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Equation sheets 
 
Generalized Hooke’s Law 
I$ =

"
, J($ − KL(% + (<MN + OΔQ  

I% =
"
, J(% − K(($ + (<)N + OΔQ                T$% =

"
= .$%			T$< =

"
= .$<						T%< =

"
= .%< 

I< =
"
, J(< − KL($ + (%MN + OΔQ                U = ,

#("?@) 
 
Uni-axial loadings 
('B3 =

C'
)      FV = ;()*+

;)++,-,/0/102
 

W)* = X* − X)          W = 	∫ C($)
,($))($),Z

.
D +	∫ OΔQ,Z

.
D        W = C.

,) + OΔQ[ 
W = X\]^(_) + `^a+(_)  
 
Direct shear loadings 
.'B3 =

E
)       FV = F()*+

F)++,-,/0/102
 

 
Torsional loadings 
!)* = !* − !)        Δ! = 	∫ :($)

=($)G3($)
,Z

.
D           Δ! = Q[/U:6 

T = b
4H
4$ 	       . = Ub

4H
4$                   T = I:

=G3
       . = I:

G3
    

:6 =	∫ b#,6	)        :6 =
J
# c

K			(^]da,)      :6 =
J
# (cL

K − c2
K)  

 
Loadings resulting in bending 
4E
4$ = e(Z);     4M4$ = 5(Z);     4N4$ =

"
,G1(Z);    

4B
4$ = _(Z);     Δ5 = 2;    Δ1 =	−1L 

((Z, 7) = 	−
,%
I =	−

M4%
G44

              

.(Z, 7) =
EO
G44P

=
E)∗(%)%Q∗(%)

G44P(%)
          

 .&'$ =
-E
#) 		(cW\;*+fdW);   .&'$ =

KE
-) 	(\ac\dW);  .&'$ =

#E
) 	(ℎ]dd]h	\ac\dW) 

:< =
iℎ-

12
	(cW\;*+fdW),				:< =

j

4
cK		(\ac\dW),				:< =

iℎ-

36
	(;ca*+fdW) 

 
Finite Element method 
l =

(,)))60
.   

 
Stress transformations 
(7 =

;7?;8
# + m

;75;8
# n cos(2_) + .$% sin(2_)     .7P =	−m

;75;8
# n sin(2_) + .$%cos	(2_)  

('B3 =
;7?;8
#      t = 	um;75;8# n

#
+ .$%#      

(!" = ('B3 + t,					(!# = ('B3 − t  
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Energy methods 
X8 =

"
# J($(I$ − OΔQ) + (%LI% − OΔQM + (<(I< − OΔQ) + .$%T$% + .$<T$< + .%<T%<N  

v =
"
#∫

C%($)
,) ,Z

.
D 							v =

"
#∫

19E%($)
=) ,Z

.
D 							v =

"
#∫

M%($)
,G ,Z

.
D 							v =

"
# ∫

:%($)
=G3

,Z
.
D 								  

wR = 6/5			(cW\;*+fXd*c	\c]^^	^W\;a]+),						wR = 10/9			(\ac\Xd*c	\c]^^	^W\;a]+)  
y!2 =

S8
S!*
									_M2 =

S8
SM*

										!:* =
S8
S:*
										

S8
ST*

= 0		(w]c	cW,X+,*+;	d]*,^)  
 
Pressure vessels 
Cylindrical:   (U =

6T
P 										(' =

6T
#P                    

Spherical:   (R =
6T
#P  

 
Failure theories 
Maximum shear stress (MSS) failure theory: 
 .&'$,'VR =

;:
#   

Maximum distortional energy (MDE) failure theory: 
 (M = (W  
 (M =	z(!"

# − (!"(!# + (!#
#   

Maximum normal stress (MNS) failure theory: 
 |(!"| = (8					]c						|(!#| = (8  
Mohr’s failure theory: 
 If (!" and (!# are of the same sign:  (!" = (8: 				]c				(!# =	−(89  

 If (!" and (!# are of different signs: ;!";#$
−

;!%
;#&

= 1 

Column buckling 
 !!" = ## $%

&!""#  

 


