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TAM 202 Prelim 2, Nov 5, 2002
Problem Statements

(Exam directions and student solutions are in a separate booklet.)

1. (33 pts). The gate OPQRST, held by hinges at O and R, closes an opening of width
W in a water (mass density p) channel of initial depth 4. With the gate open (not
shown) the water flows like a waterfall over the lip QP. Once the gate is manually held
closed for a short time, the water rises and the gate is then held closed by the water
pressure on the bottom of surface OPQR (configuration shown below). Neglect the
gate’s weight and atmospheric pressure. When closed, a vertical line load f,, (force
per unit length) acts from the lip QP on to the gate.

(a; 6 pts). Draw a side view of gate OPQRST (showing POT). Show the fluid pressure
distributions on the vertical and horizontal surfaces. Magnitudes of the fluid pressures
should be labeled in terms of some or all of the given parameters p, g, W, B, A and H.

(b; 6 pts). Draw a free-body diagram showing all forces on the gate. Each fluid
pressure distribution should be represented by an equivalent force (one force on OPQR
and one force on OTSR). The force magnitudes and locations should be clearly

indicated.

(c; 13 pts). What are the reaction forces at hinges O and R, and the line load (force per
length) along the seal QP? Answer in terms of some or all of p, g, W, B, hand H.

(d; 8 pts). Eventually when the water gets high enough above O, water pressure on
surface OTSR pushes the gate open once more, rotating the gate counterclockwise
about OR. Determine the value of H at which the gate will just be pushed open this

way.
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2. (33 pts). The sketch (a) shows the box-beam hanger as built in the Hyatt Regency
hotel in Kansas City; this structure failed in 1981, killing 114 guests.

The sketch (b) shows the intended design. The sketch (c) is a detail of rod, nuts, and
washers at L, R, and S. The portion of the third floor walkway that is carried by the
hanger rod weighs W = 3000 kN. The portion of the second floor walkway carried by
the hanger rod extending down also weighs W = 3000 kN.

Consider the hanger rods to be made of steel (E = 200 Gpa) and all other parts of the
structure to be aluminum (E = 70 Gpa). The box beam walls are 15 mm thick.
Approximate the hexagonal nut as a cylinder. To keep the arithmetic simpler, use the
following slightly inconsistent dimensions: ‘

Hanger rods nut washer
Diameter 50 mm 62.5 mm 100 mm
Circumference 150 mm 200 mm 300 mm
Area enclosed by perimeter 2,000 mm® 3,000 mm* 8,000 mm?

Some of the answers may not be tidy. Reduce them the best you can without doing
long multiplication or long division.

(a; 8 pts). See Fig. (a). Using free-body diagrams, find (i) the force on the washer L
from the box beam, (ii) the tension in the upper rod U, and (iii) the force on the
washer R from the box beam.

(b; 5 pts). What is the average tension stress ¢ in the upper rod U?

(c; 5 pts). What is the average bearing (normal) stress between the washer R and the
box beam?

(d; 7 pts). What is the average shear stress in the box beam directly under the washer
R’s outer edge (this is a short cylindrical surface)?

(e; 4 pts). Now consider the intended design in Fig. (b). Find (i) the tension in the
upper rod Q, and (ii) the force of the box beam on the washer S.

(f; 4 pts). In one short and precise phrase or sentence explain the main reason why it
was such a big mistake to replace the design (b) with the superficially similar
construction (a).
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3. (34 pts). A brass rod (E, = 15x10° psi; v, = 0.3; cross-sectional area A, = 2 in?) is
enclosed by a slightly longer, hollow steel tube (E; = 30x10° psi; v, = 0.3; cross-
sectional area A, = 1 in®). Rigid flat plates are welded to each end of the steel tube and
to one end of the brass tube. The end plates are not held in place by any external forces
(except in part b below). Approximate the coefficients of thermal expansion in the
steel and the brass as 5x10°% °F and 10x10™/ °F, respectively. When the temperature is
50°F the brass rod has length L. = 407, and the steel sleeve is 0.01” longer than that.

The temperature of the assembly is raised 100°F (to 150°F) and both the brass and steel
expand, the brass expanding more. As the heating proceeds, the brass closes the gap
and presses against the end plate.

Some of the answers may not be tidy. Reduce them the best you can without doing
long multiplication or long division.

(a; 28 pts). At the raised temperature what are the stresses in the brass and steel?
(b; 6 pts). If, in its heated state, the end plates of the structure had equal and opposite

compressive loads applied, would this cause an increase or decrease in the gap d (as
measured far from the end plates)? Why?

