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SUBJECT:
“The Design of Main Street Reinforced Concrete Arch Over Frisco R R.”

JUNE, 1907,



INTRODUCTION.

208~

Owing te the cheap:ess and durability ef reinferced cen-
crete, the tendency ef the present time in Engineering praciice
is te build new and replace #ld structures with reinferced cen-
crete, Therefere, iﬁ taking up a subject fer a thesis, I have
selected, "The Investigation of the Design of a Reinforced Con=-
crete Arch," or, as I named it, "/ain Street Reinforced Concrete
Arch over Frisco Railroad.®

The arch will make an angie of 30? 50! with the Frisco Rail-
road. It will ronsist of a single twentyesix foot clear span and
have a 14' 4" clear roadway, and have 5' 1" rise or 21 feet above
the base of the rail. The arch ring will be one foot thick at
the crown and 3 feet at the spring. Loads will be assumed as
follows: D,L. 150 1lbs. and 120 1lbs for live load per square

foot.

The reinfercement will corsist of two lines of 2-1/3" x 3/a"
rods placed two inches from the intradosal and extradosal faces
of the arch ring, and spaced at two feet intervals. B

The foundation will rest on a dry clay having a 3afe,heaf-

ing of 4 tons per square foot,



GENHERAT .

The concrete steel design of the present time reaches con-
siderably bevond a simple combination in that the materials are
80 placed and proportioned that both receive a determined amount
of stress dependent upon their relative coefficient of elastici-
ty, #0 that they are enabled to discharge functions correspond-

ing to the relative capacities of their resistance.

The theory of the composite design is well undsrstood, but
involves the value of one quantity whivh has not vet been sub-

Jected to a satisfactory empirical determination, and that is
the coefficient of elasticity of Portland cement concrete and
Portland cement mortar, the estinutes of these values ranging
frem 1,000,000 pounde to perhaps more than 3,000,000 pounds per
square inch.

Obviously the coefficicnt of elasticity of mortar and con-

crete will depend upon the quality of nmaterials, theair ags,

and the methed of treatment in mixing and putting in place.
However, by using good qualities of cement and exercising care
in treatment in mixing and ramming, we may safely t:ake 1,400,000

lbs. per square inch as the :modulus of elasticity o f concrete.



SPECIFICATIONS.

CONDITIONS OIF CALCULARIONS:

k4

Hodulus of elasticity of concrete, 1,400,000 1lbs.
codulusg of elasticity of steel, 28,000,000 lbs.
Cexiumu siress per square inch on steel, 10,000 1bs,
Jaximum compression per sqguare inch of concrete, 500 lbs.
?mum tznsion of concrete, 50 1bs.
The above to he exclusive of temperature stresses., The steel
ribs, under - stress not exceeding their elastic 1limit, must be
capable of taking the entire bending moment of {he arch withe
out the aid from the concrete,
Dead load 150 1lbs. per square foot,
Live load 12 1bs. per square foot.

Temperature 50 F for rise or drop.

PORTLAND CEMENT:

The cement rust he of the hest quality. Fineness to
be such that the cemen* will all pass through a sieve having 10,
000 holes to the square inch, and leave oniy 1o§ residue when
through a sieve having 14,400 holes %to the square inch.,

Tengile strength orf briquettes of Portlandé cement
which have been gauged, treated and tested to carry an sverage
tensile strength of 175 1lhs. per square inch at tha expiraticn
of 3 days from gaouging, and 500 1lbs. at the expiration of 7 fays,
and have a minimum tenaile strength of 800 lbs. after 28 days.

