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IERCOUCTI T,

During the winter and éarly spring o 1916 a sieel
water tower was built on the !'.A.C. eampus, just in the
rear of the Farm ‘echenics NHlds. Trae icver is 1773 £t
_high, from the tcp of ti.e plers to the finial; and the
oylindriczal terk Lime a capeclty of 30,000 ;alr. 7The steel
work was decigrned, Turniched =9¢ vt in place by the Chicago
Oridgo andi Iron Co. The Collese hnidt the eonereta founde
ations, and put the finiching contg of naint na tho cteel.

The water tover was built ns a remedy to meet difficulties
arieing from tiie high pressura due to an incrzase in nu-pe
ing capacity. Geveral ycars azo difficulty was eacountered
because nol encugh water could te obtained from the wells
to meet tiie peal loads. This necessitated tlhe driving of
a 1- in.wvell, in the rear of (e Forestry Bldg., and
installing an eleetrically criven 400 ;al. rer ~imte
pump, vhicl: is sufficiently lorce to meet the anticipated
future growtn of the College. 'The pumping capacity now
consislie of the 400 [ a’. vw:p mentioned above, and a 100
gale slea: driven pump, ztt-ched to three of t''a older
wells., A3 tne ordinary coisuwiption of the Colle;e is
anout 150 gals., per winute; and it 12 pPlanned to run the
steam purp constantly, thls leaves onmly 50 gals. per minute
to be pw:ped by the 400 z3l. pump. ““ith %he 400 -al. pump

working directly on the mains the pressure would Yecome



excessive, and would be apt to burst the pipes . "o the
vater tower was constructed to relieve this prescure; aud
t.2 400 gel. yim need only to be run for 3rs. a3 duay, teo
rieet the recuirerente of tiis syaiem.

Lirhd

e cite vupon vhikbh the torer was built was sclecied

tecause the tover 2111 nol in aw way conflict wiith tue

future buildins overati-ns.



Speaified Unit Liressen

NG -

Soecliiicatior: of C.%. DirchelDrd.
cetcaumg SolddMe DZe379.

Tension in tuank plnates 1200¢//sq. in. net arca
"ension in otuer parts of structure 160007/e2q.in. net area
Compression 16000./s8c.in. (reiuced)
Shear on shop rivets nnd pina 120004 /3¢ .in.

# % Pield " {(tank rivats)and btolts Q000 /sc.in.

"  In plates {Cross Aren) 1000CG"/o.in.
Liearin: pressure on shcp rivets and pirs 24000//ac.in.

" " " field " (tonk rivete)1B8006C7/sc.in,

FPiver strain in pina ~4000]/¢e: oir.

Por cormpresgicn merbera the rermisaable unit etrees cf
160007 ehall be recuces by the forula

P a 16000-_70 1



o 4,

Va2lume of ene pier
Ve 10x1.0x1 8( 16 * 4 x0.5 x6.5 ~ B1) = &..5/C6% Zel ec.ft,

Tzte of eonereie wel ¢ie e 8 140#

140 x 283 ® 40,3007 wit, of one pier,

Contre of rravity of pler

{yramid extence? t~ snex.
Altitude of vyradd ® 7,65 ft.

" " frustyum » 4.25
Volume of total myranid 2 81 x 7.65/3 & 206.5 eu. fi.
Distance of ¢, of g. atove hnooe of wier & 2,21 ft.
voluma of omall pyramid £ 16 x 3.4/3 ® 18.15 cv. ft,
“imtence of ¢.¢f 7. above Lace m 6,1ft.
volure of Tarslleloniyed @ 10 x 10 x 1 8 100 cu. ft.
Lirtance of ¢. of &. "hove brae = .5 ft,

siistance of ¢.of . cof entire pier 2tove fts vnse

.Bar,# & 2006.5 £ 791 * 100 % .5 « 18.15 x 6.10/200.4
rarx® 2 .00 ft.

NOTB THI8 STAR AS SHOWN ~# USRD AS A PLUS SIGN
THROUGHOUT THIS THESIS,.
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Cpte of 5C° of Pipe and 2 »ly gZasing:

Tirber w ha 40, per cue te or G271 2 per ¢he N

127.5%12x0,.75%70. k0. 0231 = 1800,
127.5x12x0.75 x @4 x0.C218 137
BOxoxix0 7525707040231 = 30
96 x 2 %3 34.5 x0,0231 = 4¢0
127.5 fteof I in V. Y. nive @ 20.177/ ver 113600 _
“otale 7ALG

~ !

50,0 of Pipe and encing = 3730,
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Entire wote of retal in tover

Tankroof, finial & Inddcator "741f 475
Tank Cylinder 690C 11.90
Hemisphemical bottom including

expansion connection 3312 5755
50,5 of wit.of piping amd caring 3730 6.4
Balcony 2392 4,15
Four shoes 672 1.2%
Tower puers to  ia lcony 38271 66,0
58, 018 100’

Ygt. of water -hen full

Vollume of cylinder plus henisvhere =

3.1472 11 * 2x3.14 K3 /38 3.14 x 64x 14.03 8 x3.14x512 - 4055CY.ft.
Volume of colurmof water supnorted by pipe = 23x3.14 x0.11=8u.ft .
Total volure of water = 4055824047 cu.ft.

wgt. velume one cu. ft, water § 62.5;

Total wit. of water e1047 x (2.5 = 252,5CCf

“gte of retal in 5 of wgt. of water = 223



“ird blowirg disgponally on tower .

ind exleulatsd ag 26 per eq.ft.for JRat projected arces,

and 2/7 of liat wount for the eurved projoctod areas.

Toofe CeHBMIOXT G = 7Y . Ttef 1400
PR TE4 .1306 A lC’):'_ 2.1 £e Tt A48°0
Verirpherical Lottom=0.123.14x04x2/2al72rgelte 20 0

TAY.COY
-~ Rl

Arpzle poots (x0.1 7 %3 = RAelar 4 £
Fandrail Wesx ol Yxa/ CalrGefte
Bla; hinre TxxCe)l e LI
Cire. Lannell3naxC.33:22/3 = 2.0 "
brackets 00416 x Zx. = a7
Totel 2 W4 % % e (G1
AV E )
ioate 0.0 2 xAZx4 = 42.4 g, t.
Tower @0d8 <052 X U440 XOm A0 W
pipe rcdo 2xeul. x lell = .00 "
Chan trute Cedl( x ¢ x13,20
X Gyl 3.0
Inlet 1ipe ox 4 22,3 o Fe2 N

P40 7w oo T

14.



