Concentrated Load Equivalents

. Beam Fixed One '
Toow|end Supporiea| Span et
at Other
n Loading Coeff. A A A 3 3 Y
oo a 0.125 0.070 0.042
b — 0.125 0.083
P c 0.500 0.375 —
m d — 0.625 0.500
e 0.013 0.005 0.003
f 1.000 1.000 0.667
g 1.000 0.415 0.300
2 a 0.250 0.156 0.125
b — 0.188 0.125
£ c 0.500 0.313 —
1 d — 0.688 0.500
e 0.021 0.009 0.005
f 2.000 1.500 1.000
g 0.800 0.477 0.400
3 a 0.333 0.222 0.111
b — 0.333 0.222
P P c 1.000 0.667 —
I I d — 1.333 1.000
e 0.036 0.015 0.008
f 2.667 2.667 1.778
g 1.022 0.438 0.333
4 a 0.500 0.266 0.188
b — 0.469 0.313
PP P c 1.500 1.031 —
l I I d — 1.969 1.500
e 0.050 0.021 0.010
f 4.000 3.750 2.500
g 0.950 0.428 0.320
5 a 0.600 0.360 0.200
b — 0.600 0.400
P P P P Cc 2.000 1.400 —_
I I l l d — 2.600 2.000
e 0.063 0.027 0.013
f 4.800 4.800 3.200
g 1.008 0.424 0.312
Maximum positive moment (kip-ft): aPL Equivalent simple span uniform load (kips): fP
Maximum negative moment (kip-ft): bPL Deflection coefficient for equivalent simple span uniform load: g
Pinned end reaction (kips): cP Number of equal load spaces: n
Fixed end reaction (kips): dP Span of beam (ft): L

Maximum deflection (in.): ePI? / El Span of beam (in.): /




Cantilevered Beams

Beam Diagrams and Formulas
—Equal Loads, Equally Spaced

No. Spans System
a
2 A_'_+r_-_h/\ W AT WA
b
3 SFTwTATw ATw 2
an %0
Fo o tw w2
-id e -ib
4 U s WA o U AER M
A A F U G A D W C
5
>6
(even)
>7
(odd)
n © 2 3 4 5
Té/pical /P 5 p E5 PP ElEPPPEEPPPPE
pan
coming | 2 1% 4 d4 4 & P E LI IEEY
o | M 0.086xPL 0.167xPL 0.250xPL 0.333xPL 0.429xPL
S M2 0.096xPL 0.188xPL 0.278xPL 0.375xPL 0.480xPL
c Ms 0.063xPL 0.125xPL 0.167xPL 0.250xPL 0.300xPL
S| M 0.039xPL 0.083xPL 0.083xPL 0.167xPL 0.171xPL
= Ms 0.051xPL 0.104xPL 0.139xPL 0.208xPL 0.249xPL
A 0.414xP 0.833xP 1.250xP 1.667xP 2.071xP
B 1.172xP 2.333xP 3.500xP 4.667xP 5.857xP
2 C 0.438xP 0.875xP 1.333xP 1.750xP 2.200xP
2 D 1.063xP 2.125xP 3.167xP 4.250xP 5.300xP
S E 1.086xP 2.167xP 3.250xP 4.333xP 5.429xP
& F 1.109xP 2.208xP 3.333xP 4.417xP 5.557xP
G 0.977xP 1.958xP 2.917xP 3.917xP 4.871xP
H 1.000xP 2.000xP 3.000xP 4.000xP 5.000xP
Lo a 0.172xL 0.250xL 0.200xL 0.182xL 0.176xL
o g5 b 0.125xL 0.200xL 0.143xL 0.143xL 0.130xL
2 Z) c 0.220xL 0.333xL 0.250xL 0.222xL 0.229xL
€ o d 0.204xL 0.308xL 0.231xL 0.211xL 0.203xL
SEl e 0.157xL 0.273xL 0.182xL 0.176xL 0.160xL
O 0.147xL 0.250xL 0.167xL 0.167xL 0.150xL




Continuous Beams

Moments and Shear Coefficients
—Equal Spans, Equally Loaded

Moment Uniform Load Shear
in terms of wi? *07 +07

TQ%SQ? in terms of w/

8 3
+08 0 +025 40 +.08
ofi — efs  sfe  4to
10 10 10 10
+077 _+036 _ +036 __+.077
(10720712107
f Y Y Y t ofti 17f1s 13fiz 15tz 1ite
28 28 28 28 28
HO78 105079 079 — 1052208
f ‘f/\‘f Y of1s 23f20 18f19 19f18 20f23 1s5t0
38 38 3% 3 "3 38
018 405077 086_— 077 — 1062978
f Y Y Y Y 1 of4ar e3fs5 4ofs1 53fs3 51149 55163 4110
104 104 104 104 104 104 104
+078 106 ___-077__-085 __-085 ___-077 __-106*078

f Y Y Y Y Y N 1 ofse sels erfo 72071 71172 70fer 75186  s6lo
742 Wz Tz

142 142 142 142
Moment Concentrated Loads Shear
in terms of P/ +.186 187 *156 at center P P in terms of P

