
A P P E N D I X  G

Deflections and Slopes of Beams

Table G-1
Deflections and Slopes of Cantilever Beams

deflection in the y direction (positive upward)

slope of the deflection curve

deflection at end B of the beam (positive downward)

angle of rotation at end B of the beam (positive clockwise)

constantEI �

θB � �v�(L) �

δB � �v (L) �

v� � dv/dx �

v �

1

δB �
qL4

8EI
θB �

qL3

6EI

v � �
qx 2

24EI
(6L2 � 4Lx � x 2) v� � �

qx

6EI
(3L2 � 3Lx � x 2)

2

δB �
qa3

24EI
(4L � a) θB �

qa3

6EI

At x � a: v � �
qa4

8EI
v� � �

qa3

6EI

v � �
qa3

24EI
(4x � a) v� � �

qa3

6EI
(a … x … L)

v� � �
qx

6EI
(3a2 � 3ax � x2) (0 … x … a)

v � �
qx 2

24EI
(6a2 � 4ax � x2) (0 … x … a)

y

xA B

uB

dB

L

q

a b

q

(Continued)
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Appendix G  Deflections and Slopes of Beams1046

3

δB �
q

24EI
(3L4 � 4a3L � a4) θB �

q

6EI
(L3 � a3)

At x � a: v � �
qa2b

12EI
(3L � a) v� � �

qabL

2EI

v� � �
q

6EI
(x3 � 3Lx2 � 3L2x � a3) (a … x … L)

v � �
q

24EI
(x 4 � 4Lx3 � 6L2x2 � 4a3x � a4) (a … x … L)

v� � �
qbx

2EI
(L � a � x) (0 … x … a)

v � �
qbx2

12EI
(3L � 3a � 2x) (0 … x … a)

4

δB �
PL3

3EI
θB �

PL2

2EI

v � �
Px 2

6EI
(3L � x) v� � �

Px
2EI

(2L � x)

5

δB �
Pa2

6EI
(3L � a) θB �

Pa2

2EI

At x � a: v � �
Pa 3

3EI
v� � �

Pa 2

2EI

v � �
Pa2

6EI
(3x � a) v� � �

Pa2

2EI
(a … x … L)

v � �
Px2

6EI
(3a � x) v� � �

Px
2EI

(2a � x) (0 … x … a)

6

δB �
M0L2

2EI
θB �

M0L

EI

v � �
M0x

2

2EI
v� � �

M0x

EI

q

a b

P

P

a b

M0

Table G-1 (Continued)
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Appendix G  Deflections and Slopes of Beams 1047

7

δB �
M0a

2EI
(2L � a) θB �

M0a

EI

At x � a: v � �
M0a

2

2EI
v� � �

M0a

EI

v � �
M0a

2EI
(2x � a) v� � �

M0a

EI
(a … x … L)

v � �
M0x 2

2EI
v� � �

M0x

EI
(0 … x … a)

8

v� � �
q0x

24LEI
(4L3 � 6L2x � 4Lx 2 � x3)

v � �
q0x

2

120LEI
(10L3 � 10L2x � 5Lx 2 � x3)

δB �
q0L

4

30EI
θB �

q0L
3

24EI

9

δB �
11q0L

4

120EI
θB �

q0L
3

8EI

v� � �
q0x

24LEI
(8L3 � 6L2x � x3)

v � �
q0x 2

120LEI
(20L3 � 10L2x � x3)

10

δB �
2q0L

4

3π 4EI
(π 3 � 24) θB �

q0L
3

π 3EI
(π 2 � 8)

v� � �
q0L

π 3EI
12π 2Lx � π 2x 2 � 8L2 sin

πx
2L
2

v � �
q0L

3π 4EI
148L3 cos

πx
2L

� 48L3 � 3π 3Lx 2 � π 3x 32

M0

a b

q0

q0

q = q0 cos �x—
2L

q0

Table G-1 (Continued)

77742_20_appg_p1045-1050.qxd:77742_20_appg_p1045-1050.qxd  2/28/12  2:40 PM  Page 1047

 
Copyright 2012 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). Editorial review has 

deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Appendix G  Deflections and Slopes of Beams

Table G-2
Deflections and Slopes of Simple Beams

1048

deflection in the y direction (positive upward)

slope of the deflection curve

deflection at midpoint C of the beam (positive downward)

distance from support A to point of maximum deflection

maximum deflection (positive downward)

angle of rotation at left-hand end of the beam (positive clockwise)

angle of rotation at right-hand end of the beam 
(positive counterclockwise)

EI � constant

θB � v�(L) �

θA � �v�(0) �

δ max � �v max �

x1 �

δC � �v (L/2) �

v� � dv/dx �

v �

1

δC � δmax �
5qL4

384EI
θA � θB �

qL3

24EI

v� � �
q

24EI
(L3 � 6Lx2 � 4x3)

v � �
qx

24EI
(L3 � 2Lx2 � x3)

