Problem 1: (20 points)

The beam shown is made of wood and loaded with a uniformly distributed load w. The beam cross
section is symmetric and consists of a T-beam with 2 rectangles added to it using nails (top) and glue
(bottom), as shown. Determine the largest value of the load w that can be safely used.

Given:
Moment of Inertia for the whole cross section 7= 361.35X10° mm’
Maximum allowable shear stress for wood = 4 MPa.

Capacity of each nail = 3 kN : Nail Spacing = 300 mm
Glue Strength = 2 MPa
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$-74. The block is subjected to the three axial loads
shown. Determine the normal stress developed at points A
and B, Neglect the weight of the block.

M, = —~256({L5) - 10{1.5) + 50(6.5) = ~200 b in.
M, = 25(4<) + SO(2) ~ 100(4) = 700 b+ in.

= L A —'- N - 1
3 M #)03Y) + 2( I2)(2')(3 ) = 74133 "
I = I—'z-(sxs‘) + 2(%,)(5)«’) = 18133 in*

A w 4(13) + 2(2)(3) = 6 in*

P M"" M,y p
TSR Ty o
A0 008 | -200(-15) 4

A= T T M 74133

- =213 psi Ans.

A0 T002) | ~200(~65)

R T T A YT T

= 122 Ans.
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8-35 The wide-flange beam is subjected to the loading
shown. Determine the stress companents at points A and
and show the results on a volume element at each of these
podnts, Use the shear formula to compute the shear stress

= -l—- - .l_ = int
1= 6N u(m(o’) 51.33in

A = 2(05)04) + 6(0.5) = 7in®

Qn = SY A = 325(8)(0,5) + 22H0.5) = 8.5in’

Qa=0
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*8—44. Determine the normal stress developed at points
A and B, Neglect the weight of the block,

Relerring to Fag. g,

EF, ={Fp) ~6— 12w F F = <180%ip

IMy = (Mg)s  6(15) - 12018 =M, M, = -9.00kip-in
IM, = (Mg): 123) =631 =M. M, =180kip-in

The cross-sectional arca and moment of inertia about the y and £ axes of the cross-

section are
A= 6(3) = 18in’
1, = L (6)3) = 135 in'
0" X
l,= l(})«.‘) “ 540in!
7R -
The normal stress developed is the combinution of uxial and bending stress, Thus, x
F M,y M2
Ly Sy 7,

Forpoint A,y = 3in.and 2 = —1.51n.

180 IKO3)  ~9.00(~1.5)
180 %40 ' @3S

Tp=

= ~LO0ksi = 100 ksi (C)

Forpoint B,y = 3inand : = 1.51n.

180  1840(3) 9.00(1.5)
§ —

18.0 54 135

Ty =

= <300 ksi = 3.00 ksi (C) Ans,
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8-55. The solid rod is subjected to the loading shown.
Determine the state of stress at point €, and show the results
on a differential volume element located at this point.

Intermal Forcer and Moment:

If=0. N, -10=0 N, =I100kN
IE w0 V,+10w0 V, ==100kN
IF =0 ¥+15=0 V =-150kN
LY, =0; 7, +0200~-10(0.03) + 15(0.03) =0
7, = =0350kN -m
IM =0, M +15(015)=0 M =-225kN'm
IM =0. M -10(0.03)-10(045) =0
M, =480kN m
Section Properilex!
A= 2(003) =0900( 107) x m'
=4, = 7(003) =02025(10*) ¢ m*

7=3(00") =0405(10°¢) x

(@), =0
(@), = 29 ()|« ss0(10) s2pn
c
Nermal Stress: g
gw '_-“'..io L ,
L, (e /03mp,
L 10000 430(10%)(0) _-225(10°)(0.00) —~
<" GS00(109)% 0.2025(104) % = 0.2025(104) % B2z
= 103 MPa = 103 MP3 (C) Ans

Shear Stress: The paaverse shoar soss inthe zand y
directons and e wenkonyl sheds siress can be obimed using

Vi
e shex formuls 30d the Wesion formula, €, -,—lamd

by
Lo ™ -7‘-’. respectively,

15,00 = foin =Ty,

0350(10°)(0.03) 10.0(10°) 18.0(10*)

" T0®@s(10% % 0.2025(104) (0,06
= 354 MPa Ans

(f)c=1, =0 Ans
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8-54. 'The solid rod is subjected to the loading shown.
Determine the state of stress at point B, and show the results
on a differential volume element located at this point.

Internal Forces and Moments:

I =0 N,-10=0 N, »I100kN
IE=l V41020 V, =-100kN

=0 V=0
IM, =0; T, +0200-10(003) =0
T, =0 100N m
D=0 M0 ;
IM =0 M -10(003)=~10(0.15) =0
M, = L30KN m
Section Properties:
An s(o.:s') «0900(107) x »* r & O3
L=l w=(00Y)=02025(10") » m* '9‘
= $ ﬁ‘r Ox
7= =(003") =0405(10*) # m* = 1o lv,
: i ok
(@), =0 “’q) Z0on =
4 0Oxy
() tx(005) |= 180(10*) m’ |
@), = ——|32(005°) |=18 m 0.0im »
Normal Stress:
¢
PRl )T "
A L,
7
100(10')  1.80(10%)(0.03) +0 Oye8i3mp,

e
= - a= ns
(TR g 5

Shear Siress: The wanverse shear swress in the zand y
durecoos and the wrsional shear stress can be obained using

Vi
e shewr fomuls and te wrsion formula, r,-'—'Q-d

oo = 2. respcively

(5,05 % S * 1y,

0.100(10°) (0.03)
WSRO ieMa e
(f,,),"y‘ -0 Ans
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8-33. The solid rod is subjected to the loading shown,
Determine the state of stress developed in the material at
point A, and show the results on a differential volume
element at this point.

Internal Forces end Moments:

5 w0; N,-10=0 N, =100kN

=0, Y0
=0 V=0 15
T, w0, 7,+0200w0 T, =-0.200%N-m H
u‘.o. Al'-o x\“‘G. O
T =0, A(~10(003) =0 A =0300KN-m _— BE)
v 1
Section Properties: = ’:’ . lv[’m')_” =
A= =(0.00°) =0900(107) x m’ colm ?’W
R . -4 “
l.-l,-;(o.os)-o.ms(xo Jem 3 %

In ;(no)‘) =0.403(10°) =
@), =0

(), = ‘";:” [%x( o.o;')]- 13.0(10*) m’

Normal Stress:

. 10.010%) _o.:aouo‘)(-um)’
AT 0500010 0.2025(10%) =
» 177 MPa (T) Ans

Shear Stress: The wanverse shear sreas inthe zand y
disactions and the trsional sheas stress can be obtainad using

Vi
®¢ shear fomuly and e wesion formaly, Ty -#N

Tp
T =5 respectively,

(T)a = Soian * %,
s 0.200(10%) (0.03)
0.405(10%) =

+0w 472 MPa Ans

(g,)y =7, =0 Ans




section has a diameter LD = 40 mm. 1I 1t 1S supjecied to tne 1oads snown at end K,
determine the states of stress at point A, and at point B. Then show the results on an
element located at each point separately.

Fig. P-4: A cantilever shaft LR with three forces and one torque at end R.
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