¥ 31 69169 .31
+175 +10 +175 p P P
e N | |
1 Y Y 1 fas esTso sofes .3st
+171 +.11 +.13 +.11 +171 P P P P P
N5 119 ANG119 AN188 AN I I
1 Y N Y Y 1 Taa e6ls4 4slso s0las  sales .34l
Moment Concentrated Loads Shear
in terms of P/ at third points in terms of P
$222 11119 +119 222

PP PP
67 1.3311.33 67
-.333

244 .
+156 +.066 +.066 +.156 “244

PP PP PP
I |
f73 127710 10T127 73t
-.267 -.267

+24+146 +076%099 122 +122 +099 +076 +0146 +24 PP PP PP PP PP
| S N N N S O S

T72 1.28T1.07 93l10 1.0Te3 1077128 720
D VR PR PR ¥

Moment

Concentrated Loads Shear
in terms of P/

at quarter points

+2

in terms of P
7 +267
+258 +022 +022 +258

PPP PPP

1.03 1.9;1.97 1.03l
-.465
28531‘:)97 0"3128003 05;7314282 PPP PPP PPP
@?Lg?mﬁ Lir ril il

h13 1.87h50 1.50h.87 1130
-372 -372

+303 +155 +204
+277 +079 .006 +054 +079 +079 +054 .0p6 +.079

+155 +303
+277

PPP PPP PPP PPP PPP
Vi bl bl bl

T.11 1.89h60 1.40h.50 1.50M.40 1.600.89 1.11




Shears, Moments and Deflections

1. SIMPLE BEAM — UNIFORMLY DISTRIBUTED LOAD

Ry

— < —

1

sy
1111

i

max

Moment

— < —

Total Equiv. Uniform Load ........cccccoevvevenne. =w/
R=V _w
.............................................................. >
Vs = w(é— x]
2
Miax (@ CENEN) e = %
Y = %(I - X)
4
Ampax (AL CENLET) oo e :’?BVZ[EI
_ wx (3 3
Ay e _24EI(] 2152 4 X )

2. SIMPLE BEAM — LOAD INCREASING UNIFORMLY TO ONE END

NG
w
3
aw
3
— 057741 [ A, W ow
I 3 2
Vv, - l 2W.
!
T M, b A BET | e =——=0.128 Wi
| [Shear \‘\KI\LL v, mex [at x =0 557/] o \@
T My e 2 Wx 2 _ )
T Y,

M ' wr®
max| Amax | atxet 1,\/5:0.5191 .................... = 00130
i 15 ]

Moment Ax 7(3;( -10/22 +7/4)
180 El/?
3. SIMPLE BEAM — LOAD INCREASING UNIFORMLY TO CENTER
1
— x j Total Equiv. Uniform Load ..........cccccccoocee.e = %
w
/mm R = Vs -w
2
R R
L L Ve (when e ) —i(ﬂ 4x?)
| 2 2 272
e
v l Mimax (8t CENLET ) covreie s = %
T Shear v »
T X[ 1_2x ]
T
I

Mmax

i J S P (512 4x2)
Moment 2 ~ 480 5112




Shears, Moments and Deflections

4. SIMPLE BEAM — UNIFORM LOAD PARTIALLY DISTRIBUTED

/ 5
= a T =— b ﬁ—‘——: — ¢ ——|
mmﬁ R =V, (max.when a<c)..
RE_ 1. R, R=V, (max.when a>¢) ...
i ‘ | Vi (when x> aand < (a+b)) ....
1%
! X
fa?
1 [shear] TTTTT Y, Moae [a, N ar ﬁ)
1
ﬂfa+%7, My (when x< @) ...ccoevevincencnnn
T%* My (when x> aand < (a+b)) ....
MT T ‘ My (when x> (@+b)).ccceeevencnnnn
Moment

wb
= 2c+b
21( c+b)
=V2V?(Za+b>
=Ry -w(x-a)
(2]
=Rj|la+—
2w
= Ryx
= Ax-L(x-af
=R (1-%)

B / R = V= Vinax coveenveeeeeesieees
g —
| ‘w‘a| R= Ve sessssssessssss s
R
Fj( X 2 Ve (when X< @)
v, | Mo [a‘ X_;] ................................
T [TTTTTTTI ‘ V2
R, shear M (When X< @) .
— W T
e My (When X> @) ..o
Mmax
Ay (When X< @) ...oiccnnencnnecns
Moment

