
CV2011	–	Structural	Analysis	I,	Semester	1	2023-2024	by	Owen		
	
1.		(a)		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Joints:	12,	Members:	21,	Reactions:	3,	2(12)	=	21	+	3.	No	concurrent/parallel	reactions,	
no	collapse	mechanism.	Overall,	statically	determinate,	stable.	Ans.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

Simple	truss	
	

Connected	by	link	5-7	
and	pin	6	(not	collinear)	

Member	
6-7	

Connected	by	link	7-9	
and	pin	6	(not	collinear)	

Simple	truss	
	

Simply	supported	

Figure	Q1(a)	

	
Figure	Q1(b)	

Connected	
by	3	non-
concurrent/
parallel	links	

Simply	
supported	

Simple	
truss	

Simple	truss	

Joints:	8,	Members:	13,	Reactions:	3,	
2(8)	=	13	+	3.		
No	concurrent/parallel	reactions,	no	
collapse	mechanism.	Overall,	
statically	determinate,	stable.	Ans.	



1.	(b)	Convert	diagonal	forces	into	x	and	y	directions		

	
Solving	reactions:	
	
®+,	SFx	=	0:	
R1,x	=	0	kN	
	
By	symmetry	and	+,	SFy	=	0:	
R1,y	=	R12	
R1,y	+	R12	–	10	–	10	=	0	
R1,y	=	10	kN	(upwards)		
R12	=	10	kN	(upwards)	
	
Section	12345	(Cut	1):	
	
	
	
	
	
	
	
	
	
Section	123	(Cut	2):	
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Cut	1	Cut	2	
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R1,y	

R1,x	

R12	
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F5-7		

F3-6(a)		F4-6		

10	kN		

10	kN		
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+,	SFy	=	0:	
10	–	10	–	

+
√-.	F3-6(a)	=	0	

F3-6(a)	=	0	kN	Ans.	

√13	

1	 2	

3	

10	kN		

F3-6(a)	=	0	kN	

F3-5		

F2-4		

F3-4(b)		
3	

4	 5	

+,	SFy	=	0:	
10	–	

/
0	F3-4(b)	=	0	

F3-4(b)	=	12.5	kN	(tension)	Ans.	

F 2
-3
	=
	0	
	

F 6
-7
	=
	0	
	

F 1
0-
11
	=
	0	
	



1.	(c)	Convert	diagonal	forces	into	x	and	y	directions			
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	ABEG	(Cut	1):	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AG	(Cut	2):	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

Cut	1	Cut	2	 Cut	3	

RA,y	

RA,x	

RD	

P	 P	

Solving	reactions:	
	
®+,	SFx	=	0:	
RA,x	=	0	kN	
	
By	symmetry	and	+,	SFy	=	0:	
RA,y	=	RD	
RA,y	+	RD	–	P	–	P	=	0	
RA,y	=	P	(upwards)	
RD	=	P	(upwards)	
	

1	
1	

1	
2	

1	
1	

√2	

P	

FGH		

FEF		

FBC		

	

P	

⟲+,	SMA	=	0:	
–	FGH*(3d)	–	P*(d)	=	0	

FGH	=	–	
-
.	P	(compression)	

A	 B	

E	

G	

A	

G	

E	

Z	

1	´	d	

1	´	d	 0.5	´	d	

1.5	´	d	

1	
2	

1	
1	 √2	
FAE(1)		
FAB		

FEG		

FGH	=	89	P	 ⟲+,	SMZ	=	0:	
-
.	P*(3d)	–	P*(1.5d)	–	

-
√+FAE*(1.5d)=	0	

FAE(1)	=	–	
√+
. 	P	(compression)	Ans.	

	

P	

1	
2	



1.	(c)	
	
Section	DH	(Cut	3):		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
2.	(a)	
	
	
	
	
	
	
	
	
	
	
	
	
Members:	3,	Reactions:	3(^ixed)+1*2(2	rollers)+2*2(2	hinge)=9,	3(3)=9.	No	
concurrent/parallel	reactions,	no	collapse	mechanism.	Overall,	statically	determinate,	
stable.	Ans.	
	
