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I  The purpose of this thesis is not a dissertation upon the
atresses in various members of steel bridges; nor is it an attempt
t0 amplify the Lkiterature on the subjeot., Many exeellent books and
magasine artioles have already been published in which the subjeat
of stresses in bdridges is ocovered thoroughly. My only sorrow was,
as I, oceasfionaly, looked over some of the literature on this sub-
Jeat, that a four yeds course in engineering, as practiced hy most
oollegee in the country, is & very short course in whioh suffioi-
ent time and effort can be devoted to the subjeat of the theory of
stress in structures, This subjeot is broad, very important and
intereating.

It was then my endeavor to find some way whioh would enable me
t0o study the subject a 1little deeper than it is generally possibple
for an undergraduate otndont'in his regular course., This thesis
then is, 88 far as its present writing is conserned, an attempt to
write down those fundamentale which 1 could learn in this short
time that was allotted to me, It was nevertheless, my intention in
deriving formulas, to write down every step, in order to make the
work simple and comprehensible. I dia fhil with special énphaaia
on the free body method, beosuse the free body method prinoiples
tl‘thoy wor§ taught by the men in our department in ocourses of Mee-

chanios, Stuangth of Materials and Theory of Structures, are really
the sanme principles upon which tho'lubjoot of stresses in bridges
is based. It is in no way based on any highly intricase or complex
formulase |






II When the length of the span exceeds certain deatance (about
I76 £%. ) it is then oconsidered advisable to use variable height
of trusa in order to secure greater economy. Curved upper chord
in such & ocase is generally called upon to answer the purpose.

The most 1deal type of truss with ocurved upper ochord appears to
be the one in whioh, for uniform loading the panel points would
fall on the respective points of the moment diagram curve for
that loading. bBut bridges are also subjected to partial losding.
This ocondition produces an entirely diftor;nt effect on the atres=~
S8e8, From sero stresses in diagonal web members and equal horison-
tal gomponents in %op chord produced by uniform losding, the parte-
ial loading subjeots all diagonals to reversal of stress., Suoh éon-
dition ocalls for counters in every panel. The practice, however,
tanght engineers to use flatter top ohords and thus avoid using
counters except the center panels. ihe use of flatter top ohord
not only eleminates some counters but it also contributes oconsi-
derably to the sesthetiocsl effeot making the stirusture, at the
same time, reasonable eoconomical.

The stress in any top chord of noneparallel ochord truss, as
shown in digure I, may be determined by the genersl formula,

0000000000000 0000C00OOCGPPCIOIOIOOS I

where 3 ¢ stress in top chord
M 8 moment at a point opposite that aohord
¥ 3 perpendicular distance from the top chord to the

moment center,
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Figure I represents & common , eight panels, curved top chord

truses. ( See"ihe isheory of Struoctures" by Charles M., spofford page

184, figure 146.)

P P T
g ﬁuz Ug E: Us f“s ﬁ
e // // \ \\\ 7
X
f AVAVAA J
r. W N N P T R A B

Pigure 1

Consider top chord UrUs. By general formula (I) the strees

inthis member is,
)

S s
r

where M = moment at panel point Lg, and r = Lgb ( fig. 2 | per-
pendicular distance from the moment eenter to the member, the le-
ver arm. The value of r may be determined by proportions from si-

milar triangles UjUga and UzLz b, from which we have,

i1t must be noted that wi-
angle quza is right angled tri-
angle and the value of s as

obtained therefrom is,




e S Eh - hI)2 » 13:[*

thus meking r, when this value of s is substituted in prece-

eding equation equal to,
l1Xh

re -l(_:;-hl)z+lij' .

The atreas in any top ochord member, of surved top chord truss,

aay also be determined by resolving it into its horisontal and ver-
tioal components. In figure £ let 3, represent horisontal component

of strees 3, and 3, the vertical. Then by equation I

and
8=Sh B.QO 000000000000000006000000000 S
where & denotes the angle between chord member and horisontal.

Both equation I and emation & give the same results.

