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Structural Continuity

» Continuity in Beams
» Deflection Method
* Slope Method
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Continuous Beams

» Continuous over one or more supports
— Most common in monolithic concrete
— Steel: continuous or with moment

connections ~= //l ‘\\\ =
— 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 affected by
movement or settlement of the
supports

two spans - continuous
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. . 34. CONTINUOUS BEAM—THREE EQUAL SPANS—ONE END SPAN UNLOADED
Simple vs. Continuous Beams
i At 1 1B 1 tc 1 —|p
- = = v
1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD Ra = 0.383wl Re };::i Re = 0.450 wl Ro = —0.033 wl
0.383 wi 0.583 wi 0.033 wl
1- Total Equiv. Uniformload . . . = wl = = 0.033 wi
— . w SHEAR ‘“*LLULL{U.GU w0417 wi
LA EETEREEES - 01157 it
R 1 2 2
Ve e - u(4-) 0035wz~ AR " 40053 wl | —0.0333 wiz
. wmas, (atomnter) . . . - MOMENT > i el R
7 8 0.3831 0.583 1
Shear 2 A Sy
- 2 4 Max. (0.430 { from A) = 0.0059 wl4/El
amax. (atanur) e e o o wm 3::’:'
Mumas, 35. CONTINUOUS BEAM—THREE EQUAL SPANS—END SPANS LOADED
| S %.a-_.zxx--o-xl)
Moment wl wl
jssusssssssssnsnssnns )
At 1 18 i 1c i o
< T T >
° Slmple Beam Ra = 0.450 wl Re = 0.550 wi Rc = 0.550 wi Rop = 0.450 wl
0.450 ] [T 0550 e TP
=TI 0.450 wl
— End moments =0 SHEAR B
—0.050 w2
— Mmax at C.L. = wL?/8 = 0.125wL? +o103wie AT +°-1°[13 i
MOMENT | 7= [ e
. Continuous Beam A Max. (0.479 I from A or D) = 0.0099 wi*/EI
_ EXterIor end moments = 0 36. CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS LOADED
— Interior support moments are Af P 8B | fo 1 o
= T
. RA=0400wl  Rs=110wl Re = 110wl Ro = 0.400 wl
usually negative 0.400 e 0wl OO0l |
H 0.600 wi 0.500 wl -
— Mid-span moments are usually SHEAR
—0.100 wiz —0.100 wi?
positive Qomwr) /N T L wh
o 1247
MOMENT | 4001 05001 | 0.5001 0.4001
A Max. (0.446 ; from A or D) = 0.0069 wi‘/El

Note: Moment diagrams are drawn upside down
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- 309 2-312

BEAM .DIAGRAMS AND DEFLECTIONS
For various static loading conditions

For meaning of symbols, see page 2 - 293

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

wl wl wl
[esmssssssssssssssnsnnsnsnsnnans] lssssssssnsssnns|

At 1 1B 1 tC 1 1D J] e
Ra=0380wl Re=1223wl Rc=0.357wl Rp=0.598wl
0.380 wl [T 0603 WM, | € T
- SHEAR 0620wl 0.040 w!
—01205wl g o179 —0.088 wiz
+0.072 wiz /(f }\+o.osn wiz errmrm\ +0.0977 wi?

MOMENT|; 350 0.603 1

.442 |

Re = 0.482 wl

CONTINUOUS BEAMS

MOMENT AND SHEAR CO-EFFICIENTS
EQUAL SPANS, EQUALLY LOADED

+0.0586 i ITTTTTTTTTTTIT +0085 w0t AT Trrreee,
MOMENT ‘ S

0.446 1 0.5181

A Max. (0.477 I from A) = 0.0097 wi*/El

MOMENT

urviForr7 LOAD

w1 ser —_—
1w reents or Wit é-ugq
§FF
. s b & @
o
L
; b
ofi s P

SHEAR
1y 7Eems oF &l

A Max. (0.475 I from E) = 0.0094 wi4/El . . gu als e oo als sde sl
7 Ay GhgagS
38. CONTINUOUS BEAM—FOUR EQUAL SPANS—LOAD FIRST AND THIRD SPANS i B oW W W W
firrorm el e CopeLrTrAmED L0a0s Swcar
A2 g y 72 Y]
Al 8 ¢ fc 1+ fp i T RN e iy
Ra=0446wl Rs=0572wl Rc=0464wl Ro=0512wl p__* 0540 st s P .
0.446 wl 0.018 wl 0.482 wl 0.058 wllr 0.054 ul [ 5 o ERE T =
SHEAR 00,554 wl 0.518 wi ) " y B 1 % 7 H
—0.0536 w2 —0.0357 wiz  —0.0536 wi i x 3  Fropmes Presses PR, PRSP P |