2 v � �
qx

384EI
(9L3 � 24Lx2 � 16x3) a0 … x …

L
2
b

δC �
5qL4

768EI
θA �

3qL3

128EI
θB �

7qL3

384EI

v� � �
qL

384EI
(24x2 � 48Lx � 17L2) a L

2
… x … Lb

v � �
qL

384EI
(8x 3 � 24Lx2 � 17L2x � L3) a L

2
… x … Lb

v� � �
q

384EI
(9L3 � 72Lx2 � 64x3) a0 … x …

L
2
b

3 v � �
qx

24LEI
(a4 � 4a3L � 4a2L2 � 2a2x2 � 4aLx2 � Lx3) (0 … x … a)

v� � �
qa2

24LEI
(4L2 � a2 � 12Lx � 6x2) (a … x … L)

v � �
qa2

24LEI
(�a2L � 4L2x � a2x � 6Lx 2 � 2x3) (a … x … L)

v� � �
q

24LEI
(a4 � 4a3L � 4a2L2 � 6a2x2 � 12aLx2 � 4Lx3) (0 … x … a)

θA �
qa2

24LEI
(2L � a)2 θB �

qa2

24LEI
(2L2 � a2)

y

x

uA uBA B

L

q

q

L
—
2

L—
2

q

a
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Appendix G  Deflections and Slopes of Beams 1049

4

δC � δmax �
PL3

48EI
θA � θB �

PL2

16EI

v � �
Px

48EI
(3L2 � 4x 2) v� � �

P
16EI

(L2 � 4x 2) a0 … x …

L
2
b

5

If a Ú b, x1 �
C

L2 � b2

3
and δmax �

Pb(L2 � b2)3/2

913LEI

If a Ú b, δC �
Pb(3L2 � 4b2)

48EI
If a … b, δC �

Pa(3L2 � 4a2)
48EI

θA �
Pab (L � b)

6LEI
θB �

Pab (L � a)
6LEI

v � �
Pbx
6LEI

(L2 � b2 � x 2) v� � �
Pb

6LEI
(L2 � b2 � 3x 2) (0 … x … a)

6

v � �
Pa
6EI

(3Lx � 3x2 � a 2) v� � �
Pa
2EI

(L � 2x) (a … x … L � a)

v � �
Px
6EI

(3aL � 3a2 � x2) v� � �
P

2EI
(aL � a2 � x2) (0 … x … a)

δC � δmax �
Pa

24EI
(3L2 � 4a2) θA � θB �

Pa(L � a)
2EI

7

x1 � La1 �
13
3
b and δmax �

M0L
2

913EI

δC �
M0L

2

16EI
θA �

M0L

3EI
θB �

M0L

6EI

v � �
M0x

6LEI
(2L2 � 3Lx � x 2) v� � �

M0

6LEI
(2L2 � 6Lx � 3x 2)

8

δC � 0 θA �
M0L

24EI
θB � �

M0L

24EI

v � �
M0x

24LEI
(L2 � 4x 2) v� � �

M0

24LEI
(L2 � 12x 2) a0 … x …

L
2
b

9 v � �
M0x

6LEI
(6aL � 3a 2 � 2L 2 � x 2) (0 … x … a)

θA �
M0

6LEI
(6aL � 3a 2 � 2L2) θB �

M0

6LEI
(3a 2 � L2)

At x � a : v �
M0ab

3LEI
(2a � L) v� � �

M0

3LEI
(3aL � 3a 2 � L2)

v� � �
M0

6LEI
(6aL � 3a 2 � 2L2 � 3x 2) (0 … x … a)

L—
2

L—
2

P

P

a b

P P

a a

M0

(Continued)

L
—
2

L
—
2

M0

a b

M0

Table G-2 (Continued)
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10

δC � δmax �
M0L

2

8EI
θA � θB �

M0L

2EI

v � �
M0x

2EI
(L � x) v� � �

M0

2EI
(L � 2x)

11

x1 � 0.5193L δmax � 0.00652
q0L

4

EI

δC �
5q0L

4

768EI
θA �

7q0L
3

360EI
θB �

q0L
3

45EI

v� � �
q0

360LEI
(7L4 � 30L2x2 � 15x4)

v � �
q0x

360LEI
(7L4 � 10L2x2 � 3x4)

12

δC � δmax �
q0L

4

120EI
θA � θB �

5q0L
3

192EI

v� � �
q0

192LEI
(5L2 � 4x2)(L2 � 4x2) a0 … x …

L
2
b

v � �
q0x

960LEI
(5L2 � 4x2)2 a0 … x …

L
2
b

13

δC � δmax �
q0L

4

π 4EI
θA � θB �

q0L
3

π 3EI

v � �
q0L

4

π 4EI
sin

πx
L

v� � �
q0L

3

π 3EI
cos

πx
L

M0M0

q0

q0

L—
2

L—
2

q = q0 sin
�x—
L

Table G-2 (Continued)
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