	
	
	
	
	
	
	
	
	
	
	 	

F	

FGH	=	89	P	

A	

H	

D	

FFH	

FDF(2)	

FCD	
P	

⟲+,	SMA	=	0:	
–	
-
.	P*(3d)	+	P*(3d)	+	

+
√0FDF*(3d)=	0	

FDF(2)	=	–	
√0
. 	P	(compression)	Ans.	

	

1	
2	√5	

	

Cantilever	EF	

Simply	supported		
member	CDE	by	pin	
E	and	roller	D	

Simply	supported		
member	ABC	by	pin	
C	and	roller	B	



2.	(b)		
	
	
	
	
	
	
	
	
	
Member	ABC:	
	
⟲+,	SMC	=	0:		
30*6	–	RB*4	=	0	
RB	=	45	kN	(upwards)	Ans.	
	
⟲+,	SMB	=	0:	
30*2	–	RC,y*4	–	20*4	=	0	
RC,y	=	–5	kN	(opposite	direction)		
	
®+,	SFx	=	0:	
RC,x	=	0	kN	
	
Member	CDE:	
	
⟲+,	SME	=	0:	
5*6	+	120*2	–	RD*4	=	0	
RD	=	67.5	kN	(upwards)	Ans.	
	
⟲+,	SMD	=	0:	
5*2	–	120*2	–	RE,y*4	=	0	
RE,y	=	–57.5	kN	(opposite	direction)	
	
®+,	SFx	=	0:	
RE,x	=	0	kN	
	
Member	EF:	
	
+,	SFy	=	0:	
–57.5	+	RF,y	=	0	
RF,y	=	57.5	kN	(upwards)	Ans.	
	
⟲+,	SMF	=	0:	
57.5*2	+	MF	=	0	
MF	=	–115	kNm	(clockwise)	Ans.	
	

30	kN	

RB	

20	kN	RC,x	
RC,y	A	

B	 C	

RC,y	
RC,x	 RD	

30	kN/m	

RE,x	
C	 E		

120	kN	

RE,y	D	
RE,y	

RE,x	 RF,x	

RF,y	
MF	E		 F		

30	kN	

RB	

20	kN	RC,x	
RC,y	A	

B	 C	

5	kN	

RD	 RE,x	C	 E		

120	kN	

RE,y	D	

57.5	kN	

RF,x	

RF,y	
MF	E		 F		

®+,	SFx	=	0:	
RF,x	=	0	kN	Ans.	



2.	(c)	Ans.		0	–	zero,	C	–	constant,	L	–	linear(sloped),	P	–	Parabola(x2)		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

30	kN	

+	

RB	=	45	kN	
20	kN	

30	kN/m	

RD	=	67.5	kN	

RF,y	=	57.5	kN	

MF	=	115	kNm	A	 B	
C	

D	 E	 F	
Weight:											0																																						0																																					0																																						C																																					0	

–30	 –30	

15	 15	

–5	 –5	

62.5	

–57.5	 –57.5	
A	
0	m	

B	
2	m	

C	
6	m	

D	
8	m	

E	
12	m	

F	
14	m	

		Shear:											C																																						C																																					C																																						L																																					C	

																													L																																						L																																					L																																						P																																					L	

0	

–60	

0	

–10	

0	

–115	

M	[kNm]	

x	[m]	

x	[m]	

Z	
10.083	m	

55.104	

V	[kN]	



2.	(c)	Calculations	
	
Shear	force:	
	
A:	–30kN	
	
B:	–30kN	+	45kN	=	15kN	
	
C:	15kN	–	20kN	=	–5kN		
	
D:	–5kN	+	67.5kN	=	62.5kN	
	

E:	62.5kN	+	∫ e	fg
-+
M 	=	62.5kN	+	(–30kN/m	*	4m)	=	–57.5kN		

	
F:		–57.5kN	(RF,y)	
	
Bending	moment:	
	
A:	0kNm	
	

B:	0kNm	+	∫ h	fg
+
N 	=	0kNm	+	(–30kN	*	2m)	=	–60kNm	

	

C:	–60kNm	+	∫ h	fg
O
+ 	=	–60kNm	+	(15kN	*	4m)	=	0kNm	(hinge)	

