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This work of analysis was undertakem not
in any epirit of f:-ult finding or of oriticising
the deaigm eor oconstruction but in order to gain
knowledge of steel comstrustion and experienee in

anslysis.
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INTRODUCTION.

Prior to 1909 the City « East Lansing had no
public water supply but dspended on the individual
system instd led in private residences or from the
0011.30.' Mr. Chass had erected & private tower and
from this supplied & fow in the immediate vicinity,
but this was entirely insdequate to supply mere tham
s very few surrounding him. As the oity expanded
the need of an sdequate water supply for domestio
and fire purposes bdbecame very pressing. A number of
small fires algrmed the city council andl they realised
' that they eowld not depend on the City of Lansing
for their water as they had done far their lights.

They first Sried to obtaim water from the College,
as Mr. Bird on Grand River Aveme had done, but failed,
as Mr. Bird had no legal right to use the College water.

A comnittee was appointed by the couneil to in-
vestigate the various systems in use anl suthorised
to sulmit plans for a system $0 be used in Bast Lansing.

Professor Haddon,then of the Civil Engineering De-
partment of the College, was sesured to draw up design
of tower. These plans were sutmitted for bids and the
eontract far duilding was let t0 Whitehead and Kales
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Iren Works of Detroit, Michigsm, im January, 1909.

The original site of this tower was the preseat
locatien of the pumping statfiom, but defore the erestion
was started the present locatien was secured on Forest Hill
Avenue. This had bdeen originally selected as the bduilding
site but the price ssked dy the owners was almost prohidbitery.
By changing the locatien to the top of the hill an' increase
in head of 'M thirty feet was gained, dut necessitated
the pumping of the water about three hunired fee$ further
and thirty feet higher.

Construcstion wms started om the tower late in the
spring of 1909 and finished in the sumer of the same
yoar. The system had so far been entirely satisfactery.

Other improvements were madd after the tewer was
erected whish depended on & good water sapply, the ehief
being an extensive sewer system.

The tower is 118 feet high and has s ocspacity o
10,000 gallens.



SPECIFIRD LOADS.

Dead lLoads.
Weight of structure.

8 - 6" Channels ® 8f / £t. 1024’ high o 6600f

Oolmg 4-8"x3" platen @ 6.84/1% 51' " = nof
(1504~ 13"x 4" bars ® .65# ea. 7 5/16" long

S 1000#

Total ~--——-- es10f

g 200° E 1§"x 14" x 3/16" @ 1.5#/1% = 560f
100 round bars . @1.5f ea. _= 1s0f
Potal —=--- 480

mt;l unﬁ*:rxi- @ 3.680/2%60.5 « 980§
g:m 144 dars 14" x 3" x 14" @ 1.6 0. - 230§

1 frame —--- imof
—

Total fremes --- 3680f






Yertiosl amd (8 -1" * 28° * oz.of/rt.saol
lateral brace (8 - 7/8" " 26' " O 2 ¢ /rt = L1854
reds, ———-=-- (8 - 7/8" " 28* " @2 # /2% 3 400F

;o - 1" Rods 50' long @ 2.6#/f% = 6204

4-3/4"" 13' " @1.5}/tt =z T8
§4 ~8/a" " 10° " @ 1.5#/tt = 60f
(6 «3/4"" 8" " @1.85/2% 5 48}

foetal - 32014

eank ;1: plates 8'x48"x3/16" @ 30.6#/ft  «2950f
4 " 8'x28"x3/16" 0 17.85#/ft _; 660f
' Total ---— 35104

Tank Roof (18 plates No.l2 .
‘ P om-:f%: 0 490f/Cu 2t 3 410f

1 Plate 78"x3/16"x8°'S" O 46.8f/2% = 300#
8 " 48"x3/16"xA" ¢ 50.6#/2% _; 960f
Total - 12804

-

Zota] Feight of Isak --=- szoof

2.
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Total Dead Load Estimates -

4 Colwmns as1of
1 Ledder 480¢
3 Cress Prames ses0f
Vertical & Latersl reds 22014
Tank 52008

Total ~--w-- 198214
Use ~----- 20000#
Aaa 208 for rivets,

eto. ~--

Total Dead Load ---- 24000f

Msmmmmm-
;ooooggo, z 1540 Cu ft. @ 684f/on £t. s 840004

Total Pead Load of Strusture and Contained Vater z 1080008
108000 = 2Y000f D.L. on each column

¥in) logds
150§/ Lin.ft. of height



Specified Unit 3tresseg.

