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Tntrocducticn

he rrecentotion of thie subject rotter concerned —ithh th
cz.lculition of tlhe stresces in friced strveturce hiws been
the princir 1 concern of e tutioritice in the field of
Civil InginceringeIn »unr irstincces trece men Liwve been
limited to the errlicwiion of »rriiculor treories in the
csoivtion of comrlicuted etrunctorel rrolders e &¢ll recos-
nized that the rrorer Ly to wttocel run indetcroinatc °+wrﬁ
tnral rrollems is to Tuild o rodel,and tren to cetually veich
the rirticulor streecesJnonch ~ork los hecn done in this
direction teo ellow thie develerment wnd corliciticn ¢f the
tlh.eories of structursl strcsesces teo the sc 1uflon of re.rtienler
rroblemsfovever trere is etill & lorere cront of corrclution
to te cccorrlishrd In tie mutter of thie “*”110 ticn of the
classical ticories to te sclution of the so-culled,rricticel
indetcrminzte structnrel rroblemc,

Tewn I JOrintor,ef the Illircis Inctitute of "celrolecr.

S - - - e A ey S . P - A . . - Fal dgqm- .
ig ¢tn welno~ledoed wntheritr Irn the wrilreie of sbruux,“vl
e Trercd Ttructurec®™ T - ¢

rrobleriz,In Iis toolr "“trecsres in .
e s rresented ¢ nuber of rvactiCQI rrovlemcOrinter g
shommythet in nilrnr instincce,e con o1y the clissicl
retrneds of anilyveis to tiie zcluticn of thece rrobleris,in the
rrecent rcnmecrivt yresernted Tercith thicre surgestions Love
in ronr carses,been corried out.

"he aprrylicition ol scre of the siroler clessical metieds
to tle solulion of rrotlems concerncd —ith rectrcined betams
wnd frames reenlts in such «n involved rrocedure theat o rnore
unicue solution of sucl: yreblers scered vortis vhilel.“This hau
been done in this thesis in svcli canes vhere it vas felt thet
this metiod ¢l ¢itauck eirryrlificd the solution of the rroblerl,

Terticnlor «ttention is celled 1o il'e cryiicaticn of the

reoren of Thwree Ioments cnd tc tihe rrovosition of Ared lcon-
ents to cuses ~vhere U ordiinury cligsiccl »ethod of witcek
vould not yield enovs ecuetions to render the rrobhler det-
erminates"hece theo*r“°,*r combiraticn —ith tlhe bending ron-
ent diccrem by irts,nitve nude yos-iltle unicuc solutions of
ctrer—ise long end comrlicote? rrobleris,In thie "otes on

Contente" in t iz theeis rention is =tde of tihis rethod of
wttoek for trie several clusses of prollems ocutlined in the
"Teble of Contents",

The field of Civil Ingincering is cld ernough at the rre-
cent time so tirat little rencins in tre 7 of newr thcorens
to be develored for tie sclution cf structurcl rrolblems.Ct
iz feltyhiorver,tizat there ret remwins rueh ork to te done
in tre intercorrclation of the cW""clc@T tl.eorcrs concerned
with Trencd structnrcs,ezd tiic wyrlicutionc of these inter-
correlations of tlicse clussical *”€orems to the sclution of
rractical ipdcte*w1natc rrotlem o i yurrose of tiiis thesis
s been to rresent & rhece ol these intercorreluations.
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Problem l,Page 16
Determine whether the structure shown is statically det-
erminate,statically indeterminate or unstable.
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{/f b = 3J'-,0)
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Fhe Kroore 15 deterrmiraorte.

Vs 170 of reacrtror comporesrss.

6 s 4 I é ""J.
8,75,/6,/8.
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Problem 2,Page 16

Determine whether the structure shown is statically det- |
erminate,statically indeterminate or unstable.

r+b3/-p

6+r/P = 3x6 -0

/8 : /8

T7/3 Shrochkore 13 deterrrimarte.

8, 15.76,/8
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Problem 3,Page 16.
Determine whether the structure shown is statically det-
erminate,statically indeterminate or unstable,

Diagena/s sHrewsr +r

front face ©n/y.

rebss/-p

Br25:3x/2-0

33 =36

TH73 Shrockere 135 cmrsheble .

8,75 16./8



Problem 4,Page 16. ‘ '
Determine whether the structure shown is statically det-
erminate,statically indeterminate or unstable,

r+b=3/-p

6 +57 » 3xTo~-o

S = 80

THr3 Shroctore 75 170@F Crrvinele.

8,/5./6,/8



Problem 5,Page 16.

Study the layout of a typical four-legged tower and
decide how it may be braced and made statically determinate,
A three legged tower with battered legs is suggestede.

v
N )

. vA'A‘
A b

r+b-= sj—P
I12+48= 3x16-O

60 - <28

Thr3 Fhroctore 13 snderermisare .
Zf 12 Fre rods cov/d be removed, /¥ woold Ao becosre

Geterrrrrr ofe.

2,8,9.15,/6./18
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Problem 6,Page 16.
The dirigible frame shown is made up of decagonal rings.

Allow for six reaction components and show that it's stress-

es could be calculated by the equations of statics.

,)‘b=3‘/.“/b

Or2/0= 3x72-0
2/8 = 2/6

Thrs shrockore 15 deterrnrinate. 8. 15.16,18



Problem 74Page 30.

Analyze for the stresses in the framed pedestal shown.,
Note that although there are more than six reactions,you can
start the analysis quite simply by observing that at each
upper chord joint all members except one,lie in a plane,
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Problem 8,Page 30
Explain in detail,why the analysis of this pedestal shown
would be more difficult than the one of Problem 7.Can you
write enough simultaneous equations from the equilibrium of
Joints E,F,G and H to obtain the value of any bar stress?
Can any stress be determined from less than 12 simultane=-
ous equations for any combination of joints?
(Vote) These questions form a written discussion by Prof.
Grinter in Proceedings A.S.C.L. for September 1934,
pages 1086-1091.

V-::r‘n‘:’./o” o7 cach The 3o/vtron of £/

3

pfab/em wovul/d be more

dz//rcu// Ahon fhea

o .

preced sy one, becavse,
Vo2 PPod ] afeech clber

chord J'o/rn‘, @/l rrembers

'&E € Cuceptt Si# sm a
Hs s
[ cormr men pplone. I
£ d w3000 = FFeb.8 oF 017/'010/
) Fhere ore on{y 2
e otrs /het Jre 1 a
Commrmror p;/one.
<2 DPIlA B\ c Lrevgsh Jomo/Ffomeocs
A x covetrens (7Z) coc/d be
KeD . v 14 Writfen for Floe forn?s

L EG. /o ond @ solofrorn made, becovse Fhere ore only /2
W nowns, W rrre sk wr,re 72 e,uc:"xmg / Ifor eacsh J'oz'”/ j

SFxco, ZFy:0, TFrro, end o fewer wr/l/ do fora JolvFion.