Conitancy of Volunme. Put: of nezt Portland cement one-
half inch trick wait’ £1in edges, i mer:.sed in water after harcd set

ghall siow no sigrs of c¢'ecckin;” or 3 = ntecrr Tidn,



The sand shall bs gharp, clean and coarge, and sat-
isfactory to the Rnginecr.
MORTAR:

The mortar shall be composed of one part Portland ce=-
ment and two parts sand, well and thoroughly mixed together in
a clean box of boards, before the addition of water, It must
he used immediately after being mixed; and no mortar lefi over

night. The cement and sand used must at all time< be subject
to inspection and test of the ingineer,
CONCRETRE:

The concrete ghall be composed of clean hard broken
stone, or gravel, with irregular surface, clean sharp cu.d, and
cement, mixed in the proportion hereafter specified. The cement

and sand shall first be thorourhly mixed dry in the propor=-
tion zpecified. The stone, previously drenched with water,
shall be added and the mass be thoroughly mixed and turned over
until each stone is covered with mortar, and the batch shall/be
deposited without delay, and be thoroughly rammed until all voids
are filled.

The grades of concrete o be used are ag follows:

For the arches, one par’. cenent, 2 parts sand, 4 parts brnken
stone or gravel that will pass a one inch ring. For tlhie piers,
°ne§ar£—cement, 3 parts sand and 6 parts hroken stone +that will
pass a 2 inch ring. For the foundation, one part cement, 4

parts sand and 8 parts broken stone that will pass a 2 inch ring,



FACING:
Concrete facing shall be used, and shall Dbe composed
of one part cement and 2 parts sand, and shall have a thickness
of at least onez inch on arches and piers and other exposed sur-

faces,

CONNECTION:
| In connecting concrete already set —~ith new concrete,
the surface shall be cleaned and rourhened, and mopped with a
mortar which shall be conmposed of one part cement o one part

sand, to cement the parts together.

ARCHES :
The concrete for the arch shall be startedq simulta-
necusly fromx both ends of the arch, and be builtl in longitudi-
nal sections wide enough to constitute a day's work. The con~
crete shall be devosited in lavers, each layer being well rammed
in place before the previously deposited layer has had time to
partially set. These sections while being built shall be held
in place by substantial timber forms normal to the centering and
parallel to each other, and these forms shall be removed when

tte section has set suff.cient to admit of it.

FOUNDATION:

The site for the foundation shall be ercavat=d accorde
ing to the drawings and be subject to the examination of the

engineer and to any change that mav he ordered by the engineer,



STEEL RIBS:

Stael ribs shali pe imbodded in the concozte of the

arch. They shall be spaced at equal distance apart. =uch rib

ghall consist of two flat vars of the size showvm on plans.

The wurs shall be in length of abhout twenty feet, thorouzhly
gpliced ﬁogethef, and extending into the abhutment as shown.
Through the center of each bar shall be Tivit : .l 0 .7 rivaots
gspaced one foot ¢. to ¢., with prejection abcut 3/4 inch from
each face of bar, except tilrough splice plater where crdinary
hezds 4ill h2 used.

The bars shall be in pairs with their centers placed two
inches within the inner znd outer lines of the nrch, respecte
ively, as snown. The area of the cross-section shall not be less
than 1/% square inch. Test pieces from finished material shall
have an ultimate strength of from 60,000 to 65,000 pounds per
square inch, an elastic Zimii of not less ithan one-half of the

ultimate. It rust bend coid 180 degrees fial on itself, withe

out fracture on outside of bent portion.
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CALCULAYION.

NOMENCLATURE:

3!

i

Horizontal thrust on left support,

The moment at thc left suppert,

the

the

1)

+
1

vl

he moment at any voint having coordinates, + [ v

BRI

vertical reaction at the left supuort,
span ¢f tre arch axis,
rise of the asre- axis,

coordinates of any point of the arch aris,

the angular distaice to thes left of tre crown of any
having the coordinntes x & y. ’.'

any vertical load. P ."'

ien of summaﬁion“‘

arez of rib. ¢ ‘;ﬁ

cos

sin O

Nt———- s

’r
.b » , ‘.l <
» €4

modulug of clasticity.

unit stress in extreme fiber of arch rib.

s
Vi sin}f* + Hy cos;ﬁ’f axizl or normal stress.

