Architecture 324
Structures Il

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 == ,//‘ .\\\_u,,///
— 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
. At l 1B 1 tc 1 —|p
- - - K}
1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD Ra = 0383wl Re '&;::i Re = 0.450 wl Ro = —0.033 wl
0.383 wl 0.583 wl 0.033 wl
1- Total Equiv. Uniformload . . . = wl = = 0.033 wi
bt oy o SHEAR “‘*LLUJ.L{U.GU wl L0.417 wi
LA LALERELE - —0.1167 wie
R 1
I - w(d-x) 00wl A 0053wl |—0.0333 ulz
- %— ; ™M max. (at unnr) ..... L MOMENT W —1 e
7 s 03831 0.5831
Shear Voo oM e e e e e e e =gy
- 2 A Max. (0.430 { from A) = 0.0059 wi/El
amax. (atanur) e e o o = 3::’:'
M 35. CONTINUOUS BEAM—THREE EQUAL SPANS—END SPANS LOADED
l S %.a-_.zjx--o-xl)
Moment wl wl
jsnsssasssssnnssssass|
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
—==TIT 0.450 wl
— End moments =0 SHEAR I B
—0.050 wi
— Mmaxat C.L. =wL?%/8 = 0.125wL2 40,1013 wi TTITTTTITIII N _ o013 wr
MOMENT | . > e
° Continuous Beam A Max. (0.479 I 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 Af P 8B | fo 1 o
= T
. Ra = 0.400 wl Re = 110wl Rc = 110wl Ro = 0.400 wl
usually negative 000 b 080wl 0800w
. : 06000 0500wl o 0-400 wl
— Mid-span moments are usually SHEAR
—0.100 wi —0.100 wi
positive +0.080 wi2 AMo.ozs w%}[\ +0.080 wiz
MOMENT | 1001 05007 | 05001 0.400 1
A Max. (0.446 [ from A or D) = 0.0069 wi‘/El

Note: Moment diagrams are drawn upside down
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2-309

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
[essssssssssssssssnsnnsnsnsnnans] lssssssssnsssnns|
A+ 18 1 tc 1 fp 1 fe
Ra=0380wl Re=1223wl Rc=035wl Ro=058wl o _ ¢4,
0.380 wl [T 0603 WM. 1 € T
- SHEAR 0620wl - 0.040 wl 0.442 wi

MOMENT g 350

—01205wl 4 o179 e
+0.072 wiz /(f 40,0611 wiz

0.603 ¢

A Max. (0.475 I from E) = 0.0094 wi*/El

—0.058 wi2
+0.0977 wi

.442 |

38. CONTINUOUS BEAM—FOUR EQUAL SPANS—LOAD FIRST AND THIRD SPANS

wl wl
A 1‘_ 1 _LB 1 fc o |E
Ra=044wl Rs=0572wl Rc=0464wl Ro=0572wl p__¥ o054
0.446 wl 0.018 wi 0-482 wl 0.0 Wity 0.054 wl
SHEAR 00,554 wl 0.518 wl
—0.053 w2 —0.0357wl2  —0.0536 wi
+0.059% w2 +0.0805 i (T |
S
MOMENT|
0.4461 ‘ 0.5181

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

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

SHEAR

MOMENT

wl wl wl wl

At [ 18 1 tc to 1 1e

Ra=0393wl Re=1143wl Rc=0928wl Ro=11Bwl o _ 393,

0.393 wl 0.536 wl 0.464 wl 0.607 wl
0.607 wl 0.468 wl 0.53 wl ———50.393 wl
—00071wir  —0.07Mwl  —0.1071wi
+0.0772 wiz A )\0.0364 wmomptl wM N\ +0.0772 uiz
e
0.536 1

0.536

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

0.3937) .393]

CONTINUOUS BEAMS

MOMENT AND SHEAR CO-EFFICIENTS
EQUAL SPANS, EQUALLY LOADED

MorMENT uiForr7 LOAD SHEAR
1w reents or wi? M 1y 7Eems oF &l
Er s
X +025 + s 8
o
Lo
o s e

S F ¥ v T o
—
\ ¥ Ve \ 2 k2
P EEE:
AomENT CONCENTRATED LOADS SHear
1 reRrs ox A, se  H1 AT CENTER e I TERMS OF P
by e
e o e ..
i S P pr
S e e r
- : (R S N
| Qs YO PR PO

MonrEnT
w TERMS OF L.

SHEAR
™ TERMS OF P

CONCENTRATED LO4DS

ORI 47§ POINTS, [
b-i”m PR |
5 mhes @

-
i aise 4o 10k 4150 sake e er o roe
ﬂl@h@m
ERT) TR o
PP

sgk rie 4% a0 2z amt 4 . -
N Sy T iy v R
fe aster asfio rofes oz e

SHEAR
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. w TERMSOF P
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a7 261
AT F POINTS. pee pep
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Deflection Method

« Two continuous, symmetric spans e

*  Symmetric Load 241t T\ 241t

A B EIA=0 c

Procedure:

1. Remove the center support and calculate ———
the center deflection for each load case as — -
a simple span. TS 1 =T

2. Remove the applied loads and replace the \ -~
center support. Set the deflection equation EIN= Z85
for this case (center point load) equal to
the deflection from step 1.

