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I. TIXNTRCDUSTICH

In this paver 1s presented a zractical mcthod

for desi~nrin; a2 reinforced concrete footin~ of circular

()

) £

on elastic foundatlion hased on treories of

elasticity. Charts, as the time saver in desi~n wori, Ior
solvin~ internal monments under different loadins and foun-
dation conditlions are prepared,

T-.e most reasonable snane of a sin~le column
Tooting is supposed to be circular, as the foundation
rressure under such a footins 1s symuetrical with resrect
to 1tz center in every direcction wien its gsurrortin~ load
is central, wiich 1is tle most usual case haprered to a
sincle footins., i~k structures like chimmey, centrally
suprvorted elevated water tank, silo, and etc., which are
circular in shape and sensitive to unequzl settlenment in
founaatioh are speclally sultable to have a circular foot-
irns underneatls,

Tie conventional desi n of a sin-le reirlorced
corcrete Tootir- 1is of square, rectan-ular or volyrornzal in
shape arnd the foundatlon rressure 1is assumed to be uniforn.
The moments are investi-ated at several rair of parallel
sectlons at whkicii tendinc is assumed to occur. (The nethod
of aralyzinz monment in such a way 1s suppossd to be based
on tie Zulletin Yo, 67 of thre Uriversity of Illirols Enc,
Erpt. St. 1913 on tle title of 'Reinforced Concrete Tall

Footinjs and Column Footinss' by Arthur ¥. Talbot.) The



recent developuents in tihcory of elasticity and soll
mectanics vrove that those assumptions aentioned avove are
not near from veins true,

Structural encineers are very much 1nterezted
in the desicn of a circular reinforced concrete footing on
elastic foundation , but hish matiexzatics wnich 1s essential
for solvin: tre provlems concernin? the theory of elasticity
is too much involved and ras keprt many of them fro:x bveing
fanilier with tloce theoretical methiods, In thils paper,
hish mathematics 1s eliminated as much 2s rossible in de-
rivation of Zorimulas and in tie case of Tootin;; carrying a
moment loadl a symmetrical desi-ning load 1s prorosed to re-
czlace the actual unsymmetrical one without sacrifice of thre
reality wiich makes tlhe complicated vreblems simrle and
easy to solve without usinz ni-h mathenatics,

Ccarts for solvin> moment in circular footinss
are prepared 1in this paper coverins the usual loadins and
foundation conditions, The cut and trial proceiure is in-
evitable in solving every statically indeternminate rroblen
so 1t 1s not thkie inconvenience particularly presented in

Izis parer,
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II. FUIDAIEIITAT. CClEIDIRATICHS

1. EASIC A35UFTICIS: n this paper the followinz assunp-

(1)

(2)

(3)

(4)

(7)

tions are made:
The tricxness of tihe footins 1s assumed to be
small a3 compared witih its racdius so tkat tre
general theories of tiin plates are apprlicable,
Tl.e deflection of tre footin: i3 assuned to be
snall so that the ererpgy method of deterilnling
deflection curve 1is valid,
The center part of the footing directly underneath
the column or columm caritzl is assumed to e ab-
solutely ri-id.
Tre intensity ol reaction of the foundation, soil
or pile, at eack roinrt of tie bottom surface of
the footin: 1s assumed to te proportional to the
deflection of tre footing st ti:at point.
The Fossion's Ratio for concrete is assumed to be
constant and equal to 0.2,
Tie welisht of tihe footing is small as coupared
with 1its supporting load, and 1t 1s assumed to be
uniformly distributed over the base area of the
column or column capitz2l in moument arnalysis,
Trhose assunrtions made in thie general theories of

reinlorced concrete are also to be made in this

Y3

aver,



2., L&TI.Co CF SUFERPOSITIOL:

The particular case of loadinz of a circular
footins is such tiiat it carries a downward load fron
column to which it supports and upward pressures from foun-
dation on which it rests. Zoth of its surfaces are loaded
and 1ts edse is free in all directions, 2ut the basic
ed;e condition upon which the aralysis of moments 13 based
in ti:is parer, 1s simple surported., In each c23se, the
nonents, radial and tanzential, due to foundation nressure
under the vasic edze condition, are deducted resmpectively
I{rom trose due to column load under the same edze condition
wiich 1s egual anrnd op»posite to and colinear with tlhe re-
sultant of foundation pressure, ani the net moments are
those under actual free edre conliition. In case the column
carries a mouent load vesides a downward load (such as pro-
duced by wind load on a cbimhey footing or eccentricity in
a duildinz coluun footing), an ezuivalent symmetrical up-
werd foundatlon rressure iz assumed to aprly at the bottonm
surface of tte {ootin ard an additional dovrnward coiumn
loadi at top, so that it can maintain ecuilitrium. The non-
nents in the footins due to zoment load are thus computed
as in previous way and added to tiose Ifronm real dowmward
column load,

In tkis paper nmonents due to downward column load

under basic ed=ze condition are celled BASIC OLEINT3 and

thhose due to foundatlon pressures are called LOAD C.3IT3

A o .




Thus
Actual loment = Dasic lLioment - Load loment (In any case)
or lip = lj - E; (Actual radial monent)

and It = f - ¥ (actual tanzential moment)
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TOTATIONS:

_5
The following notntions are used throuch-
out in thils parer.

Constants in tre equations for deflection
curve oI circular plate

Steel area in reirforced concrete section
Integration constants

Flexural rizidity ol section

iodulus of elasticity of concrete, etc,
sonent of inertia

General noument constant in starndard notation
of R.C.

Radlal moment constant in circular plate
Ten_ ertlal moment constant in circular plate
Total lozad in each: concentric pile circle, or
totel upward pressure in elastic soil under
ti.e footlting

sonent in ceneral

Rzdial moument in circular plate (actual)
Tancential moment in circular plate (actual)
2sic rodial moment in circular plate (see

definition in 2)

L)

asic tan—ential moment in circular plate
(see definition in 2)

Load radial moment in circular rlate (see
definition in 2)

Load tanvential moment in circular rplate (see
definition in 2)

Cricin



P Total column load

Q Unit siearins strecs in circular plate

R Radius of circular plate

5., 32 Areas

Ul’ U2 Strain enercy

v Volume or total stearins force in standard
notation of R.,C.

§§ Rectancular axis

Z

a Radius of column or column capital

b width of section in standard notation of R.C.

e Lccentricity

fe Fivbre stress in concrete

i Stress in steel

h Depth of section

g) Constants in standard rnotations of R.C.

