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The roofing panels are supported by cantilevered beams which are
attached to the vertical supports. The cross-sectional areas of these
beams taper significantly from the rear to the front.

Explain the structural reason for tapering these beams.

essed  cross- secty
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Precast panels e stacked t 0n the eailer of the truck. scparated by
Gimber batens placed a carfully chosen spocings.

Explain why the choice of spcing i imperant

THE SPRCNG OF THE BANENS ARE MPasminr
o A3 70 MUIMIBE THE ArTounT oF Bnbnt
Srress 1 THE PnELs 49 THEY b o THE. Earrs
IFTHE BATEws ARE ToO Far ABET THEY syt JAC
a0 CAU3E CRECKHG.
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A four-meire beam is loaded as shown.

Cross-scction of beam

F 50 mm
—

2000 mm

The Second Morment of Area (I) for the rectangular beam shown s 4.17 x 10° '

If the maximum bending stress on the bottom edge of the beam is not to exceed 42 MPa,
what is the maximum magitude of the force, 77

o< Gzpiobte My

(A) 35MN 3
(B) ST6KN q= Soxie _émv M_a‘II
I = a7 400 ==l
(©) 815IN Py B ~
D) 17514N " = uijny/
' Soyio3
= 3502.9
NEM = Fr2i8m
gBM = 2F
3 502:872F
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A cantilevered beam s loaded as shown.

3KN

Aerv= 413

What is the force/couple acting at point A? = 2kN Y

(A) 2 KN vertically up, 5 kNm clockwise Dema s e =303
(B) 2 kN vertically down, 8 kNm clockwise = RKN

(C) 4KkN vertically down, 5 kNm anticlockwise

@)

2knN
4 KN vertically up, 8 kNm anticlockwise. >
Cu)sun
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A cantilever beam used in the roof structure of a modern bus shelter may be
selected from a variety of cross-sectional shapes. Design specifications require.
a maximum bending moment of 750 Nm for this beam.

Using the table supplied:

« select the beam that will support the greatest load, and

* calculate the maximum stress for the selected beam.

N omal | Y
Cross-sectional o Iy Cross-sectional | Ymax - o3
Beam hape I (m®) e | @) | (m™)
A O L1688 107 | 0050 | L492x107 | 29621
B O L412x10% | 0040 | 1500x10% | 28320
c O 2459107 | 0.065 | 1492x10% | 26433
D () 0916x107 | 0035 | 1492107 38209
£ T 126910 | 0040 | 1500x107 | 31521
Beam selected: ... <.
o= My
I
7= 150k 26433
S 19 §2x10° Py
Maximum stress = ... 228 2. MPe
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The playground equipment in the diagram consists of a bear pinned between two
posts, cenired 3 meires apart.

Beam Pinjoint

q

T Faltzone
Load Fall z0

Free-body
diagram f 1

R Ry
Bending 0N oNm
moment
diagram T

() Caleulate the magniiude of the reactions R, and Ry, and determine the load
being applied at the centee of the beam

Rux 15 = 750Nm,

R 752 500

s
Re= $0m 2, 530 N
Re = sood Load= .. 192, ke

Load= 505 + 500
Queston 17 continues on page 32
- (030
B e
= ooky (o 02 ky)
geae
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(i) The diagrams show two steel beams that have equal cross-sectional areas.

&

Explain why an engineer would use the hollow beam rather than the
solid beam.

T opmec.amal. o sactases. ol the. dellow...
beam...ane. Farther. rom Mentral Axts.
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(b) A beam on the bridge is loaded as shown below.

im _2m 2m

Cross-beam

!

GKN SKN  SKN  4kN

(i) Plot both the shear force diagram and the bending moment diagramon 3
the axes given below.

Shear
force
diagram

B
: Q

0kNm Bending

manen

ogram

Bending Moments
Aoea_under Securve. OB Gending Homents Epuations.
At oo Lett, A o o Lo

Br = bl = & katm 28m, 9 0= - ixl 1M,
P —as B, = & knim

Bty = bul s 1x2 = Bltdun | At Fon fro Lett

EE D 20243+ 5%2 +Enly
Em, =/8-10

Bty = B ktlon
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The cross-sections of two beams (4 and B) are shown. The beams are loaded with an
identical force P.

