Higher Structures

Vertical Forces

Resolution of a force

SFP=3FJ

(Hyp.)

Horizontal Forces

SF>=3F¢

Moments

2CWM=2ACWM

2m
[

2 - ZCWM=ZACWM

60°

90N
90N opp)  SIN30° = Fy/90
30° A Fy Fv =90xSin30° Uniformly Distributed Loads (UDLs)
» = Fy = 45N 1 - Calculate the UDL (Force x distance)
F H o (Adj)
Cos30° = F/90 7 Nyl SEN 2 - Resolve 5kN force to find
Fy= ° ;
F: :g%ﬁosw 50¢ vertical component
o} Dy
,<_ 2 B 2 - 2CWM=2ACWM taking moments
- A .
Resolution of forces on a point 3 dm 0.9m | about Ry to find Re
1-2kN 69kN 1 - Resolve all forces + 3-3F=3F{ to find Ray
. 31kN _ :
. Q 2 - SFM=3F4 to find Ry 4 - IF>=3F< to find Ray
12° 39° ] . 5kN - Pyth find R
V 3 - 5F>=3F< to find Ry (7.2kNm"Y) > - Pythagoras to find Ry
. 6 - Find the angle (Tan a = Ry/Ry
e R 4 - Pythagoras to find Ra N,
Ry R, 5 - Find the angle (Tan a = Ry/Ry) - A HLQ— B Ra
RA 3.4m 0.9m RV
RB RH

. Strut
Moments with a force at an angle Members that are in compression, due to external forces trying to compress them, are known as Struts.
10N 2 1 - Resolve F to find vertical component

EXTERNAL | { INTERNAL FORCE > (.« EXTERNAL
FORCE FORCE

Members that are in tension, due to external forces trying to pull them apart, are known as Ties.

EXTERNAL
FORCE

> INTERNAL FORCE -

EXTERNAL
FORCE

Ra

Ra

R

Rv

n |
! 4m | Tie
Simple supports
KN 200 1-2CWM=2ACWM taking moments
l r about R, to find Rg
IV N B4
am | om am J 2- 3SFP=3F to find Ry
RA RB
Hinge & Roller 1 - Resolve 80N force to find vertical component
0N 2 - 2CWM=ZACWM taking moments about R, to
le 2m 2m | 80N ﬁnd RB
£ ‘ -
A B 3- ZF/I\=ZF\1/ to find RA\/

4 -3F->=3F<& to find Ran
5 - Pythagoras to find Ra

6 - Find the angle (Tan a = Ry/Ry

Nodal analysis

1 - Analyse the first node to
break down any forces at an

angle into horizontal and

vertical components.

2 - As we know a vertical force at A AB ABy

and only have one unknown :>I

vertical ABy, we start with AB \“‘\\
SF=3F to find AB,. AE— T
3-We can now draw AB as a 5N
triangle of forces to use AB, ‘ AB
trigonometry and Pythagoras to = 455N 30°
solve AB and ABy,. ABy

4 - Once we know ABy, we can find

AE using 2F>=2F&.
BC — B‘\
P N
BDH —_— /// ~ —»ABH =788N
21 T~
BD l
B

5 - Now using node B
we can add the values
we already know,

remembering that AB = 910N
. BE= ABy=
th t th t D !
ey act the opposite v 4SON 455N

direction at the other end.

6 - Start with F*=2F to find

BDy.

7 - We can now draw BD as a 8D

triangle of forces to use ‘ BDy

trigonometry and Pythagoras to wT’ =905N

solve BD and BD,.. '

8 - Once we know BD, we can find

BC using 2F—>=2F&-.

9 - We then complete the table and

state whether the member is a

Strut (in compression) or a Tie (in

tension).

Member | Magnitude | Nature

AB 910 N Tie
AE 790 N Strut
BD 1800 N Strut
BC 2300 N Tie




Simultaneous Equations

8. (continued)

During the design phase a structural
engineering company produced detailed
information about the internal structure of the
Kelpies.

Detail from a proposed design for one of the
Kelpies' steel support legs is shown.

MNode N1 is in static equilibrium.
M2 is a strut.

(b} Calculate, using simultaneous equations,
the magnitude of the forces in members

M1 and M2, and state the nature of the
internal force acting on M1.

N1
M1 0-49 MM
M1y M2 M2y
45°
80°
MlH D
M2,
Si 45°7M1" Si 80°—M2"
R VT T2

M1, = M1 x Sin45°
M1, =M1 x0.707

M2y, = M2 x 5in80°
M2y = M2 x 0,984

Mily M2
Cos45° = k|
oS M1 M2

M1y = M1 x Cos45° M2, = M2 x Cos80°
M1y =M1x%x0.707 M2y =M2x0.173

SFM=3Fd

0.49 = (M, x 0.707) + (M, x 0.984)

SF>=3F¢
(M, x 0.707) = (M, X 0.173)

Find the common factor, in this case (M; x 0.707)
and substitute the value into one of the equations

to solve M2.
0.49 = (M, X 0.173) + (M, x 0.984)
0.49 = M,(0.173 + 0.984)
049 = M, x 1.157
0.49
1157 Mz
M, = 0.42MN

Now subsititue the value of M2 into one of the
equations to solve for M1.

(M; X 0.707) = (0.42 x 0.173)
M, x 0.707 = 0.07266
~ 0.07266
1™ 0.707

M, = 0.1MN

MARKS

7. Viewing platforms are commonplace in sports academies to allow for filming of
training and games.

viewing
platform ™

A beam used in the construction of the viewing platform is shown.

3.5kN

(a) (i) Calculate the magnitude of the reaction at B.

7. (a) (continued)

(i1) Calculate the magnitude and direction of the reaction at A.

11. (continued)
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8. (continued)
Due to the rapid expansion of the construction site, additional floodlights are to be
installed.
The diagram below shows part of the design for the frame that supports the
floodlights.
A
450N 455 N
{c) Calculate, using nodal analysis at nodes A and B, the magnitude and nature of
the forces in members AB, AE, BD, and BC.
Member BE is a 450 N tie.
Complete the table below. Show all working and final units. &
Member Magnitude Mature
AB tie
AE strut
BD
BC
8. () (continued)
Space for calculations
node A
\\
A
455N
node B
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The structural design for the frame used to support the boom is shown.

15 kN

Mode N, 1s in static equilibrium.

F, is a strut, and F, is a tie.

(€) (i) Write, inits simplest form, the equation for the vertical forces acting on

N, (include all forces and their angles). 1
(i) Write, in its simplest form, the equation for the horizontal forces acting
on N, (include all forces and their angles). 1
11. (c) (continued)
(i) Calculate the magnitude of the forces in members F, and F,. 3
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