Ay (when x> a)

5. SIMPLE BEAM — UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END

- wXxX
24 Ell

wa? (I - x)
24 El

@2 (2r-af -2ax® 2/-a)+ /x3>

@xl—2x2 —az)

Ri=V, o
@ b € | A=V, e
wa 1
l ‘ | | ‘ ‘W‘C‘ Vi (When X< @) ..ocecvcniencnene
R - R, Vi (when a< x<(a+b))..ccceo. =
{ e Vy (when x> (a+b))...
v, !
1 Ay
T [TT1 M, =™ when R
[ [ Shea Q\u I [au . on B, < wia
il | R,
w, Miax (at x=1-——when R, < ch] =
T 7 "
Mmﬁx W My (when X< @) .o
L
Mormeiit My (when a < x< (a+b))............
My (when x> (a+b)) .cccccvrvennnns

6. SIMPLE BEAM — UNIFORM LOAD PARTIALLY DISTRIBUTED AT EACH END

wya(21-a)+wyc?
=
wyc(21—c)+wya?
=

=Ry —w, (I-x)
R?

=2w1

= Rﬂ—%@x—a)

Ry (1-x)- 22X 02’ «f




Shears, Moments and Deflections

7. SIMPLE BEAM — CONCENTRATED LOAD AT CENTER

- i Total Equiv. Uniform Load .........ccocceiinceninnne =2P
X
P = TR =F
2
R R
l 1 ) o
L 5 5 Muex (@t point of 108d) ..o =7
v L[] |
L1 1 _ Px
TShear ‘ ‘ ‘ ‘ ‘ ‘ ‘ v Mo (WheN X< 2 ) =
T
" e (atpointofioad i
T — max (@t point of load) .. oE
‘ . ) ,
et A (WHBN X< 2 ) 485(3/ -4x%)

8. SIMPLE BEAM — CONCENTRATED LOAD AT ANY POINT

Total Equiv. Uniform Load ........ccooovvvecsreevercenns = Szab
/
! .
Ry=V, (= Vi WNEN @< b) wocevvrrreseveversssns = ?
P
R,= V, (= Viae WHEN @3> b) weovevvevecrssrerssnns = L2
H‘ HZ I
|—a b= Miax (at point of 10ad) .....evrevreevererereneeeieenne = Pab
V- [TTTTTTTT l !
T Shear I ‘ | ‘ v, My (WHEN X< @) e =¥
T a(@+2b Pab(a+2b ,/33 a+2b
T Amax {atx: @+ ),when a>b] .................. =¥<>
} 27 Ell
mj“x f _ Pa®p?
Voment A, (atpointofload) ..., = SE
Pbx 2
Ax (WNBN X< @)oo eeeeeeeene 6EII([ - x2>

9. SIMPLE BEAM — TWO EQUAL CONCENTRATED LOADS SYMMETRICALLY PLACED

Total Equiv. Uniform Load =8P
- i !
,X‘_
~ ‘ P P =V ettt =P
R R Mpax (between loads) .........ccevvcvccccvicneeee. = Pa
_,L»—a" = a -
J My (When X< @) . =Px
vi[[1] :
M - 2
T Shear ‘ ‘ ’ ‘ v Amac (BECENEN) 24 E/ 4a>
i 3
Amax (When a= LY., - 28P1
¥ 3 648 E!
M
mji( Ay (WHBN X< 8) oo 6El(3la 38° - X )

Moment Ay (When @< X< (/-8)) i 6EI(31X 3x° —a)




Shears, Moments and Deflections

10. SIMPLE BEAM — TWO EQUAL CONCENTRATED LOADS UNSYMMETRICALLY PLACED

~ ! - R=V, (= VpaWhen a<b) .o, =—(-a+b)
'j PP
R,= V, (= VinsWNEN 8> b) w.ceovreeerreeeereeires =?(I—b+a)
R R,
fe— - ,
Vi (when a<x<(7/=D)) i =—(b-a)
=== /
|| shear 1Y% M (=Maswhen @by oo = Ra
% M, (= Mo WNeN @< ) ..oveoeereeeesevemessoeesre =Rob
1 y
M, 2 My (WHEN X< @)ttt = Ryx
i i
Moment My (Whena < X< (1—b)) eeoemessemsessersnen = Ryx-P(x-a)

