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PREFACE 

The purpose of this thesis is to give the designs of a reinfOroed 

concrete highway beam bridge and reinforced concrete highway aroh bridge. 

Also to give an economical discussion about both types of concrete high-

way bridges. The tuo bridges are to have the same spans as they are de.• 

signed for the same crossing. Throughout the thesis it is aimed to put the 

material in 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 neooeseary infOr• 

nation for writing the thesis have been the following: " Principles of 

Highway Engineering, " by Willey; " Reinforced Concrete Construction, u  by 

Ebol, Volume III; " Reinforced Concrete Design, " by:Sutherland and 

CliffordeNendbook of Reinforced Concrete by Arthur R. Lord; " Econo-

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

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

of Technology. 

Sincere appreciation is wished to express to Prof. F. C. Snow,of 

Georgia School of Technology, for his kind assistance and willing guidance 

given throughout the preparation of this thesis. 

Most of the design computations are given as slide-rule results, 

which are beleived to be accurate enough for all practical purposes. 
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'INTRODUCTION 

The two bridges which are designed in this thesis do not refer 

to *Ay particular crossing, but rather to design suoh types of bridges 

which are mostly used in the country where I oome from, and where pro-

bably my whole engineering career is going to take pleas, Thus the maj-

or object of this thesis was to get a valuable experience in the design 

of such types of bridges which will be mostly benefaotory in my future 

engineering work. 

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

demand for the construction of long span bridges is very little, This 

was particularly the chief reason for adopting a short span of 60 feet 

for both types of bridges designed in the thesis. The concrete bridges 

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

there are more concrete factories than steel Lille, and thus concrete 

is much more abundant and relatively cheaper than steel, as oompared 

to some other countries. Due to these foots, at least for the coming 

few years most of the bridges will be made of reinforeed-oonorete, At 

this stage since the two bridges were not built for a particular crossing, 

it was impossible to state without further investigation which of the 

two is the more economic bridge and would prove to be the most suit-

able. 

The eoonomios of the two types of bridges is fully discussed at 

the end of the thesis giving all the important elements which enter to 

such a discussion, The following items were mostly stressed upon such as 

• 



the floor system of the two types comparing the slab, beam and girder of 

one type with the other, and showing how they differ in size and amount 

of tension and oomprenssion Steel bars, Columns and an arch, which are 

not necoessar* in the beam bridge, are required in the arch bridge, 

whereas in the beam, bridge heavier girders are used 

Important considerations are also entered in this discussion 

concerning the eoonony in this design , end construction of such types 

of concrete bridges are generally discussed, which concludes the thesis. 



PART 

DESIGN  OF THE REINFORCED...CONCRETE 

B.3 A M „iBRIDGE 

SPAN L. 60 FT. 



DESIGN OF REINFORCED CONCRETE HIGHWAY BEAM BRIDGE 

Highway bridges of reinforced concrete are built as arches, as 

cantilevers end as continuous or non-oontinuous beams. The type to be de-

signed in the following pages is the nost common of these forms namely 

the beam bridge. These type of bridges are considered nore econondoil 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 roadway is 18 feet. Materials used are 2000 lbs. of concrete 

with maximum aggregate of 1 inch. Curbs are dimensioned by 9 inches wide 

by 12 inches above surface of paving, 2 inches of bituminous wearing surf-

ace being used for paving. The railing is to be constructed by concrete 

3 feet 6 inches above road surface. B-15 loading is used in this design 

which gives a total load on each traafio lane composed of a uniform load 

of 450 lbs. per linear foot plus a single concentrated load 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 simplicity a 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 formula: 

vr 4x ;IT 

in whioh whioh the axles of the wheel of the truck are parallel to the supports, 

in which 	W Width of strip in feet 

T Width of tire in feet, taken as one inch for each 1000 

lbs. of wheel load. 

x » Distance in feet from center of the nearer support to 

the middle point of the limed contact of the tire with 

the slab. For shear z will be taken as 2 times the ef-, 

 feotive depth of the slab. 

The total moment is found by adding live load, impact and dead 

load moments. In order to find the dead lead moment, the thickness of the 

slab is neocessary to be assumed, and if it comes out to be too big, cor-

rections aremade. Then the total shear is found by adding the live load, 

dead load and impact shears. The depth of the slab may them be found by 

using , both total shear and total moment in their. respective formulas and 

selection is given to the larger depth found which shows whether shear or 

moment governs the design. Then using the corrected depth the whole design 
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is repeated until the results check with the assumed dimensions. 

The are of the steel required is obtained by the following formula 

As  • It in which 

Ts7  

As  = Area of steel in square inches. 

NE. Total moment. 

fs  . 20,000, fiber stress for tension. 

