Shear Diagram

One Point Load

Imagine a simply-supported beam with a point load at the

mid-span. Cut the beam to the lefi of the point load, and P * v
draw a free-body diagram of the beam segment. In a free-
body diagram, forces must balance. Therefore, a downward K > F ‘

force at the cut edge balances the support reaction R,. We L2 17
call this shear force ¥, It is a shear force because the force R, R, R,
acts parallel to a surface (the cut edge of the beam).

The forces R, and ¥ are in balance (equal in value; opposite in sign), but our segment R ?

wants to spin clockwise about point A. To counteract this tendency to spin, a moment M 4 P 74
develops within the beam to prevent this rotation. The moment equals the shear force times -

its distance from point A.

Cut the beam to the right of the point load, and draw the free-body diagram. Since P is R f
larger than R,, force ¥ points upwards. p.

Example 1:
30 kKN
Calculate the shear forces in this beam to the left and to the right of the 30 kN point load. *
Solution The loading is symmetrical, so R,= R,=£=M— I5kN g ey
2 2 R, e R,

Use the sum of the forces to find ¥, IIJ) -
Between support A and point load P, f+ Y F,=0=R,~V,. :
Solving for shear load, ¥,=—R,=—15kN. Ry Pl v

3 A
Between point load P and support B, 1+ Y F,=0=R,—P+V,. ¥ 2 %f) e
Solving for shear load, ¥,=—R,+P=—1SkN+30kN=15kN . RA?

We can sketch ¥ as a function of location along the beam using a Shear
Diagram. Draw vertical construction lines below the load diagram
wherever the applied loads and reactions occur. Draw a horizontal
construction line, indicating zero shear load. Next, draw the value of ¥
along the length of the beam, as follows:

(S8 aive ) & Shear J laa Point Load J s b :ddasdle



30 kN ‘
[A
A o
4 4
15kN L Pt 4 15 kN
15 kN+
Step 1 Starting at the left side of the shear diagram, goup L5kN, +; Step 1
because R, is 15 kN upwards. |
Step 2 There are no additional loads on the beam until you get to the i "
midspan, so the shear value remains at 15 kN. Vv Step 2
Step 3 The applied load at the midspan is 30 kN downwards, therefore SN
the shear load is 15kN—30kN=—15kN . v Step 3
-15kNY
1SKN
Step 4 There arc no additional loads on the beam until you get to point
B, so the shear value remains at -15kN. 4 Step 4
-15kN
Step 5 At point B, the reaction force Ry = 15 kN upwards, therefore the ¥V
shear loadis —15kN+15kN=0 . If you don’t get to 0, you know you V h Step 5
made a mistake someplace. o
I5KN A%
v Finished
shear
-15kN diagram
Example 2:
Draw a complete shear diagram for a simply-supported 8 ft. beam with a 100 1b.
point load 2 &. to the right of point A. ‘100 Ib,
Solution Use sum of the moments and sum of the forces to find the reaction forces - =
Ryand Ry A

Starting the shear diagram at zero shear, goup R,=75Ib. atpoint A. There areno 75 1b,?<2-& 6 ft 25 b,
loads between point A and the applied point load, so the shear load does not

change. Draw a horizontal line to the right, until you reach the point load. Draw a s
vertical line down 100 Ib., reaching a value ¥=—251b. There are no loads between V
the point load and point B, 5o the shear load does not change. Draw a horizontal

line to the right, until you reach point B, The teaction force at B is 25 Ib. upwatds, so draw a vertical line up 25 Ib,,
reaching a value J=( . Again we have two rectangles, but they are not symmetric, the beam carries three times as much
shear load to the left of the point load than it does to the right.