11. SIMPLE BEAM

— TWO UNEQUAL CONCENTRATED LOADS UNSYMMETRICALLY PLACED

A (1-a)+Pyb

S / R=V,.
e X — /
Pl g Pa+PR, (I-b)
-
L I BLAALE S
A R, '
J_—« a > = b >
Vi (when a<x<(/=D)) e =R -A
. ‘ ‘ ‘ ‘ [TL1 |
T Shear ‘ | | | V, M, (= M WNen R, < P) o =Ra
T
L My (= Mo When B, < P =Ryb
T !
M, M, M, (WHeN X< @) comeeeeceeeesresene e eeeesssss s = Ryx
1
i ¥
Moment M, (when @< X< (1=0)) i = Ryx-R(x-a

12. BEAM FIXED AT ONE END, SUPPORTED AT OTHER — UNIFORMLY DISTRUBTED LOAD

H

Total Equiv. Uniform Load ........ccceevevicnnieens o =wl
wi R=V, = %
HIHI\IH\I\IH sur
|1 I B, B= Vo= Vingr oo oo =2
Al Vi
v, {
| Shear V,  Mmna
] tow
81 Ji
i .
| Moment M, Amax
_ WX (3 _
T Ax e ee oot ee e ee e ee e ee e _48EI(/ 3152 +2x3)




Shears, Moments and Deflections

13. BEAM FIXED AT ONE END, SUPPORTED AT OTHER — CONCENTRATED LOAD AT CENTER

Total Equiv. Uniform Load ..........ooooe..... = %
I}
L= =5P
P 16
= x = Ry= V= Ve oo = 1116P
A R, ) 3P
Y Y P Mpmax (atfixed end) ... =
i R 16
vITTTTIT] | M (atpoint of 108d) «ececrrrrrereee =5F2”
s
o
1 v,
Hsrear  [IITITITY  m @txe Lo _5Px
—/“,— e < 2) 16
! [ 11x
M, hen = ) e =P ———j
| %l o (when x> 2) 2716
1] / PR PR
Amax (@ X= “==0447/) oo = =0.00932
I\g‘ i‘ " J5 48EIN5 El
' Moment 3
| Mo Ay (atpointofload) ......cccviiiiineee i
T 768 Ei
\ 1 2
T L — 96EI@] a5x2)
1
Ac  (atx> 2) ......................................... = %E I(X I) (11x-21)

14. BEAM FIXED AT ONE END, SUPPORTED AT THE OTHER — CONCENTRATED LOAD AT ANY
POINT

2
L =P a2
218
Pa 2 2
Ve E@l Ei )
=—x (at point of 10ad) ..........cooveererreree =Ra
P
(@t fixed €nd) ....oovooeoeereoereees =P,y
212
A, (at x< a) =Ryx
iéa (when x> a).. =Ayx-P(x-a)
T | (29| _m ¢4
1 ’J Amax | when a<0.414] at x=1 .= —
Hclnnnnng @22 s 2
2
¢ T Amax [when 2>0.4141 at x=1 f a ] ..... — Pab a
M, J 2i+a 6E V2l+a
Moment
T M, A, (atpointofload) .. _ pav’ a0 _(3/+a)
T 12E1°
Ay (When X< @) = M@aﬂ —21x° —ax2)
12f_=//3

Ay (When X> @) . =
T2 El/3

—=—(- x) (3/2)( a’x-2a /)




Shears, Moments and Deflections

15. BEAM FIXED AT BOTH ENDS — UNIFORMLY DISTRIBUTED LOADS

! > Total Equiv. Uniform Load ..........ccccceeeveiincencnnns = %
T wm L= E =W
[TTTTTTTTITTTT]
R I L2 SR :w(é—xj
1 2 2 Mipax (BLENAS) coecvieiee e, = %
v T 1 2
‘ M, (BECEMET) oo =W
f Shegrzm Wv o m2/4 2
T T L N = (61x-/ -ex2)
1 4
MT mﬁ\h\ Al/’ Amax (AL CENLET) e e = 3;’1 5
-{ A s = 2V:XEI<[_ xf
16. BEAM FIXED AT BOTH ENDS — CONCENTRATED LOAD AT CENTER
!
4 P ) _
= x— ;otalv Equiv. Uniform Load ......ccccveeniccrcnnirinniens = I:
R / R T W tteececcccnsenniatcastentiesecstantinscssisninsctstatsatncansansinseans = 5
| VAN U SN PI
l 2 Mnax (atcenter and ends) ........cocvecevvreenncncennens ="
v H]llll _{ M, (when x<L) e :§(4x—l)
HESR | 1 _ e
L T 192 E
M, 4 r—’i Ac  (when x< é) F;Xz
T))//Moment Mmax
T

17. BEAM FIXED AT BOTH ENDS — CONCENTRATED LOAD AT ANY POINT

2Pa%b?
3EI(3a+bY
Pa®b®
3En
Pb? x?