. ) 5. C.E Jept /P39, peFes 1088~ /09/.
. See FRoceedir9s A3.C 0 P, 5 912
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Problem 9 s Page 30,

Analyze for the wind.stresses in the 4 post water tower
shown.This is a standard tower with tank of 100,000 gal,
capacity.Vind pressure is obtained from 20 pounds per square
foot on the dimetral plane of the tank and 200 pounds per
vertical foot on the tower.loads are given for the entire

structure.Select rods to serve as diagonals at a working
stress of 18000 pounds per square inch,
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Problem 12,Page 34,
Obtain an expression for the deflection under

a concentr-

ated load placed at the center of this simple span beanm,
Repeat for deflection under one concentrated load for a
simple beam carrying concentrated loads at the one third

points.
P - L
% 4% ‘/,l % ‘ %
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Z .
P 9 »
Case Z Case &

B e
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" Problem 13,Page 34.
Compute the deflection under the 300,000 pound load for

the truss illustrated.Fach member has an area of 15 square
inches; E-30,000,000

20
2
)
=4 PRL
Member | Lergth | Area| » > AE AL
/ 239.3¢ /5 |-282800 | —. 93| —.2/ * .20
2 2¢0 " | pr200ece| ~ 667 | #re7 .07/
P o " v . v h OF/
o« " v “Lovcece | —¢6” -, /07 >~ 02/
5 33726 v |ssrgoo |rars | *.r0> *. are
é %80 " |rwoeco |». 233 o *. ars
7 239.36 " N\vgrgeo |—grr | —.r07 #.050

d= .598 r»ches.

8,/5,18./19
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Problem l1l4,Page 34,

Derive an expression for the internal work in a beam.
Make use of the sketch that represents a differential length
of beam over which the moment may be considered to be const-
ant, (hint) First determine the value OfAQ- with the aid of
the flexure formula,

- \%Zﬁ;« /_/>
g Fo % =
%VA/K'\'__L//\K

Jane a offerent o area IR, o rstence I from #AAha
ecvFralorss of Flhe bearrr, ornd osscrrme /£ Fo acH
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S My E- o
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LAE 27£
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d V- /7% m% = /s
2ZfARE

U- ﬁ” // 1% 20/44’/ _L. parx-2, ‘o x 8./5,/8, 19
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Froblem 15,Pzge 34

Prove at_the internal work in a beam of any type is
equal to 1/E.I. times the statical moment of the moment dia-
gram about it's base. The loads are gradually applied,

.

Sttt cas rPPOsry @ SO F

Mo en/ Corve base oFf Moment Lurvea.
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8./5. /18./9






Problem l6,Page 35.
VVork Problem 12 by use of Castigliano's theorem.
Problem 12 is stated as follows,

Obtain an expression for the deflection under a
concentrated load placed at the center of a sim-
ple beam.Repeat the discussion for the deflection
under one concentrated load for a simple beam
carrying concentrated loads at the 1/3 points,
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M= Fx
por/d % T
a 1
>
2 23
Z | % P
'aorf 2 L z » % r A/‘ M2 Px
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(-] (-]
& ) 2
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P IxPR2LL 0 gxax #ETxx Ex3xe T
a = FL’
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2" U-2Pa - 2 43122 t///
7 / .:lz' 2:2'
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=2 7’" PL [ x zP‘Z'»P'L'T"é‘a
652‘ / '/ g; &Z /zzar) ? | 2éx
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/E2EZ SPET /6_R L L

8,75 /8./9
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‘Problem 17,Tage 35,
Work Problem 13 by use of Castiglian'os theorem,%hen set-

ting up the expression for internal work,let P equal the load.

Problem 13 is as follows,
Compute the deflection under the 300,000 pound load

for the truss illustrated.fFach member has an area of
15 square inches,

App/ erftrcal /food of £
PPy @ veriss 0: <
s P J 20
vy “ 4 “N\o |
’ !
‘ o -—
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B - . 666

SU-= [{3.......?),973‘2] 339.36 + 3[(3000004+ ). 654 ] x 240 »2[(300000+F). 973 313
Jo xJe*® 3ox 30¢
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+ [{Jooooo 4?)3—53? ¥80

é

Jo x 3o

AU = &= zéooooo o'P) 8P x337.56 +2x 36’00000#1?.443 x2¢C

Jo x So ¢

a Jo x Je®
+ ).;pooooof?).zz X339.36 fz(aooooavtpj-///x sg°
Jo x 3o © Jo x 908
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8. /8

. Tz .20/ E A /R . OPP Ty y. 03552 = S5FF
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rroblem 1lc,lage 35.

Find the deflection under the 10,000 pound load for the
cantilever beam illustrated.let P equal the load when set-
ting up the expression for internal work.
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Problem 19,Fage 4«C,
Compute the vertical deflection of the point A of the

truss illustrated.Areas in square inches are marked on the
members.,

urif Lood
4 >~
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7
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iroblem 20,Page 40,
Compute the angular rotation of the bvar AB of the truss
of Problem 19. (Problem 19 on previous pege)

A 5 o K] - 4
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Z

4 8 3 |8

7
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Problem <l,Page 40,
Compute the meximum upward deflection of the 12 inch,31.8

pound I-beam supported and loaded as shown,.

3200 3200
-
/27-31.8 beemr
—_———T - ~
t,/ - \\ N I: 2/.’?8
y4l Lo* LD o
£ = Jouuo‘
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. oblem £2,Page 40 '
r Compute’th% bending and the shearing detlection at the

center of a 12 inch 50 pound I-beam acting as a simple span
of 40 inches.The beam carries a concentrated center load of
100,000 pounds.Assume that the beam is restrained against
lateral buckling and that the web carries all the shear,
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Problem 23,Page 41,

Find the maximum vertical deflection of the Pratt truss
shown as produced by a 20 degree increase in temperature of
the top chord and end posts.Take the coefficient of expan-
sion to be ,0000065,I8 the deflection up or down?

Explain why the cross sectional areas of the members are
not needed,Vhat would be the maximum deflection if all the
members of the lower chord were fabricated 4 inch too long?
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Problem 24,Fage 41. .

A steel pipe is bent as shown to provide for expansion.
The pipe has a polar moment of inertia of 292 and a moment
of inertia about a diameter of l46.Compute the deflection
of the point A in the direction of the 1000 pound load by
by taking into account flexure and torsion.Note that the
member CD is bent in a diagonal plane.
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Problem 25,Page 41,
Find the absolute deflection in space of point A of the
pipe considered in the previous problem (Problem 24),
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Problem 26,Page 47.

Compute the end slope and the maximum deflection of a 36
inch,230 pound W.F. beam for a simple span of 60 feet,vhen

loaded to it's allowable stress of 18000 pounds per square
inch by & uniform load.Do not develop a formula,
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iroblem 27,Page 47,

A 24 inch,7¢.9 pound I-beam extends as a cantilever 15
feet long and carries a concentrated load of 10000 pounds
at 10 feet from the fixed end.Find the maximum fiber stress

and the slope and deflection at the free end.Include thc
effect of the dead load,
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Iroblem 28,Page 47,

A beam fixed at both ends carries a total uniform load of
1200 pounds per foot on a span of 20 feet.Compute the maxi-
mum deflection if the section is & 12 inch W.F. beam having
moment of inertia of 182.,4.Compare with the maximum deflect-
ion caused by a center load of 16,000 pounds,vhich produces
the same fiber stress.lMake a further comparison with the
maximum deflections of simple beams loaded in the same man-
ner to this fiber stress and having the same section,
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Froblem 29,Page 47,

Find the maxirmm deflection of the beam shown due to the
concentrated loads zlone.The beam is of wood,l12 inches wide
and 30 inches deep.,Take the modulus of elasticity at 600,000
pounds per square inch,
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Problem 30,Page 47,

Since flexure forrmula for re-inforced concrete beams,
fos 21/ (kjrd),must be equivalent to f=lic/I,and since c=kd,
we can readily show that I-jkbd/2. Show the derivation of
this formula and than determine the theoretical deflection
of a concrete beam 12 inches wide and 18 inches deep to the
steel,which carries 4-3/4 inch square bars,if the simple

span is 20 feet and the total load is 1000 pounds per foot,
et E 30,000,000
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Froblem 31l,Fage 48,

Check the deflection of Problenm 30 by computing a moment
of inertia from the formula fy» X/pjbd? . Fxplain why the act-
ual deflection of such a concrete beam could not be expected
to be as great as the theoretical deflection.
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Problem 3%,Page 48.

