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Architecture 324
Structures I

Structural Continuity

Continuity in Beams
Deflection Method
Slope Method
Three-Moment Theorem
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Continuous Beams

« Continuous over one or more supports
Most common in monolithic concrete
Steel: continuous or with moment
connections
Wood: as continuous beams, e.g.
long Glulam spans

« Statically indeterminate
— Cannot be solved by the three
equations of statics alone
Internal forces (shear & moment) as
well as reactions are effected by
movement or settlement of the

supports

two spans - continuous

Source: University of Michigan, Department of Architecture

University of Michigan, TCAUP Structures |l Slide 3/19




Deflection Method

 Two continuous spans
« Symmetric Load and Geometry

Procedure:
Remove the central support.
Calculate the central deflection for each
load case as a simple span.
Set the resulting central deflection equal
to the central reaction “deflection”
upward, bringing the total central
deflection back to zero.
Solve the resulting equation for the
central reaction force.
Calculate the remaining two end
reactions
Draw shear and moment diagrams as Source: University of Michigan, Department of Architecture

usual.
EIA +EIA, =0
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Deflection Method Example:

Replace redundant reaction with point load,
bringing reaction deflection to zero.
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Deflection Method Example cont.:

Write deflection equations and solve for middle reaction. Solve
remaining reactions by summation of forces.

CSL- + SK 2 O ok SL K 5&
S =5l 1ar2> | sio)t + 14(eoNe)
384 ET 384 E1 384 EF

& = 382%c0/e1 = G = PSR RA5CO/Er
48 EL

R, = g5
ZF=o0= R +K3+85 -(Co-¢o =0
K’;KS - I?‘TK
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Deflection Method Example cont.:

Complete the shear and moment diagrams.
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Slope Method

« Two continuous spans
* Non-Symmetric Load and
Geometry

Procedure:

1. Break the beam into two halves at the
interior support.

2. Calculate the interior slopes of the two
simple spans.

3. Use the Slope Equation to solve for the
negative interior moment.

4.Find the reactions of each of the
simple spans plus the M/L reactions
caused by the interior moment.

5. Add all the reactions by superposition.

6. Draw the shear and moment diagrams

as usual. [E[@ + E[@

Source: University of Michigan, Department of Architecture
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Example of Slope Method:

Use slope formula to solve interior moment
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Example of Slope Method cont.:

Solve the end reactions by superposition of FBD'’s

. sz'wns &Y FBP
o ' 44

__L,,_ —
123 it 14 47T

&0

LR T s 1Al

ast AT 6,5+

University of Michigan, TCAUP Structures Il Slide 10/19




Example of Slope Method cont.:

Construct load, shear and moment diagrams.
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Three-Moment Theorem

* Any number of spans
« Symmetric or non-symmetric

Procedure:

1. Draw a free body diagram of the first
two spans.

2. Label the spans L1 and L2 and the
supports (or free end) A, B and C as
show.

. Use the Three-Moment equation to
solve for each unknown moment,
either as a value or as an equation.

Source: University of Michigan, Department of Architecture

ML +2M,(L +L, )+ M.L, =6|EIO, + EIO,
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Three-Moment Theorem (cont.)

Procedure:

4. Move one span further and repeat the
procedure.

5. In a 3 span beam, the mid-moment from
step 3 above (B), could now be solved using
the two equations from step 4 and 3
together, by writing 2 equations with 2
unknowns.

. Repeat as needed, always moving one span
to the right and writing a new set of moment
equations.

. Solve 2 simultaneous equations for 3 spans,
or 3 equations for more than 3 spans, to get
the interior moments.

. Once all interior moments are known, solve
for reactions using free body diagrams of
indiViduaI SpanS. Source: University of Michigan, Department of Architecture

. Draw shear and moment diagrams as usual.
This will also serve as a check for the
moment values.

M,L, +2M.(L, + L, )+ M L, = 6|EI®, + EIO,
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Three-Moment Theorem Example

M1
v
4 KLF

FRST  £QuATION (AT (2 Aw3) 2 wﬂ 4,5(12)7’

Ma=0 WEMT 'f—\@, -l Bey LG
Ms— Mo Lg: 2o £16,= 5PA°. seorso), 33333
M3 L|+Lz 41 2' 5, il X .

M,,(. FIMg (L) t ML, = (,[Eﬁ@,+aez]

o) + zHZ(‘%z r Mz (30) = (] 288 +3333.3]
M, = 255 Lt - . 3 GREE
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Three-Moment Theorem Example (cont.)

c
Secown  gavktion (Ar 2,340 4) *

p
M4 = M RERTREPTR: 4p4" 4(60)(3o)
g = M Ly = 15 &l
Mc = ©

260k .61

gi
L+, = 45 B w'fz 0(s )

o . £43,35

M, (36) + 2M,(48)r O(15) = (,[zae(, L7+ 843,35 ]
M, @ Toz, 084 - 3"’13

SIMULTAN 1OUS Setumoad &

258,667~ 35214 M3 = 702,084~ 3M,
M, = 443417/2 c418 = Jm H‘?
AV a Vo e Ve, W

M, = For.084 -3(1k%.737) = 198,346
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"
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Three-Moment Theorem Example (cont.)

SoUE REAcTiess with  FED'y
148 ¥ XA
12 12} ZM@K,_ K(Iz) -45(0) +198.% =0
1; 1 1987 = 1,4318 ¥
)

7 4334 Zd8 4v o

\/ 40. 5022

405422
983 L

I 'R,= 81594k
) 2 ddo. 5?{2\?2\1.‘??4 60 +V =0

(16:% 90 Ve=I18.9%T

U ] Tty leTas - 1 A 0) 4R35 ) - 10(2.5) -0

613 Ry Rq EHs K3-§151.75+90§7 £)~Ry(15) 0
SN
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Three-Moment Theorem Example (cont.)

6.000ksft

4.000k/ft

R1=7.4k R2=B1.6k R3=75.2k R4=33.8k

211 Bft-k
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Three-Moment Theorem — 2 Spans

I=140in 4

Source: University of Michigan, Department of Architecture

ML +2M,(L +L,)+M_.L, =6|EIO, + EIO,
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Three-Moment Theorem — 3 Spans

32'FT 40'FT

30k
2.5 k/ft

50k \/ZSR

2Mn
35k

E = 29000 ksi
1=140in"4

Source: University of Michigan, Department of Architecture

ML +2M,(L +L,)+M_.L, =6|EIO, + EIO,
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