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The Design of & Reinforsed Conerete Arsh Bridge,

over Haton's Canon on the Mt. ¥ilson Toll Rond

The Mt. VWilson Toll Road waes originelly e two-foot burro-trail.

Latar on the grade wes revised and it wee made into a8 narrow wegon road.
The eseent besgan in the upper part of the Hoton's Canon Wesh. For sever-~
&l years the approach to the foot of the trail was up the bod of the canon,
over & very rough road. About three years ago, thet is in 1912, it wes
decided to eliminate this bad approach by building e wooden trestle bridge
aoross the osnon at the point where the Toll Road sterts up the side of the
mountein. This brides iz connested to the Senta Anite Boulevard by &
short, well built apvroach.

In view of the faet that the Solar UObssrvatory is hauling all of its
materials of sonstrustion end supplies over this bridge, and probedbly will
ve for many years, and that ¥t. Wilson offers also & most pleasing pleasurs
resort end is being used for that purpose, it seoms ressonable and prover
to assuma thet the traffic over the road will justify the replacement of
the old wooden bridgs by a more substential and &t the same time a more
beaut i ful struetura. This thesis offers & suggestion for such an improve-
nant «

A single-genter reinforeed consrete Areh will be investigetsed.
Although other types of bridge mizht be built which are mueh cheaper, it is
velisved thet the besuty, safety eagminet high water, and lesting quelities

of the reinforced areh are factors which strongly recommend its use.
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The site of the pregent bridee is at & point in the canon where the
gtoap walls suddenly widen out into & rather wide wash. This point seome
to b3 tha best lowation for an arch bridge. By going ferther up the sanon,
& shorter apan could be used but the approashes would have to be blested
from the solid rock oliff on either side of the senon, et the present site.
On the east side of the canon, the solid rock is visible at the surface,
and on the wast side of the ocenon a weter tunnel shows solid rock about
ten faet from the surfesa. It would therafore be possible to losate tas
ebutments on solid rock, at the present bridge site. Plate III shows the
moin features and tonography of tha sits selsctad.

The method used in d§signing thea arch, is thet outlined in "Prinecirles
of Reinforeed Concrete Construction® by Teunsaure and Maurer, pages 333 -
389. The metnod in brief is as follows. 4 preliminary design is select-
ad by the aid of epproxirate or empirical formulas eor by reference to ex-
isting arches. The selectoed arch is then exesstly anslyzed end if necess=
ary the results are used to correct the preliminary dssign.

The analysis oonsists of sevarel steps. First,the half arech is
divided into ten divisions along its axis, such thet the length (ds) of
sach division divided by the moment of inertia (I) of each division is a
eonstent « Becond, the voints st which the loade from the floor system
ars applied, are then determined end the valuss of the thrust at erown
(Ho) ., the shear et erown (Vo) , and the bending moment at erown (Mo),
ara found for unit loads at the load pointe. Third, ths influence lines
for gtresses at several differentsections ere constructede TFourth, the

stresses at the sevsral gsections are computed from ths influence lines



and the graphicel layout of the arch. 4 Fifth step is made in this
case, and consists of e gravhical solution to show that the line of
thrust steys within the niddle third of the arsh.

Selactions of the Arch: Howe's "Symmstrical Mesonry Arches® con-

teins & table which givee the name, loeding and principal dinensions of
five hundred erch bridges. TFrom this teble an arch of 75 ft. spen 17 ft.
rise ie selected, (V¥ith working straessses of 16000 lbs. per squers inch,
for atasl ( in tension) end 650 (1lhs. per squers inch) for concrate in
compression ) the amount of tension stesl to be used should be about «66%
of the area of the section. The section selectéd regquires, from this,
about 2 sguers.inches per foot width in extrados and iritrados- Rein~

forcement ¢o be placed 8 inches from surfaca.

Gelouletion of Values of I and ds.

The halfl lenzth of arch is found by sceling, to bo 43.3 £%.

Dapth &t crown 2.8 ft. and st springing line 8.0 tt.“' The roment of iner-
bl =I=T1,+ 151+ vhers I, end I, are the momant-tf_f‘ inartia of the con-
crste and the stesl sections ‘reepedtively. In mkix}tgﬁ%g = gongtent it is

first nscessery to divide the half arch into & numbaer of equal divisions.
In this cese the half arch is divided into ten equal ‘diyisions, (ses
“‘Paate I) end the velue of I determined at the aentéij of \9aeh divisione.
THe reciprocel of I is found end is celled (i). memu}.ta of these
celoulations are given in Tabla I. The preliminary: &i'\(is“inna are each
4.33 f%. long. 4As shown in Tabls I the value of‘_g_af#‘(‘a.&'s‘p By rofar-
ence to Plats I a new value for the momant of inartiai-_fiur}?ﬁi\fa first new

division may be sssumed and by substitution in the egyation _%; = 2,486,



e velue of ds may be found.