Graphically determine the elastic curve and the maximum
deflection for a simply supported beam of 30 foot span load-
ed by a uniformly increasing load from zero at one end to
600 pounds per foot at the other end.The beam is a 10 inch
35 pound standard I-beam.Neglect the weight of the beam and
compare the deflection obtained with tne maximum allowable
deflection of 1/360 times the span.
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Prob.33, Page 48

Determine the elastic curve and the maxim:n deflection
for the beam illustrated. Xote that the fundcular polygon
must be dravm so that there will be a zero deflection at A
and Co This may be accomplished by correcting the base line.
Treat the uniform load as a series of concentrations,

jo/u/zoq on nexsf sheef of ’ro./bﬁ peper



HHH
17

T

EEEE “,J:i

H--

1T o
D

L1



1Tobe 34, Page 48

Determine the 5, reduction in maximum deflection in the
beam illustrated as produced by the increased depth near
the ends., This is a rather difficult probleme. You should
take the simple beam moment diagram, divide it by L.I. and
plot the result. Then shift the base line to produce equal
positive and negative areas. The fixed beam has no change
in slope between ends. This true 1/EI curve placed as a

load on the conjugate beam is used to calculate the center
deflection of the haunched beam,
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Irob. 35, Yage 48

Compare by use of the f/e¢ curves, the relative amounts of
the maxirmm deflections of 2 simply supported plate girders
of the same span and depth, One of the girders is of con-
stant section and the other is of constant strength. The
loading is uniform and the depth is constant from end to

ende The value of the maximum fiber stress is the same for
the 2 girderse.
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.Tob. 36, Fage 51

~46m

The actual changes in the lengths of the various truss
..2embers as caused by the load P are shown on the drawing .
of the truss. Obtain the shape of the deflected lower chord

by the method of angle weights. E=30,000,000
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Irob. 37, Fage 51
Determine the deflection diagram for the truss shown as
caused by & dead load of 2000# per foot of the truss. The
dead load stresses are given in Fig.l26 of Vol.l. Areas are
vritten on the members. Check the center deflection, obtain-

ed graphically, by a single calculation of virtual work,
£=30,000,000
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Probe. 42, TFage 59 _

A 10", 30# I beam acts as a simple span 25 feet long. Dee-
‘termine the maximum uniform load and the maximum fiber
stress if the 1limit on deflection is 1/360 times the span,
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Frob. 43, Page 59

A 30", 240;f beam and a 36", 300# beam carry uniform

loads over the same spans and have equal maximum deflections
Determine the fiber stress in the 30" beam if the 36"

beam
is stressed to 18000# per square inch., Ixplain
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Probe. 44, Fage 59

An J- beam has a fixed deflection. A particular beam is
found to be 50% overstressed when it is deflected the re=~
quired amount., Vhat reduction in depth will produce the re-
quired stress. Vhy does the moment of inertia of the beam
not enter into this problem.
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trob. 45, Page 59
The truss shown is to be erected by the cantilever meth-
ode If the dead load is 500# per foot of truss and if there
is a concentrated load of 4500;# at Lsproduced by the erec-
tion equipment, find the proper length of the erection
tieback in order for L4to land on a seat at the same level
as Lee Areas of all members are shown on the figure, If the
lower chord members have excessive I/r values, how would
you stiffen them to permit erection.
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' Prob. 46, Page 64

Draw the final moment diagram for the two examples
given in Paragraph 47
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Problem 47, Pzge 64
Repeat the analysis of the example of Paragraph 47 with-

out settlement where the ends of the beam are flxed against
rotation.
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Froblem 48, Page 64
Obtain the moment diagram for a continuous three span

beam fixed at one extreme end and simply supported at the
other, where the spans are of equal lengths and the load=-
ing is W # per foot over the entire length, Such beams
commonly are de31gned for maxirmm moments of ‘"L/l2 for

interior spans and Y’L/lO for simply supported end spans,
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Problem 49, Page 70 :
Use least work method to obtain the moment diagram for
the beam shown,
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Iroblem 50, Page 70

Obtain a moment diagram for this bent with pin-end
columns restrained against lateral motione. All members
have the same cross-section,
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Problem 51, Page 70
Analyze the pin-connected bent for the stresses caused
by the 250 kip load.
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Problem 52, Fage 70 ‘

Analyze this mine head frame for the stresses caused by
the forces which are produced by the cable pull, Areas of
members are given on the figure. The joints are pin-connect-
ed. Take the stress in the sloping back brace as the re-
dundant stress S.
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“roblem 53, Page 70

Analyze the trussed beam for the stresses caused by a
uniform load over the entire length of 1400# per foot.

How could the design be improved if the maximum fiber
stress is limited to 10,000# per sge.inch.
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Froblem 54, Tage 70

Calculate the meximum fiber stress in the trussed beam.
E:=30,000,000# per sge.inch. Teke Sxin the vertical strut as
redundant.
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Problem 55, Page 70

Check the results obtained in Fig.62,page 68, by an-
other analysis using the left hand reaction and the stress
in the diagonal FC as the redundant forcese.
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Iroblem 56, Tage 74

The frame illustrated has all members of the same area,
Use a direct application of wvirtual work to obtain the
stress in the member in line with the loads,
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Problem €l,Page 76,

00

Analyze for the stresses in the frame of Problem 56 by
use of the general method of indeterminate structurese.

Jo clefermive AX

f we e /e a3’ work

ond fhe epoefron AX;: FSvlL. 73//44’

Axl:l we

*9omr voe loasy wor K, boF

rhe eguetion 13 Axez’a’l .

_/g_o
- S IFress dve Fo se00 orce.
/0%
Yo
L | NMem | 5 24 Tl | a4U
/0 Ad 7 | 707 Soo K2
had Bc e o
v co " .
| o . " .-
/274 | AC o /oo - /7912
- 30 so00 | /00 /94 Ve 244
y =4
Ax = 3%/% 28.28 : ax™"’
A= ;:i;; 2 Jor™

8. /76./8



- 6-7-

Problem €2,Page 76.
Analyze for the stresses in the frame of Problem 52 by
the general method of indeterminate structures.
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Problem 63,Page 76
Check the moments given in Problem 50,Use the general
method of indeterminate structurese.
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Problem €4,Fage 7€,
Use the general method of indeterminate structures to ob=-

tain the stress in the redundant strut of Froblem 54,
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Problem 65,Page 7€,

Take reactions as redundants and solve for the moments at
B and C in the continuous beam of Fig.56,page 63.Neglect
cettlement. (Slope Deflection MNethod)
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Problem 65,Page 76€.

