4th Year Civil — Structures
2015-2016

Foundation Design

(7)

Elastic Analysis

of Shallow Foundations
(Solved examples)



Sl Mo

{13; Mat‘ﬂ.\‘mgm Bending Moment —',;\”\ML\ @ Ab 15| (\
L obs gl
Shle ¢ (B ot o () o8 sl s
(M3 %8 G ge Node S da (M) olm g s (Mf2)
- May, Bean!n.j Momerdf b jgj

sadatlgr e mEd dadl ol LG oLl vis (51 (S

E X
. A, [ifzl=zTalsTe]
PS!J PSZQ P533~- A}J‘Aa>n_lg . —e Lt ”

> 1,54 a
QB Ag lasl e

.
——

1
1]

imwginafj @QemwTS Qv @ (F
A L e

S¥sles & gl @ (o cs c6 <1 %
1#1\5 C Cs Y
(38 (P&—A} SR

Co !

AH:“ ma-;-a- CoXZefo + C xZeYo+ CzX2eVo+ Cz %P5, + Ch Psz
4 CsPsg + Co Psy + CTfss + CSPS[&

slas Mt lsd element 2z b U G () R % YNy g
Zero sl (oBo)Remid | yo




Ve N
| I
112|321 e 12 |3 |21

Cosl chile & 5 WLl ¢ e Joall e AL &
O GE HTaie 30s M is L L L &
LIS G (eloment 3, canin Y 4

R Vead () KA |
; \!{w B3 T i A

w==p = [ ==

& Fi ¢ f £ Je I (W) Vbt doe L g

_ Sl (N) o\ element
N—= Wka

Ao 3tz gy o do\D Lo gy

4

= (

[ {234

_—y

lde 33 Seld e 5/l ULl 28\ 150
_t Gﬁl\f lgen Joldd | & ¢ Siale ?orxd and Mowien]




e ppleds 4] = [1]z]3]s]z

-

——

1 )3
ST b w0 T ulE tike Ll s
oS g whilde wy gl e L oad :

|
4

Rl by M GEal s U
) M= N X

Q) xS ¢ B /7235 (N) ulyps ol

- M \J\/jb o\_;;){

2 LK
2 Moment A1

’
>

e

4G\
" QB
— -\\-’ ’d——)‘M
04“\3(5}%‘95\&{336—» { 12 |3 L({ SJ
- W EN
(oo KN
T
| L[Z]3]4]5
| TS A
*N/Z = Soo

X l%xX =Soox2 =looo kﬂ'm’i M

\

AN TaE! b, uO N o




E XampPle ©1-

o The R.C. footing Shown fa figufe s
15 X Yeom , with thickness =66Gn,
and Yy ies ﬁuo CoQUmnS lom Centey l l
To Centey, T&e Footing is divi ch
fate 4 elements,

1 is fa‘\,u,y‘eJ to Capcufgje and dyaw
the Contact Styess distribotion and the seftlement
dicrum below the Roting,in the fllowing two GaSes|-

Hooky ~— Hookd

!I.Smg lrom i IS"?:,’

|> TL@ Sofp (S WIOJEMQ(:/ l:a;Seo/ ol Win Kfe)’ Q;SSUmID?lfo-f'ﬁ
(K‘So: 6ooo KN‘”?B)

z) The Soff (s elastic, homeIenesus 5 [Sotropic and
Semi - inFinite
(Co=1235 Ciz0525 Cr20.3 , C30,2)

= Zo000 5 "
EC‘_Z KN‘Cm 5 ESZL{OOQ kulmi




L[ookf{ Hook# -

Y ]
() M-Fs s |- {cfm]‘: ({2 [z
M=o —— __ — _‘ﬂjlihs%z
M2- 15 Fs, — (Y 5By
(B) M-A st~ _
6EcY1 _ 6x2 X\J%"S*(&O}/m -: 2,724 X 106 KN
al B . (l)?. _ :

. ﬂPFijﬂﬂ L Moment equation of foint (2)
Mot UMz 4 Mo = 3-24XI° (~A(4267 —42)
~ M4 5M2 :'Sfﬁlix\o(’ (»-Ap’r Az) NP |

SC) A-Fs Fs)-
(1) Win Kle? 2SSumpPtion -

A'rl - 'P‘Sl ﬁ_@

booo

Ay = 'PSQ‘, — @

o000

Ffﬂaz Q%s Y=
Sub Stitufing s ((L;b) > (’Lﬂ[—) ineq. ©

5 {150 bs,) = "5'2:‘0":@’6 (-Fi+fs0)

SRS -6
Mo




S41S Ps, — SHo By =0~ .