PAYL 2 2

Posts 4x0. 8823!20.72

Tower Todo &0.6025%x24.9 -
Pipe Pods0.052x2x11.62 4

Chan.Struts (x0.4106x16.62x.7076

Ind,Guide ‘6x 00.5

Inlet IMine 20.68.x2x:/3 -
PAT {3
Posts 0.802 x 4x 0,72 -
Tower rods x073 x22,19 -
Pipe rods2x14 xX .052 =
Struts 8x0.416 x19.95 -
Inlet Yipe 2x20.5¢ x 2/3 -
PAN-T, #4
Posts 4 x0.002 x:0.72 =
Strut rods 4x.0062 x21 .19 -
Tower rods Uxz3.§ x.002 -
Tipe rods: x.052x16.37 -
Struts 0x0.416 x 23.:9x.707 =
Inlet Fipe 2x20.50 x /3 -

73.0 Sq.ft.
12,5 »
1.2 " ¢
39.2.7
13,0 " ¥
Eu n
166.4 " " & 499z
738.0 eq. ft.
13.0"
1.5
47.0
27.5 " __*
162.0 * " - 4800

73.2 85. fl.
5.3
13.8
1.7
5447
275 " "
176.2 " * - 5200/



6 PANEL i/ §

Posts 4x0.802 x220.72

Strut rods4x.062x21x19
Tower rodisfx.073x23.53

Pipe rods 2x.052x15.73
Struts xJ.416 x.707::26.62
Inlet Pipe 2x2C.538 x2/3

Postesd x 0.002 x 20,72
Strut dods 4 x .062x21,.17
Tower rods Ux.0;3 x 7.2
Pipe réds :x.0062 x 21.0.
Strute Ox.410x23.°5 x .707

Inlet Yipe .Cx20.5U x 2/3

Posts 4x.882x20.72
Strut roie 4x.0062 x21.%
Tower rbds Ox03:25.2%
Pipe rods 2x.052 x:3.44
Strutes  Ox.410 x233.2°
Inlet *ipe ~x20.58 x%2/3

Posts 4::.002 x20.9
Tewer rods 8x.00 27

Inlet Pipe 2x20.01 x 2/3

- 73.2 sc ft.
= 943
- 13.8
- 1.9
- 63.0
- 2750 A
104.7 " - 55740F
_PATEL £ 6
- 73¢2 £Q. Tt
= 23
- 14.7
- 2.2
[ - 7 71.0
- 27.5. %
193.2 * " 50204
PAN L # 7
s 78+¢2 8q. ft.
= 5.3
é 16.9
- 2.5
= 765
-/ X M
283.9 * " = 6120/
PAWL ¢ O
= 74.7 sq. Tt.
= 17.90
= 27.7 " "
119.2 % ¥ - 360Cy
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VIMB BLOING SGUARILY. (Gf nen

Rocvf, tank, henlesunere botto:n and talcon. same as Tor vind

diagonal.

CPATL £
Posts 4x .882 x12 - 42 .4 noe ft.
Tower rodsBx.052 x5.44 - L 440
Pips rods 4x .052 x9.29 %.707 = 2.0
struts  4x.416 x13.20 - 22,1
Inlet pipe 2x4x2/3 - 93" "

7646 * " - 2300

PANIL 2

Posts 4x.802 x20.72 _ - 73.0 8q.ft.

Tpwer rods (x.062 x 24.95 - 12.5

Pipe rods 4x.052 x 11.(4x707 = 1.7

Strute 4x.416 x16.64 - 2747

Ind. Guide.5x26 x.707 - 0,2

Inlet Pire 2 x20.50x2/3 - T.5 " ¢

151.6 " * = 4550

4 AN 3

Yosts 4x.802 x20.72 - 73.0 8q. ft.

Tower rous UX..73 x22.,19 - 13.0

Pipe rode 4x.(53 x14:2.7C7 LE 2.1

“truts 4x.416 x19.05 - 33.3

Inlet “ipe 2% :0.583 xz/3 - 27.5 M .

146.9 ¢ " = 44708



PAINIL /4
Posts 4x.082 x20,,2 =
Strul rode 4x.002 x21.10 -
Tower "  Cx,073 »23.5%0 -

Pipe rods 4x.0%2 x16.37x.707 =
Struts 4:.416 x23.29

Inlet Pipe cx7C.72 x2/3 -
PAILL {5
Posts 4x.£02 x20.72 -
strut rodis 4062 x21.19 =
Tower rods (x.073 x22.5C -

Pipe rods4x.0.2 x10..73 x.707 8

Strute  4x.416 xx 26.62

18

73.2 8q. ft,
Vel

13.6
2.4

38.7

27.5, " "

160,9 * " =4827 §

73e¢ s0o £t
543

13.38
2.0

4403

n7.5 _° "

-

Inlet pine 2x20.50 x 2/3 -
COPNT L 26

Posts 4x.8052x20.72 -

Strut rods 4x.C6s x:1.19 -

Tower rois (X.C73 x25.27 -

Pipe rods 4».052 x21.0.x707 &

C¥rute 4x41C 229.95

Irlet vipe 2x20.58 x/3

I8

1659 " " - 5010y

73.2 87 ft.

5.3
14.7

50,0

T3 —

173.2 * % 52204



19.

PAYTI, #—7

Ports 4x.002 x/C.7 .

- 73.2 5q. ft.

Strut rés. 4x.062 x71.39 - 5.3

Lower rds.5x.00x25.29 - 1€6.9

Pipe rds 4x.057 x23.44x.707 = 3.5

Struts 4x.4% «33.0 - 5 W4

Inlet Fipe 2x20.72 x2/3 - 275 " .
L. " e 5A50f

PAM L, 71

Game as for wir8 diagonal.



ax Stress in Plate of Shherical bottomn.

Do 206 x o /U el steiunts Do bng e 2607
T - 3ddial strees per s¢. ine

he= head of water iinft.

r = radius of tan: in ft.

t = thickness of plate 1n inclies

T = 2.6x23 x8/0.1375 = 550 i per sa. ft.

Test of ridvets in raiinl jcint.

a = piteh of rivets = 1.52 in,
d =&diam. of rivet hole = 17/32 in.
S oe Zima o ®wom "oa g

re

Uf = dontile tro 3 iin plate 3t joint per gquare inoh
J;_-_ unit chiesr on rivet

stress per lineal inch of plate = 255C# x 0.1775 = 473/
P = load on joint per piteh = 1.52 x 4706 = 727./

Se = I Il x{a=d) = 727/(1.52~0.53) x0.1875 = 2320

los per 8¢. in. of net plata,

..earl: ¢ ongplate fror rivets of radial joint

3¢ = unit comprescive stres-
e = T/* D = 727/0.1875% 0.5 & 7752 1bs per s1. in.

“heaxirn; ctres:3 on rivets of radial jeint .

7]

unit ~liearing etress
4 P/3.14 12 = 4x727/3.14 x 0.25 = 370C1bs per sq. in.

g8
<]

(O]
to e

20.



Rivet anl plate stre- 'ses in cjrcunferential Joint of

of spherical bottom
Te 2.6 h ¥/t = 2.6 x 22.41 x8/0.:075 = 2490 lbs.per

8q. in. of plate.
Stress ver 1in. fnch of plate = 2490 x 0.1075 = 467 1bs.
Pitch = 1.5 inches.
P « load per pviteh = 1.5 x467 = 700 1bs.
D = 0.5 inch
d = 17/32 4inoh
Se= P/t(a=d) = 70¢/0.1875 (1.5 «0.53) = 38401cs./sq.in.
Sg~ 4 B/ .3:14 x D = 4x 700/3.14 x 0.25 = 3560 1lbs" *
Se= B/t B = 700/0.1(75 x 0.5 = 7450 lbs.per =q. #n.