! sodulus of reaction of foundation

m Poisson's ratio

j9) Unit load or pressure

r Radius of circular section

u Fetio of rreszures at rim and center of footing

v Unit srearing stress in stardard notations of
R.C.

W, Deflection

,v,2 Rectanzular coordinates

z (or) Radius of concentric pile circle



XX e x> R

=
£5
ch
',Jo
O
)
~
™

b—’
£
CL
'_h
o
&
N
=y

ansle in polar coordinates in

k)

orizental rlane

Arncle 1n vpolar coordinztes in verticel ylane
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4 SASIC DIFTZIESITIAL ZQUATIONS FOR CIEIT. ATD ZQUILERIUL:
L] — -

-
B Fiure 2.la skows a diamet-

x

rical section of a circular

plate under bendins and

)
pal 2 Fi-urc 2,1b an elcuentary
/ |
Fa 1
/ i A
: serne of it witi: forces
/ / 0
TN 1 - ;n — narwed.
dr. r =7 ' The differentizl equation
- -
- - A for monent rer unit
Fig. “.1 (a) moxeny o 1

lensth arc:

At a, 1 :.Lr‘!" Ar

Mr*%;* CT " Ir = D(d¢4ﬁ¢ = -D(d2r4ﬁ &)
ar N J ir 7

! _J_unh r J,I‘ r dr

Y~ ¥ ' k
r i__..{ '/{/'-“'/‘AJ t- - —l:—"""o X ———— (2'1)
| i

Ly - D(¢+ 1 %W) =
r

- D l(.]w +1 r'l-*f)
r ar r LLI‘-

c—ee (2.2)

Fic. 2.1 (1)

s

Considerin~ tie eleuent abed in rFicure 2.1 in
equilibriun, taxing moments about the center O and nezlect-

in~ the terms containint the gnmall quartities of nirher

4

order, tre followinz relation is obtained:

lip + &l r - 24 + Qr = O ——— (2.3)
dr

utstituting the values of Ly and My in equation
(2.1) and (2.2) tie basic differential for eguilirriun

becomes:

S

4 )*

r

Da_ (i
ar

L

P =
(22

3}

AR
~—
n
]

&

N
DJ
2}
s‘s

_—— (2. b)
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Tre deflection w in the abvove equation is con-

ct+
Q
n

sidered to be positive wien 1t 1s downward.

For a »nlate of constant thickness the Flexural

Ri~idity D is constant, and equation (2.4) reduces to:

a*P 413 -¥. -3

dre r ér r D ---- (2.5)
or put into other fornas:

a1 . axe ] - -2

dr| r ar D, ——— (2.5)

---- (2.7)

"
oko

a_ ;c_l_(r@]
dr| r dr dr)

IfQ is represented by a function of r, trese equations can

£y

be integrated without difficulty in each rarticular cas

woT



II. ZA5IC J0.NTS

Tine »roblen 1s to solve tie mozents, radial and

tan~ential, in & sinrle supported circular rlate carrying a
) synaetrical central uniforn
3 .
| )+‘;i ' . load wit: 1ts center portion,
r~
‘ ’ ,
| IZERITEE © direct under the load, con-
Zéf'o- Al .y ’
Shaced” “a =dR ! - .
;:ri d *_AR ; sidered to Te absolutely
rigid R - ri=id, FReferrin: to Firure
) 2.1, the 2iametrical section
/./ : \\\\ fal Al
r o ol tie zlate, for sections
' AN
|

' ! / A\ . r>a,
IO

Substitutinz Q in equation (2.7) and inte-ratins, we have:

u
2loa‘£ -l)-Clr -

dw = _Pr 3 Co
dr CTD ( R o S
d°v = P (21 1 CL + C
W o= og r + - 01 » 02
a2~ T R ) PR
r
Fromz tle boundary Tollowins conditions,
r=as= R, d = O
ar
r =R, ikip =0, or A%y - mdw = O

are r dr

ma 0,2 for concreie



we nave

QQ
]
u

x 0.57 [ 1+ a2 (2 lo~d - 1 )]

C

N

- Fd2 32 [ 2 1o~d - 1.5
T D [ o= 7]

ord

Thus X'y = =D (d2w + o Aw
¢y o+ adr
dre r dr

= P x 0.0219 [1-5 + 82(710 -4 -1,3) -
1.5 + D(_’

( Zlozd -2.5,42 - 1 Blogﬁ]
15 + a2/ 32

(moment per unit lencth) -——- (3.1)

Zlozd- 2.5 + 1 - 3Slorx ]

(moment per unit lensth) ---- (3.2)



- ™ MY A AN T3 AT Nsm T CoamTe A
IV. YCOTILZ ARAYIL A VERTTICAT TQOAD RUSTINZ

LT oA 10T haan DTS XTI ST AT T ST AT
QI mLA3ITIC 3CIn (1) - Mmu¥ PRTIIUDE DIITATTUTINN CULVR

e:zact

tion of

L&,‘_-J

tiora

PO TR onls ol SUQIRS S etk CTATT N ST N ruaAT s TTNITT . M.
SV OLETECS CF DAl lITTI.Z DA sConTe: JoVZ:  Tre

solution of the deflection curve of a diametric sec-

a circular »late carryins a central load and rest-

on elastic soil whose intenzlty of pressure 1s rroror-

1 to tuze deflection of the plate at the same point

under consideration, is: (refer to Fi-ure 4.la)

2ut

for

+ Cg(x2 -_giéﬁ_ s
4= 5

I i : .2 X pie .
Ll L ,Hp. - A) + CZ}[("‘ -—'———42 57 1T 3 62 32 102 ;lo,_,,.
r -

(b)) S %P 1034,107 %10 )
Fig. 4.1 * EVESS 5 * ‘J

J\)L/

(4.1)

snall deflections, the eguation of tre curve may

exrreszed on tke forn

Walda+ 3 I‘2 - (402)

%
Timoslinko, Theory of Flotes and 3hells, ».278
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which is obtained from neclectin~ tlhe termus contalininsg x
of hi-her power tran 2 in equation (4.1).

In our particular case, tre centr2l rortlon of
tre rlate belin: ri-id, ejuation (4.2) vecomes: (referring
to Fi ure 4.,1lb)

WoAas3(r-a) —em (4.3)

dw = 2Zr, d°%w = 23
dr ar2

From the above exrresslons we can conclude that
tte deflecﬁion surrace rkas a constant curvature equal to
22 and tle plate 138 under pure vendin:.