¥

+ y x -~ Hyy + P(x-a), horizontal load.

lex ¢ M x -y + mx 4
1 ! E, Vertical load.

l-'?-
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Where my equals the comuon moment for eyual and symmetris-

2
-
i

cally placed loads.
Asspuming unit loads the following values of m, may be write
ten:=
Between the load and the left support,

my = Ryx = Xedx Z
3]

where dx eqguals length of division into which the span is divided,
or 1 equals to ndx.

Bet~een the Iirst load and the center of the span,

= Rrx - (x-»a.)na:kux Mﬂ& odx 'W

t ;
(:ﬁ theie i MkieA m.’u & d.dm

’ .':M
) Ky & ¥ x4 )
Z‘ :‘ arc knewvn quantities.

By a process given by Howe, we a’;*luce

& 4"'“/ "'[ “‘j ;{gm}za ~hkE[2-n)% ."“/

This expression is long but very eusy to use. Simillarly

the expression



Fiber stress Tor any section.

where P = the cstress in the outer fibver
v * ‘& i - V 3
Ny = the xial® sfress or tke rnormal componeni of the

rezsultant stress upon the sccti-n being cousidered.

=
i

the area of the seciion,

¥« = bending moment of the section.

Z = distance of outer fiber from the neutrul . xis.
I = the moment of inertia of {he section,

w
L

I/Z = the section modulus.

&%3;‘
t.l"r”’w %

$¢ s ¥ _
sin¢/ - 1 28  _ 317 53.44!
. K 205
4
'\':'}"‘ Arc AB = 2%R . 31,9233 = 15,34

560




COMPUTATION OF £ & Y.

?eint g sind  (osfd R singd R cosd -x:‘rfiy(
No. ‘
1 29 53,85'  ,498 .867 13,208 23,073 0.807
2 26° 54,59 .438 .899 11.579 23,835 2.421
3 21° 55.48 373 .528 9.891 24,563 4,119
4 17" 56,31 . 308 .951 - 8.1e6l 25,815 5.838
5 13° 57,13 .241 .970 5,389 25,718 7.611
6 9% 57.95 L173 .935 4,593 26,09¢ 9.406
7 57 58,77 .104 .995 2.760 & 1%.3% 11,20
8 17 59.59 .035 .999 .921 26.484 13,079




coNPUTATION OF A
Tuble IT,

Ear

® 4% .ﬁag Y A¥

Point

i 5
Jo. § » "F’l‘ 4"5’ Wl

—— s g i

3. 7.00 2.256 1.30 0,5538 2.605 .9185 0.7:3% 0.573 0.420
2.75 20.79 1,73 1,20 0,238 2,018 , . . . 0,047 " 336 1,265

2.5 12,167 1,014 0.,u75 0.1%1 1,200 LO87 2,083 3,507

b

1.6 4,096 0.341 0.53 0.0743 0.427 . . . . 4.5%2 2,911 12,346
1.32 2.¢99 0.250 0.49 0.943 0.298 . . . . 5,497 3.21lc 20.75
1.15 1.520 0.1235 0.405 0,032 0.1068 . . . 12,082 2.548% #05.48

.1 1,33 0.11 0.38 0.028 0.1338 . . . .13.930 3.807 52.91

® <2 O v s’ N

1
1.0 1.0 0.08 0,33 0.022 0.102 . . . .12,700 3,816 71.740

56.15 206,221

2 2

it
|
i
@ ol
]

—— - o—

1=



Hl ==t

Z1riah f' - w

A%yafy-214)

CO'PUTATION FOR H. (Unit Load).

TABLE III.