	

D:	0kNm	+	∫ h	fg
M
O 	=	0kNm	+	(–5kN	*	2m)	=	–10kNm	

	

E:	-10kNm	+	∫ h	fg
-+
M 	=	0kNm	(hinge)	

	

F:	0kNm	+	∫ h	fg
-/
-+ 	=	0kNm	+	(–57.5kN	*	2m)	=	–115kNm	(MF)	

	
Point	Z:	
	
Distance:	62.5kN	–	30kN/m	*	d	=	0kN	
d	=	2.083m	,	x	=	8m	+	d	=	10.083m	
	

Bending	moment:	–10kNm	+	∫ h	fg
-N.NM.
M 	=	–10kNm	+	(0.5	*	62.5kN	*	2.083m)		

=	55.104kNm	
	 	



3.	(a)		
	
Solving	reactions:	
	
+,	SFy	=	0:	
–15	+	RA,y	=	0	
RA,y	=	15	kN	(upwards)	
	
®+,	SFx	=	0:	
RA,x	=	0	kN	
	
⟲+,	SMA	=	0:	
MA	–	15*4.5	=	0	
MA	=	67.5	kNm	(anti-clockwise)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

5	kN/m	
15	kN	

RA,y		

RA,x		
MA		 A	 B	 C	

+	

	
	
3	£	x	£	6:	
	
w2(x)	=	–5	
	
V2(x)	=	–5x	+	A2	
V2(6)	=	–5(6)	+	A2	=	0	
A2	=	30	
V2(x)	=	–5x	+	30	
	

M2(x)	=	−
0
+ g

+ + 30g + k+	

M2(6)	=	−
0
+ (6)

+ + 30(6) + k+	=	0	

B2	=	–90	

M2(x)	=	−
0
+ g

+ + 30g − 90	

	

lm	n+P (g) = 	−
0
O g

. + .N
+ g

+ − 90g + o+		

	

lm	n+(g) = −
0
+/ g

/ + .N
O g

. − QN
+ g

+ + o+g + p+			

	

Integration:	
	
0	£	x	£	3:	
	
w1(x)	=	0		
	
V1(x)	=	A1	
V1(0)	=	A1	=	15	
A1	=	15	
V1(x)	=	15	
	
M1(x)	=	15x	+	B1	
M1(0)	=	15(0)	+	B1	=	–67.5	
B1	=	–67.5	
M1(x)	=	15x	–	67.5	
	

2lm	n-P(x) 	= 	
-0
+ g

+ − 67.5g + o-		

	

2lm	n-(g) 	= 	
-0
O g

. − OR.0
+ g+ + o-g + p-		

	
	

2EI																												EI						

+	



3.	(a)	
	
Boundary	conditions:	
	
n-P(0)	=	0:	
-0
+ (0)

+ − 67.5(0) + o- = 0			

C1	=	0	
	
n-(0)	=	0:	
-0
O (0)

. − OR.0
+ (0)+ + 0(0) + p-	=	0	

D1	=	0	
	
Continuity	conditions:	
	
n-P(3) = n+P (3):	
-
+ q

-0
+ (3)

+ − 67.5(3) + 0r = −
0
O (3)

. + .N
+ (3)

+ − 90(3) + o+		

C2	=	90	
	
n-(3) = n+(3):	
-
+ q

-0
O (3)

. − OR.0
+ (3)+ + 0(3) + 0r = −

0
+/ (3)

/ + .N
O (3)

. − QN
+ (3)

+ + 90(3) + p+		

D2	=	–101.25	
	
Slope	equations	[kN×m2/(EI)]:	
	

n-P(x) 	= 	
-
+ST q

-0
+ g

+ − 67.5gr		for	0	£	x	£	3	

n+P (g) = 	
-
ST q−

0
O g

. + .N
+ g

+ − 90g + 90r		for	3	£	x	£	6	

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

n-(g) =
-
+ST q

-0
O g

. − OR.0
+ g+r		for	0	£	x	£	3	Ans.	

n+(g) =
-
ST q−

0
+/ g

/ + .N
O g

. − QN
+ g

+ + 90g − 101.25r		for	3	£	x	£	6	Ans.	