7/8; 

d Depth of the slab. 

After the area of steel required is found, the number, size and spacint 'f 

the steel-bars are determined. 

Computations  

c LA = 7.5/2 L. 3.75 ft. 

where L is the distance from beam to beam. 

Di stribution of Loads for Truck (H.15) 

a / 	 0.4 

("on 
cixie 

0. i 0.4 

tear arde 

It is assumed that the front axle takes .2 of the total of the 

truck while the rear axle takes .8 of the load. Thus each front wheel 

oarri.es only of the load of the truck, which is 

Load Serried by Each Front 'Wheel 

.1 x 15 = 1.5 tons. 

Load Carried by Each Rear Wheel 

x 15 i 6.0 tone. = 12,000 lbs. 



Widt of Tire 

T g 12X000 = 12 ins = 1 ft. 

W - 4x T 4/5 (5.75) l = 6 ft, 

Moment 

Assume 15" Beams 

Clear Span of Slab 

7.50 - 1.25 = 6,25 ft. 

Live Load . 

P 12,000/6 lbs. per ft. of span 

Live Load Moment 
x625 

PL = 1/4 x 12,000/6 x 8/16 = 2,500 'lbs. 

Impact Moment 

mg Live Load Moment 	x 2500 = 750 'lbs. 
Dead Load 

Bituminous wearing surface of 2" of thiolcness is taken as 

25 lbs ./agate 

ASOUU6 8 in. of slab 

Conrete Weight = 150 lbs./cu.ft. 

Weight of Slab R 8/12 x 150 s 100 lbs./Sq.fte 

Total Dead Load : 100 /25 a  125 lbs./Sqat. 

Dead Load Moment 	 7- 6" 

125 x (6.25) 2  x 118 x 8/10 490 'lbs. 

fatal Moment 

2500 71 750 71 490 3,7) 'lbs. 



— 

Shear 

W for Shear = W for Moment a  6 ft. 

Live Load Shear 

12,000/6 x 	 1000 lbs. 

Impaot Shear 

.30 x 1000 	 g 300 lbs. 

Dead Lead Shear 

125 x 6.25 x 	 390 lbs. 

Total Shear 	 = 1690 lbs. 

Depth (d) 

For Moment 

740 x 12 5.35 in. 

For Shear 

d ^ 	1690 	a 4.00 in. 
12 x 7/8 x 40' 

Use T" Slab 	(d = 5.5") 

Correction 

Dead Load Moment 

2" Surface : 25 lbs./eclat. 

7" Slab 	: 87.5 # /eqat. 

112.5 # /sq.ft. x (6.25) 2 x  1/8 x 8/10 g  4404 

Total Moment 

2,500 ,I  750# 440e0 3,690 'lbs. 

Dead Load Shear 

112.5 x 6.25 x 	350 lbs. 



Total Shear 

1000 1'300 1 350 1,650 lbs. 

Depth (d) 

For lAoment 

d 3 690 x 12  : 5.31 in. 
12 x 131 

For Shear 

d = 	1650 	= 3.93 in. 
12 x 7/8x 40 

Use 	7" Slab ( d = 5.5") 

Steel 

Area of Steel 

Ass  M 	3,690 x 12 	a .46 sq.inolft. width. 
178: 20.000 x 7/8 x 6.5 

Try e Round Bars 

A .196 sq.in. 

Spaoing = .196  = 5.1" use 5" 
.0383 

V/jd g 1660 	s 28.6 lbs./lm;. 
12 x -7/8 x 5,5 

u = mb/1.0 = 28.6 x 5 lel lbs,/in2 . 	(lees than 100) 
O.K. 

Use 	" Round Bars 4 5" ( Alternate Bars Bent ) 



BEAN DESIGN ( INTERIOR BEAM)  

In designing the beam, loads on it must be put in such a position 

as to give maximum moment and maximum shear. This loading is shown in the 

Fig. 2, where two rear wheels of each of two trucks fall on the beam. In 

maximmlsoment, computation is carried both for maximmn positive and max-

imum negative moment. It is also found out whether maximum. moment or max-

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

umption is neccessary for its size and is corrected later on, if neocess- 

ary. The number and size of bars are determined by the area of steel requir-

ed; checking for bond stress is done by the following formula: 

u vhf 0jd in which, 

u = 'hit bond, and should not exceed 100 lbs.lin! 

V Maximum shear. 

to  a Total perimeter of bars in inches. 

7/b; 

d: Depth of beam in inches. 