R = V(= Vinay When @< b) oo =
1
R,= V, (= VyexWhen a> b) =
—x
4 ﬁ)' M, (= Mpaxy When @< b) o =
R
4 M, (= Mg When @5 b) oo -
VT |! M, (8t pOINtof108G) woommoosemosr _2pe?
T[Ser —[ITITIY
T| My (When X< @) oo N
Amax (When a > batx:ﬂ) ........................... =
_{ j]:Ma 3a+b
A_A'z‘ J/I/ Moment M, A, (atpoint of 10ad) ......ccccooremmreerrrermcrees e =
| [
T A (When X<.8) .o =

5 (8ar-3ax—bx)
BEIl




Shears, Moments and Deflections

18. CANTILEVERED BEAM — LOAD INCREASING UNIFORMLY TO FIXED END

!

il

S—

W

=<

Total EQUiv. UNIform LOAA ....eeeeeeeeereeeresesessesesrsern = %w
RZ Voot seees st senes et =w

_ X
Vi oot =w
Minax (@t iXed €N0) eoeeeeereeeeeeee e = %

My
3
! L €0 (11 X101 ) NSO =W
L 15E
Moment [ ‘ y
max A . =W <x5 —514x+415)
T 60 E11°
\
19. CANTILEVERED BEAM — UNIFORMLY DISTRIBUTED LOAD
Total Equiv. Uniform Load .......cccccvevveeeeeiieeeenene = 4wl
- 1 -
RZ Vet s =w
wi
M by
2
Mg (@ IXEA €NG) wooveveeeoeeeeeeees e s = W;
T
1 e et e 5
4
: Amax (AU TEE €NA) oviveicveeeeeceeee s = %
Moment I M
1 - W 4 3 4
AX et e e = gt - x+3/>

20. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT NOT ROTATE AT
OTHER — UNIFORMLY DISTRIBUTED LOAD

‘ wl
T

Shear

M}me\‘

04231

' Moment

Total Equiv. Uniform Load ... = %wl
R=V.
VX
wi?
M, (atdeflected end) ..o =
) wi®
Mypax (atfixed end) ..o =5
- w2
My oot = g(z -
Amax (at deflected end) =t
max (at deflected end) ... 2 El
Ax




Shears, Moments and Deflections

21. CANTILEVERED BEAM — CONCENTRATED LOAD AT ANY POINT

N !
e‘ P
a b 7 M (At FX€A €NG) oo = pb
i My (WHENM X3 8) oo = P(x-a)
HHH||| - A (at free end) = P 3/-b
Shear -1\- max - ﬁ( =B
3
Az (atpointof load) ... = %
2
Acx  (when x< a) =P (31 3x-b)
Moment T 6 E/
Tw A hen x> 4 PQ-xf (3b-1
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA = -1+
. (when x> a) o (sb-1ex)
22. CANTILEVERED BEAM — CONCENTRATED LOAD AT FREE END
r; 1 -
P Total Equiv. Uniform Load ........ccccooeeveiievcceeneee =8P
=< x =] L 2 =p
| Mnax (atfixedend) ................
b
LT s
Shear T‘
=Pe
Amax (atfree end) ...... Y
T Ax ettt e r et r e =£(213 —312x+x3)
Moment M.
% 6

23. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT NOT ROTATE AT OTHER —

CONCENTRATED LOAD AT DEFLECTED END

'
. P Total EQUIV. UNIfOrm LOAA o oveeereeeeeeeeeeeeeeereeeeeneee
W R
REV e e
i Minax (at both endS) .....covveveecrriee
%
IO
. I ﬁ é" Amax  (at deflected end) ..oooeecoorveceecerece e,
Moment Mo A e
1




Shears, Moments and Deflections

24. BEAM OVERHANGING ONE SUPPORT — UNIFORMLY DISTRIBUTED LOAD

)
o~
=N
~f=,
~—
0

) <
T

J |
—

= =W 2
R=V 2/([ )
- -w 2
R= VAV, e 2/(I+a)
V, s =wa
_wip, 2
Ve 5([ +a)
Vi (between supports) ........ = Ry —wx
V,, (foroverhang) ............... =wla-x)
1, & -
M, [atxz 5[1—%]] —ﬁ(Ha)2 (172)2
2
M, (8 R e =
w2 _ 2
M,  (between supports) ......... _E(] ~a?-x)
M,, (foroverhang) ............. = %(a—x.])z
4 _op2 2
A (between supports) ......... = 2“:_”(/ 222 413 —2d2 2 +24° x2)

Ay, (foroverhang) ... = <4a 1-1% +6a° x;y —4axf + X )

T 24E

NOTE: For a negative value of A, deflection is upward.

25. BEAM OVERHANGING ONE SUPPORT — UNIFORMLY DISTRIBUTED LOAD ON OVERHANG

e Tfaf;_‘
DA PR
W -
R, g
|
| v,
V, [T L] T
IT hear |
|
woment L[| m,,

2
Ry Ve =48
21
R=V+V, (21+a)
v,

Vy,  (for overhang) ..

