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Part Applied Mechanics

Assignments and answer sheets

First read the following terms and conditions regarding writing and submitting
the replies of the test!

- First write your surname including initials and identity number of your study card clearly on the
top of this front page.

- For open questions, only place the answers in the input fields and / or tables and / or figures,

which
should be done neatly and clearly readable; other notes on the answer sheets will not be graded

- graphs and sketches drawing to scale in the pre-printed characters

- only a single set of answer sheets per student is handed out, so think carefully first before writing
down the answers

- formulas see page 11 and 12

- return the handed out assignment sheets with the answer sheets and the AMMC sheet

- course book, notes, laptop, mobile phone, and similar are not permitted

- a non-graphical pocket calculator is permitted

- For multiple-choice questions, use the additionally given Applied Mechanics Multiple Choice
(AMMC) sheet, fill in your ID NUMBER on the sheet following the example there below,
and fill the bubbles with the correct answers completely and black. Hint: use a pencil
(Dutch: potlood), not a pen, so you can correct your answers if required.

- Multiple Choice (MC) questions require a single correct answer. A multiple Response (MR)
guestion may require a single or multiple correct answers: Each correct answer yields t/c
points, with t the total number of points for the question, and ¢ the number of correct
answers. Marking an incorrect answer as positive deduces your results with (1/2)*t/c, but a
negative result for the question is not possible (minimum = 0 points).

- Note that the AMMC sheets will be processed automatically: A missing or incorrect ID.NR.,
corrections and notes, or creased or folded paper will all results in 0 points. Hint: work with
pencil so you can firmly erase a possible incorrect answer.

Do not remove the staples
It is permitted to separate the formulas (page 11 and 12)

Assessment of the assignments of this applied mechanics part (50 points for mechanics in total):
assignment 1: 5 points

assignment 2: 15 points

assignment 3: 15 points

assignment 4: 15 points
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Assessment of the total final test: total number of points (applied mechanics part and material
part together) divided by ten. The total final test contributes for 70% to the final mark.



Assignment 1

A beam cross-section has to be designed by gluing together 7 equal parts having each a cross-
section equal to a x 3a, see the small figure below.

e -
3a

The beam cross-section should fit a grid 10a x 10a (each grid cell equals a x a) and should follow
the following four properties:

it should have a vertical line of symmetry

the maximum height equals 8a

the maximum width equals 7a

of the options below: it should have the highest or second highest possible second moment
of area

MR1. On the Applied Mechanics Multiple Choice (AMMC) answer sheet (provided separately),
mark for MR1 the two correct solutions shown below (5p). Note: neglect small inaccuracies in the
drawings.




Assignment 2

Beam AB below consists out of four equal timber parts, each having a cross-section a x 3a such
that a T shaped cross-section results.
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Derive in the box below that the line of gravity is positioned %a from the top of the cross-section

(2p).

Derive in the box below that the second moment of area about the line of gravity equals 37%a4 (3p)




Calculate the extreme stresses due to bending, and indicate their type (compression or tension). In
the box below please provide the value of each term in stress equation and the final answer itself

(3p)-

Calculate the maximum stress in the horizontal glued connection due to the shear force. In the box
below please provide the value of each term in stress equation and the final answer itself (3p).

Calculate the maximum stress in the timber due to the shear force. In the box below please provide
the value of each term in stress equation and the final answer itself (4p).




Exercise 3

In the structure below, all rods are hinge connected. The cross-sectional area of horizontal and
vertical rods equals A and the cross-sectional area of the diagonal rods equals AV2. Young's
modulus equals E for every bar.

MC2. Use equilibrium to calculate the horizontal reaction force at A. Mark the correct answer
below on the Applied Mechanics Multiple Choice (AMMC) answer sheet (1p).

A) Ran = 2F, working to the right

B) Ran = F, working to the left

C) Ran = 1.5F, working to the left
D) Ran = 2.5F, working to the right
E) Ran = (3/2)F, working to the right
F) Ran = (3/2)F, working to the left

MC3. Use equilibrium to calculate the vertical reaction force at B. Mark the correct answer below
on the Applied Mechanics Multiple Choice (AMMC) answer sheet (1p).