3. Solve the resulting equation for the center L T I':\_ ____ ~sa i
reaction force. (upward point load) = \ =
Calculate the remaining two end reactions. T Eln.= PL

5. Draw shear and moment diagrams as B=pP

usual.

University of Michigan, TCAUP
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EIA, +EIA, =0
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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”

University of Michigan, TCAUP

Given: Two symmetric spans with ’
symmetric loading as shown. Lo Y2 siope 2 }
Pt Pliy «p.m. A, L 5LOPE—>:-£;
) . PL’/ —DERECTIO peFLECTION-> PL 3
Find: All three reactions il
7 ’”VC
[— ] -
ae B 4 e
5”%34 8
lp: | KLF ; zl s Wiy, 5w4/‘ (%4 MV:
,ﬁ,‘»\_,_3_57,_-—"'_9:’“‘~~—\"3_O‘I ,,,,,,, a3 9% W‘%o % TW ’“"%,o
TK. TKL ¥ F‘Z wify
, B Wi 2 C T Wiy
e \L l/ l - % L/ /2 Tw w7
T \‘\*‘--J()g---""’ i Us § Us g Us Us § 2/
oy T
LL’ > ;'r 4 g Pl/a ta Pl/4 Lig 3L/
57134, P2 5P, ey 3Py, sy
S ¥3g =20 & =5g 1P 54
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Deflection Method
2o 2ok 20k
1. Remove the center support and qL 1
calculate the center deflection for 4 . ol
each load case as a simple span. 1 g }1-- ---" i
Kl éL K;
P P
w Lig g tady tia g ta
2 wl 2 L
Witha ;/5 14/1./24 5;-23/52 Pt/2 5;,‘2/52
5w ?
/384 19PL /”4
SRR VA 4 "
Ll 1APLT | 5()(60)” + 19 (20)eo
384 EL 384 &1 384 £F
3‘_ -~ 382500/€1
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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.
P
7 ‘ L/2 SLOPE

A A
ryy,  PYa<bm pryy,
PLY4g <—pEFLECTION

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

load)
N
- 3
38z%5cc/e1 = RA
A% ET
r.= 85"
2
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Deflection Method — Example

4. Calculate the remaining two end reactions.

Z Fy=O= R‘ -\—R;-\'ég - e0-60 =0

—K

KI;KS il [7’7
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Deflection Method - Example cont.:

5. Draw shear and moment diagrams as usual.

L zok Zo'< 20K
I ¥ e
o= T Ker [
ﬂ;';k 30" TSGK 30! T'?‘.YK

325
K 112,5
125 @ : .W"S'K

5]
N R ram Aed
- = = _’1'5—-K
41507 E _32.6°% r152" K
\/ P

= WP =k s
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Slope Method LOAD 1 LOAD2
+ Two continuous spans T ) T Ls T
* Non-symmetric loads and spans T

A B C
Procedure: LOAD 1 LOAD 2

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

@
w

interior slopes of the two simple spans. AgL’ / %

2. Use the Slope Equation to solve for the PP ¢ M M O ___
negative interior moment. il \\ ) Q il SO
3. Find the reactions of each of the I = f L. l

simple spans plus the M/L reactions
M/L: M/L: M/L: M/L:

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

5. Draw the shear and moment diagrams
as usual.

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

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

P
Lo L2 SL0PE % *
ni, Pl —pm. A, siore—>FPL 42
Slope equations: PL%4g <« pEriECTION ”FL“T'W—)PL /3
wt/z
l w l 1/< mz/b
Wy, Y& oo wy, L g
3 LY 4 fw 5
M=—""—|EI®, +EI©,] ™
Ll + Lz L wty
51«‘n7 Wi, 51‘«/4/’ & /w/;
9% WL%O 7{9 Tw / L/éo
M5
‘”/2 /2‘ w
ML W%Z WL/IZ w[_zz L 3IZ
'—3‘— ? 5”‘7320 Tw Vs
— M P P P
T - T T~ Ls & Ys g L3 L3 & 2l/3
2 P 2 2pL e
I—— B | R
48
P P P
MAI M/ L tay L/af sy LYa 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 e p
Ls & Y34 L3
Given: Two non-symmetric spans with - PL &
o et B,
oading as shown. loss
Find: All three reactions W
wi
m"'/24 /8 m% "
3
5w 84
1. Break the beam into two halves at the < | dgk
interior support and calculate the (XSRS i
interior slopes of the two simple spans. i &' \L &' \L 8 : \ wz2 KLF |
r 24’ 2 z4' T
FLE 27(e4)t
2. Use the Slope Equation to solve for Bé =5 = — = '+28
the negative interior moment. we*t 48 (24" _ 52
E10:% 7 = —7q =
3 M= L n [EI@ +El@1] = [Zggoj
M=——"—|EI®, + EIO,] : »
Ll + L2 M= I1&o
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Example of Slope Method cont.:

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

moment. ‘ - T f)

4.Add all the reactions by superposition.

Rpdirions &y FBPY
o _ |
. l [

T3 2 gt td P AT

148

N

. TDWO :
, %7, 7.51
N u,j N _7_ § T3s
1a5t AL 6,5 ¢
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Example of Slope Method cont.:

5. Draw the shear and moment diagrams as usual.

23" 23x

s ) el s
7:\ b

31.5%

19,58 .

*705‘(

AT
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2-span Bridges

Most Uniwersytecki, Poland

Trois-Puits Railroad Overpass, France
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