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Figure 1 Element in the uniform coordinate system
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Table 1 Shape functions for different deformations
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Figure 3 Calculation of shape functions diagram
T eRBOA oAU AT 2 45 5B KA AR
¥ A L A% A0 B 1) (52 K, R HTHE ek B B AT 2 79 #F 1 1
ARFERE , T AT 988 B B 0 B, EL A JoT & R
M, w5 2 WA AT F b 4% a3 B9 AR T8 s R RS % T
SR AT R BT A FE 53, IRy e A1 B 4%
PG B 8% I AR #R I o 7 18], v A LA 9 Bl
PRI 25 DR AT 4 o 7 A Y o T ) L S R O R R
E SO IR K R AR B H L) 58 8 RORAT1F A& A
B (R (2)) B R R H AR
Ny LR BYTE R ) B N RSN T — 4T RN AT
BEALE (2, y) WOCH » W A28 1 1 i -2y, KA
A1) BIEAT A5 3 7 25 A2 J3 AR 35 45 07 58 1) B
D, 1L T B AL E (v, y) WOTRTE VT «
1y J7 1] B 57 7% 1ol &
-0,y
} o (2)

HX
H — -
H, N,

b .2, AT 09 IR SR y S IOT A D B AT
WZmE R, 2, A S Ny B0 HETSR AR
HALE x AR a(x) TTAER N w(x) . &
(R B A N 8 LRI RS A B A T 2 R A7
a(x) AR AR w(x) B FH, X WEAFE
BYYIASIE B RRPL G2 0 A M i (A A R B )
AIES TR A y, S R A o (x) A
Fow(x)SEL BRI, = N, (ILE 4)

ﬁ% | %

%l @

dw

dx
4 BEEATEE

Figure 4 Section rotation diagram
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Consistent Mass Matrix of Euler Beam Element including Shear Deformation
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Abstract: The study was initiated for the consistent mass matrix of Euler beam element including shear deforma-
tion. The consistent mass matrix of uniform element was got separately for the uncoupled tension, torsion, and ben-
ding conditions, with the shear deformation included or not, based on the shape functions and the virtual work. Tt
was shown that the inertia force along the axial direction was always ignored in the mass matrix derivation for the
bending condition if the shear deformation was not included, so only the shape functions for vertical deformation
were needed for the bending condition. When the shear deformation was included, the inertia force along the axial
direction must be considered and the shape functions for the section rotation angle due to bending were also required
besides the complete shape functions for vertical deformation due to the bending and shear forces. For tapered Euler
element, the theoretical expression for the consistent mass matrix would be quite complicated and a simple expres-
sion was proposed following an approximate strategy, matching the ending or average section areas or polar moments
with the elements in the mass matrix according to their positions. Additionally, the stiffness matrix could also be
deduced on the foundation of the complete shape functions for vertical deformation and the shape functions for the
section rotation angle. This derivation procedure was different with the traditional manner superficially but they
shared the same principle essentially.
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