
CV2011	–	Structural	Analysis	I,	Semester	2	2022-2023	by	Owen	
	
1.	(a)		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
1.	(b)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

Joints:	6,	Members:	9,	Reactions:	3,	
2(6)=9+3.	No	concurrent/parallel	
reactions,	no	collapse	mechanism.	
Overall,	statically	determinate,	
stable.	Ans.	
	

Simple	truss	

Simple	truss	

Connected	by	3	non-
concurrent/parallel	links	

Simply	
Supported	

	

60	kN	

RA,y	

RA,x	

RD	

Solving	reactions:	
	
®+,	SFx	=	0:		
RAx	=	0	kN	Ans.	
	
⟲+,	SMD=0:	
60*7	–	RAy*10	=	0	
RAy	=	42kN	(upwards)	Ans.	
	
+,	SFy	=	0:		
RAy	+	RD	–	60	=	0	
RD	=	18kN	(upwards)	Ans.	



1.	(c)		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AE	(Cut	2):		
	
	
	
	
	
	
	
	
	
Section	AB	(Cut	3):	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

60	kN	

42	kN	 18	kN	

Cut	3	

Cut	1	

Cut	2	

FAE	=
	0	kN

	

7	
3	

1	
1	

1	
1	FEF	

	
FCD	
	

FAB	
	

18	kN	42	kN	

Section	ADE	(Cut	1):	
®+,	SFx	=	0:		
–	 %√'	FEF	=	0	
FEF	=	0	kN	Ans.	
	
	

⟲+,	SMD	=	0:		
–	FAB	–	42=	0	
FEF	=	–42	kN	(compression)	Ans.	
	
+,	SFy	=	0:	
42	+	18	+	FAB	+	FCD	+	

%
√'	FEF	=	0	

FCD	=	–18	kN	(compression)	Ans.	
	
	

7	
3	

√2	

FAB	=	42	kN	
	

42	kN	
	

FEF		

FDE	

A	

E	

D	

E	

A	 FAE	=
	0	kN

	

FAD	

⟲+,	SME	=	0:		
42*7	–	42*7	+	FAD*3	=	0	
FAD	=	0	kN	Ans.	
	
Or	since	FAE	=	0,		
SFx	=	0	at	joint	A:	
FAD	=	0	kN	Ans.	

FAD	=	0	kN	
	

FAE		
	

FBF		
	

FBC		
	

A	

B	

E	

42	kN	

⟲+,	SME	=	0:		
FBC*7	+	42*7	=	0	
FBC	=	–42	kN	(compression)	Ans.	
	
	



2.	(a)	
	
	
	
	
	
	
	
	
	
	
	
	
Members:	3,	Reactions:	3([ixed)+2(pin)+2*2(2	hinge)=9,	3(3)=9.	No	
concurrent/parallel	reactions,	no	collapse	mechanism.	Overall,	statically	determinate,	
stable.	Ans.	
	
2.	(b)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 ®+,	SFx	=	0:	
RB,x	–	RA,x	=	0	
RA,y	=	2.07	kN	(leftwards)	Ans.	
	
+,	SFy	=	0:	
RA,y	–	RB,y	=	0	
RA,y	=	4.71	kN	(upwards)	Ans.	
	
⟲+,	SMA	=	0:	
MA	–	2.07*2	=	0	
MA	=	4.14	kNm	(anti-clockwise)	Ans.	
	
`	

√13			

	

Cantilever	AB	

	

Pin-hinge-pin	not	collinear	
∘BCD∘DEF∘	

2-force	member	

RD,x	

RD,y	

3	
2	

RF	

RF,y	
RF,x	

D	 E	

F	

Section	DEF:	Section	BCD:	
8	kN	

RF	 3	 2	
√13			

2	kN/m	

RB,x	
RB,y	

7	kN	

⟲+,	SMB	=	0:	
–7*1	–	8*2	+	 1√%1	RF*2	+	

'
√%1	RF*4	=	0	

RF	=	
'1√%1
%2 	kN	(correct	direction)	

RF,y	=	
'
√%1	

'1√%1
%2 	=	3.29	kN	(upwards)	Ans.	