4 éFg =0
~ g (ISFS,+|S Fg;;_) — Foo |
Sl G T 177 - ——@

SOQW”@ s 0.,@ 5 we et

Fsi = 13242 ®Nl-d R - 13425 Kknle?

e To C(lPCUQtL)fe 5€+TQQD16HJI) SULSh'TUf{? .IﬂfI QS}S @7@

- N = il = 0.022 m =22.0F mm
booo ,
> &g o= l;LIa_?ﬁ — 0.02923¢F = Z22.3F mm
o00

~ A Ay — ngf(j FOO"I-?V\S

1 12 |2 |1 L1212 |1
722.51 22
3242 134,25 bt £
Contact Stress Se ﬂ?e,ma;ﬁr

(h‘l\/lml) - (mm)




(2) olvde AisSumpPtion’-

eM_~3 Z Cixbs

—-

(153(’.5l+052@2

L‘ow { I1Z 12 ||
+03P52*02F5) ‘ -
—
r \ S
< éf:m ("53’)5"“’82 FSZ) @© =
¢ A P [
A B 7 _m(mszfg‘-f-lrggf%z
+ 0.52 %_7_ +O:3%]> t- Z- 2‘ |-
, \ “ -
Aop=__ " | @
A Thv (0,82 5, +;,35;?52> @ c
| ER—

Fined QQYS b

SUbS’hTUij 25}5(.13{,) j,)ﬂ,) (nto Q% @ We,SeIJ[
e X (15 R, ) = 2RI (o3 413 Ry)

o000
Mg .
A 5%2:6 FS{ — 85"['3 PS;z_ :@ —_—— — @
2 Fy=o

A Psip P, = 28641 - - @




solving s @ >{@ 5 we 3t
R = 15702 K" . R, =1e3.65 kNlm

. To CCL‘?CUQCLTQ SQ-T?}(\)?W”% 5> O Ub S‘H‘]‘U 4‘.@—' (n Q%S

A[ = &032LSw = 325 Gn

A7 = 0.0329,n = 823 (m

L[ 2]2 | L2 [2 |1
e 225 82.3
}
Confact Stress Se“rthmenT
(mm)

(k)




CYamPle @) 1-

ComPute and diaw the distyibution of Contact Stress befow
the R.C. 1solated Footing sbhown in F{9oyes ConSideYing the
S-o{P (S Q‘)&SJFTC ;;anmo‘jeﬂc’OUS)]So’])’of),‘c9aﬂcﬂl'5@ffli~i‘nfthf‘1€
sPeCe. The fooling is (200%6.bom)and Cayyies one
colomn (120 yiom) which s Subfected to nemal
ComPye <Sjon Poacf booo KN « The Foottng (s divided
into 5 eszn'tS : que Cﬂﬂumn Can be m@cfewea’ms
two PoadS sfuced lom » 3oco KN for each. $1 (5
YeYyuived also to -

l) CG/PCUPQ‘M "fhe %eﬂp&neﬂ‘r al” foinT (c}

H) Ca_PCupQ‘l'e the  maYimum bmclmg woment {n TEE
footing,
o f Ca=lS 5 & ool Cy =635, Ca= 0255 G=o.18
7C5;—o,['5 5 Cs:o,o‘jl)
e Ec = 2Xlot Kfa , Eg=0 MM?
o Thickness of the footing — (30 Gn
N=3ecokN fof each

, Islom le 65m
Vs
Y




SOQUTEOH bas

p So00 So00 KA
o ASSume Contact S T7esS (PSE) {fom Wl l q,sf\/r
. gy
b-e?ouf mcﬁ, @P&?-’-‘lﬁ { 12 |33 |2
o Pilelonert fuction) =LixzxPs; | T |
’ =% PS! 726, ?3222%3