Take reactions as redundants and solve for the moments at
B and C in the continuous beam of Fig.56,page 63+ lieglect
settlement, (Balancing Angles lethod)
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Problem 65,Page 76,

Take reactions as redundants and solve for the monents at
B and C in the continuous beam of Fig.56,page CZ.Neglect
settlement, (Baluncing Moments Yethod)
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Problem 66,Page 7€.
Find the stresses in the center diagonals of the truss
ags illustrated.The single load is 70,000 poundse.
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Problem 67,Page 81,

Obtain the monent diagrams for the loaded structure showm,
In this case check the results by statics and by drawing a
deflected structure to see that it is reasonable,
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Problem €8,Page 81,

- Obtain the moment diagrams for the loaded structure shown.
In this case check the results by statics and by drawing a
deflected structure to see that it is reasonable.

ASsume a conrtmuvovs Oeerr corasiiewr by roesyo v restrerned

P and eddir9 L exireo cod Seows o K O Semprh.

t 2.0 = /.0

] | ] ». "_’1
o

- - & - A
= /0 927 /4:/3 -
! :o'/ 2:7 259 saee raadl
Vow» e Ve *‘|
2‘,7/ J\m i‘r
\,,,,.

Lood Poe %/ oreroy
IPens

QAV§QA

AN

4L
S}C
~7272¢8
. o2/3
0."#:’ F NSowen’ Lpce Froms wrikk end Zorny

Seorms o/ P /e”“
ard o Jood,

L~ Mado 7‘2%/?0“) A0/ = ~ Hoeo00
2~ 20/rs 780 MMfc 420 o = — 8cocoo

3- LoNMe £ 700 N D + 30 ME = ~ /., Xsw. 000
. R-35M e 7oM e = - 2/93750 /2.6.8.3,15



Frob 68 Comr”

S~ 30ATo ~ L3060 ME F 3TN Ne = ~3 293 7g0

A Solotres o  f o’“)‘/wn: 1.2, 3 RI svrt/ e She ,fo//ow/',,

Vorves
e - -7278 N& = ~ /19273
Mecz ~sees e s ~2/7378

Mo ~7ovgr

Comperations of sheers e « ALE # 35U - 700020 7.5
e = NMea v 20 Vgp - #oec0 TR/SYP: ~ /I -/ 22500 IS Vo
TSIRI =z - 7278 ~ Peoco v2e Viap Vep: svos
Vap: 209/ Veyg = 7000 - 305
Vet - w000 -209/ - /909 Vg z 3595
- Mps Mc r20 ch- Hoooo Me = Mp#..?llé,p-m
TPy = ~SYR3 ~ Fooo0 »2e Vin AR/ - ~ 70 PP~ POO0O 1 30 Vo
Vewp: 1725 Vop = 2755
Yo, : F000 -~/ 7as Veys = 6000 - 2739
bos = 2275 Voe: Izxez
~/Yore—

These vVarves were o/ csed Yo Fraow Ahe Shee

G 9remrs and herce 750 Moy o Deragromss .



79

Problem €9,Pzge €1,

Obtain moment dizgrams for the loaded structure shown.

In this case check the results by statics and by drawing a
deflected structure to see that it it reasonable
(Balanced loments)
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Problem 70,Fage 81l.
Obtain moment diagrams for the loaded structure showm.

In this case check the results by statics and by drawing a
deflected structure to see that it is reasonable,

(Balanceding loments)
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Froblem 71,Page €1,

Obtain moment diagrams for the loaded structure shown.
In this case check the results by statics and by drawing a
deflected structure to see that it is reasonable,
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Problem 72,Page 81,
Obtain the moment diagram for the beam caused by the
settlement of the support C. X« 30,000,000
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troblem 73, Page 81
Obtain the maximum moment for this beam caused by the
settlement at B, & is 30,000,000
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Problem 74,Page €1, .
Check the fixed end moments as given in Figure €Q for the
beams (a),(b),(¢) by use of the first two propositions of

area moments. g
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Problem 75,Page 81,

Develop the expressions for fixed end morients for any
beam from (d) to (h) as given in Figure €9.,Use any method
discussed in this chapter or use the area moment proposition.
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Problem 76,Puge €4,
Re-analyze for the moments in the continuous bean of Tige
ure 70,using only two simultaneous equations,
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Iroblem 77,Yage E4., ]
Analyze for the moments at B and C of the bent shovn.Use

ii=values, .
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Froblem 78,Page 84, !
Analyze for the moments in the bent illustrated.The col-

uans and girder are of the same section,
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iroblem 79, Fage &4
Repeat the analysis of Problem 77 with the bent changed
to the condition of fixed end colwnns,
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iroblem €0, Fage 84
Fepeat the analysis of Froblem 78 with the bent changed

to the condition of fixed end coluans,
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Froblem €1, Fage 84

Obtain a moment diagram for the two bey bent illustrated,
Use equation (23) to 8implify the work. Draw the deflected
structure by use of the final moments,as a check on the
reasonableness of the work.
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iroblem &z, Fage 87

The building frame shown represents the 2ndy3rdy,and 4th
- stories of the Wilson-llaney bent.* Compute the wind mom-
ents and check with these values: }Mas+9C,700;1laa=100,300;
7cp=e182,000; Lipe: 187,500in-1b,
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Iroblem 90, Page 136

The influence for center reaction is given for the
truss illustrated, Compare with tre influence lines for a
girder on the basis of 3 assumptions,

(1) uniform I

(2) triangular variation of I

(3) parabolic variation of I
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iroblem 91, Tage 136

The influence for end reaction is given for the truss

illustrated. Compare with the influence lines for a girder
on the basis of 3 assumptions.

(1) uniform I

2) triangular variation of I
3) parabolic variation of I
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Problem 95, Page 137
Use the influence lines for reaction shown in Fig.97 to

sketch influence lines for stress in the bars m-n-o-p-q of
the cantilever truss. Assume that the center diagonals can

resist tension only,
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Problem 97, Page 137

The following dimensions apply to the three hinged
parabolic arch of Fig.99. L=150 feet; h:«:40 feet; he:50 feet
obtain the maximum values of H-Ses and Scr for a uniform

D.L. of 3000# per foot and a uniform load(L.L.) of 5000#
per foot. '
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Problem 98, Page 137
Derive equation (2) of Par. 90 by use of the general

method of indeterminate structures,
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Problem ¢S, Page 137

Compare the influence ordinates as given for the Xiagara
Gorge Arch with those given by equation (2) and with the
semi-cubical rarabola having a mexirum ordinate 0.2L/h.
Compute the harizontal tarust produced by a 60°rise in
temperature and the corresvonding unit stresses in the mem-
bers whose areas are given, Rise is 124 feet,
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Froblem 100,Page 137.

Same as Problem 99 except for the Hell Gate Arch as
shown.Use a 72°rise in temperature and compute Icabout the
center of gravity of ,the chord areas at the crown.Use the
rise as 220 feet.,For additional data on this arch refer to
Transagtions A.S.C.E. 1918, pp852-1137,
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Problem 10l1l,Page 137.

Assume that the suspension bridge shown for Problem 103
has a pin at the midpoint of the stiffening truss.Compute
and plot the maximum moments in the stiffening truss for
each 1/8th point of the span as produced by a uniform live
load of 3000 pounds per foot,per truss. )
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Problem 102,Fage 137,

Same as Problem 101 except to take the stiffening truss
withiout a center hinge and of uniform moment of inertia,
Let equation (9) page 129 represent the influence line for
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Problem 104,Page 137.

