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INTRODUCTIORN

Exposition

The essential oharacteristic of an arch is that it de-
velops convergent reactions when loaded., This ocharaoteristic
distinguishes the arch from structures whioh develop diver-
gent reactions, such as suspension bridges, and from the large
group of structures which develop parallel reactions under
normal loading., The arch may be segmental or ocurved and duilt
of wood, stone, brick, conorete, sluminum, or steel, The areh,
however, is not defined by geomeiriec proportions or material
but by its struoctural aoction, |

Being simple to build and pleasing to the eye, the areh
is one of the oldest forms of oconstruction, Archaeologists
believe some examples of masonry arches to be more than 5000
years o0ld, Many oenturies passed before the beginning of
soientifie unulypiu. consequently, the earlier builders usu-
ally depended upon gresat mass and weight for strength and
rigidity. The old types of masonry arches were statieally
indeterminate to the third degree, During the last century,
the use of oonorete and steel with greatly inereased knowledge
of itruotural action has produced many changes in the types
of arohes., The insertion of hinges has reduced their degree
of indeterminacy. As a result, the arch has become light,
graceful, and oonsequently more desirable struoturally and

architecturally. It is stronger and more efficient, and aroh
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bridge spans have increased from 300 %0 1650 feet, While
acquiring new shape and form, the aroh has been adapted to
& variety of applications, Welded stselearch roof frames,
for example, bear little resemdlance to the elassic stone
arch dbridge., Nevertheless, the same strustural sectionm oo~
oure and the identioal structural theory applies,

The first major steelearsch bridge was the Eads Bridge
et 8t., Louis, completed in 1874, 8ince that time, hingless,
two-hinged, and three~hinged steel arches of many varieties
have sochieved prominence in the bridge field., The three~
hinged arch has been the most populer type because of its
eanse of analysis and erection, but the notadble long span
steel arches today are of the twoehinged type., 7This is
exemplified by the world's two longest areh spans, the
8idney Harbor Bridge in Australia and the Bayenne Bridge
over the Kill van Kull at New York City.

The spandrel«braced arech is an important type of steel
arch for bridges, Perhaps from an aesthetlio viewpoint it
does not rank with other aroh types, but in all oases it
ies & more handsome structure than ordinary truss bridges,
For bridging deep gorges where natural abutments permis
suffiocient rise and are capable of resisting large thrusts,
the spandrel-braced arch is partioularly adapted., A deep
gorge, however, is not & necessary oondition., This type of

arch ocan be used to bridge streams with gently sloping banks



if base rock 1s near the surface and approeach spans are
added,

Whether spanning steep canyons, swift ohannels, or
gsites of water«traffic activity where a bridge cannot be
arected by falsework, the spandrel-braced arch presents the
advantage of easier erection which oan be performed dy the
cantilever method, This is done by treating each half as a
cantilever held by éanporary tis~backs until the center oon-
nectiona are made,

Compared with other types of steel arohes, the spandrele
braced arch is the stiffest and most eeonomiocal for dridges
of intermediate spans, They are oconstruocted with either two
or three hinges and have been used extensively for both rn;l-
way and highway bridges. (8ee Appendix A for a table of

notable spandrel-braced aroh bridges,)

Need for the Study

The relative merits of two-hinged sﬁd three~hinged areches
have been & subject of muoh controversy among struotural en=-
gineers, The main point of disggroomant has conscerned the
relative economy of the two types of struotures,

Hudlon1 made a comparative atﬁdy of the weights of a
200=f oot twoehinged and three~hinged spandrelebraced arch
designed for highway loading. Considering ohly the weight |
of the main members, the twoehinged type showed a saving of

3.9%.
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Jsoobya conducted an investigation eof the relative
weights of a 500=foo% spandrelebraced railway areh designed
a8 a twowhinged and three»hinged strusture, He reported s
saving of steel in the main truss members of 0,84%X for the
three~hinged areh,

w;ddolls. in & treatise on steel areh bdridges, included
a somparison of weights of anin material for a 500-:005 span
two=hinged and three~hinged aroh of the draced-rid $ype.

The two~hinged areh showed a saving of 8X designed for highe
way loading and a saving of 5X for railway loading,

Kowo‘ reported that for a 416=-fo0t steel areh dridge
the saving in weight for a two~hinged over a three~hinged
type was 8,.9%,

Kun:s oconsidered that, in general, the weight of metal
4n a three~hinged arch dridge and its lateral bracing was
avbout 15X less than that for a eomparable twoehinged arch,

The variations in results of these studies indieate
that no general rule oan be established conceraning the
relative esonomy of the two~hinged and three~hinged arches,

Another poins in considering the two types of structures
has been their relative stiffness., 1% is an accepted faot
that for areh struotures of the same over-all dimensions,
the two-hinged is stiffer than the three-hinged areh-dut is
the difference in stiffness of any major importancse?

A further point of importance and a elassical argument

againsd indeterminate struotures, in whieh ocategory lies the



twoehinged arch,has been the effects of displasement of
supports upon the stresses in the main structure, The im-
portance of such stresses will vary with arches of different
proportions,

1t appears, then, that when an aroch strueture is eon~
sidered for a particular location and use, an intelligent
ochoice between & two-hinged and & three-hinged areh can be
based only upon comparetive designs of the two types made

under identiocal specificetions,

The Problem

The problem considered in this thesis was the analysis
and design of & two~hinged and a three~hinged spandrel
braced aroh highway bridge and a comparison of the two
structures. The oomparison was mede on the basis of weight
of the main trusses, their relative stiffness, and the ine
fluence of lateral displacement upon thé two struotures,

The outline and general dimensions of the spandrele
breced parabolies arch, designed with two hinges (et L0 and
L16) end with three hinges (at LO, L6, and L10), are shown
in Fig. 1. For the bridge structure, the arch trusses were
assumed vertiocal and spaced 28 feet center to center with a
26 foot roadway. This particular arch struecture was chosen
becsuse the writer had made a paryiul analysis for the two=

hinged type in C.E, 534.*

* Virginia Polyteohnie Institute, Catalog, 1950,.p.165,
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Notation
In all tables, stresses were indiocated by + for tension
and = for esompression, All octher symbols were defined as they

were used,
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ANALYSIS AND DESIGN OF YHE THRTE-HINGED SPANDREL~BRACED ARCH

Loads
l, Dead load
Based on an investigation of designsﬂfor similar struce
tures, the following weights were assumed:
Floor a8ysteém seceececsesecses 100 1b per sq £t
Arch trusses cecceeccessceee 300 1b per lin ft of truss
Details and laterals cececee 50% wt of arsch trusses
It was also assumed that the weight of the arch trusses,
deteils, and laterals was distributed to the upper and lower
panel points by the ratio of one to two respectively. The
resulting panel point loads were deterained as followss
Upper Chord

Floor 'y’toa ecsovssecse 100 x 35 x 29 x 0,5 = 36.200 1b

APol trUSS eeessecssse 300 x 25 x 1/3 « 2,500 1b
. Details and laterals 0.5 x 2500 = 1,250 1b
Total 39,950 1b

say 40 kips

Lowar Chord

ATch truss .ccceeeseee 300 x 26 x 2/5 = 5,000 1b
Details an@ laterals 0.5 x 6000 = 2,500 1b
Total 7,600 1b

or T.6 kips



It is evident, for a strueture of shis type, thas the
weight per foot varies as the depth of the spandrel, 8ince
the panel point weights of the trusses, details, and laterals
were small in comparison with the weight of the floor systenm,
which was uniform saecross the entire span, the adove ealoue
lated panel dead loads were oonsidered constant,

2, Live Lead

The live loading used was the H20-816~44 equivalent lane
loading specified by the &.A.S.H.O.e For a maximum live
loading, the two lane loadings were assumed shifted to one

side of the roadway (Fig, 2).
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Fige 2. Cross 8ection of Roadway

Taking moments about truss B, the maximum panel live loads
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on truss A were obtained as follows:
Uniform load .ccecesccse 1.38 x 35 x 16/28 - 18,3 kipl