Bach velue of ds es found is laid off on

the arch axia. The first trial does not gonerally come out even at ths

and of the helf arch but by paying close sttention to the valus of I it

iz guite vossible to find ten valuss of de whose sum is exectly equel to

the langth of the half arch.

These results are alego shown in Table I.

TABLE I
Divisions of A&rch Ring.
o. of Div. Depth(d) I, 18] R 1
1 2.300°  1.012 .335  1.347 .743  3.30' 1.340
2 2.325' 1.041 .344 1.385 722 3,39' 1.378
3 2.875'  1.110 .363  1.473 878  3.50'  1.423
4 2.400' 1,150 .373  1.538 657 2.88° 1.498
B 2.475" 1.253 .402  1.655 805  3.83' 1.588
8 2.550'  1.375 .435  1.810 553 4.09'  1.864
7 2.625'  1.500 488  1.968  .508  4.48"  1.880
8 3.728" 1.870 .512  2.182 458  4.89' 1,990
¢ 2.860'  1.930 .572  2.492 .402  B.51° 2,240
10 2.960'  2.130 .822  2.752  .264  6.58' 2,670
sum 5.880 43,82
iavg.z gg_g_g = «589 _ds = 48.3 X B89 = R.48
' 1 i 10
Calgculetions of Ho, Vo, 2nd Mo for e load of unity et esch loagd
polnt . |

Befors veluas of Ho, Vo, and Mo can be found, it is nacessary to

kfiow the voints at which the loads are o k3 applied to the arch.

For
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the present we may consider thet the superstructure has been designed
and thet the load peints are 4, By ¢ & Dy &s shown in Plate I. Val~-
ues of Ho, Vo and o are found with & load of unity ot each of the
lond pointse.

Referring to Table II, X and y are the coordinates of the centrel
pointe of the varioue divisions in which ds is constent. Values of
My y MX end M,y ere determined when the '(Ilnit load is at A4 B, C and
D respectively. Xl as sh§wn in plate I is the distence of the re-

spactive loads from the crown. M. is squal to (X -%; «1)

r
From Tauneaure end laurer we heve ths following formalas for velues
of Ho, Vo and Mo, determined from & consideretion of the arch as &

curvad bearm.

. -Znly
3
° NIy %
Vo -
~= 3
Fu+at Sy
Mo =

Values from Table IT are substituted in thess formles. The re-

sults fHllowe



TABLE II

Calouletions for Ho, Vo & lo

Loed 8t & X3 = 0

2 2

X Y X Y My, i, ¥ My, X
1.6 .02 2.56 <0004 * Lull .04 2.6
5.00 .B00  25. «400 5.00 1.00 ;35.6'
8.45 .676 7L.B 456 8445 5.70 ;?iﬁé
12,00 1.400 144.0 1.96 12.00 16.80 144.0
15.76 2.400 248.0 577 15.75 37.80 248.0
19.5 3.650 880.0 13.30 19.50 71.20 380.0
23.35 5.400 545.0 29.2 23.36 1237.00 54540
27.50 7.65  757.0 58.5 27.50  210.00 757.0
9 31.75 10.55 1004.0 117.0 31.75 236,00 1004.0
10 86.35 14,35 138040 807.0 36,356  534.00 1320.0
P 46.20 4407.0 458,60 = 181,00 - 132B.54 . = 4497.1
Losd @t B. X, = 11 Loed at ¢ X} = 21
Pte  lip Uy ¥ p X My Hp ¥y Mp X
4  1.00 1.4 12
B  4.75 11.4 75
8  8.25 30.1 168
7 12.35 86.7 2689 2,35 12.7 55
8 16.50 126.2 455 8.50 49.8 179
9 20,75 219.0 660 10.78 113.5 343
10 2535 364,0 920 15,36 220.0 558

S = 88.95 - 8i8.8 - 8579 = 34.95 - 30B.8 -~ 1134



losdet DXy =3

Pt. Yy Mo ¥ My X
9 75 7.92 23.8
10 5,38 7680 1940
Z - 6.10 -~ 840?3 - 317-8

2
2 [(Zy)-NZa’*%

2
46.39 - 10 & 43305@ o)

