CVG-3140 EXAMPLES: 8.1 Slope-Deflection method

EXAMPLES
8.1: Slope-deflection method

Examples outline:

1. Kl examples
DOF examples
Equation examples
FEM examples
Complete examples

vk wnN

1. Kl examples

Find the degree of kinematic indeterminacy:

1) Beam (assume beams are axially rigid):

N N
N \@\ kR

2) Frames (assume columns and beams are axially rigid):
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CVG-3140 EXAMPLES: 8.1 Slope-Deflection method p.2
2. DOF examples — for slope deflection
Identify the:
e UDOFs (DOFs not equal to 0)
e CDOFs (DOFs=0) ... consider only slopes for the slope-deflection method
6 kN/m
1 B A B//m
i = = # -
Qe S | C
0, 8 m | 6m
e UDOFs UDOFs :
e DOFs =0 DOFs =0:
. 12k
1.0 K/I 2k fit l
= - I C
TEETEEY! R
N T o
——24 ft ————20 ft—3=215 fr—| | 24 fi R ft
e UDOFs : UDOFs :
e DOFs =0 : DOFs =0:
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3. Equations examples

What slop-deflection equations would you use for each beam ?

A el

: C
e  Member AB : apply Eq.# , once for and once for
e MemberBC: apply Eq.# , once for and once for

R R RN R RY R

e ——
A B - — -
e Member AB : apply Eq.# , once for and once for

e Member BC: apply Eq.#

, once for

D
e Member AB : apply Eq.# , once for
e Member BC: apply Eq.# , once for and once for
e Member CD : apply Eq.# , once for
e Member AB : apply Eq.# , once for and once for
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4. FEM examples

Example:
(@] FEMAB=
1.0 K/1t
T — 0 FEMga=
! wor o= 0 )
| : Prgies pungt PR
(@) FEMCD= FEMDC=
Example:
6 kN/m (@] FEMAB = FEMBA=
A B/v/ﬂ/l/l/l/l
o C (@] FEMBC=
Sm : 6m
O FEMcee=
Example:
2 kit 12k © FEMw=
eREERERER R RRRRR I .
A Dt | - o FEMgs=
4 ft
! 24 1t 8 ft
o] FEMBC=
O FEMce=
Example:
SkN (@] FEMAB = FEMBA
z |
mc
———4m “‘“|-"“~—3111—_J O FEMgc =
O FEMcs=

p. 4



CVG-3140 EXAMPLES: 8.1 Slope-Deflection method

5. Complete Examples

Example #1

Draw the shear and moment diagrams for the beamshown in Fig. 1 1-104.
El is constant.

LR

6 kN /m
A M]'
T [
B m I 6m
Degrees of freedom
6 kN /m
A
Mg

Slope-deflection equations

1) Summarize:

Span AB Span BC
DOFs=07?
FEMs
Slope-def egns
2) Find FEMs:
wl? 6(6)°
FEM = — = — = —72kN-'m
(FEM)pc = === - —=
2 6(6)
(FEM)ep = 2L = %) _ 108kN-m

20 20
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3) Find As:

Span AB:

Eq. #1:

I El
M, g = 2E| = )[2(0) + 05 — 3(0)] + 0 = —0 1 ET
AB (8)[ (0) + 65 — 3(0)] 7 08 (1) s Mag= S

MBA—ZE( )[235+0—30)]+0—'EJ' B (2) L(Zi"p MB.& =%eﬁ,

4

Span BC:

Eq. #1:

My = ZE( )[29,,+0 3(0)]-72-“—"”03-77 0 o 4“953‘%%5’*}

MCB-ZE( )[2(0)+9,,-3(0)]+108-%9,“03 4 @ ‘?‘*I” -ELeyt mg‘)

Equilibrium equations

Ve,  Mpe Mg
(1[ f lj ( ’I.: ' ‘j
M4 Br‘*’n. Mgy | (+SMp =0, Mgy + Mpe=0 (5)

Solve for displacements and moments

1) Substitute to find displacements
substitute Egs. (2) and (3) into Eq. (5), which yield:s

6.17
% = Er

2) Plug back into slope-deflection equations to find moments

Resubstituting this value into Eqgs. (1)-(4) yields
M4 p = 1.54kN'm
Mgy = 3.09kN-m
Mpc = =3.09kN'm
Mcp = 1286 kN *m
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3) Determine shears/reactions using FBDs ...

Add the moments

I‘S”IC - Q&rﬂ ng ﬁ PR

Determine shears/reactions using FBDs ...

6 kN/m
(|rn) (fslhyy
A, = 0579 “\' 8m ! AR Rbn 300kN'm|__¢ 1286 KkN-m
3) Draw FBD of entire structure ...
6 kN/m
1.54 kN - 13.63 kN
R 11y
0.570 kN t 12.86 kN-m
4.37

op— s N1096 14 (m)

M (kN-m) 547 -13.63

154|267 s AR 14

\J/ 10.96 xX(m)
—-3.00

—-12.86
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Example #2
Draw the shear and moment diagrams for the beamshown in Fig.11-11a.
EI is constant.

