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STRESSES  AND  DISPLACEMENTS  DUE
RECTANGULAR  LOAD  ON  A  LAYER
                 1

             FINITE  THICKNESS

TOOF

D.IM.M-ovic*  and  J. P. TouRNIER**

                              SUMMARY

  In this study  are shown  t/hp expressions  for calculating  stresses and  displacements beneath

the rectangu]ar  flexible fbuPdation resting  on  an  elastic  isotropic layer of  limited thick-

ness,  underlain  by a  rigid b4tse. The  solution  is given for the vertical  and  horizontal load.

The  contact  between the cdmpressible  layer and  rigid  base has been assumed  to be per-
fectly rough.

  Stresses and  displacemen
5.0 (where H  is the thickne
tion), for L/B  =:=  1.0; 2.0 a
and  for the  Poisson's ratio1

ti haye been calculated  for the ratio HIB  =  1.0; 2.0; 3.0 and
s of  the compressible  layer and  B  is the width  of  the founda-
d 5.0 (where L  and  B  are  the dimensions of  the foundation)

pt =:  O.15; O.30 and  O.45.

                            INTRODUCTION

  The  stress  distribution in/ an  isotropic layer of  finite thickness resting  on  a rigid base
was  treated by sevcral investigators, Marguerre (1933), Biot (1935), Sovinc (1961), Poulos

(1967), Milovic and  Tou,rthier (1970).
  In this study,  stresses  anq  displacements in an  elastic layer of finite thickness preduced
by a  rectangular  fiexible fqundation are  shown.  The  solution  is given fbr the vertical

and  horizontal load.

  Using Fourier's series, st

evB ===  1.0; 2.0; 3.0 and  5.
is the  width  of  the rectang

where  L  and  B  are  the di

  The calculation  has been

esses and  displacements have been determined fbr the ratio

 (where H  is the thickness of  the compressible  layer and  B
lar foundation), and  for the ratio  L!B  =  1.0; 2.0 and  5.0,

ensions  of  the fbundation.

programmed  on  the computer  IBM-360-40.

ASSUMPTIONS AND  DEFINITIONS

 Hooke's

e., Canada.
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2 , MILOVIC  AND  TOURNIER

   law. The  mechanical  properties of  soil  are  defined by two  elastic constants,  Young's
modulus  of  elasticity,  E; and  Poisson's ratio,  pt;

  
-the

 cornpressible  layer with  a horizontal upper  boundary is of  finite thickness H)

   limited by a rigid base (Fjg. 1);
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Fig. 1. Geometrical description

Lx

 -the
 contact  between the compressible  layer and  the rigid  base is perfectly rough;

 
-the

 direction of  the applied  load is vertical  or  herizontal to the fbundation;

 
-there

 are no  body forces.

 The  calculation  of  stresses  and  displacements is made  for a  rectangular  foundation of

width  B  ==:  1.0 m  and  p, =-  1.0 kg!cm2 or  Ph ==  1.0 kg!cm2, with  the fbllowing sign  con-

ventions  (Fig. 2):

 
-the

 vertical axis Az  is positive downwards;

  
-the

 axis  Ax  is horizontal and  positive towards  the right  from the point A;

  
-the

 settlement  w  is positive if in the direction of  increasing z;

  -the  horizontal displacement u  is positive in the positive x  direction;

  -the  normal  stresses  are  positive if compressive;

  -the  inclination, 6, is the  angle  between  the vertical  axis and  Ioad. This angle  is posi-
   tive in the trigonometric sense;

  -the  compressive  normal  load, p., is positive if it is in the  positive z  direction;

  
-the  horizontal load, ph, is positive if it is in the  positive x  direction.

NII-Electionic  Libiaiy  
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 a)  Verticalload

 The  displacement functi
   ---
metrlc  semes:

with:

     Fig. 2. Sign conyentions

     THEORICAL  STUDY

bns for u, v and  w  are given by the following doubie trigono-

   U=EE  ULnn Sin crX  COS  PY <1)
      m  va

   v= £ E  Vin. cos  ax  sin  Py <2)
      M  7}

  w==  Z]£ za,. cos  crx  cos  By (3)
      mn

     cr 
=:
 Z:; p=:: -nLT,-
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  By substituting  these  expressions  in the  differential equations  of  equi

                                    00
                        (1 

-
 2pt)vu +  o.' 

:"
 O

                                    60

                        (1 
-
 
2pt)vv

 +  
-o'y'

 
'
 

==

 
O

                                    oe
                        (1 

m
 2pt)VW+ 

ra.
 

==
 O

where  et is the Poisson's ratio and  e =  (Ou!6sc) +  (OvlOy) +  (Owlaz) the

pansion, olle obtains:

          2(i 
-
 /x) //.2-Z- +  (i -  2y)(- eOi :- +  -g;-g--) +  b-6.-iaV-i +  bO.2 

Wot
 -  o

          2(i 
-
 pt) 

-g-iq,-
 +  (i -  2,)( ge-+ 

.:il-)
 .  oa.-2,i, .  tt-2,w-. =,

          2(i L  ")-eo2,";- +  (i -  2p)( 
Oe2.W,-+

 -Oo'ylf ) +  Eji/lioUi +  o6y2o", :=  o

  The  Fourier's coeMcients  are  expressed  as  fo11ows:

ifm=-:n=O

                                            a.oz

                    
Ube

 
==

 
O;

 
V}o

 
:=:

 
O;

 
PVLe

 
==

 
-
 
-A-.

if mIO  or  niit  O

     UL,. :=  1'IG'"'{[Cicr f  CbP +  crzC4]  sinh  rz +  [C2cr +  qfi +  a'zC3]  cosh  rz}

     Vin,. =  '2-IG'{[Ciie +  Cscr +  PzC4] sinh  rz + [C2P +  Ckcr +  PzC,] cosh  rz]

    PV.. =  ttlG--{[(3 -  4y)C4 -  C2r -  rzCh] sinh  ri +

                             +  (3 -  4y)C3 -  Cri -  rzC4] cosh  rz}

  For the rough  rigid base, the boundary conditions  are:

                   w=O;  u=O;  v=O  when  z=O

             a,  =-p==-EZa..cosaxcosfi]  when  z=  II
                         m"

                           T,.  =  O; T.y  =  O

  Using these conditions,  the fbllowing expressions  for constants  are  obtaine'd

                          C,=Ck=C,=O

Iibrium:

      (4>

      (5)

     (6)

 volurne  ex-

 (7)

 (8)

 (9)

(lO>

(11)

(12)