¢ "’); 'bgy M@j 24
1 - 3,114 - 2.2 - 1.30% 1 1 - 2.228
2 2,000 ﬂ'%)DSU'Q‘f 2,319 3 5 -~ 6,108
5 ~1.403 - 296 - 4,650 5.1 s.1h -11.762
4 - 0,677, = 3.7 = 8,392 7,03 7.23 52,39
B - 0.260 - 1.735 - 5.583 9.4 9.4 ~15.309
8 « 0,112 . # 1.353 ¢ 4.870 21.7  1L.7 $15.830
9 . 0.32 po4.d18 $10.630 13.09 15,09 #58.558
8 »0.329 4 6,140 423,802 16.2 15,2 +100.116
32,358
—— 2
50,732
TTTTT e ivlhA w*SA Moz
p $1 ] kB K4 fc_!if'_
x>¢ _E=9 X=g ] e
1 - 2.28 2.228 2,728 0.505 0.0000
2 - 8.336  4.264 12.792 4.456 0.0596
3 - 20,098  6.690 34.039 14.043 0.159
4 ~ 42.489  9.687 70.639 28.15 0.345
5 - 57.796  11.422  107.366 ~0,528 0.731
6 - 41,966 10.8% 121,571 82,603 1,141
7 - 13.700  6.180 80,81 67.19 1,224
8 - 113.816  0.00 0.00 113.816 1.496
4,745
2
9.490

N.

B.

Table IIXI 48 divided,

page and the rest of ta le

T
Tt

undernecth,

geven ¢oiurmg appearing at the top of
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w =f, Tmx ¥ = ijd

A2ya, 1 iy{x

Point

'l

o fEoue
Ta

4 iiﬁﬂrqﬂi"quAd

aff-

et a

4

ys ¥/
Kga

&Mxd

& ird

gvg Kd =4 ¢ La
11 133 L7353 B5A.405 1 55,405 20,138 .315
2 3 545 3,576  57.458 3 175,915 172,901 2,492
3 5.1 8.038 11.434 55,291 3.1 981.322 20X,548 .102
4 7,23 UL A53.824 30,70 7,05 555,000 3. 250 .760
5 9.4 80.53% 104,15  Li, 012 L4 14,708 516,888 7.252
11,7 117,335 245,49 50,1 1.7 576,921 621,411 594
7 13.00  182.343% 127.8a 5.20  13.00 550,990 087,88 17,318
8 15.2 501,56 732,40 0,00 ) 186, 48R 98" 24,440
- ' Tﬂ et ¥ )
Y dx'' & .807 - "
, T TYILE.T7ET = 0.001.85

~13-



COMPUTATIDY OF

g p Y £/]
) ‘g é H
Point R f iy 'l’ vy '
Yo. MK P & fawa shwe ~ Mi a
‘ et l;gg*_ | L.X |
. g t , I
1 15 15 "1, y 15 s 20.965 Op995  15i.4 w T34
2 13. 12, 3. 3, 33,533 47,900 C.3 8.523
3 10.90 10.9 3.1 59, 5¢ 73.87 121.865 1329,27 40.277
4 8.7 g.77 7.23 63.41 287,27 409.141 3590.16_  238.35
8 6.4 6.4 9.4 60.16 390,469 799.61  5117.5 575,64
8 4.3 4.3 11.7 50,31  517.744 1316,35 5660,3 1653,75
v 2.91 2.91 13.09 38,04 529,897 1846.00 4371.86 2380.98
8 .2 .2 18.2 3.24 60.912 1907.163 381.32 4750.88
/ / Y €/} ol N
bt 220/ gy ey Y N, e
"L e |
1 735 =225.00 ~-162.92 1328,22 1328.22 1492.66  0.0218
2 9.256 ~159,00 -180.4 1167.78  3503.34 4127.18  0.1527
3 49.533% -118.81 -188.55 979.23  4993.9 6323,19  0.820
4 287.884 - 76.91 -350,86 628.37 4512.6 8182.0 1.029
5 863,58 - 40,96 =-266.24 362.13 3409.00 8821. 1.222
6 2517.27 18.49 -236.77 125.36 1642.21  7302.5 0.99
7 4898,.82 - 8.46 -117.84 ?.52 141.276 4513.13  0.618
8 6949.0 4 -~ "7.52 0.00 0.00 381.32 0521
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PIAT, COYPUTATION OF ¥, & My

d'“‘

R

Point
No.