Riveted connection betw en qx;indltcnl tank and hemigzger-

ical bottom.

vgte of water 252,500#

wgt. of hemispherical tottom 3 312

" 500 of niping 370
Total wile 255 0542

Load per inch: of clrcurlerence = 257, 542 /603 = 430 1us.
Bozd ver plich. =L.57." x 430 = (765
d «17/3% inel, D= .5 inch.

S ; P/t (3"6) : 6?6/!\‘01875 (1.572-(‘.53) :. 3440[’?/5@01"0

)

Se = 4 P/3.14 D2 .~ 4x 676/3.14 x 0.25 = 3450, /=q. in.
e = P/* L = 676/0.1875 0.5 = 72107/8 . in.
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Te 26 h1/ t=2.6x1Yy x5 /02875 = 1664 #/8. in.
"tress per lin. inch = 1664 x 0.1875 = 312 /

7]

Ty 312 x 1.487 = 463 §
i1l 1~ a2 ermaller load on tiie cae rcize rivet and a
g1nall 2r piver than for the previoucsly calculated joints as the

gtresses w:ll be smaller.

oPTICHAL JOIomn Y. 0 ColTRAT CCUTOIT CF THY

L T T ST
CLIA s dakt kLI

d = 13/32 inch

Ve
T e 260 r /t = 2.6 x 20x3/0.1075 = 111C #/sq. ih.

1110 x0.175 = 200¢ /lin. ineh of jeint .

»

26CH

SO: p/t 93-(1) : ’:{JO/O'IF"?:)’ (1025"'0.41} .: 1650;{’!/801. in.
Sgm 42/3.14 5% 4x200/3.14 x0.141 = 2350#/nc. in.

Sem ¥/t D = 460/C.1875 x 0.179 = 37004 /si. ine

LORIZCITIAL JOINE TAIG CYLINL/ AR

D= 3/8 inoh, 4= 13/3., &= 1.351 inches
~gt. of roof _ = 2741’

“gte of 2/3 tank eylinder = 4600

Total 73411
Circsumference of'tank is 624 incres

7341/604 = 12.27 per lin. ineh.

.

1645,

P : 10351 X 1 0“

As the losd g8 exceedin ly ermall the stress whll be

eprrespondingly small.
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TY o5 AL LWETCTSNCH. s O JULITES TN 'PAITE AN TLOWIC .

Faiial jJoint in hemispharical bottom.

't is a sivwle riveted lap joint.

~ff. of plate in tension = (8-d)/a = (1.57=0.53)/1.5.
- 65 |

Affe of rivei inm tearirg = 20 S¢ /a Se =

“ x 0¢5 X 16000/1.52 x 13000 = 935.7..

“fie of rivet in shear = 3.14 D% S/ cxa * e

2,14 x 0..5 x9000 /2 x1.57 xC.1875 x1200C= 104

“Lic joint is €Y. eflicient.

T Coinn it N TIAL JOINT AN i 10y MICAT [eeieT,

_©
it #8 a sinzle riveted 12p Joi:t..
“ff. of plate in tension = (2-d) /a = (1.5 ~0.53)/1.¢
=‘64.6ﬁ
‘ff+ in shear and beari yr aawe ag for radial joint.

"he efficiency oi this joint is 64.6,"

; [
Circuriferentinl Joint betreen cylinder toank

and heidooheriecal bottoem,

1t ia a =injle rivetel lap joint.
ff. of plate in tension (a-d)/a = (1.572 «0.53)/1.v7°
= 66.30

Iiffs. in shear and bearing swune 2s for radial joint.

"he efficiency of the joint is (5.3



MR TANK

It 18 a single riveted lap joint

Iff. of plate in tension = (a-d)/a = (1.487= 0.53)/1.487
- 6‘.8‘/,3‘

-

The effs. in shearing and bearing came as for radial
Jainto

The eff. of the joint is 64.37.

Calculation for the efficiency of the tank plate in

tension, at the riveted conrection of the column to the
tank plate.

Total area of plaie at connection = 14 x 21 = 294 sq. in.
Area of 64 -} inch rivets = 0.22 x 64 = 14 sq. in.
Sffielency of plate = 280/2G4 = 95 °



’ - f'?‘ 7~ r- 1_‘ ~ ’*..“/ .- bl P T PN “ . _.
dveatis, COLU Jv TG LO o 3 3 4 b

i I G I AGET

ATY

8§ =M /2 r Fetchuu's © I 1
Stress in e~lurn C;
Teking momints sbout the bottoin of panel {3
v = 172.6 x 1500 * 143.2 x 5050 * 152.8 %2020
* 150.3 x 2UZ0° 134 x4952 * 113.4 %4060
®* Q9,0 x 250 * 75.3 x5540 * 51,7 x58z2C
* 1.1 x 6120 * 10.5 x3360 = 4,411, 400 ft.lis.

"He02 fi.

P~

pa-.370

cse¢ & = 1.01 where a = an:le Hlane of tent makes with

the vertical
$ = €ec al/2r

S = 1.01 x 4, 411, 4C0/2 =27.9: = (e 00

TH SEa5T IR CCLiYY Cy

7 = 110.6 x1500 * 101.2 x5050 * 9¢.8 x2¢ 0
* 8.3 x252n * 72 x4992 * £1.5 X 4560
* 3000 %5000 ® 10.3 %5540 = 1,914,700 ft.1lba.
» = 15.03 Tt.

= pecea XU /2 v = 1.01 x 1, 924, 700 /. x18.0

3= -51,300,

ny
ASAY
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¥ = 1312 x 1500 * 121.0 xiC
* 108-‘} 7‘)' c " 95‘.6 X 4_(,}4;‘.“

* 51.5 x 57500 * 30.9 x554C * 10.4 x5840

2,{05,000ft, Lua.,

o :. 1.1:' ft.

Vem mEC 2 /2 r o= 1,01 x £,626,000/2 x Z1.18

¥ w62, €00 [

« JoALNY T e o s e v
VAN, VICVIUN L \IPJ_, 19X

* 111.4 x /0z0

* 72 x 4l6o
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~. 4420 70050
o3 7440 71400
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€5 10000 74000
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163 550
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HAX., UNIT STRESSY3S IN BOLY OF COLLM.

UNIT STRESS IN COLDXN Cg

Hake up is ome 10 in.chan. & 15§ & one 8 in. chan. { 11} #
Area 10® Chan. ¢ 15/ = 4.46 sq. in/
* 8 » *“11{f=3.39 % *
Totalarea?.81 =

TotaX compressive stress im column = 125, 300 #
Unit strees - 125, 300/7.81 = 16030 1bs. per sa. in.
Aldowable ntress = 1600070 L/R
Censidering the (y) axis eoinoident with the outer edge
of the flange of the 10" chan., and the {(x) sxis coineident
with the outer edge of the extreme flange of the & chan.
Bar (y) = 4.46 = 5.639 * 3.35 x 4/7.61 = 6.65 in.
har (x) = 4.46 x5 * 3.35 x4.201 /7.81 =« 4.661in.
lonent of inertia sbout (x) sxis thru c.of g. of column.
L= 2.30 ®* 1.9892 x 4.46 * 32.3 * 2.652 x 3.35
I = 75.7 inehes4
Yonent of inertia bo t {y) axis thrd c.of g. of column.
I =669 * 4.46 x 0.342 ¢ 1,33 * 3,35 x 0,4492
I » 69.42 Inches*
R ¢ square root of I/A
R = square root 69.42/7.81 = 2.98 Inches.
Aldowable stress = 16000-70 x 20.7:2 /2.98

" . = 10160 1is.per sq. in.