It will be found that choice was given to two layers of bars, 6 on 

the top and 7 on the bottom layer. As trial calculations show, the use of 

more number of bars will make 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 center to cent-

er distance between parallel bars being 2i times the diameter for round 

bars, or three times the side dimension for square bars; and is in no case 

the clear spacing between bars is taken less than 1 inch. The bending up 

or the bending down of the rods are calculated by the following formula: 

d12/r d22  g a/1) 



/R,000
* 

  

5" 6.0 

  

/2;0i00 	/2,000 	 / 

a 6.0 

/6 # $0 °  

,241, 000 21,mo° 

F<9. 2 

Zfitec/or ,bean 
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The use of this formula is readily seen in Fig. 4 and Fig. 5 and thus 

needs no fUrther explanation. 

In finding out the stirrup requirements the maximum shear at the 

center line and the maximum shear at the support are calculated and a 

straight line variation is drawn between the two, because any possible 

shear curve due to any loading will fall within the shear curve thus drawn 

and accordingly the reinforcement is proportioned by its use, The total 

stress in the stirrup is computed by the following formula: 

S AEA 

in which 	S = Strength of stirrup, 

fa  16,000 lbs.Ambein. 

The spacing between the stirrups are found by the following formulat 

SA0b 

in which 	s Spacing in inches. 

Total unit shear at the section - ultimate unit shear of 

concrete which is taken as 40 lbsOlq.in. 

The size of stirrups are taken as 7/8 inches in diameter. The spac-

ing and the number of stirrups used are shown clearly in Fig. 6. 

Computations  

Moment 

Live Load Moment 

24,000 x 9 - 12,000 x 7,5 - 12,000 x 1.5 1,300,000 46‘  

Dead Load 

2" Surface 	25 lbs,/T4 

7" Slab 	8765 " 

:112.5 lbs./ft 



-•"` I' 7" 

112.6 x 7.5 7.  845 lbs./ft. 

Assumed Stem = 255 lbs./ft. 

w = 	 1.100 lbs./h. 

Dead Load Moment (Positive) 

1/8 w12  w 1/8 x 1100 x (18)2 X 12 » 535,000 "lbs.  

Dead Load Moment (Negative) 

Mr. 1/20 wit  1/20 x 1100 x (18)2  x 12 = 214,000 "lbs. 

Impaot.Moment 

.30 x 14300,000 = 390,000 "lbs. 

Total Moment (Positive) 

1,300,000 /390,000 I. 636,000 2,226,000 "lbs. 

Total Moment (Negative) 

8/203 x 2,225,000 2 890,000 "lbs. 

Shear 

Live Load Shear 

Impact Shear 

Dead Load Shear 

x 1100 x 18 

• 24,000 lbs. 

▪ 7,200 lbs. 

= 9,900 lbs. 

   

Total Maximum Shear 	: 41,100( lbs. 

Depth (d) 

Vor Positive Moment 
x 12 

17.8 in. 	 b t x 18 is  54" 
4 

For Negative Moment 

d:1\1
890000  s 18.8 in. Assume 16" Beam 
15T x -16 



For Shear 

44100 	x 24.5 in. Shear Somme. 
120 x 	x 16 

Try b c 14" 

dT  = 	41,100 	- 28 in. 
120 x 7/8 x 14 

Die 	14" x 30" Beam 	( d 28" ) 

Correction 4 

Dead Load Moment 

Surface 1 Slab 845 lbs.,/ft, 

Stem - 3
- 
 0 - 7 x 14/12 x 150 c 335 lbs./ft. 

c 1180 lbs./ft. 

Maximum Positive Moment 

1,300,000 / 390,000 1/8 x 1180 x (18) 2  x 12 c 2,265,000 4 
Maximum Negative Moment 

8/20 x 2,265,000: 905,000 "lbs. 

Maximum Dead Load Shear 

x 1180 x 18 = 10.600 lbs. 

Maximum Total Shear 

10,600 / 7,200 1 24,000 r, 41,800 lbs. 

dy  c 	41,800 	28.4 in. 
120 x 7/8 x 14 

Steel 

Area for Positive Moment 

As s 	2,265,000 	c 4.61 sq.in. 
Mr,653777riM 

Area for Negative Moment 

At  .,... 	905.000 	1.85 sq.ins 
20,000 x 7/8 x 28 

Use 	7 - 3/4" Bound Bar Steel As  c 3.1 whin. 



li 

Total As  = 4,94 *clan, 

Bond 

=  41,800 x 	z 103 .  lbs./in„ 	0.K. 
16.b x 28 x 7 

Bent Up 

d12/(108) 2  440.94 

= 38i, 

• 108 - 38 x  70 in. from end of beam. 

d2 =‘/1.23 (1o8)2  = 54 in, 
4.94 

a  108 - 54 a 54 in. from end of beam, 

d3 a  

	

b4 4
osig 	66 in. 

