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Beam Reactions

Loads on Members

Assume %2 inch diameter steel rod and pull it lengthwise with a load P, the rod will develop a
tensile stress o = %where A is the cross-section area of the rod.

Case 1: loading the rod in tension parallel to its axis makes the rod a tensile member.
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Case 2: loading the rod in compression parallel to its axis makes the rod a compressive

member. P
—> | ) -—
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Case 3: twist the rod with torque T, then we call it a torsion shaft. | U
"y
Case 4: if the loading is perpendicular (transverse) to its R_,,_ﬁ\ ray
axis, so that the rod bends, then the rod called a beam. TH TH

Beam: a member resist forces applied to its axis, set on a support.
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Cross Section Beams

Self Weight

Example 1: For the U.S. Customary (4le s jlaic) W-beam W24x162 (I), given the length of the
beam is 10 feet long. What is the total weight W of the beam?

help: for the US system designation (4x3) system W24x162, has two numbers: the 1% is the
nominal depth 24 inch, and the 2" is the weight per unit length w=162 1b./ft..
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Solution: Total weight W= w x [ = 162%‘ x 10 ft = 1.620 Ib.

Example 2: For the SI (metric), a W-beam W250x115 (I), given a length 4m. What is the total
weight W of the beam?

Help:

- For the SI (metric) beams are designated by mass, not weight: a W250x115 wide flange
beam has a nominal depth of 250mm and mass per unit length of 115 kg/m.
- The Sl unit of force and weight is the Newton (N) defined as 1N=1

- The acceleration of gravity is 9.81 m/s?.

kg.m

sz

Solution: weight per unit length (w) = 115% X 9.81522 = 1.13 kn/m

kn
W= wXl= 1.135x4m=4.51kn

Help: You can also calculate the weight per unit length if you know the cross-sectional area and

the specific weight of the material. Specific weight is weight divided by volume:

w w w , :
=——>y XA =— = weight per unit length = w

Y=y T axi l

Steel density=7850 kg/m3=490 Ib./ft3.
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Reactions for Simply-Supported Simple Beams

Example1: Calculate the reaction forces R and Rg for a beam with 30kN *
a 30 kN load at the midspan. x =
Solution: Divide the total load by 2 to obtain the reaction forces JAN
*‘ 4m ,_ 4m
Pl
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25+40+25=90 kN
25kN  40kN 25kN

90
RA=RB=7=45kN l l

Rs Ra

Example 2: Calculate the reaction forces Ra and Rg for a 10-ft. beam with a 480 Ib./ft. uniformly
distributed load. Report the answer in Kips. 480 Th./ft.
Answer: y

10 ft.
R“t‘ R,
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Example 3: Calculate the reaction forces Ax, Ay, and By? 5lb.  121b.
A B
Sol. G—ZMA=0=5><3+12><6—By><(3+3+4) Ax
373 4 )
~ By = 8.7 Ib. | I | 1
Ay By

T+2Fy:0 =Ay+By-5-12=Ay+8.7-17=0 = Ay = 8.3 Ib.

+
—

YFx=0 =Ax >~ Ax =0
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Example 4: Calculate the reaction forces Raand Rg for a beam with a uniform
distributed load of 800 N/m. Report the result in N.

) . . Load diagram Equivalent load diagram
Solution Draw an equivalent load diagram, placing the 800 N/ 1600N
equivalent load at the centroid of the distributed load. mﬁn ‘
Use the equivalent load diagram to find the reaction (& }6
forces. a

18m i
FH‘—*H—# E—_ﬂ m
GZMA:O::. RB =480 N 408m 2m 3.2m RB

t+ X F,—0=R,—1600N +480N . Solve for the reaction force R,=1600N—480N=1120N .

Hint
Use the same approach for a nonuniformly distributed TandDugnan Erinivalost l‘? diegrian
load. Again, the location of the equivalent load is at the 111 | I | | w ‘
centroid of the distributed load. The centroid of a triangle . S —
is one third of the distance from the wide end of the a - a
triangle, so the location of the equivalent load is one L t : 2L13 , 1
third of the distance from the right end of this beam, or R, R, R, I R,

two thirds of the distance from the left end.

The load varies from 0 at the left end to w at the right end; therefore, the total load is the average of these loads times the

beam length: W-(°+“' ‘”2".

Or we can say the area of the triangle



Example 5: calculate the reaction forces?

50 kN/m 1
7% 650 =150 kN

Ax

2m 4m
8 | I |
Ay y Ay By

< »
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G—ZMA =0=.B,=50kN, f X F,=0: AS100kN, YFx=0= Ax =0

Example 6: calculate the reaction forces? .
For triangle P2=- X 6 X (70 —20) = 150kN

70 kN/m 20 kN/m
For rectangle P1=20x6=120 kN
A B
Ax
> ~ 2m
6m Y > By
S_OI. 3m
(FIM, = 0=. 150%2+120%3-B,*6=0 =B, =110kN 1
= Ay+B,-150-120=0 =~ A, =160kN 1



Example 7: calculate the reaction forces?

20 kN

20 kN OR
53°

Im 3m

Rs cos 45= Rg *1/4/2= Rs /v/2 kN

45°

V12 +1%2=y2
1

1

Rs sin 45= Rg *1/v/2=Rs /V/2 kN

A l 12 kN B
4—

Ax ’ E
\ V2
Im 3m

Ay &
V2
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G—ZMB=O=>Ayx4—16x3=O=> ~Ay=12kN T

T+§;Fy=o = Ay-16+R—\/; =0 = Rg =4V2kN X
= V2
TEx0. Ax-1222 =0 = Ax—12-22=0 = Ax=16kN >
7z 7z



_ 50 kN 30kN
Home Work 1: calculate the reaction forces?
L

A B
Answer: Ra=74.67 kN, Rg=5.33 kN A A .
Sm 4 11m 4 mi B
Home Work 2: calculate the reaction forces?
Load diagram
Answer: Ra=405 Ib., Rg=135 Ib. ; 60 Ib./ft.
FFIFTEiisiieg

20 kN

Home Work 3:

Calculate the reaction forces?
Ans.

Cy=10kN upward

B,=10kN upward

A,=40kN left-hand

A,=10kN upward
Ma=110kN.m Counterclockwise

Roller C

vy

\ A A 4

Wind Load 10 kN/m

3m

A
v
A
N
ND
3
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