HEQ

My
)

f1pY W DO | ol

&

®» 2 O

W
A

+2.5

A,

+3,978
+2.56%
+5,246

*

+

4.102
5.760
7.250

8.690

+15,.818

%.0215

S FRIVAN

AU S XS FA
.0250

1,029
1.322
0.99038
0.618

0.0521

L4 g "

DA

PR R
¥ i
2eintd
LR
PP

5,724
8,470
9.680
14,4056
24.490

6,030

7,700
15,20
19,380

~2.740
~5.788
+5.863
+5.70
+12.87

+19.250
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silb po/ison

w e

“h

(& 1]

i

o5 N.0:2

o .
o ! ).L)&éb

4.8

a4

~ -

C.l J-!
T ¥

R L+ @
LRl 1Y

2.0 5.

60’8

6,4 G,
5

N.2084

-~ .8378
-2.45C0
-2.7401
-5.788

1
”u-r../

03

45,00

-y gt
——t e

21

1

47,82

12,23
-2, 46
Ml - 7
RS Vi)
$05,008

D.10 above

-1lfe



by -} |
DL. =.150 M1, 9287 = 250 by’ pér'sﬁuare fook.

Yax., Piber sircss vrocuced b DL.IL at poif? 1.

2.603%

I =

X = 0.807 YV 4 =

¥y = 0.573 Mx e 30.4 x 200 X807 + 17.37 x 240-40.49:2290x
B

in g = 0,498 L5733
cos @ = C.BET Vx = L4220

x = V; sin F + H, oos %
Nx o= 7114 x.493 + A728 1.567 a 9316

P = lix & .58 (5123) a 9216, comn, in lower fikter of concretle,
3.2

)

= 40022, conprestion in woeer fiber of coencrete,

-]

For Steel, P = ( ggﬁi.h7 (54220 ) 20 3 121020, -0 .. .in lower steel,

P 3 80,320, compreccicn in uprer gfcel,

iax. Tiver siress produced by DU, oat point 6.

-:"'K = '}‘!' V, X - }T.' y' "x}) ':X“a‘)

X o= 00387 # B34R0 -~ AZTT7I ~ ATA0 g BAA

Nx

it

(V, ~xP ) sin # + H, cos ¢
Nx -« 11676

P g 11676 % 1868 = 9320, comp. in upper fiber of concrete,

1.35
P = 6968, compre=sion ir lewer fiber.

For Steel,P‘a 200120, compression in upper steel,

P % 145800, compression in lower steel.

Max, Fiber stress at point 8.
Mx = M, + V; x - Hjy -FP (x-a)
Mx = 5037 + 65904 ~ 44659 - 60861 g =34579



Nx & (V; - ZP) sin f# + 1 cos § » 11730

P r 11730 & 3.4 (6086) »*=0857, tensgion in upper concrete,

P & 8173, tension in lower concrete.
Tor Steel, B n 217,140, tensien in upper stecl,

i3

&)
-

o4 e e N - . i
P oz 150350, troncdion in lover ste

stress
¥ax., Fiber, produced by T..ve Lesd at point I,

iva.)

LAY

% . . - . 5
(rnr loads 1=3, 1.0y

T.T.. = 120 1hs. ver sg. “t. = 120 x 1.71% = 230 % 5,

X o= =13,5% # 240 ¢ 1,283 x 280 - 1.47 1 290
X om DA0H,0 ¢ 372,9 - 1500,0 g ~-57%055

fx g Y 8in § + Hocos £

. T Xaks ”n - ¢
X om A2, wLE

- e

-”X - :L)“)a * 11:2‘3.(3 R S PRI

P a 1014 - 6435 (.05

s 4442, conpression ir lower fibre of concrete,
a AbBB0, tension iu upper fibre of concrete.
For the steel, we have,
4442 x 20 = 88,840, compression in lower steel.