Tension in Tenk plates 12000#/sq.in. net area
Tension in other parts of structure 160004/ Sq.in.net ares
Compression 16000}/sq.1in. (reduced)

Shear on shop rivets 12000}/ sq.in.
" " p(1lea " 90004/8q.1n
" 11 plates 100004 /aq.1in. (Gross area)

Jor eompression members ths permissible unit stress of
160008 shall be redwoed by the formula

P = 16000 - YO0 %
T where

P s permissidble working stess in sompression in
pounds / sq.in.
L 2 length of member frem center to center of
connestions in inches.
r = least radius of gyration of section in ingches.
The ratie L/r shall mot exceed 120 for maim members and
180 for struts and reof comstruction members.
Unit compression on consrete sub-structures = 350f/ sq in.
Unit masonry bearing on soll <« 2 tons/sq.ft.



Ioads,

¥ind en reofs - (Print No.2)
2/3 » h x 80#/8q.2t.
2/3x12x4x30 o 960f

¥ind en Drum
2/8 vh x 50%/sq.1t.
2/8 x 10 x 13 x 30 » 2600f

¥ind en Bell
2/3 vh x 304/sq £t
2/8x10x 8 x 30 = 1000¢

Vind en Tower (Prints Nos. £ and 3)
Disgonelly per foot of vertieal height
Ares = 8"+ T4 6" 6" « 2 1/5% + 2,84 3 5.17°
B.17 x 30 x 1 = 154§/f% of height.

Squarely onr Tower.
Area u 4 f 10 == 3.33' ¢+ 2' » B.33°

5.38 x 30 x 1 = 160f/2t of height.

Load on esoch sectiom (Print lc.'ﬂ
28 x 160 a 4000f

7.






Tank Bmpty.
Poroes Sqe Tind
960
2600

1000
4000

4000

R aqdozyi

Diag.Vind.

960
2600
1928
1000
5880
8880
3880
1928

With tank full, the loeds on leewnrd side are in-
oreased dy the weight of the water in the tank



STRESSBS.
e

Stresses in Column
Analytical Solution.

Stress dus to wind = N/2r for four oolwﬁ nﬁm.
where N 18 maximem moment of eash sestiom due $o wind and
r is the radius of s sirele passing through the eenter of
the columns.

Thus:

ﬁjln about base in the plame about the diagonal V
of the structure = 0
S a 14000 x 25)+(4000 x 50)+(4000 x ¥8)+
(2000 x 100)+(2600 x 106.5)+(960 x 114.53)
1000 x 98] +(18 x 2) :
S = 42853F aue to wink.
8 = _27000f 4ue te weight of struoture and water

Total stress- 69833}

This campsres favorably with wind otresses as showa in
graphiscal solution in Primt ¥o.3, that giving max. stress

as 45000 + 27000 = 72000f. This Deing alightly greater
the graphical solution was used for final results.

Columm Stresses.
Member ¥ind Stress Dead lLoad Stress lax,Stress
c1, o2 48000 27000 y2000
c3, C4 325800 26000 58800
cs, 06 20800 28000 48800
o7, 68 10200 24000 34200
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Horizomtal Breoing
_Member _ Nex. Stress.
81. 7000
32. 5750
ss. 4450
Yortioal Bracing
Xember Max, Stress,
n 11000
D2 10000
3 8600
>4 6780
_Anehor Jolts

Two ancher bholts in each pier take the tensiom dne
te wind on empty tarsk, mimus 1/4 weight of tank.

Nax., 3tress T _45000 - €000 = 195800

Masonry Bearing .
The masonry takes both the compression on the lee-
ward side and the dead load coming om it from one leg,

or
Max, Stress = 45000 4 27000 = 720004






~Bearing on Seil
45000 + 27000 = 72000f Bearing dne to tower
157 Cu £t @ 150§ /ou ft= 23500 W&. of ome pier
955004
88 ou ft RBarth €
100f Jou £t = 88007 Wt. of earth above
1043004

f1de Plates - 71 o (3ee Print No.d)

Stress 1s3 that dus to tark full of water.
Streas per sg. in. of plate
h = height in feet = 14°

4 = Diemeter of Tank in feet = 10'
¢ = Thickness of plates in inches = .1878"

s.ksi*;m,.ludluqmo inch.

Spherical Plates

Stress T, = z.g hr /Sq.In.

h = height in feet » 19*
r - radius of tenk « §8'
4 = thickness in inches = .1878"

r-g.si?;g.uzo#/&;m.

11.






LAKR UP OF DESIGN.

