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The Influence of a Boundary Fracture on a Deeply
Embedded Anchor Plate in the Elastic Soil Medium
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School of Civil & Envirqnmental Engineering
<Abstract>

The analysis of interaction between structural elements such as beams, plates, etc.
and elastic media is interests of several branches of engineering. Such solutions are
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particularly importance in analytical studies related to structural foundations reaction on
soil and rock media.

The class of problems which deal with the loading of plate shaped objects embedded
in elastic media provides a useful basis for the modelling of the short-term or working
load range stiffness of anchor plates.

In this paper we focus on the problem of a rigid circular anchor plate embedded in
bonded contact with an isotropic elastic soil mass of infinite extent. The elastic
medium beyond the boundary of the rigid disk anchor contains an in-plane cracked
region of finite extent.

This study is concerned specifically with the evaluation of the elastostatic stiffness
of the embedded anchor in the presence of a cracked region emanating from the anchor
region.

Provision is made on the analysis for the consideration of breakaway of the anchor
from the underlying soil.
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WA BHY dRYZEE Hoster AolH dFE AT 2PN FBFE &Y
£XE ¥ul e Zo] H9 Hibert® Aol 7128 & 349 &8 st 43 A
ol a3t LA EX AAY Az B HAHQ AAE Wi Ao £aF AY
oletd, HEWE H2Y Argel g3 TH8Y ¢ Aot

A E3] taadA ZA dAd flojA, HFEEA el L AAHALYRANE 1
Hatal Fabol o H2HA-g APk 2 1-104 w7 ao] JAY YA} F3
FAM A48 FEdte FAY PE €n Y, EFAARANEL G o] g,

Uz(r,0)=4 |, Dzrza (2-1)
U(r,0)=0 , Ozrza (2-2)
gzz(r,0) =0 |, azrz o (2-3)
orz{r ,0) =0 , azrz o™ (2-4)

4 (2-1) - (2-4) o g3 FA=He TRAAYL EAY AYL Ufliandol & At R
Rnew By A #4 uyP 2 Mossakovski®h Gladwelld] 98] FojAT)

248049 3F-BH AT R F93 BAHE Hilbert TAN A T4
ARt A& HeR ARXE 7Y 5 At Hankel 9 HEA/HIYPANA QY HA
o BAY EFAAG EAE HE gRHog anFor 248 F gjon o] HEWH
AL 2y HAd i 3 - B FAS dehfo] s er Zojd F Q)

T e 9sf dojz AAE E 2-1 A wmsg,

Hibert problem approach Hankel transform approch
0 0.549 0.546
0.1 0.597 0.596
0.2 - 0.657 0.658
03 0.736 0.737
0.4 0.841 0.842
05 1.000 1.000

£ 2-1 93 ©R A F2E 244y #x9 24¥ =, P/(8GJa)
39 4A9 SUFFEA disf F d2del 22 AAE AEdvtE AL B HI
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Uz(r,0)= 4, Osr<a (2-5)
U(r,0)=0 , 0Osrsa ' (2-6)
U(r,0)=0 |, bsrg o (2-1)
oczz(r,0) =0, a<r<e (2-8)
orz(r,0)=0, a<r<hb _ (2-9)

EFAAZDY, (2-5)-2-9= 59 HHE EHE 7 U

HO[&E{&A(E) + 2(1-2v)B(&)hr] = -2G4 , Dzr< a (2-10)
HI[&E{-£A(&) + B(&rl = 0, Os<rsa (2-11)
HI[E{-£A(E) + B(&))ir]l = 0, bsr< o (2-12)
HOLE2AEA(E) + (1-20)B(&)r] = 0, 0<r< o (2-13)
HI[E2{ £A(E) ~ 2vB(&EWirl = 0, a<r<h : (2-14)
714 HnlR(&)x) & 4 (2-15)9 osf A9 nzl Hankel HHolch

HnlQ(&)r] = [ £0(&)n( & nag (2-15)
A71M miEst A9l e BANE 27459, |

201-v)E3A(E) = -(1-2v )M(E&) + N(&) (2-16)
21-v)E2A(E) = M(&) + N(&) (2-17)

A 4@-16)3 H@2-17& A(E)¢ B(é)d dg &2 el 4(2-10)-(2-14) o o
] '

H[ ¢ 7 {M&)+-32 u(e )] =-4GLA=Y) g g (2-18)

4 (2-13) 2R B vt o] &t
HD[ & _IN(E);T]=— 4Gd(1_1/) _ (1_22/)