A) Ry = (1/2)F, working upwards
B) Rev =(1/2)F, working downwards
C) Rgy = 2F, working upwards

D) Rgy = F, working downwards

E) Rgy = F, working upwards

F) Rev = F/L, working downwards

MC4. Use equilibrium to calculate the vertical reaction force at C. Mark the correct answer below
on the Applied Mechanics Multiple Choice (AMMC) answer sheet (1p).

A) Rev = (1/2)F, working upwards
B) Rev =(1/2)F, working downwards
C) Rev = 2F, working upwards

D) Recv = F, working downwards

E) Rcv = F, working upwards

F) Recv = F/L, working downwards
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Use the table below to calculate the change of length for each bar. Then answer questions MC5 and

MC6.
Rod Tension (+) or Compression (-) Internal force magnitude
1 + F\2
2 + F\2
3 - F
4 - F\2
5 - F
6 + F
7 0 0

MCS5. The change of length for rod 1,2 and 4 equals respectively (1p):

FL FL FL FL FL FL
A) —v2 — 2 —A/2 B) —2 —2 —2
) EA\F EA\F EA\F ) EA EA EA
FL FL FL1 FL., FL, FL
C) —+v2 —J2 —=42 D) —2 —2 —
) EA\/_ EA\/— EAZ\/— ) EA EA EA
p At l FL1 FL1 it LR
EAV2 EAV2 EAV2 EA EA EA
MC6. The change of length for rod 3,5 and 6 equals respectively (1p):
a FL FLOFL g FL FL FL,
EA EA EA EA EA EA
FL FL FL FL, FL, FL
C) —v2 —J2 —242 D) —2 —2 —
) EA\/_ EA\/— EA V2 ) EA EA EA
it t FL1 FL it FLOFLg
EAV2 EAY2 EA EA EA EA




Use the grid below to draw the displacement diagram (the Williot diagram) for all knots/hinges.
Start with your drawing at the black dot. Use for the scale: FL/EA = 2 cells. Then answer MR7 and
MCS8. Note that your drawing of the diagram is only to help you answering MR7 and MCS8, it

will not be graded separately.

MR7. Which parts of the Williot diagram are correct, a single or multiple answers may be correct
(4p):

e 7/
E1 £ C1 C1 B1 Ve E1 £ C1 B1
A)#A B)a—\o-;o— C) &--
B, =
4 A' [/
5 L |E, 5SS B e
D" \./ \4// ,’/D'|
I /A L
| /
7/
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MCS8. The horizontal and vertical displacement of node D equal (2p):

FL FL FL FL
A) Wy, =< 65 Wpy =y 85 B) Wp, =— ga Woy =1 75
FL FL FL FL
C) w,, => 16— w,, =T12— D) W, =>8— W, =\ 6—
) DH EA DV EA ) DH EA DV EA
FL FL FL FL
E) wo, =>8— w,, =42— F) Wy, = 16— w,, =4 4—
) DH EA DV EA ) DH EA DV EA

MC9. Now assume that node B and C are completely fixed in their position as shown in the
drawing, i.e. both now have a hinge instead of a roller as boundary condition. Also assume that rod

7 elongates due to tension with FL/EA and rod 2 shortens due to compression with 2J2FL/EA.
(these need not to be the values you found correctly before). What are now the horizontal and
vertical displacement of node E? You may want to use the grid below to draw a Williot diagram.
Hint: use for the scale: FL/EA = 2 cells and start at the dot (4p)

o
FL FL FL FL
A) We, = — W, =15— B) W., = 3— w., =T-——
) EH EA DV EA ) EH EA DV EA
FL FL FL FL
C) w, =>3— w,, =% — D) W., =« 5— w. ={—
) EH EA DV EA ) EH EA DV EA
FL FL FL FL
E) We, =>5— W, =T — F) Wy, =>5— w,, =% —
) EH EA DV EA ) EH EA DV EA
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Assignment 4

For the structure below, each part has an equal bending stiffness EI. Deformations due to normal
and shear force are to be neglected.

First determine the rotation of node B due to bending action (no normal and shear deformations can
be neglected). Use for each part of the structure needed a separate box as shown below. Draw each
part of the structure with its (fictitious) supports and use as scale L = 4 cells. The rows to the right
of the drawing can be used for the expressions and the values of the displacements and rotations

(5p).

See next page!
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MR10. Secondly, assume that node B rotates counter clockwise with value ¢s. What are ALL the
below correct statements about the rotation for node E? (a single or multiple answers may be
possible, also including the correct value for ¢g derived above). Please answer on the AMMC-sheet

(5p).