RF,x	=	
1
√%1	

'1√%1
%2 	=	4.93	kN	(leftwards)	Ans.	

	
 ®+,	SFx	=	0:	
7	+	RB,x	–	RF,x	=	0	
RB,x	=	–2.07	kN	(opposite	direction)	
	
+,	SFy	=	0:	
RA,y	+	RF,y	–	8	=	0	
RB,y	=	4.71	kN	(correct	direction)	
	

 ®+,	SFx	=	0:	
RD,x	–	RF,x	=	0	
	
+,	SFy	=	0:	
RF,y	–	RD,y	=	0	
	
	

	

D	C	

B	

RB,x	=	2.07	kN	
RB,y	=	4.71	kN	

B	
Section	AB:	

RA,x		 RA,y		

MA		
A	



2.	(c)	Ans.		0	–	zero,	C	–	constant,	L	–	linear(sloped),	P	–	Parabola(x2)		
	
Section	ABC:	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	CDE:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	EF:	
	
	
	
	
	
	
	
	 	

	 	

		

+
	

7	kN	

RA,x	=	2.07	kN	

RA,y	=	4.71	kN	
MA	=	4.14	kNm	

A	

B	

C	

0	

0	

V	[kN]	

x	[m]	 x	[m]	

M	[kNm]	
2.07	

2.07	
–4.93	
–4.93	 C,	4m	

	Z,	3m	

A,	0m	

2.07	
–2.86	

–4.14	

B,	2m	 0	

N	=	4.93	kN	
M	=	2.86	kN	V	=	2.07	kN	

2kN/m	M	=	2.86	kNm	

V	=	4.71	kN	
N	=	4.93	kN	 C	

D	

E	
M	=	2.86	kNm	
N	=	4.93	kN	

V	=	3.29	kN	

	
	
	

	

V	[kN]	

M	[kNm]	

x	[m]	

x	[m]	

C,	0m	 Y,	2.36m	 D,	4m	 E,	7m	

4.71	

0	
–3.29	 –3.29	

–2.86	

D	

2.70	
0	

–9.86	

E	

F	

M	=	9.86	kNm	
V	=	4.93	kN	

N	=	3.29	kN	

RF,x	=	4.93	kN	
RF,y	=	3.29	kN	

V	[kN]	
E,	0m	

M	[kNm]	

F,	2m	
x	[m]	 x	[m]	

4.93	

4.93	0	

–9.86	

0	

C	

C	

C	

L	

L	

L
`	

C	 0	

L	 C	

P	 L	

C	 0	L	

2.07	

+	

+
	



2.	(c)	Calculations	
	
Section	ABC:	
	
Shear	force:	
	
A:	2.07kN	
	
B:	2.07kN	
	
Z:	2.07kN	–	7	kN	=	–4.93kN	
	
C:	–4.93kN	
	
Bending	moment:	
	
A:	–4.14kNm	
	
B:	–4.14kNm	+	∫ e	fg'

J 	=	–4.14kNm	+	(2.07kN	*	2m)	=	0kNm	(hinge)	
	
Z:	–4.14kNm	+	∫ e	fg1

J 	=	–4.14kNm	+	(2.07kN	*	2m)	=	2.07kNm	
	
C:	2.07kNm	+	∫ e	fg2

1 	=	2.07kNm	+	(–4.93kN	*	1m)	=	–2.86kNm	
	
	
	
	
	
	
	
	
	
Section	CDE:		
	
Shear	force:	
	
C:	4.71kN	
	
Y:	0kN	
Distance:	4.71kN	+	∫ i	fgK

J 	=	4.71kN	+	(–2kN/m	*	d)	=	0kN	
d	=	2.36m	,	x	=	0m	+	d	=	2.36m	
	
D:	4.71kN	+	∫ i	fg2

J 	=	4.71kN	+	(–2kN/m	*	4m)	=	–3.29kN	
	
E:	–3.29kN	

At	C:	