- 4391.8
-
22X = 8 - 4489 = 8994
2N = RO
=* wt -t
Ho=mncomy = m¥ 10( - 1328.5) -(161.53 - 46.38) - 41.11
Loagd
Vou © :
2t o= S (MK) . _i400.1 _ - 0.50 o=+ 3.9
& £984 5904
- o ° . - 48
Yo =_§m*§xo&g - 181.5 + 2-1.11 439 = + 8.4
20 20
Ho = 10{ -818.8 = ( =58.05 -48.39 ) _ + .024
- 4391-3
Load
hpe 25?900
at Vo = - - .287 C = + o187
B
Mo . . =B88.95 + (2 -924 - 46.39) _ + 173
20
Ho - 10(‘39508) - ("34.95 ‘46039).. + 532
Loag ™ = ~ 4391.8
at
¢ g =, = -~ 1285
= Tooes G = = = 0¥

= Mo
Ho



- 88 =

Ho . 10C -84.72) ~ ( -6.1 - 48.,80) _ . <139

"‘439108
Load i
ot Vo . =817.8 _ - .0242 o = <2.27
B 8994
H@ R - 8.1 +( & - 0139 4 46029) — =292

20



Infinence Lines for Fiber Stress st eny Saction

Influence Lines are diagrsms which ghow the oharacter and emunt of
stress, at & particular section of the erch, caused by e unit loed pess-
ing across the arche.

From a consideration of fundementel principles we know thet

Fe=t a6 + P s in which Fo is the strsss on the section, o the
I “ET

distance from the sxtreme fiber to the neutrel exis, I the moment of

inertia of the pection, P the normal thrust, ¥ the product of P and the
sxcantricity of the resultant thrust.

If r equals the radius of gyration we have A rg = I,

thent
'Pg (v}
P =T Peac + Py~ °
I
1
= P{e+r31
— o

In & ractangular section ' is egusl
to b, 4, X Ho and ‘Bg dy X Ho for up-
per end lower fiver stress respsctive~

ly. by &, is vertical distencs from




B~
lower third point to thrust lina. ’bg dg is distance from upper third
point to thrust line. Ho ig feken from calcoulations following Teble II.
Valuss of M' are shown in Teble III end are plotted in Plate 1V.

These Influence Linsg show olsarly the action of the arch under vari-

ous loads. There is some difficulty in determining whether m' should

va plotted ag tension or comprasaion. In gensrel thils can be detoarmined
by referring $to Plate I and noting ths position of the thrust line.

Whan this line is well above the centrel sxis ws will have compresceion

in the uppser half of the ssction &nd tension in the lower helf. ¥hen
the thrust 1ine is bolow the central exis there will be tension in the up-
por helf end comprassion in the lower half of the cection. ¥hen the

i
lins is doubtful, it is necsssary to use the formula Fo = : . .

I A&

Yhen © s lerper than o ©

& I

L o

ve hava compression over the entire section.



Solution by use of Influsnce Lines.

TABLE III

Tnié
Load _
at — > B
H H
b,d, bad 5 Hobid; Hobaéé'”' Byd,  bady Hbd Hbd,
Sea.Ak; 4.2' 3.20 4,87 3,83 0.4 0.58 0.87 0.49
2 B 0.4 0.4 De44 0.44 5.0 4.15 4,82 2.83
% 0 0.90 1.80 1.00 2.00 0.50 0.50  0.48 0.46
® D 0.85 0.70 0.39 0.77 1.35 2.5 1.28 2.81
8 E 3.8 2.55 4,00 2.83 0.45 1.70 48 1.57
D
i M
2 A 0,70 1.65 378 0.88 1.95 3.80 0.25 49
. B 8.08 2.25 1.82 1.19 1.25 0.85 .16 .08
B c 805 705 40&2 4.0 504 “.501 1.58 ".o-?%
" g 1.7 3.85 .92 1.78 14.0 11.0 1.81 1.42
4 B 7025 Sl 3.88 4,83 33035 89.25 4.28 5.0’6
nit
Load
at — > B
M M
Sace B' 0.4 Ded b4 Y 1.8 2,05 1.88 3.45
¢ 0.9 1.8 1.00 3.00 1,78 2.856 1.83 2.45
® D' 0.35 07 .39 7 0.8 0.8 4 18
* B 3.8 2.55 4,00 2.83 5.0 4.0 4.682 2.70
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TABLE I1Y Cont inued.