39. CONTINUOUS BEAM—FOUR EQUAL SPANS—ALL SPANS LOADED

MOMENT

0.3937) 0.536 0.536 1 .393])

A Max. (0.440 ! from A and E) = 0.0065 wi4/El

MonrEnT
w TERMS OF L.

CONCENTRATED LO4DS

s e s AT S PONTS [
b-i”m P Ea (]
whe @

U 4156 4006 10 +156 4244
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0 S -
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,

SHEAR
™ TERMS OF P

wl wl wl wl ‘24 #ﬂﬁ» .'“ 'mj I:lll Mb;-' ;”’ a6 + '4i i ' i " ' r ' ‘ Pl i 1

e meeeaiensenee et aasanaa s nnnns s mna = ass s nnn s nnsnnns] R (R PRI PO

At 1 fB 1 fc i b 1 1 o
RA=0.398Bwl Re=1143wl Rc=0928w! Rp=1143wl Re = 0.393 wl —— CONCENTRATED £04DS SHEAR
0.393 wl 0.536 wi 0.464 wl 0.607 wi m;‘n:: TERMSOF Pl yase e e e ar # ronTs. rer per w TS0 P
SHEAR 0.607 wl 0.468 wl 0.536 wl 0.393 wl ,A:IS%B:E' = VYRS
—0007wir  —0.07Mwl  —0.1071wi v 1ot P Ve Fee sae eee
+o.o|77§}wt= A n0.0364 wmomptl wM I\ +0.0772 uiz T e re
e
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Deflection Method (
+ Two continuous, symmetric spans i S A=p .
*  Symmetric Load 24 ft 2t
A EIA=0 c

Procedure:

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

a simple span.

2. Remove the applied loads and replace the
center support. Set the deflection equation
for this case (center point load) equal to

the deflection from step 1.

3. Solve the resulting equation for the center

reaction force. (upward point load)

Calculate the remaining two end reactions.

5. Draw shear and moment diagrams as
usual.
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Deflection Method - Example:

MAXIMUM_VALUES: SLOPE, DEFLECTION, AND BENDING MOMENT
NOTE: YALUES OF SLOPE AND DEFLECTION TO BE DIVIDED BY "EI”

Given: Two symmetric spans with ’
symmetric loading as shown. 7 7 oo 2 }
L sworePlYh

Y Plly <pm. A, 5/
i [ P"/ 8 “—DEFLECTION pEFLECTION-> PL 3
Find: All three reactions 4 —
2,
( "
WL/ Wifg 7/ WZ 2

(&>

K | 2ok
= \LLG lmK |7
; 6 (%@ A
o swg, - i,

' W=1 KLF S -
I ,-—"'_9:’“‘“—\‘-_”,-»-719- e w0 TW
z / l
TK! - TKL e T Rz w/s
, Wz 2 L Wz
Ei \L \,L l - W%z 5m5/320 M/” Tw m%S
L P Qe 3 i iy 5« - - P
T Bl »bg-‘ =T T L/s ; Ys ; L5 L/3 23
=L 2 PL/3 2 Az 2PL/q 2
R e Mo M T
& %; " , I L/4£‘/4£‘/4£ L L/g £ 3L/a
§ 5P, P2 5PL%, L 3P 5”1-728
éL + SK 2 O oR CYL i (SK
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Deflection Method
2o 2ok 20k
1. Remove the center support and qL ! T
calculate the center deflection for M ' —
each load case as a simple span. T& Ty }1-— = ol e s Tr\
\ 2
P P P
w Lg S Yay tiad La
Wi, W8 W, 5P, Pl spiy,
5w EY
{384 19PL /”4
AR AV 4L 19(20)e0)
O, =wA _  1IPF7 _ 5(1)(60)" + 19 (20)(e0)
384 ET 384 £1 384 EF
1 ok 2500/€1
i 28 /€
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Deflection Method — Example