(13)
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　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 RECTANGULAR ．　LOAD

　　　　　　　　　　c 、
一

色 弖の⊆・

　　　　　　　　　　　　　　　　7

　　　　　　　　　　c ，　： a ． n ［γH 　cosh γH − （1 − 2μ）sinh 　rH ］μ）E 八厂

　　　　　　　　　　c 、
＝ 　− qmn［rH

「
sinh γH 十 2（1 一

μ）cosh γ1…r］1D正iN

with ：　　　　　　 　　　 …

　　　　　　　 D 五コ〉 ＝

γ［γ
2
」醍
「2

十 4（1 一
μ）

2cosh2

γH
−

（1 − 2μ）
2
　sinh2 　rH］

　　　　　　　　　72 一 α
2
＋…β

2

　The　coef丑cients　amn 　are　given　by　the　following　expressions ：

if　m ＝＝2M
「
十 I　 and 　n ＝＝2ハ厂十 l

　　　　　　　　　　　　　　　　　　　　　 amn ＝ O

if　m − 2／tct
’
　and 　n ：＝：21V

「

　　　　　　　　　　　　　　　
．
、B乙　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 4L 　 　．　 m π B

　　　　　　　　　　　　
・・

＝

砿
・ a ・ ・

＝ （− 1）
”f ’
兀 溺 π

s’n ’
liitl

　　　　　　　　　　　a ・va ＋ 1）
・ ・磊 … 噺

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　 nπL　　　　　　　　　　　　　　　　　　　　　 16　　　　　　　　　　　　　　　　　　　　　　　　　　mrrB

　　　　　　　　　　　a・ ・
　 ＝ （− 1）

’” ÷ “”

諞 万
sin 『

瓦
sin

　2L
、

．

　 Using 　the　stress −strain 　relationship ：

　　　　　　　　　　σ mi 　 A
エ、 ん 　ん 　 0 　 0 　 0

　　　　　　　　　　σ yi 　　 ．4、2 　．4
、1 　．4

、2 　0　　0　 0

　　　　　　　　　　σ
、 　 ＝ 　 A 、， A 、、

　 A 、、 　 0 　 0 　 0

　　　　　　　　　…・
，， 　

L

… 　 　 A
、5 ・ ・

　　　　　　　　　1 τ
、x 　 　 O 　 O 　 O 　 O 　 Ass　 O

　　　　　　　　　i ・副 　 0 　 0 　 0 　 0 　 0A
、、

where ：

　　　　A ・・
　一

（

　　E （1
一

μ

1 ＋ μ）（1
一
）
、，）

・ A ・2
　＝ ＝

（1 ＋ ，晉． 、，）
・

the　following　expressions 　for　stresses 　are 　obtained ：

　　　　　　　　　 σ
。　

・ ： Σ Σ
　 　 　 　 　 　 　 　 　 　 　 　 　 鵬 　 　 　鴨

　　　　　　　　　 σ
、
　

＝ Σ Σ
　 　 　 　 　 　 　 　 　 　 　 　 　 m 　 　 　％

　　　　　　　　　at 一

顯 　　　　　誓

εx

εy

ε2

γ・ y

γ篇

γxv

E

の十q
一
2

＝G＝
55

（14）

5

＠… ＋ βA… 慨 望）… α ・ … P・

＠… ＋ βA ・・V ＋ … 誓）・・・・ ・ … β・

＠・ ・U ＋ 附 橘 ・ ）・… X … βy

（15）

（16）

（17）

N 工工
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             Ttv =:: i; \, Ass( 
dcini

 -  pif) coscrxsinpy

            r,.  ==  X ;; Ass( 
ddeU

 
-
 cr w)  sin  crx cos  py

            T.,  =  Z £  -- Ass(cvV+  PU) gin  cvx  sin  Py
                 mn

  b) Horizontal load

  In this case,  the displacement functions fbr u,

met-c  serles:

                     u  =  E £  Uin. cos  ax  cos  Py
                         mn

                     v  =  Z] X VL,. sin  ax  sin  By
                         mn

                    w  = 2] Z  VVL,. sin  crx  cos  Py
                         m  ft

 The  boundary conditions  are:

                 w=O;  u=  O; v=O  when  z=:O

            T., =p<x,  y) :=  EE  a..  cos  crx  cos  Py when  z  ==  H
                        en  va

                          a,  =  O; Tge  =O

 The  Fourier's coeMcients  are given by:

if m=O  and  n==O

                   qo =  ft.S-z; V}, =  O; PVL, =  O.

if m=O  and  n4O

                   1 aon

             
Uhva

 
=

 Gp  
'..,h

 p'll' 
SinhPX;

 
VLn

 
==

 
O;
 -n=O`

if m  7EO  and  n=O

           LIin.o ==  '2{i'{[(3 -  4pt)D4 +  crD2z]  sinh  crz +  crD,z  cosh  crz}

           JLno =  O

           Wlite =  'iG-{[N (3 N  4pt)Di +  crD4z]  sinh  avz +  crD3z  cosh  crz}

            D2 =:  a.,[crHcosh  aH  +  (1 -  2") sinh  aHYDEN

            D4 ==-  a..[crHsinh  crH-  2(1 -  p)cosh crHl!DEIV

          DEN  =  cr2[a2H2  +4(1 
-

 pt)2 cosh2  crH  
-

 (1 -  2pt)2 sinh2 aH]  .

(18)

(19)

(20)

v and  w  are given by the fo11owing trigono-

(21)

(22)

(23)
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if m#O  and  n#O

                   '

        Uin. :=:  ti:;i{[(3 -  4y)C2 +  P2C6 +  rC4z] sinh  rz +  rC2z cosh  rz}

        Vin. ==  -  gt{[C3 -  4ps)q -  aeCs  +  rC,z] sinh  rz +  rQz  cosh  rz}

       ew;.. -  
'2rG-{[-

 (3 -  4pt)C4 + rC2z] sinh  rz +  rC4z cosh  rz}

             C2 ==  cra..[rH  sinh  rH  
-

 2(l -  y) cosh  rH]IDEN

             C4 =  
-

 cra..  [rH cosh  rH  +  (1 -  2pt) sinh  rH]fDEN

                    2 amn

             
C6

 
=

 ar3  cosh  rtt

           DEN  ==  rBE(1 -  2pt)2 sinh2  rH  -  4(1 -  pt)2 cosh2  rH  -  r'H'l

  Using the stress-strain relationship  given by eq. (14), the fbliowing expressions  fbr
stresses  are  obtained:

           am ==  ;] ll; (- crAiiU+  PAnV+  An-4,-l,-ew--)Jsin crx  cos Py (24)

           ay =  il li; (- aAnU+  fiAnV+ Ai2-4,izV--) sin crx cos Py (2s)

           o= =  l;I E] (- crAi2U+  PA,,V -t- A.-4de-gY-) sin crx  cospy  (26)

           r' diy=V  ;ll] l, Ass('d,inE: 
-plf)

 sin crx  sin py (27)
                   i

           Tgx =  lil] lll] il Asb('ddeU +arv)  cos  crx cos  py (2s)

                   l
           T.,=Z £ IAbs(aV-PU) cos  crx sin  Py (29)
                

.nl

  The  coeMcients  a..  are  identical to those  obtained  fbr the  vertical load.

                   i
                   l REsuLTs

  The dimensionless coefricients fbr stresses  and  displacements have been calculated  for
                   /

the  ratio  (H7B) =  1.0; 2.0'; 3.0 and  5.0, fbr the ratio  (LIB) ==  1.0; 2.0 and  5.0, and  fbr

three values  of  the Poisso#'s ratio.