S, = -
h
8
and 8, s ( from equation 8)
Jec O

Solving these two equations simultaneously we obtain,
3
Sec 0

n -
h -
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To determine the stress in any diasgonal web member as UIL2 fim -
gure 3, out sestion I-I, as shown in the figure, and consider the

part to the left of the sestion as free body. By general fumuls

4
7
//
2 I//
// % o
v s
B o
D= arton O o T T
d
the stress in Ujl, is
S: “o ..0.0..00.‘.................‘
Tr

where My is the moment of the applied léads to the left of seot-
ion I-I taken about point O, and r is the perpendicular distance
from O to the line of astion of U;Lp. The value of My may be ob=
tained by considering,in figure 3, part to the left of seotion I-I
a8 free body and taking moments of the applied loads about point
0, ( 0lookwise moments are negative and ocounter-clookwise are po=-
sitive), thus,

Rid-3(d+1)-W(del) -S8Sr=0 anll solving for

s:_P_I((dfl)*Wldvl»l);RId

..........0...5
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but Pr(d 41) = W (a ¢+ 1) - Byd J M,
substituting this value in equation 6 we have equation 4, namely

The value of r may be ocaloulated from similar triangles OHL, and
UsLilg, from whioh, by proportions, we obtain,

OH : OLp 3 UII.Iz Uglg.
Solving for OCH , | B

h T

2L 427 (a7 ¢ 15)%
By reason of similar triangles the value of 4421 may likewise be
determined. Oonsider trisgles U;U.a and OUgL, ( ig. 8 ) in which

OLp : Uglp 33 Uza 3 Upa

and
hl

(b = hy)

OLg sa+212te

Anoﬁ:or method by 'h1§h the atress in diegonal web member
oan be determined is in terms of its vertioal component. Thus,
resolving the stress S5 into its S, and 3) ( vertiocsal and hori-
"sontal ) components and epplping general equation the vertioal
‘ ‘oenyonont 4f the atress in Ujl, may be expressed by equation,

s, s

copmE— ooooooooocooooooooo0000.6

]

where M, is the moment of all the loads applied to the left of
seotion I-I taken about point O, and ¢ is the distance from O
to the pinil point Lg.
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s : 3'300. Oooooo00000000000000000.07
where O is the angle between diagonal and vertical. Taking moments
about point O the results may be obtained in the following form.

My 8R4 ~Wd¢l) ~P(a¢1)

%(R;e» W - P)a - (¥ ¢ P)1.

Bus
RI.(I-}P)'V

is the shear on seotion I-I, ana(W ¢ P)1 is the moment M;, about
panel point L,. Arranging the terms of the above stated equations
the value of My, may be expressed by the following equation.

no 8 Vd - nLoouooooooooooooooooo;ooooo 8

Hote: Fax further proof and oriterion of this case see artiole
34, page 61 of " The Theory of Struotures” by Charles M., Spof-
ford. ) )
?o produce . maximum tensile atress in the diagonal wed member
Uzkg full psnel loads must be applied to the right of the aseo~
tion I-I and no loads to the left of this seotion. Considering
the oén&ontioa&l dethod of ledding, the value of M, in equetion
8 must be positive and as great as poesible. Any load to the
left of the section I-I will produce negative moment and there-
fore reduce the positive value of X,.

In present case let n T number of panels

' m S number of panels not loaded

W S weight per panel on lower chord.
( Upper ohord losds will now be omhtted in order facilitate the

‘work and eimplify the formulas. It is my belief that this ltop

1770y be [anerr
e o
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without any detrimental effeot to this work. secause the upper
ochoxd loads may easily be taken care af by the formulas foxr the
lower ohord loads and the compined effeot thus determined.)
Returning back to the problem and taking moments sbount potknt
0, figure 3, we have,
M, # BJd = ST cecececceececcccccee 9

#rom equation 7

8 3 9y8e00
d
- (ng® ¢ 12)%
Seco® ¢
hI

Combdining these three equations and eolving fa Sy we Obtain,

S' : R& 00000..0.00000..000010
r(ns ¢ 1%k

The value of R1 oan be obtained by teking moments R, ( right
resotion) of all the losds applied on the truses.

Using notations stated above in this work the equation is
R w
13——-(!1-ﬂi‘)(n-l)u..............II
. 2nl _

Subatituting value of RI,aa obtained in equation II, in equat-
son 10, apd remembering that
| th

T a
(02 ¢ 212)F

equation IO becomes

8.' s " —L-(n -m ¢ I)(n ® BM)eeeoIB
2nl
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The disgonal web members &re subjected to compressive
atress &8s well as to tensile. For maximum compression in dias-
gonal UiLs the moment M, must be negative and as large as pos-
sible. Such condtion ocan be obteained when the negative moment
due to loads applied to the left of the seotion I-I is greater
than the positive moment produced by left reaotion xy, It is
that plecing loads on all panels to the left of the seotion I-I
and no loads to the right of that seoction will produoce maximum
moment Ay,

As before, oconsider n = number of panels in whole truas

m 2 number of panels loaded
W & uniform load per mnel

the maximum compressive strees by equation (I) is ( vertical ocom.)

