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F O R E W O R D  

The study  descrlbed  In t h s  Note was performed as pa r t  of a 

proJect on Alrport Pavement Performance  lrhlch i s  bemg  carrled  out 

for  the  Technlcal Development Servlce of the Clvll Aeronautlcs 

A h m i s t r a t i o n  by t h e  Sol1 Mechanics Laboratory of Pi-mceton U m -  

v e r s l t y  The g e n e r a  scope of t h l s   o v e r a l l  program  and  a p a r t i a l  

report  on the  progress  made was presented  In a paper "Effect of 

Vlbratlons on the  Bearlng  Pi-opertles of Solls", Pi-oceedlngs, High- 

way Research Board, 1944, pp. 405-125, by G P Tschebotanoff,  

m r e c t o r  of the  Laboratory A fmal report  on t h l s   o v e r a l l  pro- 

gram 1s now In  preparatlon and nll include a descr lp t lon  of the 

pract lcal   appl lcat lons of the  present   theoret lcal   s tudy 

AND STATISTICS 
I N F O R M A T I O N  



CASE 1 STRESSES AT A  POINT OF SEMI  NFINITE SOLID LOADED OVER 

A  RECTANGULAR  AREA  WITH  A UNIFORM DISTRIBUTION OF PRESSURE 

NORMAL TO THE SURFACE OF THE  SOLID 

,. < o m u l a s  a r e  sumwrleed below for the  stresses a t  a po ln t  ir ~ x, I = I ,  y = oj 

of a seml- lm-mlte  s o h d  loaded over a rec tangular  area w ; t h  a un l fo r r r   d l s t r lbu t lon  

of pressure, pn per unlt of area, normal t o  the  su r face  of  t'le s o l l d  Ths co- 

nrdlnates  and I h c  mmensions of  t.h? loaded a r e s  arc shown I n  F1pu-e l a  T o s l t l v e  

stresse; acting on zri element rf the s r l l d  are s L . o m  I n  F1px-e lb, 

t 

A t  the p o m t  i x  = x z = z y = 0' the variables A,, B,, i l , ,  D,. E,, F,, G,, H,, J, ,  and   &are  

deflnea as f o l l n a s  
& 3482 a ( m ) +  

1 . 
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G, = 0 (13) 
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I n  (2) ) ,  I n   t h e   c o n s t r u c t l o n  of Mohr's clrcle, t h e  Mohr-Land dyadlc   c l rc le ,  or I n  

equatlon 17 

( 4 )  Compute t h e  manmum s h e a r   a t   e a c h   p o l n t  x = x z = z, y c 0 ,  The maxlmum shear a t  

each  polnt, 1s e q u a l   t o  one-half t h e  algebraic d l f f e rence  between t h e   l a r g e s t   p r l n c l -  

pal s t r e s s   a n d   t h e   s m a l l e s t   p r l n c l p a l   s t r e s s  The p r m c l p a l   s t r e s s e s  a t  each  pomt 

a r e  0 ~ 1 ,  -xm~. % m ~  

CASE 2 STRESSES  AT A  POINT OF A SEMI INFINtTE SOLID LOADED  OVER 

A  RECTANGULAR  AREA  WITH A UNIFORM  DlSTRlEUTlON OF FORCES 

TANGENTIAL TO THE  SURFACE  OF  THE  SOLID 

Formulas a r e  summarlzed  belou. f o r   t h e   s t r e s s e s  a t  a p a n t  (x = x .  z = z, y ' =  0) 

of  a s e n - l n f u n t e  s o h d  loaded  orer a Yectangular  area n t h  a un l fo rm  d l s t r lbu t lon  

of fo rces ,  pt per   un l t  of a r e a ,   t a n g e n t l a l t o   t h e   s u r f a c e  of t h e   s o l l d  The coordln- 

a t e s  and dmens lons  of t he   l oaded   z r ea   a r e  shown In   F lgure  l a  The fo rces ,   p t   pe r  

u n l t  of a r e a ,   a r e   I n   t h e   d l r e c t l o n  of  t he  x a x l s   P o s l t l v e   s t r e s s e s   a c t l n g  on an  

element of t h e   s o l l d   a r e  shown I n   F l g u r e   l b  

The n o m 1   s t r e s s e s ,  a , and the   shear  stresses, T , a t  a poln t  (x = x, z = z. y = o )  

of t h e   s e m - l n f l m t e   s o l i d  may be   s t a t ed   a s   fo l lows  

