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The purpose of this thesis is to give the deaigns of a reinforced
oonerete highway beam bridge and reinforced sonorete highway arch bridge,
Also to give an ecomonical discussion about both types of conorete high-
way bridges, The two bridges are to have the same spans as they are de-
signed for the same croseing, Throughout the thesis it 1s aimed to put the
material :l.n such a form and layout as to help a student or an experience-
less engineer to be able to follow it with ease,

The most used reference books in order to obtain neosessary infore

mation for writing the thesis have bean the following: * Prinoiples of

Highway Bngineering, " by Willey; " Reinforced Conorete Construction, * by
Hool, Volume III; " Reinforced Conmorete Design, " by ‘Sutherland and
Clifford; "Hendbook of Reinforced Comorste " by Arthur R. Loxrd; " Boono-

mics of Highway Bridge Types, " by Me. Cullough; " Clags Notes on Rein-

forced Conorets Arch Design, " by Prof, F. C. Snow, of the Georgia School

AL O

of Technology.

Sincere appreciation is wished to express to Prof. F. C. Snow,o0f
Georgis School of Technology, for his kind assistance and willing guidance
given throughout the preperation of this thesis,

Most of the design computations are given as slide-rule :;esulta,

which are beleived to be accurate emough for all practical purposes,
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' INTRODUCTION

The two bridges uh:}oh are designed in this thesis do met refer
to sny partioular orossing; but rather to design such types of bridges
which are mostly used in the cowmtry where I come from, and where pro=
bably my whole engineering career is going to take prlece, Thus the maj~
or object of this thesis was to got a walusble experiemce in the desigm
of such types of bridges which will be mostly bemefactory in my future
engineering work,

There are no wide rivers in Turkey where I live, so that the

demand for the construction of lonmg span bridges is very 1little. This

R ST Tl

; was particularly the chief reason for sdopting a short span of 60 feet
for both types of bridges designed in the thesiss The conorete bridges

RESSE R

are preferred over steel bridges in Turkey, for the simple reasem that

SEERTERT

there are more oconcrete factories than steel mills, andr thus conerete

is mch more abundamt and relativp],y ocheaper than steel, as compared
to soms other countries, Due to thess facts, gt least for the coming
fow years most of the bridzges will be made of reinforoed-concrete, At
this stage since the two bridges were not built for a particular orossing,
it wes impossible to state wi.th?ut further investigation whioch of the |
two is th; more economic bridgej eand would prove to be the most suiﬁ-
able,

The ecomomics of the two types of bridges is fully disoussed at

the emd of the thesis giving all the important elements which enter to
guch a discussion, The following items were mostly stressed upon such as
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the floor system of thor two types ocomparing the glab, beam and girder of
one ¥ype with the other, and showing how they differ in size and amoumt
of tension and compresssion 'steel"barc‘. Colums and an arch, which are
not neccessarf in the beam bridge, are required in the aroh bridge,
whereas in the beem bridge heavier girders are used .

Important considerationa are also entered in this disousgion

concerning the eoonomy in this design , and construction of such types

of concrete bridges are generelly disoussed, which consludes the thesis,
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PART I

DESIGE OF THE REINFORCED-«CONCRETE

BE AM BRIDGE,
S

SPAY - 60 FT,



DESIGN OF REINFORCED CONCRETE HIGHWAY BEAM BRIDGE |

Bighway bridges of reinforced conorete are built as arches, as
cantilevers and as ocontinuous or non-continuous beams, The type to be de-
gigned in the following pages is the most common of these forms namely
the beam bridges These type of bridges sre condidered more economieal over
other type of bridges up to 60 feet spans, In a beam bridge the load of
the road slab is carried by beams which rest on the abutments,

The clear span of this beam bridge is taken as 60 feet, while the
width of the roedway is 18 feet, Materials used are 2000 1lbs. of conorete
with meximum aggregate of 1 inch, Curbs are dimensioned by 9 inches wide
by 12 inches above surfeos of paving, 2 inches of bituminous wearing surf-
ace being used for paving, The railing is tb be constructed by conerete
$ fest 6 inches above road surface. H-15 loading is used in this design
which gives a total load on each traafic lane composed of a uniform load

of 450 1lbs, per linear foot plus 2 single concentrated lcad of 21,000 lbs,




SLAB DESIGN

The slab is treated as a rectangular beam, continuous over the
several longitudinal supporting beams, and with a width which is equal to
the length of the bridge, For simpliocity e simple strip one foot wide is .
used in the computations, |

' In this beam bridge beam are used at 7 feet 6 inches apart, As
shown in Fig, 1 the width of the slab in feet is found by using the fol-
lowing formmla:

Wadx 47T
=/

in whioch the axles of the wheel of the truck are parallel to the supports,
in which W = Width of strip in feet

T z Width of tire in feet, taken as one inch for each 1000
lbs, of wheel load,

x = Distanoce in feel from cemter of the nearer support to
the middle point of the lime of contact of the tire with
the slab, For sh;ar x will be taken as 23 times the ef-
feotive depth of the slsb,

The total mﬁont is found by addling live loasd, impact and dead
load moments, In order to £ind the dead lead moment, the thiekness of the
slab 1is noocoé}sary to be sssumed, and if it comes out to be too big, cor-
rections aremade, Then the total shear is found by adding the live loa.d.A
dead load and impact shears, The depth of the slab may them be foumnd by
using both total shear end total moment in theirirespective formulas and
selection is given to tﬁe_luger depth found which shows whether shear or

moment goverms the design, Then using the corrected depth the whole design
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is repeated until the results oheck with the assumed dimensions,
The are of the steel required is obtained by the following formula

Ls = M in which
r!

Ag = Area of steel in square inches.
¥ = Total moment,
£y = 20,000, fiber stress for tension.
3= /8
d = Depth of the slab. |
After the area of stesl requi:_-ed is found, the number, size énd spaoing of

the steel- bars are detsrmined,

Computations

X = L/2 s 7.5/2 = 3.75 f%,
vwhere L iz the distance from beam to bheam,

Di stribution of Loads for Truck (H~15)

o./ 0.+

/}0”7‘ reor Ox/e
ax/e

g-/ : o

It is assumed that the front axle takes «2 of the total of the
truck while the rear axle takes .8 of the lead, Thus each front wheel
ea.'rri.e.s only .1 of the load of the truck, which is

Load Garried by Each Front Wheel

1 x 16 = 1.5 tons,
load Carrked by Each Rear Wheel

4 x 15 = 6.0 tons, = 12,000 lbs,




Widt of Tire

1'-,-_-125000-_-12 in, = 1 ft.

w:%/r:«g/s (3.75) £ 1 = 6 £t,

g Moment
Asgume 15% Beama
Clear Span of Slab
7460 = 1,25 2 6,25 £t.
Live Load
P = 12,000/6 1bs, per ft, of span
Iive Load Moment
1/4 PL - 1/4 x 12,000/6 :g 3e5 = 2,500 'lbs,
Impact Moment _
30% Live Load Moment = .30 x 2500 z 750 'lbs,
Dead Load
Bituninous wearing ‘surfa.oe of 2" of thickness is talken as
25 lbs./sq.ft,
Agsume 8 in, of slab _
Conrete Weight s 150 1lbs,/cu.ft. |
Wolght of Slab = 8/12 x 150 » 100 1bs./sq.ft.

Total Dead Load g 100 f 25 g 126 1bs,/sq.ft,

| !/.f .

Dead Load Moment | p2ary
125 x (6.26)% x 178 x 8/10 - 490 '1bs,
Fotal Moment

2500 f 750 # 490 - 3,740 *1bs.
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Shear
W for Shear = W for Moment g 6 ft.

Live Load Shear _

12,000/6 x % e 1000 lbs,

Impact Shear |

«30 x 1000

500 1bs,
Dead Load Shear
125 x 6,25 x & = 390 1bs,

Total Shear = 1690 1lbs,

Depth (d)

For Moment

4 V ;5 x ;;;

] : For Shear

a= 1690 = 4,00 in,
X x ’

R UL R L

Use 7" Slab - (d = 5,6")
Correction > '
Dead Load Moment

25 lbs,/sq.ft.

T Rt SR ol S el Rt

27 Surface =
7% Slab : 87,5 # feql.tt,
112,6 ¥ fsqutt. x (6.26)° x 1/8 x 8/10 g 440
Total Noment

2,500 # 750/£ 330,0 g 3,690 'lbs,
Dead Load Shear

112,5 X 6425 x £ = 350 1lbs,




Total Shear
1000 # 500 # 350 = 1,650 lbse

Depth (d)
For Moment
d =\ /3,690 x 12 = 5,31 in,
For Shear
d= 1850 = 3,93 in,
x X .

Tse 7% Slab ( d = 5.5")

Steel
‘ Area of Steel
Ag g M = 3,690 x 12 B 46 8q.ine/ft. width,
TR 25,00z /85535
Try 3" Round Bai-s_
A = 4,196 8q.in,
_ e am "
Spaoing::!._ﬁisfs__&l use &5 |
v = V/bjd = 1650 s 28.6 1bs./1n2.
X X 9e
2
ugz vwho = za.f x 6 w9l lbs,/in?. (loa;;}.mn 100)
Use 4" Round Bars @ 5" ( Alternate Bars Bant )




BEAM DESICK ( INTERIOR BEAM )

In designing the beam, loads on it mmust be put im such a position

as to give maximmm moment and meximum shear, This loading is shown in the

Fige 2, where two roar wheels of each of two trucks fall on the beam, In
meximum moment, computetion ls carrled both for maximm positive and mex-
irmm negative moment, It is also found out whether maximum moment or maxe

. imum shear governs the design, In finding the dead load of the beam ass-

umption 1s neccessary for its size and 1s corrected later on, if neccess

arys The number end size of bars are determined by the area of stesl requir-

SR e =

ed; checkinpg for bond stress is done by the following formula:
U= V4,34 in which,

W z Unit bond, and should not exosed 100 1bs,/in’

R St ik A LR

V¥V g Maximum ghear,.