Unit
Lagd ; .
at S Y -1
¥ ]
; b.d b_d Hbv.4 HY &
bldl bada Kobldl I{obg‘ia 11 23 o 11 0o 2
Ssc. B' 2.08 2.80 1.09 1.54 2.90 3,70 37 A8
7 o' 1.28 2.1 .48 1.13 1.60 2.45 1] .27
D' 2,18 1.25 1.14 .08 0.8 0.2 .10 .03
# ' 8.8 5.8 3.68 8.13 7.2386 B4 98 .82

FLOOR SYSTEM

Tha present traffic over the Mt. ¥Wilson Toll Romi songists of & few
zalméura automobiles, & srell motor stags and $wo fraight trucks, the heavi-
est boing a thres ton track. As noarly es ocan bs forstold, the heeviest
load svar to be sent over the roed will not axcaed ten tons. In the Engi-
nesring Howe, Sept. 1814, pp 492, Vol. 78, there appecrs an article antitled
Miotor Iruck Losding on Highway Bridges¥, in whioch saveral diagrams are gziv-

63 a ten ton diagren is selected and is shown hara.

g
o P M#‘\l
-2
Uniitorrm Load over s

entire areq SOT/fre
A aM”

/0" i (20—




fg the widkh of the road ig et prasent eight feet and as thare is no
Provevility of its being mnde widsr, i is reasonsble fto assune the rood-
way on ths bridge to b= nine fest,

The spendrel columns are essumed to gprsed the load equally over the
sntire width of arch,. By comparing the disgran with nlate T it will be
g35n that the wheal concentrations mey bte rade to come elmost exectly on the
top of the gpendral columng, This is of adventage in degigning the columme.

. Tha floor slet is desi;med according to the method givan by Tupnsaurs
and Heurer in “;Bfiinciples of ﬁami‘orced Concrste Construction®, rages 88+ 85,
For & beanm with fixed ende and a concentrated load

i _PL
&
P == load L = length in inch2s
H = Bending moment.
Therefore

M _ 8000 X 48
]

= 48,000 in 1lbe.

For & beam with fized ende and uniform load

H ¥ La

T Tig

¥ = weight of load per foot.
Thersfore:

2
M' _ 80 X 48" _ 15,300 in 1bs.
12

Totel moment . 48,000 + 18,330 = 63,300

Re 83,300 . ¥ . g0

12 X a° e
ba?
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D = depth %o stesl. With the working strosses in concrote and steel
already noted and a resulting percentepge of steel of about 78, the value
of R should s about 105. Solving we have d = 7 inchas. #n eipght inch
slab will be used. The erea of stesl to bs used should b2 L0078 ¥ 12 X 8
= .78 sguars inches for each foot width.

.75 a, Usa 3 ~ 1/2 inch, squars bars spaced ¢ inches apect.
28

the sheer on the floor slab will be:
Concontratsd losgd = 8000 1lhs.

Uniform live load % _ 320 1bs.

" dead " = 400 iba.
Total 8720 1oz
8720 4580 _ veuximum
s =

Reac-ion for one foot width.Aree of section = .87 gquare

faet . 4380 .. 8800 lbs. per sguars foob, = 45 lbs. per
squars ineh‘f7 48 1bs. per sauars inch is just e few pounds
too high for plain concrata. The gmallest size stirrup
which has besn found setisfectory is three aightk inch
SQUETE TOGS . There will ba ussd and will be svscaed twelvs
inches apart.

Instead of using a floor systen of beame end stringers, & systam of
stringers alons is ugade. Bech stringer is susperted at the loasd psinte by
8 columie. The mathod of designing the stringer is the same as that used
Zor thes floor slab.

Hn;fom loagd
welght of slab = 4 X 10 X 67 X 180 = 4000 1idbs.

" " live loed = B0 X 40 = 23200 "
Total 9209 v
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Veximum concentrated load = 8000 lbs.

¥ 503g X = 120,000 in lte.

=

2
i’ - 080 X 120 = 863,000 in lbs.

i2

Total - 983, 000 in 1bs.

R . 983,000 _ 106 for 78% steel

©

bd
egstume besn 18 X 30 R 80
4 12 X 25 R, 130
] B 14 X 26 R 104 0.X.

=oa

26 inches ig dejth to stsel; we will thersfore use = beam 14 X 28
0078 X 14 X 28 = 2.84 square inches stesl requirsd.

%{ﬁ = 7 «39 = arez of 5/8 inch souare Iar; use 7-5/8 inch,

sQUATEe FETE.
At each lood point the load is to be cerrisd te the arch ring, by
four spandrel columns, each to teke the load from one stringsr.
The maximam weight to %»3 carried by any four colurme will bes
Weight of sled 12,000 1bs.
. " four bsams 140,000 1bs.

Haximm concentrated
load 16,000 1bve.

Tnifers live load 9,800 1bs.
. of roed surfece 12,000 1bs,
¥ % railing 10,800 1lbs.