Conoentrated load
for chord membors cecccecsccoce 36 x 1‘/’3 = 20,6 kip‘

Concentrated load :
for Web MmOmbErs ecececescsceece 52 x 16/28 = 29.7 kips
S, Wind Load

The main members of the arch trusses are stressed as a
result of wind stresses in the lateral brasing. An exaot
analysis for wind would have been extremely tedious and ocere-
tainly needless, since the soctual wind forses and the wind
stress distribution are unsertain, A lateral system in the
plane of the upper echord could not be made eontinuous from
end to end of the structure since it would prohibit freedom
of the orown hinge movement, Consequently, e scontinuous
leteral system in the planes of the lower chord and trans~
verse bracing in the planes of the vertioals were sonsidered
%o resist the lateral wind forces, It was assumed that both
systems were oomposed of tension diagonals and ecompression
strute,

The wind foroes used were those speeified by the L.A.S.E.07
stated in part in Appendix B. Also ineluded in Appendix B
are the caleulations of the vertiocal and horisontal loads on

the leeward truss as shown in Fig. 3. Only half ef the truss

was eonsidered beoause of symmetry about the crown hinge,
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Fig. 8. Wind Loads Resisted by Leeward Truss

The resulting wind loads on the windward truss would
be nunmerically equal but opposite in direction to those on
the leeward truss, and the lower ehord loads would be ap=-
plied one Jjoint nearer the abutment in each case, It was
assumed that the resulting stresses in the windward truss
members were equal in magnitude dut opposite in sign, a
conservative assumption but sufficient for the accuraey

this analysis required,

Analysis

The reactions and stresses for the three-hinged spandrele~
braced aroh are statioally determinate, For any loading the
vertiocal reastions are determined the same as for a sinmple
beam. The horisontal resetions may be determined by taking
moments about Lg (Pig. 4) sinee for equilibrium the moments
about the erown hinge must equal seroc, After finding the

reacotions for any given loading, the stresses in the menmbers
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were found by staties,
-
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Fig. 4, Three~hinged Spandrelebraced Areh

8ince it is not apparent from inspection what positions
the live load must osocupy to produce maximum stresses in the
various nmembers, & struoture of this type is best analysed by
the method of influence lines. Instsead of actually eomstruee
ting influence lines, it was considered more practieal to liss
the influence ordinates in tadbular form,

In preparing the ianfluence table for stress in each
member, (Table 1) only half of the arch needed eonsideration
because of symmetry about the erown hinge, Nevertheless, i%
was necessary %¢ move the unit load aoross the entire strue-
ture,

With Table 2 (SBummary of Influence Table) and the loads
and stresses previously oaloulated, the design stresses were
readily determined., 8pecial uttintioa was given spesifio=-
ttionoa $.2,12, 3.6.5, and 3.4.1 eoncerning impact, stress
reversal, and stress oombinations respestively., In referw

enoce to the latter, instead of inoreasing the allowable uni$



w]lZ2-

stresses by 25% for members subjected to wind stress (W) in
oombination with dead (D), live (L), and impact (I) stresses,
oombined stresses were decreased by 20%, The design stresces
were then taken as the larger of either D ¢+ L ¢+ I or 0,8

(D+L+1I+W),

Design

The main truss members were designed in striot accorde
ance with the current A.A.8.H.0, lpOGiinltionlso Since
L/f (L is unsupported lengthsy r is least radius of gyration)
wes the controlling factor in the design of members UO-LO,
U0=Ll end Ul-=Ll, their unsupported lengths ioro reduced by
inoluding & brace from joint L2 horisontally to member U0=-L0,
By doing this, smaller channels were used for vertiocals and
dimgonals throughout the structure which resulted in e oon~

siderable saving in steel,
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SUMMARY

wlbw

TABLE 2
OF INFIUENCE TABLE

(Three—hinged Spandrel~braced Arch)

Member Sum of Ordinates Maximum Ordinate Loaded Length
+ - + - + -
Uo=-UI 0.786 0.786 0.238 0.095 162.5 87.5
UI=-U2 1,679 1.679 0.536 0.393 162.5 87.5
v2-U3 2.500 | 2.500 0.833 0.389 | 137.5 | 112.5
U3=UL 2,500 2.500 0.833 0.250 137.5 112,.5
UL=-Us 0.000 0.000 0.000 0.000 0.0 0.0
10-11 0.000 7.700 0.000 1.5L0 0.0 250.0
LI-IR 0.2014 7035‘-& 012015 1.702 37 .5 212 .5
L3"m 0.857 7‘276 0.)423 201h° 8705 16205
UO=LI 1.537 1.537 0.839 0.L66 87.5 162.5
U2-13 1.248 1.248 0.954 0,366 50.0 | 200.0
U3-Ll 0.923 0.923 0.924 0.462 37.5 87.5
UL~L5 2.690 2.690 0.896 1.076 137.5 112.5
U0-10 1,320 2.320 0.400 1.000 162.5 87.5
UI-LI 1,000 2,000 0.33L 1.000 150.0 | 100.0
U3"L3 0.200 1.200 ' 00133 0.800 62.5 6205
UL=-Ll 0.600 1,600 0,300 0.600 87.5 162.5
Ug-15 0,000 1,000 0,000 1.000 0.0 25.0




Dead Panel 7.0ads

iive Panel 7,0ads

STRI33 TABLE

(Three-hinged spandrel-braced <rch)