$o = Total perimeter of bars in inches,

iz 7/8s

d = Depth of beam in inches,

It will be found thet oholoe was given to two layers 9r bars, 6 on
the top a.nd T Von the bottom layer., As trisl caleulations show, the use of
more number of bars will meke it neccessary to use three layers of rods,
which is not desirable, The requirements as to bar clearances are illus-
trated by the figure used later in the design, The minimum cemter to cent-
er distence between parallel bars being 2% times the d.iaméter for round .-
bars, or three times the side dimension for square bars; and is in no case
the clear espacing betweenr bars is teken lesa than 1 inch, The bending up

or the bending down of the rods are calouleted by the following formulas

4%/ 4% = ofp
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A =

The use of this formula is readily seen in Fig. 4 and Fig, 5 and thus
needs no fYrther explanation,
In finding out the stirrup requirements the maximum shear at the
center line snd the maximum shear at the aupportr are calcllated end a
straight line varietion ls drawn betweem the two, because any possible
shear ourve due to emy loading will fall within the shear curve thus drawn
and accordingly the reinforcement is proportioned by its use, The totel
stress in the stirrup is computed by the following formula:
8 = Aefy
in which 8 5 Strength of stirrup.
fg = 16,000 1bs,/sqfin,
The spacing between the stirrups are found by the following formila:
8 =~ S/v'b
in whioh 8 = Spacing in inches,
v! = Total wmit shear at the section = ultimate wmit ghear of
concrete which is taken as 40 1bs./sq.in,
The size of st_irn'tps are taken as 7/8 inches in diamster. The spac-

ing end the number of stirrups used are shown cleerly in Fig, 6.

Computations

Yoment
Live Load Moment
24,000 x 9 - 12,000 x 7,5 = 12,000 x 1.5 = 1,500,000 o
Dead lLoad
2" Surface g 25 lbs,/ft

" Slab = 8745 "

=112,6 lbs,/Bb%



=T -

112.6 x 7.5 = 845 1bs./ft.

Assumed Stem = 255 1bs,/ft.

wgz 1,100 1bs,/ft.
Dead Load Moment (Positive)

M- 1/8 wa% - 1/8 x 1100 x (18)% * 12 5 535,000 "1bs,
Deed Load Moment (Negative)
¥ - 1/20 m? = 1420 x 1100 x (18)% x 12 x 214,000 "1bs,
Impaoct. Moment | o |
.30 x 1,300,000 z 590,000 "lbs,
Total Moment (Positive) | | |
1,300,000 f 390,000 #~ 535,000 = 2,225,000 "1bs,
Total Noment (Kegafcive)

8/20 x 2,225,000 » 890,000 "1bs,

Shear
Live Load Shear z 24,000 1lbs,
Impact Shear = 7,200 1bs,
Dead Loed Shear |
% x 1100 x 18 = 9,900 1bs,
Total Maximum Sheear = 41,100 1bs,
Depth (d)

Bor Positive Moment

' x 12
d ,-,"zézza;ooo = 17.8 in, b=%x18 g 54"
x b4 :

For Negative Moment

d =\{aso 000 x 18,8 in, Assume 16" Beam
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For Shear

d- 41,100 z 24.6 in. Shear Governs,
SRR 7R R

Try b = 14"

dy = 41,100 - 28 in,
IEGI i;gx E

Use 14" x 30" Beam ( d = 28" )

! Correction '

Deed Load Moment

Surface # Slab 845 1bs./fhs

Stem z 30 - 7 x 14/12 x 160 = 335 1bs,/ft.

w 1180 1bs,./ft.

Maximum Positive Moment
1,580,000 # $90,000 # 1/8 x 1180 x (18)% x 12 = 2,265,000 "F
Maximme Negetive Moment
8/20 x 2,265,000 = 905,000 "1bs,
Maximm Dead Load Shear
% x 1180 x 18 = 10,600 1bs,
Meximum Total Shear _ | _
10,600 #f 7,200 # 24,000 = 41,800 1lbs,

d'T s 41,800 ‘ - 28.4 in.
T20x 7/8 x 14

Steel
Area for Positive Moment

A' = 23265’000 - 4061 Bq.in.
» x x

Area for Negetive Moment

A. - 905.000 = 1.85 .QOin.
20,000 x 7/8 x 28

Use 7 = 3/4" Round Bar Stesl Ag = 3.1 sa.in,



Totel A' = 4494 3q.in,
Bond

= 41,800 x 8 = 103 lbs./inf 0.K.
15,5 x 28 x 7 .

Bent Up
2/(108)% = ,61/4,94

4 | a) = 38 i,

Bt

= 108 = 38 = 70 in, from end of been,

ds =\ /125 x (108)° = 54 im,
.51 |

BTSRRI

g 108 = b4 5 B4 in, from end of beem,

dg ,-‘ﬁ .84 = (108)° - 66 in,
]

= 108 = 66 g 42 in, from end of beam,

el TSN RN TR

Bend up 2 bare at a distance of 70 in, from end of beam,

Bent Domn

E " " 2 n | I | L . B4 111. L] " = ] .
? L n 2 L] " [} o " 42 in. ] " L] o
3

d1\=\{13 x_(108)2 = 100.6 in,
15

= 108 = 100.5 = 7.6 in, from emd,

4, = \A1 x (108)% # 92.5 in.
| T

..\/ ( 22‘ -

= 108 - 83,5 = 24.5 in, from end,
Bend domm 2 bars at a distenoce of 24,5 in, from end of beam,

" w g n oW o " 186 , " L R

" n 2¢'-n‘u - * 95 ., " "w ow oW

3




Ys 41,800 = 122 1bs./tn2o
E x ’73 x 28
v - 122 - 40 = 82 1bs,/ind

Maximun Shear at Cemter Line

Maximm Shear

= 12,000 x 3 f 12,000 x 9 = 8,000 1bs,
R, = 12,00x8 /12,0020

| ‘ v=_ 8,000  x 25,4 lbs,/in% at C.L,
3 E x 578 x 25

Stirrups
Use 3" Round Bars
8 = 2A,fy = .39 x 16,000 = 6,240 1ba,

8 = IS,M X +39 = 16 in, Use 12"
28 x 12

Maximm Spaocing

o6d = 46 X 28 = 16,48 in,

Use 12" spacing for all atirrups afber the bent bars,
8, = 16,000 x ,89 = 6 in.
82 5 16,000 x .89 = 5,6 in, Min, end spacing,
82 x 14 _ ‘ '

Use First Stirrup 3 in, From End,

Second " 9 in, " ® .
Third n 121!1. " " .

Al) Other Stirrups 12 in, Apart,

Spacing for Bemt Bars

True spacing

s = 8/v'sina) = 16,000 x .61 x ;& = 16.2 in, TUse 12°,

Use 12" Specing For the Other Bent Bars Also,
000000000 00000000008

3T
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FND BEAM DESIGN

In the design of the end beam, the same method is followed as used
in the design of the interior beam, the only difference between the two be
ing that the interior beem is a T beam while the end besm iz an L bean,

Computations

Assume 14" Beam
Moment bz 7.5/2x1247a 52"
Live Loed Moment
108,000 *lbs, x 12 = 1,300,000 "1bs,

Impect Moment

n

52

x

60% x 1,500,000 ¢ 780,000 "lbs,

Dead Load

2" Surface  a 26 lbe,/ft]

7" Slab z 8745 1bs,/ft2 2z

112,65 lbs,/ft2 x 52/12

490 1bse/fte

-Asgsume Stem

"

310 1bse/ft,

o B00 168 ¢/ TCs

Dead Load Moment _

1/8 x 800 x (18)2 x 12 = 390,000 "lbs,
Totel Moment (Positive) |

1,300,000 o 780,000 # 390,000 = 2,470,000 "1lbs,
Total Moment (Negative)

2,470,000 x 8/20 = 987,000 "lbs,

Shear

Live Load Shear z 24,000 lba,

Impact (60f%) ‘ = 14,400 lbs,




Dead Load Shear
# x 870 x 18 z 7,850 1bs,
Maximmm Shear
7,860 §f 24,000 ¥ 14,400 = 45,600 lbs,

] Depth
; ; .
For Poaitive Moment

a _-,‘f.a 470,000 = 19,1 in,
ﬁI p 4 32

) For Negative MNoment _
' d.:”987000 = 21.3 in-
- 167 x 14
For Shear
dz 45,600 = 31 in,
120 x 77§ x 14

Try 14" x 55" Beam

Corrsotion

¥oment for Dead Load

Surface # Slab = 490 1bs./ft.
Stem g 33 = 7 x 14 x 150 = 380 lba,/ft.

ﬁ d .
w3z 870 lbs./ft,

Ea 1/8 x 870 (18)% x 12 = 423,000 "lbs,
Total Moment (Positive) ' |
423,000 # 1,300,000 ¢ 780,000 = 2,503,000 Tlbs
Total Negative Moment o
2,503,000 x 8/20 = 1,000,000 "1bs,
Dead Loed Shear |
% x 870 x 18 = 7,850 ‘lbs,
Totel Shear

24,000 o 14,400 f 7,850 = 46,250 1bs,




- P

dem 46,260 . = 31,6 in,
150:’78:E

Use 14" x 35" Beam, ( 4 g 32" )

Steel
Ares. of Steel for Poslitive Moment
“Ag = 2,503,000 = 4.48 s8q.in,
20,00 x TBE 5
Area of Steel for Negative Moment
Ag = 1,000,000 = 1,79 8q.in,
» x x OS2 '
Use 7 = 3/4" Round Bare (Stirrup) 3.1 sq.in,
6 = 5/8" Roumd Bars (Bemt) 1.84 sq.in,
Total Ay 7 1.9 sq.in, .

Bond

x 100 1bs./in?  O.K.

u = 46,260
16.6 x 32 x 7/8
For the Bend Up and Bend Down of bars for the end beam use same as the ine

terior beanm,

Stirrups

ve 46,260 =118 1bs,/in>
14 x 578 x 52

v* = 118 - 40 x 78 1bs,/in%

Maximum Shear at Center Line of Beam x 8,000 1lba.

Y= 8,000z 2044 lbs./in? st CiL.
14 x %75 X 52

Use the game detalling as for interlor beams, because maximum unit
stresses at the support and the cemter line are just a little lesa than
the ones used in the beam , thus the same detailing makes the design on

the safe gide,
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GIRDER DESIGN

The design of the girder is very similar to the design of the emd |
bean both beirg in L shape, The maximum moment and shear are found by the
usual methods slreedy explained for beam design, Assumption for the dead
weight of the girder is first made and correofed later on, In the total
desd load caleulations, dead loads of the bea:q are transformed from conoe
entrated loads to uniform load by dividing half the weight of a beam by
the clear span betweem besms which simplifies the work a great deal and is
also accurate enough for practical purposes, Curb and railing leads are
also included in the totalling of dead loads.

