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Problem 1 (Weight 1.0, approx. 20 min )

A cable is attached to a horizontal roller in A and to a hinge in D and is loaded in B and
(. There is a horizontal force of 10 kN in horizontal direction acting on the support in A
as drawn in the figure

N .B.: The questions may be answered in a different order

g

|< 4 m * 4m *3&110
b

Question a

Determine the cable forces in the sections AB, BC and CD.

Answer 10 ? A: v
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Question b

Determine the forces F; and Fa

Answer

Seckum AB. . Setim CO: Tby

SHY: 4F -4fczo.  2Mad: . bFe -23F=0
Fz Fge = 10 LA F; = 2Tk = 20 kN

Question ¢

Determine the reaction forces and draw them in the figure on the previous page in the

right direction.

Answer
" Dr: o see . NaelB: L_:»D’ﬁ“’

}UmA TAV 2 e
b e sEM N CEREL: 0

- FAE"{OU_T_ Yy v g ¥ fep = .6
styb A-dhBgso

Please collect the results in the table below.
Fy Fo Fap Fgc Fep Ay Dy D,

o 120 [toV2] 10 [10Vs| 0 | 10 |20

L o kN
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Problem 2 (Weight 2.0, approx. 35 min )

The structure in the figure consists of a part AS and a part SBCDE which are connected
by a hinge in 3. The structure is clamped in A and is supported by a horizontal roller in
C. A horizontal force of 50 kN is applied at point E and a vertically distributed force of
20 kN /m is applied at segment CD.

E ——mm

20 kN/m 4m

Question a

Using the principle of virtual work, calculate the reaction moment in support A, Clearly
indicate the virtual displacement field and sign convention used.

Answer EJQF
S S A T S DO S A N N

dW = Mo+ Fade +49do= o
. (HM+2Fraq)do =0
. MtaFrsg 20 D Hz-180 kim
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Question b

Using the principle of virtual work, calculate the reaction force in support C. Clearly
indicate the virtual displacement field and sign convention used

Answer

dw- -Fade +(y8de -4q0de zo
- (-4F+8Cy -409.)de 0.

Question c

Using the principle of virtual work, calculate the bending moment in the structure just
right of B. Clearly indicate the virtual displacement field and sign convention used.

Answer

'"f..é_'.L;_)ﬁ:_'=_ ::ﬁ.ﬁi},'..'.g'Séff;{ffff.Jéﬁf_{ Hde qa{, 29870
(4F1~2H—9g)cfé =0
ZH 100 =200 H=~2o/<Um
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Problem 3 (Weight 2 5, approx 45 min.)

A massless pole CD in the y—z plane is secured by two cables AC and BC The pole is
supported by a hinge in D. Point C is loaded by a vertical load of 140 kN. The position
of C is (0,6,12) meter.

Question a
Caleulate the vertical reaction force D, in point D

Answer 2 A
+

L Dazage KV |
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Question b

Calculate the force Fop in the pole and the reaction forces D, and Dy in D.

Answer

+

zmﬁ, C3asernDgso Y .

Question ¢ t

_ Calculate the reaction forces in A and B in the z—, y— and z— direction T T

Answer

__.c.,,;)_.__'jfﬁ_'f;a;;f;ﬁ'f’:;i-%;;fﬁ.fA;'- FFu Ay -2,
fffff_'z';Hslg Yy -3 280430070 Ags-bo kN
FaezcrAezie N Az 20kl Aye 3o ki
T R T

ZF‘O: Ab‘l—%!ﬂ oz o ,E‘Ur -4Lo LQU

Ste: ApsBataso-io=o0 TBa= ~B8o kA,
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Question d

Calculate the cable-forces Fac and Fpe.

Answer

”Fl&c*-- ’-}o Csu C—)
c%-ff.?\[zm.g.a‘wé‘é_[f;ﬁ_W"? ’afﬁ.ﬁééff]w;f

Question e

Diaw all components of the reactions in A, B and D in the figuie below in the right
direction and collect all the answers in the table
Answer Az C
A A, A,
20 | 30 b6
B: By B,
20 |40 | 80
D, D, D,
> o | 20 280
Fac IFpe Fep
2 L6 N0 | 9.68|288.6
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Problem 4 (Weight 2 5, approx. 45 min.)

The structure ASB as shown in the figure (note that S is a hinge) is loaded by a uniformly
distributed loaded on section SD.

i ’ 20 kN/m

Question a

Calculate the reaction forces and draw them in the figute as they act on the structure in
reality.

Answer

iR
lol:al, | iHA, I IZO'QC’EV:OE;(: 06 kM
¥ F;T Ay +8 —n0z0  Ay=S4 kA

Seckm ACS

ZH) "8 Ay'f'éA,L\O Ak ';.z!aU
Tkl:  SFE Atkiio %y -3 kM

Ohack Sechon SOB

8
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Question b

Calculate the forces in the hinge S

Answer

T P
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20 kN,
i
C S D
6m

A B

=5 EBE
Question ¢

Draw the bending moment diagram (M-diagram) of the structure with the correct defor-
mation symbols Clearly i%%ate the characteristic values and draw the tangents when

necessa[y.‘ o »
loQ -~ 4
-
Qcyé T go.

Answer 18

ibr
\

Question d

Draw the shear force diagram (V-diagram) of the structure with the correct deformation
symbols. When necessary, make use of the slopes of the bending momeunt diagram. Clearly
indicate the characteristic values 66

Answer
g

10
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Question e

Determine the shear force Vio and the normal force Nac in section AC.

Answer M AC +
I

EF;\ Ve =th o 9z4ikh sy= 0

Nac= oz k0

+
{E(/ ’Unc*'élyl'-}Li-l!U;' $4=0

Question f

Oomaider foree eonilibrinm of noint & Draw all foreee in O in the ]’\]n“n’l 1IN hir‘f“'rn on the
ORSIGOT AUICe SUuiaiii iy O PN W aqaavy G 1UI080 Ll W L Wil DAAVIL L PRI T Ui LUS

answer sheet and demonstrate by using a force polygon that the forces are in equilibrium

Answer

11




Exam AE1-914-1 Studentnumber:

January 28, 2005 Name:

Problem 5 (Weight 2.0, approx. 35 min )

The truss strecture in the figure is loaded by two forces. The structure is suppoited by
a hinge in A and a horizontal roller in G

H ] K
y
4m
B C G
= I+
Y Y =S
16kN 16 kN 16
8m
A v

“T1b

I

Question a

Determine the reactions in A and G and diaw them in the figure on the previous page as
they act on the structure in reality

"'zﬁ.m?;ffﬁ'"; NG, ~41b-81bz0 qwe W
SR At Gy sthobzo Aoz b K
z,ﬁAho

12



Exam AE1-914-1 Studentnumber:

January 28, 2005 Name:

Question b

Indicate the zero-force-members in the figure below.

Answer
H J K
A
O 4m
B A C fal G ‘XV
v ~ D E
Y S
16 kN 16 kN

8m

Question ¢

Determine the forces in the members AB, AC, TJK, DK, DE, EG and GK, using the
correct signs for tension or compiession. Collect the results in the table.

1,

Et o SF,‘ "L\&F.qg“o

Answer

SENL Bt B B0
13 ch: -16 JCU

L
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