32

Mimax (@t R) oo =
Wa2 X
My (between supports) .......... = =

My, (for overhang) ..

! wa?l wa?l

A between supports at x= —] = =5 ——=00321—"——

e [ J3) 184zEl El
A for overhang at x, = a)..... = 41+3a

max ( g M ) 24 E/( )
A¢  (between supports) = walx —x2>

«  (between supports) .......... 2EN

- WX

Ay, (foroverhang) ........... = 2aE (43 1+6a% X ~4ax1 +x1)




Shears, Moments and Deflections

26. BEAM OVERHANGING ONE SUPPORT — CONCENTRATED LOAD AT END OF OVERHANG

Ry Veoeeeeestoeeessees oo =Fra
= l;, a ] PI
— X Xi 5 =—(+a)
V) e =p
R R,
Miax (Bt R) covvvveevrveeeneeensnssessesssesssssssssessssnnnees =Pa
l ‘ ‘ ‘ | ‘ v My, (between SUPPOMS) ......ooceeoeeeveeeerennne =?
i 2
% )} = _
T Shear T My, (foroverhang) ..., Pa-xy)
/ Par® Pal?
A between supports at X = —J ................ = =0.0642
- ( 3 9J§Er El
l Amax (foroverhang at x, = a)... 3EI (1 a)
M Mus Ay (between SUDPOMS) woovoevvcese = E(’2 - )

ﬁ 6EI

Px.
As,  (fOr OVErhaNg) ..oocoeooeeoeseseseseessseess = 6—[;](2al+3ax1 —x12)

27. BEAM OVERHANGING ONE SUPPORT — UNIFORMLY DISTRIBUTED LOAD BETWEEN SUPPORTS

Total Equiv. Uniform Load .. =wl

f 1
X X R=V oeoeeeeessoeeessssoesesoseessseees e =w
’_ j wl |_ ‘T 2
RIIIHIHHHH A, = (L]
_ ! E Y 2
]7%* 2 2 Minax (ALCENLEN) ..o = %
!M bome o =" x)
" |Shear 2
! v s5wi*
A {01 (] 1 =
T max (at center) 334 El
T A e = :”X (13 — 212 +x3)
M
¥ _ w13x1
Mcimert Ay eereereeemesssesssssss st = iE
28. BEAM OVERHANGING ONE SUPPORT — CONCENTRATED LOAD AT ANY POINT BETWEEN SUPPORTS
Total Equiv. Uniform Load ........cconveeerrneeenne. 8pzab
I
. ! : R =V, (= VingeWhen a< b) oo = Fb
X L o !
‘ i ‘ R,= V, (= Vinge WheN @> b) oo =re
R, [}
‘ R Mgx (2t OINt OF 1080) wroerrrerresersserescrssrne = Pab
I I ga— /
Vl My (WHEN X< 8) oo = 22X
il '

27 Ell

|
TShear | ‘ | ‘ ‘ | ‘ | v, A [atX:WWhen a>bJ ) - Pab(a+2b)\3a(a+2b)

] Aa (8t pOINtOf 108d) <ooroooeoeiceeoeeeeeeeeeee, = Pa’y?
M 3EN
- o T Ax (WHEN X< @) oo = %(ﬂ _p? —x2)
Ax  (When X> @) .. = PZ(;;/X)@IX—XZ —az)
Dy e s = P:g;(; (1+a)




Shears, Moments and Deflections

29. CONTINUOUS BEAM — TWO EQUAL SPANS — UNIFORM LOAD ON ONE SPAN

hx—ﬂwl
I
R R,
= 1 1
V] |
A [TTTTTTTTITTITIT
V:"LShear I
7l
- 1
(M
{
Moment MT
T

Total Equiv. Uniform Load

Ri= Voo

R=V,+V, ..

R=V,.
12
Muax (at x-%l) ..............................
M, (atsupport R))..cccoooveereencninnes
My (when X</) s

Amax (at0.472 /from R)

wx
="X7-
16( 8)

_ 0.0092 wi*

El

30. CONTINUOUS BEAM — TWO EQUAL SPANS — CONCENTRATED LOAD AT CENTER OF ONE
SPAN

S RPN RS
2 ’l?: 2
i

[TTTTTITITTTIT

\Shear

max

i
Moment M 1

Total Equiv. Uniform Load ............... = ?P
RiZ Voo =Bp
32
R=V AV, oo =1
‘ 16
R= Voo =_3
: 32
Ve =19
‘ 32
Minax (@t pointof load) ..o = ;—iPI
M (@tsupport R) .o =3 p
‘ 32
_0015P1