Obtain the value of the horizontal cable pull caused by
a temperature drop of 60°F. for the suspension bridge of
Problem 103.Use equation (10) page 129,based upon an
average value of I of 3,000,000 inches* Jxpress the results
in terms of stress in the chords of the stiffening truss if
these chords have equal areas of 67 square inches,at the
center spaced 25 feet apart.Vhat would be the approximate
percentage reduction of the cable pull if the side spans
were suspendede
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rroblem 105,Page 137,
The exact value of H for the lLanhattan Suspension Bridge

1s 6,600,000 pounds,when the Live lLoad is placed on the
n the center span.it is 347,000 pounds when the Live Load

13 placed on the side spans.Compute the maximum positive
and negative deflections of the center span as suggested
in Paragraph 99,
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Problem 106,Page 138,

Assume that the suspension bridge shown in Problem 103
has a stiffening truss of constant section where I is
3,500,000 inches¥.Fach cable has an area of 150 square inch,
and carries a Live Load of 3000 pounds per foot.Compute the
approximate maximum deflections with and without suspended
side spans.The cable extends 100 feet into the abutment to
the point of anchorage.The sag in the suspended side span
is found from the relation given in Paragraph 96,
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Iroblem 107,FPage 138,

Develop a general expression for temperature deflection
of a two hinged suspension bridge with straight back-stays
and use it to find deflection of the lanhattan Bridge when
t260°F.The exposed length of the cable is 3320 feet,
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Troblem 108,Pagce Lo,
Compute the approximate temperature deflection for the
bridge of Froblem 103,vhen t:65°F,
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Problem 109,Page 147,

-1234 =

Analyze the continuous beam shown and draw the final
moment diagram.Calculate the moments under each concentrated
load and determine the values of the maximum moments.locate
voints of contraflexure and sketch the elastic curve for the

beame
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Iroblem 110,Tuge 147, :

Anealyze the continuous beam showvm and draw the final
roment diagrams.Calculate the moments under each concentra-
ted load and determine the values of the maxirmim momentse.
Iocate points of contraflexure and sketch the elastic curve
for the beam. '
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Problem 111,Tage 147,
Analyze the continuous beam shovn and draw the final

moment diagrams.Calculate the moments under each concentr-
ated load and determine the values of the maximum moments.
Locate the points of contraflexure and sketch the elastic

curve for the bean.
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Problem 1l1Z,Page 147,
Analyze the continuous beam shovm and draw the final

moment diagrams.Calculate the moments under each concentrat-
ed load and determine the values of the maximum moments.,
Locate the points of contraflexure and sketch the elastic

curve for the beam,
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Problem 113,Page 149,

Analyze for the joint moments and draw moment diagrams
for the frame shown.There are no joint movements.Locate
voints of contraflexure and sketch the deflected structure.
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Analyze for the joint

=120«

moments and draw moment diagrams

for the frame shown.There are no joint movements.locate
points of contraflexure and sketch the deflected structure.
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Froblem 116,TFage 14Q.

Analyze for the joint moments and draw the roment diagre::
for the frame shown.There are no joint movements.locate
points of contraflexure and sketch the deflected structure.
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Problem 1l17,Tage 15<.

Assume that a landslide moves the joint D in Figure 122

a distance of 2 inches dovn and 3 inches to the right.

Comput the maxirum fiber stress in girder and column,
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Iroblem 118, Fage 152

Determine the maxirmum fiber stresses in the frame of
Fige 122 caused by a clockwise rotation of 0.2 of the foot-
ing at D. Sketch the share of the deflected structuree.
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Froblem 119,Page 157
Locate the points of contraflecture in the columns of

this simple bent for 3 cases of relative stiffness,(a) Kg=
2Kg (b) Kg-15 (e) Kg-Kc/2, Sketch the general shape of the

deflected structuree.
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iroblem 10,

shovme

~136=

laze 137

Check the following walues for the moments in the bent
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rroblem 121, TFage 157
Check the following values for the moments in the bent

shown,
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'Problem 122, Tage 157

Check the following values for the moments in the bent
with sloping legs as caused by a 1 inch horizontal side
lurch where L=30,000,000,; per sg. in. Draw a moment diagreaxn
and sketch the deflected structuree.
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rroblem 124, Page 157

Obtain joint moments and sketch the shape of the deflect-
ed structure for the 2 story bent shown. The members are all

o1 the same cross-section,ie., ¥ values of girders

are twice

the ¥ values of colurns. Final column moments are given on

the figuree.
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Iroblen 1, lafe 1€

Check the distribution of

=14 3=

shears to

the fixed end col-

urns ¢s given in Fige 131 (b) and (f).
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irovlem 127, Teage 1L

Check the distribution of shears
.s given in Fig. 131 (g)e

to trke fixed end columrs
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Iroblem 1€, Icogpe 1€2
Repeat the analysis of the example of Fige. 131 by ad-
justing shears in (d) ty use of the uprer correction ratio,
le9€e It vwill be found that this rrocedure simplifies the

solutione, Ixrlaein the discrerancy in final moments.
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iroblem 128, Tegce 162
Svecial method.
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J20b 128 Secrol Coms” prage 3
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ITotlem 14€, Tage 2C4
Accurately determine the syringing roment for tlie arch
uniform vertical load of 100y

of Fig. 156 as caused by =
rer fto. over the entire sran.
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Iroblem 160, fage <29

Determine the end momen*s for the fixed end beam of 30
foot span loaded with a uriform load of 200;' rer foot over
the left half of the srane.
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Froblem 161, Iage Z<

=156«

Comrute the corner rioments at P and D for the bent of
Fige 171 and complete the moment dicgram. Cketch the shape
of the deflected structure.
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Problem 162, Page <29

Obtain the moment diagram for the bent of Fig. 171 as
caused by a horizontal load of 1000# at the mid-height of
the left lege. Sketch the shape of the deflected structure,
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Troblem 163, Page 229

Obtain the moments in a eircular rlng of 10 inch diameter
surported on a roint reaction and carrylng a concentrated
load at the top of 1000#e If the ring is made up of a cir=
-cular rod, find the diameter (required) of the rod to work
at a fiber stress of 16C00; per sqg.inch,
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Problem 164, Tage 229
Check the moments obtained in Art.l1€3 for the elliptical
arch by using a cantilever from the right end as a statiec
structure,
Hinte, Slide rule accuracy will not be satisfactory here
because of the difference of large cuantities involved in
the term I x-xo¢
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robl 166,Tage 229
IroDe Ié':lrm?.né %ﬁe mexirum rmoment in the box culvert illustra-
ted when the 10,0007 wheel loed is rlwced at the center of

the spane The reaction under the box is assumed to be un-
iformly distributed.
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Problem 1€7, Tage 229

The syrmetrically deepened beam illustrated carries a
uniform vertical load of 450;f per ft. Cbtain the moment
diagrame
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Iroblem 16€, Iage 230
Analyze the unsymmetrically deepened beam illustrated

for the effect of the eoncentrated load, Obtain the moment
diagram to scalees Choose a cantilever extending from the
left hand end as the static structure,
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Froblem 1€9,Tage 237
Obtain a final moment diagram for the bent of Fige. 176
and sketch the shape of the deflected structure,
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Special Problem.
Analysis of an unsymmetrical bent by the conjugate beam

axis,
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Problem 170, Page 237
llake use of the eolumn analogy and the general column
lexure equation to check the moments as gliven for the
ent of Problem 120, Flace rins at B and C to produce lls,

Hint. Look for a possible negative column load.
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Froblem 172, Page 237