Total 200,400 1bs,
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aooo,gao = %400 squars inches area rasquirad four 14% X 14% columns have
ancﬁi ares of 800 square inches. 14 inchas is g minimun dimersion sincs
a dimension lzss than i4 inches will look weak in zonnection with the
neavier memberse. In the cmss of the largast columns at load voint , WU
en 15 inch colurm ig used; rainly to give & batter snpesrance.

It hee beon found in practiocs that it is desireble to snalyze an
arch with tihs entirs lengths twe~thirds ¢he length; one-third the length
and with the middle $vwo=thirds loadad. By rofarring to the disgren of &
ton ton truck and to Plate I, it will ve sesn thet the nearest approsch to
thess conditions. will bs : Firset, when thes front wheels are at point B'
end the rear wnaeels two fest to the right of 4. This loods the middle two-
thirds. Second: Front whesls at 4, reer vheels fwo fset to right of E.
It is not vossible to have two trucks on the arch et the seme time if go-
ing in opposite directions. If ¢wo trucks wars to follow eoch sther ag
oslosaly as possible, it would not put 2 grseter stress In the erch because
as shown by the dlogrem, the truck cocupics thirty two fest, while the half
lsngth of arch ig thirty seven and one half,.

The loads which thz two asszumsd loadinge dbring upon the ardh, #ill now
be given.

Load conditiong Number I.

Front wheels st B' rear wheels &t ovoint tvwe feet to right of 4.

Dead Live Total

Load at D'

il

18,500 + 0 = 19,500 1lbs.

W o6 0l e 19,000 + 200 = 19,300 1lbs.



load 8t B' = 18,600 + €30 = 19,530 1be.
"o 4 = 18,350 4+ 1,800 = 23,150 1bva.
# ®# B = 15,800 + 800 = 15,800 1vs.
B G o= 19,000 + 0 = 19,000 1be.
"% D = 19,800 + 0 = 19,500 1bs.

Load Condition Humber 3:

Front wheele et A, rear whesle two fest %o right of B.

Deza Live Total

Lond at D' = 19,800 + ¢ = 19,500
v 8 g' = 19,000 + 0 = 19,000
“ ¥ B o= 18,800 + 300 = 18,900
L 18,350 + 930 = 19,180
# 9 B o= 18,800 + 1,830 = 19,630
" 8 g = 19,000 + 800 = 19,300
LI 15,500 + 0 = 19,500

The actual stresses at any section 4, By, C or D, way now be corputad
from the forrmla

£f= MH'C

D

I
¥' is taken from Table III,



=18~

Relation between Table IXI and Influencs Lines.

Valuses of ¥' taken fronm feble IYI are used as ordinates in the con-
struction of the Influence Linos (PFlate IV), as mentlonsd vefora. ' cen
be teken from (Plate IV) or Table IIT. The results teken from the Teble
ere more acoureta (then the sceled values from Plste IV), and ore thsre-
fore used, The Influence Lines serve chiefly in (giving & guick msthod
of) determining the charecter of siress.

_C_ from Table IV

1
TABLE IV,
Propertiss of Sections 4, B, Cy D, E.
&
Section Dapth ¢ =af;£'d Ac + 15 Es L
2 I I
& 2.80 1.18 1.34 287 4+ .42 = 8.62 .88
B .37 1.1% 1.52 B34 + 43 = 2,78 78
€ 3.53 1.28 1.78 250 + 42 = 2.02 78
n 2.80 1.40 2.24  BJ77 4 .43 = 3,19 .63
E 2,00 1.50 2,75 2497 + 442 = 3,39 .58

Ons exempie of the celouletion of strass at & ssction (of one foot
vidth) will now be gziven.

Upper half gection &

Load Condition lo. I

' (19,600 X .236) + (19,300 X .378) ~ (19,530 X .37)

- (20,150 X 4.87) - (18,900 X .37) + (19,000 X .372)



+ (18,500 X .25) = - 84,230

F=Mo _ _ -84330 X .88 — 500 1lbs. per squere inch compress-
I 144
144

iomie

There followe tho complste calculrtions for upper end lover fiter
gtreseas at esch section, for two conditions of loadinge The highest
compressive strese found out is EOD lbs. per squers inch, which is alloweble.
The only oceses of tension are in the lower half sectiom £ under Loading
¥oe 1 and in the lower half of sections 4 and B under loading Fo. 2. The
mexirum tension found is 30 lbs. ver squars 1nch;_:.‘='r;»-'_._f_)n accournt of this low
value and sf thse emount of heavy reinforcement it is belisved safe to allow
these values. This completes the anslytical solutisn of ¢he arche A

briaf gtatemsnt of tho method used in the gravhical solution will now be

given.
FIDFR STRESSES.