(@) M-P5 st

Mi=o = @

Mz= 2219511%'[1:242 Ps, —— - @

I
A 5xz1x\5’x”(% — 33,13 X[

a* (11e)* - KN
o APPAYIng 4_ Moment eYuation
Poia+(2)3-
M +YM2 L Mz = 58,13)(106 («—A; +2Az_b3)__, G
Point-(2)1~
M2 +5 M =38.13xI& (—b2+b3) — — --@

10



C) S-b Q%”S }'

USing aS5umPtion of Seil i5 elastic , homoencous
iSo'LI'TOPIFC Clnd Semtf-infinite

n
. .
A= 2 Cixlbsy
=5

a * -5 3y
= = (ST
B~ g - [oFMe kA
POi‘n‘i"(I')\,,
A;:157x\ag[t,()S%iJro,%a%Ho,ePsS] L2 (3{3]2]
L&) -G cy G
fa ™

- f%fﬂ’f(?-) |-

| 822157157083 B, + V15, + %3]

CiN - e
Co
Potat (3) 1~
AB—'—[677&[59[9'(9%1”)‘521“2"5%3] fTT3 3121
- =
@ z’\J\U c
Co

11




_ Finad s~
Subef’ru’ft'nj = [as bgC’] ﬁ[ﬁ«aﬂ:aﬂi] inte ¢ V>@)
. O\~

o+4 (242 Ps.) + (484 Foi 42142 Fsz)
:.3843%&5%4574H5f(*°5?ﬁn%’é?f%f&ﬂsgg

S9%,441
395 TAS Fs, - 39731 B, + 44898 Pss =0 ——- (©
A\~
242 5, 4 5(usy 12425 1) =593 .64l (o238, o75R
| 1S f3)
<~ \GHBI P, gLl B, — 68801 s =0 - - _ @
| 8.0
2Fy =o0

~ 2% (225422 Ra29B5) = Gooo

A P‘Si o PSQ_Jr FSg = \86%94 _ . . . _ 3)

12




BY SOQ\/fﬂﬂ Y5 @ 9@)04746(@«, we, YeT

tsi = S80. 724 N2
FSQ g 5%5/3 KN,mZ
52 = 3370 KkN|u

Check -
Pgw_g, = 4545 KN ™ (, Z >3 2 .1
) Coﬂrfbﬂde-gooo quSMLHZ : L
=L =qo7 38597 334
act,  ZXé:bo - 530
oo ind it o

Cf’_rz'facf 5 h/ess Contact Stress

(K—Nim’“)

56'H29,men* (L‘\“- Point (C') [

CF 1S UnKnown
Co




v Cq= J , = damE : (Check < Cé)

¢ | e =3
v AC e lrg /X\O {Cc* P‘Sj;+cl %ou: + CZPS' o 5 CZ. ng_

+G Bz + Csfeg + el +CTPSI]

i _ -5
A~ Ac= -5 7 Xlo I:Lsx 0 4 0.6SK06 to0.43 Ps,+03>” sz

s PS;I

= .57 %o [O'H% X530 1M+ 034X 385.9 +031x337‘TJ
= LA RIS

=733 mm

calcdation of nay. B, (0_footing]-

e M=o
* M2z 242 Py 2202 %S 8072 = (140535 KN.um.
M2 = g4 5, 4202 R,

= H3UKSBo.T2Y 4 242 X 3859
=3TYY. S KN

P Mm@(‘, :M3 — STFHY.SE KNW

14




EYam le @1~

The R.C. S11iP footing Shown in Fure (S ZeooXEoom
and CayYies two Cofumns 3.00 meders Qn+€7 to Cente?.
Facth colomn (S Subjected to1r N =loco kN a1d M =SokHm
at ofpoStte difections, The Foomg 1S divided (ndo
6 eQemen’rS,
LIS Teluived foi -

la_’) De‘tCYMI‘Qﬂ Hne, COHTQCr 51)’655 EEPOUJ 'H’KL Foo'rlfnj @n.‘ﬂ'le

baSiS of Winkley aSSumPion (Kso=2500 knli?s 15;3%0%)

b) Defermine the Contact S17eSS undey the Fooling assumiag
the Sof? ‘o be €P0~51'1“C »homoSeneous {SotrPic '
>and Semi_inFinite .

