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Examples:
Beams (V, M, Stresses and Design)

Example 1

Example Problem 9.5: Section Modulus
(Figures 9.26 to 9.28)

Two C10 x 15.3 steel channels are placed back to back to form
a 10"-deep beam. Determine the permissible P if F, = 30 ksi.
Assume A572 grade 50 steel.

Solution:

I, = 674in* X 2 = 134.8in*
Mmax = Y(3)(5) + (P/2)(5) Figure 9.26  Two steel channels.
Mpax = 12.5 + 2.5P

= (125k-ft. + 2.5P) X (12™)

Mc M
f=TC=?; S M =F XS,

S, =2X%135in3 = 27in3

Equating both M,y,, equations:
M = (30 k/in?) x (27 in.%) = 810 k-in. P
(125 k-ft. + 2.5P)(12"/) = 810 k-in. o =1 kg
Dividing both sides of the equation by 12 in./ft.: A [l L l l 1 1 H " 1 1 H i lL}: c
B
(12.5 k-ft.) + (2.5 ft.)P + 67.5 k-ft. 1 i 5
2.5P = 55k 5P, 5k+P,
M P22k
5k+P/,
\ P/Z
0 %
P
2 +(5k+P1,)

10-:

1T
i

Figure 9.27 Beam cross-section. Figure 9.28 Load, V, and M diagrams.
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Example 2 From eStructures v1.1, Schodek and Pollalis, 2000 Harvard College

BEAM ANALYSIS

Determine the bending and shear stresses in the timber beam shown, Also determine
the deflections present. Is the beam adecuately sized? Assume that the allowable
bending stresses is Fopau: = 1500 Ibsin’®, the allowable shear stress is

Fraonane = 150 1bsin’, and the allowable deflection is L /360, Also assume that the
allowable stress in bearingis £, =400 Ibsin® and E = 1.6 x 10° bs/in”

lPazmn Lbs 4in
10 1t 10 ft ) BEAM
T ] 121N
T L= 201t T
R =10001b R =10001b

CHECK BENDING, SHEAR, BEARING STRESSES AND DEFLECTIONS

Reference: eStructures v1.1, Shodek & Pollalis, 2000
Simple Beams, Beam Analysis

DRAW SHEAR AND MOMENT DIAGRAMS

P = 2000 Lbs
10 ft 10 fit

T T

R = 1000 Ib R =1000I1b
1 ' SHEAR AND MOMENT
| DIAGRAMS:
W =-1000 Lb

Maximum Shear Force:
M = FL/M = 2000{200/4 = 10,000 -1 = 1000 lbs

Maximum Bending Moment:
//\ = 10,000 ft-lbe = 120, 000 in-lbs

BeamAnalysis @@ orer 1 r

Beam Analysis @@ sTEP 2 -_
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Example 2 (continued)

Beam Analysis @@ STEP 3 r

DETERMINE BEAM PROPERTIES

b=4in

P = 2000 Lbs
Fy F 3
10 ft 10 ft I = df?

IT o TI ...... : b —mememe s d=12in

R = 1000 Ib R =1000Ib

MOMENT OF INERTIA:
I = bd¥12 = (4)(12)/12 = 576 in¢
SECTION MODULUS:

S=I/c=576/(12/2)=96In®

Beam Analysis @@ orer < -_

BENDING STRESSES

P = 2000 Lbs b fb
10 ft l

10 fit I " c=df? /
i ] o S, S

T L=201t T

R = 1000 Ib R =1000Ib

BENDING STRESSES:

f,=M/S=(120,000 in-b) / 96 in-
= 1250 Ib/in?

CHECK:
1250 <1500 OKAY IN BENDING
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Example 2 (continued)

m Beam Analysis ETIEY r

Shear Stress = 1, = VQ/Tb
SHEAR STRESSES For a RECTANGULAR SECTION ONLY,

the maximum shear siress becomes:
f = (3/2) VA = (3/2) V / bd

4+ -
b
P = 2000 Lbs
10 fit l 10 ft : e =df
[ J d . ":E"""""""""""""' R I
) L=201 1 c=dr2
R = 1000 Ib R = 1000 Ib X
SHEAR STRESSES:
f, = (3/2) VIA
={3/2) (1000 1b) / (4 inx 12 in)
= 31.25 Ibfin-
CHECK:

31.25 <130  OKAY IN SHEAR

_m Beam Analysis @@ STEP & -_

Assume that the beam rests on walls

BEARING STRESSES that are 6 inches wide. Thus, the bearing

area at the reactionis 4 x 6 = 24 sq.in.