3—47 34y
Hol & 7'M(&)7),0€7<a (2-19)

N(&)e g g& dee Hog &g,

N(e):fo“m(t)cos(st)dt=ﬁ(ﬂ)s—g’ﬁﬂl——;-L“w'(t)smetdt (2-20)

2(2-200% (2-19)e) A gste] sl thoa} o] & = Yo,

o(p=—-BC40or) _ BU=20) [" e )cos(é g 0t<a (2-21)

A (2-200e o F9 B N(&)ell A A= b5 o] &t

G1(r)=r(l-2u)f0a(4;2p(f)i—t2)w,a<r(b (2-22)
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Triple integral equations @ H 2 M E F317] Y3l F3-& 71AE + ot
H1IM( € )ir] = fi@r) , a<r<b (2-23)
H1[M(&)ix] = f3(r) , b<r<eo (2-24)
Hankel ®gol oJ3lod 2(2-23), (2-24)27H &L 942 4+ Urh

MCE= ["ufi(@) 11 (& wau

+ [ uGiw 11 waut [u s 1108w (2-29)

A(2-25)el 8 e ABE AEed Gl YE & AT oA dgdetel U
g

2 (a*= A" £1() _ 86401-20)1—v)a
2y 77:(3__4 y) F](T) (2_26)
ar ( 8= b)Y £.(») _8Ga(= 22)(1 v)a -
r( az___ rz) 172 G (r)= 86&1(;(32_122)(}1)— U)a Gl(r) (2_28)
¢(r) BGA!I 32 V4)(y1_ u)a m(r) (2_29)
(2-26),(2- 27) (2-28),(2-29) A& o83l HEwrAAg vhgH} o] Jeld 4 i
G *(r)a’t
1/2
“.lf [ Lo, t(t;(t)dé) ,0<a 2-30)
2_ 4212 £ Fi(pat
Fi=-2 [ L=t
2 4172
BN = e = 23D

G*(Nn=—-1- 2a _(1-2v)* [_Z_f uF _uF,\(wdu__

x  3—4v 2)1/2

b Gyx(wdu +lf°° F3(w)du
a u(uz_ aZ)l/Z T b u(uz_ b2)1/2

- 2 .2 pa
el u,],?z’_(”i"i”,aww (2-32)
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4(2-2008 H(2-20091 WYsted Aol N(£)& H(2-3)01 wshe] A& AAsted 2
$24 38e 9L ¢ At

P 20—-v)A-2y) [° -
16G4a ~ 3—4v fo o+(at (2-34)

ste-wel el A e XEL Fl, F3, 28il Gl g 89 Yoz 73
T Ak

Triple integral equations (2-30)-(2-32)8] ¥elx 4(2-3D)e Fo1A F3(r)ol ¢ Ax
2 A(2-30)7} 4(2-32) U3t coupled integral equationsd] €= &Y 4 Ut

=t =% .c=2 A= b7 /L(N.&D= G*(») (2-36)

A g W RS (7)ol Yt HEANE A& 5 A, A (2-3)9 A3
B SHFFE HF HYL ofefd Zol & ¢ U

P___20=-v)
16GA4a 3—4v
X{1+ 4 (1 2u) [f{ 2)”2 1}51‘(5)(1&‘
e () 4] @2

Haa PAZAE dFe EF HE $349 F374 #HaozRy 4589 AYE 1
#Z3t7] Aell, ZATA ] Mol BEd oW FAP F o ds] FHeAo Wt =8
& & Aol

FAD Ao b—->a d W Hie EYA] Gu, FEE Yo SIS FEs)o
A HAA B daz gdAe] EWIRxe] dF¥ SAEH AAREL Collins,
Selvadurai, and Kanwal and Sharmal s Faizict. &, FEWAAY, T4
(Spheroidal) 23 &7, 28lx gy s

A(2-36)< S o] @4,

P 20—) |
16G4a =~ 3—4v (2-37)

293, ARYHt THAL W 5 e Le YY) wRgAgLe] A BY Ura
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849 WMo 2 gL AN ot} 2YT FELLYd AY A%A 2A9) #A
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AN E WF 84 ZAE vt AERAE NSAIIe A9 a7t AL a8
i 84EL HAEAAM Yo HYxPe wel 2UHD, I AREA A7)E gy TRy
AAZDA v} £A Ha AH Aol #wa FA i 2k aife] WA g} &9
< 7HE AY 58 AMEEA AR Atk 53 WYgelM e g Hdo)
g FoTH 2 Fok 8EA Foi/fESF 249 ML fFa4Ye FU1HY wde
2 golEAn it S