N	=	4.71	kN	
V	=	4.93	kN	

V	=	4.71	kN	

N	=	4.93	kN	
M	=	2.86	kNm	

M	=	2.86	kNm	



2.	(c)	Calculations	
	
Section	CDE:		
	
Bending	moment:	
	
C:	–2.86kNm	
	
Y:	–2.86kNm	+	∫ e	fg'.1L

J 	=	–2.86kNm	+	(0.5	*	4.71kN	*	2.36m)	=	2.70kNm	
	
D:	–2.86kNm	+	∫ e	fg2

J 	=	0kNm	(hinge)	
	
E:	0kNm	+	∫ e	fgM

2 	=	0kNm	+	(–3.29kN	*	3m)	=	–9.86kNm	
	
	
	
	
	
	
	
	
Section	EF:	
	
Shear	force:	
	
E:	4.93kN	
	
F:	4.93kN	
	
Bending	moment:	
	
E:	–9.86kNm	
	
F:	–9.86kNm	+	∫ e	fg'

J 	=	–9.86kNm	+	(4.93kN	*	2m)	=	0kNm	
	
	 	

At	E:	
V	=	3.29	kN	

V	=	4.93	kN	
N	=	4.93	kN	

N	=	3.29	kN	

M	=	9.86	kNm	
M	=	9.86	kNm	



3.	(a)		
	
	
	
	
	
 Solving	reactions:	
	
®+,	SFx=0:	
RA,x	=	0	kN	
	
+,	SFy=0:		
RA,y	–	6	–	5	=	0		
RA,y	=	11	kN	(upwards)	
	
⟲+,	SMA=0:	
MA	–	6*1.5	–	5*6	=	0	
MA	=	39	kNm	(anti-clockwise)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

+	 +	

6	kN	
2	kN/m	 5	kN	MA	

RA,x	
RA,y	
A	 B	 C	

2EI																																																													EI	

	
	
3	£	x	£	6:	
	
w2(x)	=	0	
	
V2(x)	=	A2	
V2(6)	=	A2	=	5	
A2	=	5	
V2(x)	=	5	
	
M2(x)	=	5g + k'	
M2(6)	=	5(6) + k'	=	0	
B2	=	–30	
M2(x)	=	5g − 30	
	
mn	o'N (g) =

O
' g

' − 30g + p'		

	
mn	o'(g) =

O
L g

1 − 1J
' g

' + p'g + q'			

	

Integration:	
	
0	£	x	£	3:	
	
w1(x)	=	–2		
	
V1(x)	=	–2x	+	A1	
V1(0)	=	–2(0)	+	A1	=	11	
A1	=	11	
V1(x)	=	–2x	+	11	
	
M1(x)	=	−

'
' g

' + 11g + k%	

M1(0)	=	−
'
' (0)

' + 11(0) + k%	=	–39	

B1	=	–39	
M1(x)	=	−

'
' g

' + 11g − 39	

	
2mn	o%N(x) 	= − '

L g
1 + %%

' g
' − 39g + p%		

	
2mn	o%(g) 	= 	−

'
'2 g

2 + %%
L g

1 − 1P
' g

' + p%g + q%		
	
	



3.	(a)	
	
Boundary	conditions:	
	
o%N(0)	=	0:	
− '
L (0)

1 + %%
' (0)

' − 39(0) + p% = 0			

C1	=	0	
	
o%(0)	=	0:	
− '
'2 (0)

2 + %%
L (0)

1 − 1P
' (0)

' + 0(0) + q%	=	0	

D1	=	0	
	
Continuity	conditions:	
	
o%N(3) = o'N (3):	
%
' r−

'
L (3)

1 + %%
' (3)

' − 39(3) + 0s = O
' (3)

' − 30(3) + p'		

C2	=	29.25	
	
o%(3) = o'(3):	
%
' r−

'
'2 (3)

2 + %%
L (3)

1 − 1P
' (3)

' + 0(3) + 0s = O
L (3)

1 − 1J
' (3)

' + 29.25(3) + q'		