Steel snd stirrup designs are simllar to the ones used in beam de-

sighe Fige 7 and 8 show clearly the deballing of the bars and stirrﬁps.

Computations
. -
coro”
Moment
Dead Load
2" Surface = 26 lbs,/ft%
7" Slsb = 87,5 ™
z112,6 "
112,65 x 9 = 1,010 1bs,/ft,

Besm : 24/12 x 14/12 x 9 x 160 x 1/7.5 » 420 "

Gurb : 9/12 x 12/12 x 150 = 10 °
Reiling : 3.5 x 150 = 5% "
Girder : Assume = 1,530 "

= 3,600 lbs./tt.

|
1




27~

Dead lLoad Moment
1/8 x 3600 x (60)% x 12 = 19,500,000 "lbe,
Live Load Moment |

1/8x 460 x (60)° x 12 # % x 21,000 x 60x 12 &
6,200,000 "1bs.

Impaot Moment 7 _
30% x 6,200,000 = 1,860,000 "lbs,
Total Moment
19,500,000 ¢ 6,200,000 ¢ 1,860,000 ¢ 27,560,000 "lbse

b =70" ,l
A Assume b' ¢ 28"

b= 6x7 ¥ 28 & TO"

-1/12 x 60 x 12 5 88"

Shear
Desd Loed Shear
% x 3600 x 60 = 108,000 1lba,
Live Load Shear

4 x450 x60 4 21,000 x 34,500 lbs,

Inpact Shear i _

Totel Shear = 152,800 lba,
Depth {d)

For Yoment

d= 27,660,000 p 54,8 in,
‘ 151 x 70



.3./d
3./2

3./2

gi2

23 ': As
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For Shear

d= 162,800 = 62 in,
X 7/8x28

m@t Governs

Try 28" x 59" Girder (d w 56")

True Dead Load of Girder

| 28/12 x 69/12 x 160 = 1720 1bs./ft.
w = 3600 - 1530 # 1720 = 3750 1bs./ft.

Use ) 28" x 66" _G:l:rder (de 63")

Steel

Ay = 27,560,000 = 25 sqyin,

Tse 8 = 13" Square Bars Sty ( Lower Layer ).
8 - 13" Square Bars Bt, ( Upper Layer )e
Bond

us 162,800 =z 69.5 (less tham 100)
40 x 7/8 x 63 0. K.

Bend Up _
dy .V 2 x (360)° = 128" from C. L.
16 |
dg ._-,|/4x (360)2 z 180" " "
6 .

ds g\’s X !360!2 - 220" " " e

16
& z \Bx (360)% = 286" " ",
16

Meximim Shear

Maximum Shear at Cemter Line
450 V5 2/, 000%

I/
A
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R= 2122000 £ ( 450 x 30) x 1/60 x 30/2 - 13,880 1bs.

v- 13,880 - =9 1bs./1n‘°:
28 x #78 x 65

vt » 152,800 - 40 g 59 lbs./in?
28 x "755 x 65

Bent Bars
g = 16,000 x ‘12:2%3 46,5 in, Usd 3%' for all Bent
—"'EE ,Tg’" Bars
Erd Spacing

8 g 16,000 X 439 = 4 in,
53225

Meximum Spacing
6 x 63 = 37,8 in,

8 = 16,000 x (39 = 14,8 in, TUse 12",
15 x 28

END BEARING DESIGN

End bearings are neccessary at one end of the bridge for preventing
high temperature stresses and undesirsble crackingé s thus provision is
mede for free expansion and contraction of the structure with temperature
changes, A rocker is designed and showm in ?ig. 9 placed bstween steel
bearings plates,, proportioned to bring the bearing streeses on the conc-
rete within the given limit of 500 lbs, per square inoch, The bearing of the
cast irom rocker on steel is limited to 303 lbs, per inch of length, where

d is the diametsr of the rounded surface of contaoct,




T~

4
1 Computation _ _
Fixed Bnd t f, = 500 1bse/in®

A = 152,800 = 306 8q.in,
-—_L-l-
500

28" x 36" = 1010 sqQein.
Use 3* Abutments
Expension End ¢ C., I. Rocker
Alloweble bearing of Rocker on Steel Plate
fy, = 300 D per inch length

L. D. u 152,800 = 610
300

D 24 in,
L =22 1n.l
Expansion ( Assuming 80° F. in difference of temperature )
80 x ,0000066 x 63 x 12 » 4394 in,
P&Qtaa 22% x 16" ~ 352 (greater than 305)
Rooker Thickmess

£, s 152,800 = 1720 lbs,/in®  O.K.
22 x 4

See Fig, 9 for Rooker,







PART 11

DESIGN OF THE REINFORCED-CONGRETE

ARCH BRIDGE,

RISE - 10 FI,




DESIGN OF CONCRETE ARCH BRIDGE

Ordinary way oi‘ oonﬁMion of a conorete arch with fixed ends
is done by the elastic theory, because 1t is statiocally indc!:eruinato. The
aroh ring is nothing but a curved béms and 1s so cemsideved . |

In arches made of stone, it 1s essential that the line of pressure
of sny possible loading should pass through the middle third of each joint
of the arch ring, in order to avold a tendenoy for any joint to opem, But
in arches made of concrete, the struoture considered msy be made monolithie
and thus be capable of withstending tenslon, which means that the line of
pressure may pass outside of the middle third l_lithout endangering the
structure, An arch beinz mostly in compressiom, reinforcing it with steel
plays very little part in its strength, However it is customary to use re-
inforoement for some distance at least, near both upper and }owor surf=
aces and earry both rows of stesl throughout the emtire spam, thus elimi-
nating eny pessible failure due te inadequate provision for tensile stres-
ses, In orderrto. prevent buckling, the upper and lower reinforcement is
tied together, There are severel methods todesign a hinge-less arch, The
method used here is taken from the " Bureau of Public Roads " publications
" Public Roads Vol VIII Nos. 4 & 6 for sale at 10 cents a oopy by the Supt,
of Doouments, U.S. Printing Office, Washington D,C, "

The design of the arch bridge is carried in steps, starting with
the floor system desipgn which inoludes designa of slabs, bean end girder;

then the colums are designed, In designing the girder the Theorem of
Three Moments is used, The span for the arch 1s teken as 60 feet, The width

of roadway used is 18 feet, and loading H-1lGE,.




Also the following data snd information is used in the design of

the bridges

2000 1bs, Conorete, { 1 : 2 ¢+ 4 ) 63" slump, Maximm
Aggregate g 1 in

Stresses: f, = 800 lbs./in?
fg = 20,000 1bs,/in?
n - 15;

v = 40 1bs,/in? or 120 1bs,/in
u = 100 1lbs./in%

Curbs are 9" wide by 12" above Surface of Paving.

Paving is done by 2" of Bituminous Wearing,

Railing is comstructed by Ooncrete 3'-6" above Road Surface,
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SLAB DESIGN

‘Beaxs are placed 7 feet 6 inches apart, center to cemter !11:1_1 a
total number of 9 beams, two being the end beams as shown in Fig, 10, In
finding the thioclmess of the slab, the Ketchum's formula has been used,
bhe explanation of whioh is already given in the first pert of this thesis
in the disgram of the Beam Bridge, The design is ocarried out in the follow
ing order: First the maxisum moment is foumd by teking the sum of the dead
load, live load .and impact momentss; Then the total shear is calculated,
The depth of the slab is next caloulated by the use of depth formmlas for
moment end shesr and cholce is given to the bigger depth to take care of
bothe Then the number, size and spacing of dbars are determined by caleu-
lating the required area of steel.

Beams are assumsd 16 inches wide for obtaining the clear spen of

the alab,

Computations ( Alternate Design for Slab )

T

Method Used: From Ketohumts Specifications, im * Reinforced_coﬁoreto
Design ", by Sutherland snd Clifford,
Waz23S /T
8 = Spacing of floorbeams in feet,
We2/3x7.6¢1=26tt,
Moment
Live loed Moment = 2500 'lbs.

Impact Moment = 750 'lbs,




. Gurder

shb

s/ob

Beom

Beom

S@7-6 -80°0°

G/rder

F19 r0

Floo system of
Arch briage




Dead Load Moment
2" Surface : 25 1bs./sq.ft.
7% Slab : 885,56 ¥ fequft. = 7/12 x 150

112,56 # /8q,1%,.
112,6 x (6.25)2 x 1/8 x 8/10 = 440 'ibs,
Total Moment

2500 o 750 ¥ 440 = 3,690 'lbey

Iive loed Shear
12,000/6 x % = 1,000 1bs,

Impact lLoad Sheer

30% x 1000 = 300 1lbs,
Dead Load Shear

112,56 x 6.25 x % = 350 lbs,
Total Shear ~ 1,860 1bs,

For Monment 7
a -_-m z 5.31 in,
BUERLE
For Shear
d= 1660 m 3,95 in,

x X

Slab ( d u 5.,5")

Ares of Stesl

Ay u B/fg3d = 3,69 x 12 ® .46 8q.in,/ft,width

ra




— N gl =

Try 3" round Bars
Ay o196 sq.in,

Spacing z 4196 g 5.1" use § in,
*

v=Vibid= 1,650 = 28,6 1bs,/in?
12_1 ,75 x B.B

Uz vh4 =2 28.,6x5 gz 91 1bs,/in?  ( less than 100 )
M 1 A 0. K

Use %" Round Bare @ 5" ( Alternate Bars Bent )
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16N (Fig. 11, 12, 13, 14, 15.)