Unper Fiber Section & Loading Noe I.

Tension Cormpression
19,500 X «25 = 4,880 19,530 X .37 = 7,220
18,300 X .378 =7,180 20,150 X4.67 = 94,000
18,000 X .378 =7,180 18,900 X .37 = 71100
+ 24,120 - 108, 320
24,180
84,200
84,200 X .86 .. 800 (1bs. per sguere inch )eorpression

144
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Tangsion
18,800 X .37 = 7,330

18,200 X 1.09 = 21,000

19,530 X 1.66 = 23,400

60,630

68,430 X 78 . 375 lbs. per sguare inch Compression

144

Lower Fibar Section & Loading No. I
Tengion Comprassion

204150 X 8,562 = + 71,500 18,500 X 456 = §,800

- 71,400 18,300 X .88 = 17,300

+ 100
19,5830 X .49 = £,800
88,700
. . S
100 X .88 _ .8 1bs. pét sauars inch Tension ~ 11,400
144

Upnar Fiber Saction B Lotding No. I,

Commpression

20,150 X .44 = 8,940

18,900 X 4.82 = 87,200

19,000 X 1.68 = 30,800

19,500 X .16 =_ 3,120

-

130,080 .
80,830

Loway Fibor
Tang ion
18,900 X 3,83 = 78,800

19,500 X .08 =_ 1,550

96,360

Sestion B

Load Fo. T.

Corprascion

19,500 X .48
19,300 X 1.54

10,530 X 245

100 X .78 .. +55 lbs. par equare inch compression

144

= §,600
= 9,000

= 43,100

Fo 82950

968,450

98, 360
100 comp.




Yopor PFitsr

Toersion
19,800 X 81 =
19,530 X 86 =

20,180 £1.00 =

92,100 X o72

144

i

4,080

12,560

&0,180

374100

Jact i

M

- 5=

Gorprassiosn

18,500 £ 1.00
18,000 X 446
18,008 X 4.53

12,590 X

e

485 lbol per squers inch asorpragedan.

=

18,500
8,700

86,900

= 18,900
170, 200

37,100

97,100

Lowar Fibar Sactleon Loadlng Foe T
Pansian Corprecsion
19,500 X 437 = 7,200 15,300 £ 1.11 = 21,500
18,000 X 4.00 = 76,000 19,530 X 2Z.45 = 48,000
19,600 X o4 = 14,000 80,150 X 2.00 = 42,800
07,390 ,
16,800 X 446 = 8,700
120,800
£7,200
23,600 X «V8 = 480 itws por squere inch corpression 23,800
144
Topar Fiter Ssction D Landing Hoe To
Tension Gomprasaion
B 18.800 X 1.28 = 22,600 ' 19,500 X .10 = 1,950
C 16,000 X .92 = 17,100 o' 19,530 X 1.14 = 22,000
4, 700
B 19,630 X .74 = 14,500
, ' D 19,500 X 1.81 = 85,300
43,750 X +63 = 187 lbs. in _ ’ 53,060
144 square inoh corpression. 40,700

42,750



Lowar Filer Soctlon D Loedging Eoe Te
Paneion Compression
D' 18,800 X .08 == 585 & 20,180 X V7 = 18,80¢
C' 19,300 X .88 = 12,78Q 3 18,800 X 8.31 = 43,700
gt 19,830 X Ji8 = 3!‘ 5GO c 10,000 X 1.78 = 33,8080
444335 93,180
44,088
48,730 X «63 = 213 1bse Dor pquers iach conprassion 48,708
144
Trmar Piher Saction B ‘ Loadine Hoe I
Tensish o Zomnrsaaion
E 13,?(3{} X Q‘a'-i?v o ??959
L4 19,300 L 2.86 = 73,400 B 18,800 X .53 = 18,100
D 15,800 X 4.28 = 83,500 G 18,300 X 2.62 = 70,300
B! 19,630 X 4.88 = 80,500
A 20, 150 X 4.00 =_ 81,200
&858, 500
164,550
24,760 X 55 ., 360 lha. por sqwre inch onmpressisn 94,760
Lawar Plber Zsotion B Loading Koe I
Pensian Compesasicn
D' 18,800 X 58 = 18,000 B 18,5800 X 1.87 = 28,700
C' 12,300 X 8.3 = 80,500 ¢ 15,000 X 4,83 = 08,000
' 19,830 L 8,70 = 726360 N 16,500 X 8.8¢ = 88,500
206, 300 230, 300
208, 309
14,900 X 55 = B7 lbse por squeve inch osm- 14,500