2.Remove the applied loads and
replace the center support. Set the
deflection equation for this case
(center point load) equal to the
deflection from step 1.
- SvPforT

P
7 ‘ L/2 SLOPE ‘

A [y
Y Placim py,
PLY4g <« pEFLECTION
()?

3. Solve the resulting equation for the
center reaction force. (upward point

load)
?
§ =0 2l
382500/e1 = W
4% ET
r= 85"
AT 0
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Deflection Method — Example
4. Calculate the remaining two end reactions.
zo" 2ok 20k = GoO
| J/
wz | KLR
.o e R d--7T . *~~\__~",,--7.£_
T T1f FragdsF KT

Py g
ZFeroF R ¥R1485'460-¢o =0
KI;KSZ [7’5_K
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Deflection Method - Example cont.:

5. Draw shear and moment diagrams as usual.

2o0!<

L zok 20K
T P A 1T
[ W= 1"KeF ) L35 IC [
Task 2o Tgsk 30 Tiz.s*
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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.

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

.Find the reactions of each of the
simple spans plus the M/L reactions

caused by the interior moment. S
4. Add all the reactions by superposition.

5. Draw the shear and moment diagrams
as usual.

3

|E1, + EIO, |

M =
— L, +L, —
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MAXIMUM_VALUES: SLOPE, DEFLECTION, AND BENDING MOMENT

NOTE: VALUES OF SLOPE'AND DEFLECTION TO BE DIVIDED BY "EI”

University of Michigan, TCAUP

Slope Method ’
7 /2 sLoPE % *
ni, PL/4 M. A, siope—>FL 4;
) LY. ' DEFLECT/ON—)PL 3
Slope equations: 4p «penscron
wi
l w l I/C mz/b
Wy, Yoo w, L g
S 54 fw 5
M =—"—|EI®, + EIO,] ™
— L +L w -
51«‘n7 72 51‘«14/’ & /;
% w2 % tw 7o
WL/3
W 72 w
ML wi WYz Wi C 12
&+ '—‘—3 ? Z 5m’/320 Z Tw vy
_ M, P
T e Us & Ys & L3 c ts § 2L/ .
v | f) P | T
648
P P P
MAI _M/\_L ta g L/4f sy ta Ysy 34
5;1’/52 P/2 5;‘%2/32 7?1‘;28 3Py, sﬁ%a
HPL%M
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Slope Method - Example o p
Ls & Ys & U3
. . _ 0 0 ‘ A
Given: Two .non symmetric spans with ﬂ% Pt/i, Hz? S
loading as shown. 23PL g
Find: All three reactions W
Wiy Wi/g Wi
3 —
s5WL 84
1. Break the beam into two halves at the < lzo 1 480
interior support and calculate the Ghe s e i
interior slopes of the two simple spans. . &' \L & 8" \ Wz g KLF |
T o ) o T
PL® 27(24)
2. Use the Slope Equation to solve for ere, = 9 = 725
the negative interior moment. - Wt
E1©2° 74 = /
2
3 /: L, +L2 /EEI@' + E‘Lel] = ——— [ZggOJ
M=——"—|EI®, + EIO,] »
Ll + L2 M =180
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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
t. —
4.2;): :ITthe reactions by superposition. i L f)
M/, M/L
Redurols &Y FBPS 48
40
) 27 3 ) |
L odos VAR l E—
Ty gt Y4 AT
1%0
Morden ~—-<
+¢Z§ +1ﬂ) 2.5 7.5l
< T K
|95+ AL 6,5 "+
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Example of Slope Method cont.:

5. Draw the shear and moment diagrams as usual.

23" z3x

i

2

TMK i Foe
31.5%

e
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2-span Bridges

Most Uniwersytecki, Poland

Trois-Puits Railroad Overpass, France
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