - 6130 x 4.25 S 46000'¢$
Ny = 79000'#

Amalysis of C3, 13* - I @ 31.54 (Fig. 146)
Lead on bean = load oarried by C8 to the =mid point.
Pa 4.375 x 4.33 x 400 & 75604

m.--n&*&.ﬂ. s 165004

N, = 48,000'#
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Article 13,
Analysis of Coelumm Foetings.
(rig. S and 9.)
The masisum pressure on the eoluma footings is 74,0004,
The area of footing 1s 3 x 4 3 12 aq. {t.
The beariag pressure om the soil then equals lﬂlgﬂ. s

6,180¢4 = 3.1 tem.



Article 14,
Amalysis of Reinforeed concrete stairs.

Acoerding to Hool Vol. II stairs for commercial and manu-
facturing plants are designed for 1004 per horisemtal sq. ft.

Then the mormal lead inm case of a etairs having a rise of
7(=74" and a run of 11'=§}* = 83.84.

The traneverse reinforeing is used only for etiffeaing and
to prevent shrinkage erasks.

I wr00™/FFK

s [ e———

l/' L-—“_’J ’
;.rm’c _ /7. 5
Nax. X 2 m-‘&-mJ S 1380'4 = 1380 x 13 = 16,550%,
ps s,
a{% 0.0816 .
xs /"3 x0.0216 x 15 plus 0096 S TS5 = 0.0316 x 25 =
543 |

§ 21,180 = 830,

As deterdimed by the stesl
Mg ® 14000 x 0.0216 x .880 x 13 x ‘3-’ 2 20800°¢ whioch is
safe.
" As determimed by the concrete Res X
Mg 2} x 680 x 843 x ,830 x 123'8.3 2 15600°# which is a
1ittle emll.
Nax. shear = 8384,

) 4
Por voud 80 = "3 15/8x820. Y = 3304 whieh 1s sasl 1.
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Article 18.
Analysis of wall amd duttress of Oil SBump. (Bee Pig. 18).

Span of dYuttresses 10'-9°,

Thiskness of duttress 1'«-o®,

Voight of earth 1004 / ouw. ft,

Woight of consrete 1504 / eu. ft.

By Renkine's fersula with horisontal sursharge and vertical
wll P2§wd ( }'—‘;lﬂ;‘-;, )

§, = 3% - 40

Pes0sTT (% 5500 ) = 0¥

¥t. of earth on footing < ¢ x 6.7 x 100 & 3384,

Tt. of masonry = (L‘-;“x 6.7 plwe 8.2 1) 180

= 33604,
(“. rg. 1'.)
o= 25 52,0 2lwe 1000 X .50 plue 450 1.8
2598
S 238 plus 370 »lwa §78 2261
2595
Total vertical pressure of esarth and maxeary ie 3898 xz 10.78
or 378004,

Total horisental pressure of ecarth is 843 x 10.78 or 90804.

The graphical eolutiom (Pig. 18s) shows that the resultant
presoure lies well within the middle third.

Bearing stress - soe Fig. 18),
82 L (1rle6g) (2 B B p. s8)
5 * I (3 plus 6§ ) 2 048,04 / sq. 1a.
8 ¢ !.".ﬂé..(l-i b ) 8,08 / . .
There is a 4" pipe braced betweon butiresses which adds to

the factor of safety.
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Article 18.
Avalysis of I deam Trolley.
10" I deam (Pig. 12 exhidit C).

Amalysie of Rail #1 (Pig. 12»)
The most dangerous place is the 8'=1® gpan,

Nax, moment eseurs wher load is at the center.

Tegleoting the wt. of beam Max. Noment 2 ? s 8000 x 8,1
4

S 163004,

Nax. allowed bending moment for the lightest 10" I beasm in

8. H, B. s 33000'4 for a 834 I dean.
!ax. “..r - m‘o

Analyeis of Rail $#2 (Pig. 1)

Max., M 2 M{-HJ- 8 290004 which is dafe.

Nax, shear = 8000#.

Amalysis of Rail #3 (Pig. 18b).

Twisting someat £ .5 x 8000 = 4000'4 (From A.H.B. p 310)

s=l,|.