P P

i i

T Moy

- AV
- axris

[1T1]

beam A beam B

‘The maximum bending stress developed in beam A is less than that in beam B.
‘Which of the statements correctly explains the lower bending stress in beam A?

(A) The distance between the top surface and peutral axis is equal in beams A and B.

/(B)The distance between the top surface and neutral axis is greater in beam A than in
= beam B.

(C) The distance between the top surface and neutral axis is less in beam A than in
beam B.

(D) The distance between the top surface and neatral axis of beam A is three times a5
large & the corresponding distance in beam 8.
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(i) The boom is made from a 100 mm square hollow section With & second
moment of area of 1.5 % 10° ",

Caltste the maximym bending trss in the beam.

iy
S5 m* x 020"
% oo My o 262O2F

005 m T s ¢
M= 216 Nm = LGTMP
ok fion: BHD

e Lo 2
- e v
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) A boom gate a @ cer park suppors a 10kg sign. The bending momeat
agram (BMD) fo the boorm gat in this station s shown. The mass of the
boom gae s notbeing considerec.

i;_ug 1600 1o ‘ﬁ

Tron = k] SIGN

() Draw the shear force diageam (SFD), on the axis provided. for the
boom gete. Assume g = 10 ms .

%o
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A hole or recess has to be cut in a structural beam for service pipes to pass
through. Possible locations for the hole or recess are shown below.

[ ] B

(i) Explain which location A, B or C would have least effect on the bending
sirength of the bearn.

Lecahon A il bave feast eflee
Fondl COmPressive. s%en V4 of,
r%z:ﬂs are. /aw(gﬂ of e

(i) Explain why rounded comers would be used in preference to square
‘comers for the hole or fecess in this situation.

ners reduce SYhess conctrfiot, Py
e fzd v a ?ﬂ4yé/
reducts, /M?j%dx/

% heam ‘f@ a,/!o redue

2
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A beam is loaded as shown.

8OKN 120k
35m 3.0m 35m
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(if) Calculate the maximum bending stress in the chosen beam. 3

@ = My RBENOING MOMENT
eSO 1Se \20%e
- (Enct)x1%e
—_— " .
ETE T o
_ T om
= 18.6 MP M= 1ox103%\See

= 15X 0% Nmwm

3
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A beam is to be constructed using one of the cross-sectional shapes in the table
below. The beam is to be loaded as shown.

15m

20kN

Y

e 3w 7

| Beam | Cross-sectional shape | I, (mm?*) e ) | A ()
) = 08x10° 16 350
B —H— 720 x 109 150 350 |

c —] — 943 x10° 150 350
D FJE= 120.7 x 108 150 350

() Select the most suitable cross-sectional shape for the beam. Give a 1
feason for your selection.

D
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(i) The forklift is required to 1ift 2 9 KN load acting on a 2 metre beam as 3
shown,

PN

Z.M =0 ¥

@,
(9x0:3) ~ (1x22)=0
2o =2.7kn
Z5m0 ¥
+9- R -2°7=0
7= P 6.3%N
On the axes provided, sketch the shear force end bending moment
diagrams for the loaded beam.
10 '
+6:3
5
SF(N) 0 T J
s00 1000 1o 2000
-5 ~Z]
-10
189 2 Max BM ar Boot 6.3%.3
= |-8OkNwm
1
BM (kNm) 0O 7 T Y J

-1

-2
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In the design of bears,
selfveight of the beam,

i nccessary 1o include in the caleulations the

Fora simple bean of the same dimansions over its entirc engih, draw a
typical shear force diagram 2nd a typical benling moment disgram. Do
not include caleulations in your description

Indicate thie convention used to show a uniformly distributed foad

2 S R T
[ lll¢

Shear foree
disgram

ing Moment
Disgram
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A rectangular concrete beam could be used s support for walls ina
building. These walls wil ransmit oads (possibly from the roof or the

floors above the wals) o the bear.

“The concretc beam has a cross-section of 500 mm x 150 mm and is
placed on s edge on two supports. [t i subjected to loads from the

walls as shovn.