. (Cbzf-33) Ciz0.52 > Cz=030,; Cz=o.20 5 Cy=o.\6
2 S ::le) 5 e Cc = Z2ooo N |an?
. ES“: = (2oo KN|n* 5> thickness of footing =\Zo G

C> ComPcLTe bg‘rween 'H‘"C two Soguh’onﬁaﬂé’ 6J(P«Qaifl ﬂae

c“ fFeYencCe. N=lcoe Kn/ N=looo k¥
£§m5¢\ /i\’M:So kNin,
, U9 £ 5

i3]



SOQ uTion |-

N=loookN  N={ooo kW
e ISSume Contect stpss MZ?C_M ’i“"'Mz?’"’m.m’
(Ps,') un(}ej each edenert ]2 |3 36 % gﬁ
e F[(CQWH'}' Tcag‘h‘on): axbx Pg,‘ M T r { T
=2 [ 7Fsi 28, 28
(ﬁ) M-Fs Hst-
Ml =0 - @ \
Mz ~ Z_P‘Sg — ——f_“*“
Ms = 5, +26, - l0So — ©
(B) M-8 ¢}
)
Bt _ WP RtE  nmd K
@) (Y

+ APPYYiag ~Moment eQuetion of Pts @vand3)
Petat @)~

My 4+ U Mg 4 Ma = 34.56K|& ( ~B1+1Ay —A3> — Q@
Point @)y -

Z
Mz +5 M= :3L{r‘56)<|06 (w62+ Ag) _ . _ @

1o



(<) A-ps Hsi-

() wintdeY asSumPtioni-

. e
Al B KSO
P‘Sl
~ Bz 2S00 _HF@
Ps..
Aas 2520 e —— —@
f
A3 = 2;?90 — _“@
Final 2% 1- .
Substituticd Hs (ashsc), (fugf,9f) inte 45 O@
2wWe et -
24 Q1-
O+(L{X2F51) (UIPSI‘PZ&Z ‘SO) 31{56"1\0 ( PS{*{- PSZ ES)
~ {33736 Fsl ~ ZT646 5, + 13824 sz = leSo ~——-
29.@ |-

(2 s )4 o Py 4 1o By -5250) =2 (s, )

22 15,4 13834 s, — 3821 P55 = S250 - - - @

L




- HO-

¢
Fave

iFg = O

St s, +f3 = Soo

———®

So?\’fﬂﬂ 0%(5 @3@95‘”5/@ J We,je,ﬂ~

\ 6.6 Knn”
[66:63 KN

= (661 Kk jm® ..

1666

16663
\66.F

Contact stress

(I Pa)

L's




2) ohde AssomPtion |-

4 !
AT nigr N chfx%i’
Es =
it (1) y-
b= —— (145 f5, 40.68
= o\ 4068 By eshy) [ ]2 ]33 2]
) ‘ﬁ'@ -
: —C Cq S
Cz 3
Cy
Co
Poiat (2))-
.l I |7 | :
Az:lzoo (0,68%g+|-53%2+0,82%3) o b= > -~ ‘
L“—’@ C, Ca <3 =
Ci
Co
Poiﬂ‘f(B)]—
{
o, Qe g (0,50 P5i+6.82%2+lr85%’3) I 7 E 3 2 I
c. Cs
z C, Ci e
Co




Finad %s |-

Substrioting s (2obs ) (1o o) infe s Q-
>We et |-

e |-

Cc 4 (U\XQ PS:)“I‘ ( P54 2]052 —~fo‘50>

BYSEXIE
qmoca ('0’53 P5i + 156 f5, —oH P53>

—

~ 16339.2 P’S[ — U4 908.03 PSZ 420 1439.32 P55 =[50 —m— ©

@ !- é |
2 PS' 4 (.’Zo P5|+l0P52—S.250) :3:{?::10 (,_ o3 PS, 4 0. H PSZ
+-03 )
520383 f5, 4 2044982 B, —29652.13 55 =5250 —-—-@
Y. @1-
PS] —\-' PSZ + P‘53 = So006 R _— @
o SOQWﬂSd}s@v@D@'
Lz (332!
5= 211F KNl Sl R
Ps, = [44.93 KN|m" = fF [
Psz = 13789 KN|m’ i
Py