2550 x 20 gz 51,100, tension in lower steel.



Max, Fiber stress produced by I..T; load at point 6,

L()ad l ~ 8.
L Y -
M, = 10540 x 290 4 5,128 x 290 x 3,599 = 2.425 x 9.4 x 290
s 6508,

ong

ot
]
{3

N

P g 4960, tension i+ lower fiber

F = BJ0C, comp. in tersion in upper fiber
Tor Stecl, P z tension = 87830, lewer sieel

P w tonsicn = $7380.

At Point 8.
. A . .
P = 11200, tsnsion in upper cohoraste,

P = 9250, tensiorn in lowar concreate.

For Steel,
P & 223 60, tension in upner slea2l,

P = 184890, tension in lover stsel.

A

-

<

[ 8



TABLE

FOR MAXIMUM FIRER STRESHES,

Produced by D. L.
D,

and L, L. and Temperature.

T

cat @

and IJQ Iu

Peint

Conere

e e Ao o W

el
Stoeel

- va———

Lozdg Lower Upvel Lover Tponer
i )
1 v T +6056 H4008 $0T 000 +50., 520
TLTL 15 4418 ~D25G0 4 BB, 0AG ~51,100
68 ~7459 +" 541 =146, 300 *268 040
¥ax,Comp. 10498 ©533 209,840 248,330
" ten, 745 2380 TAT,3A0 51,100
Sonc-e-e U TTEIzeT T
Point Loads Lower T Upper Lover Upner
6 3. L. +683868 +8520 +135,200 *200,120
T. . ~4900 -5300  ~87,880 - Q7,840
ionerete nheel
Point Loads Tower Cpper Tower Upper
8 N, L. -8175 -10,87t -217 140 ~160,35
L. T, ~Q250 L3, 200 ~1824,500 -22%,94C
Yax.Comp, 0.00 0.00 6.00 0.00
" Ten. 17,425 22,075 401,730  -384,310
Temperature Stresses for Drop of 50° F.
concrete Steel
_Point Lower Upper Lower  Upper Remark
T +5841 ~B8008 $118,750 ~T20,020 A rise of 50°F
5 $+6125 -6785 +122,400  =235,600 will reverse the
8 +6585 -7535 +331,220 -150,480 avove conditions

- 90~



HATINN, STRESSES

PPoduced by D, L. and 1. L, and Temperature.

Concrete Sheel

Point T.owver Urrer TLower Upper
1 +1/Z20 4 TIEE :  APARIC 2 LREN0
iy - 0D - 140300 -300000

6 +16003 L EURED £ 2002000 F0001 00
-5 00 - 10 - GBTLET oA

8 + 2530 + 20 + 1&i2en +~ N.NN
1% 05 AR - AN1730 ~DAHETE0

¥ Mompresaion

- Tens: on

The allowable comp. in the concrete when terperature

%s considered, may te assumed al 570 x 144 & 72,0700 1lhe, per
square foct, and tension 50 x 144 g 7,207 1lbs. per square fogt.
In compression the muximum 3trcsze~ o2 considerably less than

the allo.able, while in tension they are much larger, but the
above 8tressesg are less than the uifimate strength of the matere
ial, and it is not probable that 21l the naXilmum strefsses will
happen at one time, but if such shoulid be thé cage, % hen we have

the ateel to cover the contingency.

2] -



TEVPEEATURE STRISSES.