Interior boams oarry the load ocoming from the slab, The Beam is de=
signed very similar to the slab design, Formilas used in the beam design
are the same ag in the slab design, exodpt for a few additional formilas
whioch are used in order to find the area of tension steel and for beat
bars which are as follows:

Ay = M/t 5d
in which,
M g Maximum total momemt either positive or negative,
fg = Unit tenslon stress, |
d = Depth of slab from top up to the center of the steel
bars used for reinforcement.
J = 7/8
To find the places where the bars are to be bent either up or down, we use
the following formulas
| d;|,2/ d22 = oh _
where the position of the maximum moment can be obtained and shom
in Fig. 1ll.
The size of the beam used is first assumed %o be oorrected later on, after.
corrected depth is calouleted,
The procedurs for the design of -the end beam is exactly the same

a8 in the interior beam and the same formilasg are used,

Gomputations ( Interior Beam )

Monment

Live Load Momemt
24,000 x 9 =« 12,000 x 7,6 =~ 12,000 x 1.6 = 1,300,000 "#




Dead Load

2" Surface : 26 1bssft3

; 7" Slab s st Y/
|

112,56 #/rt%

112.6 x 7.5 z 845 lbs./ft.

Assumed Stem g 255 1bs,/ft.

f ' *z 1,100 1bs./ft.
Dead Load Moment (Positive) |

M-1/8 w12 « 1/8 x 1200 = (18)% * 12 £ 535,000 "1bs,
Dead Lead Moment (Negative)

T T T T T

- ‘ Mz 1/20 W% = 1/20 x 1100 x (18)%nx 12 = 214,000 “1bs,

; Impact Moment
ﬁ | ¥ - .30 x 1,300,000 = 390,000 "1bs,
© Total oment (Positive) N
M = 1,300,000 £ 390,000 f 535.060 = 2,225,000 "lbs,
Total Moment (Negative)
Mg 8/20 x 2,225,000 = 890,000 "1bs,
Shear
Live Load Shear = 24,000 lb_s.
Impact Shear = 7,200 1lbs,
Dead Load Shear - |
4 x 1100 x 18 | = 9,90 1bs,

s

Total Maximum Sheer = 41,100 1bs,

4




R

Depth (d)
For Negative Moment

d = ’890;000 = 18,8 in, Assume 158" Beam
: x 16

For Fositive Moment

a,-,-\!zzzsooogn.sm. b=%3x18 2z 4.5% = 54"

For Shdar 7
de 41,100 -- g 24,6 in, Shear Governs,
120 x 6'73 X 10 :
Try b = 14"

d; = m__ﬂ%gg_ﬂ 2 28 in,
X X .
Ués 14" x 50" Beam ( 4 g 26" )
Correction
Maximum Pos:j.tivo Moment
1,300,000 ¥ 390,000 f Corrected Dead Load Moment,
Dead load Moment

Surfaos ¥ Slab = 846 lbs.fte
Stem = 30 = 7 x 14/12 x 160 = 335 ibs.ft/
?

w = 1180 lbs./ft,

M=1/8 x 1180 x (18)% x 12 » 575,000 "1bs,
Total Meximum Positive Moment

1,300,000 4 390,000 f 575,000 = 2,265,000 "lbs,
Maximum Negative Moment

8/20 x 2,266,000 = 905,000 "1bs,
Maximum Total Shear s Maximum Corrected Dead Load Shear /

Impact Shear ¥ Live lLoad Shear




Maximmm Dead Ioad Shear
# x 1180 x 18 = 10,600 lbs.
Maximum Total Shear

10,600 f 7,200 f 24,000 z 41,800 lbs,

dy = 4] ,800 = 28,4 in,
120 x 7,'8' x 14

Steelr

Area for Positive Moment
A- = 2.265,@ 5 =2 4.61 'q.in'
20,000 x - x
Aree for Negative Moment
A.' = 205,000 = 1,85 lq.in.
EO,W X :75 x EE '
Use 7 = 3/4" Round Bar Stesl Ay = 3.1 8q.in,
6 = 5/8" Round Bar Sbeel Ag = 1,8¢ in,.sq.
Total A4 = 4.94 8q.in,
ua 413800 x 8 = 103 1bs,/in? 0. K,
o0 X X
Bent Up

dp

R.25 x (108)% g 54 in,
.94

108 = 54 g 54 in from end of beam,

dg= \f1.84 x_(108)% = 66 in,
=

4, = \[61 x (108)% = 98 1x,

=108 - 88 = 70 in,

Bend up 2 bars at a distanoce of 70 in, from end of besam,

" L] 2“ " " [ ] H54ﬂ' " " ] n!

" " 2'! n n " ﬂ4aﬂ “ " L l!—‘




Bant Down

4 = /13 x (108)2 = 100.5 in.

= 108 = 100,5 = 7.5 in, from end.
. .

dz _-.-Vll x ‘108! 2 92,0 in.
156 :

u 108 = 92,6 = 15.5 ine from emd,
45 2\fo = (108)% = 83.6 in,

- 102205.5 = 24,6 in, from end,
Bend down 2bars at & distance of 24.5 in.from end of beam,
" " on 0w " " 35,6 in, " L T T

] " 2“ L -] " n 7.5 in.n ] " ] .

v-__ 41,800 g 122 1bs,/in?
xBTS
w1 2 122 ¢ 40 = 82 1bs,/in®
Maximur Shear at Gentgr Line
Ry = 12,000 x 3 # 12,000 x 9 z 8,000 lbs,

v= 8,000 = 23,4 1bs./in% et C.L.
12 x 7/8 x 28

Stirrups
Use 2" Round Bars
S = 2Agfy = +39 x 16,000 = 6,240 1bs.
s = 16,000 x ,39 = 16 in, Use 127

28 x 14
Meximum Spaoling

o8 d: .6x23=16.81n.

Use 12" spacing for all stirrups after the bent bars,
8] = 16,000 x .39 = 6 in,
T3 x 14 )

8y z 16,000 x .39 = 5,5 in, Min, end spacing,
82 x 14 '




Use First Stirrup 3 in, From End,
Sedond " 9in, * ",
Third ®* 124n, * =,
11 other Stirrups 12 in. Apert.
Spaoing for Bent Bars
True Spacing

sz §/vi(sin a) = 16,000 x 61 x 2% = 15,2 in, Use 12",
: - 66 x 14

Use 12" Spacing For the other Bars also,
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Computations ( End Beanm )

¥oment

Shear

T ¥
Assume 14" Bean ¢

be 7e5/2x12 £ 7 nB2" —

T

Live Load Nomemt 7
108,000 x 12 g 1,300,000 "1bs, a
Impact Moment
60% x 1,300,000 = 780,000 "lbs,
Dead Load
2" Surface s 25,0 lbs./rt>
" Slab = 67,5 1bs./ft3
= 112,56 1bs./ft2 x 52/12 = 490 1be/et,
Assume Stem = 390 lbs/ft,
v : 800 lbs/tt,

Dead Load Moment
. .1/8 x 800 x (18)° x 12 = 390,000 "1bs,
Total Moment (Positive)
1,300,000 ¢ 780,000 ¥ 390,000 = 2,470,000 "1bs.
Total Moment (Negative)

2,470,000 x 8/20 s 987,000 "lbs,

Live Load Shear = 24,000 1bs,
Dead Losd Shear = 7,850 1bs, = & x 18 x 870
Impact Shear (30%) = 14,400 1bs,

45,600 lbs,

Total Shear
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Depth
For Positive Moment
d = 2,470,000 = 19,1 in,
, For Negative Moment
? -
: d s 987,000 = 21,2 inm,
For Shear
F dm 45,600 = 31 in,
: 120 x /8 x T4
.
; Try 14" x 33" Beam
3
? Correotions

Dead Load Moment ‘
Surface # Slab 490 1bs/ f£t,

Stem = 33 -~ 7 = 1¢ x 150 = 380 1lbs/ft,
iz T2

Wz 870 ﬁ:s/ﬂ-..
M= 1/8x 870 x (18)% x12 £ 425,000 "1bs.

Total Moment (Positive) _

423,000 ¢ 1,300,000 780,000 = 2,503,000 "lbs,
Total Moment {Negative |

2,508,000 x 8/20 = 1,000,000 "1bs,
Dead Loa.d Shear

% x 870 x 18 = 7,850 lbs,
Total Shear

24,000 o 14,400 ¥ 7,850 = 46,250 1bs,
7 dg s 46,26 = 31,5 in,
. ) X x

Use 14" x 35" Beam (d = 32")
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Steel

Area of Steel for Positive Momemt

Ay = -2 4,503,000 2 1.48 8q4in,
Eé,w x ’775 x 52

Area of Stesl for Negative Moment

A = 1,000,000 .= 1,79 8q.in,
*T.000x 7B x 82, -

Use 7 - 5/4" Round St, bars 3,1 sq.in,
] m l.84 3Q6ino
8 - 5/8" Round Bent Bars
Bond

us 46,250 - 100 0. K.
o X X

Use same bernd up end bend down of bars for the end beams as those of the

interior beams,

Stirrups

v= __ 46,250 = 118 1bs./in’

14 x %78 x 52 7
¥t = 118 = 40 u 78 1bss/ind |
Maximum Shear at C. L. of Beem z 8,000 1ba.

2 _

v - 8,000 - 20.4 1b3./in. at c’ L.

4 x x
Use the game detailing as in the interlor beams. This makes it on

the safe side s the maximum unit stresses at the support end the center

line are just e little less then the ones used,
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GIRDER DESIGN

The girder to be designed im this case 1s one which is continuous
and 1s supported by slx colums, That 1s 60 feet of the gpan of the bridge
is divhkded into 56 spans at 12 feet, It i evident that the momemts and the
ghears in such a girder that which is ;'igid over the golumms, cemnot be de-
ternined by prineiple of statics alone, since there are two unknown end moe
ments, two unknown vertical remctienggnd possibly 'bwo wnknown horizontal
reactic;;a whic makes a possible total of aix .unlmawnvl while there are only
three equations in statics for bodies in squilibrium, There are several
methods for finding moments for such continuous girders such as the Theorem
of Three Momemts, Leagt Work Metod and Slope Deflection Method, The three
moments method was uded in our theeis,

By the use of the first ( three moment) method, moment factors are
found for beams and girder cearrying wniform load and continuous over sever-
al spans, A table of these coefflclents for maximum moment in contimuous
beams is given by Sutherland and Clifford in their book of Reinforced Conom
rete Design on pege 174, In finding the maxinwm moments in the above girder
design the use of this table will be made which isbelidved to give aoourate
enough results for practical purposes, The formule to be used to get the
moment factor is,

¥ = xow?

where
¥ iz the maximm momeut,

x ig the moment factor, 7
w 1g the wmiform load (dead or live),

L is the spen lenmgth,

o




R : R oo ‘ Bean Reaclisn

r9 /6

Postion of beams
ond’ Columns on Arckh




The equivelent uniform loed for B«l6 loading is found to be 480 1lbs.
per ligear foot of lane and a concentrated load of 13,000 lbs, for momemt
and 19,500 lbs, for shear these being found in Design of Steel Structure
by Urquhart snd O'Rourke on page 422, The maximm shear is obtainmed by the
use of the followlng formulas

V= owl
where
¢ iz the ooefﬁ.oimt and is 6 for end beam arnd 5 for int-
erior bean,
The depth of the girder and the steel reinmforcement used are found
in similar processes as in the case of the i:eams. |
The size of the colums are assumed to be 18" x 12" in order to
obtain spproximately the clear span of the girder between the columms,

This is obtained to be 1l feet,

Compubations

Dead Concentrated lLoad garried to Girder
Dend Load of Slab (carried by 2 of each beam)
7/12 x 9 x 7.6 x 150 g 5,900 1lbs,

Dead Load of % Beam

14/12 x 50/12 x 9 x 160 z 3,930 lbs,
2" Bituminous Surface '
25 x 9 x Teb = 1,690 lbs.