	
	
	
	
	
	



3.	(b)					
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

	

`	

	
	
	

5	kN/m	15	kN	
67.5	kNm	 A	 B	 C	

+	

A	
0	m	

B	
3	m	

C	
6	m	

A	
0	m	

B	
3	m	

C	
6	m	

V	[kN]	

M	[kNm]	

2EI																																																										EI						

M/(EI)	[kNm/(EI)]	

x	[m]	

x	[m]	

x	[m]	

15	

0	

–67.5	

–22.5	

0	

–33.75	

–11.25	

–22.5	

0	

1	(Trapezoid)	

2	(Parabolic	spandrel)	

Area	Index,	i	 Area,	Ai	[kN·m2/(EI)]	 Centroid	rightwards	
from	point	A,	xi	[m]	

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

1(A-B)	 −67.5]^ 	
1.25	 4.75	

2(B-C)	 −22.5]^ 	
3.75	 2.25	

	

15	



3.	(b)	
	
Moment-Area	Theorems:	
	
yU = 0,	

yV/U = yV	 − yU = ∑ {XV
U = −

QN
ST			

yV	 = −
QN
ST + 0 = −

QN	YZ·\@

ST 	(clockwise)	Ans.	

	
nU = 0,	yU = 0,	

|V/U = nV − nU − yU(gV − gU) = ∑ (g] − gX){XV
U = −

.R-.+0
ST 		

nV = −
.R-.+0
ST + 0 + 0 = −

.R-.+0	YZ·\A

ST 	(downwards)	Ans.	

	

3.	(c)	
	
Using	equations:	
	

n+P (6) = 	
-
ST q−

0
O (6)

. + .N
+ (6)

+ − 90(6) + 90r = −
QN	YZ·\@

ST 	(clockwise)	Ans.	

n+(6) =
-
ST q−

0
+/ (6)

/ + .N
O (6)

. − QN
+ (6)

+ + 90(6) − 101.25r = −
.R-.+0	YZ·\A

ST 	(downwards)	

Ans.	
Both	methods	obtained	the	same	results.	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	[(kN)2	·m]	
AC	 1	 10	 1	 10	
AD	 √2		 0	 √2		 0	

BD	 –2	 –20	 1	 40	
CD	 –1	 –10	 1	 10	
CE	 √2		 10√2	 √2		 20√2	
DE	 –1	 –10	 1	 10	
DF	 0	 –10√2	 √2		 0	

EF	 0	 10	 1	 0	
	 S	=	98.284	
	
Virtual	work	equation:	
	
EA	=	(200*106	kN/m2)(300	(10–3	m)2)	=	6*104	kN	
	

1kN	·	∆E	=	
QM.+M/	YZ@·\
O∗-NB	YZ 	=	1.638*10–3	kNm	

	
∆E	=	1.638*10–3	m	=	1.638	mm	(up)	Ans.	
	

	

	

10	kN	

10√
2	k
N	

10
	kN

	

–1
0	k
N	

–10
√2
	kN
	

–2
0	k
N	

–10	kN	

0	k
N	

	

	

0	k
N	

0	kN	

√2
	kN
	

√2
	kN
	

1	k
N	

–1
	kN

	

–1	kN	

–2
	kN

	

	



4.	(a)	Calculations		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	 	

Virtual	forces	n:	
	
Joint	F:	
	
+,	SFy	=	0:	

−
-
√+Ä_` = 0		

Ä_` = 0	kN	
	
®+,	SFx	=	0:	

−
-
√+Ä_` − ÄS` = 0		

ÄS` = 0	kN	
	
Joint	E:	
	
®+,	SFx	=	0:	

1 −
-
√+ÄVS 	=	0	

ÄVS 	=	√2		kN	(tension)	
	
+,	SFy	=	0:	

−
-
√+ÄVS − Ä_S 	=	0	

Ä_S 	=	–1	kN	(compression)	
	
	

Father	

Son	

RA,y		
RA,x		 RB,x		 RB,y		

A	 B	

C	(3)	 D	(4)	

E	(2)	 F	(1)	

	

Method	of	joints	
solves	2	
unknowns	that	
are	not	collinear.	
	

