CIV-E1020 Mechanics of Beam and Frame Structures Examination 2.12.2024

1. [1p] For a plane beam, define the internal forces in terms of the stresses. Explain the meaning of
the corresponding stress resultants.

2. [2p] Explain the main difference between the Bernoulli and Timoshenko beam models. For both
beam models, write down a constitutive relation for the shear force, i.e., define the shear force in
terms of the corresponding kinematical variables. Name all the quantities and variables.

3. [1p] Explain the main principle of the force method. List the basic steps of solving a problem using
the force method.

4. [1p] In the fundamental slope-deflection equation M;; = a;;@;; + b;j@j; — ¢ij;j + 1\7Iij, name all
the quantities. What is the physical meaning of coefficients a;j, b;; and ¢;;? Briefly explain how to
determine these coefficients.

5. [5p] Given a beam of length 3L with a simple fixed support in A q
and a simple support permitting horizontal motion in 8. The span AB Ly b lbaidvrbiviiiy

has length 2L. The span BC has length L. The beam is linear elastic ,Zm
with constant bending stiffness E1, constant shear stiffness GA,,and A ug

constant extension stiffness EA. The beam is loaded by a uniformly
distributed load with intensity g acting on the span AB and a
concentrated force F acting at the tip in C.

a) Determine the support reactions. Hint: Use balance equations for that.
b) Assuming that F = %L, determine and draw the distributions of the bending moment, shear and
axial forces.

c) Use the principle of virtual work to determine the vertical displacement w, at the tip C.
In the equation of virtual work, account for effects of bending moment, shear and axial forces.

6. [Sp] Given a rectangular frame with simple supports in A and B. A horizontal [~
force F is acting at the joint C. The beams AC, CD, and DB have length L. The - C D
beams are linear elastic with constant bending stiffness E1.

a) Use the force method to determine the internal moment in the joint C. A B
Account only for effect of bending moment.

b) Determine the reactions. < <
c) Determine and draw the distributions of the bending moment, shear and L

axial forces.
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7. [5p] Given a T-frame with fixed supports in A and B and a simple support in L
C. The beams AD, DC, and DB have length L. A uniformly distributed load with B
intensity q is acting in the horizontal direction on the beam AD. A concentrated
moment Mp, is applied at joint D in the clockwise direction as shown in the Mp
figure. The beams are linear elastic with constant bending stiffness EI.

a) Use the Slope-Deflection Method and determine the bending moment at
fixed support A and rotation angle at node C.

b) Assuming that M, = qL?, determine and draw the bending moment 7777
distribution. Remember the sign convention for the bending moment. L
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Supporting materials: The Slope-Deflection Method.
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Supporting materials: Product integrals for simple shapes.

Examination 2.12.2024

¢
/ f(@) g(a) do
0

- AB

f(z)
§AB /_f’ A
_—

(2AC+2BD+AD+BC) Aﬁ
gA(BJrC) LDA
el

¢
oA (33 50)
12 ™

D =

),
LA (B 30)
12 T

11
]

4/4



K'Q /Y 24 R(B
Ra

Bos gjngJ* e L) F
L &

‘ ~
a}‘ Rx=O ) )
A): Fcp-zéz)r{%% “F35£=0 27 Fl(g“:z(: +9
R -9y = o T
Ra +ﬁ@'7~ZZ-F:J:)Q/}:}»qu/-%F‘;4»%\,2 9./

m% P8 ~9x=0=> Q= q(£2-%)

\«L - ;
‘Ek : M +%ﬁl ’JZAY'/C‘:> M; G X (—é[ = )()
# Z \%%
| B¥ Q=
(IEA I .
N -l = %(51"—; _0-) M= E (X5 )
6 N 0 o
' 'l
r b




T M1 @914
1\Rfl 1 R;:E_ {\I"—"’
A:‘Z A
& et P’-'l
M/‘ 0\4‘ £1"1 4 1
= =Ka="7 _pl= (32920 2> M= X34
i "/(9\4 )\A4 14 1>< ;O:>M”;-’Z& 1 o B
Nt
1 g /_C___/__t_,/:_—,z
A A @ ke °
N, u’b C
ol T
A
Mlo)= o
; M(ZL);"L
oy 6 M(32)=0

A)rg % g@"@‘u(x»rg@Qf/(y'

Abe 2

Lo fruct) e 2 rén el B ) re-as

2 z
70 14 ,% _7 N 7 Lt z
@l (22 -

3

K

y)

%K °M0(S,S() i()v(x:—f%j_ + @t'- o

ABC v

0 A A
v, - & LCdes 1

20 miW
fe Ghz 2 GA,




| _ M"/\&'\ 1
b= 'TFA" 53<-§+Z) :ff’l/

A E3
: Lo A FLEET
51:f10*§n Kqi=0=>> X1:"—g—(: Mﬁ’i/ Z Mc
) Remo+E(7)--E
Rg="F %'f:*?
Ra="F +EZ"'Oﬁ—]: .




&




= = w =il
0\) "en B’\P‘OA - kemc"(n nw
€y -0
nNo swo.»(\

0
MQQ) FMoe + Moz r/\v) Rpp, =0z = L%l bﬁb Z
By = 45D
Mog = Qug Py boge = 387 ) £
g - hen = 22
Mac = aoc By g ERE =0
M — MDR': GI/L
0A = Qypa Yy +Mpa 7z
— Z
M Ay /'?7%
@ <aa7 g +3EJ>+ PE_ My
\Z .
. Z L
2 _ (M= 9Lt ) =
11 .EZ:)_-\(D =My~ f't\%/ =P q‘(\/( 12 ) 77Ej
" D) 2 ) 5 X g9l 2y, 94 1+ )
Man= bao Xy +ipe = 258/ (o= 17 )l = E Tz( 7

b | Myzap® =3 H % 11
) ¥ o 12~ 2 W
3
YT I7EY Meg > ©
7 _ &./ ” 7
f"\bb:i‘}j\;-iﬁ&:iﬁ iy = #eop TA A
PR VR 2 ZIL
o g’ Moo= by Yo = %4
Maoe = 44 6
%
74




FEAY

B
M(x)= ax4h
M(‘O>:B:M0g . />M/>( (M$0+Mn5)—}+M»6
M (£)= 00+ Mog = — Myy - )
= (9l )X W
(\)\:—»VMsn’rMov) (%1—2) b+’3‘
Fi - -
(- x
X . 7" ¢ >
M bc \b\ e 0,_.//
*—%—\/"——‘
N X 0
M (x)= art o

M(v\ ':b:!*'\oco

N\(LE: &L'*\bzo => Q4 = —.E

MML;_//:\/ j\ i

M-:Mq/ aﬂ‘i’az\-q//’,\—/_&w
M ()= = ?_X/Z rox+

z
L M(0)= b= Mfﬂo»%
M(L)j“o_l’/é_faLﬂo"MnA"-zf‘V?— ME)= -