20




Com ¥ isen betweern the two %oQu’r (on'S |-

ohde as sumPiron

et SheY Stiffes it 521 {13 (1
2o gt e Xl & Remats 11

s 8l ok dement (5 dand
3 (or 5\ Aenels 1| de 350
Pl A5 (A v £ dHL

W inidey aSSemPiion

o Sheal Stitfes 1| JLal ooy
Reb 8 B ¢ ements i
A ot BT Y59t

At (ES) ?J;M Qf\lj:; (5\«531 Qﬁ‘} (Q

‘ qepaT
| ()AL 1o & (<
» ‘3)5_9)\&7\\“_;- *l”%\\ ,__*\_,,‘_7_}1;_/\7113_—,\\
e fs; a 9
° [ = KSO a A{ = “—é_;—— 22:/1 Cffk?s(l

_ \anKRtY ’/_\EBJL ("Lk;::/\?s L;)glu;—(:\ >\g>)_%! ol \;:1:-_1\ s \}}jl "
Bacab 41 slgm M Rl bogin a ( Risid feetind) 1 7

21




E XamPle @D -

ft (s decided to deSign g.c. stnp Footing Considedin
the Soft etasticity and homogeneity, The Footing is
|20 X Q.00 meteys and CoYYies a waSonyy walf. The
fotad Joad on wedl s 250 KNl The Footing 7s
Yested on an oVey -ConSod(dated c?cvj dePoSit {a.60
meteys Hhick (F?’om QQVQ,P scon Y QWQD _.\g,oo>,ovefpﬂa’nj
a Yoy of Sand Store. , Tge 6?@S’ﬂ"c mOJWQUS of clay
lncreases from o MN [m? at FL,(*—Qfoom) Yo
26 MN[n 24 the end of the defosit, The footing
1S divided inte five olements. It 15 78yuiyed toi-

) CompPute and dfew the distyibution of @ntact
St7ess befow the Fooling aSSuming the sofd s
eVa,Sch: ’ Drwmo‘jaﬂﬁousafSof)‘oﬁ'C , and Semi ~(aFinite,

Co
QCO._- e > of = l—H-Z({)"Li)

Data -

Ec = ZX\O? kN/m2 5 't\qf(:}fneﬁ%oF Fooﬁnj:\ooc,,,

E) Skelch e eXfected Contach strss distribution
Con%fo’eﬁn,j winklY aSSumpPtion-

L]

24



CE)OQU tion =

| a = 8/'5 —|.bom
ﬁ?ocw'ﬂﬂ

N— W a |

-
L

M =250

K o

I3 I T IL I3

+L 4

Bloom )

s 250*1160

= Hoo KN
Rﬁaﬁh‘onSi—

et

e ASSume contect S‘H’@SS (P.Sf |
Undey each element

——

b Yy Ps{ + 3.049) PSQQ-\SQ@

= [ 6X12 xpe
= (87 &7
A) M-Ps Y -
M; — 0

Mz=(132p5, #1.6o) ~Hoox 1,6o) = 3.072 R, _CHo---@

Moz (L92 5 #3.2) + (19275, _L,go) -(t{oc?;e%>2<>) - (Hoorl4

23

L




(B) M-4 Q%(s‘;"

W2 (Y
éECzi _ 6-*2%(&?:)_;7?— — 10,4875 ¥ KN
@

& HFPRﬂ{nﬂ H - Moment éﬁ?/uafrfon

Po('(ﬁ (2)\-—-
M+ HMz +Ms = Ll,égjr"?_*\oé (_—-_L“ij?_f{-ZAz—Ag) o @
Potnt (3) - | |
Mo + 9 M= U687 #10° (._Aer bg)g @
) b-B #Hs\-
n
'A(: & ’kécf’k\%:
Esag, (=1
ks = \o+26 =18 M| = (316 KN|m?
s ¥ /A - ' = %lo KN|m
~ - _ _lbo _ -5 3
Escug, - 19%10® 8/83 'K’\C) 17l IKN