  The stresses  and  displadernents, produced  by a vertical load, p., are  now  expressed  in

the fbllowing fbrm:

7
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Table 1. Infiuence values  J:v, I=v and  Ix2h

   (LfB)=1,OO PointA

IEIrfBzfB
pt =  O.15 p-O.30 # .T.  O.45

l2v Imv Jx2h l2v Ixv lxxh Itv Ixv lxzh

1.0

o.ooO,10O.20O.40O.60O.801.001.000O.974O.941O.837O.682O.563O.473 O.441

 O,310

 O.214

 O.040-O.O05

 O.O13
 o.og3

O.738O.544O.276O.167O,13IO.117

1,OOOO.974O.943O,842O.690O.570O.468O.549O.425O,308O,113O.062O.093O.201
O,739O,545O.275O.164O.122O.096

1.000O.974O.947O.855O.712O,595O.478O,638O,520O.397O.192O.149O.211O.391

O.740O.548O.274O.164O.114O.067

2,O

o.ooO.10O.20O.40O.801.201.602.001,OOOO,970O.931O.802O.462O.282O,200O.157 O,527

 O,385
 O,261

 O.061-O.027-O.023-O,O05

 O.027

O.726O.521O,236O.062O,033O.030O.028

1,OOOO.970O.931O,802O.464O.286O.204O,155O.649O.500O.355O.122O.O03O,O05O.020O.067

O.726O.522O,236O.062O.033O.028
1,OOOO,970O,931O.804O.469O.294O,215O.161O.766O.590O.446O.181O,034O,027O.057O.132

O.726O.522O.237O.063O.033O.025O.Oll

3.0

o,ooO,10O.20O.40O.801.201,602.002.503.001.000O.970O.930O.799e,452O,263O.170O.122O.091O,073 O.545

 O,400

 O.275

 O.070-O.024-O.025-O.O18-O.Oll-O.OOI

 O.l3

O.724O.518O.230O.052O.020O,Ol3O,O12O.O13O.O12

1.000O.970O.930O.799O.453O.264O.172O.124O.093O,073

-o-o

O.672O.502O.370O,

 .131O,O03

 .O09
 ,O06o.eooO.OllO.031

O.724O,519O.230O.052O.020O,O13O.O12O.OllO.O09

1.000O.970O,930O.799O.454O.266O,175O,129O.099O.O076O.795O.635O.464O,191O.030O.O07O.O07O.O13O.029O.063

O.724O.519O.231O.053O.021O.O14O.O12O.OIOO.O04

5.0

o.ooO.10O.20O.40O.801.201.602.oo2.503.003.SO4.004.505.001,OOOO.970O.930O.798O.450O.258O.162O.llOO,075O.055O.043O.036O.031O.027  O,555

 O.432

 O.282

 O.076-O.020-O,023-O.O17-O.O13-o.oog-O,O06-O.O04-O.O02

 O.OOI
 O.O05

O.723O.517O,228O,048O,O15O.O07O.O05O,O04O.O04O.O04O.O05O.O05O.O05

1,OOOO,970O,930O.798O.450O.258O.162O.111O,075O.056O.044O.037O.032O.027O.684O.521O,380O.138O

 oo7-O.O09-O.O09-O,O07-O.O04-O.O02

 o.ooo

 O.O03

 O.O06
 O.O12

O.723O.517O.228O.049O,O15O,O07O,O05O.O04O.O04O,O04O.O04O.O04O,O03

1.0ooO.970O.930O,798O,450O,258O,163O.t12O,077O,057O.046O.039O.034O.029 O.811
 Oa625

 O.476
 O,200
 O.034O.O06o.oooo.oooO.OOIO.O03O.O06O.O09O.OIS'O.023

O.723O.517O.223O.049O,O15O.O07O.O05O,O04O,O04O.O04O.O04O.oo4O.O02
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      RECTANGULAR  LOAD

Table 2. Infiuence yalues  hv, Ixv and  Jin:h

   (LIB) =-  2,OO Point A

9

HfB  z/B
pt -  O.]5 pt -  O.30 " -=  O.45

lsv J=v Inah Ixv Jxv Ixxh Jxv hv Ith,h

1,O

o.ooO.10O,20O.40O,60O.801.001,OOOO,992O,976O,919O,821O.732O,651 o,
 o,
 o.

 o-o

 o,

 o.

511364245047O06020115        1.000

O,775 O,992
O.589  O.977
O.337 O,924
O.233 O,827
O.198 O.734

O,181 O.638

O.571O,445O.314O,122O,080O.130O,273
O.775O

 589O.334O.226O.181O.145

1,OOOO.992O,981O.936O.847O.7S4O.639O,607O.501O.377O.207O.193O.291O.523
O.777O.593O.337O.224･O.165O.099

2.0

o.ooO.10O.20O.40O,801.201.602.ool,OOOO,985O

 963O,877O.615O,436O,334O

 271

 o,

 o

 o
 o.-o,-o,-o,

 o,

656502325084039036oo7048
O.754O.S52O.271O,090O.058O.054O,052

1.000O,985O,963O.878O.619O.441O.340O.269O.731O.545O,390O.138O,oolo,oooO,036O,115

O,755O.552O,272O,091O,057O,050O,038
1.0ooO,985O.964O.880O,627O.455O.356O.277O,796O,620O.449O.189O,044O,046O,100O,227

O.764O.554O.274O.093O.057O.046O.020

3.0

o.ooO.10O120O.40O.801.201.602.002.503.001,OOOO.982O.961O.872O,598O.403O.286O.217O.168O.137 o.

 o,

 o
 o.-o.-o.-o.-o.-o.

 o.

691508350102032ono030O19O02024

O,751O
 546O.261O.073O.033O.024O.023O.024O,024

1.000O,982O.962O.872O.599O.405O.289O.220O,171O,137 O.772

 O,580

 O 418

 O,156
 O,O02-O,O16-O,OOI

 o,ooo

 O,020

 O,059

O.752O,546O,261O,073O.033O.024O.022O,022O,O17

1.0ooO.982O,962O.873O.602O.409O,295O.229O.180O.142O.848O,675O,482O,207O,036O.OIOO,O12O

 025O.055O

 116

O.752O.547O.263O.074O.035O.025O.023O.020O.O08

5.0

o.ooO.10O.20O.40O.801.201.602.002.503.003.504.004.SO5,oo1.ooOO.981O

 961O,870O,594O.393O

 270O.195O.138O

 104O
 083O,070O,060O.053

 o
 o
 o
 o-o-o-o-o-o-o-o--o

 o

 o

.710.525,366,114.024.036.030.023.O17.oo1,oo7.O03,O02.O09
O.750O,544O.257O.066O.024O.O12O.O09O.O08o.oosO,O08O.O09O,O09O.O09

1.0ooO.981O.961O.870O.594O.394O.271O.195O.139O.105O.085O.071O,062O.053 O.795

 O,60S

 O,436
 O,170
 O.O09-O.O14-O.O15-O,O12-O.oo8-O.O04

 o,ooo
 O,O05

 O.O12

 O.023

O.750O,544O.257O

 066O.024O.O13O.oo9O.O08O,O08O,O08O.O08O.O08O.O07

1.000O.981O.961O.870O.594O.395O.272O.197O.141O.108O.088O.075O.065O.056O.879O.702O.505O.224O.043O,O07o.oooo,oooO,O02O,O06O,Ollo.olgO.029O.045

O.750O.544O.258O.066O.025O.O13O.OIOO,O08O.O08O.O08O.oo8O.oo7O.O04
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Table 3. Influence values  IliT, Imv and  Ixmh

   CL/B) ==  5,OO  Point A

H7Bz!B
pt -  O.15 pt =

 O,30 pt -  O,45

Iiv Ixv I.:h Izv Imv Im2h Jgv ixv h,h

1,O

o,ooO,10O,20O,40O,60O.801.oo1.000O.996O.980O,920O,830O,753O.688 o

 o

 o

 o-o

 o

 o

,525,365,252,050.oos.022.12]
O.796O.610O.367O.271O.239O.22i

l,OOOO,996O,981O.922O.832O.751O.672O.566O.425O.303O.117O,08tO,138O.288
O.796O,608O.360O.257O,212O,l71

1.000O,996O,983O.930O.843O.760O.665O.592O.462O.358O.200O,199O,307O,544

O.797O.609O.358O.246O.183O,108

2.0

o.ooO.10O,20O,40O,801,201.602,OO1.000O.990O,971O.889O.667O,524O,441O,385 O.715

 o.ses
 O,362
 O,104-O,040-O.043-O.O08

 O.068

O,772O.S65O,290O.i19O.092O.092O.088
I.OOOO.990O.971O,890O.670O,528O.443O.377 o,

 o.

 o.

 o.-o.

 o,
 o.

 o.