D2	=	–41.625	
	
Slope	equations	[kN×m2/(EI)]:	
	

o%N(x) 	= 	
%
'QR r−

'
L g

1 + %%
' g

' − 39gs		for	0	£	x	£	3	

o'N (g) = 	
%
QR r

O
' g

' − 30g + 29.25s		for	3	£	x	£	6	

	
De[lection	equations	[kN×m3/(EI)]:	
	

o%(g) =
%
'QR r−

'
'2 g

2 + %%
L g

1 − 1P
' g

's		for	0	£	x	£	3	Ans.	

o'(g) =
%
QR r

O
L g

1 − 1J
' g

' + 29.25g − 41.625s		for	3	£	x	£	6	Ans.	

	 	



3.	(b)		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

2	kN/m	 5	kN	MA	=	39	kNm	

RA,y	=	11	kN	
A	 B	 C	

2EI																																																													EI	

+	

	
	
	
	

	
	
	

	
	
	
	
	

V	[kN]	

x	[m]	

M	[kNm]	 x	[m]	

x	[m]	

11	

5	 5	

–39	

–15	

0	

–19.5	

–15	

0	

–7.5	

1	(Parabolic	spandrel)	

3	(Triangle)	

2	(Trapezoid)	

–30	

–15	

A,	0m	 B,	3m	 C,	6m	

A,	0m	 B,	3m	 C,	6m	
M/(EI)	[kNm/(EI)]	



3.	(b)	
	
Area	Index,	i	 Area,	Ai	[kN·m2/(EI)]	 Centroid	rightwards	

from	point	A,	xi	[m]	
Centroid	leftwards	from	
point	C,	(xC	–	xi)	[m]	

1	
−
4.5
EI
	

3
4
	 5.25	

2	
−
33.75
EI

	
4
3
	

14
3
	

3	
−
22.5
EI

	
4	 2	

	
Moment-Area	theorems:	
	
yS = 0	,	

yT = yT/S + yS = ∑{V + 0 = 	−
LJ.MO	WX·Z-

QR 	(clockwise)	Ans.	

	
oS = 0,	yS = 0,	
|T/S = oT − oS − yS(gT − gS) = ∑(g[ − gV){V = − ''L.%'O

QR 		

oT = − ''L.%'O
QR + 0 + 0 = − ''L.%'O	WX·Z.

QR 	(downwards)	Ans.	

	
	
	 	



4.	(a)	Blue:	Tension,	Red:	Compression,	Green:	Zero	force	member	
	
Virtual	forces	n:																																																												Real	forces	N:	
	
	
	
	
	
	
	
	
	
Member	 n	[kN]	 N	[kN]	 L	[m]	 nNL	[kN2	·m]	
AC	 –1	 0	 1	 0	
AD	 – √2		 –10	 √2		 20	
BD	 2	 10√2		 1	 20√2	
CD	 1	 5√2		 1	 5√2		
CE	 0	 5√2		 1	 0	
CF	 – √2		 –10	 √2		 20	
DF	 1	 5√2		 1	 5√2		
EF	 1	 – 5√2		 1	 -5√2		
EG	 0	 10	 √2		 0	
FG	 0	 0	 1	 0	
	 S	=	75.356	
	
Virtual	work	equation:	
	
EA	=	(200*106	kN/m2)(300	(10–3	m)2)	=	6*104	kN	
	
1kN	·	∆E	=	

MO.1OL	WX-·Z
L∗%J/	WX 	=	1.256*10–3	kNm	

	
∆E	=	1.256*10–3	m	=	1.256	mm	(up)	Ans.	
	 	

	 	

	
1	kN	

–1	kN	

–√2	kN	

–√2	kN	

0	kN	

1	kN	

0	kN	

0	kN	1	kN	

1	kN	

2	kN	

0	kN	 5√2	kN	

5√ 2	kN	
5√2	kN	10√2	kN	

–10	kN	

–10	kN	
–5√ 2	kN	

10	kN	
0	kN	



4.	(a)	Calculations	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

Method	of	joints	
solves	2	unknowns	
that	are	not	collinear.	