Co
v Cf = —
| 1 _‘_ \:Q(.ﬂl'qo ( Cc — ‘/éO)

24




\.,-60

,1 (= paiz : " e 01?27‘
s L+ L2 ()M
Cy = \-60 — 0.33Y
g |+ 2(2)tH
Ca = .60 = 0,243
| 1.2 (3)¥
\,éo
Gl = —
. L4lz () — Sk
| Fotat@-
Ai=3.33 *\O—S(le??f)sl +0AFB, +0.331 [?53)
G
Pofﬂ’(@\—
Bz =8.83%15% (0% f5, 11984 s,
_,.\_.Oz?l}PSfﬁ)
)
Pofﬂf@[f

| A :8»83%10—5 (03@8 PS; 41454 %g_

+1-bo P’Sg) 5 _ﬂ,@

W Tz =]z ]
=
L{
& <3
Co
{2312 |1
C3
Gy G C2
Ca
L |2 |53 |21 ]
C‘Z c Cl CZ
l Co

25




Fina) %< |-
.0

Q“’r (L\ ¥ 3.042 'PSI -—qyf;-(gi(o) 4 (é?HL\ s+ 3@72%2_, _ fﬁZo"D

- [q,gg‘}s £1° £ 3.8 %\0” ]y (__0,538 fs, 4 154 5, —053 @"3>
L———\v\J
L\6-F2

A Qé?,é% PS( _é'—{o,?)!_‘ PSZ +22@,3é FSB — L{L[BO"“‘@
(@)1~

(3.0 P — gqo) 4 (302 Ps + 1536 5, —3600)
— Hlb 12 (-0,202 &, — 053 Fs, +0.873 P53>

& WEST s 4 236227 [5, — 363.8 s, = lodYo - —@
.3 ‘

ZFS::O

2% (192 f5, 4192 PSQ) + 132 &5 = S¥loo

4
v

3.84 s, + 3-84 PSz 4132 Pg3 -‘:QOO_O - —=03
o BOQ\/Mj efs 15253 o1fe Jet)- Tz 15721
5= 272.45 KN|m* r T
PSZ - ‘6‘_{160 KNI:mQ | Contact styess
Ps5 = (6215 KNIm™ (Kte)

26



b) EXPected Confact Stress From winkley-

e BaSed on ohde assumPtion Yesuits,
the footing 5 ¥i3id

2 (20454 (460 + (715

> Ps = -
b = = 2083 KkNn”

o FoY WinkleY A250mPtion féﬁvHS

P%; = Ps?_ ko F’Sg ﬁ%

>

- FS[ PS'Q_ %3

UtlifoYm Contact stYess drstyy bution

27




EYam e ©

The Shown R.C. Footing iS lZogloom,with
thickness :6oCmycmo’ CayyeS wo cNomns s faced

Lom centeY 4o GnteY. Divide the Footing into
i elements,and write the efuations Teyoited o
cdedate  the sord 7eactions below the footmg,
assoming  the Sofd fo be ehsfrc,lmomﬁ@qw%)

{50 t70Pic , and semi—{nFinite «

(Co: {.-3_3 ) C’ ":’.O:SZ 2 CZ —0.%5 Cg-_—_—_ O#Z)

1= Constivet the matyix Fo¥m For +he euations
Without SOQVI'IH Yhem,

e =24 lc;f KNlme 3 Es = €ooo KN!m?’