745565390135O04O02054162
O.772O.566O.290O.118O.088O.082O,064

1.000O,990O,972O.893O,677O.539O,455O,379O.760O.590O.410O.163O.039O.063O.144O.310
O,773O,568O,293O,l20O.088O,072O.032

3.0

o,ooo,]oO,20O.40O,801.201.602.oo2.503.001.000  O.778
O,990  O.541
O.969 O.408
O.884 O.137

O,649  --O.027

O.489 -O.049

O.391 -O.043

O,329  --O,029

O.278 
--･O.O02

O,241 O,042

O.767O,556O.272O,089O.052O,045O.046O,049o,e47
1.000O.990O.969O.884O.650O.492O,395O,333O,281O,238

-o-o

O,812O,610O,436O.165o,ooo

 ,022
 ,O15O.O03O.038O,102

O.767O.556e.273O.089O.052O.044O.044O.043O.034
1,OOOO.990O.970O.885O.6S3O,498O,404O.344O.292O.242o.o.o,o.o.o.o,o.o,o,836649

 O.768

458  O.557

188 O.274
026 O,091

O08  O,054

020 O.046
046 O.043

099  O.038
198 O,O16

5.0

o.ooO.10O.20O.40O,801.201,602,OO2,503.003,504,OO4,505,OOI.OOOO,990O.969O.881O,641O.474O.367O.294O.233O.]91O.162O.141O,126O.li3 O.819

 O,603

 O.442

 O.164-O,OIO-O.040--O,041-O.037-O.029-O.022-O.O14-O,O06

 O.O05

 O,020

O.765O.511O.264O.075O.033O.021O.O18O.O17O.O18O.O19O.021O,022O.021

1.000O,990O,969O,881O.641O.475O.368O,296O,235O,193O,165O,144O.l28O.l13

-o-o-o-o-o

 o

 o

 o

 o

O,859O.642O.473O.194O,O15

 .O18
 .023
 ,020

 .O14

 ,O07
 ,O02
 ,O12
 .027

 ,048

O,765O,551O.264O.075O,033O,021O.O18O.O17O.O18O.O19O.O19O.O19O.O15
1.000O.990O.969O.882O.642O.476O.370O.299O.239O.199O,172O,152O.135O,117o.o.o.o,o,o-o,-O.OOI895703503221039O03O03

O.O05O,O13O.024O.040O.062O.096

O.765O,552O.265O.076O.034O.023O.O19O,O18O.O19O.O19O.O18O.O16O,O08
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HIB  xfB

l.O

o.ooO.20O.40O.60O,801.00

t able  4. Infiuenee

   (LfB) ==  1.(}Oyalues

 hv, hv and  Ix2h

       Point  C

"==O.1 pt=.O.30 pt-O,45

Jxv Jxv Ixgh Iat Imv Ixtk I2v Ixv Ixzh

O.250O.083o.oooO.250O.112o.oooO.250O.134o.ooo

O.250O.061O.121O.250O.921O.]19o.250O.I22O.114
O.250O.039O.105O.250O.072O,103o.250O.llOO.098
O.250O.028O,079O.2SOO,064O.079o.250O.112O.075

O.241O.028O.059O.238O.071O.064o,239O.133O.070
o.227  o.o4oO.056O.220O.094  O.073O.215O.l76O.096

o.ooO.20O.250O.250O.131O.089o,oooO
 l36O.250O 2SOO.163O 117o,oooO 136o.o250250O.190O 142o.oooO t35

5.0

o.ooO,20O.40O,801a201.602.002.503.003,504.oo4.505,OOO.250O.249O.241o.2eoO.152O,ll4O,086O,063O.049O.040O.034O,029O.026 O.156 Ii
 O.107
 O.066
 O.O16-O.OOI+o.oo61

-O.oo7-O.oo6-O.O05-O.O03-O.ooll

      I

 olOOII

 O.O051

o.oooO.138O.132O.086O.051O,030O.O19O.OllO.O07o.oouO.O03O,O02o.oo2O.250O.249O.241O.2ooO,153O,114o.es7O.064O.050O.040O.034O.030O,026 O.192
 O.137
 O.090
 O.032
 O,O09
 O.OOI-O.O02-O.O02-O.OOI

 O,oo1

 O.O03
 O.O06

 O,Oll

o,oooO.I38O.132O,086O.051O.030O,O19O,OllO.oo6O.oo4O.O03O.O02O.O02O.250O,249O.240O.201O.l53O.l15O,087O.065o.eslO.042O.036O.032O.027O.227O.167O.l13O.047O,O19O.O08O,O04O.O03O.O04O.O06O.O09O.Ot4O.022o.oooO.138O.131O.086O.051O.030O.O18O.OllO,oo6O,oo4O.O03O.O02O.O03
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Table  5.

pt ==  O.15(LIB)Influence

 values  hv, Ixv and  lxzv

;2.00  PointC

E'IBz!B
p  ==  O.30 ge ==  O.45

Isv Ilev Jxzv kv Ilev I=zv Iliv ILv Ixgv

1.0

o.ooO,20O,40O.60O,801.00O,250O.250O.250O.250O,248O.241O,085O.062o,e41O,029O,030O.042o.oooO.119O,I04O.079O.061O.061O.250O.250O,250O.2SOO,244O.232O,108O.089O,072O,067O,076O,099o.oooO.118O.103O.081O.069O.080O,250O.250O.250O.250O.240O.223O.129O,ll8O.112O.i18O.141O.183o,oooO.113O,097O.078O.075O.107

2.0

o.ooO,20O.40O.80i.201,602,OOO,2SOO,250O.248O.230O.205O.183O.163  O,147

 O.100

 O.059
 O,O12-O.O02

 O.O05
 O.029

o.oooO.136O.130O.086O.051o,e31O,026O.250O.250O.249O,231O.207O,183O,160O,164O.116O.076O.030O.020O,033O,068o.oooO.136O.129o,essO.051e.o32O,033O.250O.250O.250O.234O.212O.188O.160O.176O.129O.092O.051O.048O.072O,131o.oooO.135O,127O,082O.049O,033O.042

3.0

o.ooO,20O.40O.801.201.602.002,503.00O.250  O.172

O.250  O.118

O,246 O.072

O.222  O.O17

O,190 -O,O04

O.162 -O.O09

O.139  -O.O07

O,119 O,OOI
O,103 O,O18

o.oooO,139O,134O.093O.059O.037O.023OIO14O,O12O,250O.250O.246O.222O,191O.163O.141O,120O.102O.192O,l35O.088O,031O,O09OIO04O,O07O.O19O.044