10,520 1bs,

DeadC Concentrated Load




-

Live Concentrated Load Carried to Girder

Live Load
480 X ?.5 - 3,6& 1b..
impaat Load
60% x 3600 = 2,160 1bs,
5,760 lbs.

Total Concentrated Load Carried to Girder
10,520 o 5,760 = 16,280 1lbs,
Tniform Dead Load

Assume Dead Load of Girder = 500 lbs./ft.

Railing 3.5x1x 150 = 525 lbs./ft.

Curbs 9/12 x 1 x 150 110 lbs./ft.

/6,280 /f‘w
l;"" | - 1135 1bsfre,
Reeactlions .
Ras #0060 7 Ra- /a.5%
RB = 2,511 x 16;280 # 20/11 x 16,280 = 18,500 lba,
Ry = 16,280 f 16,280 « 18,500 = 14,060 1bse
Shear

Ry (Beam Reaction)

18,500 1lbs,

live Loed Sheer (from Table) = 19,500 lba.
Impact Shear (60%) |
Uniform Dead Load Shear

"

11,700 1bs,.

6 x 1135 x 11

7,600 lbs,

67,200 1bs,

Total Shear




o

Moment
Uni form Dead Load Moment

(Positive) .072 x 1136 x (11)% = /9,900 *1bs, at cemter,

(Regative) ,106 x 1136 x (11)% = 14,400 " lbs,

Moment at the Reactions

(Negative) ¥p » 16,200 x 2 5 x (8.5)° # 16,280 x10 x 1)2
T ' (11‘)%""(_

20,340 ft,.1lbs,

(Negative) Mg z 16,280 x 8,6 x(2.6)% # 16,280 x 1 x(10)?
==  x(2.6) R ¢ V)

= 20,500 'lbs,

(Positive) Mg.L. = =20,500 ¥ 18,500 x 5,6 = 16,280 x 4.5
a 8000 'lbs,

Concertrated Live Load Moment (from table)

s

| S5 /3000

A
&
Tf,d'aa ‘[ 6,800

(Nogative) M, , 5 = 18,000 x 5.6 x(5,6)° = 17,900 *1lbs,
112 :

(Positive) M oo .. .-= 6,500 x 6.5 =17,900 » 17,900 'lbs.

£

Impact Moment

Nogative Moment 30% x 17,900 = 5,370 'lbs.

Positive Moment 30% x 17,900 - 5,370 'lbs,

Total Negative Moment
14,400 ¢ 20,500 f 17,500 f 5,370 = 58,170 'lbs,
Total Positive Moment |
8,000 o 9,'900 ,1 17,900 ¥ 5,370 = 41.170' '1bs,
Depth

For Positive Moment

d =\ 81,170 x 17 = 11 in. b = dspan = $(21)(12)
\ji"——ﬁ"m x - 35"
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For Negative Moment

dg\{58 170 x 12 = 18 in. Trying b = 18"
, ig? x 18

For 8hear

I 57,200 = 33 in. Shear Governs
120 x 77& x 18

Use 18" x 36" (@ » 33")

Stesl
Area of Steel For Positive Moment
Ag = 41,170 x 12 = 8455 aq.in,
20, x x
Use 9 - 1™ Square Bars
Bond
ug 57,200 4 55 (1ess than 100)
x x ‘ 0. K.
Area of 8tee for Negative Noment
Ay » 58,170 x 12 = 10,90 sq.in,
20,000 x 578 x 35
Use 11 - 1% Squars Bars
Bond . '
u = 57,200 = 67 (less than 100)
44 x 7/9 x 33 _oo Ko
YUse 9 = 1" Square Bars
11 - 1" Square Bars
Bend Down

dy /5 X(5,6)° = 344 in.
3

4 46 x 5,6 X 5,5 = 3,75 in,
— 13

Bend Dovn 1 Bar 2t=-4" from Endgs

i ] 2 <3 1"10" n " .
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. Bend Up

dl-_-. 2 x 2=2.38 in,
V::l:’O. =
dp -_-V4 x(6.6)2 g 3,35 in,

Bend 2 Bars Up at 3' from End,

o 2 L n n 2' ] ﬂ‘

Use 1 = 1" Square Bars. Straight at Tope
k 3 - 1" Square Bars, Bent Down, . ( Fige 9 )

4 = 1" Square Bars, Bent Up.

Stirrups

v = 67,200 = 110 1bs./in?
X x

i ¥ = 110 - 40 » 70 1bs,/in>
- 70x%el8 1bs./5.n§

vabt C. L. =
% 70
r © 1/6
i 66" &
End Spacing . |
:* 8 = S/¥'b = 7%5%_01,5: 248 in,
l vt =s£§§§'% - 32.8
x =70 x 66 = 50
B
; d = 33 x 50 = 23.5 in, or 26,5 in, from End,
g T0
' Tse 3/8 Round Stirrups 1 @ 2" (2")
- 5@6" (30™)
3 68" (24™)

(62"







Ben’ yp of bars

/0 Grroler

7). .
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COLUMN DESIGN
Columns carry thé loads coming from girders to the arch, Six
colums are used in the desipn, three on each half of the bridge, The
oross-gsectional area of the colums is found simply by using the formmla:
Ay = Load/tq
where Ay is the cross~sectlional are and f, equals 4501bs,/ind

Computations
Total Load on Columm
Girder
150x 18 x 36 x 12 = a 8,100 1bs,
144
Slab
7/12 x 52,5 x 9/4 x 150 = 10,400 1bs,
Beam
7x 9 x 14 x 30 x 160 = 6,900 1ba,
4 x 144
2" Bituminous Surface
26 x 5225 x 9 = 3,000 lbs,
Railing
' = 6,300 lbs.
3,6 x180"x 1 x 12
Curbs
9/12 x 1 x 150 x 12 e 1,350 lbs,
Live Loed
480 x 12 = 5,750 1lbs,
Impact
30% x 5,750 = 1,225 1bs,

Concentrated Load

19,500 1bs,




Uge

Use

—_ v -

Impact for Conoentrated Load

50% x 19,500

Total Load
Cross=gectionel Area

= 27 .
Ag = (:‘&)E S u 134 sq.in

12" x 12" Columm Area x 144 sq.inm.

Steel Required _ ’
1% Az = W01 x 144 = 1.44 sq.in,

4 - 5/4" Roumd

% Rowmd Ties ¢ 12"

= 5,860 lbs,

= 60,275 1bs,.




' _'ﬁll‘

_-’%’6

f79 20
| Cross Sec’on
oF Columr
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DESIGN OF ARCH

The hingeless arch is statically indeterminate as there are only
three equations for six unknowns; thus three additional equations are re-
guired. These are derived from the elastiec property of the arch; the de-
rivetion cen be found in the book " Analysis of Comorete Arches " which
1s a reprint from the Bureau of Public Road Fubliocations, Arch compute~
tions are best handled on tabulated forms es shown in the prints Tables
1.9,

The thickmness of the arch at wvarious points is found by a trial
arch as shown in Fig, 19 where where the graphimal method is used, To
find the shape of the cemter line of the arch, half of the arch is di-
vided into tem equal parte and midpointa of thes'e are drewn vertically,
The respective"y" s of these are found by the use of the formslat

2 4
" ¥yeb-8rL (3¢ f 200%r)
6?31’

in whiech

b » the rise of the arch and is taken as 10 feet,

rgb/L
0:.5-1
L

x mx horizontal distanoce from the point o to various points
as shown in Fig, 19, 1 |
After the 'y' @ of each point are found the shape of t=he arch is drawn
to scale, The thickness of the orown is found by the following formulas
h 2.@001 (11,000 # 1%) & Crown thickness

where 1 is the spen,
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Thiockness of springing 1ine is obtainoc_l by a gemeral rule,
by taking 2.5 lines the thiokness of the erowm,

The variocus thieknesses of the arch is found by stretohing
the arch sxls into a strdght line as shown in fig, 19 and drawing
in the thlokness of the erown and the springing line, There we
obtain the thickmess of the arch at various points and the dts of
points from one to tem., Then these informations belng used as find-
ing the stresses of all 'tho archh completely designed, The stresses
are found on the tabulated forms, tables l-9., Explanation of these
tables are fbund below,

The value of h, for each of the ten points between 1 and 10,
are computed by the a.Lbove formula and entered in
Cols 2 of table 1, Prints,

Cols, 3 to 5, follow thé_table.

Col. 6 d' = Fireproofing or steel cover = 2" = .17 F&,

Col. 8 n = 10, 12 or 15 mccording-to the velue of £,' useds
A= Total area of steel per Ft. of arch ring in Sq. FEe
Uauullj 1", 11/8" or ll" 8q. barsl are used, one per Foot at
both top and bottom of arch ring.

Cole 9 Add walues in Col, 4 and in Col,. 8.

Cole 10 d8 = lemgth of arch axis for each arch div}.sion,_Soaled from
drawing. Ds 18 not constent as dx is, See Pt, 3, Fig, 1,

Col. 1) Sum of this Col, = (1/2) as in this e¢olum only one half

of the arch ring is used,

Col. 12 dx = 0,05L, The walues in thks Col, are the same for all arches.