Repeat the calculations of Fige. 177 for a bent of ident-
ical dimensions but where the moments of inertia of the
vertical legs are interchenged., Check the results by use

of principal axes,
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Problem 173, Page 238

Yake use of the kern relationship in the column analogy
to determine a general expression for the endt moment in &
fixed end beam carrying a concentrated load P at distances
a and b from the two ends.
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Froblem 175, Tage <42
A fixed end bent 14 ft., high and 12 ft. wide is made up
of 10 in. 30;# I beams with their webs placed in the plane
of the bente. Find the maximum fiber stress produced by
each of three movements of the left footings, namely x=1in,
yv:1 in. and ©:0.1, Use the dimensions given as center line
dimensions, |
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@ (theta)
A (karpa)
y) zr@o)
s (sigma)
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Txrlani.tion ol CjniuGls
de”lcct’on usvally cwused by tlle noin louds,
chwwnres of ergles of a tricncle ccused by strerc,
chanre of tre sag of o« snuesrended coble,
chungce in lengtis ¢l & mcmber,
deflection,usuall;” caused by & unit load
chanpe in length of & srzll fiber
sre.ll change in o

end slore of & member of o rigid frame.

factor defiring crenge in stiffness due to end
restraint.

rotation of a member fr Joirt trenslation.
surmation sign.

end ongle chenge of & rin end menber

stort lenrsth,usually & raert of & srane
crocc-sectional ureu,rhrtlcul”’"lv of the
orous colurn,
arees of tihe IT and 17T dlagririse.
nuibers of bars in a srice frame,
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shearing rodnlue of elasticity
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neutrul roint forcesj;thrust,siecr,morient,

C slore dcflection)

ronents of inertia and precduct of
nunber of Jjoints in a srace freme,
rolcr rnoment of inertia,
defined by the relation a kL
stifiness or I/I, subscrirts ¢
colwmn and girder.

lenpth s of « truss bar or of an entire sran,

virtual rnomnent at any roint of & structure.

rmoriert at end A of nerber AE (slore dcflection ;

morent cdbout AD,

fixed end noment,cee C

USeCoe
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tiic becam AR
crosc-scction.
loadjcoefficient of temperainre
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totcl rmonent in o
height.
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Tyrlonetion of Tymucls
Continued

muabrr of groec Joints "liere ©ll bers lie in
rlone.

ste.licel rorent of the cross-=cection ol
eralepone colunn,

recius of o romont center,

stiffnese of cecluwwms= to ¢irdcrs,

totsl stress in « Dixr,

chinre in lermperiturc in derrecs T,
torcue roment coused by the virt-el louding,
rectroint fuctor in roment dictribution.
totel ghear ceused b7 the virtual lowding,.
unit locd.

total locd; T@s/TI locdjtotal vorl.
coordinates from tie neutreal roint.
distunces referred to = centroid,.

redundunt stresces or recctionse.
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-.0ter on Contents
Iroblem 7,r 11,
Eeccuse tnis ctructure is dctfrﬁinate,the stresses in the
menvers con be found ver:  ecsily by vritins the ecuztions
of ecuilibrium for non- co;lunur,copcurrent forces &t each
Joint.Tege 13 shios the metlod of tabuleting tiiese ecuat-
ions to expedite their solution sz sirmltoncous ecuationse.

age
i

rroblem ?,vage 1¢.,
This is intended to be considered only es & vlanar struci-
ure,ond th¢ ordinary nethods of I'ree Tody Diccrams end the
ecvations of ecnilitriwnm for cencurrent forces cwn be
&rrlied,

ITtoblen 1l ,pepre 1€,
This could te solved b7 geveral rmethods,but the Arec
lonnent Irorosition is tre roct rcecily nndecrstood ond
crrlied.

Problem 1l3,7ere 20,
in engineerirg theorcn ~7iiech followes from tlic conservation
of enerry,states tihet the interncl work of dcformation
ccuals trne external —ork of the arrlied lowudsjicccordinzly
if there is but one concentrzted lozd on the structure,the
cdeflection of it's roint of u?Pllet’On in tie direction of
tre loud cin be determined from the eg uatlon of rcel vork.

Iroblen 1€,rore 3.
Cestiglicno «lso deecls vith interncl —ork as yproduced Ly
a rreduslly crplied load.Castiglizno's lew stotes "The
derivative of the total interncl vork vith respect to any
one load is eguil to the deflection of tihe loed roint in
tre dircction of the load,

”j m f_)J

Troblem 1¢,1ire €.
The mebhod of virtual vork os used in this rroblen is
videl; cecerted we tiie riost satisfectory netrod of deter-
miningtrhc deflection ol «ny roint on a body,in & dirccticn
ccused by «ll rosszible l:inds of interncl distortions.
Iroblen il yure Il
Virtvel vork retiods are very eccily arrlied to thils tyre
of rroblem beczuse the gteel yirye hos o combination of
vending end torcion sin severdl diiferent rloanes

ITroblem cCyrafre IZC.
The Area lorment Irorosition metlod is the roct exredient
netiiod for this tyre of rrotile-i.
Troblem Fl,viie 41
“ince detlection moyr be comruted as the bending nmonent
in the conjurate be,m,vrouuced Yy it's I/EI loading,it is

oy e




clecr tiat tie electic curve of the recl bTecnn 1s ident-
ical vith tlhie rionient diaprocm Tor the conjurate bewnscncs
ve con Arew e force alisorir end o ;unlcnlar Tolyron fox
the /71 locdsjco tieat the funiculur rolycon vill re-
present the moment diurrwm for the conjugate keinm or thc
c¢lestic curve of tire recl beinm, -

Tioblen IC,>ere Tl
The wrrlicetion of thie Arec Ioment Irorosition cun be
crtinded to the Tiecld of <rusc cellecticns, here it is
¥notm os il.e metlod of elastic wéirhts or angle vcights.

Trotlem £€,pere G,
"his tire of rrotlem is best vorled ty the Theorem of
Threc omentz It is @ so celled "Claseical® method of
cni.lysis.Tie Tormles con be cdevelored by doulble
interration,combined —ith the Arec Torent Irorosition,
It is poscille to vorls tiiic by oter nictiods,but tiher
ere less ‘racticul,

Jroblem Ll ,page LE-irollem LiyTege {C=2roblen 44,7 re D0,
"le frce lorent Irevocsition is thre host rractical
csolution for theése tyres ol rrobvlers,

n

froblem 47,nere S4-1roilen LE,vee TE.,
The Theorem of "hrec -oments,ordinarily arrlied to o
continuouvs beam,is here crrlied to & combination of
continuouvs ¢nd restrieined beimses e can errly it to a
rectrained bewm vy concidering the restraint to be re-
roved «nd rerylaced with & beam of zZero lengta and zero
load.