Pe & 4000 x 13 ® 48000"$
¢ 8 distance to extreme fidre = 7,
J = polar inertia s Ix plws Iy.

s s S 1860 4/ eq. in,
‘F,,;,,E'

Max. X in dean & 4838 x 1.75 = 84504
e AL
(v

8450 x 13 3 1_3_?1.1

8 2 41504 / eq. in.



-.1-

Resultant stress = /755 5 plus TSSO = 483404 / sq. in,

which is dafe.
Max. shear is 8000#.

Fig. 13»,
Twistiag moment 3 8000 x $/12 s 33404,
Ss _Pog
g8 3 :W ® 15504 / sq. in.
Nax, W. 49 3500 x 2.16 er 7830.
Nis 3@

.
7580 x 13 = ._;im 3 37004 / og. in.
Resultant stress = / mu'}:m IWU' ® 40104 / oq. in,

which is safe.
Max. shear is 80004,

Analysis of Rail #4 (Fig. 13v)
Max, W is 8000 x 15,8 = 31,000'# which is safe.
4
~ Nax. shear is 80004,
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Article 17,
Analysis of Cress griders of Hamd Trolley suppert (fig. 19 Exhidit ¢)
Analysis of D16 8° - I @ 30.38¢4 (See Fig. 130)
Nex. lead e D16 S 8000f
Nax. moment 3 mzu’ s 80004
Nax. shear = 4000 plus 2 x 820.23 3 4080,84.
Ny (by 8.H.B.) 3 20,000'#

Amalysis of D14 8 - 1¢ 30,384
¥ax. lead ea D14 = 80004.
Nex. moment 5 4540 x 3.9 3 17,300
R, 3 20,0004,
Nax. shear S 485404,
Analysis of D13 whem trolley is at emd of track. 8" I @20.25¢4.
Taking momeats adout 0.
«2400 x 1.80 plus 177 x 4.38 - 3400 x 0.5 = Rg x 8.95

g.:llﬁ':m

R = 30434, .

Max. N 3 N, -zocuz.as-’ﬂnll-gm ® 33344
¥x 3 20,000'4.

Nax shear 3880.

Amalysis of D 12 ™ 10184,
Nax. lead on D 13 80004,
Bax, Noment 4410 x 3.79 = 16700'$,
Ny (8.H.B.) s 19,000'$
NMax. shear s 4410,



Analysis of D 11 8" 1 0188. See Fig. 12s.
NMax, lead om D11 80004.
Nax. moment is 4360 x 3.79 or 16,8004,
Ny (S.E.B. p. 24) = 19,0004,
Nax. Shear = 43604,

Amalysis of D § B W R
Nax. Load 80004,
¥ax. Noment is ¢880 x 4.25 or 20,800,

Ny = 19000'4,
Nax. Shear = 48304,
Analyeis of D § 8041 - 104.

Nax. Lead 80004,

Nax. moment is 3980 x $.43 or 31,600'$,
Ny 3 19000'#.

Nax. shear & 4020,

The beam DS hasn't a large enough sestion.
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Article 18,

Analysis of Beams for Hand Treolley Suppert. (See Fig. 12,
Exhidit C and 18a).

Analyeis of D'11 8" 3 0 184.
Max. Moment is 1390 x 4.92 or 6280'¢.
Ny 3 19000'4.

Nax. shear is 18604,
Analysis of DS. 8" I & 184,
Max. N negleating the brases is 2330 x 6.44 or 16,800'¢.
Ny s 19,0004,
Amalysis of D18 - 8" I @ 33,734,
R = A x 4000 = 33334
Rz = 3/18 x 4000 3 6674.
Nax, M = 3388 x 3.0 = 9,999
B = 33,0004,
Analysis ofDS when there is an wplift of 20434 ¢'-5* from
right end of deanm.
Left reastion = T x 2043 = 9004,
Right reaction S 2043 ~ 900 = 1143¢.
Nax, moment is 1143 x 6.4 = 7320'4,
Ny %1%00'¢.
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Article 19,

Analysiec of columms Dl and D4 inclusive, Hand Trolley Suwpport.

(8ee Fig. 18, Exhidit C).

Nax. lead on D3 is 43604 (by Art, 17)
Length equals 13.44°,

D2 s an 8" 23.754 I beanm.

p. 518)

Least redius of gyratiea is .81.