5.0

o,ooO.20O,40O.801.201,602.002.503.oo3,504.004,505.00

o,oooO,139O.134O,092O.058e,o36O.023O.O14O.O14

O,250O.250O.245O.218O.183O.]51O.124O.099O.081O.068O.059O,053O.047 O.189

 O,131

 O,083
 O.023-O.OOI-O.O09-O,Oll-O.OIO-O.O08-O.oo5-O.O02

 O.O02
 O.O08

o.oooO.140O.135O.095O.062O.040O.027O.O17O.OllO.O07O.O05-O.O04O,O03O.250O,250O,245O,219O.184O.151O.125O.100O.082O.069O.060O,053O.047

O.250O.250O.246O,224O,194O.167O.146O,125O.104O.207O.149O.102O.045O.024O.020O.026O.046O,085o.oooO.139O.l33O,091O,057O,035O.022O.O15O.O19

-o-o-o

O,211O.150O,1ooO.037O.OIOo,eoo

 .O03
 ,O03
 .OOIO.O02O.O06O.OllO.020

o,oooO.140O.135O,095O.062O.040O.027O.O16O.OllO.oo7O.O05O,O04O.O04O.250O.250O,245O.219O.184O.152O.126O.102O.085O.073O.064O.057O.049O,232O.168O.116O.050O,021O,OIOO,O06O.O05O.O07O.OllO.O17O,026O.040o.oooO.140O,135O,095O.061O.040O.026O.O16O.OIOO.O07O.O05O.oo4O.O05
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     RECTANGULAR  LOAD

1Table

 6. Influence ya]ue  Imv, Ithv and  h:v

   (LIB) ==:  5.00 Point C

13

H'IBzfB
pt-o.15 p ==  O.30 pt =  O.45

I:v Jxv htv
-'-"t="ttt-nTrr'
.082i O,OOO
.e62 Ii O,118

.oul l' o.lo3

.029i O.079

,030 O,061

.042 i, O.060

I:v I#v Ixxv hv hv k2v

1.0

ooooo1oo20406e80ooO.250O,250O.250O,250O,247O,239oooooond O.250O,250O,250O.250O.244O.233O.103O.088O.072O.067O.076o,]ooo,oooO,117O.103O,081O,069O.081O.250 O.124
O.250  O.120

O.250 O.114
O.250  O.120

O.242  O.143

O,226 O,185

o.oooO.113O.098o.ogoO.077O.109

2.0

3,O

oooo20oo2502SO  o

 o1461011/

O.OOO,20O,40O,801,201,602.002.503.00o.ooO.20o.coO.801.201.602.002.503,OO3.504.004.505.00ooooooooo

o

oooooooooo

250249245224197173155139l26 O.177
 O,124
 o.e77
 O,O19-O,O04-O,OIO-O.O08

 O.O02

 O,022

:I;i!

o,oooO,135

o.oooO.138O,133O,093O,060O,038O.025O,O16O.O14

O.250O.2SO

O.250O,249O.246O.225O,197O,174O,156O,]38O,123

O.IS4O.112

O,182O.l31O,086O.029O,O08O,O04O.O09O,024O.053

o,oooO,134

o.oooO.137O,133O.092O,059O,038O.025O,O17O,O18

O.250O,2SO

O,250O,249O,246O.223O,199O,176O.159O,141O,l23

O.158O.121

O,l84O,l36O,093O.040O.022O.022O,032O,056O.100

o oooO
 133O
 126o
 og2O
 050O
 036O
 046o,oooO.137O.132O.091O.058O,037O.025O.O18O.023

5,O

O.250

 .249O.245

 ,221

 ,191
 .I64

 .142

 ,122
 ,I07
 .096
 .088

 .081
 ,075

 e.2o3

 O.146

 O.09S 1i

 O,031

 O.O02-O.O09-O,O12-O,O12-O.OIO-O.O07-O.O02

 O.O04
 O.O13

o.oooO.139O.135O,096O.064O.043O.030O.020O.O13O.O09O.oo7O.O05O,O05o,2so  o.2og o.ooe
O.249 O,l53  O.139

O.245 O,I02 O.135
O.221 O.038 O.096
O.191  O,OIO  O.064

O.164  -O.OOI  O.043

O.143 -O.O04  O,030
O.123  -O,O04  O.O19
O,108  -O,OOI  O.O13
O.097 O,O04 O.O09
O.089 O,OIO O.O07

o.os2  o,olg  o.eo6

O.075  O.032  O.O07

O.250O,249O.245O.222O.192O.166O.145O.]25O.111O,101O.092O.085O,076O.214O.158O.109O.045O.O18O.O09O.O06O.O08O.O12O.O19O.028O.042O.062o.oooO.I39O.l35O.096O.063O.042O,029O,O19O.Ol3O.O09O.O07O.O07O.O08
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atv ===  Pv '4v

atv =pv'4v

Tx2v  =  Pv ' 1leev

vvAv ==  
'PrEY6"'4eAv

     PvB
        'IZocvWav  tt

      E

uc..=  
P-EYB--･iL,c.

vav  ==  
Pi}B

 '1}av

MILOVIC  AND

 (30)

 (31)
 (32)

 (33)

 (34)

 (35)

 (36)

TOURNIER

  a,h  =  ph･4h

  a.k=ph-4h

  Txzit =  Plt ' ihxk

  w.,  ...  ekfi4.Ide.,

       P,･B
          

･Ideoh
  WCh  

=

        E

       Ph-B
          'IvAh
  UAh  =

        E

  uch  =  
ebbB･,rL,on

       ph ny B
        E-  

'hch
  Vch  ==

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

where  I values  are  dimensionless coeMcients  for the stresses or displacements due to ver-
tical or  horizontal load.

         

 Ng.  3.Vertical  stresses  o:  on  the axis  Ag; (LfB) =t  1.0
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o,o

1,O

2.0

30

4.e

-B5,O

o,o

1,O

2.0

3,O

4.0

sB

5.0

a)O.2

 RECTANGULAR

O.5 O.4 O,5 O,6

LOAD

  O.7  OS  O.9LO

15

 H
 B

-g-=3.o

5.0

g-2.o

 Fig. 4.

-g-= i,o

'k'`2,o

peint A

[zv

Vertical stresses  as  on  tbe axis  Ai; (LIB) ==  2.e
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  The  coeMcients  Ifbr the stresses  due to vertical loadp. are  given in Tables 1-6. Some
of  the obtained  results are presented graphically in Figs. 3-6. The  coeMcients  fbr the
displacements w,  uandvare  given in Table 7. The  curves  are  shown  in Figs. 7-9 fbr the
Poisson's ratio  pt ==:  O.30.