Trotlem 4C,rifrc E7.
"his rroblen is voried by the Ioment Nistribution methic’t.
The roriente &t T.ic suvroris are feund in tiic ordincry

vLYT end then ove distrituted to cweh berm in the rodio
of thelr il vilunes.-see botton rife &7,

“roblenn 51,10 cC.
This ‘r1°s is internally indcterminate to the fﬂ“:t
cegreesnence, e rerove bir to obhtiin the setutic stiruct-
ure.The stress in ecch bar is exrressced in terms of the
crplied load,ond the redundint stress X A redundnt bo:
is a ber that is desirned to take only one kind of str:..
end is very often subjected to Jh- orros +e Yind.Under
these conditinas 1t does not act «nd hen ic cuwlled
inactive or relmnnit,

g iy T e o
Lol BRI SR .

m

it hormss oo Hotr internally and externcally indcter-
minate to tiic first derreedis 1cc,vc rcaove one rewctiorn
wni cut one ber o ootw‘n the static structure.™:.o gstie
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Jroblci Ny e e 1,
The chire of the inflnen
SClCCt;OJ Nl n CQW'
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w111 bhe ciniicd b mmconzs of the inflnence linel.The tor-
izmontal txr“"t in o tirce Ttinccd crer is etutic1ly dot-
minLtegtiie inTIncnece 1ing Tor Morizontdl tiizmet I iz o
tricnzle Wit\ “emivmm ordinate et thie conter hiinsc.Tince
tiie morent Lt otic o”ﬁ*fﬁ“‘“i:f:. izt o Zooo, e mimoermote
the sile BLown monent Tow vamld o cwmist there to tlie
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osent rrodticed bt Il

Treblea 101, -ece 117,

This :t"“clu e,“tter LAadi é t“ﬂ “in vt theo midroint of
GRS icz 1l inlcicrainete to thie
; ler uonunll s tilzen én U

."
Lress in cehlceTnc
btoined s e deflcecteld
nt ot it's lowest oint wns

“robleny 10T, »ure 100,
Tuis 1z ow o to Tongnt thie sinslest metliod of
cL cu“tl”‘ tiie >tic: to tinced srtun,
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fZ¢ming tmizs in

gl ; ted rith thie AifTer-
SHaleRe ?ft”ﬁrﬂ 1€ nnitory live ]o@g,”nd the nnilforn

Nensers Tmlle IS the criet viloe of U ZTor 1ive lowding on
the comter oren is kn-”ﬁ,bgCn the horcor 1l ror foot,

Pyis & TE/I%, n1 e efTrctive nmiforn Intd.mMieh
icilects the ~tiffeonin~ trmzca dowmrurd bocomes 81112

~roblen 1“T,T'Pe 1.4
The Lzlencing Toments method s Tirst reicrred to in
iroblen €5 ~ure 177 of this ornendix,but o little rore
diccnuneion Lrobahly conld be corried on in thuis orticle.
The follovwin/ sters shold be folloed in Zoluncing
i01enNtsS e .
1-Comrite Tixed end noients for eichr lowied spnon ond
ecord then with correct sirns «t their rrorer locit-
ions on = diwsroer of tiie etructure.
Co*%ntc distritntion frctors «t ths Joints from the I
re.lnes yrccord these values inside o box at ewch joint.
E-Dulfpb any joint ~Mmie” Thus & 1ar§e unoalanccd moient,
«nd coiuate the UWIQPC”‘C mortent from the diztribntio:ns
coctorsiccord e.eh bulaiicing rorent underncatiz the
corresvoniing flxed end ﬁOﬁSﬂt.u.lun011§ moments wro ol
orrosite sirm to ih:e unbalinced joint moment.Trar &
Torizontel line under cacn baloncing morent,to chowr
ot the moonts dhove this line are bilinmecd wnd need
0t e hulinecd roine.
L ccord tc enrry over noments ot the Tur ends of the
Srherseiliee the enrrir over wovicnts i oo ealvn nmlel -






-, -
the fixed end ronents or the tiluncin~ moment exictineg
thoTE. LCll CLrr over sjoment iz of tihie sume sirn st
correstoniins halinzins rwomuent,but of one bl it's
V'luo.;dcy rmet be cong dcredl ws o3titioncl Tiwed ¢nd

—oments ot the Joints ficre they ore recordci,.

~ . BT B R Kol T B 4 - Aeggan
-Jucong1VP_ vl .ncc ¢wct oticyr joint of thic sirmecunre,
toliins cure to rccovrd bulancins meoments Ll curry over
foetors tith rreovcer sirmeiote thiet the ecorrm over tiom-

cats unbuilince,rrovionsly bulunesd Jointz,

Jointz mat be Tl l;wnri ol Lioce moment
below thie lust horizontil lines orc ,Oinf_.uf
the rrocoss of rrbwl;wc:ﬁg.
6-The rroccse of LoluencinT joints iz curried on in iy
Zeoired ze ncnce,until tlic currr over hioients bucone
Dl et thie joints ere

(‘"

neclicihlr sawll,Miich shovs
brlenceds iz chult ©7i11 be renched witer ewchr joint
li.s bcen bulenced tbout threc tines.The timc remuwired
shiould not cxceed ten mimtes rer sgren for & ¢nnTinious
brumt,cven wen o ananlysis is nicde B oon ineszericnced

orperator.

Troble 11Z,1are 1.%,

Tais s the wrmliecztien of tle Trluncinge Tonent mcothod
to « frome,i: Steod of o contimons beam.The metiod is

.,

exxectly the seme o exrlaincd in the rrcovions wrticle.

irouvlen 117, we 130,
Thig is o siarle cuso of joiﬂt trunsluation,ich mar
ocenr by cecident or decimeGllovcver,tiic resmlar metliiod
of buluncing nOﬂCnto,COu;lbi with a sinmle wroriication
orf the Area Ioricnts cun be uced,

Trotlen 1l 4,000 120,

Cne c- ﬂiot {ully nderctand this :acthod of snccesesive
colrect nS,Hll””C he cun Torm & nontul ricture of tae
pay51cu1 beavior of the stricture,thot corresronds to
c.h step of the rroceces.It 1s desiruble,to consider

het joint rotation wnd joint translution as sererate
novenecnts to bo zmermitted clternctely.Ths structure is
vllovwed to move with joints fixcd .ouinst rotationeThen,
the Joints _re «@llovrd to rotite,but the structure is
restrzined agcinst translation.This is permittcd wus momys
tines «s roscible,ntil the siructure reaches it's trur
deflected jositlon,~1t1 ell imeginery restreints re-
oved .

Since eunchh joint iz to be bulinced only once before
ewiditionel fixed end roments crc introduced into the
coluin, it is Itnowm chewd of tine,theat such correction
novents ill be rositive.,The Tolloing rules should be
Nelrful in tiis kind of =solntion,.

l.-"1c structure is cllowed teo deflcet unler the loddz
171h the JOllt" wre {ixed arinst rotntion wnl the
T Cay ncats are oo Tenlated.




-The fixed end moments wre biliinced wronnd the joints
nntil ewzil joint is in ermdilivriumgthct is tie
surzaction ol memenis Lt ewch wre equal 10 ZerO.
Durings tiils rrocess,no trunsla tions of the Joiites

are cllowedeiis suen is the swre ws the Cross

methodl of wilinmeing fixed cnd mowentu.

Je=iTon the bulinced monents of step 2,the colunn she s
«re determined,wnd Tromn the Jdiilerences betreen tn:
culenlated story shenrs wni the true storr shewrs, . €

ertificicl restruinin~ forces ot the joints wre feond,

4 =" arti*icigl Joint restruints found in sten 3 ar
clitin.ted by wrrlyincs cruel wnd ovrosite joint
forces, .

Se-Tixe structure is wllovcd to dcflect —ith fixed joirnts
nnder tae wction of *Wis new force sys em,fixcd e
nonentsire calenlated, joint momentes tre balunced,w.
. second =ect of JOlnt restroints is determincilIit
7111 be found thet iz sceond set of joint res-
treints is swller wnd of less imrortance then the
first sete.