I T RN

A% 678 oq. in.

P 2 4360,
(AN, B, p. 07) § =3}:§°
} L -—L—-
144 ( } )8
S ol
6 0

83 W S o584 / mq. in.

Bearing valwe of eonsrete 1s 400§ / eq. in,

Bearing area is 10" x 12°*,

{vy A. K, B,

Allowed bearing thea 1s 13,3 10 x 400 er 48,0004.

Analysis of D)

NMax. load em D1 is 1860f,

Thie column is the same length and of the same sestion as
)

D8 and need not do analysed since D2 was found to de very safe.

Analysis of D3

»a -

8" - 22,734 I veas.

Max. load on D3 ecours vhem the trelley is under DS and 1s
oqual to 33334,

Length is the oame ae D3 and the lead s less.

A mmim Shad 24 dm ~ala

Therefore



Analysis of D4 8" I @ 83.78¢4,
Lz1sa
Max, load escurs when the trolley is at the end of the
track and is equal te 64004.
r 30,

}: n.& < 18,8

w0 :W

J

8= m.HT:.m S 968 4 / s3. ia, which 1s eafe.



Articls 20,
Analysis of Brasing and $ie rods. Pig. 12, Exhidit O,

Max. stress ia ad which is a 1-1/8" tie rod is 89004,

Allewed stress 1s 0.994 x 34000 o 13,9004,

Max, stress iz aC which is a 1* red ie 32004,

Allowed streee $s .788 z 14,000 er 11,0004,

T™he uwplift on each end of D13 is 34004 which 1; resitted My
four §* rivete which are good for 4 x .196 x 16000 of 135004,

Amalysis of bracing uader a lead due to trackage equal te 10§
of the trelley lead. (See fig. 13).






haer Thomt Sear Xement -

As plus 380 190 11084
Ae plee 100 0 11884
ed plws 30 - - - =

cd - 400 100 e84
(1) - 300 M0 738 ¢
s 0 100 7383
n - 320 - - - e

aB - 100 0 1360'¢
B -333 200 l188'$

Resisting momexnt of the 8% I beam is 19,000'# whioh is

safe.

The drases D 19 sarry a compressioa of li“ or a teasion
of 3104.

D19 - 2z28=x3/161L

1 <7.68

rz.60 3 zam

Allowed pressure by A. R, E. A, formmla (8.H.B, p, 00)
14000¢# / sg. in,

Allewed pressure = .71 x 14000 S 9,9804, whick is safe.
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Article 21, SURMARY,

The §idbre stress ia the roof purline was fownd te be 9344 per
square inch while the allewadle fidre stress % 10404 per sq. imeh,

The fidrs stress in the rafters was 3304 per eq. in. which is .
well within allowed stress.

All msmbers of the roof truss were foumd to be very safe.

The pressurs ! wall footinz en the earth was feund to de
less than the allewed value of 40004 per sq. foot.

The roir;forccd soncrete lintel is nfo‘nth fer flexzure and
shear,

The etross in the fMderimg 4e 11004 per eoq. iash, whieh is
slightly teo large.

'!'hoA floor beame were all found to be strong emough dut some
had a facior of safety larger than mecessary.

The stress i the pipe columns is well withia the allowed
stress.

The stress in the duklt celumns is well within the allewed
stress.,

A1l ssaders of the eleveter framiang were withia allewed stress.

The bearing pressure of the column foetings on the earth is
3.1 tens por sguare foot which exceeds the allewed value of 1.73 tens.
This would indicate that the columm footings are teo small mot knowing
the prastical sonditions or the method of determiaing the safe dearing
lead.

The walls and duttresses of the 0il sump were found te exert
a bearing pressure on the soil shieh dees not ezceed the allewed value .



The trolley rails were found te be safe.

The Max. mom. im the eross girder D8 of the Trolley slightly
exceeds the allewadle resiseting moment.

The deams for the Hamd Trolley support are all well within
the allewsd stress.

The stress ia the columms of the Hand Trolley Suppert was
found to de well within the allewed unit,

The strese ia the drasing and tie reds of the Trolley was
found to do within the allowed umits.
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