G	(1)	

E	(2)	

F	(3)	

C	(4)	

D	(5)	

RA,x	
RA,y	

RB,y	RB,x	
B	

A	

1	
1	√2	

1	
1	√2	

1	
1	√2	

Virtual	forces	n:	
	
Joint	G:	
	
+,	SFy	=	0:	
%
√'ÄQ^ = 0		

ÄQ^ = 0	kN	
	
®+,	SFx	=	0:	
− %
√'ÄQ^ − Ä_^ = 0		

Ä_^ = 0	kN	
	
Joint	E:	
	
®+,	SFx	=	0:	
−ÄTQ 	=	0	
ÄTQ 	=	0		kN		
	
+,	SFy	=	0:	
1 − ÄQ_	=	0	
ÄQ_	=	1	kN	(tension)	
	
	

Real	forces	N:	
	
Joint	G:	
	
+,	SFy	=	0:	
%
√'ÅQ^ 	–	

%
√'*10√2	=	0	

ÅQ^ = 10	kN	(tension)	
	
®+,	SFx	=	0:	
− %
√'ÅQ^ − Å_^ 	+	

%
√'*10=	0	

Å_^ = 0	kN	
	
Joint	E:	
	
®+,	SFx	=	0:	
−ÅTQ 	+	

%
√'*10	=	0	

ÅTQ 	=	5√2		kN	(tension)	
	
+,	SFy	=	0:	
−	 %√'ÅQ^ − ÅQ_	=	0	

ÅQ_	=	–5√2		kN	(compression)	
	

	

`() 	
`*) 	

G		

`*( 	

`+*	
`*)=	0	kN	

E		

1	kN	

Son	

Father	

b()	
b*)	

G		 10	kN	

b*( 	

b+*	
b*)=	10	kN	

E		



4.	(a)	Calculations	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

Virtual	forces	n:	
	
Joint	F:	
	
+,	SFy	=	0:	
%
√'ÄT_ + ÄQ_ =	0		

ÄT_ =	–√2	kN	(compression)	
	
®+,	SFx	=	0:	
− %
√'ÄT_ − Äc_ =	0		

Äc_ =	1	kN	(tension)	
	
Joint	C:	
	
®+,	SFx	=	0:	
−	ÄST −

%
√'ÄT_	=	0	

ÄST 	=	–1	kN	(compression)	
	
+,	SFy	=	0:	
−	ÄTc +

%
√'ÄT_	=	0	

ÄTc	=	1	kN	(tension)	
	
Joint	D:	
	
+,	SFy	=	0:	
ÄTc +

%
√'ÄSc	=	0	

ÄSc	=	–√2		kN	(compression)	
	
®+,	SFx	=	0:		
Äc_ − Ädc −

%
√'ÄSc	=	0	

Ädc	=	2	kN	(tension)	
	
	
	
	
	

	 Real	forces	N:	
	
Joint	F:	
	
+,	SFy	=	0:	
%
√'ÅT_ + ÅQ_ + 10√2 =	0		

ÅT_ =	–10	kN	(compression)	
	
®+,	SFx	=	0:	
− %
√'ÅT_ − Åc_ =	0		

Åc_ =	5√2		kN	(tension)	
	
Joint	C:	
	
®+,	SFx	=	0:	
−	ÅST −

%
√'ÅT_ + ÅTQ 	=	0	

ÅST 	=	0	kN		
	
+,	SFy	=	0:	
−	ÅTc +

%
√'ÅT_	=	0	

ÅTc	=	5√2		kN	(tension)	
	
Joint	D:	
	
+,	SFy	=	0:	
ÅTc +

%
√'ÅSc	=	0	

ÅSc	=	–10		kN	(compression)	
	
®+,	SFx	=	0:		
Åc_ − Ådc −

%
√'ÅSc	=	0	

Ådc	=	10√2		kN	(tension)	
	