S

weight
o,

0k

f em

am

im

2m

Figure 265 Simply supporied concreto baam and fres body diagram

Using the information:

determine the reaction at each of the supports

a
b draw the shear force diagram
© draw the bending moment diagram

¢ determin the iz bendin s the beam i e second

moment of ares,

T

6% 10° ',

s

i

e

3

YA
i S6410%
or e
= Lsexed

Siwee Im

4

= 16 2
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During the construction of 4 civi structre,  plank supported as a
simply-supportod bea is uscd to provide aceess by builders over an

excavation. The plank is 5 m x 300 mm x 50 mm and fweo builders of
masses 90 kg and 100 kg stand on the plank a5 shown.
kg 100k

Figuro 266 Workmen on a piank

Using the information:
determine th reaction at each of the supports
draw the shear force diagram

draw the bending moment diagram

4 determine the maxiauum bending scess in the plank i the second
moment of area, [ = 3.125 x 13° man’
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Shear Force and Bending Moments:

®

are equal to the reactions of a beam a the supports

are intemal reactions to external forces applicd along a
structural member

change along the length of the beam

are connected by the relationship that when the bending moment
s zero, the shear force will be & maximurn,
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(c) The 2 metre cross beam of the welkway is a SO mm x 150 mm rectangular beam
supported on the edgo atboth ends with loads ating 2 show.

900N 600N

400
’—' et 50

f

840N

2000

60N
() Construct shear force and bending moment disgrems, igooring the 2
uniforaly distrbuted se1f weigh (UDL) of the bearn.
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SetEshRon 11 (condnued)

() Describe the change in shape of the BMD if the uniformly disriboted
slf weight (UDL) of the beam is considered.

The. shoaght. angleel lines of #he
Lorcent. BMD. il ks xeplissd st

cocrsd.. (probeli). linsa
(3 Colute e maximum bein s i s beamof o wallray

‘given thet the sccond moment of area (] for e beam is 14 10
Tenore the self weight of the beam.

“ M= 336 N
o =3 e 00T m

T = V4xi0mbm

¢

33640075
41076 -
= |,%00, 00oiPa

= | MPa

Maximurn bending scess
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“The truss is replaced by a laminated beam 70 mm wide, 300 mim deep aad 16 m
Long, This beam is simply supported at cach end and loaded as shown.

NOTTO SCALE Cross-section
ofbeem

n
- Ell]

3 R
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If the sccond moment of area, [, is 157.5 x 10° mm, determine the
maximum bending stress i the beam. Neglect the mass of the beam.

Dada.
PRt o 26k0m Chom W)
S 225010 o
L asudnso, v o w
GEET T2 1575 w16 et

< 23.809 M.
Maximum bending siress = 23.8 MPa

23-8

Maximum bending stress = ... 1. Mpa

3
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The diagram shows a 6 metre beam and its cross-section.

L55m 1= bxz = 2kom

SIN Compression
© ) Surface
—
6 metre beam ol x—g
44
MN :l
NOT TO SCALE Enlarged beam cross-section

‘The beam is loaded at its midpoint. The cross-scctional area of he beam is 110 mu?. The
second moment of area I, = 102 x 10° mni.

What is the maximum compressive stress in the beam?

113 MPa M=i2kim, = * L ’Nh&'uwg'
= qexisd I rozn( by 167
1134 Pa

(B) 18.1 MPa
(C) 226MPa
(D) 29.4 MPa

12
I =tozueuis"
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The drawing represents a loaded steel beam simply supported at each end.

B 7kN  UDL500N/m
2m sm im
1IN 89KN
Which diagram best represents the distribution of shear forces along the beam?
— Incline = $hkean oL .
J 1
® 7
0
© |
0
D)
0
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Which free-body diagram shows a beam subjected to a uniformly distributed load?

Fmﬁé
Ry Ry
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A 6-metre beam is loaded as showin.

1SN 126N Seale:
Jl @ 1division=1m
: : Y T ; y
!r a
| |
R, Ry

On the following page, draw the shear force and bending moment diagrams.
Support your answer with relevant calculations. Ignore the weight of the beam.

‘Space for calculations is provided below.

AD2URR = ~RAKL + 1§ x4 1253
RB = [6KN.

At Nopi= ~l6r2+Bu

B = 32 kAm.

Atz Nzma = -Ibx3+ISwI+BM
pMs 4e-I5
= 33 KNm
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Scale:
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Why would an engineer refer to shear force diagrams and bending moment
diagrams when determining the cfects of loads on a beam?

Shear force and Bending diagrams are used by structuraldeslen engincers to determine the
shear and bending loads at various sections slongthe bear.