D s Hssumfnj aVY1e Contact STYeSS \Depow H’lﬁ
PYevious Feotmng 5 it s yequived to caleulate
the XPected Settement ot Pornf(ﬁ),

HeoeKN  bookkV

A

P
i | S5m ! [rom . lmel l'S!ﬂ'
] ] ]

28




- SoXutien -

l{cokﬂ EooKﬁ!
o ASSume Confaet StYess (F‘srn} l l Ny
Y ' v
below each element e B
) | :
_ _lflm:‘
= Pf (Rﬁd@hbﬁ) = {%\ 2 % Psi’ Lafs, "ZPSz‘E%B i'ZP‘Sq
=2 PS[
A)M-F Ys1-
M=o —-#w@
Mo = \Z P‘Sl s - @ g
Mz = 2.4 B, + (2P, —loo —————— O
My = 36 Ps, +2H By 412 g — (Heox D) — (book1)
= B.b P‘Sl + 2.4 P52+ \ 1 P’S'_-_?, —\Hoo - ““'
p) M- b eysi-

beel  _ t2x 1ot x 12 66V, — 2532 %1c° KN
a* (1"

« A PPAYing - L|— MomenT eQuation
int (@)1~

Mi+U4M2 M3 :25‘32%\06 [—A-;+ZAQ (,153:‘ e @

Z3



Point (3) |-
MZ + L{ M3 +ML{ - Z1632*\06[~ Az _[.2133 A[\L(j ,_.,_,__@

C) b-Fs5 o5y
F=—= G coxbs
Es
P@iﬂ’f(\\\:ﬁ [z [3]4
I‘_-_-J )
by= ("33%1 +0-52 (5 cs €3
6000 QD C(

'{"013 PS’_?, +Ox2P51_() MA@

Point (2)1-

i- :
(052 51+ 133f5; 05205,

Loen T 1 5=
4043 Psq) I ____@ \Cl\ul/clz
CO -

tg =

Polat (3)1- |
| L1 23|y
Az = s (0.5 PS; + 052 fs, + [,33%3 J\I“\I/I/
o p.sq) @ Cz ¢ il
Poinﬂ'ﬂ‘,.

| |2 [3 ] Y|

' 3
1.4 % G

Ce

30




F{MR eYuations)-

SU bsti futing 29 @, L) - @ @ and 5 >BoT>1% into
As @ -@

9. O
& - (uaﬂz%,) (24 Ps,+ 12 2, — Yoo

2 5924\ ‘
- [“0 S fs, +1.62 f5, —0.59 53 —0sl2 %{l

6000

< 26203 5, — 438.4Y ps, +254.38 £, +51.3 @L( = Yoo — ()

& @

W25, £ H(2H By 112 Ry ~4o0) + (3.6 fo 424 o 412 P55 ~ o)

_ 2592 T |
" Eoud [" 2. f5, —053fg; + Lé2 fs5 *oéﬁ%q]

S 66:24 Ps,g_r%z,oS [, —638. 64 %3+25u138%—4a:3ooo 5

2Fy=o
-2 (Ps,*fpsz +Fs3 +PSL{> = Hoo+ oo
i Pk Pag Py Poy =3333 ————@
- B)1-

My= Zeyo — 3.6 s+ 2-4 PSQ_ 12 P53:: {Hoo ﬁ-@

a1




Fined e%s n MatyiX fo¥m-
PSI 252,031-6‘58,&! 25438 Sif%ll_ _L{oo—h
Ps, . (624 | 262.08|-638 125438 | fg o
Pss | {-o : Loy | Lo | to | %33.3
sy _ 3,6}2,4 W/ 1 o N Yoo
L i 5 ; I | L o
Settlement ot Point (R)
¢ ASSumin Con tac -
3 fverede Con tact OB
Stress bejzoul Fooﬁnj = fg,'+—'
iSo g
CRCEN ey S |
5 :"‘L‘(‘M'“Zé%'kjlcsq% |
S T T R R Mg
© C4 5Cs  ave unhnow
N~ Cf = Ge —
I+ kiR
~oC = 433 -
[+, (i ~052—~ = |56
: .33
~ Co = = 0,3 ——t [0 —=|.
I-H.56(2)fk2 S

32




o Cme o 6,57

1+ 156 >
CS = \’33 :OIIZS
[+ 1:5¢ (S)H3
A AH:: 5000 [CO*O+C1 %o+20833(03+oz+otsmlzﬂ
Cz &3 <y Gq
= O0:07Fm

33