€.-20¢ Trocess is rerveated until o finul set of joint
rostreints is deternined that is s011l enour: to
neslect entir=1yr,

7e-The finul moments are obtaincd by ediins wiccbraic-
e 1lryte several scts of bulamecd moments obtuined

frow ine originel loads,uand tie severawl sets of

4

forces thet tolunce e ertificisl joint restraints,

A brnt sneh an thls one i1s bect tnelrrzed for rind mom-
ents by the gencrael metiod of succeszive corrections,
A3 e sturtins roint,one et bhe wlle to distribvate tiu
gnewrs rroauced by tiie wind Iforces,umons Uie coluns
“Ten e joints e held wrainst rotitionethis distrib-

ution is nude wecordins to t e sliffness ratio.

irovlcn 146, ape 1ED,
The lenctn of the wreh ring is divicded by tricl «with ¢
reir of dividers into ciglit srfct.ons,ieh sctle
arrroirtely 4,55 feet cuchiaTine centers of the divis-
ions wre ti.en located,the coordinutes x and y from tie
lef't hand syringinf,ox ew.ch center roint beins sculed,
The crch is cut aviy et the left contmenti;thus it be-
comes & c:-ntilever fronn the risht hund ende. e value
of dg/  I,~1ieh is constunt for cach division,will be
tokeon s unitre.Since it errenrs in ewch terr of the
sirmltoncous e~cuition t ot will be - ‘itten,ds/T I mur
be given & unit valne,7henever it is conctont.

Sroblem 1rN,vare 154,
iz croblen is seolved b o thie "Colntin Anrlor™ method.
cortbined with vt is corionly eslled the "Ientrel




Toint Zoncertion".This Zcuir:..l i1o0int Concention 110770

s 10 rerres
¢ ori~in of conrdainutec,or the ‘oAﬁt o-

ities, 1 th

ent certein Arelr rroverties ws zZcro ent-

crrlicition of the relmdnt rewctions (,7,0) is

ch.nmel to

the cent oid of tie flistic "1h”ts I alst

were either thic ¥ex or yoy dxis 1z oo axis ol gmrae-
trr.Therciore,for u stend.rd s;~metric arch,the 7.7,
is on thr verticul 221z ol smumetrr,

in the develor . ent of 1lie colwwsl cnilosy

Sentrel oint nmethod,tie folleoing cﬁu:tion iz crrivers
vt ﬁ¢‘-ﬁ%h*£]V*5¥h’$'*'SZQ;KJ

'Mis ecuwtion, hich rerresenis tiic indetc:minate mom-
¢t Jlicused by tie nentral oint recction,corrccronds

in form to

iiie corvion cmetion Jor wever ining tie

ctrese in un eccentriculily locded coluwin,noely

S

-

loaded ~

r
0

T+ MBE = AL

in t.ic conjurete bown metliod,one visnelized tiie bewn
it the 1/I A

Liarran,iience there slionld be

no ¢itTiculty in visnclizing it here,ur o lowd wcting
uron en wnelorons colirm,eIf sucihr & colnm is vieunl-
_qu,n must be it's eross socctionul wrco, Ix-x, Ir-y the

monents of

the neutrel roint.This @nulosons column

inertica wiout the ¥=-x wnd -7y cris thraucgh
is louded -rith

P
an imerinery distrivuted load “'y-hiich,becunse of it's
eccentricity rrodnces tilting mo-ents Ix-x and Iy-v

obout thic

moment DoZ i
streas ecxist

colu e

centroidul wxiseTnen tie indetecrminate

s Tound i env roint in t ¢ ring s the
inrc there in this eccentric:lly locded



A Short Discussion of the Theorj of Taree lonents
aend Areo loment Provosition,ucsing the Fending
Tonent Dicerun b Iarts Avolication,

The oririnator of tiie Theory of Three Iomients,’mile
Clapeyron (179¢-18¢4),vas the con"ultunt encincer on sone
very importont rcsearch vwork carried on in Tussia in the
veor 1F24 ole tested thne strencth of Iron bllurre that vere
encountered ~ile on & “llltu“j mission for thc I'rench
Govermacnte
In 1€83,1e set forth &« theory concerning the ecuality
of internal vork of stresses,to the externcl vork of the )
louds.This theory is the buclc »rincinal of our nmodern i
thcory of indcterminate structures »
About 1£57,he rrescentcd the _Jeory of Three loments for .‘
ne cuse of & uniformly loaded syan of uniform cross-section. !
Due to Professor'Claﬂejron's retiring nuture,hre never rb- ;‘
lishied this theory.The importance and ide arplication of ™
tiie method s since been realized,and it is nowr given |
ention «s one of the imroritunt theories regurding tae sol- |
ution of beims wnd frames,
The mectnhod involves the considering of any thrce succ-
¢scive srans @f wny continuous spun wam,Sbu*tlnf from th
left end,us one unit.rruations are then formed in terns of
the bending roment over ewucnh currort,lcengcth of eacn of thie
three srans,und the s.aticul moment of the bending nonient
AdiagrameThis bending moment diacram is & result of vhatever
ﬁystem of loading is wresent on the s'an,
The usual °v*11c tion of this niethod heas been to con-
tinuous bedwr S,olmplj suprorted at tieir extireme cnds.The
beums czn be of any number of srans of the same or differenf
lencthis,and of the same or d.fferent cross-sextions.The lou.?
can be of anyr kind,concentrated,uniforin,or any wnr cowbin“*"on
of the tvro.
"1ile it is not mentioned in text bvooks,it can «lso bec
trrlicd very wdvantasenusly to otiier struct tures, s such as
“our sided frames ond restrained beams,This is cuite a uniie
wrpliceation of thre “heoryr of Three lonents,und on numerous
occzsions in this Thesis,it hus been used as the princiral
1ethod of sunlutione"he &rrliication to restrained bewnms offers
o rmell aore simple solution thiun any of b“e standard mcthodr.
To wrrly it to a restrained beum (one embedded in masony
..t both ends),ve must remove tae recstraint from each end,and
rerlace the sime with « s»an of zero length,and zero load.
‘e thien have the equivalent of three snons,locded os desired.
cur ecuations,us rientioned at the beginning of thiis article,
c.n tien be :.J*T‘ll(*w.
This cin still be a very comrlicated nroccdure,if e
= the ordinury bonding monirnt diccrunselliovever, b7 using
b~e Arec ioment Irorosition method,ith the deadlnb . onent
“lacram by ports,instecd of @ comrosite bLending moment dia-
Sram,tre can 51mp1,‘y thic tuking of the stuticul momentse
, The bending moment dizerem by rarts,as usced in these
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rorosition.It merns,that we rlot thie bending momeny die. v
Tor eczchl lood sereratelr,instecd of drovwing the comrosite

LefrimeThis miles it rmch efsicr to find the distunece fror

o 1moment center to thie centroid of the ©enlins monent din-)
TTGMe

Theee stotienl moments are then incorvorated into tae
~rorosition thrat "hhe statical moment of tiie awrea of tie
Tcnfing Tlorent Aldrran between wny tuo reointc fooend T,

PSS
A

Iviced Ty the rreduet of I,the reodulne of elegticit,and

Tytihc roment of incrtia,ic cqual to thco fcflection of one
5T the peinte cheve or teleo thc otrere For inctincc,if ve
colre Bl stetical ronent of tho wren ooomt thic reoint Ty, trer
¢ vould find thhe deflection of T whove cr Tclowi Al
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