Col. 13 Multiply values in Col. 12 by those in Col. 11, Add ocolumm,
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Qol. 14 Start at Pt. 1 with value as in (_Jol'. 13, with the sign cho.ngo«_l.
(89.3) Prints, Add 89,3 and 171.7 = 2614,0 for walue at Pt, 2,
261,0 and 243.0 = 504,0 for ﬁlue at Pt, 3, Continue this method
snd add columm,

Cols 15 Vaule at Pt, 10 = Sum of Col, 14, Va1u§ at Pt, 9 m value at Pt,10
in Col. 15 plus value at Pt 9 in Col., 14, Vakue at Pt, 8 = Value
at Pt, 9 in Col. 15 plus value at Pt, 8 in Col. 14, Continmue this
process to top of Col..

S8ince Pt,l in not far from O and since V, should be vary mnearly
1 for a wmit load at Pt, 1. the walue of F from the formula should
be very nearly to the value at Pt. 1 in Col. 15, In computed arch
it is equal. .

Cols 16 Follow the table of the computed aroch. Same for all arches,

Col. 17 Produeta of wvalues in Col, 16 by those in Col, 11, _

Cols 18 Compute F by formmls, Divide values in Col, 15 by Fe

Cols 20 Values of y are computed by formmls for y.

Col, 21 Same as Col, 11,

Cole 22 Products of walues in Col, 20 by those in Col. 21,

.. . Add colum to obtain (1/2)23“5 N
% y Ofesm Sum of Col, 22 divided by Sum of Col. 11

Col. 23 Subtract this value from each velue of y in Col. 20.

Cole 24 Products of walues in Col, 21 by those in Tol, 23

Col, 25 Obtained from Col. 24 in this same memmer as in Col, 14 from
Col, 13, Add the opl’lIM.

Col, 26 At Pt, 1 walue is 0, At Pt, 2 walue is the walue of Pt, 1 in

Col, 26 plus the value in Col. 26 at Pt, 2 plus the value at Pt, 2

in Col, 26, Continue this method, The gizns are all negatiNe.
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Col. 27 Values are the prodlztts‘ of values in Col, 20 by those in 24,
saa tor \Y/2)iy4fy - (2y4) /34)

Cols 28 Compute®by formmla for Tanw0 or scele from drawing, & is the
engle between the horizonmtel and a tangemt to the arch axis at
the point, Look up Obse D.

Cole 29 Divide values in Col, 28 by those in Col, 2, A = oross seotional

area of the arch ring, Since the ring that is belng designed is

1l Ft, wide h 5 A, Add Col, for jﬁ/zl Cog. ¢o
A

Col, 30 Compute C by formula,
¢ = ( 1/0,06L) times twioe the sum of Col. 27 pius twice the sum
of Col, 29, Ho = Values in Col. 26 divided by C. Compute H'b by
H = 34560t/C. See print,

34560 z 20 Ee = 20 (144) (2000000) (0.000006), |

Col, 32 To obtain Z, subtract 0,6 from the point end nn:l'l_:ipiy by 2. As
st Pty 10,2 = (10-045)/2 = 19, Also for Pt, 10%,

Col, 33 Same as Col, & for Pts, 1 to 10 and Pts. 1* to 10¢,

Col, 34 Seame as Col, 18 for Ptse 1 tp 10, Values between 10t and 1' are
found by subtracting the corresponding walues for Pts, between 1
and 10 fwom 1, - Af Pty 7t walue = 1=-78915,

Cole36 Sé.me a8 Col, 11 for Pts, between 1 and 10 and 10 and 1Y,

Cols 36 Value at Pt, 1t iz §, Value at Pt. 2% in the sum of values at
Pto 1' in Gol, 36 end Pb, L' in Gol. 36, Value st P, 3' is the
sum of walues at Pt, 2! in Cols 35 and 2' in Col, 36, Continue
this process,

Col. 37 Value at Pt. L* is O, Value at Pt, 2% = Value at Pt, 1% in
Col. 37 plus value at Pte 2! in Col, 36, Value at PI:._S' =

Value at Pt, 2* in Col, 37 plus value at Pt, 3' in Col, 36,

Continue this method,
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Col, 38
Compute dx/54-22-twiee the sum of Cel, 1. Multiply eash value in oo-
 lum 37 by this comstemts |
Coly 39 Multiply the values in Cole 33 by Zys/z4as computed for use in
 Cols 23, |
Col, 40 Compute 20dx/2 and multiply velues in Col. 34 by it,
Col, 41 Value for sach point i.n thil 091?; -

Some of the waluea for the
same point in coll. 38, 39; 40,
Sum the Cols. 38,39; 40, 41 end epply the following cheok; Sum

~ of Col, 38 # Sum of Cols 59, ¥ Sum of Col, 40 » Sum of Col. 41,

Colss 43, 44; 45, Same as colums 33, 34, 35, _

Cols 46 Z3 w 2x5/dx = 2 (7¢5)/5 = 6. ¥5 = 3.51. Compute VoZgs

Cols 47 8] » X1, 82 = X2 ot0, For Pb, 1 Z5 = 2a/dx = 522(1.5)/3 -4, For
Pt, 2, Zg-2a/dx = 562(4.5)/3 = 2 eto,

Cols 48 For Pts, up to but not :i.nglndi;:.g Ko, 3 multiply the values in
Cols 47 by dx/2 = 3/2 z 1,5, For Pts 5 and beyond, multiply the

values of v, in Col. 44 by 23dx/2 u 5(F}2 = 7.5.

Cols 49, Multiply values of E  in Col. 43 by -ys.

Cole 50 Value at any point » Sum of values for same points in Col. 45,
{48 gnd _49. _See formila on print. _

Cols, 51,52, 55, 54, and 55, are computed in like manneyr 'Eo Cols, 46,47,
48, 49, and 50, Carry 51 and 52 to Pt, 7 inolusive,

Col, 56, 57, 58, 59, 60, are computed in game manmer as cols, 46, 4‘?.
48, 49, and 50, Carry to Pte. 10 inclusive Cols. 56 end 57, For

checks see eomputations and egquations on page or print 4,

Colse 61 to 67 (inolusive), Copy Cols. 43, 44, 45, 50, 56, €0,

Cols 684 DeL, Dead loads are readly the weights of the arch ring in Open
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S8pandril Arches and the weights of the arch riag plus the weights
of the £111 for Filled Spandril Arches, #he dead load at each

point is the weight of the sectim of arch ring and fill which

is is ds long. In the dead load teble on primt 5 only Cols, 1, 2,

;- snd 3 are nseded for open spandril arches,

Col, 69 are Cols, where the values are obtained by multiplydng the welues
i to 74 in Cols. 62 to 67 by values in Col, 68, Sum of Col, 69 y H for D,

L. and is eutered on table 9 Col. 77 as shomn, Sum of Cols 70 =

V for dead load at Pt, O and 18 entered on teble S at Pt, 0 as

Bk B b M 4

shown, Sm of Cos, Tl, 72, 73, and 74 are the dead load moments
for Pts, 0, 3, 8, and 10,6 sud are emtered on table 9 in Col, 78

as shown,

e P e, S

Go@ubations

Sample to fimd the y for the respestive x,

ST

b = 10 ft.

r = 10/60 = 1/6 |

cx o6 - x/L for x3 = 1.6
= o6 = 1,5/60 = 475,

Yp=b -~ 8L

TF Br (562 f 100%r) =

10 - 8(1/5)60 (B x (4.75)° # 10(.475)* 1/8) = 3.06
8

6 1
Thus for the respeotive velues of x values for y are found in
! this manmer and the curve of the arch can be plotted. The wvalues of y

for the different wvelues of x are &k tnbulated below, the calculation

T .

being performed for each one as above,

L\ e
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x3 = 1.6 n = 1.12
Xy = 4.6 ¥y2 = 3.05
x3 =z 7.6 ¥3 = 4.70
x4 #-10.5 Y, = 6420
x5 = 13.6 _ Y5 = T.26
Xg 5 16,5 Yo = 8.18
x7 2 195  ¥7z 8.9
Xg = 22,5 Tg = 9445
Xg = 25,5 ¥g = 9,803
X0z 2846 Y102 9498
x10,55040 ¥10,6 = 10.00

Crown Thiekness (Sample) | _
h = 4001 (11,000 # 12 ) = ,001 (11,000 # 36) = 1.46 ft,
Thickness of Springing
h = 1,46 x 2.5 = 3,65 ft,

Values Obtained from Drewing Namber ¥

hg = 3.65¢ dsy = 4,00 9)-4 41.5°
hg = 3,50¢ dsy a 3.70 ®s o S57.00
hs = 8,30t dss = 3.67 05 = 33,0°
hy = 3400' dsy, g .45 & = 28.5°
hg = 280! dsg = 3.25 95 = 33.50
hg » 2,50! | dsg = 3.10 86 = 19.0°
h? = 2.,35! d.Bnr = 3,06 07 3 15.00
hg = 2,10° dsg - 3,02 Qg = 11.5°
29 a L.90° dsg = 3,00 €z 7.0°
th.E £ 1,46 dﬂlo.s - 5.00

All the remaining results of the arch are shown in tables 1-9

~which ere in the thesis in blueprinted form.













Computotion of Dead/l.