144 LYeesion.



Upper Fiber Seetion & Loading No. 2.
Tension Compression
D' 19,600 x .85 = 4,880 B 10,530 x .37 = 7,230
g' 19,000 x .372= 7,070 A& 19,180 x 4.67 = 89,500
¢ 19,800 x .378 = 7,300 B* 18,800 x .37 = _ 6,900
24,030 103,739
24, 038
79, 700
79‘732: 288 = 477 1bs. per squers inch compression.
Lowsr Fiber : Section & Loeding No. 3.
Tonsion Comprassion
& 19,180 x 8.52 = 867,500 ! 18,800 x .48 = 9,550

¢' 19,000 x .88 = 18,700

B' 18,900 xz .49 = 9,250
4,850 x .86  _ 38 ibs. per sguare B 10,630 x 29 = 19,580
144 inch compression.
(¢4 19,808 x .88 = 17,000
D 19,500 x .48 = 9,570
78,180C
87, 500G
4,650
Upper Fiber Ssotion B Loading Yo. 2.
Tension Conpression
D' 19,800 xz .37 = 7,200 & 19,180 x .44 = 8,400
¢' 19,000 x1.08 = 20,780 B 19,580 x 4.62 = 90,000
B' 18,900 x1.68 = 31,400 c 19,800 x 1.82 = 31,300
59,300 D 19,800 =z .18 =_ 3,100
132,800
73,500 x .78 = 380 lbs. per square inch compressiocn 58, 500

144



‘Laver Piber Seotion B Loading Hae 36
Tension Corpressien
B 19,530 x 8.88 = 974,800 D' 19,800 x .48 = 9,300
6 19,300 x 1.19 = 283,000 ¢' 19,000 x 1.54 = 30,200
D 19,500 x .08 = _ 1,500 B' 18,900 x 2.45 = 46,300
: 99,100 4 19,180 x .44 = 8,500
83,808 93, 300
5,800
8 o7
b ng 2. = 30 1bs. per sguare inch compressisn
Upper Fiber Section ¢ Loading No. 2.
Pension fompression
6' 19,000 x .86 = 12,500 D' 10,500 x .21 = 4,100
B' 18,900 x 1.8, = 20,600 B 10,580 3 .48 = 9,000
4 10,180 x 1.00 = 19,200 ¢ 19,300 x 4.52 = 87,500
D 18,500 x .82 =_ 16,000
118,800
: : : 19,300
07,400 2 72 = 480 1bs. per square inch compressiocn - 97,400
144 '
Lower Fiber Bection Loading No. 8
Tenaion _ Uompression
D' 19,800 x 37 = 7,300 ¢' 19,000 x 1.11 = 21,100
€ 19,300 x 4.0 = 77,000 B' 18,900 x 2.45 = 48,400
D 19,800 x .74 = _14,400 & 19,180 x 8.00 = 38,400
98, 600
B' 19,530 x 46 = 9,000
114,990
18,300 3 78 = 82 lbs. per square inch compression 08,809

144 16, 300
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Upper Fiber S8sotion D Loading Ho. 2.
Pension Compression
B 19,580 x 1.85 = 24,400 D' 19,500 x .1 = 1,980
¢ 12,300 x .98 = 17,800 ' 19,000 x 1.14 = 21,700
42,200

86,380 X 68 =

B' 1By000 z .74 = 14,000

A 19,180z .30 = 7,500

168 1lbhs. por sguare inch

144 compression. D 19,800 x 1.8L = _8§,300
80,480

Lower Fiber Section D Loading No. 8

Pension Campreassien
D' 19,800 xz .03 = 598 A 19,180 x JI7 = 44,300
g' 19,000 x .66 == 12,500 B 18,630 x 2.81 = 45,200
B' 18,800 x .18 = 3,400 | C 19,300 x 1.78 = _34,400
« o : 132,900
D 185,800 x 1.42 = 87,700 44,190
- T44,160 : 78,710
?9,?3:4& =83 = 359 1lbs. por gguare inch cormpression.