3 1
GLILL gLILL o ;
oL gL 100L
A = + + + B =
) Coe =Cog El El 2E| ) (o 3El
3 3 1
3L QLELL qLILL 2 o
TR T= ) o=t El 2Bl  4EI
8L’
E) Goe =Cos F) o =3

MR11. Finally, assume that node B rotates counter clockwise with value ¢s. What are ALL the
below correct statements about the displacement for node E? (a single or multiple answers may be
possible, also including the correct value for g derived above). Please answer on the AMMC-sheet

(5p).

3 1,
. gL2LL  qLiLU \ ;
A) w, = Sab, L2 -2 Ot B) w, 4= 350k
5 El El 2El | 3EI 24E]
qLie Sl quile
5 LL3 > SLE e
C)w, d=cp,L+—2 49 D) w d=Co,L+—2 L+—2 4
) We v=Coel+— o=+ 2E ) We ¥=Cop El 2EI . 3El

35qgL°
24El

_ 35qL*

= F) w. $=Cp, L+
12E] ) We v=Cop

E) w,
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Formulas:

Stresses: G:E 6=—" 1=—2 1=——
A

I = second moment of area relative to the axis of gravity:

Rectangular cross-section: |, = % bh® (only if the line about which 1y is defined is parallel to a side

of the rectangle)

Triangular cross-section: |, = % bh® (only if the line about which I, is defined is parallel to a side

ly

of the triangle)

Circular cross-section: | =1 =-Lf=

Length change as result of normal force: AL= %

Standard beam equations:

F

El l FL FL
N — T 2E T
gA .............................................................. B We 2EI 3EI
| L :

q , .
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Additional beam equations

(P/_\ (Pmlddle AB

R

(ML ML ML
(N 6E| DB 3E| Pmiddle AB 24E|
W = ML

middle AB 16E|

2 2
FL ¢ FL

heigth cross-section: h

L/2 L/2 AL

|): =
s ———— Y "7 16E1 ™77 16El
(N (O L FL3
Whiddle AB = —— —
2 W2 48El
q
T I .
Ay v v vy y B Pa¥ = 24 El P ™ = 24 El
________________ .= .
Pa Pe Wogng = 295
WA 384 E
l L l
Op  Prmiadie ML ML ML
------ (=—=— (=—— middle Jd=—
A;«/( B QB P T2 T T 2E T T e
M Py Whigdie AB = 0
w2 e
T, + AT

(=& ATL )o@ ATL
Pa 2h [0):} 2h
a AT L?
MWoiddle AB = 8h AL = %LAT L
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Applied Mechanics Multiple Choice (AMMC) sheet
Exam 7PPX1, April 18, 2017

Il This sheet is processed automatically, a missing or incorrection ID.NR.,
or handwritten corrections or comments will all result in O points

1 Fill the correct answer bubbles completely and black or dark blue.
Hint: use a PENCIL {(Dutch: potlood), so you can make corrections

Il Corrections only possible by erasing your answer (be careful not to crease the paper),
e.g. crossing incorrect answers won't help

A BCDTETF ID. NR. via bubbles directly below, see example

MR O O®® @ N# 01234567839
M)OB® OO ® QOOOOOOOOO
MO O OO ® O QOOOOOOOOO
M) OO O® G ® QOOOOLOOOOO
M@ O OO E ® QOOOOOOOOO
Mce)@ ® © ® ® ©® QOOOOOOOOO
MRZIO OO ® O @ QOOOOOOOOO
MO OO @O ® QOOOOLOOOOO
MO OO @ ©®

MRIO)B @ OO O O

MRIIO O O @ @ ©®

EXAMPLE ID number 0356798
(use 7 digits, add zero in front of a 6 digit ID)

Ng 012 3 4567 89
] @OOOOOOOOO®
3 OO0 @OOOOOO
5 OOOOO®OOOB
HECJOJO0X00J0 JOJOXO,
71 OO0 OOO®OO
d @OOOOOOOO®
g OOOOOOOOOO

EXAMPLE ID number 1356798

Nd 012 3 4567 89
1] OO OOOOOO
3 OOO@OOOOOO
s OOOOBOOOG
HECJOIOX0J0J0) JOJOXO,
71k0J0J0JOI010JOX JOXO)
d OOOOOOOOO@®
g OOOOOOOOOO