Tie strain erercy of a plate unler pure vending

=te

is

Uy = 1/2 D (area of tie plate)

. 0% a2, 4 2 322y 22y --- (4.4)
2% 2 %2 QY2
In our particular case,0w = JW =0TW and

-

24 2y  or

tie central portion cl tie rlate vein~ ri-~id

&

Uy = D (area of elastic portion of rlate)92y (1l4m)
(2
.3)

4

222D (1 + u) R2 (1 -o@) e



e
Referrins to Fi-ure 4.2, the
force exerted on the infinite-
simal arca of elastic founda-

tion beyond the area direct

under the rigid portion of

/s

Shaded~- -~ F== < | the footinz 1s
|

ps-xrt',d [ S - k'.wr.dr.d6

rigi

and the strain energy stored
is
= e
1/2.dcm sr.dr.dn
, and that within the area direct

underneath the rigld portion

of the footling is
1/2.k.A% ,p.dr.46

Total enerzy stored in the elastic foundation

is TR ) Y
0, = 1/2~f S k'w2 r dr 46 = 1/2} &k'A2 r dr 46
< 0

,nno a 5 o 2 '2
= gij} A + B(r-a)< 2r dr dg+ Ta“ KAS --- (4.6)
2 2
oJ &

Integrating and neglecting terms containing o of
hicher power than 2 (in usual case A 4is less than 0.3 and

¢x3 is small as compared with other quantities) we have,

U, = n'k{l/2A2 R2 & A3R*Cy 323502] Ses )
where C1 = [1/2 - (4/3)e ,o(EJatd Cs =[1/6—(4/5)A+ (3/2)d2J
The total elastlic energy in the whole system 1s,
Uw 4 & o= EA s 158

where P 1s the total load from column,



A3 the total energy of trhe system in stable
equilibrium must te a ninirum, substitutin: (4.3) and (4.7)

into (4.8) and putting

2U =0, 92U =0C, ard n = 0.2 for concrete
DA 23
we have
TXR (1-9.5(1-42)D + 023‘7)
kl
2
5- -] ki _ -—- (4.9)
A 9.6 (1 -0%)2+ o

where D is tre flexural ri-idty of reinforced concrete
section (ses Apvendix I), k'the modulus of reaction and

C1, Cp as the saue meaninzs as indicated previously. VWith
the constants A and E Inown, tihe deflection curves 1is deter-

ninel,
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2. SEAPE OF PRiSSURE DISTRIBUTICN CURVE: As we assumed
that tre intensity of founda-
tion reaction 1is proportional
W A+D( A-&] to the deflection of tre foot-
ing at tkat point, the founda-
tion pressure curve has thke
same shape with that of the
deflection curve, Filzure
4,24 and b shows the diametri-
cal ieflection*pres5ure curves
respectively, The ratlo
between the pressures at the

center and the rim bears the

; same ratio between the deflec-
sure gcurve
| \bj Presyl . tions at those points, that
Fig- 4.5
L is the ratio B/A, As we
assumed before, the deflection 1s small, it is sufficiently
accurate to assume straizht line variation in deflection or

pressure between cuter e

o

;e of ricid portion of the plate
and its rim provided that the area under the curve 2-3' -
4-0'3 1s making equal to the area 2-3-4-0' (S;).

=
(R-a)

8, = J (A & Br2)dr (origin at 0')
0
Ar (1-4) s B ( 1-4)3R°

2
S, =A (1 +u) (R- a)
2



Puttin: 5 = 55

U = [1 + 2/3 (1 -d)2Rr2 ] ———= (4.10)

e 1§

where u is tie ratio tetween pressures at roint C' and tle
rim unier the new assuaption. It is evident t:at the ratio
u is a function of the vphysical rrorertiies of plate, soll,

and column wkich are knowvm (or assumed) before desi~n,
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TING CGARIYING A VERTICAL LOAD RESTING ON
LASTIC S0IL (2) iDIEX A;A;Yuls

1. LOAD HOMEILTS The load moments, as defined previously,
are internal moments, radlal and tancential, of the footing
due to foundation pressure when the ed-e 1is assumed to be
simple supported. Fi-ure
5.la shows the share of load
exerted on the bottom surface
of the footlnz and Fizure
5.1B 1ts diametrical section.
heferring to Filsure 5.1b,

Tre volume of small pressure

cone at top is 1 R2J(1-u)p,
5 'C

or 1 Rarp, where P 1s equal

3
to o2 (1-u)
3 1-d\ )o
Total load on bottom
\\x\‘\L\\\‘I > ! Surface - .u_p TT.’2-' lTr 2(1-u)‘o
HEUER Ar BN
e e v
I .
Fig. 5.1 =TR p[ 2u.i 1l = ’7—] P ek
N e Sl SN SO U OSSR = S E VTS T ———3 |

Load exerted on a circular area with a radius r =

‘ITI'ZP[U + (1-u) :-r'_]-t i p[l u-(1l-u) R-r
5 R-a

= quyfr

—WrzP{(u-c) + (1- ) [lLoﬁ - %r(‘l ”]} --- (5.2)
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where ¢ = q7ﬁ2.

EUTQ = (5o2)

Y - p[(u—c) + (T-u) ﬂ-t&] r - {(1-u)rcp
2 5 2(1-L)R
=0’Dr -e_"’.}_l’_‘2
X

inere o~ = | (u-c) + (l-u) 3-A = (1-u
[Luge) » (mu) 222 ], € = (ko)

3ince d_ [; i (r gy)]= o)
dr dar dr D
Substituting Q into tre above equation and intes-

ratirn, we have,

Av = po r© - € r7 a Cir 4 C2 --=(5.3
dr &l 15R 2 r

a2y - 300 re - 4n€rd s C1 - Op

ar2 - €D 15RD A~ --- (5.4)

jsin~ tie boundary coniiitlons,

r
raeR, ip =0, or d°v + m dw = C
dred r dr

m= 0,2 for concrete

=
and neglecting trhe terms containin:;o(4 anl &~ we have
¢, = - pR
1 5 A
Cr = 2t 2
2 2D oL A

‘v'u'lle re A’- 0’— o . O(-
5 4
Substitutinz (5.3) and (5.4) with known value of Cp and Cp
into (2.1) and (2.2) we have,