-o,tO,O  O.1O.2O.3O.4O.5O,6O.7

Fig. 6. Horizontal stresses  oE  on  the axis  A.; (Li'B) L-  1.0 and  (fiFfB) =-  1.e

Table 7, Influence values  IwAoJ, ltt,cv, hcv and  Ivcv

LIBH!B
pt =  O,IS "-O,30

1,O

p  
==

 O,45

lwAv Jtvcv Iricv IvcvIwAv  Jdecv Iucv IvcvIwAv  Itvcv iucv Ibcv

O,501.002,OO3.005.00O.45 O.12 O.05 O,05
O.71 O.23 O,09  O.09

O.88 O.36 O,12 O.12
O.95 O.42 O.13  O.13

1.00  O.47 O,l3  O,13

O.38 O,10  O.03 O.03

O.63  O.20  O.05 O.05

O.81 O.32  O.07 O.07

O.87  O,38 O.08 O.08
O.92  O.43 O.08 O.08

O.25  O,OS  O.OO  O.oo

O.50  O.13  O.oo  O.OO

O.68  O.26  O.OO  O,OO

o.74 o.31 e.oo  o,oo

O.80  O.36  O.O(} O.OO

2,O

o,so1,OO2,OO3.00s.ooO.46 O.12  O.05  O.05

O.81 O.24  O.10 O.10
1.11 O.41 O.14 O.16
1.23 O.Sl O.15 O,l9
1.33 O.60 O.16 O,20

O,38 O.10 O.03 O,03
O,71 O.20 O,05 O,05
1,OO O,36 O.08 O,09
1,12 O.45 O.09 O,11

1,23 O.54 O.10  O,13

O.23 O,04 O.OO O,OO
O.53  O,12  O.OO  O.OO

O.82  O.27  O.OO  O.OO

O.94  O,36  O.OO  O,OO

1.05 O,45  O.OO  O,OO

5.0

O.501.002.003,OO5,OOO.47  O.12  O,05  O.05

O.82  O.24  O.10  O.11

1.23 O,41 O.14  O.18

1.45 O.53 O.15 O.23
1.67  O,68 O,17  O.28

O.38  O.09 O,03 O.03
O.70  O.19  O,05 O.06

1.09 O,3S O.08 O.08
1.31 O.46 O,09 O.l2
1.52 O.61 O.10  O.16

O.22  O.04  O.OO  O.OO

o.4g  o.ll o.oe  o,oo

O,84 O.25 O.OO O.OO
1,06 O.35 O.Ol O.Ol
1,27 O.48  O.02 O.02

  The  coeMcients  I fbr the stresses due to horizontal load pA are  given in Tables 8-10.

<The values  of  IL,h on  the  axis  Az  are  shown  in Tables 1-3).

Some  of  the obtained  results are also presented in Figs. 10-12. The  coeMcients  for the

displacements u, v  and  w  are  given in Table 11. The curves  are shown  in Figs. 13-15

fbr the Poisson's ratio A 
=:=

 O.30.
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o.o

1.0

2,O

5.0

4.0

5.0HB

o,

2.

3.

4.

5.
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   RECTANGULAR

,O,4  O.6 O.8 IO

LOAD
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 aeO,02o,etF  o,o6O.08o.toO12

Fig. 9.

0

Horizontal displacement u  of  the point'C

 e.eO,02O.04  O.OS OOSOIO  Q12O.I4  e.16

Fig.10.  Vertical stresses  ox  on  the  axis  C,; (L!B) =  1.e



The Japanese Geotechnical Society

NII-Electronic Library Service

TheJapaneseGeotechnicalSociety
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Telble 8. Infiuence values  Ixh, 1}vh and  I¢ zh

  !
  /(LfB)  ==:  1,OO Point C
            ..-wwt -vt.

l9

H'/BzfB
pt =  O. 15 ge -= O.30 pt ==  O.45

Izh I.h Ixth
-

I,h lxh lx2h I,h hh h,h

1.0

O.10O.20O,40O

 60O
 801.00

O.IS7O.152O.142O.130O.118O.108O,496O.303O,126O.053O.022O.O1910io,l

 oio

g

,223.200

 157.126.108,100

O.157O.151O.143O.131O.118O,105O.S07O.313O.136O.064O,038O.045O.223O.2ooO.15SO.123O.102O,090O.157O,151O.146O.135O.l23O,105O.515O.321O.146O.077O,059O.086O.096O.104O.076O.051O.037O.044

2.0

O.10O120O.40O.801,201,602.00O,155O,150O.133O.089O.OS7O.040O,031O.527O,328O.146O.033O.O07O.OOIO,O06 o

  o
  o

  olo

  oio

.217.188.135.069,042,033.029O IS5O,150O,133O,089O

 058O.041O

 031

O,537O.337O.153O,037O.OIOO.O05O.O13O,217O.189O,135O,069O.041O.031O,024o.o,o.o.o.o.o155l50133090060044032O.547O,346O,159O,041O.O13O.OIOO.027o.o.o.o.o,oo217l89136069041028O17

'

3.0

O.IOO.20O.40O.801.201.602.oo2.503.00O.155O,150O.132O.087O.052O.032O.022O.O15O.O12O.531O.332O.150O,036O.O09O.O02o,oooo.oooO.O02
/1

1

1i

O,216O.186O.131O,061O.031O.O19O,OISO.O14O.O13

m htS5O.533O.

O.15SO.ISOO.132O,087O.052O.033O,022O,O15O.O12O,S43O.342O,156O,039O,OllO.O03O.OOIO,OOIO.O05O.216O.186O.130O.061O.031O.O19O.O15O,O13O.OIOO.155O.150O.132O,087O.053O.033O.023O.Ol7O,O12O.553O.351O.163O.042O.O13O.oo4O.O02O,O03O.OIOO.216O,186O.131O,062O.032O.020O.Ol5O.OllO.O06

5.e

O.10O.20O,40O.801,2016.02.002.503.003.504.oo4.505.oooO.150O.132O.086O,051O.031O.O19O.O12O.O08O.O05O.O04O.O03O.O03
O.334O.151O.037O.OIOO,O03O.ooOo.oooo.oooo.oooo.oooo.oooo.ooo

:11

  215O,185O.129O.05SO.027O,O14O.O09O.oo6O.O05O.O05O.O05O,O05O.O05O.l55O,l50O,132O.086O,051O.031O.O19O.O12O.O08O.O06O.O04O,O03O,O03O.545O,344O.158O.040O.O12e.oo4O.OOIo.oooo,oooo.oooo.oooo,oooO.oo1O,215O,185O.129O,OS8O.027O.Ot4O.O09O,O06O.O05O.O05O.O05O.O04O.O04O.l55O.l50O,132O.086O.051O.031O,020O.O12O.O08O.O06O.O05O.O04O,O03O.556O,353O.164O.044O.O13O,O05O.O02O,OOIo.oooo.oooO,OOIO.OOIO,O02O,215O.185O.129O.058O.027O.O14O,O09O.oo6O.O05O.O05O.O04O.O04O.O02
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Table  9.(LfB)infiuence values  hh, Ixlt and  Ixgh

==  2.00 Point C

g=O.15 pt ==  O.30 p  
==O.45

IIB zB

Izh hh Ile,h I,h lleb I.,h Izh Imh lxsh

1.0

O.10O.20O,40O.60O.801

 OO

oooooo.l58.155.147.139.131.125,156,151,137

 100,071,055

O.509O.312O.132O,056O.024O,022O.230O.210O.172O.145O.128O.121O.158O.155O.148O.139O,130O.120O.515O.318O.140O.068O,042O.OSIO.229O.208o.16gO.139O.119O.106O.158O.155O.150O.142O.133O.118O.S17O,323O.149O.082O.066O.096O,229O.207O.165O.132O,Ol8O,089