`+( 		

F	 `() 	=	0	kN	

`*( 	=	1	kN		

`,( 		

`+,		

C	
`+( 	=	√2	kN	

`+*	=	0	kN	`-+ 		

`-, 		

D	 `,( 	=	1	kN	

`+,	=	1	kN		

`.,		

b+(		

F	
b()	=	0	kN	

`*( 	=	5√2	kN		

b,(		

10√2	kN	

b+,		

C	
b+(	=	10	kN	

b+*	=	5√2	kN	b-+		

b-,		

D	 b,(	=	5√2	kN	

b+,	=	5√2	kN	

b.,		



4.	(b)	(i)		
	
Virtual	horizontal	force:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:	
	
V1(x)	=	1	for	0	£	x	£	2	
M1(x)	=	x	for	0	£	x	£	2	
	
V1(x)	=	1	for	2	£	x	£	4	
M2(x)	=	x	for	2	£	x	£	4	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V3(x)	=	–1	for	0	£	x	£	4	
M3(x)	=	–	x	+	4	for	0	£	x	£	4	
	
V3(x)	=	–1	for	2	£	x	£	4	
M3(x)	=	–	x	+	4	for	2	£	x	£	4	
	 	

V	[kN]	

RA,x		
RA,y		

RC		

A		

B	
C	

	
Solving	reactions:	
	
⟲+,	SMA	=	0:	
RC*4	–	1*4	=	0	
RC	=	1	kN	(upwards)	
	
+,	SFy	=	0:	
RC	+	RA,y	=	0	
RA,y	=	–1	kN	(downwards)	
	
®+,	SFx	=	0:	
RA,x	+	1	=	0		
RA,x	=	–1	kN	(leftwards)	
	

1	kN	

+
	

	 	

x	[m]	
1	

1	 0	

4	

AB	0-2	(Triangle)	

A,	0	m	

+	1	kN	
V	=	–1	kN	
M	=	4	kNm	
N	=	0	kN	

B,	4	m	
	

x	[m]	

	
	
	
	
	

	

V	[kN]	 x	[m]	

M	[kNm]	

x	[m]	

–1	 –1	

4	

0	

B	
0	m	

C	
4	m	

BC	0-4	(Triangle)	

M	[kNm]	

2	m	 AB	2-4	(Trapezoid)	2	



4.	(b)	(i)		
	
Virtual	moment:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:		
	
V1(x)	=	0	for	0	£	x	£	2	
M1(x)	=	0	for	0	£	x	£	2	
	
V2(x)	=	0	for	2	£	x	£	4	
	M1(x)	=	0	for	2	£	x	£	4	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V3(x)	=	0.25	for	0	£	x	£	4	
M3(x)	=	0.25x	–	1	for	0	£	x	£	4	
	
V3(x)	=	0.25	for	0	for	2	£	x	£	4	
M3(x)	=	0.25x	–	1	for	2	£	x	£	4	
	 	

	

	
	
	
	
	

	

	
Solving	reactions:	
	
⟲+,	SMA	=	0:	
RC*4	+	1	=	0	
RC	=	–0.25	kN	(downwards)	
	
+,	SFy	=	0:	
RC	+	RA,y	=	0	
RA,y	=	0.25	kN	(upwards)	
	
®+,	SFx	=	0:	
RA,x	=	0	kN	
	

+
	

	

x	[m]	
0	

0	 A,	0	m	

+	
V	=	0.25	kN	
M	=	–1	kNm	
N	=	0	kN	

B,	4m	
	

x	[m]	

	

	
	
	
	
	

V	[kN]	

x	[m]	

M	[kNm]	
x	[m]	

0.25	 0.25	

–1	

0	

B	
0	m	

C	
4	m	

BC	0-4	(Triangle)	

0	

0	

RA,x		
RA,y		

RC		

A		

B	
C	

1	kNm	

1	kNm	

AB	0-2	(0)	
M	[kNm]	V	[kN]	

AB	2-4	(0)	

2	m	



	
	
	

	
	
	
	
	
	

4.	(b)	(i)		
	
Real	forces:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:	
	