2 k it 12k

Degrees of freedom

2 k /it 12k

A n &

Slope-deflection equations

1) Summarize:

Span AB Span BC
DOFs=07?
FEMs
Slope-def egns
2) Find FEMs:
wlL? 1 N
(FEM)4p = === = = 5(2)(24)" = —96 k-1t
(FEM)p, = “112‘ - %(2)(24)3 = 96 k- ft
3PL 3(12)(8)
=——=——=—8'.t
(FEM) ¢ T = I8k-f
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3) Find As:

Equilibrium equations

Solve for displacements and moments
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3) Determine shears/reactions using FBDs ...

3) Draw FBD of entire structure ...

V (k)
25.5
q
\m< 57 ’Ix z‘; X (f[)
2.75 24 28 32
=22.5
M (k-fr)
54.6
1} Ll
12.75 7]
-72
-108
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Extra Examples — Hibbeler
NOTE: the following example has support settlement ... but the steps other than for finding
“settlements’ are the same ...
EXAMPLE
Determine the internal moments at the supports of the beam shown
in Fig. 11-13a. The support at C is displaced (settles) 0.1 ft. Take
E = 29(10%) ksi, I = 1500 in*.
1.5 k/ft
‘l 20 ft 15 ft —
————— | tie | v |
A _B - —C D | B 0.1ft
——24 fr————20 f—=4=215 fe—| +¥pc C  —dep
(a) (b)
Fig. 11-13
Solution
Slope-Deflection Equations. Three spans must be considered in this
problem. Equation 11-8 applies since the end supports A and D are
fixed. Also, only span AB has FEMs.

EXAMPLE

I (Continued)

2

L 1

(FEM)ap = _w1—2 = —5(1.5)(24)2 = -T20k-ft
wL? 1 "

(FEM)py = == = 75 (15)(24)" = 720k -ft

As shown in Fig. 11-13b, the displacement (or settlement) of the
support C causes s gc to be positive, since the cord for span BC rotates
clockwise, and yr-p to be negative, since the cord for span CD rotates
counterclockwise. Hence,

_O1ft
BC ™ 201t

0.1 ft

= 0.005 rad - H

Yep = = —0.00667 rad

Also, expressing the units for the stiffness in feet, we have

1500 1500
kig=——— = 0.003014 f* kg = ——— = 0.003617 ft>
4B 24(12)* BC ™ 20(12)*
1500
cp = ——— = 0.004823 ft’
15(12)

Noting that 8, = 6p = 0 since A and D are fixed supports, and
applying the slope-deflection Eq. 11-8 twice to each span, we have
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EXAMPLE 114 RrwOomey

LS k/ft For span AB:
M 45 = 2[29(10%)(12)%](0.003014)[2(0) + 65 — 3(0)] — 72
= & D M, p =25173.605 — 72 (1)
— 24t —— 20t fffﬁs i  Mpa = 2[29(10%)(12)?](0.003014)[265 + 0 — 3(0)] + 72
® Mp, = 50347205 + 72 2)
a
For span BC:
Mpe = 2[29(10%)(12)%](0.003617)[265 + 6 — 3(0.005)] + 0
Mpc = 60416.765 + 30 208.36 — 453.1 3)
Mg = 2[29(10%)(12)?(0.003617)[26¢ + 65 — 3(0.005)] + 0O
Mcp = 60416.76- + 30208.365 — 453.1 4)
For span CD:
Mcp = 2[29(10%)(12)?](0.004823)[26¢ + 0 — 3(—0.00667)] + O
Mcp = 80 555.60¢ + 0 + 805.6 (5)
Mpe = 2[29(10%)(12)?](0.004823)[2(0) + 6 — 3(—0.00667)] + O
Mpc = 40277.80- + 805.6 (6)
EXAMPLE 114 el
Equilibrium Equations. Thesesix equations contain eight unknowns.
Mpc VcL Writing the moment equilibrium equations for the supports at B and C,
QT lj QT 13 Fig. 10-13c, we have
Mp4 ng VCR L+2MB = 0; MBA & MBC =0 (7)
B, C, (+ZMc = 0; Mcp + Mcp = 0 (8
© In order to solve, substitute Egs. (2) and (3) into Eq. (7), and Eqgs. (4)

and (5) into Eq. (8). This yields
fc + 3.66765 = 0.01262
—6. — 0.21485 = 0.00250
Thus,
6z = 0.00438 rad 6c = —0.00344 rad

The negative value for 6¢ indicates counterclockwise rotation of the
tangent at C, Fig. 11-13a. Substituting these values into Eqs. (1)—(6) yields

M p =382k ft Ans.
Mg, =292k-ft Ans.
Mpe = —292k - ft Ans.
Mcg = —529k - ft Ans.
Mcp = 529k-ft Ans.
Mpc = 667 k- ft Ans.
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NOTE: the following example has a free-end ...

EXAMPLE M3

Determine the moment at A and B for the beam shown in Fig. 11-12a.
The support at B is displaced (settles) 80 mm. Take E = 200 GPa,
I = 5(10°) mm*.

8kN

(a)
Solution Fig. 11-12

Slope-Deflection Equations. Only one span (AB) must be considered
in this problem since the moment Mp- due to the overhang can be
calculated from statics. Since there is no loading on span AB, the
FEMs are zero. As shown in Fig. 11-12b, the downward displacement
(settlement) of B causes the cord for span AB to rotate clockwise.

i | Thus,
i 0.08
+iipa = B 'I’AB = ll’BA = Tm = (.02 rad
The stiffness for AB is
(b) I 5(10°) mm*(107'2) m*/mm*

_ —6y .3
= i 1.25(10°) m
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