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Structural Continuity

» Continuity in Beams
» Deflection Method
* Slope Method

Millennium Bridge, London Photo by Ryan Donaghy
Foster and Partners + Arup
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Continuous Beams

+ Continuous over one or more supports
Most common in monolithic concrete
SIeeI: continuous or with moment
connections

Wood: as continuous beams,
affected long Glulam spans

+ Statically indeterminate

Cannot be solved by the three
equations of statics alone

Internal forces (shear & moment) as
well as reactions are affected by

two spans - simply supported

— ] - ]
R

two spans - continuous

I
n

movement or settlement of the 4
L — ONKN o5
supports
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S I m p | e VS . CO ntl n u O u S Bea m S 34. CONTINUOUS BEAM—THREE EQUAL SPANS—ONE END SPAN UNLOADED
- IHIIIIIIIII]]IlIHIlHHl]llluilHlTrT'ﬁ"
1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD A ’L l ’I_B l -1.-0 l 1D
ol Equlv: Unori LG & o o = Ra = 0.383wl Re = 120wl Re = 0.450 wi Ro i —0.033 ul
= w Aoy - 0.383 wl 0.583 wi[TTrrrree 0.033l] o] 0.033 u]
oo, - e 2 SHEAR 0617wl L0.417 wi ’
R R T z
. : L B TP - w(z—l) _ ]l —0.1167 ul
— 2 z mmax, (atoomter) ... . o= wt = L.ifw HO0B il A 0054wl | 00333 ule
Y L 8 —W - T
Shear 5 - x X
[ M o : i' ) MOMENT | " 05831
ML H amax. ( * "nm) ) ) 4 Max. (0.430 / from A) = 0.0059 wi4/El
l 7 T -%.(u..zxxl-nl)
Moment 35. CONTINUOUS BEAM—THREE EQUAL SPANS—END SPANS LOADED
wl wl
sasssssssssssssnsnasl
+ Simple Beam AL 1 I R H R
E d -t O Ra = 0.450 wl Rs = 0.550 wl Rc = 0.550 wl Rop = 0.450 wl
- nd moments = 0.550 wl
sﬂéf\[:awz T 5wl =m0 450 ul
— Mmax at C.L = wL?8 = 0.125wL? -
soam v AT oot
. MOMENT *
« Continuous Beam 04501 0.4501
. A Max. (0.479 ! from A or D) = 0.0099 wi*/EIl
— Exterior end moments =0
. 36. CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS LOADED
— Interior support moments are w ul
: B c D
usually negative AL I8 ¢ Je 1 )
Ra = 0.400 wl Re = 1.10wl Rc = 110wl Ro = 0.400 wl
— Mid-span moments are usually 0400 e OOl Q0TI |
iy SHEAR wﬂ - :
positive 0100wl —0.100 wi2
+0.0MM03’25 w2 X}T\ ‘lcif:o wlz
MOMENT | 4011 0.500 2% 0.500 1 "0.400 1
Note: moments shown reversed
A Max. (0.446 [ from A or D) = 0.0069 wi‘/El
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BEAM .DIAGRAMS AND DEFLECTIONS

For various static loading conditions CONTINUOUS BEAMS

MOMENT AND SHEAR CO-EFFICIENTS

AL SPANS, EQUALLY LOADED
For meaning of symbols, see page 2 - 293 EQu Ql

. 37. CONTINUOUS BEAM—FOUR EQUAL SPANS—THIRD SPAN UNLOADED

wl wl wl
jssssssnsnssnnns|
At i 1B 1 1c 1 o 1 e
L 5 15 | M UmrFoRrT LOAD s
RA=030ul Rs=1223ul Ro=035Tul Ro=08Bul o _ om0 e e e — e
0.380 wl 0.603 wl 0.558 wl [T . L s ;}
. SHEAR 0.620 wi 0.397 wl 0.040 wl " 0.442 wl 9 ——
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+0.072 wie /(f }\+0.06|11 wie| e 4+0.0977 wie [ SR T )
fs oo os  wsle =n b
MOMENT g 350 0.6031 4021 L
A Max. (0.475 ! from E) = 0.0094 wi‘/El " . fo'_:‘ 6_3-&."” %il 53'9'_? % g:b"? T\v_n"e
= B o, e e YR P . e )
3. CONTINUOUS BEAM—FOUR EQUAL SPANS—LOAD FIRST AND THIRD SPANS G T S i
wl ) S rorEnT CONCENTRATED L0ADS sucne
A B I TERMS OF P, e i ——r CEnTee P P IN TERMIS OF
L ¢ 8 1+ fc + fo o+ e D et

= = = = 4
Ra=0.446wl Rg=0572wl Rc=0.464wl Rp=0.572wl Re = —0.054 wl,

0.446 wilrroe 008wl 0482uilh o o0stwil 0.054 ul (S ) e
SHEAR 0.554 wi o518 wi o ; . o 1 . % : .
—0.0536 wlz  —0.0357 wlz  —0.0536 wi 3 ZEN | Eramum: P Prasn P P
00586 i ITTTTTTTTTTTTTT +0080 w2 (T Trr e
MOMENT] S onrEnT CONCENTRATED LOADS SHeAR
0.446 1 0.518 1 N TERMSOF FL oy b e sme a7 § PONTS, P poe I rEems oF P
A Max. (0.477 I from A) = 0.0097 wi4/El ?ﬁ @ mhes ot
vae a6 o 906 415 tae er rop e
Ry
39. CONTINUOUS BEAM—FOUR EQUAL SPANS—ALL SPANS LOADED 7 wmhe el
428 4o 10 4090 v2z 4re 089 4o + e e poe
wl wl wl wl o k4o 2 28 'SI'II' ; l’ l'
[SNmsssSsssssassssssNEsAANENSENSSENEESNRESEESEssREEEEEnEsnnn:] = wler whe ol ot 7
A1 fB 1 fc 1 b . Ie
Ra=0393wl Rs=1143wl Rc=0928wl Rp=1143wl _
Re =0.393 ul MosaEnT v COMCENTRATED L04DS SHEAR