V1(x)	=	50	for	0	£	x	£	2	
M1(x)	=	50x	for	0	£	x	£	2	
	
V2(x)	=	0	for	2	£	x	£	4	
M2(x)	=	100	for	2	£	x	£	4	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V3(x)	=	–10x	–	5	for	0	£	x	£	4	
M3(x)	=	–	5x2	–	5x	+	100		
for	0	£	x	£	4	
V3(x)	=	–35	for	2	£	x	£	4	
M3(x)	=	–	35x	+	140	for	2	£	x	£	4	
	 	

V	[kN]	

RA,x		
RA,y		

RC		

A		

B	
C	

	
Solving	reactions:	
	
⟲+,	SMA	=	0:	
RC*4	–	30*2	–	20*4	=	0	
RC	=	45	kN	(upwards)	
	
+,	SFy	=	0:	
RC	+	RA,y	–40	=	0	
RA,y	=	–5	kN	(downwards)	
	
®+,	SFx	=	0:	
RA,x	+50	=	0	
RA,x	=	–50	kN	(leftwards)	
	

+
	

	 	

x	[m]	
0	

50	

0	

100	

AB	0-2	(Triangle)	A,	0	m	
	

+	
V	=	–5	kN	
M	=	80	kNm	
N	=	20	kN	

B,	4	m	
	

x	[m]	

V	[kN]	 x	[m]	

x	[m]	0	

BC	0-4	(Semi	Parabola	+	Triangle,	
not	in	appendix)	

M	[kNm]	

10	kN/m	
40	kN	

50	kN	

AB	2-4	(Rectangle)	

100	

–5	

100	2	m	

B,	0	m	
	M	[kNm]	 C,	4	m	

	

–45	



4.	(b)	(i)		
	
EI	=	(200	GPa)(235*106	(mm)4)	=	(200*109	N/m2)(235*106	(10-3	m)4)	=	4.7*104	kN·m2	
	
Virtual	work	equation:	
	
Horizontal	de[lection:	
	
1	kN	·	∆B	=	∫

(f)(OJf)
QR fg'

JÉÑÑÑÖÑÑÑÜ
%11.111/(QR)

	+	∫ (f)(%JJ)
QR fg2

'ÉÑÑÑÖÑÑÑÜ
LJJ/(QR)

	+	∫ (hfi2)(hOf-hOfi%JJ)
QR fg2

JÉÑÑÑÑÑÑÑÖÑÑÑÑÑÑÑÜ
L2J/(QR)

			

1	kN	·	∆B	=	2.922*10-2		
(WXZ)-
WX·Z- · á	=	2.922*10-2		kNm	

∆B	=	2.922*10-2		m	=	29.22	mm	(rightwards)	Ans.	
	
Rotation:	

1	kNm	·	qB	=	∫
(J)(OJf)

QR fg'
JÉÑÑÑÖÑÑÑÜ

J/(QR)
	+	∫ (J)(%JJ)

QR fg2
'ÉÑÑÑÖÑÑÑÜ

J/(QR)
	+	∫ (J.'Ofh%)(hOf-hOfi%JJ)

QR fg2
JÉÑÑÑÑÑÑÑÑÖÑÑÑÑÑÑÑÑÜ

h%LJ/(QR)
	

1	kN	·	mqB	=	–3.404*10–3	
(WXZ)-
WX·Z- · á	=	–3.404*10–3	kNm	

qB	=	–3.404*10–3	=	–0.003404	rad	(clockwise)	Ans.	
	
4.	(b)	(ii)	Ans.		
	
	
	

A	A	

B										B	 C										C	

B	moves	right	and	rotates	clockwise	

	



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



AT
TE

N
TI

O
N

: T
he

 S
in

ga
po

re
 C

op
yr

ig
ht

 A
ct

 a
pp

lie
s 

to
 th

e 
us

e 
of

 th
is

 d
oc

um
en

t. 
N

an
ya

ng
 T

ec
hn

ol
og

ic
al

 U
ni

ve
rs

ity
 L

ib
ra

ry