Amax (at 0.480 [ from R,)

El

31. CONTINUOUS BEAM — TWO EQUAL SPANS — CONCENTRATED LOAD AT ANY POINT

e— a— >t b—
P
R, : R, 1
v HHHH [TTTTTTITTTTIT
VQIShear
W,
i

Moment

)
M1v \W

RyZ Vot snes s
A L VA
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L
Muax (@t point of load) ......ccccceerivnee.
M, (atsupport R,) oo

= ’i;@/? —a(/+a))
4
= 2’%(2/2 +b(+a))

= ,@(1 + a)
47

= P—i(‘llz +b(l+a))
41

= %@,z —a(/+a))
I

=Pabg. 4
412
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32. BEAM — UNIFORMLY DISTRIBUTED LOAD AND VARIABLE END MOMENTS

Y %’+M1 ;Mz
e,
- x—=
1w R=V, = wl_Mi-Mp
o~ o RF Vi > ;
Qe
M,>M
R‘ i F’z VX ......................................................... =W(l— )+M1_M2
2 1
y | ,
T . My - M, 2 My +M, My - M,
' | Shear v, M (atx=Ll 772 Zwi MMy (i =My )
| = 2 wi 8 2 owi
I
M,y - M.
ET My e = %(I—xﬁ[%)x—m
AT 1%
T T
A Moment A
™, 2 MMy (Mg —My
e p = p =] VL ® b (to locate inflection points) .................. =JL_(¥]+[¥]
M 4 w wil

v 4My  4AM. 12 M. M1 4Myl
i A= W |3 (gAML AV o 12My L3 BM ML
24E| wi wi w w w

33. BEAM — CONCENTRATED LOAD AT CENTER AND VARIABLE END MOMENTS

1
. #X‘—‘ P .
(M M,
S REwow, R o
! i RF\/1 ......................................................... ‘E+ 1 2
|t et e T
vl [[[] | o
! L £ =P T~
{[shear — [LITTTIT] Y 2
My + M.
(@t CONtET) couvveeeee e O i
4 2
My - M
(when x< L) =(g 1[ ZJ My
MI Moment
1
My — M
(when x> [) ................................. —P(/ x) ( ; Z)X_M

Ax  (when x< é): %[312 —4x2 78(;)()[/\/11 @1-X)+ My (1+x)]]
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34. SIMPLE BEAM — LOAD INCREASING UNIFORMLY FROM CENTER

— [ ]
<X Total Equiv. Uniform Load ............ = 2w
w. 3
T 1T SV ettt =W
R R 2
Ve (when x< L) =ﬂ("2x
I I 2 2
y 2 2 Mmax (atcenter) ... = %
% ! M, (whenx< L) e 43
Shear \ \A/ i 5 ) 2 o
= 3w
| Amax (atcenter) ..o =208
5 o2
’V;m@ Ay (When X< &), = 1'2/1_/ X 2%73'8 X]
51
Moment
35. SIMPLE BEAM — CONCENTRATED MOMENT AT END
)
X
Total Equiv. Uniform Load ........... = ¥
M
N R
R R=V = %
‘L Minax =M
v LT
M = M(1——
f Shear *
2
I Amax (at X= 0.423 [).eeeeeeeeree. =0.0642 "%
M
!

Moment A

3
=M 3x2 =X _2i1x
6E/ !

36. SIMPLE BEAM — CONCENTRATED MOMENT AT ANY POINT

=< 1 —

X
Total Equiv. Uniform Load ............ =

M
/‘
\

o

R=V =

a

My (when x< a)

H‘ ‘ H My (when X> a) ..o =

Shear

S

Ay (When X< @) . =

Ay (When x> a) . =

M Moment

RU-X)
2 3
M |6a-32" _o7|x- 2"
6El I
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37. CONTINUOUS BEAM — THREE EQUAL SPANS — ONE END SPAN UNLOADED

w wil
S S A o o
A * / B ? l C ? l D
T T T
R.=0.383wl Rs=1.20wl Re=0.450w! Ry=-0.0330wl
0.583 wi
0.383 Wil [TTr—r mm‘\"ﬁ\uuuuuuuu0.0330wl
Shear IR S NP 0417wl
+0.0735 wi* 2
+0.0534 wi
Moment T T T T, 200333 1
N e
0.3831 0.5831

