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ANALYSIS OF THE REINFORCED CONCRETE. FACTORY

BUILDING OF aTaae PRUDDEN COMPANY, LANSING, MICH.

INTRODUCTION.

As a basis for this thesis the authorshave various

reasons for choosing the analysis of a aERaber pastors

tory building, First: they are especially interested

in reinforced concrete construction, StYelonte this part-

tcular type of construction (the mushroom type) is fair-

ly new and as yet has not been very thoroughly tested.

It is peculiarly adapted to large factories, ware-

houses and the like, where light and overhead room is

essential. Therefore an attempt has been made to de-

termine if this type of construction will stand the

tests of best specifications. Thirdly, since the au-

thors were employed in the construction of this build-

ing they were able to analyze it as it was built, Per

aid not have to follow ee plans blindly. Familiarity

with the building, and aquaintance with the contract-

or's Supt., Mre Groves, provides PSCSRT promise of

an effective and profitable analysis. An analysis of

a purly paper design could hardly supply an equally

lively interest.
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Tntroduction.e .

Indexo

Nomenclatt-e

Single line key floor plans, foundation,
lst.Srd, and roof plans.

Analysis of Floor slabs.

Analysis of roof sleb.

Sample computations.

Analysis of beams.

Estimate of probable max. live floor load
and analysis of retaining wall, col. 19-86.

Analysis of columns and footings.

Analysis of stairs.

Summary and conclusions.
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M=bending moment in in. lbs.

w=uniform load/lin. ft.

l=lengthe

Cb asa Atel:Mo}et)

b=-breadth of rect. beam or breadth of flange of T beam.

d=distance from outer compressive fibre to c. of g. of
steel.

p-ratio of area of trio to area of beam, bd.

aa "depth of neutral axis to depth of beam, d.

j= " " distance eer centers of compression

and tension steel to depth of beam, d.

f,=tensile unit stress in steel in lbs./sq. in.

do 23 as "conerete " / * -

p'sratio of area of steel in tension to area of beam,bd.

i " " n it " comp. “« mn iD ae

Pp,=percent of steel required for desired units of f,gand

f,for single reinforced beam,

Po-

d'=cpercent of d from top of beam to compression steel.

n=E,/E, ratio of modulus of elasticity of steel and

concrete. .

v=shearing unit stress in lbs./sq.in.

Vototal shear.

u=sbond unit stress in lbs./sq.in.of surface tension steel.

o=sum of perimeters of all horizontal tension steel at

section considerede  



 

I=Total moment of inertia.

ia Pe 4 vs . of steel reinforcing.

Pstotal axil load.

N=thrust, a component of the forces normal to the

sectione

Aseffective area of column.

h=total depth of beam.

Cra constant.
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Formulas for Floor Slabs.

Oblong panels

Diadoes Psa floor panel.

Beeta0UnoSa raters perchaa

c=diameterof column Pore

Negative bending moment.

z/17w1g(1yV2/3e)* as bending moment parallel to width.

VAULTELEES. )peeeerde ws ss " length.

Of this moment poeshould be provided for in the col.

head and the Preeteetd CSCeeee LTShoe

PeresMcee9 momento

ae etetee as moment through center parallel

to eet

weSCEETA.a “ is .. e ie

Pee EELS oy athe ae

of reyEeeoers not more than 60% should be placed in

cers Persie

For end panels add Sos to bending moment at first in-

terior col. head and at center of span for section for

section parallel to wall. |
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Analysis of hoof Slab 44-43-63-54,.

On account of the shape and supporting of this

Slab it was hecessary to analyze it in two parts.

Im the analysis of eachsection or took a strip a foot

wide and the length of the section long and analyzed

it as a beam. One section was 20'-5" long and 9'-7"

wide and the other 13'-1""by 9'4",.

; Section 20'-5" by 9'-7"

FOUeeecee SQeine w*123.77#4

SeMEALBice TalsOle!

p =. 00677 K=.360 | J=.88 baratA000) barrel1°)

Section 13'-1"by 9'-4"

tear width=.297 sq.ine we 16194

cape SLs’

p=.00581 K=.286 J=.905 £,712100 f,=3522

Analysis of Second Floor Slab 44-43-63-64

This slab is 20'-5" by 9'-7"and was analyzed in the

same way as the corresponding one on the roof.

PUPATSeshte) SGeine w=1294

M=1/12 wi®%=53700"#

p=.-006 ees) J=.882 £#17200 ee
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Sample Computations.

Bending moment floor slabs

Nee. Moment

1 /17x350x23.33(20.42-3.66 )2x1251613887 "4

20%=1936700"4

ROBEisleCEROdbeteeieleenr|

Pos. moment

2£30x350x23.33(20.42-3.66)"m122914536"4

1/30x350x20.42(23.33-3.66)x1281103000"4

-20%=1323600"¥

For either floor slabs or beams.

M=1646300"#

p=8.64/903=.00956

reMECCteasta Leese

J=1-.4116/3=.863

fF  =1546200/8.64x.863x7=31500#/sq.ine

£6=2x1546200/6321x.863x~412=1460/sq. in.

Bending Mom for Beams.

M=w1@=116504 3324x23.33')23.33'x12=452000
3 fi}

11650=total load on beam

332=wteper lin.ft. of beam

23.353=length of beam.
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Formulas for Beams

Mz1/12w1" for interior continuous beams.