Upper “hord ., 40.0 kips
Uniform .. 18.3 kips

iower “hord .. 7.5 kips

Concentrated: for chords .. 20,6 kips

for webs .... 29.7 kips
Deaq Tive “tress Impact | Impact +# I| D+l+I| Wind | De:sI | 0.8(D4L Yesign
Member | otress - Factor | “tress % Stress +4 | +I +VW) | Stress
Unif.{ Conc.| Total
+ 14.4 + 4.9 + 19.,3/0.174 + 3.4 + 22.7 4 329 |+ 1.3]| 4 34.2 + 27 + 33
UO-UI - 1404 - 2.0 - 16.4 0.236 - 3.9 - 2003 - 5005 - 103 - 3108 - 25 - 31
+ 3071 411.0 | + 41.7(0.174 |+ 7.3 | + 49.0 1 + 73,0 |+ 2.0|+ 75.0| + 60 + 73
UI’Uz - 30.7 - 8.1 - 38.8 00236 - 902 - 48.0 - 72.0 b 2.0 - 7400 - 59 - "2
+ 45.8 +17.2 | + 63.0]/0.,191 +12.0 + 75.0] 4107.6 |+ 1.8 +109.4 + 88 +108
U2-U3 - 45,8 - 8.0 | « 53,810,210 -11.3 = 65.1|-97,7|~- 1.8 99.5 - 80 - 98
+ 45.8 +17.2 | + 63.0(0.191 +12.,0 + 75.0| +4105.,8 |+ 0.8 +106.6 + 85 +106
US-U4 - 4508 ol 5.2 - 51.0 0.210 ‘1007 - 61.7 - 9205 - OQB - 95.3 - 75 - 93
U4-Ub
LO=-L1 -366 -141.0 -31.8 | -172.8|0.133 -23.0 ~195.8 | -561,.8 | -220,0 -781.8 -625 =625
+ 3.7 + 4.2+ 7.9/0.,300 + 2.4 + 10,3 | -227.7 | +141.3 | - 86.4
LI-L2 -340 -134 .7 -35.1 | «169.8/0,.148 -25.1 ~194.9 | -534,9 | -141.3 -676.2 -541 =541
+ 1005 + 7.9 + 18.4 0.266 + 4.9 + 2305 ‘200.7 + 8706 -11301
TL2=L3 ~320 «133,.6 =39.6 | «173.2(0.160 -27.8 -201:0 | -521.0 | - 87.6 -608.6 -486 -521
+ 15.7 + 8.8 | + 24.5(0.236 + 5.8 + 303 | =183.2 | 4+ 52.5 | ~130.7
L3=-14 -305 =133 .2 “44.1 | -177.3(0.174 -30,.9 -208.2 | «513.2 | - 52,5 -565.7 -453 =513
I4-15 -298 -115.0 ~43.0 | -158.0(0.182 -28.8 -186.8 | -484.8 | - 32.1 -516,9 -414 -485
+ 28.1 +24.9 | + 53.0(0,.,236 +12.5 + 65.5 1+ 90,1 |+ 2.5+ 92.6 + 74 + 90
UO’T;I - 28.1 -13.8 - 41.9 00174 - 703 - 4902 - 73.8 - 205 - 76.3 - 61 - 74
+ 24.5 +26.5 [ + 51.0(0.250 +12 .8 + 63.8 |+ 86.2 |+ 1.1 1|4 87.3 + 70 + 86
UI-1L2 - 24.5 -13.3 | - 37.8/0.,182 - 6.9 - 44.7 |- 67.1 |~ 1.1 (- 68.2 - 55 - 67
+ 22,8 «28.3 | 4+ 51.1|0.286 +14.6 + 65.7 | +85.1 [+ 0.2 |+ 85.3 + 68 + 85
U2«7.3 - 22.8 ~10.9 | « 33.7(0.,154 - 5.2 - 38.9 |~ 58.5|~ 0.3]-= 58.5 - 47 - 58
+ 16.9 +27.4 | + 44.3/0.300 +13.3 + O7.6 [+ 76.5 |+ 1.2 [4 77.7 + 62 + 77
U3-IA - 16.9 ‘1307 - 50;6 00236 - 702 - 37.8 - 5607 - 102 - 57.9 - 46 - 57
+ 49.2 +26.6 | 4 75.8(0.191 +14.5 + 90.3 | +135.4 |+ 0.8 +136.2 +109 +1356
U4-L5 - 49.2 =31.9 | - 81,1]0.210 -17.0 - 98.1 | -143.2 (= 0.8 |<144.0 =115 =143
+ 24.2 +11.9 | ¢ 36.1]0.174 + 6.3 + 42¢4 |+ 42.6 [+ 13.3 |4+ 55.9 + 45
UO'T;O - 20 - 3504 "29.7 - 6301 00236 -14.9 - 7800 "112.2 - 15.3 -125.5 -100 -113
+ 18,3 + 9.9 | + 28,2(0.182 + 5.1 + 333 |+ 7.9 |4 16.7 |+ 24.6 + 20
Ul-0L1 - 40 - 36.6 -29.7 | - 66.3|0.222 -14.7 - 81.0 | -123.6 |« 16,7 -140.3 =112 -124
+ 12.3 + 6.4 |+ 18.7(0.167 + 3.1 + 21.8 |=- 6.2 |¢ 11.8 |+ 5.6 + 6
U2-1.2 - 40 - 30.6 =28.0 [ - 58.6 (0,250 -14.7 - 73.3 [=113.3 |- 11.8 |-125.1 «100 -114
+ 5.7 "' 304 + 701 00266 + 109 + 9.0 - 19.0 + 8.3 - 10.7
U3-7.3 - 40 - 22.0 =23.8 | = 45.8(0.266 -12.2 - 58.0 |~ 98,0 |~ 8,3 -106.3 - 85 - 98
+ 11.0 + 8.9 | ¢+ 19.9]0.236 + 4.7 + 24.6 |- 3.4 |¢ 5.9 |+ 2.5 ¢+ 2
U4"L4 - 40 - 29.2 "1708 - 4700 00174 - 8-2 - 55.2 - 95.3 - 509 '10102 - 81 - 96
Ub-1.5 - 20 - 9.2 -14.8 | - 24.0/0.300 - 7.2 - 3le2 [« 51.2 |= 2.4 |e 535.6 - 43 - 51
Note: OUtresses expressed in kips.

# Corrected for reverszl.




TABLE 4

DESIGN SUBMAHY

(Three-hingzed Spandrel-braced srch)

Length | Vesign | Allow. | Area Least | Area reight
Lexber | (ft) | Stress| Stress | neq'd Section issembly r frv'd
(xips) | (k/in%)| (in%) (in.) | (in%) | 1b/ft 1b
+ 33
Uo=L1 25.0 - 31 13.2 2.k [ 29 L) 13.k 3.L49 7.9 | 26.8 - 670
+ 73
UI-L2 25.0 - 72 13.2 5.5 |29 LJ 13.4 3.49 7.9 | 26.8 670
+10¢8 )
+106 L—/5"——|
U3-UL 25.0 - 93 13.2 7.0 |29 L1 13.4 3.49 Te9 | 26.8 670
i Le. 4x 4 x5/8]
LO=-LI 30.8 | =625 1.2 Lul.0 | 2 Pls. 18 x 3/L 647 | uSeL [15L.5 L760
h Ls- Ll- X LL X 1/2
LI-L2 28.6 | ~-5L1 | 1L.3 37.9 | 2 Pls. 18 x 11/16| ____ €.40 | 39.8 [135.L | 3880
7
L Ls. bx L x1/2
L2-13 26,9 | =521 | 1.4 | 36.2 | 2 Pls. 18 x 5/8 L 6.47 | 37.5 [127.8 | 3LuO
blse Lx Lx1/2|
13-LL 25.7 -513 1i.L 35.6 | 2 Pls. 16 x 5/8 “eli7 ] 37.5 [127.8 3280
4L lse b x 4 x 1/2
14-15 25.1 -l£s 1L.5 33.4 | 2 Pls. 18 x 9/16 AebL | 35.3 |120.0 3010
+ 90 |
LO=-.1 LE.9 - 74 11.8 6.3 29 LJ 13.4 3.49 7.0 | 26.8 1310
+ (6
UI-12 37.5 - 67 10.8 6.2 |29 L1 13.4 3.49 7.8 | 26.8 1000
+ 65
U2-13 30.8 - 58 12.2 Le8 |2 9 LJ 13.4 3.49 7.8 | 25.8 830
+ 77 , _
+13
U0-10 60,0 -113 12.3 9.2 |29 L1 20 [ ] 3.22 | 11l.7 | LO.O 24,00
LI-LI 42.0 -124 12.3 10,1 |29 L1 D 3.22 | 11.7 | 40.0 1680
U2-L2 26.0 114 12.3 9.3 [29 LJ & 3.22 | 11.7 | &0.0 1120
Ul=14 12.0 - 96 14.6 fob 12 9 L1 13.4 3.L9 7.8 | 26.8 320
Us5-15 10.0 -5l 1L.7 3.5 {26 LJ 13.4 3.49 7.6 | 2€.8 270
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ANALYSIS AND DESIGN OF THE TWO=HINGED SPANDREL=-BRACED ARCH

Loads

l, Dead Load

The dead weights were assumed to be the same as for thor

three~hinged arch, with the exoeption that the weight of the
trusses, details, and laterals was assumed distributed equally
between the upper and lower peanel points, The resulting dead
panel loads are shown in Table 7,

2e Live Load

| The live load was, in all respects, the same as previous=
ly desoribed for the three-hinged arch.

S, Wiind Load

The lateral wind forces were assumed to be the same as

for the three-hinged arch, however, a slightly different
lateral system was oconsidered to resist these forces, Con=
tinuous lateral trusses in the planes of ﬁho upper and lower
chords were assumed as tension diagonals and compression
struts. Also, tension diagonals were sonsidered in the
vertical end plenes of the structure for taking the wind
fcreo £rom the upper lateral system to the abutments. The
resulting forces acting in the plane of the leeward arch were
caleulated in a manner similar to that shown in Appendix B

for the three~hinged arch.
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Analyeis
The reactions and stresses for the two-hinged spandrele

braced aroh are statiocally indeterminate. A struoture of

this type is readily solved by applying Castigliano's theorem,
V=4

l

A —> —<— /f
K 7

Fige 5. Two=hinged Spandrel«braced Arch

#or any loading P (Fig. 6), the load and vertical
resactions and the horigontal reactions were ouvnsidered in

two parts as shown in Fig, 6,

]

0 A
(a) Condition H = 0 (b) Condition H = 1

Fige. 6
As a result, the stress in any member (Fig. 6) was equal to
F =3 + Hu
in which 8 » stress in any member of Fig, 6a,
u = stress in any member of Fig. 6Db.