0.393 wl 0.536 wl 0.464 wl 0.607 wl [T IWTERMSOF Pl yase v ren s e e —
T110.607 wl 0.464 wl 0.536 wl 0.393 wl Fﬁ%&g i f

SHEAR o> e 1o
—0.1071 wliz2  —0.0714 wiz —0.1071 wiz
+0.0772 wi? /( 0.0364 wiz N4-0.0364 wi2 \+0.07?2 wi?
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i3 1afiso  rteclier  na)
s 424 + s,

— v 2 scod SSose 1073 Ztors o S 128 em fer rer Prp pep mEE
MOMENT|y 3g5; 05361 05361 3931 Allpheutigitlelis, il
A Max. (0.440  from A and E) = 0.0065 wi4/El
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Deflection Method

* Two continuous, symmetric spans

+  Symmetric Load — 24t /Tl 24 1t
A=o
A ;K EIA=0

w= 2 k/fft

= C
Procedure:
1. Remove the center support and calculate =
the center deflection for each load case as__ [ —— —
a simple span. Tl I_ T
2. Remove the applied loads and replace the \ St
center support. Set the deflection equation EIN= Za5
for this case (center point load) equal to -{— ~
the deflection from step 1. o =
3. Solve the resulting equation for the center L P -~ i
: . -= 2 W ~y
reaction force. (upward point load) \ //
. Calculate the remaining two end reactions. Eln.= PL
i
5. Draw shear and moment diagrams as @
usual.

EIA, +EIA, =0
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Deflection Method - Example:

Given: Two symmetric spans with
symmetric loading as shown.

Find: All three reactions

W s 2

‘SL 4—5K-—O oR
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MAXIMUM _VALUES: SLOPE, DEFLECTION, AND BENDING MOMENT
NOTE: YALUES OF SLOPE AND DEFLECTION TO BE DIVIDED BY "EI”

F
2 L sworePlYh

L L2 sLoPE
ny,  Placbm gy,

3
PL%& <“—DEFLECTION pEeFLECTION—>PL /3
w1 s/’
TR (
2, Vs vy,
2 wL 2
St ;/& e wi%
5WL /”4

2Wl/5
( %4 Wiy

wl,
5m7 Y6 5w%6

Deflection Method

1. Remove the center support and
calculate the center deflection for
each load case as a simple span.

¢

)
LA
Wiy Wifs W,
5w,
384

v v
S, =5wdt  jars?
384 ET 384 E1

§ = 38z500/E]
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" amﬁ V2 tw v
/520
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Deflection Method — Example

2.Remove the applied loads and Sr
replace the center support. Set the L;/" SE S 8 't e o o B \L
deflection equation for this case A
(center point load) equal to the e’ /LE,L o’

deflection from step 1.

7 ‘ L/2 SLOPE
Iy A
ry,  PYa<bm pry,

3. Solve the resulting equation for the

center reaction force. (upward point P %g “—DEFLECTION
load)
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Deflection Method — Example
4. Calculate the remaining two end reactions.
20 1 2ak 20k = GO
REENE-gRERNARE!
wz | KLF =46
. e s *~~\__~",,--7.£_
20’ I .Bo!
I?.j“TK‘ 'TKZ: g5 " T R2)1.4
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Deflection Method - Example cont.:

5. Draw shear and moment diagrams as usual.

3258
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125 i;;; :::_|15K
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Slope Method

* Two continuous spans
* Non-symmetric loads and spans

Procedure:

1. Break the beam into two halves at the
interior support and calculate the
interior slopes of the two simple spans.

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

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

4. Add all the reactions by superposition.

5. Draw the shear and moment diagrams
as usual.

M=—3 |EIO, + EIO, |
L +L,
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Slope Method

Slope equations:

3 4
=——|E El
) 9)

e
;E7 M

—r—

m, ML
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MAXIMUM_VALUES:

SLOPE, DEFLECTION, AND BENDING MOMENT

NOTE: VALUES OF 5LO
P

PE'AND DEFLECTION TO BE DIVIDED BY "EI"
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P
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Slope Method - Example

Given: Two non-symmetric spans with
loading as shown.

Find: All three reactions

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

interior slopes of the two simple spans.

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

M = 3“[

EI®, + EIO, |
L +L,
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Example of Slope Method cont.:

ML
3.Find the reactions of each of the simple spans 3 ? M
plus the M/L reactions caused by the interior =23
moment. ~— T f)
4.Add all the reactions by superposition.
M/L
Reduriens &Y FBPY py
140
¥ !
AR -
123 M T 24 A T
5, \
<
P4y i =
3 " x
=) F‘"" =
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Example of Slope Method cont.:

5. Draw the shear and moment diagrams as usual.
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