2.e

O.10O.20O,40O.80l.201.602.00oooo.ooO.045O.552O.348O.160O.039O.O08O.OOIO.O08o.o.o.o,o,o.o,222l95145084058049045O,156O,151O.137O.100O.072O.056O,045e.556O.352O.163O.042O,OltO.O07O.Ol9O.224O.195O.l45O,083O.057O.045O.036O.l56O,151O.138o.lo2O.074o.osgO.046O.558O.354O,165O,045O,O16O,O15O,037O.223O.196O.146O.084O.056O.041O.025

3.0

O.10O.20O,40O.801.201.602,OO2.503.00O.156O.151O.136O,096O.064O.044o.e32O,024O.O19O.560O,355O.166O.043O.O12O.O02o.oooo.oooO,O03O,220O.191O.l38O.072O.042O.030O.025O.023O.022O,156O,151O,136O.096O,064O,044O.032O.024O.O19O.564O.359O.169O.046O.O13O.O04O.OOIO,O02O.O08O.220O.191O.139O,072O.042O.029O,024O.021O,O17O.156O.151O,136O.097O.065O,045O.034O.026O.020O.568O,362O.172O.048O.O15O.oo6O.O03O,O06O.O16e.221O.192O,139O.072O,042O,030O.0234O.O19O.OIO

5.0

O.10O.20O.40O.801.201.602,OO2.503,OO3.504.004.505.00O.156O.151O,136O,096O.063O.041e.o2sO.O18O.O13O.O09O,O07O.O06O.O05 O.563
 O.358
 O.l68
 O.045

 O.O14

 O.O04

 O.OOI

 o.ooo-O,OOI-O.OOI

 o.ooo
 o.ooo
 O.OOI

O.219O.189O.135O.066O.034O,020O.O14O.OIOO.O09O,O09O.O09O,O09O.O09O.156e.l51O.136O.096e.o63O.041O,028O.Ot8O.O13O.OIOO.O08O.O06O.O05O.568O,362O,172O,048O,O15O,O05O.O02o.oooo.oooo.oooo.oooO.OOIO.O02O.219O.189O.135O.066O.034O.020O.O13O.OIOO.O09O,O09O,O09O,O08O.O07O,156O,151O.136O,096O.063o.e42O,028O.O19O,O13O.OIOo.oesO.O07O.O06O.572O.366O.175O.050O.O16O.O06O.O02O.OOIo.oooo.oooO.OOIO.O02O,O05O.219O.18'9O,135O.066O.035O,021O.Ol4O,OllO.O09O.O09e.oosO.O07O.O04
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1able le. Infiuence yalues  Igh, Ixh and  Iwxh

    (LIB) ==  5,OO Point C

21

U/B  z!B

"""`
 st 

tt.O.15
p ==  O.30 pt == O.45

Ixh 1thh Ixxh Itn Ixh hxh lxh I.h Ixmh

l.O

O.10O,20O.40O.60O.801.00O.158O.155O.148O.140O.133O,l.2m7O.510O.312O.132O.OS6O,024'O.022,O.231O.211O.174O.147O.131O.123O.158O,155O,148O.140O.132O.122O 514O.318O,140O

 067O,042O.052

O.230O.209O,l69O,140O,120O.107O.158O,l55O.150O.143O,135O,120O.516O.322O.148O,082O,067O,098O.229O.207O.164O,131O,106O.087

2.0

O,10O,20O.40O.801.201.602.00O.I56O.IS2O,138O.102O.074O.059O,OSIO.555'O.351O,]62O.039O.O08O.OOIO.O09O.224  O.156
O.197 O.152

O 150 O.l38

O,09I O.102

O.068 O.075

O,060 O,060
O.055  O.050

O.556O.352O.163O.oo2O.OllO.O07O.021O,224O,197O,149O,090O.064O.053O,043O.156O.152O.138O.103O.077O.063O,051O.555O,35tO.164O.044O.O16O,O16O.041O.224O,198O.150O.089O.061O.046o.oZ7--

3.0

O.10O,20O.40O.801,201.602.002.503.00O.156O.151O,137O,098O.067O.048O.037O.029O,025 O.567
 O.316
 O.170
 O.046
 O.O13
 O.O02-O.OOI

 o.ooo

 O.O04

O,221O,193O.142O.078O.050O.039O,036O.035O.033O.156O.151O.137O,098O.068O.049O.038O.030O.025O.S67O.361O,171O,046O.O14O.O04O.oo1O.oo2O.OllO.222O,193O.142O.078o.osoO.038O.034O.030O.02S

5.0

O.156O.151O.137O,099O,068O.050O.039O.031O.025O.567O.361O.171O,047O.O15O.O05o.oonO.O07O.021O.222O.193O.143O.079O.050O.038O.032O.026o,e14

o,leO.20O.40O.801.201.602,oo2,503.003.504.004,505.00O.156O.151O.136O.097O,065O.045O.032O.023O.O17O.Ol4O.OllO.OIOO.O09 O,572

 O.366
 O.175
 O.049

 O.O16

 O.O05

 o.oot

 o.ooo-O.OOI-O.OOI-O.O09

 o.ooo
 O.oo2

O,220O.190O.137O,069O.039O.025O,020O,O17O,O17O,O17O.O17O.O17e.o17O,156O.151O.136O.097O,065O.045O.032O.023O.O17O.O14O.O12O.OIOO.O09O,573O.367O.175o.osoO,O16O.oo5O.O02o.oooo.oooO.OOOo,oooOloo1o.oonO.220O,191O.137O.070O,039O.026O.020O.O17O,O16O,O16O,Ol6O,O15O.O13O.l56O.151O.136O,097O.066O.045O.033O.023O.O18O.Oi4O,O12O,OllO.oo9O,573O.367O.175O,050O.O16O,oo6O.O02o.oooo.oooOIOOIO,O02O,O04O.oo7O,221O.191o.13gO.070O.040O.027O.021O.O18O.O17O.O16O,OISO.O13O.oo8
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TablE lt.I"fiuenee values  hAhi Iuch, Iwch and  lvcin

p  =-  O.15 pt =  O.30 pt ==  O.45
LB  HB

I.AhIuchlwchIvcleIuAhIzachlhochIvchIuAh  IuchIwch  hch

       O.50

       1,OO

1.0 2.00

       3,OO
       s.oo

O.53 O.
O.72 O.

O,83 O.

O.86 O.
O.90 O,

2032424548O.05O.10O.13O.13O.14o.onO,04O,04O.04O.04O.56O.75O.86O,90O.93Oa21O.34O.43O.47o,soO.03O.07O.10O.10O.11O.06O.07O.07O,07O.07O.58O.76O.87O.91O,94O.23  O.

O.35  O,

O.44  O.

O.48 O,
O.OSI  O.