A ax (0.4301 from A) = 0.0059 wiE}

38. CONTINUOUS BEAM — THREE EQUAL SPANS — END SPANS LOADED

R.= 0.450wl R = 0.550wl R.= 0.550wl Ry = 0450wl

0.450 wi | T T 0.550 wi mw
Shear LT 0.550 wi 0.450 wi

+0.101 wi’ +0.101 wi?
Moment m -0.0500 wi? m

0.4501 0.4501

Ay (0.4791 from A or D) = 0.0099 wiVEI

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

wi wi wl
N S N S A o v
A ﬁ I B ? ! c f I D
) T T 1
R,= 0.400wl Ra=1.10wl Re=1.10wl R, = 0.400w!
go00ut M o000 M
0.400 wi [T r—_
T 0400w
Shear 0.600 wi 0.500 wi -
+0.0800 wi* +0.0800 wi*

2
‘ ‘

0.400 WOO [ O.SOW 0.400 1

A ey (0.4461 from A or D) = 0.0069 wi/E}
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40. CONTINUOUS BEAM — FOUR EQUAL SPANS — THIRD SPAN UNLOADED

1
S S S S V_Y_Y_Y_Y_Y_Y_Y_Y_WY_Y_Y_Y_Y_Y_Y_Y_Y_\
A ‘f ! B ‘f ! c ? ! D f‘ / E t
R, = 0.380w! Re=1.22wl Re=0.357wl Ro=0.598wl Re=0.442wl
0603 W/m O T
0.380 Wi [ T BN e e —=—TT1] 0.442 wil
Shear 0.620 wi 0.397 wi 0.0400wl
+0.0722 wi? +0.0977 wi’
Moment 0121wz t0.0611wl* 2 _ 2
omen | T T T T 0'01‘79 wi 0.0560 wi m
U e | I
0.3801 0.442 =——=

A (0.475 1 from E) = 0.0094 wiVE}

41. CONTINUOUS BEAM — FOUR EQUAL SPANS — LOAD FIRT AND THIRD SPANS

wi wl
S N I S |
al i s! i cl / o} . E
\ : : : |
Ru=0.446wl Re=0.572wl Re= 0.464wl Ro=0.572wl R, = 005401
0.0180 wi 0.482 wi
0.446 wl [T NN ) L e R R R R R R R R R Y I
Shear W 0.554 wl W 0.518 wi
.
+0.0996 wi’ +0.0805 wi
Moment T 2% 00T T T [Ty, 0053w
| | L

A.ax (0.477 1 from A) = 0.0097 wi*/E}

0.446 1

42, CONTINUOUS BEAM — FOUR EQUAL SPANS — ALL SPANS LOADED

wi
Al TR TR T ol T
l I I I |
R, =0.393w/ Rg =1.14w! Re = 0.928w! Rp =1.14wi Re =0.393w!
0.393W/[ T 0.536W!| [T 0.464W/ T 0.607w1h‘m~ﬁ~h\
Shear —LL[[[Joorws Lll0.464wi 0536w/ 1L10.393w!
0.0772w1? 0.0772wi?
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M'o-“ﬂm PaniliinnN T 20-107w! /ﬁ/ﬂﬂ_
Moment ))/ \% Moment
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Amax (440! from A or E) = 5




Shears, Moments and Deflections

43. SIMPLE BEAM — ONE CONCENTRATED MOVING LOAD

ot e
%P B max = Vi a8 X = 0). 1o veo oo P
i Pz i Pl
Mmax (at point of load, when x = —2—> ............................ =7
/
44. SIMPLE BEAM — TWO EQUAL CONCENTRATED MOVING LOADS
a
Bimax = Vimax(@8 X=0) ...corrieiiiii e :F’(Z—-[-)
e g g when a < (2 — +/2)I = 0.586(
o jy: AN FES = P2y
Ry 7 \2 iz under load 1 at x = 3 (l— 5) 2 2/
M
‘ "N Twhen a> (2 — V2) = 0.5861 .
with one load at center of span (Case 43) 4
45. SIMPLE BEAM — TWO UNEQUAL CONCENTRATED MOVING LOADS
I—-a
Bimax = Vimax@ Xx=0) ... =P+ P -
F>F . 2
1 Pa - x2
by - 8-> {underl—",,atxvﬁ(lm ﬁfﬁ;)] ................ ={A+ R} ]
P NP
Ry Az Mmax may occur with larger
Mimax Al
load at center of span and other | ................. =

load off span (Case 43)

GENERAL RULES FOR SIMPLE BEAMS CARRYING MOVING CONCENTRATED LOADS

Ry

fee B |

z :
Al ’Ii

HMoment

The maximum shear due to moving concenirated loads occurs at one support
when one of the loads is at that support. With several moving loads, the location that
will produce maximum shear must be determined by trial.

The maximum bending moment produced by moving concentrated loads occurs
under one of the loads when that load is as far from one support as the center of
gravity of all the moving loads on the beam is from the other support.

In the accompanying diagram, the maximum bending moment occurs under load
P, when x = b, It should also be noted that this condition occurs when the center-
line of the span is midway between the center of gravity of loads and the nearest
concentrated load.