)

b=4in o

10 ft

T L=201t T .

R =1000Ib R=1000Ib

P = 2000 Lbs
10 ft l

¥

t=6in

BEARING STRESSES:

f., = RIA
= 1000 Ib/4inx61In
= 41.2 Ibfin?
CHECK:

41.2 < 400 OKAY IN BEARING
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Example 2 (continued)

DEFLECTIONS
For a simply supported
beam with a concentrated
load, the maximum deflection
isgivenby A = PL'/48ET:
P = 2000 Lbs |
10 ft l 10 ft A = PL'/A8EX
T T~ <~ ] T = (2000 |B)(20 ftx 12 infft)
4= Maximum 48 (1.6 x 10° In/in“)(576 in*)
L = 20 ft Deflection

= 0.625 inches

DEFLECTIONS
For a simply supported

beam with a concentrated
load, the maximum deflection
isgivenby A = PL'/48EX:

P = 2000 Lbs |
10 fi l 10 A = PL'/48EXI
T T ok -t : T = (2000 Ib)(20 ftx 12 infft)
4= Maximum 48 (1.6 x 10° Ibfin?)(576 in)
L =20 Deflection

= 0.625 inches

COMPARE ACTUAL DEFLECTION TO ALLOWAELE DEFLECTION:

Avns =0.625n
A siowase’ L /360 = (20 ft x 12 in/ft)/360 = 0.67 in.

A
Porhis = -"‘-_,allowable

Deflections are okay!

m Beam Analysis EIES r

_m Beam Analysis @@ STEP 8 -_

F2012abn
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Example 3

Using an “approximate” method of analysis (specifically beam diagrams and
formulas with superpositioning), find reactions, shears, and moments present
in the structure. Verify the solution using a computer-based structural
analysis program (Multiframe4D).

SOLUTION:
The load cases can be divided into the two shown which correspond to
beam diagrams 30 and 29 (mirrored).

Because the maximum moments do not occur at the same place, find the
reactions to add up and construct the V & M diagrams. The moment
diagram should look like the two diagrams (with one flipped) “added”
together:

Diagram 30:
R, = Bp 13 (10k) = 4.06k R, = Up_ E(10|<) = 6.875k
32 32 16 16
3 3
R; = —— P =——(10k) = —0.9375k
32 32
Diagram 29:
R;(was R )——lwl ——i(ZV)loft =-1.25k
! AT R TS S

7 7
R, (was R;) = — wl = — (2 ¥4)10 ft = 8.75k
s(was Ry) = rowl = 7 (2)7)

Reaction sums:

R1=4.06+-125=281k Rz = 6.875+12.5=19.375k

Shear calculations:

Va =0and 2.81k Vatst = 2.81k and 2.81-10=-7.19k
Ve = 12.185-2k/ft(10ft)=-7.8125 and -7.815+7.815=0k

Moment shapes:

Ma=0 Mat st =0+2.81k(5ft) = 14.05k-ft
location of cross over = 12.185k/(2k/ft) = 6.0925ft:
Mc =15.218 — 7.8125k(3.90751t)/2 = 0

MULTIFRAME:
V:

Y

T:g;n 22—

I—?.'I 88J

|¥I' 14062 429

12185

7813

19230217

2 8?521 g?:\'i 43
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2 k/ft

| 10’ 10’ |
I |
10k
FL, B c
A y [ |
| 10’ | 10’ |
I | |
and
} B 2 k/ft c
A
| 10’ | 10’ |
|

5 5
R, ==wl == (2 ¥.)10 ft =12.5k
2 =2 wl=2(25%)

Rs =-0.9375+8.75=7.8125k

Ve =-7.19k and -7.19+19.375=12.185k

Mg = 14.05-7.19k(5ft) = -21.9k-ft
Mate.1ftfrom = -21.9+12.185k(6.0925ft)/2 = 15.218 k-ft