TN a4 ah HTE AR AFE Y S0t 22 HAE A
3ted AHET FAETS TYHA ZEHE Heloldh oase Y 3-104 HE )
& 2ol ZA AAE 2] "o 99 A¥E wE FE Yavt glow, ¥y FrE
BAFrs 2L 22 7] Qo B o dY 5EE 1%l ga gl g =
239 el BASA foldtr] BEe] 2314 2 3349 A&A sy Bo) ALgHz
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8 4
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1 1 3
0 - X

29¥3-1 844 FHAdse a4

itk BEE aARE wEsd o WRezE: PAAH A 249 A Potential
energy® £49 FAWAE EFH}L o)A il zAezRY Fae Hi
Potential energy® 2849 ZAWYE F @31 o|RAL HA2gde AL E2HY i
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Gauss 24 $og Et} '
[F1=[KIJ &] : (3-1
v A ZE dEHAE 2gste A B34 Y 2AZ FAlC & 5 9l
= Frontal Method & AM43l Bt} &3 o2 AFH AR £4& 59 4+ U}, £=3
FAX HA [ 6 19 Gauss HAMY &8 [0 ]2 &4 (3-2)9 22 FAS AU
c},
le]1=[D][el=[DIABI &1 (3-2)
o|A7tA] Eld o2 TRES HAY W 53] AW o ¥de 948 HEH A
AAZY ZFe] AL ZA4 ANY o 2gef i Y84 E AR FUBRE &9
A Aoz Ante] BN E 44 T 4 Ae Aolth, A B dFdMe S0 8
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ZU4 8402 3AY FFREC) 19 3-29 & 8AEA FUSH dH@A A
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LF w3 AF sole FHHoih 84U U9 HY AHE (r,z) & HAEAR/E (11,
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£, duldr

[el=]| ¢#|= 9v/oz (3-5)
£ ulr
£ dufdz+ ov/dr

Y 38 32 ¥EES #EE §¥e RAFR e, ¥ r, WA UF +3
€83 r, 28 A A FHo 2 Ve

o,
. g, _
[o]l= i (3-6)
Tr
WYL [ e 1= ¥Y [ 6 19 Bye-A9 mEY: [ B ]2 Vet
[e]=2] B[ &;1=[Bl [8]°¢ (3-7)

EF [ o1 ¥MBe [ ¢ 15 £3-¥88 =g [ D ]2 Yeidr,
lol1=[DI ¢1 (3-8)

71 8-¥¥E QqEYX: [ D & 0437 2
E 1—-v v v 0
— v 1—-v v 0
(D]= (1+v)(1—-2v) v v 1—v 0
0 0 0 1-2

(3-9

v/2

ax ZE HEH2E ANE W F03 LdAE t = 2rg Hdetedq MaAY 24
7} ©he 3 ol yEhd,

dV = 27 rdet [J] déd7 | (3-10)
43 i, j8 43 E 8475 YEH2E F3IY o3 2o
[ Kil=2x [ BALDI Bjlrde /ldé dn (3-11)

202 BANME Frontal Methodol 98, B8 MAN S ZdT £AF FAd o]
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Oy 3-3 =2aYPe] BER

Faade AFEH Z2aYRgosn Mas 483 8 4 g Hojd £ =R
AHEE PROGRAMS F4& 29 3-3% gow EHinton and DR.J.Owen® “Finite
Element Programming” 2} program & 433 o},

4. AL 2 5F
41 X5 7¢ AL 9y pF

TAFAAN 7 Add Pt ALUL A FAMAMNY 2 WY ss U}
ab =19 2% 4 (2-37)
P__2(-y
16Gda 3—4v
o elstel @A) FopHlgl ©AALe Wale] wE AW PEue Awws)
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12 C A4s. Ay

AP og 4 e Y

v =02 4 = 12165 (mm) 4 = 1109 (mm)
v =03 4 = 11375 (mm) 4-= 1078 (mm)
v =04 4 = 10322 (mm) 4 =1.001 (mm)

¥ 4-1  FohfFule] fF F A4 vlw

AR Yo g 4 FHas #4

E = 3000 (KN/m2) 4 = 1,1375 (mm) 4 = 1078 (mm)
E = 100000 (KN/m2) 4 = 03411 (mm) 4 = 0,342 (mm)
E = 500000 (KN/m2) 4 = 0682 (mm) A= 0.121 (mm)