Sy s ;;!lﬁ,

t

By application of the same method of analysis as was used in
case of tensile atress it is possible to express the vertiocal
component of complessive stirese in thie diagonal by the fol-
lowing equation,

Sy 8°"% (m e I)(d ¢ 10) eeveecceceo.IB
2nt

Sinoce equations IZ2 and I express the value of vertieal
components of stresses in disgonal members, it is than possible,
by application of these twe formulas, to obtain atresses in any
vertioal es Uplg. ¥or all loads to the right of panel point Lg ,

the vertiosl member UpLp is in oompresstion and eguation i /2
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applies, while for &ll loads to the left of the panel point Up
the member is in tension and equation I3 applies, Since,in
these equations, the positive sign indicates tension and nega=-
tive compression the application of these equation to the ver=-
tical members involves interchange of signs in the right hand

member of both equations.
1II

Stressee in Members of Truss Containing Secondary Web System.
For spens of considerable longthlthe maximum economy is secured
by means of suodividing panels end adding secondary diagonals
and verticals.The method of determining stresses in truss of this
type becomes somewhat complicated, especially when dealing with
gsecondary system. <fThe application of ordinary methods of joints,
moments and shear require & little modi fication. In some members
however the stress can be obktained direotly by one of these me=-
thods, The methods of determining stresses in various members of

trues with secondary web system will now be given.

2
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Fig. 4.

Figure 4 represents ofletype of truss with secondary web

aysten,
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The upper chord stresses in a truss similar to the one shown
in Fig. 4 may be found by using general equetion I. Consider the
upper chord UiUs. By genersl methods of moments the atress 8 {is,

M
g __ 14
h

........0.000........1‘

where ll.‘ ia the moment at panel point L, due to the applied
loads and h is the height of the truss,.

The stresses in lower chord members can be found likewise
by teking moments abount the upper chord pointa. Thus, for
example, the stress in L3zL, is foung by passing seotion I~I
Fig. 4, and taking moments about point Uy. %he resultimg equa-
tion may be stated in following terms,

EXI1R{~WIX14WsgX1l-8Xh=0O
Solving for 8, we have,
3.1"1-'2'831) My,

cumundin =

h h

00000 OOOS 15

( 1 3 1length of panel)

Stress in UgUz is equal to the atress in UgU, anl same method
of analysis may be applied in oase it is desired to determine
this atress independent of the stress in UzUy. The sizresses in
other obord members oan be determined by f)4 methods similar te
the one already desaoribe.

The stresses in subvertiocals as MyL;, Mplg eto,. are equal
to the loads applied at their rolpo‘otyivo panel points. For
example, the stress in llII.I ies equsl to Wy. ihe member ia in
tenaion,

o Il -
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The stresses in subediagonals as Lgll; may be obtained by
resolving -’m stress 8 into horisontal and vertical components

and finding value of vertimal component by method of moments.

-4
—
/0

v
P
| Fig. 6
In figure 6, oonsider the foreces soting on joint Mz2. An equat=-

ion of moments sbout point Ly gives,

WpgX1l-8,X230

Solving for Sy we have,

37 - I/g'zooooooooooo‘oooooooooo I6
Making use of egaution 8 previously derived we find 8 to be,

3 3 SyJecd = I/2WgSecO ( oompression )

the stresses in lower ends of disgonal web mambers are
equal to the product of shear in their reamotive panels and
secant of angle between member and the vertical. Stress in MzL,

may be obtained as follows. ‘the shear on seotion 2«2 in Fig. 4is, -
V : BI - miy 00000000 c0cc0cccccoooco0 17

where m I number of panels from left reaotion to the left end

o I e
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of panel containing seotion 2-2, and Ry and W as before. Solv-
ing for Ry ,

W
Ry '-z-(n - I). (n 3 numbexr of panels)

Subatituting this value of &) in equation I7, we have,

|
v .—;‘(n - 3! - I) 900000600000 0000000O Ie

Therefore the streas in Mzl is,

|
S s T ‘n - 8M - I)ﬂ.ﬂo 0@0e0escsvese I9

where @ £ angle between member M3L; and the vertical MzLg.
Stresses in upper ends of disgonal wed members ocan be de-
termined by method of shears. (Hiagonals as UgMp, Ugliz,eta.)
Consider diagonal Ugiz. Pass seotion 3-8 Fig, 4, and aonsider
the portion of the structure to the left of this section as
free body. The shear on this section may be given by eguation

VERy = ( Wy dWg Wz W)

Thia shear is distributed between UgMz and Mpls,. It is evident
then, that vertiocal oomponent of satrees 3 in Uzlﬁ may be ex-
pressed by equation,