/R = 83.5



UNIT STRES:3 ON COLUI'N Cg

Xake up is one 10* Channel i 15 and one 8" chanpel at 1334
Area 10* Chan. s 4.46 8Q. 1"/
. 8e " - 4,04 " "

Total area .50 ®* ®
Tetal compressive stwese in column = 137,550#
Unit stress = 137,850 #/8.50 = 16,200 1bs. per eq. in.
Bar (y) = 4.46 x 8.639 ®* 4.04x 4/8;50 = 6.44 inches
Bar (x) = 4.45 x § * 4.04 x 4.152/8.50 = 4.62 inches.
omemt of inertia about (y) axis thru c.of g. of eolumn.
1 =2 66.9 ° 4.46 x 0.307 » 1,55 @ 4,04 x 0.4382 . & .88 in.%
I‘oment of inertia about (x) sxis thru c.of g. of column,
12230 4,46 x 1,972 « 36,0 * 4.04 x 2.442 . 80.23 in.4
R = square root of 63.83/8.50 = 2.87 inches
L/R = 20.72 x 12/2.57 = 86.7
Allowsble unit stress = 160.(e 70 x $6.7 = 9930 1bs/sc. in.

UNIT STRE " IN CCLIMH C§

t'ake up is one 10" Chan. = 20 * an!: ene &® Chan 13 &7
Area 10" Chan. = 5.33 eq. in.
%.04 * »

® 2= .

Total area 9.92 * »
Total compreseive stress im column = 163, 550
Unit stres = 163, 550 /9.92 = 1/« 500 1bs per sa. in.
har (y) = 5.83 x 8.609 * 4.04 x 4/9.22 = 6.73 inches
Bar (x) = 5.80 x 5 * 4,04 x 4.102/ 9.92 = 4.67 inches.



‘omentof inertia about (x) axis thiru c. of g. of column

1 =2.85 * 5.88 x 1.882 » 36,0 * 4.08 x 2.732 = 89.75 in%.
Homent of inertia about (y) axis thrk e. of g. of column

I 78.7 % 5.88 x0.332 % 1,55 % 4,04 x 0.4882 = 81.85 in 4.
R = square root of 81.85/9.92 = 2.87 inches

IL/R = 20.98 x 12/ R.87 = 87.5

Allowable unit stress = 16000-70 x 87.5

" " " = 9850 1bs per sq in.



Letermination of co prenrczive ~tress in tank plate
considere’ nas a simple beam between column connections; to
note if this atress exceeds the stress due to thie outward

pressure of water.

Length of beam =1/4 x 3.14 x 16 = 12 56 ft.
iepth .- = 15 ft.
Thickness ® = 3/16 inch.

“gte of water in tank = 252, 500 1bs.
®* ® lemigpherical Ilot. 3 312 *

" ® 50, of pine = 3 7% *

Total 259,542 *
+gte fallirg on one span = 259,542/4 = 64,88y 1vs.
Uniform load per ft. = 64,885/12.56 = 5165 1bs.
Considered as a sample benn fixed at both ends.
i'ax. moment oocurs at ends = w 12/ 32
¥ = 5165 x 12.562/ 12 = 63,000 ft. lbs.
" = 81/c |
1/c & b d42/6 = .1875 x 32,400/6 = 1012
¥ = 63,000 x 12 = 8 x 1012
S = 806. 1ve. per s3. in.
“tress outward due to water
Te26hr/t=26x1528 /1075 = 1,67C 1us /e o in.
These results ihdfcate tiiat this is about the largest size tank

that :an be safely built -.ith on'y four points of support .






Determination of the shear on the heads of the rivets at
the eonnections of columns to tank due to bending moment produced
by' wind.

H = 9.4 x 8450 x 12 =~ 276, 500 in. lbs.

Taken from gravhical solution.

276,500 x .707 = 195, 300 in. 1lbs is the moment perpendieular
to the connection.

d = lever arm of resisting forece

d =7 in.

v = avge, shear on one rivet head

There are 32, + inch rivets resisting the force

¥=32Va

195,300 = 32 V x 7

Vv = 872 1ts.

Yax. shear on one rivet head = 2 x £72 = 1744 1lbs.

Shearing area of one t" revet = 3.14 x .5 x .281 = .4425e-.in.

Allowable chear one one rivet = .4425 x 9000 = 3080 1bvs.



RETERINATION CF UILIAR ON CROSS gicT
AT THE COLUMR COIVNCTI N 70 TAN:

"gt. water 252,500 1bs.
" of aylinder 6,900 *
" * Hemispherical bottom 3 312 *

" % ripirg 3 730 "
" * roof, etc. 2741 "
Total 269, 183*

j¢cts on cne conmeoction = 269, 183/4 - 67, 296 1lbus.
iioe Of §% rivets taking shear = 64

“hear on one rivet = 67,296/64 = 1052 1lbs.

Area of ;" rivet = .196 mo. in.

Allowable vaiue on one revet = .1G6 x 9000 = 1765 i

Test £#¥ bearing value of © in rivets on /16 inch plate.
Bearing area of one rivet = .1875 x .5 = .0938 sq. in/
Total bearinc asrea = 64 » 0938 = 6.0 8g. in.

nit bsaring value = 67, 296/6.0 = 11,200 1bs/s:. in.
Allowable value - 10000 1bs per sq. in.






STRESS 23 IN CCLil¥ € “U% TO BCCICTRICITY

avhge

Diagonal wind , and dead load plus water.

STRESH [UL Wy SC HETRICITY

Lecentricity = the distance betwoeen the extended e.of g.
of the column proper, and the e. cf g. of fke cclumn section
at the connection to the tank.

00«= @ = 2.72 inches

Yoment due to eccentricity = tot2l load on one eolumn
x e - 68261 x 2.72 = 185, 600 in. 1lns.

Vake up of seotion at conneotion

Cne 10" Chan, ¢ 15f

One 8¢ x 3/8" plate on cutsidc of channel.

Cne 6° x 34" x 3/8 arg. on each side of Chan,

(x) sxis coincident with tie back c¢f the channel

Lar (y) = 4.46 x .635 * 437 x 3 * 6.04 x 2.04 / 14.3 =

1.267 in.

“oment of inertia abo t (x) axis thru the e¢. of .

of sectiocon.
FOR ANGLID
I= 2(12.86 * 3.42 x .7732) - 29.82

FCR PLAT
I=b 4312 = 2 x .053/22 * 3 x .832 = 2.11
TOR CHANEL,

I~ 2.30 * 4.46 x 6207 - 4.06

Total I = 4.06 ® 2.11 * 29.82 = 35.99
H=81/C

185, 600 = S x 35.99/4.73

5 = 24,400 1vs per °q. in.



2oRnnsY 2T PO DRAGCUAL It

oment of wind loads =iout tiie bottom of Ianel ;1

¥ = 1500 x 23.3 ® 5050 x 1U.G * 2020 x (.5 * 2520 x 6
I = 170,270 ft. 1bs.

r = 9.39 ft.