- L [(o.s 2 0.4%2/2)A_ 0 zmao._bw]

T(2u sl -9
~

(moment per unit len~th) ..(5.5)



ro
o

t = L [(045 - 0.40(2/(32) - 0.20«(32 - 0.126@3]
T (2u + 1 - ’)-)
3

-~

(noment per unit lenstl) .... (5.5)
where L 1s total load exerted on tie bottom of ths looting

whicn 1s egual and opposite to tie column load

H

2, ACTUAL IOIENTS Actual internal moments, radial and
tanrential, in a footin: carrying a colum loail arnd rest-
ins on elaztic soll are obtained from deductinsg tre load
moments obtailrned abvove from the basic moments corresrond-

inzly, trose are

Hp = i (03.1) - R (5.5) . . . (5.7)
po= g (03.2) - (5.6) . . . (5.8)

note that F in equation (2.1) ard (3.2) 15 ecual to L in
equation (5.5) and (5.56).
Eauation (5.7) and (5.&) can be put in oiher

forns

I P (moment per unit len-tl) . . (5.9)

Mg, g +pP (moment per unit lenzti) ., . (5.10)
E's are constants,
Curves for K values in equation (5.9) and (5.10)
are plotted with differcnt values of A and u (see F.49-354)
so that tne deslcner can reaiily find trhe desirninc moaents,
In tite rzarticular case u « 1, 1t Lecoues tie con-

verrtional case of

Q©
(0

.scuningy tlhe pressure under trhe footins

bein~ uniforn.
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1. DIST I3UTICI OF FRuISURD CID PILES

In investiratin: the distridution of pressure on
riles the szige metkhod of mininun energy anrlied in Section
V, 13 av»pli=d azain here, Az succested in Section I the
rlles under a circular foctino are to be arran-ed alonz tre

circunmferences of concentric circles and in each circle the

e}

ciles ore su~-ested to be of same modulus of reaction (in

c

'3

ractical cacse, trey o

3
I
(@)
(o]
]
2]
v
o3
0]
(o]
(=5

J
L3
o
ct
®
X
].l
5

en~th ani

naterial.) Zut riles in different circles may e of differ-

-

ent nodulus of recctions, Usually, riles in the circumfer-

Ve
P

ence of inner circles have lar:e modulus than trh2at of outer

.

ones a3 vwe can ses tle pres rerz are lar-er

J

ure

c+

5 over

@]
¢

It is assuned tiat the intensit

[®]

r of recction 1s

w-

prorortional to tire deflection of the footin: a2t that

ck

rolnt, As tle locad is symmetrical with r

[ IS SR VI

(D

spects to center

0]

it ras equal deflection alon~ tiz circuuferernce,

Rezferrin~ to Fi-ure 3.1, 2's and k's revpresent
radius and mcdulus of reaction of different »ile circles
respectively. In a vpile circle ile rrescure 1s assured to
be unifornaly disztridbuted alonr its circumfercnce ani k
values wave tie unit of force rer unit lencth of circun-

-

ference per unit deflection. The w's are deflections ol

8]

tre footin at the circuufercnces,
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w=A+B(z-a)’

Total load on the cilrcumference of a pile circle witk a
!

rodius 2z, = 27 2y.k1.wp

Energy stored in the circle

N

Total elastic energy stored in pile foundation 1s

Up =m 2 21.k].wp2

As assumed before, for small deflections

Wl =44+ 3 (27 - a)2

wiere z3 = M, R
Hence  Up =Wy ki Ji.R[ A4 3 (M-d)2]2 | | (1)
Strain energy stored by the footing 1is

Uy = 43%p (L+m)TR (1L -o°) s

£ On
Uiy
S S
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Total energy in the systen 1s

U & Uy % U= B4 RIS (v Y
= < . or (4.)
Substituting (5.1) and (5.2) into (6.3) (m = 0,2 for
concrete) and puutibijll = 0 und'gg = 0, we have
. i URS
A )4 . . . (3.4)

4.8(1 ~o2) 4 BO5 AL d
. D/k]

The same assumption in Section IV-2 1s made here
and the shape of diametrical section of pressure curve re-

presented in Fizure 6.2 is the same as represented in Ficure

l In the figzure

u =[1 4 % (1-ol)°R %
(

Fige. 6e2

The unit pressure exerted by each plle circle
of different radius can be proportionated from the ordinate

in pressure distribution curve at correspondinz ra:

L)J

ius,
The total pressure from each plle circle thus can be calcu-

lated from its unit pressure and its circumference.



2. IOLIIT ATALYS3IS: Considerin
only, the actual moments, railal and tan-erntial, in a
footinz ars recresented by those equations for basic
moments, (3.1) and (3.2), excert rezlacins M, for # and

F in those equations representin; total prezcure exerted
on tie footing by that pille circle instead of totzl column
lozd, The total meoments in a footin~ restin~ on several
vils circles can be obtzined by sumain. up the noments due

to individual circles corresrondirn-ly.

Equations (3.1) and (3.2) can be rut in the

ip = KpP (moment per unit lencth) .

Ht = K.P (moment mer unis len~ti) . . . (5.7)
and K values in (5.6) and (6,7) are plot with dirfferent
values of A , £ and radius of pile circle so that the

moments can be ontained readily at desirable roints,

(see P55-60) .
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VII. FOOTIXG CARRYING A IDZENT LOAD RESTILIS ON ELASTIC SOIL

1. PRESSURE DISTRIBUTICN: On the column, or something
otherwise, to which the footing supports, usually carries

a monent load besides a vertical one., Like a chimney sub-
Jected to wind load and a column subjected to eccentric
vertical load are common examnles (Fi-ure 7.l). The distri-

bution of foundation pres-

l sure in such a case issome-
ind thing like that shown in
ad
Figure 7.2a, and its dla-
- metrical section in the
B plane of moment is shown in
C - 1 Fizure 7.2b. As the central

portion of the footing is

rigsid, trhe pressure over
Fig. 7.1

trhere 1s of linear variation.

ne sic L th iar a
Moment in On 1de of the diametrical

’T\X-x plane section of pressure distri-

bution curve is maznified in

Fizure 7.3. 1If tre footing
1s non-flexible, tke pressure
— distribution would be a
straisht line ttroushout and

at thke rim the pressure is

LT 2
i $traight p = Me/I. Now due to the
RHE ! i ine
‘ e deflection of the footing the
ko 1]
e — R -
(v)

Fig. 7.2
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pressure at the rim has
been released somewhat be-

cominz less than p, and the

distribution of pressure

between the rim and the edge
of the rig¢id portion of the

footing is along a certaln

curve, As we assumed first,

the deflection is small,

the curve is flat, and can

be replaced by a straight

line, providedly, the areas

under those curves are set
equal, The pressure at the

rim under the assumption 1s

'up', where u has the same

expression as (4.10) and B in (4.10) is expressed by
A
(4.9).