H = horizontal thrust
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The total internal work

oS hE - enml

wWhere A = oross seotion ares of any member,

E = modulus of elastiocity.
From Castigliano's theorenm,

oW (8u + Hu®) L
F): S A% -

0

from which
Sul

H.‘—————z——-—

> ir

At this point is was necessary to make as assumption
regarding the unknown areas of the verious members, By
essuming that both A and E were constant for all membders,
the above é¢gquation was reduced to

> Sul
> wlL

The acouracy of this assumption was checked after the oross

He®s @

section areas were obtained for the various members, A

comparison of the values of H follows:

Unit Load at Constant Variable % Variation
Areas Areces
Ul 0.245 0.247 0.82
111 0.479 0.472 l.46
U3 0.690 0.681 1.30
U4 0.868 0.846 1,06

Ub 0,921 0.918 C.33
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Like the three~hinged arsch, this struoture was analysed
by an influence table, however, the process by whieh the
table was obtained was more laborious. A uni¢ lead was eon~
sidered %o move aeross the entire span (Fig. 8a), snd for each
of its panel point positions, the stress (8), in eash memder
for half of tho‘trulu was oaloulated, Also, the stress (u),
in each member was caloulated for the ocondition H » 1 (Pig. 6b).
From these values of 8 and u, H was oaloculated for the unit
load at each upper panel point, Onoce these values were obe-
tained, the ocaloulation of the influence ordinates for stress
in each member follewed,

With the aid of Table 6 (Summary of Influence Table) and
the dead and live loads previously determined, the dead and
live stresses shown in Table 7 were saloulated,

For the wind loading on the leeward truss, a new value
for H was obtained with whieh the wind stress in each menm~
ber was ealoculated., As shown in Table 7, these stresses were
assumed %0 de equal in magnitude but epposite in sign for
the windward truss,

Also, stresses were ealoulated for a uniform temperature

variation of < 60° Fahrenheit. The temperatsure stress in any

member was equal to T = Hu
. ol
»
where ;!;

Iy 3



w2le

in which e

coefficient of linear expansion
(.0000085 per degree)

t = change in temperature (%60°)
L = length of span (260 f¢)
u = stress in any member due to H = unity
A = aresa (assumed oonstant at 25 in.a)
E = modulus of elastioity (29,000 &/1n.z)
Temperature stresses thus determined appear in Table 7,
After the oross-sectional areas were determined, new temper-
ature stresses were oalculated for those members whose areas
differed greatly from 28 sq, in, However, no changes in the
sections were required,
The design stresses were determined in the same manner
a8 for the three~hinged arech except that here it was necessary

to include the temperature stiresses,

Design

Design of the main members was made in accordance with
the current A.A.8.H.O, apecifioationnlo. The unsupported
lengths of membere U0-LO, UO-Ll, and Ul~Ll were redused by
placing & stiffening brece from joint Ll horisontally to

member UO=L0 in the seme manner es in the three«hinged arch,
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TABLE 6

SUMMARY OF INFLUENCE TABLE
(Two~hinged Spandrel-braced Arch)

Member Sum of Ordinates Maximm Ordinate Loaded Length
+ - + - + -
UO=-UI 0.475 0.826 0.12) 0.429 175 75

UI-02 0.9u8 1.900 0,250 0.890 150 100
U2-u3 1.169 3.103 0.339 - 1.332 150 100
ULu=-Us 0.078 4210 0.039 1.660 25 225

10-LI 0.000 6.691 0.000 1.131 0 250
LI-12 0.209 6.028 0.209 1.16 25 225
L3=Li 1.194 4.820 0.661 1.189 75 175
Li~15 1.260 3.428 0.766 0.912 100 150

UO=LI 1.417 0.926 0.837 0.242 75 175
UI-12 1.618 0.716 0.925 0.192 100 150
U2-13 1,692 0.49s 1.056 0.123 75 175
U3=14 2,305 0.769 1.210 0.336 150 100
Ul-Us 3.340 2,434 1,268 0.910 125 125

UO-L0 0.794 2.386 0,210 0.994 162 88
UI-LI 0.526 2,226 0.1 1.005 150 100
U2-12 0.256 1.957 0.071 0.967 150 100
U3-L3 0.188 1.848 .11 0.854 75 175
Us=-15 0.000 1.000 0.000 1.000 0 50




Dead Panel Loads

(Two~hinged spandrel-braced ‘rch;