2t B/
By e (Ty- &7a)

£

it =

versad for rise of 50 =,

v
i
2]

I-—J

e (y5A) & 55,752

For Point 1,

Ht = 0,020 255 x 28 x 7,400,000 & 3279.
55,738 A

v @ 3279 (v- EJB) & 3°79 x 3.114 & -10210.8
LA
x g 3279 cos @ g 3279 x .867 g 264°.8
P g 2642,3 w 10210 = (.5%) & 5006. tengien i unae finer of
.2 concrate,
P a 5841.6, comp. in lower Ziver of concrete.

For Steel,

P g 120,020, tension in upq-e:r sticel,
P w 116750, comp. in lower steel.

For Peint 6,

P n 6785, tension in upper conrreie,
P g 6125, comp. in lower coucrete.

For Steel,

P g 1356600, ftension in unver glesl,

P = 122400, coip. in lower sieel.

-29-



For 2Point 8,

P 753%, tension i upasor concrete,

#

P = A585; como, in

»*

w4
ot

or Ste

®

1y
-
P g 150480, tension iv ourooor sgheol,

P2 oa 131220, coripy, iv Lower gresl.

“Assuming thit thn stecl recists tre entive Tesding
~ . ' )

moment Adve to chrmge of termuveriiure, - have:

" " " cofleretd » 70 1bs. /oo in,
" " lower steel = 1457 luo. Jool i

" " connrehe - 57 Yos. /sqg. 10

oment due to 50%¥7w, s £10°10 ft. 1ns,

Arza of steel & 1/2 (/4 (2-3/8 =3/4) ) = .51
Total stress in steel = 10210 g 32172, 1-s.

e T
5.. =

Stress per sq. inch = 2348 = AFA]
.51

Taximum comy. m A341 4+ 1725 ¢ 70 m 21566
“ovimum tension w 6341 4 1014 4 B2 w 7407

At Point 6,

aximum coupression s 9560
‘aximum tension - S12

At Point 8,

Claximum Lensg.on ® L2065

all well waithin the elastic 1init of sieel,



RSTIMATES

et et - SRS

BITL OF "ATERTALS.

Concrete.

= Cement “Band Btone Provor-  Concrete

Bhls. cu.yds. cu.yvds. tion cu.yds,
Foundation 30,554 18.498 37,33 1=4=8 39,3
Piers 97,02 45,1 0,28 1-53w5 95,0
Arches 55,57 15,78 S0eU3 1-2~4 55,125
Porapet 87.450 25,49 53.4 1-2=4 50,0
Total 271.844 107,37 215.94 R33.425

Steel.

32 gplice plates 2' x 2-5/8%" x 5/8" o 353,5 1bs,

32 bars | 16' x 2-3/8" x 5/6" x 2828.0 1bs.
32 bars 18" x 2-3/8" x 5/8" = 3181.5 1lbs.
512 r 2-1/2" x 3/A" = 430.0 lbs,

Total weight - 6793.0 1bs.

Pavement, macadam, = = = - - - - = = - « 074 sq. ft.

Excavation, for foundation, - = - ~ = = 20 cu. ydas,



ESTIYATE O “ATERIALS

- - - L N - L - - e - - - - - v - - - - - - — - -~ — - - —-—

Amotait of '
Material aterial Price Amount

Concrete 233,42 cu.vis. 7,00 Tor ov,d, £ i,"a.ﬁf
Pavement TR GO0 a0, .14 " S 80,36
Excuvetion 20.00 cu. 105, 1.20 " cu., yd. 24,00

Steel Rars and 8363.00 1bs, 0.05 " 1b. 318,15
Splice plates

Rivets 430.00 " .08 " oon 34.40

Forms for Arches 96.125 cu.rrds. 6.50 ".cu, vd. 357.81
and Parapets.

——— s e e Jp e o . oAbt e A A, 8 mimd 4 O

Total coBL, = = = = = = = = = = = « = = = = = « & 2 708 66




	The design of Main Street reinforced concrete arch over Frisco R. R.
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