Lu"t@‘“‘ [ cvoss

section, {af [0°F)

[f——’“ L =800, —¢]



2)5

Prelim2 - Solulions : '+

TL4AM 202

. S F,=0
P~l> <L'J‘ Teamn Toﬂ\g)
@ \) ir:\&—_o > M+k,+r:z=o D F= - (N,t_gq
E_: p— FJ’HW (H7—+5Bz)l /@
6B
Nt +Haat +Hure ol +woo Himﬁec 0 amd RO and  fevees F)
Ll ote

fovces ot O o R onmd becouse

- - 04 - and F
o o2r wll be halg £ B 2

’ o
T_i -
x
T _
‘\/—2; R forse AOTSK
3
R ’@ ——
Ry o+ CFH
P& l = 2 Hw
) — g,
B/ Tow A
e l ) 1 o
.;[ ll F |72 g Finw © ) & pushed  spem (the monmal  Foree
5—/* Ra= ?M‘w\. Aorat. & EJ}\A}J@ o zeso.
2=
R, = PIHw®):
2[ l z M/DK:0
’ = Fihk“b R Ry - L R, 2 -0 -®
o z
®O+@ e

h we &

PgHw 2 = pgv :

albove

&) vse FeD
B _ N-m = —®
ZMpg =C 2 R\'HB — Ry z N-B o 4
-ee] 0 -

sub- © amd @ we® 2 N = fz\;w C-ne) &

‘) % Note thar N 15 totad  fece of He Mw aﬁaom;} 6P
so the e Jo od al.n’v\% ap will be )
Fax 2

2o Utr)

v

__,@¢__




. . |

Solulie C and Vijary - . 4z

2 (a) uwhon ‘b& Pamkoa, 'dwd’ ® Aﬂ' 4ension hese  1n  the wppes vod -
-
)) w ovte o the ugches L. ) Fo_ A = esmoss- sedion area °f rod .
| ST A 20 2
d = 20 Mmwy
T 2F3= = F,—2000 kn =0
B000 kN '

2000 MW

(ity Pever - upper S rod— -

behoeenn wathes aadl

box - beam (& R).

@ Awa bmimg shed
in'} =0 i-':a - 3ooo KN - 2oedknzo
F
- - _ 6y, = = A"Owa
3 Lv:\, = 6000\0\!! ’ Ab
) ) E

’ PR AL

2 b7 Lec0 mw™

3006 kN
i) foree. omn woshen of R

> |

e = 1 le"’ov

9 8000 mwm
beoning axea S
2000 TPV
g - _
OO0 mnl — 2O00WwM
6000 mwm>

b
6000 bk = Fo
| beawn
N () Sheas shes 1n P box
2';'3 = Fe = 6000 e
N 6000 kN ~ FR =0 c . = Aew Area i shear
As
»
c = £000 kN
T 4500 nmw®
? ) | i
. . N (zecmm)(qgwu«)a“iSD'me“)

¢ = Chrcu MPW °1€ washey = 00w

_ |5 wmm
+ = Hhickmess 0:!’ beox bearm =1 )



()

Fur l\n in ‘Z\qde&

5/
des\‘a.., I‘ g . *

4]

—-2000EN =D
ZF‘J =0 D Fu” 2060 M

Swokﬂi
] > Fu, = 6000k

Qéavne, as ,OM:\\'\' d&c\‘c-ﬂ)

2006 N
®
60 00KN
@ . = F‘J -0 v

: copo kn — 3000k + Fs =0
B e ;

. ot desigm -

- 2000 KN C\m"’*’ the T“

S b desigy a
6 +L,_Lwt mﬂabawmwa*'{(m} ?"_3
5 puice ap muth as by S (i heinckact desiqn).

(by Pecf . Rui’n«) &/

6\&4\ Cnnve/hT( o

@.

% tewnsion 12 pesi e

) * \ev\aﬂ..gni,\g V& ?os'ntvio_
. Gco-me'tm&
=, -

: 4 o
m—a v S
__4_——’———————"("’ —

5 Sp 'e—’_-)/ ) ag\'ox,

rap of end plate C1p)

ok Phal S Faco |To= -Ty| —®
Hhie Fuans ot
o "’\ea&twc

Mdfenicd  Propesie

ae‘, ome- ep‘fu.a'\'\m hhed
. +o
salo @ ln“b ®
ie- Ts ( Th”’b)
‘ AT T. L 5« LAT -+ §
~Ts -+ J\J,, L = EoAs
) tp Ab

Fe!
?a
r—"‘"\
1
iy
r
\
N
\_/
o
D
4‘
|
on



/%

(- %) & AT - 5
'T; - —/—’/
£ [E Ao Aa]
T (o( ~ ) L AT - Y
A _//
e[t (A%s)]

- W) AT - ¥z

(st
& = _’—_’//
s | | _
X,‘ * be“”/EsAs)K

(5 .18 /°F7“(‘°°°F) - "\/403 3o 10 o/

Gs
()
- 1= ¢ /~1..

5-* IO — 0. OOOZ x 2O0x|0 }b \V‘)
- 2 , /
' z. . — 50 2b/fia*
= '%? %0« 10 Mlym = >F n

“ = -Z; Ao Ab Ab

=V
i fove Fmsscm e*fahs\d"\ V= “s

D otole  omd 9o cx\omof



Andy Ruina