Upper chord .. 41.8 kips

TAR

STRu

-l -

LB 7

TAB.L

..ower chord .. 5.7 kips

Live Panel Toads Uniform .. 18.3 kips Concentrated: for chords .. 20.6 kips
for webs .... 29.7 kips
Dead Live Stress Impact | Impact | 7, + I | D+L+I| Temp. | ¥ind |D+LeI | 0.8(D+L | Pesign
Member | Stress factor | Stress 3# Stress | otress | +T+W | +I+4T+V) | Stress
Unif. Cone., Total
: + 8.7 + 2.6+« 11.3 0.167 ] + 1.9 + 13.2 ]| ¢ 2.3 + 5.5 ¢+ 2.8| + 10.6 + 9
U0-UI - 16,7 | - 15.1 - 8,8 - 23.9 0.250 ] = 6.0 - 29.9 | - 47.4 - 5.5« 2.8]| « 55.7 - 45 - 47
+ 17.2 + 5.2 | ¢ 22.4 0.182| + 4.1 + 26.5( - 5.1 +14.6 | + 30.8 | ¢ 40.3 + 32
UI-U2 - 465.2 | - 34.8 -18,3 | - 53.1 0,222} -11.8 - 64,9 | =-110,1 =14,6 | - 30,8 | -155,5 - 125 -125
+ 21.4 + 7.0 + 28.4 0.182 | + 5.2 + 33.6| - 30.8 +29.8 | ¢+ 48.1 | ¢+ 47.1 + 38
U2-U3 - 92,0] - 56.7 -27.7 | - 84.4 0.222 | =18,7 -103.1 | -195.1 «29,8 | - 48,1 | =273.0 - 218 -218
» + 13.1 + 4.7 + 17.8 0.200| ¢« 3,6 + 21,4 | - 88,0 +51.1 | ¢ 50,4 | ¢+ 13.5 + 11
U3-U4 «156.3 | - 73.2 «33.6 | -106.8 0.200 ]| =-21.4 «128,2 | =284 .5 -51.1 | - 50.4 | -388.6 - 312 =312
+ 1l.4 + 0.8 ¢+ 2.2 0.300 ] « 0.7 + 2.9 | -134.3 +64.0 | ¢ 51,0 | « 19.0
U4-UD =-196,0 | - 77. -34,2 | -111.2 0.143 | «15,9 «127.,1 | =323.1 -~64.0 | « 51,0 | -438,1 - 350 «350
"318.0 41508 + 40,8 -251.4
LO-LI -31800 -12204 "'2503 '14507 00133 —1904 ‘165.1 "48501 -1508 - 4008 -53907 - 431 -483
+ 3.8 + 4.3+ 8.1 0.300| ¢+ 2.4 + 10,5 | -182.7 +21.0 ! ¢+ 17.4 | -140,1
LI-12 -276.,0 | «110,3 23,9 | =134,2 0.143 | -19,.2 -153.4 | -429 .4 «21,0 | =« 17.4 | =467.8 - 374 -4 29
" 11.8 + 9.2 + 2100 0.286 ‘. 6.0 * 27.0 -134.” +29.6 + 3.5 ‘101o6
T.2=13 -231,01 -100.8 -24.,4 | -125.2 0.154 | -19.3 -144.,5 | -375,5 29,6 |« 3.5 | -408.6 - 337 =376
+ 21.8 "13.6 + 35.4 00250 * 808 "' 44.2 - 7604 +4309 * 2505 - 700
I3-T4 -172.0 | = 88.2 24,5 | «112.7 0,167 | -18.8 -131,6 | -303.5 43,9 | « 25.5 | «372.9 - 298 =304
+ 23.1 +15.8 | + 38.9 0.222| ¢ 8.6 + 47.5 | - 24.6 +64.,3 |+ 50,0 | ¢+ 89.7 + 172
TL4-15 «103.,0 | - 62,7 -18.8 | - 81.5 0.182 | -14.8 - 96,3 | -199.3 «64,3 | - 50.0 | -313.6 - 251 «251
+ 32,8 | + 29.6 +24;6 + 54.2 0,250 | +13.6 + 67.8 | +103.2 +410.,7 |+ 5.6 | +119.56 + 96 +103
UO-LI - 1609 - 702 Ll 24.1 00167 - 400 - 28.1 - 707 "‘10.7 - 506 - 24‘0 - 19
+ 42.8 | + 29.6 +27.4 | + 57.0 0.222 | +12.7 + 69.7 | +112.5 +13.7 |+ 10.4 | +136.6 + 109 +113
UI-LZ - 1301 - 507 - 18.8 00182 - 5.4 - 22.2 + 7.8 "1307 - 1004 - 1603 - 13
+ 56,8 | + 31.0 +431.4 | ¢+ 62.4 0.250 | 415,86 + 78,0 | +134.8 +18.7 | + 16,5 | +170.0 + 136 +136
UR=-13 - 9.1 - 3.7 - 12.8 0.,167 ) = 2.1 - 14,9 | + 24.8 18,7 | - 16.5 | = 10,4 - 8
+ 72.9 | + 42.2 436,00 | + 78.2 0.182 | +14.2 + 92.4 | +165.3 +23.6 | + 22,0 | +210,9 + 169 +169
Us-IA4 - 1401 '10.0 - 24.1 0.222 - 504 - 29.5 + 2105 -2306 - 22.0 - 24.1 - 19
+ 43.0 | + 61.0 +37.6 | + 98,6 0,200 ] +19.7 +118,3 | +189.1 +413.8 | ¢+ 13.2 | +216.1 + 173 +189
U4-15 - 44 .5 «-27.0| - 71,5 0.200 | «14.3 - 85.8| - 83,5 -13,8 | - 13.2 | =110.5 - 88
+ 14.5 + 6.2 |+ 20.7 O.174 | ¢+ 3.6 + 24.3 | - 10.1 + 9.2 0.0 - 0.9
1U0-1,0 - 49,2 | - 34,6 -29.5| - 64,1 0.,235] -15.1 - 79.2 | =128.4 - 9,2 | =117.4 | -255.0 - 204 -204
+ 906 '.' 4.2 + 13.8 00182 + 205 + 1603 - 35.9 +10.2 + 902 - 16.5
UI-1.I - 74,6 | - 40.5 -29.8 | « 70,3 0.222 | -15.6 - 85,9 | =160,5 =10.,2 | = 9.2 | =179.9 - 144 ~161
+ 4.7 + 2.1 |+ 6.8 0.182 | + 1,2 + 8,0« 44,6 +10,9 | ¢ 11.0 | = 22.7
U2-12 - 75.2| - 35,8 -28,7 | - 64.5 0.222 | -14.3 - 78,8 | -154,0 «10.,9 | - 11.0 | =175.9 - 141 «154
+ 3.4 + 33 L 607 0.250 + 107 + 8.4 - 4208 *1002 + 10.8 - 21.8
U313 - T73.2| - 33.8 -25.,4 | = 59.2 0.167 | - 9.9 - 69.1 | =142.3 «l0e2 |« 10,8 | «163.3 - 131 =142
+ 10,4 + 8.1 |+ 18,56 0.222 | + 4.1 + 22.6 |-« 17.8 + 5.1 |4 6.3 |~ 5.4
U4-L4 - 57.7 - 54.8 "lgos - 5404 00182 - 909 - 6403 "122n0 - 501 - 6.3 ‘133.4 - 107 “122
| -41.8| - 0.0 |+ 1.4 |- 40.4
U5"L5 - 41.8 - 18-3 -29.7 - 4800 00286 -13 -7 - 61.7 -103.5 - 0.0 - 104 '10409 - 84 ‘-104
Note: oOtresses expressed in kips.

# Corrected for reversal.




TABLE 8

(Two~hinyed Spandrel-braced Arch)

Length | besign | Allow. Area |’ Least | Area veight
Lenber (ft) | Stress Stress heg'd Section Asserbly r Prvéd
(xips) | (x/in$) | (inf) (in.) | (in%) | 1o/ft 1b
Uo-U1I 25.0 - L7 13.9 3.4 |2 12 L1 20.7 L6l | 12.1 | Ll.4 1040
GI-U2 25.0 -125 13.9 9.0 (2 12 L1 20.7 [ ] L6l | 12.1 | Ll.L 1040
b/ "]

y2-13 25.0 =218 13.8 15,8 (2 12 L1 30 L.28 | 17.6 | 0.0 1500
2 12 LJ 30 L

U3-UL 25,0 -312 13.6 23.0 |2 Pls. 10 x 5/16 I[ I' 3.96| 23.8 | 61.2 2030
2 12LJ 30 - = '

UL=U5 25.0 | =350 13.5 25.9 {2 Pls. 10 x 7/16 3.87| 26.3 | 89.8 2250
2 15 L1 50 ————

LO-LI 30.8 | -LB3 13.6 35.5 |2 Pls. 12 x 5/16 I I L.92 | 36.8 [125.6 3870
215 L1 L0

LI-12 28.6 -429 13.8 31.1 |2 Pls, 12 x 3/8 | =——~ Le98 | 32.4 [110.6 3140

13-L, 25.7 -304 14.2 2l.L {2 15 LJ 40 [ ] Ses4is | 23.4 | 80.0 2040

Li-15 25,1 -201 1..3 17.5 (2 15 L4 33.9 G.62 17.8 67.8 1700

U0=-LI LE.3 +103 18.0 5.7 |2 10 L1 15.3 3.87 7.2 | 3C.6 15

LI-12 37.5 | +113 | 18.0 %3 |2 10 L1 18.3 3.87| 7.2 | 30.6 1150

L2-13 30.86 | 4136 | 18.0 7.6 |2 10 LJ 20 3.66| 10.0 | L0.0 1230

L3-LL 277 +169 18.0 9.4 |2 10 L] 20 3.64| 10.0 | LO.O 1110

U4=L5 26.9 +189 18.0 10.5 (2 10 L 25 J.u2 | 12.6 | 50.0 1350

Uo-LO £0.0 =204 11.9 17.1 |2 10 L] 30 [ ] 3.42 17.6 | 0.0 3600

UI-LI L2.0 =161 12.7 12.7 {2 10 LJ 25 3.52 | 1li.7 | 50.0 2100

L2-L2 26,0 | =15y | 12.7 12.1 |2 10 L 25 3.52 | 14.7 | 50.0 1400

U3-13 18,0 | =12 | 14.1 10.1 {2 10 LJ 20 3.6 | 11.7 | LO.O 720

Us-15 10.0 | -104 | 1.8 7.0 2 10 LJ 15.3 3.87 | 8.9 | 30.6 310
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STIFFNEBS OF THE TWO ARCH STRUCTURES

In determining the stiffness of the two structures,
their deflections under live load plus impaoct was osonsidered,
For both arches, the deflections of two points were deter~
mined, (1) US with fho live load aocross the entire span, and
(2) US with the live load across nearly half of the span, The
l1ive loading used was that previously determined (see Fig, 2)
with the ooncentrated load aocting at the points for whiech the
deflection was being determined,

For the uniform live lqad across the entire span, the
impact factor was i}?'%gfgﬁ = 0,133 and the resulting live
plus impact panel loads were as follows:

UnifoOrm seccecsescavecsescocee 18,5 x 1,138 = 20,7 kips

Concentrated: for chords ..... 20,8 x 1,135 = 23.3 kips

for webs ceeceee 29.7 x 1,133 = 33,6 kips

For the uniform live load from LO to halfway between U4

and U6 the impact factor was 123_22111 e« 0.211 and the

resulting live plus impact panel loads were as follows:
UnifoOrm seeeccecncsscssessssee 18,3 X 1,211 = 22,2 kips
Concentratedt for chords ceeee 20.6 x 1,211 = 25,0 kips

£Or Web8 ceeceee 29,7 x 1,211 = 36,0 kips
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By virtual work, all deflections were determined as

follows:

A = > Bk

where A = deflection of any point (in.).