Real	forces	N:	
	
Joint	F:	
	
+,	SFy	=	0:	

−
-
√+Ç_` − 10 = 0		

Ç_` =	–10√2	kN	(compression)	
	
®+,	SFx	=	0:	

−
-
√+Ç_` − ÇS` = 0		

ÇS` = 10	kN	(tension)	
	
Joint	E:	
	
®+,	SFx	=	0:	

Ç_` −
-
√+ÇVS 	=	0	

ÇVS 	=	10√2		kN	(tension)	
	
+,	SFy	=	0:	

−
-
√+ÇVS − Ç_S 	=	0	

Ç_S 	=	–10	kN	(compression)	
	

	

1	
1	 √2	

1	
1	 √2	

1	
1	 √2	

a*+ 	
a,+ 	 F		

a,*	
a-*	 E	

a,+ 	=	0	kN	1	kN	

c*+ 	
c,+	 F		

10	kN	

c,*	
c-*	 E	

c*+	=	10	kN	



4.	(a)	Calculations	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	

Virtual	forces	n:	
	
Joint	C:	
	
+,	SFy	=	0:	
-
√+ÄVS − ÄUV =	0		

ÄUV = 1	kN	(tension)	
	
®+,	SFx	=	0:	
-
√+ÄVS + ÄV_ =	0		

ÄV_ =	–1	kN	(compression)	
	
Joint	D:	
	
®+,	SFx	=	0:	

ÄV_ −
-
√+ÄU_	=	0	

ÄU_	=	√2		kN	(tension)	
	
+,	SFy	=	0:	

−	Ä_S − Äd_ −
-
√+ÄU_	=	0	

Äd_	=	–2	kN	(compression)	
	
	

	

a.- 	

a-*	=	√2	kN	

C	 a-,		

a/,	

a,+ 	=	0	kN	

D	

a,*	=	1	kN	

a-,	=	1	kN	

a., 		

Real	forces	N:	
	
Joint	C:	
	
+,	SFy	=	0:	
-
√+ÇVS − ÇUV =	0		

ÇUV = 10	kN	(tension)	
	
®+,	SFx	=	0:	
-
√+ÇVS + ÇV_ =	0		

ÇV_ =	–10	kN	(compression)	
	
Joint	D:	
	
®+,	SFx	=	0:	

ÇV_ −
-
√+ÇU_ −

-
√+Ç_`	=	0	

ÇU_	=	0	kN		
	
+,	SFy	=	0:	

−	Ç_S −
-
√+Ç_` −

-
√+ÇU_−	Çd_	=	0	

Äd_	=	–20	kN	(compression)	
	
	

c.-	

c-*	=	10√2	kN	

C	 c-,		

c/,	

c,+	=	10√2	kN	

D	

c,*	=	10	kN	

c-,	=	10	kN	

c.,		



4.	(b)	(i)		
	
Virtual	horizontal	force:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:	
	
V1(x)	=	1	for	0	£	x	£	4	
M1(x)	=	x	for	0	£	x	£	4	
	
	
	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V2(x)	=	–1	for	0	£	x	£	2	
M2(x)	=	–	x	+	4	for	0	£	x	£	2	
	
V3(x)	=	–1	for	2	£	x	£	4	
M3(x)	=	–	x	+	4	for	2	£	x	£	4	
	 	

M	
[k
Nm

]	

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	

1	(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	

2	

B	
0	m	 2	m	 C	

4	m	

2	(Trapezoid)	 3	(Triangle)	



4.	(b)	(i)		
	
Virtual	moment:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:	
	
V1(x)	=	0	for	0	£	x	£	4	
M1(x)	=	0	for	0	£	x	£	4	
	
	
	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V2(x)	=	0.25	for	0	£	x	£	2	
M2(x)	=	0.25x	–	1	for	0	£	x	£	2	
	
V3(x)	=	0.25	for	0	for	2	£	x	£	4	
M3(x)	=	0.25x	–	1	for	2	£	x	£	4	
	 	

	

	
	
	
	
	

	

M	
[k
Nm

]	

V	[
kN
]	