251,




Example 3:

Draw a complete shear diagram for a simply-supported 8 ft. beam with 100 Ib. 100 Ib. 100 1o, 100 Ib.
Solution The loading is symmetrical, so the reaction forces equal half the total J ‘ ‘
Calculate the shear values as: _ _
A [
V,=R,=1501b. é‘ a
V,=V,~1001b.=501b. 21t/ 2 2828t A
i 150 Ib. >t 150 Ib.
V3= Vz —100 1b.=" SOIb. I
V=1501h,
V,=V,—1001b.=—1501b. '
LI v ' VS0l
V=V, +Ry=—1501b.+1501b.=0 Vst
In this problem, [¥],.=1501b. | V=-1501h,

Example 4:

l‘)kN

a) Calculate the support reactions;

b) Draw the shear force diagram

vy _uw

13m
Ry= 9kN
g e l Ok N B
\'
A
. 110N
Example 5: g A v B
V,= 110-50=60 N S A
< | Smm——————= SON
21lmm
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Shear diagram

Rectangular Uniform Load

Jile miins S Shear 1 ba (rectangular distributed load) Jdubaiuall jiial)l Jas ) Alls & :4daa3l

Example 1
3 kN/m

Draw a complete shear diagram for a simply-supported 4 m beam with a
uniformly distributed load of 3 kN/m, A B
Solution The loading is symmetrical, so the reaction forces equal half the total
g - W_wL_3kN-4m_ 4m
app]xedload. R,‘ R, 2 2 02 6kN . 6kN L GkN

A complete shear diagram includes the values of the shear at locations of applied i I\
1

point loads and reaction forces.

V,=R,=6kN \'4 V=0
V2=V|—-3TkNﬂ'E=—6kN I \lv;-ﬂﬂ

In this problem, 7] max — O KN

4kN/m
Example 2: A AAAAAA

Vg = (5x4x(3+5/2))/14 = 7.857 kN
E—*m)l&am—)‘

V= 4x5-7.857 =12.143 kN

o Lgﬁbd =

14m
How to find slope? 12.14kN
fand Juals (g Jaall 255 23 X e 2 55 B 4L (e Nom — 4kN/m
e e g | T
7857 5-—x A N\ =
12.143  «x -7 86kN

12.143~12.14 kN
7.857*x=12.143(5-x)

X=3.0357
3.03575m 7.857~7.86 kN

. ——>
12.143 — Sm
3.03575

Slope=

4kN .
— Descent therfore minus



Example 3 Load diagram Equivalent load diagram

Draw a complete shear diagram for a simply- 2 ki%ﬂ. *12 kips
supported 20 f. beam which has a uniform 3

distributed load of 2 kips/ft. running from the 2 = g 5]
left end for 6 feet. t A3p ?
Solution Draw an equivalent load diagram, R, 6 ft. 14 ft. R, R I 20 R,

placing the equivalent load at the centroid of ——
the distributed load. Use the equivalent load e )
diagram to find the reaction forces. Equivalent load

V=0 ly to fi
The distributed load runs for 6 £, so the Ll Shiiaige: | Meeded only tofind
location of the equivalent load is 3 fi. from the reactions Ra and Rs.
left end of the beam. With experience NO

need to do it

The equivalent load WawL=2X ﬁ'ﬁﬁ‘ =12kips .
The moment about point A is #9 ZMA=O=-12kip'3ft.+R,-20ﬁ. 4

Rewrite the equation to find the reaction force R;= 12]?0 ;31]:' =1.8kips .

Sum of the forces T+ ZF,=O=R4— 12 kips+ 1.8 kips . Solve for the reaction force R,=12kips—1.8kips=10.2kips .

Draw construction lines down from the original load diagram wherever a point load or reaction exists, and wherever a
distributed load starts or stops. Calculate the shear loads at these points.

V,=R,=102kips

V,=V, —%?’-’-ﬂ?l.mps

V3= Vz +R,=_1.8kips+ 1.8 kip8=0
In this problem, [¥],,,=10.2kips

A 7kN'm g

| ]
é JAY

Vj = (8x7x4 —4x7x2)/8 =21.0 kN ,@7
l|< Sm 1< 4m

Vg = 12x7 -21.0=63.0 kN

28kN

A 21kN
H.W: Find the Slope of the Line? z
l\ r b,
\I B
-35kN




4kN/m

Example 5: A Anm~an B
L J
e A
Vg = (5x4x(3+5/2))/14 = 7.857 kN ks _J e
1< 14m —=>
V, = 4x5—7.857 =12.143 kN
12.14kN
Stope = -4kN/m
- & B
A N - |
-7.86kN