8 = gtress in any member due to applied live plus
impact loads (kips).

u = gtress in any member due to & unit load at any
point where the deflection is required,

The oaloulations for the deflections shown in Table 9

are inocluded in Appendix C,
TABLE 9

COMPARISON OF DEFLECTIONS

Full Losading Partieal Loading
AUE (4n,) A08 (in.)
Two-hinged arch 0,90 0,79

Three~hinged arch 1.28 1,01
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EFFECTS OF LATERAL DISPLACEMENT OF SUPPORTS UPON THE TWO
STRUCTURES

Lateral ylelding of abutments of & three<hinged arech
produce no stresses of any major importance so long as the
over=all geometry of the structure does not change arprecie
adly. On the other hand, for a two-hinged arch, small horie
gontal dicplaoomonfa of supports produce stresses whisch bear
investigation,

The stress in any member of the two~hinged areh due to

lateral yielding of suprorts equals Hu where

S

in which & = §norease in span due to a relative lateral
movement of supports, (Fig, 7a)

U = stress in any member due to H = unity

(Fig. 7b)o
A A=/ A=/
—— — i
(@) 7 (b)
o=
Fi Se 7

For & relative lateral displacement of 0,25 in,

Hs= 32%9201:53'25 = 2,23 kips

The resulting stresses are shown in Table 9,
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TABLE 10

CALCULATION OF STRBSSES CAUSED BY A RELATIVE

LATERAL YIELDIHG OF SUPPORT8 OF 0,25 INCHESR

(Two-hinged Spandrel=braced Areh)

2

Member L u u'L Hu
A A (kips)
Uo=Ul 24,9 “0.429 + 4.6 - 0,97
U2-U3 17.1 2,330 + 92.9 - 5,20
U3 =U4 12.6 -4 ,000 *303.0 - 8098
U4=UB 11.‘ ‘5.000 +385.° '11015
LO-LI 10.0 1.232 + 1502 + 2.78
Ll1-L2 10.6 1.639 + 28,6 + 3.66
L2-L3 11.0 2,310 + 58,7 + 65,18
L3~L4 13.2 S.430 +155,1 + 7,68
L4~Lb 16.2 6.020 +384,.0 +11.20
Uo-L1 86.6 0.83%6 + 45,8 + 1,88
UI-LZ 50.4 1.070 + 57.6 + 2039
U2-L3 Sl.4 l1.466 + 67,6 + 3,27
U3-1L4 28,3 1,848 + 96,68 + 4,11
U4-L6 22,0 1,078 + 25,5 + 2,40
UO'LO 40.9 ‘00720 + 2102 - 1.61
Ul-L1 34.4 -0,798 + 21.9 - 1,78
U2-12 22,9 -0,857 + 18,8 - 1,91
U3=-L3 18.4 «0,.800 + 11,8 - 1,79
U4d-L4 1.1 «0,400 + 2,6 - 0,89
U6=-L6 13.4 0 0 0

2
Z.‘."T“ for half of span = +1626,0
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VI

SUMMARY ARD CONCLUSIONS

~Summar
The weights of the main members of the two structures
are a8 followss
Two-hinged areh cceceeees 72,000 1b per truss
Three~hingsd &rceh eceecee 85,800 1b per truss
Considering the weights of details and laterals to vary in
the same ratio as the main members of the respective arch
trusses, it was found that the three~hinged arch was light~
er than the two-hinged areh by 8,6%.

The maximum defleotion for each areh structure was
found at the center with the live load across the entire
span, They compare as followss

Two~hinged arch ccceceeces 0.90 in,
Three~-hinged arch cceceee 1¢28 in,

An inspection of Tables 8 and 10 indioates that for
the two~hinged arch, & relative lateral yielding of supports
of small magnitude (0,28 in,) produces no critioal stresses,
whereas, & lateral displacement of larger magnitude would

over=-gtress upper chord and diagonal members.

Conoclusions

1. From the standpoint of weight of the main members,

the three-hinged arch is more suitable,
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2. On the basis of stiffness, the two~hinged arch is
the stiffer of the two arohes, However, their maximum de=
flections are about the same order of magnitude and the
slight difference is of no major importance,

3. Neither the two«hinged nor the three~hinged areh
is stressed oritically by a slight lateral yielding of
abutments,

4, The three-hinged spandrelebraced aroch highway
bridge is shown to be more satisfactory for the confige

uration investigated,
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APPENDIX B

CALCULATIONS OF WIND LOADS ON LEEWARD TRUSS

Lateral Loads

The lateral wind ferces specified by the A.A.83.H,0, are
stated in part as followss
(1) 30 pounds per square foot on 1l times the
projected area of the strusture as seen in
olof&hion.
(2) 200 pounds per linear foot om live road So
be applied 6 feet above the readway,
(3) The minimum lateral foree te be 300 pounds
per linear foot on the loaded chord and 180
pounds per linear feos on the unlosded ehord.
For estimating latersl wind loads, the following assump~»
tions were mades
(i) Dopth of Chords scceccscsccsccocessccccse 18 4in,
(2) Depth Of WEDS ceeceveccacccosssccssscccne 13 in,
(3) Depth oé roadway (eurd and siringer) .... 18 in,
(4) Depsh of hand rall ccceveccecssssnssescse 8 in,

(8) Distance from center of floor beam
0 erown of ’O‘d'.y 000coenoegrEpROccss RO 24 in.

The lateral wind econcentration at any lower panel point

from each member intersscting at the point was

¥ x ¥y x50 x 1.6 1.875 Lw
where: L = length of member (ft); w = width of member (in.).
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Denoting chord members by (o), vertical members by (v), and
diagonal members by (d), the lower panel point concentrations

were determined as follows:

L0 (og 1,875 x $0.8 x 18 = 1040
(v 1,875 x 60 x 12 = 18360

b
Ll (o) 1,876 (28,7 + 30.8) 18 = 2010
(v) 1.8756 x 43 x 12 - 960
(4) 1.8786 x 48,8 x 12 " 1100

4060 1b
L3 (o; 1,876 (28,7 + 26,9) 18 « 1880
(v 1.878 x 28 x 12 - 630
(a) 1.876 x 27.56 x 12 - 840

b
LS (o) 1,875 (26,9 + 2E6.7) 18 = 1770
(v) 1,876 x 18 x 12 - 410
(4) 1,876 x 30.8 x 13 " 690

Lb
L4 (og 1.876 (36,7 + 26.,1) 18 = 1780
(v 1,878 x 12 x 12 - 270
() 1,876 x 287.7T x 12 - 620

2660 1b
L6 6) 1.376 x 26,1 x 18 - 860
vg 1,876 x 10 x 12 » 230
a 1,876 x 26,9 x 18 . 810

1650 1b

Total for half of truss = 16,920 1b

lateral foroe per ft of span on unlosaded chord = &gtgzg

= 138 1bs therefore, the minimum force of 180 1b per ft was
used, making the losds for interior panel points 150 x RS

e 3750 1b, and for exterier panel points 1850 x 123.5 = 1,878

1b,



For lateral wind eoncentrations on the upper

the wind foroe was insluded oni

live 1084 sececevcssccscaccncnncces 200 x 28

road WAY sescscccccccccccnce 1.875 x 60 x 18

hand reil ceevevcoosnsoscene 1,876 x 60 x 6

Ohord cececcceccscssessccscese 1.876 x 60 x 18

vertioals

diagonals

}Vtti.l with Joints

The total for each of the upper

follows:s

vo

Ul

v

us

U4

us

1,876
1,876

1,878
1.878

1,878
1,878

1,878
1.878

1.876
1.878

1,878

48,9

42 x
$ST7.5

28 x
30,8

18 x
27.7

12 x
26 .9

10 x

panel points was

4,470

12 - 1,380

x 12 - 1,130

8,920

8,940

12 - 940

x 12 - 840
0,

8,940

12 - 630

x 12 - 890

15.!30

8,940

12 - 410

x 12 - 620

8,940

12 ™ 270

x 12 - 810

50525

4,470

12 - 230

~T;760

panel points,

5,000 1b

1,690 1b
= 560 1b

1,690 1»