S = sec ax 1/2 r = 1.01 x 170,2/0 /18.75 = 9,1701bs.
Unit stress - 9,170/14.3 = 642 1bs per sc. in.

STRH¥88 DU TC DA™MD LCAD PIURY WAT?R

Total stress = 69,0001bs.
Unit " = 65,000414.3 = 4020 lbs per =a, in.

MAX. HISULTANT CCVP™ 071V T3S

Fecentrieity = 24, 40C lbs per sg. in.
Tiagbnal 7ind = 642 » LA
Liead plus waier= 4, 820 * = = @

Totsl % 62 = w0
Allowable stress = 16000-701/R
. L = 16000=70 x 1 x12/1.5C5
n " = 15,400 1bs per sq. in.



STRG:SS0 1M SHOS DITAITLS

iotal eompression on bearing plate = 506 1lbs per sq. in.

Test for chear on croess-sestion of rivets connecting side
ang2es to columns.

Area of nlate eovered by one argle = 3* x 20" = 6C 8n. ine

“hearing fhree = 60 x 506 = 30,4007

This ferce taken by twe 3/4" rivets and two 5/8% rivets

two 3/4" rivets G 9000 are worth 2(.442x9000)s 79507

T™e 5'/8. ] ] ! ] L “ 29.307 1900_0_)__523%____

Total smount rivets can take =13,400 #

This is considersbly less t:an 3C,400/

Test fro shear om erosse-section of four 3/4° rivets at

back of eolumn.

Total foree taken by these four rivets - 30,4000%30x506

fod 4506005"
Value of four 3/4 * rivets in si-gle shear =4(.442 x9000)
- 15,9004

One 3/4* rivet on 1/4" web of chan. « 10000 is -roxrih 3300f
Total value = 4 x 3380 = 13,50C hence bearing poverns; dut

is ruch less ti:an zmount taken by rivets.



Test to see if angles on the side of thes ¢olumms are
thigk enbugh to take the shear.

The angles are 3/8® thick and 20* long

20 X «379 = 7.5 8q. in.

Al) owable shearing value = 10,000/ persq. in.

Une anzle 1s worth 10,000 x7.5 = 75,000

It has to take only 30,4007

Test on the ten 5/8° rivets on front of eolumn in single

shear.

Force coming to the 10 rivets = 30,400 * 87.5 x566- 74,800/

Ore 5/8¢ rivet im single shear @ 9000 is wovrth 2,756 §

Ten 5/5" rivets * » « W » ® o 65CH
which is considerably less than 74,00

¥ax. uplift of 71,930 is taken by thirteen 5/0% rivets in

sinrle shear, which are worth omly 37,950

Test of chear on rivets holding the diagonal ged Dy

It is held by four 5/3" rivets

Strees in rod is 19,350/

Total strese on section of rivets =19, 50x.707=14,0307
Allowablé stress =4x2765 = 11,0005

Total shear om heais of rivets = 19,050x.707=14,030/
Shear on cross section governs ns tlhis is weaker than the

Lead in shear.

37.



38.

CALCULATI N ¢ UMIT “TR3¢" 55 IN STRULS

Yde up is two 5% cahmnels & 6.5 #

Same segtion used thruout the tower

Total max. stress = 12,060 i/ compression area = 3.90 sq. in.
Unit strées = 12, 060 /3.0 = 3,100 1bs sq. in.

Area - 3.90 sa. in.

Aldewable stress = 16000 ~70 L/i

(x) sxis oconsidered as coincident with back of inaide chan.
Bar (y) = 1.95 x 4.80 ® 1.95 x 7.9,/.." = 4.24 inches.

¥em. of imertia about (x) thre c.of g.

I= 48 *1.95 x 3.752+ .88 ¢ 1,95 x 3.752 = 55.e56

Feme of intmdia sbout (y) axis thru e. of g.

I = 7.4°% 7.4=14.8

R = sq. poot 14. 8/3.9 « 1.95"

L/R = 14.98 x 12 / 1.95 = 92.2

Allowed stress - 16000 «70 x92.2 = 9,540 per sq.in.
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JCALCULATION 3" UNIT STR2OS: IN LHACT D
LACING i MORIZO"TAL STRUT

~

P = stress ir lacing bar = 200 A r esc.s/c

A = area of strut

T = least rad. of yr.

C.= d%st, muotral axie to most remote fidre

8 = ahile made by bar with axis of strut ccc.a =1.,167
P = 230 x 3.9 x 3.78 x1.17 /5.01 ~ 963 #

Lacing bar is 1 3/4" x /4 * ~ .4375 sc. in.

Unit stress = 963/.4175 - 2200f s¢. in.

Test for shear on one rivet holding laving ber.
©08.8 = 517

3 = shear on s ection of rivet

32 2xP X517 = 2x 563 x 517 = 9977

one 5/C * rive! 4n rir;le chear is wortn 29654

UNIT STRESSHS 1N TERUR CONTCrICHS 40 CCLINS

Same design uced in each of the connections .

8¢ gete the largest compressive rtress of 12,060 #
5/8 in rivets on 5/16 in plate, chear sowerns.
ight 5/8 in rivets take thecstress in sin:le shear.
value of one 5/8% rivet im 3.5. = 2765 [

Connection is whrth 8 x 2765f - 22,100f

These plates are bent and are riveted to the flanges

of the column channel.



Twelve 5/8 " rivets take the stress in ~. 3.
“tress on rivets = 12060 x ,707 = 85407
Value of the rivets = 12 x 27 65 = 33, 200/

STREAS ON PIIS

éreatost stress produced in pin at the intersecthbon

Stress in Lg = 18400 # tens for one only

" D7 = 19850 5 » " " "

Stremss " T4 « 3000 " n " "
Horis. comp. of Tg = 18800 x16,05/25.31 = * 12, 100 ¢
Vertical * * * _ = 18400x21.19/75.31 = * 15,400/

Horise. " " D7

Vert.

VYert.

= 19850 x 16.65/27 = -12250#
" "%+ 19850 x 20.5/27 = «15060

conp.of Ta :3000,

Horiz. " "~ " -9

Iength of sin is 9 inches, & T4 bs at centre.

llorix.componet of the left reaction.

Ra 12, 250 x 6, 3 « 12, 100 x 5.38/9 = * 1456/
Horiz.M oment at centre line T4
1 = 1456 x 4.5 « 12,:50 x 1.879 * 12, 100 x .375 & =
«5870 in 1bs.

llorizs. omént at centre line D§

¥ = 1456 x 3.625 « 12,250 x 1 = = 6970 in 1bs.
Iloriz Yoment ot centre line Dy

¥ = 1456 x 2.625 = * 3830 in 1bs.

Vertical component of teft reaction.



40,

R = 15060 x 6.38 « 15,400 x 5.38 =3000x4.5/9= «44.5¢
Vert. moment at centre line T4

¥ = «44.5%4.5 « 15060 x 1.875 * 18400 x .875 = 149904
Vert, moment at sentre dine I4

I = 44,5 x 3.625 «15060 x 1 = 15221 in 1lvs.