Shear diagram

Triangle Uniform Load

.Parabola Curve s Shear 4 1A (Triangle distributed load) <fiall ydaial Jead) dlls 4 :4daaD

Example 1:

Draw a complete shear diagram for a simply- ; _— .
supported 6 m beam which has a wedge-shaped Load diagram 1 5 KN/m qum::t :;ad Siagram
nonuniformly distributed load of 0 kN/m at the left ‘

end of the beam to 5 kN/m at the right end of the

ry 3 — B 16
AN A
beam. * 6m * 4m f
Solution Draw an equivalent load diagram, placing 5kN 10kN E:HG 5
R s R
A B

the equivalent load at the centroid of the distributed Vs kN r\

load. The centroid of a triangle lies two-thirds of the
V=0
\J V,--10kN

distance from the point of the triangle. Use the v
equivalent load diagram to find the reaction forces.

measuring from the left end of the beam. The equivalent load is the average of the minimum and maximum distributed
(0+5)kN 6m_ ¢\

loads times the length of the distributed load: W= 5

The centroid is located at x==L="""—=4m,

The moment about point A is ¢F Z M ;=0=—15kN-4m+ R ;-6 m . Rewrite the equation to find the reaction force

Ry=2K40 101N Sum ofthe forces f Y F,=0=R,—~ISKN+10kN . Solve for R,=15kN—-10KN=5KN .
6m 4

Draw construction lines down from the original load diagram at the two reaction forces. Calculate the shear loads at these
points,

nen 1

V2=V| —'15kN=—10kN

GV ge die el @l Jas e

GV e Jae JBI I s I
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The shear line crosses the axis where the area of the distributed load equals R,. The area of the
xh
2

distributed load is one half the base times the height of the triangle, or a=

Sw_

triangles, the height of the little triangle h=%w ,80 a=——=R,, . Solving,

2L

. By similar

% |l

s 2R, [26mSkN _m =3.46 m . The shear line crosses the axis 3.46 m from the

w V 5kN
left end of the beam.

and wedge-shaped (triangular) distributed loads create parabolas.

Look at the shear diagrams, and you can see that point loads create rectangles, uniform distributed loads create triangles,

Example 2:
1- from Y M@A=0 and }Fy=0=
Ay=80 kN, By=40 kN Ax=0 ’
2- Draw shear Force Diagram. Ay
3- Find x, and y
Q/how to find x and y @V=0? +80
Answer:
e 4L e ) S.F.D
vey s tflmor Max o kN/m
y=6.66 X

1 A v=shear J) 4 (S as I zero w 3 e x ddlis adad Jani -¥
kN £+ = support J xie reaction ) Jlaia (558 Laxie cpall Aga (10 JEA)

V=0

[ /| 40

zero w kN/m
y
. 4 ¥

X
By

-~ L Reactio?@ zero kN/m
By :‘_A:é = Gl Jeal) :‘A;é o Slal .&j,&j\ \-%J ZFV=O Jans - distributed load
A40kN=3 % x * y = 2%40 = x * 6.66x = x2=1201 = x=3.465m

5y = 6.66 * 3.465 = 23.09 kn/m

Ladie (el adga Jidi ¥y JUall 138 A aY A9 Max @ I 08 d8lwall &l 3y equivalent triangle load ) S o)) :dkiadka

X dad cluay o g8 Gad Ml jhea (68
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90 kN/m
Example 3: Draw shear diagram and find x and y?
Ay= By=202.5 kN1 1
=y Ax=0 >
Q/what is the shear value at B? A ?B
O >ie >
Answer: find the Shaded Trapezoidal area between A and B Ay 6m By 3m
202.5 kN -157.54202.5=45 kN
V=0

-157.5 kN

30490

Trapezoidal area between A and B= x 6=360 kN

2
TY.Fy=0 =+202.5-360=-157.5 kN shear value at B.

| w=90kN/m§ yk&"
Q/ find x and y? v v ' v

Answer: 2 =2 =y = 10x *

. 1 — xm T
Area of triangle=—=* y * x
2 —ple————>
TYFy=0 =By=-#y*x =202.5Kn = 6m 3m
2 By=202.5 kN

~x=636mandy = 63.6 kN

By

Example 4: Draw S.F.D and find the distance

6 kN/m

from point A where the shear V=0. For the Axco —

6 kN/m

simply supported beam shown?