2, PROPOSITIOX OF INTRCDUCING A SYMIETRICAL DISTRISUTION
OF PRESSURE IN PRACTICAL D=5IGX TO IMAYE UNSYIMETRICAL
CASE SYILETIICAL:

The actual case in a circular footinzg carrying a
moment load 1s of unsymmetrical bending., The exact analy-
8is of such a case 1s difficult, especially when it rests
on elastic foundation. But the moment load, like thkose pro-
duced by wind pressure on a chimney, does not act in a

fixed rlane and it will revolve in all directions. Thus we
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have to desicn the footing in every section according to
the maxirmum pressure distributlon curve which is the dla-
metrical curve in the plane of the applied moment. The

tension part the distri-
buted pressure under the
' footing is not interested
in design and may be neg-
lected, which 1s one the
safe side, The shape of
the introduced symmetrical
distribution of foundation
pressure making the unsym-

metrical case symmetrical

is shown in Ficure 7.4,

where p = Mc/I as before,
If the design is made according to the proposed pressure
1t will sustain the noment load from any directlon.

In the case of a column carrying an eccentric
load which produces a moment in a fixed plane, the footing
1s sugzested to deslzn with the same proposed symmetrical
load and Just neglect the reinforcements in that part of

the footing (semi-circular) which is in tke tension region

of foundation pressure due to the applied moment.

5. HOUENT ARNALYSIS: Filzure 7.5 shows the geometrical pro-
perties of the diametrical section of proposed symmetrical

pressure distribution curve,
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VOLOf Pressure a4 any Radws r
p— 2
Privfote s ] --=-A)

Total vol 0‘} Pressure
=‘P)(’Tr[a«+ El=s=48)

U=

’_——

| =

:Q‘M—oﬂ
¢ 3 )-°’\]

0~ =k

or the radial and tanc entiul

moments in the footing when it is simple supported are ob-

tained as follows:

2TrQ = prr [0'461']
2 2R
where O and € are constants expressed in Fizure 7.5
d L 4 (¥ dw ] o) ot o L )
dr r dr ar) or (2.7)
Substituting (7.1l) into (7.2) integrating, we have
dw = pO r3 +£_'0__r4-'01r402
dr 16D 30DR o5t = (IR PN (47 1
d2w '52041'2 + 4€pr? o C - G AT
drZ = 16D 30DR 5 30
Usins tke boundary conditions
r:a:R, @:O
dr
reR, Mp=Oordve+mdw = 0

are

2 .Su
rdr
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and puttinz m -« 0.2 for concrete, interrctin- and reglecting

terms containine A7 and ds', we have

013-3532«7/ . .. (7.5)
4 &
G - E_B 0 . . (70\')
2 55 o
where o~ [CFOV+O'36]
1.5 + &A=

Substitutinz (7.5) and (7.5) into (7.3) ani (7.4) we Lave

M- -D[d%w 4 m dw
are r d4ar

= PR2T( v 4 () (0,504 C,40F ) -0 .200B2_0,14¢662

TT(OV -06)
c .. (7.7)
™ - - D1 dy e m dsy
t r ar dr2

= pRPT (0~ + ¢) (0.500°- 0,40¢) -0.10082-0,05¢67
w0 o+ €)
. .. (7.8)

Actual moments, radial and tan—ential, ars obtained

oy deducting (7.7) ard (7.8) from (3.1) and (3.2) resxectively,
rrovideldly tre tern pﬁgw (ov+ € ) wiich is tre total pressure,
in (7.7) and (7.S) is set equal to T in (2.1) and (3.2),

Lave

My (3.1) - ip (7.7)
iy = o (2.2) - uf (7.8)

or rut irto oitlker form

»-f
"

i = IrpRg (moment prer unit lencth) . o . (7.
dy = Iy vn (moment per unit lenzth) . . (7.10)

where p = iic/I as before ani K,, Kt arc constants,
Curves for & values irn eguation (7.9) ard (7.10) are
plot with different values of Kk and u, so that the noments can

te readily obtained at desirable points. (see P.o/—é46 )
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VIII. FCOUIUZ CARDRVIIG A 10,7010 7QAY RL2TTIT CX ELASTIC
COrom I8 FILLD

Applyin~ the same reasoning in section VI-1, the
same srape of rressure distribution curve in section VII-1
will kave in a footinz carrying a moment load and resting
on elasztic concentric piles except trhe B/A term involved
in exvression for u is the expression (56.4) inctead of (4.9).
Tre unlt vressure exerted by each rile circle of
differznt radius can te prorortionated from the ordinate
in the distrivution curve at correspondiinsg radius, Tre
total rressure from eact. circle can ve calculated from its

unit pressure and its circunference and tre monents can be

ontained by repeated use of equation (5.6) and (5.7) if

trere are several rille circles under the footing.



Data:

(2)

FCOTING

ReoTILG C EBLASTI

If.  SUIERICAT SUAIPIES
CARRVING A& VIZTICAL 1CAD A&
¢ 30IL

Vertical Load . . . . .
Revolvin loment Load .
Size of Coluun Carital,
Allowabnle S0il Pressure
{odulus of Reaction of

Soil k' . . . . ..
todulus of Elasticify o

Concrete Ec o o o

. .
. .
. .
. .
. .

Fal

Ps
. .

fo = 1,350 psi, fg = 20,000

f¢ = 3,000 psi, k = 0,400, }

R. C. Code ., . . . .. ..
EFrovortionin~s the Zase Area

Vertical 1o2d =

assuned Wt, of Footing

Assunin; the dia. of footin:

=

N
~ %
—— R T g
- 3
SR
. ‘Q‘\ / Q

\\l__.__.i/
(a) ve
B RN ?
AT 3
’/‘,‘;__“ Q l;
L—"" {b) ag

Total P

D

A

due to nomnent

—_—

no

N

20T LCAD

1,200,000 1bs.
1,500,000 £t-1b
A

0.20

6,0C0 1b/sq.ft.