M (Plate Ho.5)

- The columns are made up of two 6" channels, the
two luor‘mu having a 3/8" x 8" plate on one sids ani
single 1aced on the other side by 1-1/2" x 1/4" ders.
The two upper ones are single laced on each side. B5/8"

rivets are used in sll columms.

Horigontal Bracing. (Plate No.6)
The horisontal dbracinz is made up of four angles

2-1/2" x 2 x 1/4", twe in each set and joined by 1-1/4"
x 1/4" laced work, 5/8" rivets.

The tie rods of the horizontal bracing are of 3/4"
round rods, dolted to the columms.

Yertigal Bracink, (rlate No.5).
The vertical bracing in the twe lower panels are of

1" round rods; that in the two wpper pamnels are of 7/8"
round rods.

Anchor Bolts. (Plate No.6)
These are of 1-1/4" x 4' long stock firmly imbedded

in ooncrete.
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Joasenry, (Plate No.8)
The piers are of s0lid consrets made in three stages,

the lower ons being ¥°* x 7' x 2', middle one 8° x 6' x 2°',and
the thp one 3°* x 3* x 1°.

Side Plate - Py. (Plate #5)
These are of 3/16" O.H.Steel, a1 rivets 1/2". The

Plates are bext to the radius of the tark,

Spherical Bottom Flates. (Plate Ho.7)
These are aleo of 3/16" O.X. steel, using 1/2" rivets,
stamped to confom to their sphorical shape.

MAXINUN UNIT? STRESSES.

Columms. 'BCfE te !&“ !9022

, Stress in 81 - C2 - C3 ~ C4,

S® P4 Poes.

x
= 720008 ,
4.76 43 = ¥,76 sq.in.
s 4.,38"
- 103’.
x” 40‘1’
Tye 2.32"

S = 13@0 + 72000 x 1.35 x 4.35 = 19800f/8q.1in.

e Q » v
"
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Unit Cempressive stress = 16000 - ____l_’ where 1 is
length (wumswpparted) in inches and r7is least radius
of gyration = 16000 - 70 x 25 x

allowed stress = 16000 - 9000 ¢ 7000#/e§.1in.

1 should not exoeed 120 dbut in this ease it is in ex-
:xoa of that anount.

1 - 3200 - 129
, Zo32

ress fn o ms-os-cv-ca.
SaP P= 488003

T Az 4.76 83.1n.

- goo - 9600%/s5q 1in.
L J

r:{{‘ I 2 25.9 r:!.ﬂ
A= 4,76

ks = i

Should not exceed 120
Allowed Unit Compressiom = 16000 -_%70 3
3

= 16000 - 9000 = 7000f/8q in.

Lacingz on Columns (Print Ho.9)

9000 w 70 & £
r

Lace bar Shear = 900011-2:4
d/e pA

Ku.smaainheing-gooogzx%x&oo
/2
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Where A = 7.75 8q.in,

= 2,32"

= 7.5"

300"

= Angle between lace bar and horisontal
Jec. 0 = 1.33

© 0 a n
h

e

Shear = 9000 x 7.76 x E.Bﬁax 4 - 1180%
7.5/2 350

Stress in bar z 1180 x 1.33 = 1570F
Divide by area of bar 1-1/2" x 1/4" & 3/8"
8/3 x 1570 2 4200#/sq.1n.

Chesk (Prom Ketchums)

Stress = E80 Ar Csc e,

A = 7,76 83.1n.

r = 2.,32"

C = 4.35"

Cas o 1.33

¢ 18 angle betweon lacing and vertiocal.

Stress « 280 x 7576 X 2,32 X 1,33 , 1840#/sq.in.
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Horisontal Bracing (Print Ho.3)

4/8 2-1/8" x 2" x1/4" ATes = 1,06 X 4 = 4.24 8q.in.
Unit Stress = P
A

P = 7000
A= 4.24

3—}%- a 1650}/8q.4n.

Allowed Unit & 16000 - 70 %
L= 17.76 x 12 = 212"

Least radius of gyration = 1l.81"
Allowed Unit = 16000 - 70 x 212 = 16000 - 18850 = 3750#/sq.in.
- I.8Y

L3212 2175 Allowed 180
b: S Y -3 | '

Iacing on Horizontal Ber (Print Ho.9)
Stress = 70L (_ArZ ) 4 sec o
R "I/ T

¥0L = 12250
DN

A = 4.24

b o3 1021

d = 16"

L = 212"

560.8 = év,zs u 1026
L
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mmbcMOx;iuxrﬁ.,x!hxl.u:W

225f = 225 a 600./sq.in.
r &

Chocked by Ketchum's formula giving
2277 or 227 = 600%
8/3

Vertical Bracing
Dy and D,
Maximum Stress = 11000f
Area of 1' rod = «7854 sqg.in.
Unit Stress e 11000 = 14020:/ sqe.in.
*78564

Dy and D,
liaximum Stress a 86007
Area of 7/8" rod = 46013 8q.in.
Unit Stress = 8600 = 14300%/sq.in.
PY:10) ¢4

Anchoxr Bolts
laximum Stress - 19500#
Area of 1-1/4"bolts 1.2272 83.in.
Unit Scress = 19500 = 15400}/sq.in.