Ol O,09

04  O.10

06  O,10

07 O.10
08 O,10

2.0

O,501,OO2,OO3,OO5.00O,60O.901.10l.181,25O.20O.36O.51O.S8O.64O,05O.10O.14O.15O,17O.04O.06O.06O.06O.06O.63O,921,121.201.27O.22O.37O.52O.59O.65O.03O.07O.11O.12O.13O.07O.09O.09O.09O.09O.63O.911.111.191.26O.23O.38O.52O.58O.65O,OlO.03O,07O,08O.09

5.0

O.501.002.003.005.ooO,62O.981.341.501.66O.20O.36O.55O,66O.79O,05O.10O.14O.16O,17O.04O.06O.07O.07O.07O.63O.991.331,501.65O.22O.38O.55O.66O,79O.03O,07O,11O.12O,l3O,07O.IOO.11O.11O.11O.63O.951.281,431.60O.23O.37O,53O.64O,77O.OlO.03O.07O.08O.10

O.10O.13O.14O.14O.14O.10O.15O.16O.17O.l7

O oO,o

1,o

2.0

5,O

g.o

es.e

o.o2 e.o4 o.o6 o,oB o.loa12Q14  ar6

Fig,11. Vertical stresses az  on  theaxisG;  (LIB) == 2.0
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 o,oo.o

L,O

2.0

3,O

40

5,OHB

02

RECTANGULAR

0.40.6

LOAD

) ==
 5.0

 O.B 1.0 1.2 L4 1,6

23



The Japanese Geotechnical Society

NII-Electronic Library Service

TheJapaneseGeotechnical  Society

24

HB

   Fig.

0.0 O,02
o.o

  MILOVIC

14.

AND  TOURNIER

l,o

2,O

3.0

            k=i.o t;2,o k=s,o
 Horizontal displacement u  of the point C

o,b4  o.o6 aos  o.Eo o.s2 o.14

4.e

5PllB

Fig.15.

LBLBLB
=1,o=2.0=5,O

"  =  O.30

Iwch

Vertical displacement w  of the point  C
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REerANGULAR  LOAD 2S

                            CONCLUSIONS

 The dimensionless coefricients  fbr the stresses and  displacements produced by the

vertical or  horizontal rectlangular  load are calculated.

 The  tabulated values  a:rd easy  to  use  and  allow  any  engineer  to calculate  quickly the

stresses and  displacements in the layer of  finite thickness.

                     i
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The

                        NOTATIONS

fbllowing symbols  are  used  in this paper:

   B  =  Width  of  the rectangular  fbundation.

   E  ==  Young's modulus  of  elasticity.

  H  =  Thickness bf the compressible  layer.

   L  ==  Length  of  the rectangular  foundation.

   p  ==  Load. I
  ph mu  Horizontal /component  of  the load p

  p. =r-  Vertical component  of  the load p
   u  =  Horizontal/ displacement in the x  direction.

 uAit =  Horizontal displacement of  the point A  in the x  direction, due to  hori-

      zontal  load ph
 uoh  ==  Horizontal/displacement of  the point C  in the x  direction, due to hori-

      zontal  loadlph

 ua.  ==  Horizontal  /displacement  of  the point C  in the  x  direction, due to vertical

      load pt
   v =  Horizontal, displacement in the y direction.

 vch  =:  Horizontal ,displacement  of  the point C  in the y direction, due to hori-

      zontal  loadiph

  va.  =  Horizontal idisplacement  of  the  point C  in the y direction, due to vertical

      load p.

   w  =  Displacemqnt in the z  direction

 wAh  :=  Venical disPlacement of  the point A  in the z  direction, due to horizontal

      load pb '

i
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       wn.  ==  Vertical displacement of  the point A  in the z direction, due to vertical

            load p.
      wch  =  Vertical displacement of  the point Cin  the z  direction, due to horizontal

            load ph
       wc.  ::=  Vertical displacement of  the point C  in the z  direction, due to horizontal

            load ph

       wc.  =  Vertical djsplacement of  the point C  in the z  direction, due to vertical

            Ioad p.
  r.v, r2x, r#y ==  Shearing strain  components

    e.,  E,, s.  
--

 Unit elongations  in x, y and  z directions.

        fi ==  Angle between the vertical axis  and  the Ioad p

        y  =:  Poisson's ratio.

   ox, av, a:  ==  Normal  stresses  in x  y and  z  directions.

       a.h  =  Horizontal stress due to horizolltal load ph
       a.. =  Horizontal stress  due to vertical  load p.
       a.h  =  Vertical stress due to horizontal Ioad ph
       a.. ==  Vertical stress  due to vertical  load p.
  Tgv7 T2x, Tpty =  Shearing stress components.

       Tx,h  =  Shear stress  due to horizontal load plt
       r.,. ==  Shear stress due to vertical load p.

                              APPENDIX

 The  use  of  the Tables is illustrated by the following example.

 A  rectangular  fbundation of  width  B  ==  2.0 m  and  length L  =  4.0 m  carries  an  inclined

load p ==  2.0kg!cm2. The  angle  of  inclination is 6 =  100. The thickness of  a com-

pressible layer is H  =  4.0 m,  fbr which  the modulus  of  elasticity  is E  =  100 kglcm2 and

Poisson's ratio xt ==  O.30.

  Find  the displacements w  and  u  of  points A  and  C  (see Fig. 2).

Solution

  The  vertical  component  of  the load is p. 
--p･cos

 fi =  2.0･O.986 =:  1.972kgfcm'.
The horizontal component  is ph ===p-sin6  ==  2.0･O.174 =:=  O.348kglcm2.

  According to the equations  (33), (34), and  (35) the displacements w  and  u  due to vertical

component,  p,, are:

                                P.B
                                    'JLvAv                          MIAv  

=
 
'

                                 E

                          wav  =m?tYB''Itvcv

                                PvB
                           ucv  

=

 
rE

 
"JLcv

  For  the ratio  (L/B) =-  (4.0/2.0) =-  2.0, (ILIB) =  (4.012.0) =t  2.0 and  pt =  O.30, the Table

7 gives:
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                      RECTANGULAR  LOAD  27.

                    IL,A,=1.00 (point A)

                    Jl,a.-O.36 (point C)

                    IL,c. ==  O.08 (point C)

 The  displacements w  and  u  are:

                      1.972･200
                 W"v  

=

 
r-lo6

 
･l.OO

 
==

 
3.94

 
cm

                      1.972･200

                 veCV 
=-'

 loo 
･O.36

 
=

 1.42 cm

                 u..  ...  .i:9-71-2oo:-2-qO--･o.os -  o.32 cm

 According to the equations  (41) to (43), the displacements w  and  u  due to horizontal

cornponent,  ph, are:

                             p,-B
                                -'ILvah
                       

Wah
 

===
 
-'

 E

                             p,･B
                                 -･IL.h
                        UAh  

=
 
'

                              E

                             p,-B
                                 

T'IL"ah
                        Uon  

=

                              E

The  Table ll gives:

Thedisplacernentsare t･

Wch  
=

UAh

               UOh  ==

Consequently, the total

       wA  ==:  wA.  -  u]Ah =  3

       Wa  ="  wcv  --l wch  ==  1.42+O,08  ==  1.50 cm

        UA  =  UA.  £  u.h  ==  O+  O.78  =  O.78  cm

        Ua  ==  ucv  fi uch  
=:=

 O,32 +  O.36 =

 O.68 cm

Iil

:

1

IL,ch=O.11 (point C)

Il,Ah=1･12 (point A)

IL,ch =O.52  (point C)

  r9.,348'20.0....o,11 .,=  o.o8 cm
     100

=
 o.348･209  

.1,12
 =.  o.78 cm

     100

  rg.. .3.48･2019..o.s2 ..
 o.36 cm

     100

displacements are:

    ,94 +O=  3.94  cm (point A)

(point C)

(point A)

(point C)

 (Received June 16, 1970)