Vert moment at cehtre line D7

I » »44,5 x 2.625 = 117 in. 1lbe.

Yax. resultant mometnt occurs at ¢

} = equare root of 69707 ¢ 15 2212 . 16 760 in 1bs.
Diam. of nin =« 2 in.

1/c = 734

¥ = SI/6 = 16760 = 5 x 704

8 = 2,400 § 8q. in.

Allowable stiress - 24,000{ sa. in.



41.

A ALYZIS (I ¥LOOR PLAY: FT BALCONY

36§ sq. ft. as uniform load.

Ilate is 24" wide and 1/4 " thick
M= wl2/8

Plate vihs. 20.4 1lbs per lin ft.

¥ - 80. 4 x 14.132 /3 . 2010 ft 1lbs.
1/c = 0.25
¥e81/6=2010x12=8x .25

S = 9,6607 sq. in,

Allowable stress - 16,000§ sq. in.

ANALYSIS OF BRACKIY CONILICUI(N 1B COLUINS

Force ter:diné to shear rivets
1/4 wgt of baleony = 578/
Uniform loadon floor

rlate = B4Bc

total 1426

Lever arm of force = 10.5 in.
i‘ending moment = 10.5 x 1486 - 15C00 in 1lbs.
Distance between . ace lines of rivets = 2 1/4 in.
vheisted by four 5/C" rivets in sinrle shear.

S = stress on one rivet
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15000 = 2.25 x 4x 8§
8 = 1667/
Value of 5/8" rivet in 5. 5, = 2765/
LI " n * bearing on 3/3* plate = 42°0f

STRESS IN AJCHON BCLTS,

I'axe uplift total = 719304
Vert. comp. in a anchor bolt = 71230 x 156,3/1.01
X 157.3== 70,700#
Diam of anchor bolt - 2* at root of thread
Unit stress in anchor bolt = 70,700/3.14 = * 22,500
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FACTOR R SAMITY ATAYTHNSY UPLIPY .

Loments about axis of shoes.

Over turning moment cdue to wind.

Roof (1500 x 172.61 ) = 259,000
Tank & Bal(5092 { x163.21 ) = 831,000
Hem Bot. (2020 5 x 152.01) - 306,000
Py (2300  150.31 ) = 346,000
P, (4550x 134.02 ) = 610,000
Py $4470 x 113.44 ) - 507,000
| (4827 x 92.86 ) = 443,000
Pg (5010 x 72.23 ) = 362,000
T Pg {5220 x 51.7 ) = 270,0C0
Py (5450 x 31.12 ) = 169,500
3 (3600 x 10.54 ) = 38,000
Total overturning moment 4,149,500 ft.1bs.
“esisting moment - i‘gnk emnply .
l.oments about wxis of shoes.
Intire wyt. of steel in tower. 586,018/
subtract 50/ of wzt. of pipe 3,730

Tiet Total = 94,2805
Lever arm of wigt. of stee 'l = 1/2 square custance of tower
be tween nnchor bolte = 18.5 ft.
54,288# x 18.5 ~ 1,005,000 ft. 1bs.
wit. of 2 plers - 2 x42,850" - 85,7008

lever arm = 37 ft.
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65,700 x 37' = 3,170,000

Caloculation of wit. of earth aroun’ pier vhich offers
resistance to everturning.

Vdlume of masonry pier = 288.cu. ft.

Volume of so0li@ e-ual to area of bace of pler times
height of pier, eauals 10* x 10*' x 5.25" = 525.cu. ft.

525 « 280 « 237 ocu. ft. of earth.

vite Of earth on 2 piers. 237 x 2 = 474 cu. ft.

vgte of earth = 100f per cu. ft.

474 x 100=6 47,400

lever =rm egualg 37 ft.

47,400 x 37 = 1,755,000 ft. 1lbse.

 sotal resisting moment.

Steel 1,005,0C0
"asoryry piers 3,170,600
Zarth 1,755,000
Total 5+930,000 ft. 1lbs.

Fagtor of safety sg-inst: overturning = 5,930,000 $-

4,149,500 = 1.43
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LOADIIG COYCYTY ONS

(a) Yith four panels of tower im place taken Feb,12yp 1916.

(b) with al1 the steel in plaes April 7, 1916.

(e) ith water on tank, June 2,1516.

Nowth /est Pier

‘# cormer ig},loy
N ® 103.151
R 103.142
s * 103.13%
Xorth Last Fier

Y Cosmer 103.165
N ® 103.111
r " 103.116
s " 103.130
South Eact Pier

W forn.r 103.122
X # 103.112
B " 103. 09§
8 . 103.071

Tlevations

185.101

103.144

103.139
103.129

103.156
103.097
103.106
103.116

103.115
103,098
103.086
103.065

18106

103.151
103.141
103.13

103.162
103.104
103.108
103.128

103.109
103.109
108.091
103.067
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South . ezl Fier slevations

(a) () (e)
¥ Corner 103.165 103.161 103.165
N 103.173 103.156 103.171
B . 103.152 103.146 103.148
3 . 103.169 103.161 103.16%

Three pipes were driven ir the ground mear the Nort: ~est pier

Pipe
yest of pier (a) (b) (e)
pipe 4 ft. long 103.144 103.141  103.141

zast of Pler
(1) 6 Tt.from pilexbft long 10 2.969 102.961 122.966
(2) 9re.,. » "74% Ylong 103.010 103.C06 103.0m2

The above data chowm that the Fier 3 have not nettled
materially. ‘he apoarent rice in the elevations of the piers
in the later survey is in all probability due to an error in

the height of instrument.

SHE RFFECT CF 9178 FUTULS BUILLITG JUICAVALI W OH THE

SAFST O THE TOTLR

It is a Xnow faet that cuiek-sand is predominant &n
the subegoil of the II A C campus. ‘therefore ii:e most logical
thing to have done would have been to set the piers on piles.
If future excavation caused the cuick sand to run, the failure

of the tower could cause rmaterial damsge to adjoimgig property.
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CRITISIZX ~ITH RFSPECT BIRCH NORD8 SPECIFICATIONS.
Numbers refer te spee, articles as queted in Xetchums SHB
10, For cempression numders, the permissible unit stress
of 16,000 1b. shall be reduced by the fermula:
p=16,000- 701/7,

where p_- permissidle woerking stress in cempressiem, in
1b, per sq. inm, 1= length of memder, frem center te
center of cennectiens, in inches; r= least radius of
gyration of section, in inches, The ratie, 1/r, shall
never exceed 120 for main membders and 180 for struts and
roef ceastruction memdbdes.

The allewable value of 1 4~ r is net exceeded in
any of the members, However the allewadle unit compressive
stresses are exceeded in all o the parts of the ecelumus,
The mest extreme cases are an excess of 95 in eolum C) and
aa excess of 67% in celumm C§.
11, Stresses due to wiand may be neglected if they are less
than 2% per ccnt of the sombined dead and live leads,

All wind stresses are in excess of 25% of the eombined
dead and live lead,
2. Unit stresses #n dracing and other members taking wiad
stresses may de increased to 20,000 1d. per sq. in,, except
as shown in Seetien 1),

In the 6msion members of the bdracing the allewable
stress of 20,000 1bs. per sq. in, has deem exceeded in mearly

every case. The extreme case deing an excess of 35%.
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13, Pertland ccnbnt eonCcret®..cccccccccccss 350 1b, per sq. in,

The allowable unit pressures ean the piers are exceeded

45%.