2,5C0,000 1b/cu.rt.

3,000,000 1b/
sa.in.

1,200,000
208,000

(]

C oy
0
.

1,408,000

O
&3]
L]

veins 11,5 ft,
A32/4 =T X 11.54/4 = 13,7CO0 ft.4

/I

carital

,250 = 250 psf

carryln~ tie verticzl load
= 5,000 - 250 =



Assunmin: u = 0,4,

pé at the rim of tie footins = u p' = 0.4 x 1,250
= 204 rs7f,

504 < 0,4 x 5750, (no tersion a2t ria, 0.X.)

1,400,000 = TR2 x 5750!:2u_+ 1-7] .. .(Z.5.1)
)

2u 9 1 = 1.6/3 = 0,50, 9=z &3 % - u) = C.c02
> 5 (Ll-dy

1,408,000 =TTR2 x 5750 % (0.5C0 - ©,002)

P u 1,408,000 __ = 130, R =11.4' use 11 ft-6in.
Tx 575C x 0,550 as assumsd before

p'R° « 1250 x 11,52 = 157,000 1lus.
Radius of column capital = 0,2 x 11,5 = ,23 ft, or 238"

(b) Iloment Calculations

tloments at differ=rt sections are found fron the
K-valve-curves corresronding to each particular case,

RADIAL [C.5TT TAZLE

Section C.2R 0.42 | 0.6R [0.8R/1.0R
e | 0.17  0.045 1 0.610 0 0
Yp = EpP 235,0CC . 3,000 . 14,000 . C . 0O

(due to ver- = ’

tical load) : !
(Flate 2) i . : !
Kp 0.21 ! 0,053 0,015 - 0 ' 0
MpsKprp ' Re 35,100 10,500 2,510 = O 0
(due to lonent i | ‘
Load) : } |
(Plate 14) | )
Total Iip 277,100 7% .5C0 15,310 g 0 ! 0
in-1b/in., - . l
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TATLLIUTIAL LCLENT TATE
Section 0,22 10,53 0,352 0,43 7C,5R_1C.6% ' 1,0R
Kt, c.C41: C,0%5 ' 0,05¢ 1 C,0%4 0,025 ¢ 0,025 C,C185
dpm HgP 57,500 7;,500_91,,00 7) Joon ,000 5,000 25,900
(dug to : g i ;
vertical | ! ; | i
load) j | ' [ f
(Floate 35) ; IL \1 ! :
Lt | 0,045 C.c7C¢ C,C58 | 0,055 0,043 0,034 0,025
FpmEgD =T, Jco 1,7C0 11,300 11 ,C00 | 7,18C 5,700 4,250
(dve to \ i ‘
nonent . ! |
load) : ! f
(Plote 1 ) , | s '
Totzl v | 55 130] 90,200 |¢2,500 155,500 {55,180 40,700 30,250
in-1b,/in, | 772 A SRR Ea [ PY =D

(c) Coleulstion of Depth

hom IL/E = V/273,100/235 /1130 = 34.0" use 40"
overall,

Wt. of footinz = x 11,5% x 40 x 150 = 208,000 1lbs.
0.K. assuned,

Flexural ERi~1dity D = :Qi_i____ ho (see Appendix)
2(1 - n2)
= 3,000,000 =z 144 .375 x E75 24 3
- D--0) -
(l - O.r_‘x.u.2) ({—2-)

- 5.30 % 10° 1v.-t.

(4) Chzckin~ the she~rinw strezs

ve allowable = 0,3 £§ = 0,03 x 30CC = SO psi
e (C.2 x11,5 x12 & 34) x 27T
= (20 + 34) = 27
= 300 in. (critical section is a circle with r = 52 in.

Shear due to vertical load

T,%0¢E,0C0

={1,408,000 - 75.17°%5750:: [(0.4 - 0) 4 (1-0.4) x
3

Vy = {1,408,000 -[Equ.(5.2)for r = 62/12 5.17?}1 200,000



o e e o
AL DTAL LYY TARTE

Section [ 0,22 10.32 10,3521 0,43 [C,52 10.6R ' 1,CR
It C.C4l C.0551 0,00 0C,C54 0,035 0,025 0,0165
i = LtP | 57,50075,500 C1,3C0 75,500 4¢,000 25,000 (25,900

(due to f | ! , 1

verticcal i | | | g !

lozd) @ | ; ’ , ~

(Eiote 5) ! l i ! ;

I C.Choy C.07C C.Coc: C.0.5, 0,055 C.054 0.025
.‘L-Kt‘c TRl 7,580]11,7CC 11,300 Ill 060 17,180 9,700 4;_}0
(due to ‘ | |
nonent | |
load)
(Plotec 1 )
fotad U4, | 65,160| 90,200 92,000{85,500 55,1€0 40,700 30,250

how I/ = V273,100/235 V1150 = 3%4.0" use 40"
overall,

Wt. of footins = 11.52 X 40 % 150 = 203,C0C 1us.
0.K. assuned,

Flexural Ri~1dity D = Egqk=j n3 (see Agpendix)
2(1 - n2)
- 7.000,000 x 144x ,775° x .875 .

2 (1 - 0,2x0.2)

i

}-’lbl

roj &~
j

- Q
= 2,00 x 10¥ 1».-Tt.

(4) Checliin= tkhe shearinr siress

ve allowable = 0,3 £§ = 0,03 x 30CC = SO psi

bDae (C.2x11,5x12 « 34) x 2T
= (28 + 34) z= 27
= 300 in. (critical section is a circle witi r = 32 in.)
Shear due to vertical load

Vy = {1,408,000 _[Equ.(5.2)for r e 62/12 = 5.179}1 200,000

1,308,000

={1,408,ooo - 75.172%5750x [(0.4 - 0) + (1L -0.4) x
3
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o

) Com-utaticrn o2 steel

(

Agl (for tan-ential moment ) = 1it/fgld
= 1it/20,000:0,875x34 - 1t/5$5,0C0 sq.in./in.
Ag2 (for radial moumer® in reclon of sin~le layer of
steel, assuminc 1"g bvars used)
= 11,/20,000:0.875x(34 & 1) = i /513,000 sq.in./in.

