ARCH 331 Addendum to Note Set 15.2 S2014abn

P-10kN
Example 1 (changed from pg 284) (superpositioning) 075m | w=2k N
. m
Example Problem 8.5 (Semi-Graphical Method) l 1 1 1 ,l 1 l T l H l 1 1 1 1 N
A
A cantilever beam supports a uniform load of @ = 2%V C  L=3m B RN
over its entire span, plus a concentrated load of 10 kN at the

free end.  |nvestigate using Beam Diagrams and Formulas.
SOLUTION:
By examining the support conditions, we are looking for a cantilevered beam from Cases 18 through 23.

There is a case for uniformly distributed load across the span (19) and for a load at any point (21).

For both these cases, it shows that the maximum shear AND maximum moment W]]] ] | | l
are located at the fixed end. If we add the values, the shear and diagrams should Vv + M +

look like this: _m:m]m:m] W
We can find the maximum shear (at B) from V = P + wl = 10kN + 2kNim.3m = 4 GkN

The maximum moment (at B) will be M = Pb+wl2/2 = 10kN.2.25m + 2kNim(3m)2/2 = 31, 5kN-m W fﬂ |£H

The key values for the diagrams can be found with the general equations (Vx and Mx):
Ve =-wx = -2m.0 25m = [0 5; Ve, = -P —wx = -10kN - 2kN/m.( 25m = -1(,5kN
Mc = -Wx2/2 = 2kNim((,25m)2/2 = 0,0625%N-m

We can find the maximum deflection by looking at the cases. Both say Amax. (at free end), so the values can be added directly.
Superpositioning of values must be at the same x location. Assume E = 70x103 MPa and | = 45x106 mm4

rb’ wl'107(2.25m)" (10" /)" (10" ¥ 3m)" (10" /)’ (10 ¥,
= 3l-b)+ ( ) ( (2 3m—2.25m)+ ( ( ) ( )

A, - .
 6EI SEI 6(70x 10’ MPa)(45x10" mm") 8(70x 10" MPa)(45x 10" mm")

=18.08 mm +6.43 mm =24.5mm - '
21. CANTILEVER BEAM—CONCENTRATED LOAD AT ANY POINT

] . Total Equiv. Uniformload . . ., . = i'_':.h_
(_,‘_,1 P R=V . . . . . ... . . =P
R M max.(atﬁxed :nd) ..... = Pb
fe— A —re b /‘é
] My (when X > a) ..... = P (x—a)
] | | | | | v Amax, (atfreeend) ..... - :2: 3i—h)
_'L
Shear Aa (at point of Ioad) ..... :2:
T A whenx<a) . . . . . = -
oment Ax (when x> a) ..... = P% Bb—1 +x)
19. CANTILEVER BEAM—UNIFORMLY DISTRIBUTED LOAD
e > Total Equiv. Uniformload . . . . = 4wl
wl //
R=V . . . . . . . . .. = wl
R
e x . Vx = v v v e e e e e .. = ux
M max.(atfixedend) . . . . . - i
7 ( en ) 2
| P
Amax, atfreeend) . . . . . i
e ( ) 8EI
Moment W BX v e e e e e e e = g (x4 —413x +314)
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Example 2 (pg 275) (superpositioning)

Example Problem 8.2(Equilibrium Method) P=10k "
W=,
Draw V and M diagrams for an overhang beam (Figure 8.12) l B C ‘ l [ l D
loaded as shown. Determine the critical V,,,, and M, loca- Bpe A 3|
tions and magnitudes ysing Beam Diagrams and Formulas. ‘ @ ’ V%
10 | 10 | 10
SOLUTION:

By examining the support conditions, we are looking for beam with an overhang on one end from Cases 24 through 28. (Even
though the overhang is on the right, and not on the left like our beam, we can still use the information by recognizing that we can
mirror the figure about the left end.)

There is a case for a load at the end (26) but none for a load in between the supports. This is because it behaves exactly like a
simply supported beam in this instance (no shear or bending on the overhang). The case for this is #5 (reversed again).

If we “flip” the diagrams (both vertically and horizontally) and add the (L W

values, the resulting shear and bending moment should look like this: V

We still have to find the peak values of shear and the location of the U I[I

zero shear to find the critical moment values.

(Notice R+ is shown down.) (1T
Pa wa 106107 277 10"
Ry =-—+—(2-a)=- + 2.20" -10") =10
1w 12 (2-a) 20" 2-20" ( )

R, =107+ 257107 10" = 20" (from the total downward load - Ryo))
Va=-10k Vg =-10k+ 20k = 10k | 26.. BEAM OVERHANGING ONE SUPPORT—CONCENTRATED
Vo = 10k - 2K7(10ft) = -10k LOAD AT END OF OVERHANG

P
x (from B) = 10K/2x1 = 5 ft ’ . —— RismVi: o & % & % & & 5 seiye 2
Ms = -10k(10) = 100K+ - i lp Re=VidVa . o « o o o =L (ta)
(Mg = -100#t + 10(10%) = 0) _1 | Vasisoias & wgs o 8 % 58 9 =P
Mx =0 +10k/ﬂ(5ﬂ)/2 = 25kt R," Rz M max.(at R:) ...... = :a

My (between suppom) o o mm ——71
|VMAX= 10% Muax = _100kﬂi ”H Y’ Mx, (foroverhang) T P(a:x;) .
Vil ”[U;hlﬂ'””” Amax. (betwuntuppomatx-vli) - QS‘SIEI = ,06415 PE:

We can calculate the deflection amax. (foroverhang atxs =a) . = Zer (14a)
between the supports. (And at the end T Wl Ax (b,m,,. ,.,,,,,,m) sy B :e'fz (12 —x3)
for case 5 if we derive the slope!) .., ek (toroveehana) . . . . = Pxs 2at + 300 —x1%)
Assume E = 29x103 ksi and | = 103 in#

We'll investigate the maximum between the supports from case 26 (because it isn’t obvious where the maximum will be.)
wo 220"/ s (oleftofD) and A=A +A _ withx (11.55% greater than a (10%):
o Y/ s (oleaiD) and a_ = va (1158 g (109

Pal’  wa (t' —x)

A, =-06415——+ —(4.\-1 -2 —a’ ) Note: Because there is only negative moment, the deflection is actually up!
) El 24El L
10°(10%)(20%y* (12" )’
=-.06415 T ——+ 5. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END
(2910 ksi)(103in )
3 RimVimax. . . . . , . . . = ;—'7 (21—a)
9% ﬁ(lo:’!).‘(zo_f.' _.10;:) . ﬁi Re=Vz . . . . . . ., . .. = »“21;‘
24(29-10" ksi)(103in" )(20") R Rz v, (whenx <a) ..... = Ry— wx
i # 42 r 2 g = R1 Ri2
(4-11.55" . 20" = 2(11.55")" — (10")")H(12" ") £ " '““'("' BT ) """ %
,L‘ e — &VMX (whenx<a) ..... -R;x—ﬂzy—
=-1.484in +1.343in=-0.1411in (up) e shear [ T
w Mx (whenx >a) ..... = Ra (I—x)
Mhec. Ax (when x < a) ..... = 24'—?“(3*(2!*3)'—2ax*(21-a)+1x')
wa2(l—x)
6 o Ax (when X > a) ..... = TaEIl (4x!—2x2 — a2)