\4
A

ANSwer: Ay =12 kNT , and By=12 kN

+12 kN +12 kN

Shear @ midspan =

TY.Fy=0=Ay-triangle area=+ 12-% =—-6kN §

w Yy -6 kN
X

6m
By=12 kN

TFy=0= — 2% X * y + % 6m * 6kN/m — 12kN = 0 | v: 6 l

Xx=3.464 m and y=3.464 kN — " T 6 kN/m

the distance from point A where the shear V=0 is 12-6-3.464=2.536'm



Shear diagram

Effect of a moment and Inclined Forces on S.F.D
Axial L saall 3 @l i Y5 beam I e Laludl o 31 Shear Force Diagram (=dll lahas il ¥ :ddad

Example 1:

50 kN
100 kN.m
Ma=300 kN.n§> L A=50 kNT , A0 " e ~
\ 4
ax A [ )
A :
A, 4m
+50 kN
S.E.D
T - 125 kN
200 kN
Example 2: 4
3 A 4
By=450 kNT , Ay=150 KNI , Ax=75 kN— Ax —p €
4 2m 2m A am
A e it =
By
125%4/5=100 kN
200 kN
125*3/5=75:kN
75 kN v
<+— v
» O
A
150 kN 450 kN
v
Fy >
-250+450=+200 kN
Y __SFD
-150 kN +200-200=zero kN
r >
-250 kN
\

\ A



Shear diagram

Effect of a frictionless hinge (internal hinge) on S.F.D

Example 1 s -
b waM, =0 . '
Hinge &) = 4000(4) | 5 vy
———— | Ry = 20001b "
A ~
To draw the Shear Diagram an | an + st | 1w
! Ra R;
1. Vo =0
; 2 Ve = 2000 Ib
Vg> = 2000 - 4000 = -2000 |b
3. Vy = -2000 Ib
b )(14) + 400(10)(3
Ve = -2000 + 4800 = 2800 Ib )‘ ) +400(10)(5)
5. Vp = 2800 - 400(10) = -1200 Ib
6. Location of zero shear:
x / 2800 = (10 - x) / 1200 00) = 400(10)(9)
1200x = 28000 - 2800x )
x = 7ft 4000 b 400 Ib/ft
Hnge h h ) 7$ y h
[ [o] ]
'A B H & D
4ft 4ft 4ft 10 ft
Ry = 2000 Ib R;=4800lb Ry=12000b
Load Diagram
t
2000 Ib ; 2800 b
i
i
5 1
|
g -1200 Ib
-20(:)()03 ‘_“7&_’;
Shear Diagram 1




reaction (s Al dgall ids s reactions ) 2asY hinge ) ddhic 8 beam J) Jad sy JAy hinge 29250 -) ddasdla

Jall sl aal

Sowdiad a18 JEl) 1 84880 8 B 3 ga g adel g Aun see (5 HAY) 5 A8 Laaas) hinge Jaadall (8 (5 8 2 55 -Y
3l Hinge 25> » Shear diagram =il abias A5 Y -¥

hinge Al Jiaiad)l e Jas (o) Jasls

S -

Example 2: 200
From the FBD of the section to the left of hinge | ,‘, RO TR ! :
E.R’I” =i ’ )I: Hinqe,
21ft 4ft 21t
R, =9001b 200 Ib/ft
T
To draw the Shear Diagram
BJ‘ H
1. V=0 2ft ]1 4ft
2. Vg = Va + Area in load diagram Ri
Vg = 0 - 200(2) = -400 Ib
Vgz = Vg + Ry = -400 + 900 =
500 Ib N =
3. Vy = Vpy + Area in load =%
diagram
Vy = 500 - 200(4) = -300 1b n

4. Vc = Vy + Area in load diagram
Ve = -300 - 200(2) = -700 Ib
5. Location of zero shear:
x /500 = (4 - x) / 300
300x = 2000 - 500x

% = 2u5 it
| i

H
H
i

0 b

| Shear Diagiram

700 b