	
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	 4	m
	

x	[
m]
	

	

	
	
	
	
	

V	[kN]	

x	[m]	

M	[kNm]	
x	[m]	

0.25	 0.25	

–1	

0	

–0.5	

B	
0	m	 2	m	 C	

4	m	

2	(Trapezoid)	 3	(Triangle)	

0	
0	

RA,x		
RA,y		

RC		

A		

B	
C	

1	kNm	

1	kNm	



	
	
	
	

	
	

4.	(b)	(i)		
	
Real	forces:		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Section	AB:	
	
V1(x)	=	20	for	0	£	x	£	4	
M1(x)	=	20x	for	0	£	x	£	4	
	
	
	
	
	
	
At	B:		
	
	
	
	
	
	
Section	BC:	
	
V2(x)	=	–5	for	0	£	x	£	2	
M2(x)	=	–	5x	+	80	for	0	£	x	£	2	
	
V3(x)	=	–35	for	2	£	x	£	4	
M3(x)	=	–	35x	+	140	for	2	£	x	£	4	
	 	

M	
[k
Nm

]	

V	[
kN
]	

RA,x		
RA,y		

RC		

A		

B	
C	

	
Solving	reactions:	
	
⟲+,	SMA	=	0:	
RC*4	–	30*2	–	20*4	=	0	
RC	=	35	kN	(upwards)	
	
+,	SFy	=	0:	
RC	+	RA,y	–30	=	0	
RA,y	=	–5	kN	(downwards)	
	
®+,	SFx	=	0:	
RA,x	+20	=	0	
RA,x	=	–20	kN	(leftwards)	
	

+
	

	 	

x	[
m]
	

20
	

20
	

0	

80
	

1	(Triangle)	

A	 0	m
	

+	
V	=	–5	kN	
M	=	80	kNm	
N	=	20	kN	

B	 4	m
	

x	[
m]
	

V	[kN]	
x	[m]	

M	[kNm]	

x	[m]	

–5	

–35	

80	

0	

70	

B	
0	m	 2	m	 C	

4	m	

2	(Trapezoid)	 3	(Triangle)	

30	kN	
20	kN	

–5	

–35	



4.	(b)	(i)		
	
EI	=	(200	GPa)(235*106	(mm)4)	=	(200*106	kN/m2)(235*106	(10-3	m)4)	=	4.7*104	kN·m2	
	
Virtual	work	equation:	
	
Horizontal	de^lection:	
	

1	kN	·	∆B	=	∫
(f)(+Nf)

ST fg
/
NÉÑÑÑÖÑÑÑÜ
/+O.OOR/(ST)

	+	∫
(hfi/)(h0fiMN)

ST fg
+
NÉÑÑÑÑÑÖÑÑÑÑÑÜ

/0...../(ST)
	+	∫

(hfi/)(h.0fi-/N)
ST fg

/
+ÉÑÑÑÑÑÑÖÑÑÑÑÑÑÜ

Q...../(ST)
			

1	kN	·	∆B	=	2.071*10-2	
(YZ\)@
YZ·\@ · á	=	2.071*10-2	kNm	

∆B	=	2.071*10-2	m	=	20.71	mm	(rightwards)	Ans.	
	
Rotation:	

1	kNm	·	qB	=	∫
(N)(+Nf)

ST fg
/
NÉÑÑÑÖÑÑÑÜ

N/(ST)
	+	∫

(N.+0f–-)(h0fiMN)
ST fg

+
NÉÑÑÑÑÑÑÖÑÑÑÑÑÑÜ

h--...../(ST)
	+	∫

(N.+0f–-)(h.0fi-/N)
ST fg

/
+ÉÑÑÑÑÑÑÖÑÑÑÑÑÑÜ

h+...../(ST)
	

1	kN	·	mqB	=	–2.908*10–3	
(YZ\)@
YZ·\@ · á	=	2.908*10–3	kNm	

qB	=	–2.908*10–3	=	–0.002908	rad	(clockwise)	Ans.	
	

4.	(b)	(ii)	Ans.		
	
	
	
	

A	A	

B										B	 C										C	

B	moves	right	and	rotates	clockwise	
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