A t  t he   po ln t  x = x. 2 = z. y = 0 t he   va r l ab le s  A,, B, C,, DL. E,, F2, G,. € I 2 ,  and J2 are   def lned  

a5 f o l l o w s  

. 
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In subst l tut lng  numerlcal   values  l ? t o  equatlons 24 and 31, It 1s wel- t o  

remember t h e   f o l l o m n g .  

( a )  I n  equat ion 31 a l l  the  Inverse  tangents   have  val les   between - ? zrd ! 
2 2 

(b) Slgns o f  Inve r se   func t lons   In   equa t lons  24 and 31 a r e   t o  be observed 9 5  w r l t t e n  

Any InspectLon of equat lons 21 and 23 shows t h a t  ~ Y Z :  and T X Y ~  a re   ze ro  a% any 

po ln t  x = x, 2 = z, y = o Thus, t he  normal s t r e s s e s  r y z  a t  e v e r y   p o m t  P = x, z = z ,  y = o 

1 s  a p r l n c l p a l   s t r e s s  by d e f l n l t l o n   o f   p r l n c l p a l   s t r e s s e s  

CASE 3 STRESSES AT A  POINT OF A SEMI  INFINITE SOLID LOADED  OYER 

A  RECTANGULAR AREA WITH  A  UNIFORM  DISTRIBUTION OF NORMAL 

PRESSURES  AND  TANGENTIAL  FORCES 

The s t r e s s e s   a t  a p o m t  (x = x. z = z, y = a) of  a s e m l - u d m l t e  s o l d  loaded  over 

a r ec t a rgd la r   a r ea   w l th  a un l fo rm  d l s t r lbu t lon  of pressure,  pn p e r   u n i t  of a reas ,  

normal t o   t h e   s & € a c e  of t h e  solid and a l s o   m t h  a u n l f o n   d l s t r l b u t l o n  of fo rces ,  pt 

per u m t  of a r e a ,   t a n g e n t l a l  t o  t h e   s u r f a c e  of t h e   s o h d   a r e   a s   f o l l o w s  
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F1,gx-e 4 compares the  biggest mumm shears of Case 1 and Case 3 f o r  dlfferent 

r a t m s  of g 



VALUES OF 
MAXIMUM SHEAR 

Pn 
0 0  0 5  1 0  

SCALE tcectu--ty 

VALUES OF 

Flgure 2 Maxnmum Shears for Dlfferent Values of ~ and S e m ~  mflnrte Sohd 2 

Loaded over a Rectangular Area w t h  a Umform Dlstrrbutmn ot 
Normal Pressures, pn Per Unit of Area a = 1 50, u = 0 25  

a 

b 
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4 0  

3 0  

2 0  

- I  0 

-2 0 

-3 0 

- 4  n z n  J U  4 u  

VALUES OF 
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. 
5 0  

7 

6 0  ( b )  

( a )  - CASE I 5EMI  INFINITE  SOLID  LOADED OVER A  RECTANGULAR 
AREA  AS  IN(b)  WITH  A  UNIFORM  DISTRIBUTION OF NORMAL 
PRESSURES P,, PER UNIT OF AREA 

- - C A S E  3 SEMI  INFINITE  SOLID  LOADED  AS IN CASE I BUT  ALSO 
WITH  A  UNIFORM  DISTRIBUTION  OFTANGENTIAL  FORCES, p t  PER UNIT 
OF AREA,IN  THE  DIRECTION  OF  THE X AXIS p W A S T A K E N   A S 1  P, t 3 

Ftgure 4 Cornpansor of t h e  Blggest Maxmurn Shears of Care 1 and Case 3 
for Dlfferent Rabos of Poason'?l Ratlo was taken as 0 25 