A Ao's l/mhé DL,
| /€0 | 2/00 2700

2| /22 | /830 | /830
3| 707 | /605 | /605
< 965 1450 | /450
5| /2 | 1220 | 1220
6| 7.27 | /090 | 090
6.40 960 | 960
d| 574 | 60 | &60
w| 5/ | 765 | 765
fo| #£.5 675 | €75






















PART IITI

ECOFNOMICAL DISCUSSION

REINFORCED-CONCRETE BEAM &

BRIDGES.,

ARCH



BCONOMIC ANALYSIS AND TYPE SELECTION

Type selection is unguestionably the higheet, most difﬂoplt snd
nost importsnt feature of bridpe engineerimg from start to finish, Millioms
of dollers oen be and have been Wasted through Amproper type adeptatiom
resulting in wwarranted first costs, or meedless maintansnce expemses,
Correct type of selectiom is the very oorner stone of ecomemy. A failure
to recognize the primciples involved, or to sveluate correctly the faotors
extering into the problem may frequently result in a waste many times.
greater then any saving which may result from refimements in stress sne~
lyeis snd design, It is the truth that type selection oalls for the exor-
cige of the ;'arest Judgememnt, tempered by long experiemcs in the design,
construction, malntemence and operation of bridges under a wide wariety of
conditions and it is also true that as a gemeral ruls, nothing but time
will give the bridge engineer the maturity of judgement needed, It is quite
posgible however, 'I;e enalyze this problem, to seperate 1t, as it were, into
its compoment parts, to state certein fundamental fmdamentals and submit
oertain data which may g.id in forming judgements as to probable first ocsts
meintanence costs, renalia.l costs, ete,, for the werious oonstruo‘bion types
comnonly employed, After the preliminary surveys have been computed, for
any bridge struoture and before any work can be done on the detailed design
or preparstion of plans, it becomes ﬁfcceuary to make at loash a tentative
selection of the type of comstruction} best sulted to the particular needs
involved, The question of eoconomy in first oost, maintance, and renewals ig
- naturally a major eontrélling consideration and one which in order of imp-

ortance should possibly, receive first memtion, The eocmemios of any bridge




problem however, are gemerally investigated after certain other controllimg
_conditions have received oonsideration, The mejor controlling factors are
conveniently grouped as follows:

A~ Btresm behavlor,

B~ Requirements of mavipation,

C- Traffio oonsideraticns.

D= Arochitectursl features and soemiec oconsiderstions,

B. Condition of available funds.

The tera "stream behavior™ i1s here used to signify the peculiar
oharacteristios of the jmterwaj during periods of high water as regards
erosion o*ed asnd bgnks, lateral shift ing of charmmels, oarriage of drift,
ice and debris, eto. Such characteristics masny times operate to plece cer-
tein limite upon type selection entirely independant of comsiderstions of
economy and it is with such tendemcies that this a.itiole has to deal,

The second factor, nfmely, requirements of navigation, will geme
erally affect type selection} as regards both vertical and horizomtal clear-
ences for the main channel span, Where movable spans are used, the type of
design for the moving leaves may also be controlled by considerations of
water traffie, |

Factor D in the above list, which is the architectursl feature and
scenlo considerations, has in ceratin ceses a very importent role in dict~
ating type selection, Grouped in order of their architectural possibilities
bridge types may be classified, as follows:

a) Mesonry arch construction.
b) Reinforced conorete deck construetion,

¢) Deck truss or plate girder construstion with concrete
deck and railing,
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e) Through truse or girder ooncﬁmtién
£) Timber construction
The last factor listed as controlling the economics of eny bridge
problem was the condition of available funds. In certain instsnces the
choice between types may hinge upon the amoumt of mn.ey actually available
for oonstruotion purposes and thus mdo;' of no avail any theorgtiea.l oonse=
1deratioﬁ of the eoconomics of first céat. mintsnance, remewals, ubc, Per-
“haps the selection of a cheaper ocnstruction type evem, in this ca.io; nay
be false economy, but it is apparent that if there are no sdditiomal fwmds.
available and no legal machinary prqﬁdod for the borrowing of tﬁo sems,
the germent must, to e certain extemt, be out in accordance with the oloth;
Having dispoped of the gemeral features comtrolling type selection
for highway bridges, :j the question of economic analysis may n‘ow be consid
ered, |

FUNDAMENTALS OF ECONOMIC ANALYSIS

Source of funds for hishl'ax brige improvements

Funds for the construotion of highway bridges are in general de-
rived from two main souroces, as follows:

a) From direct revenue { property tax, license fees, gascline
tax. etoo)

b) By borrowing ( issuing bonds ).
In either case a fund 18 created termed the "Capital Aocount" out

of which the money necessary for construction oan be drawn,

Capital costs

Let us consider the case of a bridge costing C dollars, built of
absolutely permenant congtruetion and upon which there is no need for

meintanance expenditures, The capitel account is charged with € dollars,



A

withdrawn but credited with a brit:lge worth C dollars, so that the balanse
remains unchanged, In other words, the totai wealth of the state is in no
way changed by ethangi_ng C dollars in money to C dollars in bridge ocons=
truction, However, the state has by no mosns received a big free, owing to
the faot that the C dollars in liquid funds had an oaming“of rC capacity
per anmum, r being the interest reate, while the C dollars in tlhe bridge
has no earning oapacity, The net result of the state therefore, is the gain
of a bridge but the loss of rC dollars 1a'be_rest money per year, The oap-
ital cost of any bridge struoture therefore, oan be represented by an amnual
charge representing the interest on the amount experded; thus for permsuent
construction without meintemence and costing C dollars, tho annual expense

is egqual to rC dollars,

Maintanance and Renswal Costs .

| It 1s apperent that no bridgs oan be built satisfying the sbove
requirements. Regardless of its excellance, some money for minteneiéo is
required and at some future period the structure is bound to be worn out
snd need complete remewal,

- If we essume that the average maintensnce cost per year is estim-
ated M dollars and that the.proﬂtablo life of structure is equal te n
years, the amount of money R, which must be deposited at the end of each
yoar to acowmmlate with the compound interest at 1% per year, an amowmt
equal to C dollars in n yearst time is glven by the expression

R= Cr
(17r -1

The term R obviously represents the measures of the r-enewal charges

against the s'l;.ructure. The total annuel cost for cspital, maintemence and

renewal is therefore represented by the expression
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Earc/ M /R
Gillette's Handbook of Cost Data and other hendbooks contaim tables
which aid 1n the celoulation of annual expemses of renewnl ﬁmds, giving the
amount sccumulated whem one dollar is deposibed ammually in a fund drawing
compound interest at the rates from three to tem peroent and for time peri-
ods one to fifty years. |

Insurance Costs

Fire insurance in highwey bridges is only neceessary when the bridge
is of timber comstructione In oertain cases the danger from flood loss is so
great aa to warrant the oconsideration,sn annual item for flood insurance, In
general this item is not considered except when it becomes neccessary to
determine the ?cla‘bivo econemy of two type ef oonstructionms which differ in
regard to their respective liabilities for flood loss, In such a case the
proper annual charge for ﬂood insurance cen be determined from the probable
frequency of flood losses in otmnection with the prodable service life of the
‘structure by a oons:.deration of the theory of probabilities,

Operation Costs

In addition to the foregoing the lest item of annual expense to be
considered is that of operation, Opertion expenses may be divided into two
main classes as follows:

a) Operation of the bridge.
b) Traffic opezfation.

The first operating cost mentioned above is simply an annual oharge
ocouring in the case of movable bridges or in oconneotion with the operation
of crossing gatel, the employment of watchmen, etc. The second operating

cost is the ocost to the trifﬁo operating over the bridge.
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This cost can be determined from the length of the bridge, the traf-
fio demsity and the wnit traffic cost, which latter walue may be expressed
in terms of elther vehicle mile orton-mile wnits, The latter is the more ac-
curate b'o:b.tho former lends itself more readily to this type of economic ane
alysls since the use of the ton=mile requires that the traffic urits be seg-
regated, The vehicle mile wit will therefore, be used here although the ton
mile may be used if desired,

As ap illustration of the method of arriving at traffic operation
costs oonsider a bridge 1000 feet in length carrying an average traffic of
1000 vehicles per day. AL an average cost of 8 eents per wehicle mile the
total ammual operation costs '

1000) ($0.08) (1000) (365) = $563,30
5280

It is true that the cost of traffic operation is pald for oub of a d:_l.ﬂ'ermi:
fund than that from whioh other smmual costs are paid, it is however, none
the less a legitimate oharge against the structure and should be comsidered
in any ecomomlc comparlison, )

The cost per wehicle mile varies with a large number of factors end
data at hand are not sufficient to place anything more than a very rough
estimate of_ eveluation upon the same, The following disoussion of transport=
ation odats, as affeoted by bridge design may prove emlightening, in so far
as general prineiples are concerned, even though no definite or accurate
quentitative conclusions are reached, Among the faoctors involved in bridge
sonstruction whioh affect transportation sosts may be mentioned the follow-
ings

a) Character of roadway surface,

b) Width of roadway,



¢) Horizontal alignment of itmo'bure.
d) Grade line treatments.

The character of the roadwsy surface (a) adopted for the bridge af-
feots transportation ocosts in a variety of ways, First of all, a rough road=
way surfaoce inoreases the rolling resistance of the vehiols and in this meas.
ure opswkes to inorease the fusl oconsumption, The presence of a rough surface
also inoreases the tire expense and in addi'_tion, introduces certain impaot
and vibration strains in the wvehicle itself, which result in a faster dep-
reciation of the egquipment, These vibrations are not‘ altogether a function
of the bridge floor aurtﬁ.oo, but may result from a vibration set wp thfough
out the entire superstructure during the passage of a load,

The effect of an unduly restricted roadway is a slackeming in the
average spesd of traffioc movement and s oonsequent inoresse in time elememt
transportation oost#. Narrow roadways also op_omto to introduce greuter lie
ability of acoident, not only major accidents, but also injury to fenders,
bumpers and other like minor damages growing out of the closely restricted
olearance between vehiocle end rail,

~ The effect of sharp ourvature is to lnoresse the 1liabllity of colw
lision, to slacken the average of safe traffio speed and to mtm&uéc en ol-
ement of added wear on tires due to longitudinal and leteral slippage‘ whioch
results, A general atress upon the entire vehioular mohaniﬁ also results
from travel over an alignment having undus curvature, |

The introduction of grades operates to increase the rolling resist- |
ance of the vehiole snd thersfore, the fuel consumption, Sharp chenges in the
direction of grade, unless modified by long vertloeal ouma; introduee an ad~

ded impact, bot to the structure and to the vehicle, Conditions of this kind

are genorally observed either st grade wertices or atuthe end of the structure
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where the sams jolns the roadway approach,
In general it may be stated that any condition which will impair the
riding qualitiea of the bridge roadway surface, operates to inorease trans-

portation costs,

ECOHONMICS OF REINFORCED-~-CONCRETE BRIDGES

Reinforoed concrets structures being the most modern of all the
gemeral types of bridge construction, the ecanomios of their designing is
not so highly developed as compared with the older types, In studying their
economy, it is convemiemt to divide it to differemt topics and disouss
then ons by ane,