Ag> (for radiecl nmonment in reciorn of double layer of

steel assunmin~ 1"¢ ber used ard a vertical distance

of %"cc between tre layers)

= kp/ 20,000x,875x(34 - 2.5) = 1ip/552,000 sq.in./in

RADIAT, [CLIENT JTHEY, SCISDULE
Section | 0.2R 0.47 0.58 | o.er| 1.0%
lomsnt | § ]
1n=-"/" 273,000 12,500 15,510 o e
Layer of i :
steel doutle | sir~le ) sintle
. 0,250 | 0.11¢ | c,0z27 0 . 0O
. (each % (unit-sq.in./in.)
As layer) | - i
reguired @ 1"a i 1"a , %“' ; 0 . 0
PR vdl Fr i, I !
235:"%ce %;7 ce C7:-"ce :
. each ja+ 2" ' '
lavyer ' c7Mee ?
As | ZZ1"ce l@7"ce 5/"ee | Z7"ec :ZE8.75"
furnished; each [} |
| Jayer |27™ce {

ccC
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MY~=- "~ =37 =~~~ m mYTT QAT W
r:L’..J'—-L.J._.Ex..LJ -.C-.—A-... UJ.JL.J.'_J D\l._A-ODJLL

Ssction. G.22 1 G.32 | O.325R ! C.42 _ C,6R .62 _1,CR
wonent ! ;
lo="/" 155,180 ' ©0,200 2,500 §&5,5C0 55,180 | 40,700 20,250
0.110; 0.130| C.155 ©0.145 .095 1 0.039, 0.051
As . (5ix-le loyer, ag.in./in.) I ,
Tequlred i il i !
’ 1“)2( { l"¢ “ ll' lll 1"Q( ‘} ¢ ‘3/4"¢
lz7"ee lzsmee lgs"ee  25iMec l Z31M gBlMoc Z81Mce
fu rni "~ i ! the sane as rejuired | i
ed : i ; L

-

(5) Checlzin~ the bond stress

Tre criticz2l section for bond is at tre ed~e of
tihe column caritzl,
orearinz force due to verticzl load = Vg

{1,405,000 -(28y2 1 x 5750] x 1,200,000
12

= 423,000 1us,
Srearin: forc: due to nmoment load = V2
= (Zqu. A in Fis. 7.5) - O.2:<l250;:(_2_8)2,r

—

12.50x W x42 - 1220xWx 5.42

= 1250x W (42 - 1.8) & 15¢,000 1:s,
Totel srearin; force at the critical chtion =
V=V, ¢ Vo= 362,000 1bs,
Sond stress = V/Zo01d = 5£2,000/314x%,875x35.5 =E5ps1.,

where Z o = 2 %20 x 3,14 x 2 = 214 in,
z.1
e

3ond streas allowable = 0.0375fé = 0,0375x3000
112 psi 0.K,
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(a)

T

Ul
\O

CARRYING A VSRTICAL LCAD AID A OIZIT LCAD
ON ELASTIC IILES

Vertical ZLoad « « ¢« ¢« « « o« « « « o 1,200,000 1lbs

Revolvir ioment Load 1,500,000
Gize of Columm Capital A = 0.3

Allowable Secarins Capacity of File:
Piles in inner circle, . . . . . 30 tons each
Files in middle circle . . . . . 40 tons each
Piles in outer circle . . . . . 35 tons each
iiodulus of Reaction of Piles k':
Pile in inner circle . . . . . . 25%1091bs/ft each
File in middle circle. . . . . . 34x10%1bs/ft each
Pile in outer circle ., . . . . . EOKloslbs/ft each
Zodulus of Elasticity of Concrete E;-3,000,000 psi
£ = 1,350 psi, fg = 20,000 psi, n = 10
£é = 3,000, k = 0,400, 3 = 0.856, K = 235
R.C. Code . & v v v v v ¢ v o« o« . Jd.0. 1620

8 ~eneral arran-—-encent o

i
o]
l_h
}..J
®
n

The arranzement of piles 1s stown in the fi-ure

9.3 end tie diameter of tie fooltinz 1s chosen to be 10 4.

Zl =3 ft., /'ll = C.3
Ze-éft., /A2:O.6

23 = 9 ft.’ /,(3 = 009



40

(b) GComputation of Load on Piles

A, Load on piles due to vertical load
Referring to Fizure

9.4a, Assuming u= 0.6

we have:
Unit pressure at middle
pile circle = po
=[0.6 + 0.4 x 4/7]pl
O.83pi 18-V o 10 3 9

Unit pressure at outer

pile circle = p3

= 0,657p1 1b/lin.ft.

SOPUEDEE SR [ b ¢ < S
(b) ¢ ﬁ Total upward pressure
Fig.9.4

= column load + wt., of

footing
P = 2UX3Xp, «+ 2Wx3xp; + 21TX6Xp2 + 2nx9xp3

(reaction of (reaction (reaction (reaction of
center pile) of inner .of mididle  oute rile
pile cir.)pile cir.) cir.§



= (p; + 6p; + 1220.83p1 + 18x0.557py) T

= 25.8rp; = €0.5m

Column Load e « +« ¢ o & o 1,200,000 1:s,
Assuned wt., of footinz . . . 150,000 1bs,

Total I 1,350,000 1bs,

- 1,350,000/50.5 = 15,000 1ks/lin.ft.

o]
H
|

D, = 0.83 x 15,0CC = 12,500 1lbs/lin.ft.

py = 0.675 x15,0C0 = 9,900 lbs/ lin.ft,

’

Load on entire irner rile circle = Lj =
15,000 x 27x3 = 282,000 1lbs,
Load on entire middle pile circle = Lo =
12,500 x 2wx5 = 472,000 1bs.
Load on entire cuter pile circle = L3 =
£,900 x 2TxQ = 522,000 1lbs.
3, Load on plles due to moment load

Referrin: to Fi-ure 9,4Db,

p]'- - 005}3'
p2' = (003 b 4 0-3::3/7) = 0.428p'
p'3 '(O~3 d 003}:6/7) = 0.558p'

41

p' = kc/I, I =1Tr3/2 for each circle (assumin; the

area of the plles being; uniformly distributed

along the circumference of each circle)

I=3x7m(9° 4 67 + 37) = & xTx952 = 1,510 £13

p' = 1,500,000 x 10/1,510 = 10,000 1lbs./ft.
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pi 0.2x 1C,000 = 3,00C 1lbs./ft.

pé 0.428x10,000 = 4,283C 1vs./ft.
p'3 = 0.558x10,000 « 5,580 1lbs./ft.