8' S Ve 8; eesseoccsecscsscccce 20

where ¥ & ghesar om seotion 3-8, and 33 - vertical compenent
of stress in sub-diasgonal MzL,. )
Bquation 20 makes possible to determine the stresses due

to uniformly distributed dead load. For as explained before,
8 ® 345000
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For meximum live load stresses the position of loads must firast
be conasidered béfore equation ocan be applied, sither the method
of moving up the loads or the average load method may be used,
These two methods are given in detail in chapter III of“ihe
Theory of Struotures” by Charles M. Spofford. Bquation 3 may
be applied to dotormino the mamimum live load stresses after th
value of V and 35 in equation 20 had been determined for the po-
aition of loads ﬁrodnoins maximum stress at that seotion,
Anbther method which may be employed to determine stress
in Upllz iz the method of moments. This method will not be given
here because the resder can find at & glanoce the value of 3
by taking momente about pointe Lg and L, respectively.
Stress in verticale as Upl, is readily seen to be eaqual
to the verticsl compdnent of 02l5 plus the load at joint Uz'
fhus, the stress in vertiocal Uil can be determimed by the me-

8 Ifewg 9 1/2ug
N b A

thod ot joints.

Lg

'

Fig.6
Consider Jjoint Lg, ¥ig. 6 as a free body. LHesolve stresses S

in sub-disgonals M Ly and Mply into their vérticsl snd horison-






tal oomponents. Applying principles of equation I8, it is
readily seen that the value of vertioal component of strees
in M Ly = I/2w;. Likewise Sy in MyL, I I/2Wg. ihe total
stress in vertiocal UILQ is thesum of these two ocomponents,
plua load l5 whish is at jJoint L. the above result may be -

expressed by equation,
S - 1/8'1 + *'2 * I/g'z 0ec0cco0ccscccon 21
Foxr equal loads equation 2I beaomes,

3 : z' 0000000 00080000000000000000009000Q 22

kquation 22 gives value of atress in Uglp produced by
uniformly distributed dead load. In ocadea where the stress
is due t0 goncentrated live losads this equation must be
slightly modified before its gppplication can successfully
be made fx o¢orrect resutls,

Let M}, Mg, My and My, in Fig. 4, represent moments at
points II,-lz, La,.and Ly respectively due to the applied
loads to the left of those points. Let 1 sZlength of psuel.

then by general moment equation,

i

u * [ F NN EENNNENNNENENNXN) (‘,
1
o Mp = 2Mz 4 M
E - 2 ma + ‘ ...'.............‘.)
-1
| ] [ ]
'I- = - ml *ug ...............‘..‘o,
1

e Ib =
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Substituting equations (a), (b), and (o) in equation 22 we

have, Yo oul
3 = Mg -2

0000000000000 000COO 88

21

Note: For complete discussion of the above prinociples see
"at:'ouu in Framed Structures” by Hool and Xinne, article
71, pege 128, )

the stress in upper end of end pofst L,U; oan be deter-
mined by psesing section 4-4, Fig. 4, and oconsiderirg tmt

portion as free body. Applying 'gonoral equation L we have,

ss By

where ng -~ moment at point Lo, and r = perpndicular distance
from point Ly to the lime o aotion of L,Uy.

.I&.
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CUBCLUSIUVE

It was my great sorrow that limited time did not permit me

to indlude into the preasent writing of my thesis all that I
originally planned to write. It was my endevor to write, in aéd
dition to thie work, on the methods of stress analysis in trus-
8es8 with multple web aystems and on the methods of determining
stresses in canstilever bridges. The subject, after all, proved ¢
to be too broad to attempt in my present work. sSecsuse, knowing
& subjeot and being able to write on the subject so that others
may know it, are two different things. %0 be sble to @assrids the
short and comprehensive form a subject so broad involves a neces-
aity,én my part, to study the subject thomoughly. It would also
844 at least twenty pages or written matter to the present work.
$his conditions are a total impossibility for juet now, I must
conclude thia thesis ast it is being eontent with the faoct that
i had & splendid opportnnity.to become sbmeghat familiar with the
subjeot of streeses in advanced types of structures amd be able
to appreciate the vast amount of work and the difficulty one en-
oounters in attempiing to write on the princples of stress anae
lyeis. |

I 4o, however, feel that so far as I was able to write , I
have fully fulfilled my expeotations, 1 have summarised a fdew
fundemental prinoiples whioch, if properly applied, will enable
one to determine stresses in any statiocally determinate type of

bridge truss,

o I7 -
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