¥ 4-2  BAASe e wm

ureb T oMol ot W vt AA] g & F vk 2SR FRLLH Yol
23 HEHASol THAUL

42 #AAY L 2d

¢ ANEA FEassfdd T FALYL PR By B =Fo A48 Z2
2WE o] R3] 1Y 4-15% o] a4 4 1307, BAS 4252 Zo] 2me] AHe| P
o] 239l Aeoln X ERHAA AZurare] ZolE 2mz P9 ATE A% Ate
Ag WEd 9ge M)A Fv WARA dg.

a8 37 Plated) 2AZA AEA 92 5000kgd 4 A 3Fo] A4 0, A
2989 2¥st NPFEE FlzA @,
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a8 4-1 SdA F¥es 29

A7l A c§Age] dwkHel AL 4Edg n¥ @AAT (Ep) = 2100 t/emo]™ Eobf
H g = 0_.3 o7 &Frt

Type of soil Y=

Clay, saturated 04 - 05

Clay, unsaturated 01 - 03

Sandy clay 02 -03

Silt 0.3 - 035

Sand (dense) 02 - 04

Coarse (void ratio = 04 - 0.7) 0.15

Fine~grained (void ratio = 0.4 - 0.7) 0.25

Rock 0.1 - 0.4(depends somewhat on

type of rock)

# 4-3  Aure] Fopgnlo] thg ghel gukAQd ¥

a8 a Adukdel 2wke] @4 A2 (modulus of elasticity)t ¥ 4 - 4 9 2t}
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Type of soil Es (KN/m?)
Very soft clay 300 - 3000
Soft clay 2000 - 4000
Medium clay 4500 - 9000
Hard clay - 700~ 20,000
Sand clay 30,000 - 42500
Glacial till 10,000 - 16,000
Liess 15,000 - 6000
Silt 2000 - 20,000
Silty sand 5000 ~ 20,000
Loose sand 10,000 - 25,000
Dense sand 50,000 - 100,000
Dense sand and gravel 80,000 ~ 20,000
Loose sand and gravel 50,000 - 140,000
Shale 140,000 - 1,400,000

B4 -4 A0 F5E @A 4abHg] ¥4
43 3 & 9

&g gke] ¥olFu] Wsto] i@ 2@

2 4 -2+ 299 #HA7 ab = 19 A9 ANBYASE Es = 30000 KN/m®
(Sand clay)dw] <7 gel 242 zZE3l= P = 5000kg7t @A vke] Folfu)e o5l
o g BY AolE 0dAH BG4S Aol Tk 35 ¢ T4 Ugew 7
e HYS MEZd EPHol &, Ho| (Depth)E 725 Jel Elch Zolo m&
zt HojA9) Tolfuld o WHEHE 02 -042 FUS W gty o g A9 Xolfu|d
g Fuake] WE MEvt Qe & S ek g BAANAN Y Folduld w
2 JgL ¢ Hoie AE RAF

__72_“



@A A ol BY JAdM BARAY ¥ 15

o

VA

4 05 0 05 {1 15 2
DEPTHS(m)

n

12

’.&_‘ j . -
£ V=02
p 1 -
i V=03
§ 0.8 e
2 ¥ ||v=04
B 06

a

=

E

V)

2

0

-

o
N

29 4-2 Tohsl Wse] mE F5 £

2)A N Ao w3l g @

o) soft¥ clayell Al shade®d2 Aol ol27|7t2] 4 Ayte] 7lAes B4 Ao 2
Agtel §4E w4 2 ¥ Eoh webd 28§ o @447 g Aurdd 23 oY
Awe] AFS ¥ gl Aol B elvh 19 4 - 32 & A 5o iste] A}
o @& FHE ¥ @AY ¥IU ZudAEd WA E3F ol F e
Fa At 29 4 - 3 oM Sandy clay(Es = 30000KN/m*)¢] 792 Dense sand(Es =
100000KN/m)l A% 2 z7F A debges A9 4 7l7AE Aut ( Es =
S00000KN/m)¢] 729 wi-9- @97t Ao} off 2ol BEol dAT™Y wtrd ug F
Fo 3 HYE e Helx ik
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Isoparametric 8.4 A ek
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RADILS{m)

2402 240 Wete] 2 Gauss Pointol We 2+ A

$8g FEstd 2 849 BFFHLE Ytk maba 3 &3

4 o49 38E YE BFa vk

29 4- 4 oA ARV BY Hol@ 022 B AT oA ar:
3} 2] Traction—free & BRAF 1 9l
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