B,040 v +

ealoulated as

1»

1b

b

1v

b



=38

Total foroe on half of truss = 52,400 1b»

Lateral forece per foot of span = 2%*%22 » 420 1b

8inoce this was greater than the 300«1b minimum, the above
caloulated loads were used,

Vertioal Loads at Upyor Panel Points

The overturning effect of the wind on the live load was
resolved into a eouple acting on the upper panel points as

shown in Fig. 1-B,

50004#
—_—
1,
o
Ev?~¢_»,jp 7 4 < (4 ¢ oV > .,,_’?I g,
| _ _ _ _t
< 25" = 1

Fig. 1=B

Wind on Live Load

Vertically downward loads on the leeward truss at U2, us,

and U4 were 500 x 8/28 = 1,430 1b and at Ul and US, 715 1b.
Lateral wind eoncentrations (w),as the upper panel points,

aoting through the transverse bdbrasing, have an offect on the

leeward truss equivalent to shat of vertieally downward forces

applied to the upper panel points (see Fig, 2eB),
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Fig. 8-3

A Typioal Transverse Bracing 8eection
These equivalent vertioal forces (V), equal in magnitude %o
the vertioal stress eomponents of the transverse tensiom

diagonals, were determined dy:

'.-—%——-

wheres h = depth of truss at any panel point
28 = distance between trusses
For the various panel points, V was determined as follows:

vo 6920 x 60/28 « 14,800 1b

Ul 10,730 x 43/28 16,100 1b
U2 10,260 x 26/28 » 10,260 1b

U3 8,970 x 18/328

6,400 1b
U4 9,820 x 13/88 » 4,210 1v
Us 4,700 x 10/28 - 1,680 1b
The sum of the above two vertical effects is expressed

fn kips and shown in Pig, §, Page 10,



VYoertiocal and Horisontal Loads at Lower Panel Pointe

The loads on the lower lateral system were the sum of the

upper and lower panel point wind soncentrations. (Pig. 3~B)

AN AN
AN \\\ N N N\
AN N\ AN \ AN
AN N\ \
A /
' A A T
G4 /45 /Lo 137 /36 & &
(4s2s) ¢
7T
0.
4 =z |
#£79
G2 4
Fi‘. S=-B

Loading and Shear Diagrams for Lower Lateral System

The shear in the lower laterals was taken by the tension
diagonals. 8ince these diagonals were im ineclined planes,
they had vertieal and horisontal stress ecomponents whieh acted
upen the arch trusses as vertiocal and horisontal loads,

The vertical component at any panel point was

panel shear x vertiosal projesctiom of diagonal length
, truss spasing

and for the various poin¥s was determined as follows:

L1 62.4 x 18/28 = 40.) kips

L2 47.9 x 14/28 = 24,0 kips
L3 33,9 x 10/28 = 12,1 kips
14 20,2 x 6/28 « 4.3 kips
L8 6.8 x 2/28 = 0.5 kips
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The horisocntal eomponent at any panel point was

panel shear x panel length
$russ spuoing

and for the various points was determined as follows:

Ll
L2
L3
L4
LS

62.4
47.9
33.9
20,2

6.8

x

The above oaloulated loads

Fig., 3, Page 10,

25/28 » 855.7 kips
25/28 » 42.8 kips
25/28 = 30.3 kips
25/28
28/28

18.1 kips

8.9 kips

are shown on the leeward truss in
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APPENDIX ©

CALCULATIONS OF DEFLBOTIONS

TABLE 1-C

DEFLECTION OF US BY VIRTUAL WORK
(Three-hinged Spandrel~bdraced Arch)

8
Member u L Sul
Unif. | Oone., | Total zx X
U0-U1 0 + 65,6 |+ B5,6|+0,258] 38,8+ 82
U1-02 0 +12,85 |+ 12,6 | +0.5368 | 38,8 | + 260
U2-U3 0 419.4 |+ 19.4 | +0.833 | 38,8 | + 828
US-U4 0 +19.,4 |+ 19,4 | 0,833 | 38.8 | ¢+ 628
U4~U6 0 0 0 0 38,8 0

LO«L1 «159.4 «365,9 | «195.,8 | «1,5640 8.8 | #2450
Ll-L2 «148.0 «380,7 | ~187,7 | =1.702 8.,6 | +28760
L2~13 =139,1 44,9 | ~184,0 | 1,021 8.6 | #3040
L3«14 «133.0 «50,0 | »183,0 | »2.140 8.6 | +3380
L4~L6 -130.0 =483,7 | «178,7 | =2.090 8,6 | +3180

U0=L1 0 wl6,8 | = 15,8 | =0,468 76,56 | + 668
Ul=L2 0 @180 | = 18,0 | 0,447 57,8 | + 387
U2-1L8 0 »wl2.,8 |- 12.3 | =0,.368 47,8 | + 214
US~L4 0 o 0 0 42,7 0
U4~L6 0 +30.1 | ¢ 30.1 | +0,898 27.7 | + 748
U0~L0 - 10.4 +13.4 |+ 3.0 | +0,400 8l.4 |+ T4
Ul«Ll - 20,7 *11.2 |« 9,5 | 40,383 43.0 | - 136
U2-L2 - 20,7 + T8 | = 13,6 | 0,314 87.86 | -« 80
Ud«l4t - 20.7 -11.' - 31.9 “0088’ 1‘.5 + 196
US-Lb « 10.4 «]l6,8 | = 87,8 | «0,500 16.4 | + 210

-8-:}& for half of span ¢ +18,531

2 x 18,631
AUS = 553663 = 1,88 in,
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TABLE 2-C

DEFLECTION OF U3 BY VIRTUAL WORK
(Three=hinged Spandrel=braced Arch)

S

Yember u L Sul
Unif. Conc, Total Iy X

U0=~Ul -16,9 w 2,4 |= 18,3 | =0,095 38.8 + 67
UleU2 «35.6 « 9,8 |= 45,4 | =0.393 38.8 + 693
U2«U3 =55,b w29, |~ 84,6 | =1.168 38.8 +3820
U3=U4 =554,5 «18,7 | » 76,2 | =0,750 38.8 +2190
U4=Ub 0 0 0 0 38,8 o
LO-L1 -58,4 23,1 | = 91,5 | =0,924 8,2 + 693
Ll1=-1L2 =45,3 «18,7 | = 74,0 | «0.750 846 + 477
L2=L3 «21.3 - 9,6 |» 30.9 | -0,384 8.6 + 102
13«14 0 +10.,7 |+ 10,7 | +0.428 B.6 + 40
L4156 0 0 0 0 8.5 0
U0=-L1l +31.0 4 8,7 |+ 37,7 | #+0.1886 T5.5 + 530
Ul-Ll +29,8 +16.,1 |+ 45,9 | +0.447 67.8 +1187
U2«L3 +24,5 +34 .4 | + 58,9 | 40,954 47,5 +2670
U3=L4 0 «l6,.,6 [ = 16,8 | =0.462 42,7 + 328
U4-L5 59,7 29,1 | - 88,8 | «0.807 27.5 +1970
UO"LO "48.8 - 5‘8 L4 54.6 -0.160 61.4 + 536
Ul-L1l -44 .4 12,0 | = 56,4 | «0.334 43,0 + 810
U2«1L2 =36 .4 20,1 | = 66,56 | =0.,5567 27,.6 + 889
U3~L3 -22,2 «28,8 | = 51,0} -0,.800 27.8 +1133
U4=14 0 +«10,8 |+ 10.8 | 40,300 18.6 + 60
U5«Lb 0 0 0 0 16.4 0
U6=«L6 -14,8 - T2 | » 32,0 «0.,200 18,6 + 118
UT7«LT o 0 0 0 27.8 0
U8«L8 + 9,5 + 4,6 |+ 14,1 | 40,129 27.6 + 50
U9«L9 +14,8 + T.,2 |+ 22,0 +0,200 43.0 + 189
U1l0-L10O +17,.,8 $ 8.6 | ¥+ 26,4 | +0.240 6l.4 + 389
U6=L5 +39,.8 +19.,4 | + 59.2 | +0.5638 27,5 + 876
U7=-L86 0 0 0 (0] 42,7 0
UB=~LT7 «=16,3 e 8,0 | » 24,3 | «0,221 27.5 + 2566
U9=-1L8 -19.8 - 9,86 | - 29,4 | -0.,268 57.8 + 455
U1l0=«L9 =20, 7 w1041l | = 30,8 | =0,280 7646 + 650
L5=16 92,6 w3l,4 | «124,0| =1.2564 8.53 | #1328
L?"LB "85.2 -28.8 "11400 "’1.155 8.60 +1510
L8=L9 =75.,5 w25,6 | =101,1 | «1.021 8.62 | + 890
L9-L10 «-68,.4 23,1 | = 91.6| «0,924 8.16 | + 689
U5=U6 0 0 0 (4] 38.8 0
U6=UT7T +37.,0 +12,5 | + 49.5 | +0.,500 38,8 + 960
U708 +37.0 +12.,6 | ¢+ 49,5 | +0,600 38.8 + 960
U8=U9 +23.8 + 8,0+ 31.8| +0.322 38,8 + 497
U9=-U10 +10.6 + 3,6 | + 24,2 | +0.143 38,8 + 134
Sul . + 29,335