REINFORCED STEEL

One of the importent points in the designing specifications for re-
inforced conorete bridges is the proper intémsity of working stress for the
reinforcing conorste bars, It is generally eonoeio;l that it should not ex~
coeod one-half of the elastic limit of the materialy and in conseguemce, the
practice in engineering in the past has limited it to 18,000 1bs./in,> but
using a higher carbon-steel meny menufacturer's are trying to raise it to
20,000 lbs./inz-. The higher intensity saves im the quantity steel, but gem
erally increases the amount of conorete used, That id due to the fact that
the higher strese in the steel reduces the momemt of resistance of the

concrete about 8 percent, If the amownt of concrete is inoreased, the net

saving 1s about 2 percent in slabs and 3 percent in beams; but if the seo-

tion of the concrete is determined by shear or other oomsiderations, so
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that no inoreese is neoccessary, those percenteges will be increased by wmi-
ty. There are two great objections to use hizher steel. The first one is
thet when bent cold it is liable to crack on acsount of its inoreased harde.
ness, The second it opens up oracks in the conorete,

INTENSITY OF WORKING STRESS IN CONCRETE |

For meny years the praotice has been to»stresa the conorete in
compression only 600 1bs,/inZ., but lately the Joint Committee of Techw
nical Sooleties has reported in favor of adopting 650 lbs,/in®. When a
good aggregate is proocurable, there is no objection to this inorease of 8
peroent, The actual reduction in the amount of comorete of a bean due to
this difference of intensity of working stress is about 6 percemt, but this
is partially offset by the increase in the amount of stesl required,
PAVINGS

With a conorete base any desired type of paving osn be employed as
wood blocks, briek, upphalt, or any other kind of bituminous paving, plain
oonofo".se or granitold, Wood block is the most expemsive as far as first
sost 1s conocerned, but it makes e muvh better showing in the comparison
when nintonnn and'rénewals are considered, Brick per se is less expens-
ive, but it is heavy and in oonsequence, requires more metal to carry it,
This is not = serious drawback in shorte-spen bridges, but on long—gpan ones
it is almost prohibitory.

Asphalt and bituminous bridges in general are good; ax-id usually
they are not heavier than the wooden-block ones, Unfortunately they re-
gquire an extensive plant to le:y them; and as the total area of paved surf-
ace on most bridges is comperatively small, the charge per square yard for
uge of plant will be excessive, unlesa there be a nearby plant availeble,

To adopt an asphalt or bithulitie paving on o bridge ir a small town is,
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for that reason rarely economic practice, This diffisulty héwe'\ror. oan be
overcons by adopting an asphalt block pavement, which requires no plant for
its oomstruction, '

A oconorste wearing-surfece in many cases is both satisfactory and
comparatively inexpensive, for it requires mo special ﬁlant tq lay it;
neverthless an extra hard and du:_rablo sggrogate is obligatory, and the
conerete must be ocarefully mixed, placed, and finished, and mmst be kept
properly wet while ocuring, especially in het, dry weather, Unless these pre-
cautions be observed, the conorete pavement will not prove economio becausge
of short life end the expense of repairs and replacenents, It will be found

edvisable to design with an allowance in dead load for an extra two inohes
of conoretbs, go that a thicker wearing surface msay be put on, if ever des-
jred, without overloading the floor-system or the trusses,
DESIGNS |

The economics of deslgn are rayher difficult to determine, as the
quantities inwvoived are influemced quite largely by the individual tastes
of the designer. The problem is also complicated by the facts that the wmit
costs of the various portions of a structure mey be more or less differsnt,
and that t.:ho wit costs of diff‘erent types of construction mey be deeidedly
unlike., In gemeral, it may be said that the wmit costs are lower for thoase
structures which have the simplest form=work; and a reduction will also be
effected by decreasing the area of formesurface per cublo yard of conorete,
For instance, in the case of a wall or elab, the form~cost per cubic yard
will vary praoctically inversely as the thlckness of the sald wall or slad,
Bvidently therefore, it is desirable to concentrate the oonorete into a few
large members, rather than to employ a great number of smell ones. The eso-

nomics of the designing of the different parts of reinforced conecrete strucf-
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ures are discussed in logloal order beow,
BLaBs |
A primary economic problem in slsb designing is that of two-way
versus one-way reinforeing. Two-way reinforcing involves less oconcrete but
more steel than does eme-wany reinforcing; hence it has but little advantege
unless the reduction of d ad-load to a minimmm be of prime importance,
Barring most of those in railway bridges, slabs are usually contin-
uous over penel points, excepting at the expansion po!.ntﬁ-thm is but o
little differemoe in the aotual costs of contimuous end nﬁn—eontimm #labs
. but contimiity is desituble from the standpoint of paving end drainage; also
with continuous slabs ¥-beams constructioz csn be employed, The continuity
of slabs and girders ocomplicates oénstruetion preblens sometimes very ser-
iously. ’.I.'h_e various processes of the oonstruction of a proposed design
should be studied through completely in order to make certain that no ime
practioable or uinecooui.rily expensive work is 1nvo].veri.
GIRDERS 7
Girders are of two ma:l.n' types, single or continuous; and thofo is no
great difference in their costs, there being more comorete but less steel
in their spans , of the ainpla-span type. The ‘tr-npah c_:onti.nuot‘u type is
"nearly always Rore o:penlive than the single=span typo,. Comparing simple
girders azd continuous ones having three or more spans, the following obe
servations may be made:
If there is no T-beam action, the simple spans will be the more
expensive; but if the bottoms of all girders are curved, the continwous
girders will be cheaper there being deoidedly much less ooncrete rbquired

for them,
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The character of the foundatlions should be duly consldered im deciding

’ be'bweeh ui;nple and the continuous girders; for if there is a danger of
settlement, the simple-girder is the preferrable type ~ in fact it is ob=
ligatory.

COLUMNS

Columns are gem.'rally'squa.re or rectangular in cross-section for
constructive or architectural reasons, A round or ooctogonal column is in
reality a better structural member; end if the lines of the bridge are also
worked in aoccordanoe with it, there should seldom be amy difficulty in the
matter of appearance, A round columm can be hoopogl or bended better than any
other typ&. Frequently for the sake of appsarance, the size of the colwmm
must be made greater than that neccessitated by theoretiecal requirements,
POOTINGS

Footings may be either plain or reinforced, and the question as to
which style to adopt is one solely of economice, beoause as they are bur-
ied out of sight, the consideration of appearance will not o.ppiy. I1r tho_
area of the footing is a little larger than that of the column supported,
plain oonorete will be cheaper; while for a spread-i‘gmdation reinterged
ooncrete will: be clnya founfi to be more economical, If a footing has to
be poured under water, plain concrete should invariably employed,

| Plain footings are made of 1 23 :6 conorete or somstimes 1t 3 : 6
but the latter, is considered too wWesk. The use of 1 : 2 : 4 concrete per-
mits thinner footings, but this is not of mmch importence when plein ocono-

rote bases are used,
In respect to the economics of girder bridges resting on oolumns,

- the followlng points mmust be considered: 1, The panel lemgth; 2, The num-

ber and spaocing of the lohgitudinal girders; 3. The number of colums per
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bemnt; 4, The span length,

ARCE BRIDGES

The economics of arch bridges are mmch more complicated tham those
of girder bridges. The importent factors tobdoonsidered are the oosfl of
arch ribs and 'bhou_ of the abutments; and the main eoonomic point to de-
termine is the rat;.o of rise to span-length, For any fixed spsn lemgth,
the greater the rlse the smlle;- will be the oost of both arch ribs and
abutmenta, By increaing further, the cost of the rib will be but little
augmented whersas the cost of the abutments sbove the springing will be
increased while the port below will bg deoreased, If the inocreage in rise
is secured by lowering the springings, the greater the rise the greater
the economy of materlal end cost; but if the increase must be secured by
raising the grade, the springing remsiving et a fixed elevation, it will
rarely be eoomomical to inorease the rise abowve the limit of ono—thifd of
the opeming,

The prineiple economic problem in the ardh bridges 1s the. deter-

mination of the best span-length, The principle factors to be considered
are the following:
A, The rise of the arch.
B, The distance from springing to bottom of base.
Cu The character of the substructure work,
D.The massivemess or lightnmss of the plers, determined
from the sesthetlc vievpoint;

The rise of the aroh is evidently of greatestt importance, because
the greater it is, the greater will be the ecomomic length of the spem.
The distance from springing to bottom of base is another very important

factor, In general, for ribbed arches, when the adjoining spans are of
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squel length amd when the springings are & short distance above the bote
tom of the base, a ratio of rise to span lemgth of one-third or even less
will be quite eoonopic; while if the springings are a considersble distan-
oe above the bottom, a ratio of one-~half will be better, Gemerslly spesak-
ing, low ratios of rise to span are rore pleasing tc; the eye than higher
ones, 80 that the use of longer spans is proforra.b;l.e from the view of ap-
poarence, Also longer spans involve larger members, and consequently lower
unit costs, .

Diffiocult foundations favor long spsng, not only because in the
reducticn of the number of piers but also because the unit costs of small
plers is mmoch hlgher thmr those for large ones, On the other hand, if the
foundations are ’_nw deep, the effect of unbalenced thrust bescomes of
great importance, and this favors shorter spans,

. If it be decided for the sske of appearance to meke the piers hea-
vy and massive, this will tend towards greater span length; because an incw
rease in spsn lemgth will augment the gsize of each individual pier but
little, lif anye It will rarely pay to reduce the span legmgbh, if such re-

duction will not deerease the slze of the pier of plers,

COMPARISON OF SOLID-SPRANDEL WITH OPEN-SPRANDEL

In highway structures, the opem~sprandel type 1s gen_erally préforr-
ed to the ﬁlled. type, for various good and eponomie reagons, a8 it is a
fact that with the latter type, it will be i"onnﬂ desirable for the sake of
appearancs, to maeke the ring the full width of the deck'; vhereas for the .
former type 1t will be satisfactory to carry a part of the deok on centi-
levers, The consequent nerrowing of the srch-rings and shorteming of the
piers involve quite a saving in cost.

CREEECOERERELNNNE
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