Upper Fiber Section B Logiging Ho. 2

Pension ¢ omwpression

18,580 x .48
19,300 x 3.88

D 19,500 z 4.28

95,100 X +B5

144

=

= 8,300 D' 19,500 x (.93 = 18,100
= 74,500 ¢' 19,000 xf‘}’g.ﬁz = 68,700
= 83,500 B' 18,000 x $.68 = 87,500
166,200 | L
A 19,180 x 4300 = 77,000
, 351, 200
880 1bs. por squere inch conpression - 186,800

95,100



Lower Fiber Section E Loading Hoe 2.
Tengion Compreosisn
p' 18,580 x'j 83 = 16,000 B 19,630 x 1.57 = 39,700
¢ 19,000 x 8.183 = 59,500 ¢ 19,800 x 4.88 = 93,500
B* 18,000 x 8.70 = 70,000 D 19,500 z B.08 = 9¢,000
' 223,800
A 19,180 x 2.82 = lgg,’ggg : | zgi:.ggg

24,700 z_+55_ _ 95 lbae per sguare inch somprassion

144

Plate II is e graphionl calouleation of the position of the thrust line
under loading Nes 8+ The arch is leid out very carefully and the position of
the middle third shown, The loads are then leid off on the vertical load
line _anci aome Point Y0¥ selected es & ray center. The first equilibrium
polygon drewn in {not shown on plate). The dotted line H is drawn from the
ooint 0 e the load iine. H is verelliel teo the closing line of the equili-
brium polygon. From the point where line I strikes the lpod iine, @& hori-
sontal line He ie drawne. The langth of He is equal to the thrust at the
erowmn end iz determined in the same way thet Ho for unity loads wes dstermin-
ed., Table V gives all calculations. VWith the new ray center & new equili-
briwe polygon is dravn. This Pol¥son et pess the orewn et & distance e

from the exis. o Mo «  Hote on Plete IT that the polygen stays within
the niddle thirde ﬁ?s means thet thers is no tension at eny section of the
arch, end may npeen to disacree with the analyticel solution. The explanztien

is thet the grephical selution iz not refined ensugh te detect such srall
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amounts of terision as are shown to exist by the analytical solubion. It shoula
also be notod that at the sections which shew toneien in the enalytienl methsd,
the sguilibrium welycon aypreaches very cleze to ths adges of the hem.
Taking these things inte censideration, we may ssy thet the grephical seluﬁimn
showg ¢he arch to be sefe and therafore chacks the anslytical methoad.
Thig completes the enalysis of the arch. 411 stressee have been found allowables.
The original arch can thsrefore ha used.

Plats V gives the gonerzl plans, elav&fi@ns, end sections of the com-
rlated design. To add to the appearance of the structure, false spendrel
walls are vt in to cever the beem and colurn censtruction. Alse & lerpe
fillet hes besn put in at the ebutwent te give the appsarance of & three center
grche Several gkaotches of the different spendrel arrengements, ralling, ete,
shew Shan baohtiackuml astails Gy B Hiis beak subled be Chs condfbiens «F Vi

protlesm (as skewn in Plate Ve

In order to meke the preblem corplete, en estimate of cost is given

belowe
¢OST DATA
Top

Railing

(8L X .67 X 1.5)2 + (67 X .67 X 1,5)2 = 208 oawbicreet
Yeb

(81X 1,87)2 + (87 X 1.67)2 = 381 oubio feet

Pese

(81 X 28X 6712 +(87X 28X 678 = 297 cublic feet



Flgor slat

{ .67 X 18 X 88.5) = 895
4 Floor beams

( 1.87 X 1.17 X 806.5) ¢ = 878
Columm 8t ocenter

( 6 X123 X 1.17) + for bage = 8
Colunn et 11 feet frem center

( 1.17 X117 X1.6)8 +  for base = 20
Colunn at 8l fest from center

{(1.17 X 117 X B.5)B + = €5

Column at 31 fest

(1.5 X 1.6 X 9.75) 8 + =z 1886
¥all at end
(2 X12 X 18.5)2 = 889

4 Reteining wells apprroximete

(38_X118X1% = 859
(2 )
Arch ving
( 2.8 X 12 X 86.5) = 2900
2 Abutments
(17X12x19)2 = 4000

11314

cubic

cubic

cubis

cubic

cubie

euhic

gubic

oubic

eubic

cubic

faet

faet

fact

faat

fast

faot

faot

fast

faat

Poat



~38 A=

27 2 11,814 Cubic fast

420 Uubic yards

420 X 15.0 = $5,800 cost of Conarats

180 yards st 31.00 = $5150.30 cos” of excavalion

Ixsevation = 3 150,00
Conarste at ¢15.0 = 8,300.00
107 for enpinsering = 345.00
10% for contingencies = 645400

Hatimntod totel cost

i

$7,740.00
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TABLE V GContinuned.

Ho _ Xxfmg-fmgy
< « @

2 (2y) - N2y

Ho _ (102 -74,041,200) = (-8,338,800 x 46.65)

2
2 (48.85}) - (10 x 431.9)

Ho _ 84,500 1bs.

Mo _ Sm +8Ho By _ =-8,333,000 + 8 x 84,500 X 46.85
2 N =

2x 10

= + 35,600

= 23,800 S .28
84,500