Mz1/lowl® for end continuous beams.

edaeere)

RNaeeny Les.)
hep

f£=M/AgJa

rAdass

Beams with Steel in Top and Bottom.

p'*p1 Pe

po=p"(K-d") /(1-K)

esaa oe

My/f.,b4"=p4Jy
NOSPAkdPeee

f,2f,/n x k/(1-K)

aaaoC|

u®v/¥oJa



 



 

 





 



 



 



 



 



Fstimated Maximum Live Floor Load

Maxium load to consist of autotruck ersteEEA  
    

“X25 lbs. per wheel.
4

There are to be 10 wheels in a pile and each 30"

wheel covers 5 sq.ft. of floor space.

Maxium live load#125 x10/5=250 lbs. per sq.ft.

Analysis of Retaining Wall.

A section between two of the columns was test-

ed. This section was taken as 1' wide x 9" thick

eer long, and considered as a simple beam.

SU, Labo .
netle Sy PY 1
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Formulas for Columns.

   
  

 

   

 

  
  

  

fo=P/A (n-1l)Ag

fo-N/A (n-1)Ag M/I (n-1)1,

SaneR POL)teste Pam plotted

eetent

hetUA!

e xfpn-(pn)*-pn

a iaddO

BLesers

READ!

SrtAwake(ol
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Shear at Col. Head Punching Shear
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Analysis of Stairs.

Consider the stairs as a beam whose length is equal

to the horizontal projection. When they rested on

stringers one of the stringers was PNWeats Li'setpo) aNG

were poured as a slab a section one foot wide was analy-

zeds 3

Stairs Col. 45-64

Basement to first floor.

Lengths6'-1" Total w/ft. width=2284

M=12700"# ° a./ft.width®.368 in. sq.

p=.0041 ore-ters J=.902 £50000 £,=140

First floor to landing.

Length=10! Total w/ft. width=228#

NeKerbee A /ft. width®.546 in.sq.

p=.00607 -K=.345 «3.885 fg79400 #530

Stairs Col.15-54. {

Stairs rest on two stringers.

Basement to first floor.

Length=14,5! Total w=353# M=111200"# A,=.638 in.sq.

p*.00709 resloys AirdA) f.,=26200 ee

First to second floor.

Length=156.5' w=12841# M=320000%# Ag75-16 nOePe-1en)

p=.0439 K=.508 J=.831 5Boole) soA)

Entrance Stairs.

Length=9! Total w/ft.width=145#

M=20000"# A /f£tewidth®.334 sq.ine

p=.0039 K=.289 RiPaces) f.,=13300 or
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SUMMARY AND CONCLUSIONS.

--000--

In this analysis we have tried to deal directly

with the building as we found it, than try to find out

the specifications for which it was designed. Being

somewhat familiar with the actual construction we were

able to analyze some parts as they exist, which appear

to be different from the original design. But we are

not familiar with all points of the construction.

use may have been some addition to the reinforcing,

which, if it had been introduced would have reduced

-the apparent over-stress. But as we had the very lat-

est plans to work from, we had to analze the warious

stbakBL) they were given.

| In some instances we havé ner to take values that

were more or Eest work, The irregular panels

and the beams supporting stairs and elevator were es-~

. pecially hard to figure. One of the elevator beams

for instance, el ten different loads coming to it.

eeer from full uniform to concentrated. It is very

hard to tell just what part of the load of a panel,

oneeet beams on three sides and the reinforcing ae

ing into all of them, will be carried by each beam.

Only by actual measurements can the stresses in oy

of these beams be determined. Some of the beams which

we figured the moment for as simple beams, were fixed
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to a certain degree. How much we could not determine.

Also the formula for reinforced concrete of this type

are-more or less empirical and hard to adapt to special

eRe Mat=T 9

Although sete type of resendeee (the

bPESSeRarele)10 roe noe on re et oye mY ae it has

not been very thoroughly investigated. Very few com-

plete tests have erty made on buildings of this type.

For our work we have used the findings of the

Joint Committee and TEEaKeys and Thompson" text on re-

inforced concrete which give the very latest formula

for testing such structures. The values which we us-

CYo VAM Sevet-bacto AsCMTham tTel most conservative ones

in use at the present time.

Our values show a decided over-stress in the steel

and a lesser but still high value for compression of

concretee In the floor slabs the compression in the

concrete at the column head was very high, but some

of this is taken care of by the drop panel which we

did not consider in our calculations. The stress in

the concrete at other points was not meres above the

conservative value. The negative steel at the col-

umn heads and the positive steel in the rectangular

bands was found to be very inadequate. ‘The slabs

showed a very poor balance in the placing of the rein-

forcing steel. Likewise the practice of carrying all

of the steel to the top at the column head is not to

'.@
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be commended.

The beams are over-stressed 50 to 200 percent

in both concrete and steel. There is a very decided

lack of negative steel over the supports for wetaoae “Sh

tinuous beams, and the stresses in both concrete and

steel at the center of the beam are far above the safe

values of 16,000 for f, and f, which are recommended

by most authorities.

In fact according to our figures, the whole

structures shows very high stresses and a very decid-

ed lack of reinforcing steel, The beams which show

the greatest over-stresses, though, are partially

supported by the PLCCRMTTis) windows, and some of them

are supported in whole or part by brick walls. Tak-

ing some of eegeesee into consideration, would

tend to make the building safer by lowering the stres-

ses in both steel and concrete. These beams should

have been designed so as to carry their load without

any support from underneath, Therefore in our anal-

Pe we were not allowed to consider these points.

Of the whole building, the columms and stairs

alone, seem to have been designed to carry their load

with perfect safty. In fact the analysis has proven

very disappointing. The building seemed to be an ideal

‘construction and very simple en build, but unless there

- is something decidely wrong with out work it can not be

considered safe with more than 100 or 150 Jbs. live load

on its floors.
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