14, The plates forming the sides of cylindrical tanks shall
be of different diameters, 80 that the courses shall lap eove
each ether, inside and outside, slternately

This item has been very aptly ocomplied with,

15. The jeints for the horisontal seams, and fer the radial
seams in spherical doettoms, shall preferadly be lap joints,

The lap Joint has been used throughout this design.,

16. Peor vertical seams doudle-riveted lapjoints shall de

useds for 1/4,5/16, and 3/8in. plates. Triple lap jeints

shall be used for 7/16 and 1/2 in. plates; double-riveted

butt joints shall de used fer V26, 5/8, 11/1f and J/édms

plates; and triple-rivited butt joints for 13/16,7/8, 15/16
and I in, plates,

Bingle riveted lap joints with 3/16 inech plates have
been used, which is allewadle with plates less thsn 1/4 inoh,
17. Rivets 5/8 ian, in diameter shall be used for 1/4 in,
plates; rivets 3/4 in in diamébées shall be used for 5/16"
plates; rivets 7/8" in diameter shall de used for }/8 te 7/8
in. plates, inclusive, Rivets 1" in diaméter shall be used
feor 15/16 in. and 1 in. plates.

1/2° rivets have been used which is allewadle with 3/16
inch plates. The efficiency f>1lls slightly belew the spec-
iffied amount. The lewest value deing about 65%.
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18. In no case shall the spacing between rivets aleng the cak-
ked edges of plates de more than ten times the thickness of the
plates. All rivets shall be entered from the inside of the
tank, and shall be driven from the ocutside, that is, new heads
om rivets shall always be formed from the opposite side eof the
plate on vhich the eaulking is done,

This requirement has been ecemplied with,

20, The minimum thickness of the plates for the cylindriecal
part shall de 1/4in., The thickness of the plates in asphericald
bettoms shall never be less than that ef the hewer eourse in
the eylindrical part of the tank,

The thickness of the plates in the c¢ylindrical part ef
the tank are 3/16 of an inch thiek which is thinmer than the
required amount
2%. The radial seetions eof spherical hottoms shall be madd :
in multiples o the numdber of columns supporting the tank,
and shall be reinforced at the lower parts, where heles are
made for piping,

There are 12 radial sections of the spherizal dottow
and this is a multiple of the 4 columns. The spherical bottom
is reinforced with a circular heaé plate where the piping
is connected.

26, VWhen the center of the spherical bottom is above the
point of cenneetion with the cylindrical part of the tank, there
shall be provided a girder at said point of connection teo take
the horisental thrust, The horisontal girder may be made in -
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conneetion with a balcony, This also applies where the tank is
supperted by inclined coluans,

The centre of the spherical bottom is at theline - of
cennection of the spherical dottom to the eylindrical pars,
so there is no hoerisontal thrust,

27. The baleony around the tank shall d®e 3 ft wide, and
shall have a floor=-plate 1/4 in, thick, which shall be
punched for drainage, The balcony shall be provided with a
sutiavle railing, 3 f¢t 6in. high,

This ftem has not been striclly adhered to , The
baleeny is 24 inched wide, made of 1/4 inch plates, and the
railing is 2 ft 9=-3/4" nigh,

28, The upper parts of sphetical dettom plates shall al-ays
be cennected on the inside of the cylindricadl seetiom of the tk

The plates of ths spherical bhottom are eonnested to the
dnside eof the plates of the e¢ylindrical part,

29. In erder to avoid eccentric leading on the tewer eolumns,
anéd local stresses in spherical bottoms, the cennections bdet-
ween the columns and the sides of the tank shall be made ia
such a manner that the center of gravity of the coelumn sectiey
intersects the center of connections bd-tweean the spherical
bettom and the sides of the tank, Enough rivets shall be
provido@ adove this intersection to transmit the total c¢olumn i
lead.



This ftem has deen somewhat overlooked ik this design;
and escentric stresses of considerasble value are produced.
The riveted connection at this point $s strong emnocugh to
transmit the load,

30. If the tank s supperted em columns riveted directly to
the sides, additional material shall be provided in the tank
plates riveted directly to the eolumns to take the shear,

The shear may be taken by providing thicker tank plates, er
Wy reinforcemsnt plates at the column econnestions, while
bending moments shall bde taken by upper and lewer flange ,
angles, Ceonnections te columns shall be mnde in such a
manner that the sfficiency of the tank plates shall not bde
less that that of the vertical seams.

There is ne additional, material riveted to the tank
plates, howvever they are safe in dearing value, There is a
plate riveted to the outside of the channel of the celumn to
setrengthen the wed in bearing value, The efficiency of ths
tank plates at thie connectioa is adout 95% while the effic-
iency of a vertical joint is about 65%,

3. Jor high towers, the columns shall have a bwatter of

1 te 12, The height of the tower shall be the distance from
the tep of the masonry to the conneetion of the spherical
bottem, or the flat detotem , with the eylindrical part of the
tank,

The coelumns have a datter of 1-3/8 inches ia 12 inches,



32, JNear the tep of the tank there shall de provided ome
Z-bar to act as a suppert for the painter's trolley, and
for stiffening the tank., Its section meuulus shall net de
lees than  D2/250. where D is the diameter of the tank in
feef., If the upper part of the tank is therocughly held dy
the roef constructions this may bs reduced,

There is ne 2 bar to sct as a support for the painter's
trellsy and for stiffening the tank there isa 3" x 2" x
1/4° angle at the tep of the tank., ZIts section modulus is
0.26 in 3 fer bending in a vertical direection which is

esnsideradbly less than P2 = 1,02
250

33. On large tanks, circular stiffening angles shall de

previded in order to prevent the plates from ducklimg during
windstoras, The distance between the angles shall be det-
ermined by the formula : &= 900 tt /5 wnere é- appremin-
ate distance between angles in feet; t- thickness of tank
plates in inches; D= diameter of tank, in feet,
a= 9590 ** = 24,3 feet, Heo cirocular stiffening angles

are required in this design, and none are placed on the tank,
34, The tep of the tank will generally be severed with a
emical roef of tin plates ; and the piteh shall be one teo
six, Por tanks up te 22f%t in diam, , the roof plates will
e assumed to be self supporting, If the diameter of the tank
exceedes 22 ft, angle rafters shall be used to support the

roof plates which are generally 1/8% thieck
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Plates of the following thickness will be assumed te bde self

supperting fer various diameters; 3/32 inch plate, up to a
diameter of 18 feet, 1/8® plate up to a diameter of 20 feet
3/16 inch plate, up to a dismeter of 22 feet.
Rivets im the reof plates ahall be from 1/4 to 5/16 of an
inch in diameter and shall be driveam cold. These rivets need
mot be headed with a button set,

The piteh of the reof is greater tham 1 te 6 inch
The roof plates are a 1/8 inch thick, as the diamster of the
tank 1s 16 ft, the plates are self suppertimg. 7The rivets are
§/16 ineh reund.
35. The trap deor 2 feet square, shall be provided in the
reof plate, HNear the tep of the higher tamnks, there shall be
a platform with a railing for the safety of the men eperating
the trap doer,