29,336
AT3 = m = 1,01 in,




TABLE $=-C

odfe

DEPLECTION OF US BY VIRTUAL WORK
(Tfwoehinged Spandrel-braced Arch)

8
Member Q L Sul
Unif, | Cone, | Total X
U0-U21 - 7.3 + 3,2 |« 65,1 |+0,098 24.9 - 12
Ul-U2 - 19,7 + 35,6 ([« 16,1 | 40,155 24,9 - 62
U2~U3 - 40,0 ¢ 1,4 |~ 38,6 | +0,.058 17.1 - 38
Us-Us - 88.1 ©ll,b [= 79,86 | =0.493 13.6 + 498
LO=L1 =158,.6 28,4 | »164.9 | «1,181 10.0 +1865
Ll-L2 =120,5 «27.,0 | =147.8 | =1,181 10.68 +1818
L2=1L3 «100,8 «287,0 | «187.8 | «1,160 11,0 +1631
LE~14 - 75,2 «28,6 |~ 98,7 | «1,010 13.2 +1316
L4=15 - 45,0 «l0.,0 | » 65,0 | «0,430 15.3 + 380
Ul-L2 + 18,7 -« 3,0 |+ 16,7 | -0,087 50,4 - 69
Uz=~L3 + 24,8 + 3,9 |+ 28,7 | +0.118 31.8 + 108
US~L4 + 31.8 +320.8 |+ 62,6 | +0,.6818 23,3 + 920
U4~-LS + 18,8 +42,6 |+ 61.3 | +1.288 22,0 +1710
U0=L0 - 22,9 + 6.4 |- 17.6 | +0.160 40,9 - 114
UI.LI - 8500 +* 201 - 3209 *0.065 84.‘ - 71
U2-~L2 - 365,23 = 3.3 |= 37,8 «0,088 23.9 |+ ©58
us‘u - 8‘.8 - 8,9 - 48.5 .0.266 18.‘ + zl’
U4-L4e - 27.6 «]l65,7 | = 43.3 | =0,468 16.1 + 326
Ube«LS - 20,7 38,8 |~ 54,3 | =0,500 13.4 + 384

z E.:...L for half of span = +13,066

2 066
AUS = --’z‘-y%&u-— * 0.90 in,




whGe

TABLE 4-C

DEFLECTION OF U3 BY VIRTUAL WORK
(Two-hinged Spandrel=-braced Arch)

S

Member u L Sul

Unif. Cone, Total 'y X
U0-U1l -18,1 w 3,1 | = 21,2 | «0,124 | 24,9 + 65
U1-U2 42,0 wll,8 | =~ 53,8 | =0,472 | 24,9 + 633
U2«U3 «68,5 33,5 | «101.,8 | -1.332 | 17,1 +2320
U3=U4 “«T7T7.8 w2546 | =102,9 | =«1,026 | 12,6 +1330
U4=U5 -27.4 - 8,8 | » 36,2 | «0,350 | 11.4 + 144
LO-L1 61,7 21,0 | - 82,7 | =0,840 | 10,0 + 6956
Ll=-L2 36,5 «l5,9 | = 62,4 | -0,638 | 10,6 + 354
L2-L3 - 8,8 o 5,6 |~ 14,4 | =0.,224 | 11,0 + 35
L3=-L4 +18,.6 16,6 | + 35,1 | +0.,661 | 13.2 | + 306
L4=-L6 +27.1 4 8,8 |+ 35,7 | +0.342 | 15,2 + 186
U0=L1 +36,.,6 + 8,8 |+ 44,4 | 40,244 | 65,5 + 711
Ul‘Lz "35.8 *18.8 + 54.6 +0.521 50.4 +1488
U2=«L3 =326 +38,0 | ¢+ 7T0.5 | +1.066 | 831.56 +2340
U3=-14 +10,1 «12,1 |« 2,0 | =0,336 | 28,3 + 19
U4=-L6 =53 .9 w26,3 | = 80,2 | «0,732 | 22,0 +1293
U0«L0O «52,9 @ T¢6 | = 60,5 | =0,210 | 40,9 + 520
Ul«L1 -49,0 wl4,1 | = 63,1 | =0,392 | 34,4 + 850
U2«L2 41,4 22,2 | = 83,6 | =0,617 | 22,9 + 900
U3=1L3 w26,6 «30,7T | = 57,2 | =0,864 | 18,4 + 898
U4wld - 2,2 + 9,8 |+ 7.6 | +0.272 | 18,1 + 33
Ub=L5 0 0 0 0 13 .4 0
U6~L6 «17,0 - 8,83 | = 25,3 | =0,229 | 16.1 + 93
UT7=-L7 - 4.4 - 2,0| = 8,4 «0,055 | 18,4 + 6
U8«L8 + 5.0 + 2,6+ 17.6| +0,071 | 22.9 + 12
U9=-L9 +10,1 + 5,1 | + 15,2 | +0,141 | 34.4 + 74
U1l0=L10O +13,.8 + 6,8+ 20,6 0,190 | 40,9 + 162
U6=L5 +45,8 +22,2 | +# 68,0 0,615 | 22,0 + 919
U7-16 +10,3 4+ 4,6 + 14,9 +0,129 | 28,3 + b4
U8«L7 - 8,6 - 4,6 | = 13.0| ~0,.,123 31.56 + BbO
U9=18 «13,8 - 6,9 | = 20,7 =0,192 | 50.4 + 200
Ul0=-L9 17,1 w 8,0| 24,00 | =«0,221 | 65,6 + 348
L5~L6 «65,7 -22,8| - 88,5 =0,912 | 16.2 +1228
L6«L7 76,6 «26.4 | =102,9 | ~1,065 | 13.2 +1430
L7-L8 «72,.8 w24,9 | = 97,7} =0,995 | 11,0 +1070
L8=L9 66,48 22,8 | « 89,6 | «0,211 | 10,6 + 866
L9«L10 61,7 w21,0| -~ 82,7| «0.,840 | 10.0 + 695
Us=U6 «2T.4 o 8,8 | = 36,2 | =0,350| 11.4 + l44
Ue=UT7 +16,.2 + 5,6 | ¢+ 20.8| +0,226 | 12.6 + b9
U7-U8 +24,2 + 8,5 | + 32,7| 40,339 | 17.1 + 190
U8=U9 +17.4 + 6,0 + 23.1] +0.241 | 24,9 + 141
U9~U10 + 8,2 + 2,8 + 11,0| $0.,114 | 24,9 + 31

Z.S.l;l: - + 22,836
Aus = 22,838 0.79 in.

29,000
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