The positive and negative nature of the loads in beams and slabs willdetermine where the
pre and post tensioned tendons are positioned i the beam

The magnituce o oads and moments shown on the diggrams wilaiso dtermine the
size/strength of the tendons and the pre and post tensioned forces required to be appled

t0 be applied to the tendons.
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A universal beam is loaded as shown. Determine the reactions at the supports.

4kN
ve

Sia to®
SoVe = Lsin 66°
=3 uckn

cos &
kN <=—
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A set of precast concrete stal
shown below.

fixed in position by a roller support at A and a pin support at B as

The stairs have a uniformly distributed mass of 3800 kilograms per metre of length.

Aload on the stairs produces a vertical downward force of 2.7 kN acting at a distance of 1.5

metres from the support at A as shown. g : e 5‘*\; oo 3
= i90KN - 5
M Mo
274N
kﬂ Lo
l 190N

stairs
73300 xgim

Determine the REACTION FORCES at A and B.
+5EMR= ~RA%Z +2:7x 2:§¢190x 2

RA= (289 KN —= Re
‘_4!;\, = ~2:7-190 + RRY 192 Tkn
SRBU= 1a2.7 K b,
129-FN

d.=FH= 41229~ RRH
- RBH = 128 9KN ST R& =| 192.7%4 (2592

- 231.84 KN
Tan o= 22T

1224
= §6:2°

ReactionA ___ (28 -7 KN —==

resctons 23084 5628\
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Aboom gate at a car park supports a 10 kg sign. Draw the shear force and bending moment
diagram for the boom gate.

At t . At
=M= +720%19 £BM .
+5 5,/,, = =206 £5SM2 = +720x1-9-F20x1-CHBM

AM ==-S6.
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During the construction of a civil structure, a plank supported as a simply-supported beam is used
to provide access by builders over an excavation. The plank is 5 m x 300 mm x 50 mm and two
builders of masses 90 kg and 100 kg stand on the plank as shown.

(Go0n> % 104 (1000K)

e,

Workmen on a plank

R 2

(a)  Determine the reaction at each of the supports

1LbeRL:—?oox(—loaoxzf'ﬁ\il)‘é’
RE = s8oN t

.Lf‘?‘F‘/ = +RL~-790 ~jooo 4580
Ri= (320Nt

Reactiontert 1320 F

Reaction Right Seo N 4
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(b)

Draw the shear force and bending moment diagrams for the plank.

GooN rooo K
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() Determine the maximum bending stress in the plank if the second moment of area,
12312510 ° m*
. . w = My
M Mayimm )Smf,,f momewy ) —
= (74oNm -

S ('Dlg‘(-am<<4‘r~ow\ cenlrad atis)

se
2

< 2500 3m -

T (S econd moment ol area )
LM4~

= 3 /280"

b
= 1740¥2S Yo
228 wio™h

= (392 Ml

Maximum Bending Stress (3:92 Ml
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A rectangular concrete beam could be used as support for walls in a building. These walls will
transmit loads (possibly from the roof o the floors above the walls) into the beam.

The concrete beam has a cross-section of 500 mm x 150 mm and is placed on its edge on two
supports. It is subjected to loads from the walls as shown.

Cross-section of —u/150)
concrete beam
T
Weight weight
force
STO 10KN
am 2m |
30KN 10kN
| |
f_ 2m 3m 2m |

R R
Simply supported concrete beam and free body diagram

(4%

(a) Determine the reaction at each of the supports

NEMp,
RR = 40 KN -

“Rog2-20nS 4 RRY G —10XE

_L‘fzrv = ~30-20 -0 + 40 +RL
RL= 20knN
Reaction Left 2o KN
Reaction Right 4o kN
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(b)  Draw the shear force and bending moment diagrams for the beam.

30kN 20kN il
l’ >3 7
f | Lol e |
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A beam of rectangular cross-section 300 mm x 100 mm is shown. The beam has a second moment
of area of 225x 10 © m*and a maximum bending moment of 67.5 kNm area

r./k.

2
3
2

L

[ 100 |
Determine the maximum value of the bending stress in the beam.

M= 675 w03 Wm . e M
4= l{axto'gm»

I -3
= 225%167° = £7.5 w15 y150%19
2

225 K04
S s 4sMPla

"

Bending Stress 45 MVa
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