Lozd on entire inner pile circle - Ly =
2,000x 273 = 55,700 lobs,

Load on entire middle pile circle - L

N =
!

4280 x 2wx6 = 152,000 1us,

Lozd on entire outer pile circle = L'3

5,580 x 2mx9 = 315,000 1lbs,

Total lozd on inner circle = Ll < Ll

282,000 + 55,700 = 338,700 1lbs,.

Load on each plle in inner circle = 337,800/5

]
n
O\
N
O
(@)
}_J
o’
U
.

( < 30 tons C.XZ.)
Total load on nmiddle circle - Lo 4 Lé =
472,000 + 152,000 = 534,000 1lbs,

Load on each pile in middle circle - 534,000/12

44 500 1vs.

(< 40 tons C.K.)

Total load on outer circle - L + Lé =

592,000 + 315,000 = $C3,000 lus.

Load on eack pile in outer circle = 900,000/18

50,400 1vs.

(=< 25 tons 0.%1.)

(e) Conmutzation of loments

sp = Xp x Total Load on Circle, itz Kt x Total load

on circle,



LOLENT SCIEDULE
 Sectlon T 0.7 0,427 0 45% 0.5” 10,8R 1,02
— ; ,
! ! I ; ;
ﬁg-., Kp(Flate ¢) ©.13 1 0,065 --- 0 .0 0
- 7L | 5¢,5000 25,500 0 0 .0
.L"lp + r ' :
}5=.9 Kn(Flate CM 0.206 0,13 --- 0,057 0.014 | O
/ KL 127,000 116,000 51,7C0 12,7CO
[ | |
Rodizl lloment in f J ] |
1n-1%/in, 1255 500 4]1 4 50 41,700 12,7¢0 | ©

Mg-.;ht(rl?telng 0,025 10,034, 0,0327 C,C22 ©,C22, 0.C22
. KtL 1%.000 1V ,100 11,100 11,800 11,800 11,800
< .=, 0K (Flatel2) | © 0431 0,065 1 0,071} © 032 0,048 1 0,038
MB VtL 2,100 '5¢,000 64,500:55 3oo 42 500 134,500
Tanrential Loment J
in in-1b,./1in, 5%,000 AHYLlOO o1.600158,10 55,400 45,300

(d) Calculation of Derth

= i/ V§5

000/235 =/ 1,1C0 = 33.2 " use 34"

1]
(/\

ond a overall thick-
ness of 40%,

Wt. of footing = Wx100x40x15C/12

157,C00 1lbs, as

souned
. s - ) - Q R n
Flexural Rizidity ol tie section = 5.2 x 1C¥ 1u.-Tt,

(the sane as in Example 1,)

(e) Creckin~ tre 3Sirearin~ Stress

Tre critical section for shear is a circular
section at a distance 24" from the ed-e of the column carital.
Pa (0,3 x 10 x12 4 34) x 27T
= 70 T - 440",

"
(@)
L]
@}
(8Y}
]
O=-

Suearint Jorce due to vertlczal load = Vy
(1,350,000 - 282,000 - 282,000/5) 1,2CC,0C0,/1,35C,000

« (1,330,000 -320,0C0) x C.883 = 012,000 lts.



(2

4

Sliearing force due to monent load = V, =
o

1/2

x (152,000 4 350,600) = 251,000 lus. (Only 1/2 of
tre total load is effective in caol-

culatin~ shearin= Torce)

]

Total stearin~ force at critical section = V a V7 2 Vp

¢12,000 + 231,000 = 1,173,0C0 1:s.

1,177,0C0 - 00 psi C.I.
4 5:

) Checlir~ tre volue of u

iiodulus of EReaction of inner rile circle

“odulus of Reactlon of midale rile circle = k

k'l

T 25x10°%5/2m3 = 8.3 x 109 1b./ft2

-

1]
= 2
= 34:10°x12/2w x5 = 10,8 x 10° 1b./ft.2

-~

Jlodulus of Reoction of outer circle = k!

3

= EOxlOCxlS/ 2 0
D/

D/¥A = 5.2:108/10.8:105 = 51,0 £t,3

9.5 %105 1p/7t2
. [l ~ 3
5.3x10Y/2,3::10° = 75.1 ft.

|
Ch
Ch
L1l
Hy
ct
L]
il

=
I

D/kt - 5.3x108/9.5110°

v

-

M Mlu-4)2  pt(U-d )" M%ul'{v( )E M(Dﬂ/—l-{o( i

03 Hy = o'o 0.0k 0.0048 £.82x10"7 - 7,85x1072
U3 = i i C.324 C.C115 | 48,5210 -4 17 ,4x107~
= | s57.43x10°% | 25.26x1077
Z = - R M (M=-4)2
A D/k' C .. (5.4)

EYS

FE(I -Q) + By AW 4] 4
D/k"



vl

- 1Cx% =7.471.0-4

5,200,134 1,0C0x25,22:x10-2-

3 -

- -5.74 % 10=2 - - 1.2% z 107¢

(1 -ok>29.2§ N -

U1
~

wilho

(1 - C.557 x 0.49x100:1.27x10")

(1L - 0.,4) = 0.6 (as assumed before C.E.)

(g) Tre rexaining computatlons are sinilar to those corres-

vordins ones ir Ixamrle 1 and trhey are omitted here,



(1)

(2)

(4)

- (TSN Bl & SR ol R
e v\.,,.u,,J.J..b‘..s.)

The moments, both radial ani tan-ential, in o circuler
foctin: under any loadiins and foundotion corndlitlons,

size of tre column or colunn

o
W
Q
o]
w
)
&
(0}

)
o]
(@]
@]
ct
} bl

<3
’_k
th
ct
(o)

capital increaczss, A most econonical ratio of A at
which the sun of the volunes of footinz and coluan car-
1tal is a ainiaun In tre particular cose under consider-

ation could Dbe obtoined from several trizl desions,

Tie tan-ertlal acment 1s alwzys ruch more cuaaller thnan

ch
v
®
o]
)
14
(=2

2l oment at tie same roint under ary loading
ard Toundation coniitions,
Tre maximum railial zomert occurs &t the edre of the
column carital and tie maximun ter-ential noment, in
ual cuzse (A S C.3,), cccurs at a section sonewiere
between tie edre ol the carital and tie mid-point of
tre reualning vart orf diametrical s2ction. As those
nmasiizua nonents do not occur at tiie same roint, the re-
inZorcing steel in tie Tootln will not he over-crowded
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