There is a trap door 2: inches by 28* There is ne
platform =nd railing. There s an ernameantal finial.
37/ There shall be a ladder 1 foet 3 in, wide, extending
frem a poimt about 8 feet above the feundatien teo the tePof
the tank, and also one on the inside of the tank, Xach ladder
shall be mads of twe 2-1/2 by /B in. dars with /4" round
Tuggs ene foot apart . On large high tanks 30 feet or more
- in dtanotor. s walk shall be provided frem the celumn nearest
the ladder to the expansien jJoint on the riser or imlet
nipe,

The ladder extends from the piers to the tep of the tank,
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It 48 one foot 2.1/4 inches wide; the baras ara 2 inches by
3/8 imeh; and the runcs are 3/4 inch round and are spacad
ome foat apart,
38. 1In designring & tank a height of 6 in, shall de added
to the required height of the tank if an everflow pipe is
not specified by the owner,

The riser or inlet pipe is 8 £x.inches in Aiameter,
Ther {s an outlepd pipe
40, Al} pipes entering the tank shall have ca:t iren
expansion joints with rubder pucking and facilities for
tightening such joints the expansion joinmt, generally,
shall be fastened teo the bottom of the tank with dolts
haring lsad washors, The tank plates shall be reinforced
wvhere the pipe enter the tank,

This design has a cast iron expansion Joimt wiht
brass packing; there is 8 bsit for tightening the Jeoint,
The expansion joint is fastened to the tank with rivets
41, All pipes entering the tank shall de thomoughly braced
latterly with adjustable diagonal bracing at the panel points
2 the tewer ,

There are latteral brace rocds, diagonally placed at
the panel points fer strengthening the inlet pipe,
42, The diagonal dracinz in the tower shall preferzbly bde
adjustadle, and shall de calculated fer an enitial stress
3000 1%, in adition to wind stresses ate.

The max uplift is 71,930 1bs, The anchor beltis are
fastened direetly to the columns by the means of dent plates

bearing on angles.
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4]. The sise and nuwber of the anchor bolts in the tower
shall bBe determined by the wmaximum uplift when the tank is
enpty, The anchor bolts {n the tower, where the sanimunm
uplift is gre-ter thaa 10,000 1lb,, shall be fastened dirsctly
t® tue soluune with bent platas er oimils® details, In all
ether canes it wouldbe sufficient to conneet the ancher belts
direetly to the tase plates,

The tenmion and anchor velts will net excesd 15,000 1ns
per og. in, Of net sreox, The ménimum section shall be
limited to a disusber of 1-1/4 in., The details shall be
wade sa that the unchor bolts will develop thisr fgll strength
and at the lever end, they shall he furnished with sn ancher
pl=te, mbdt lees t:an 1/2 in. thick to assure good anchorage
to the foundation wAthout depending on the adhesion detween
the sonrete and steel ,

The anchor bolts 2incncs in diam. The #ait teasion
in the snchor bolt is 22,§00 1bdbs, per aq.Ain. vhich axceeds
the allowable value of 15,000 lbs. per d4q, in.

44/ The conerete foundatisn shall be assumed to have a
waight of 140 pounds per & eu, ft. &nd shall de sufficient
in quantity te take the uplift, with a factor of safety eof
1-1/2.

The factor of s-fsty against everturning is 1,396 which
is slightly below the specified value .,
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45, Three-~ply frostproof casing shall be provided if mmm
Regesrary , ~rounéd the pipes lealing te end from the tank,
This casing shall de eomposed of tvwo layers of 7/8 = 2-1/2
inch dressed lumher 9 and each layer zhall be cavered with
tar paper or tarred felt, and one outside lsyer of 72/8 x 2-1/2
in, dressed and matched flooring. The lumber shall be in leagths
of atout 12 ft. The'e shall be a one inch air spauce between
the layere of lumber ahd wooden rings or seperators czhall de
nailed to them every threa feet, ( In very cold climste it is
g004 practise te fill the space detween the nipaes arnd the first
1gyer of lumber with hay or sizilar material) The fro=t casing
may be square or cylindrical; it shall de braced to the tower
with adBustable diagonal dracing, as described for pipss in
sectien 41,

In this design a twe-ply Ircstproof caming wa:z used it
consiste of three~qusrter inch dressed and ratched lumber,
A wtrip of bmilding peper is plsced on the outeide of the
inner sheath, Thei¢ are wcoden seperatere end they nre spaced

shout two feet 8 $n. cpart,
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SUIMAEY

The analysis cof tlic various members, shows th-t the
tower is overstressed in almost every detail., ‘‘he most
extrene cases beinz an excess of stress of 997 in the
columns of tbe uppermost panel,due to eccectricity of
centers and an excess of 675 in the columns cf the
lowest panel. The wind bracing is also overatreassed
to the extent cf 35 7.

It would have been better to have designed the
diagonal bracing in the lower panels to take copression
ag “ell as tenricng aes shown by the graphical analysis
of the wind ctresses, tlere will be a comprescive atress
of 9,90004 in L; wien the horizontal comdonents of the
reactions are equal. “his will reduce the initial tencion
to zero ard producec emcessive verding in the columns at
tl.e first panel points =love tie piers.

Cn the 'hole t'.e designe apnears to be o secant affair.
Ags shiown by tlie grapihicel analysias s-nt use vy the
Chicazo 1ridge nnd Iron Co., and tie unit ctrescec~ ugse:
in the design; they did not uee standard v-Jues -~ good

aclic woild c¢all fTor. e forula for thie allowable

=

conpre~ive stresz in the colwns, as uwed b them,in

17,100 « 57 7/%,vitl: & vax unit ctreas of 1Z0CC;: .
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Tre allowai-le tencile «tress usel is 19,006 «c. in., 7The
wind loads appear to iave been ~rrived at in a raiier
crude " anner. “ne wind on tank being taken at 3¢} sc. ft.
on 6C.° of projected area, snd the wind on tower at 200/
vertical ft. ¢f height. This however -g:rces with rome

of tl:e older ami more liberal specific~tions.

“he stresses in the columns of the ton panel, dne
to accentricity appear to ha¥e been neglected eutirely.

“he workranashin in rivetiigz on the tower has been
doue in 3 careless mnnner, socme of tiie button heads ~re
scant ang irrecular, 2nd here countere-sunk riveis nre
used ithe head is not large enough to entirely fill the
hole.

‘‘“he site zppneara to t.e a ratier poor one as regards
tiie nearncss to the ~tack of the power Y- use. ‘'@
deleterious effect of the acid gases upon the paint is
beyond a:iy cuestion of a doubt. A dark green or bLlack
paint might better have been selected, a2s tiie viiite paint
ie all ready becomiﬁg discclored.

The extreme tlinness of meizl used in the entire struce-
ture togither with tie unfortunate erposure tc ases an’ the
probability, amou:ting almost to acertainty that tiie tank
will not be kept proverly paintes and! the lar:ie oercentqge
of Aarea rendered inert by a comparatively thin coatin: of
runt do not argue well for a long and w interructe! life

of eervice tc tie collere.
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