Test far bond.
Bond stres3 = 80 x surfaoce area
= 80 x 4 x 12 x 3,927 = 15100/
15100 x 2 = 302007



Nasomry
Column besring on Pler

lHaximum 3tress = 720004

Area = 14" x 16" = 224 33.1in.

Unit sStress e 7§OOO -z 320%/8q.1n.
2

Pier on Soil
A Maximum sStress z 1043007
Area = 7* x 7' = 49 g;.ft. « 2100}/8q.Tt.

Side Flate P 1. Riveted Joints.

Rivet spacing = 1-1/8"
Dismeter Rivet 1/2", Dism. hole 9/16"
Stress per lin. in. of vert. helght = 1940:
Load far 1-1/2" g 1-1/2 x 1940 = 2910 = P.

a = pitch of rivet - 1-1/2"

d = Diam. of rivet hole = 9/156"

atz Unit tensile stress 1in plate

8,2 " oomprosaianiln plate

Sg= " ehear on rivet.

4y Diam. rivet ,1/2"

Sg= P S = B 5= P
R = o) °" @ s* I/

S¢ o 2910 ) = 3100#/8q.1n.
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8 2910 = 5200}/sq.in.
o =TrrrE

Sg=2010 _ ; 2910 = 14700¢
/&y a2~ 1383

Spher 8
Unit atress in sphorical plates = 1320f/8q.in as
showa on pago 1l3.
A8 this is smaller than that sbeve used in finding
stresses on joints, the stresses on rivets and Joints

%ill be smsller,

Riveted Connection
Between plates of tank and legs.(Print ¥e.l0)

Welsht of tank plates = = 5200]
plus 33% for incidentals « 1700
Wt. of contained water _g84000
Total s 90900f
1/4 on each leg or 22725# borne by rivets
Yalus of 5/8" rivet in single shear at 10000} s 3088f
16 rivetl' at 3068 = 49088} rivets can takein single shear.

Bearing value of single 5/8" rivet on 3/16" phto
Unit bearing stress z £20000f =
Diam. of rivet x thicknoss of plate x
allowed unit bearing etress.

Bearing valus of rivet a 625 x 1875 x 20000 = 2344

12‘ :hﬁt- at 2344 s 37504# rivets can take in dearing en
P Qe
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SUMMARY.
Bzs2d on original section.

A1l members show sufficient strength except the
columns. These appear to have been designed without
tskring into considersat ion the oooontr-io loading due to
the plate on the inuside or to the large value of the
item L/R. In the cuse of the lower half of the columns,
this reduces the allowed unit oompressive strength from
16000f to 7000%. The addition of the plate in this case
was & detriment., Insteed of strengthening the columm
1t weskened it by increasing unit stress from 15100°/sq.in.
to 19600 7/8q.in.

The main columms are overstressed 180%

The upper columns are overastressed 363

The calibrated corrosion on the tower was found to
be ®0 snall thet 1t could bo nozlested altogether. That
on the plate, for instance, was found to be 0008 1nohu
and none on the channels.

The corrosion on the tank was mush greater but
could not be calibrated om account of its inacocessibility.
The rivets in the north side of the bell were nsarly
eaten away by the rust. This is probably dus to the
rumning over of the tank and to excess of carbom dioxide
in the water. |
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GEM AtAL COLDITIONS AND WOIKMATSHIP.

This design sppears to have beem rather hasty and
incomplete. The action of the couple due to the wind
on the tank seems to have been neglected and slso that
of ecoentric loading of the columms,

Thia, coupled with lax attention and poer upkeep,
hes rendsred the structure unsalfe for excessive loads.
The tank was repainted this spring for the st time
8inge it was erected in 1909, ani has suffered from in-

attention in that manner. Ve bad the geod fortume to
intorview & skilled structural iron werker at the time
of exanination of tho tamk and from him learmed of the
unsafe condition of the belle In his opinion the :ivot.
will have to be renswed within two years or the bell

will fail.
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