= 108 86 a 42 in, from end of beam. 

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

• N 8 II 	II N 	N 	N 54 in, N 	N N 	N • 

2 N 	* N 	N 	It  42 in. A 	• • 

Bent Damn 

d12 \t1.3  x31108)2  = 100.5 in. 

• 108 100.5 :7.5 in, from end, 

d2 V11 x (108)  92.5 in. 
15 

• 108 . 92,5 = 15,5 in. from and, 

d3 =1/9  x (108) 2  = 83,5 in, 
15 

• 108 - 83.5 = 24.5 in, from end. 

Bend damn 2 bars at a distance of 24.5 in, from end of beam. 

N 	N 	2 * 	It N 	St 	N  15,5 	. N 	N • 	N • 

11 	It 	2  N 	N II 	N 	N 	7.5 	. N 	ft It • 



	

41,800 	L. 122 lbs./i45 
14 x 7/13 x 28 

Tr4  2  122 - . 40 2 82 lbs./in! 

Maxima Shear at Center Line 

Maximum Shear 

R2  12,000 x 3 12,000 x 9  z 8,000 lbs. 
18 

Y 	8000 	s• 23.4 lbs./in! at C.L. 
14 x 	x 28 

Stirrup. 

Use e Round Bare 

8 = 242f= 2 .39 x 16,000 = 6,240 lbs. 

2 18,000 x .39  is 16 in. 	Use 12" 
28 x 14 - 

Maxim= Spacing 

.6d .6 x 28 rl 16.8 in. 

Use 12" spacing for All atirrupe afber.the bent bars, 

s1 = 16t
000 x .39  2, 6 in. 
73 z 14 

	

.161.22.9.1L2 31 	6.6  in. 	Min. end spacing, 

Use 	First Stirrup 3 in. From End. 

Second " 	9 ills " 	" 

Third 	" 12 in. " 

All Other Stirrups 12 	Apart. 

Spacing for Bent Bars 

True spacing 

s2 8/r'lsina) 2 16,Q010 x .61  x 	= 18.2 in. Use 12". 
85 

 
:14 

Use 	12" Spacing For the Other Bent Bars Also. 
4184.1111081111841881181111811 
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END BEAM DESIGN 

In the design of the end beam, the same method is fbllowed as used 

in the design of the interior beams  the only difference between the two be 

big that the interior beam is a T beam while the end beam is an L beam. 

Computations  
Assume 14" Beam 

Moment 
	

b a 7.5/2 x 12 / 7 a 52" 

Live Load Moment 

108,000 'lbs. x 12 2 1,300,000 "lbs. 

Impact Moment 

60% x 1,300,000: 780,000 "lbs. 

Dead Load 

2" Surface 	251bs./h! 

7" Slab 	= 87.5 lbs,/ft! 

6-2 

112.5 	x 52/12 490 lbs./ft. 

-Assume Stem 	 0. 310 lbs./ft. 

V = 	 800 lbs./fe. 

Dead Load Moment 

1/8 x 800 x (18) 2  x 12 390,000 "lbs. 

Total Moment (Positive) 

1,300,000 / 780,000 71390,000 = 2,470,000 "lbs. 

Total Moment (Negative) 

2,470,000 x 	= 987,000 "lbs. 

Shear 

Live Load Shear 	 e 24,000 lbs. 

Impact (mg) 	2 14,400 lbs. 



F 

Dead Load Shear 

x870 a 18 s  7,860 lbs. 

Maximum Shear 

7,850 /24,000 / 14,400 .1 45,600 lbs. 

Depth 

FOr Positive Moment 

d 	:1 21470i000  19.1 in 
13.1 x 52 

For Negative Moment 

d 19870002 2142 in. 

For Shear 

d a 	45,600 	31 in. 
120 x 7/8 x 14 

Try 14" x 351' Beam 

Correction 

Moment for Dead Load 

Surface / Slab 	.7 490 lbs./ft. 

Storni 33 - 7 x 
I 
14 x 150 :  380 lbs./h. 

"LE---   

870 lbs./ft. 

Ma 	x 870 (18) 2  x 12 423,000 "lbs. 

Total Moment (Positive) 

423,000 /1.300,000 /780,000 2,603,000 !Ibe4 

Total Negative Moment 

2,503,000 x 8/20 ..%) 1'000,000 "lbs. 

Dead Load Shear 

x 870 x 18 7,850 - lbs. 

Total Shear 

24,000 / 14,400 / 7,850 ^ 46,250 lbs. 



,4" 

dy 	46,_250 	: 31.5 in. 
1 0 x 1778 x 3.4 

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

Steel 

Area of Steel for Positive Nbment 

As  .1: 2,503,000 	4.48 sq.in. 
20,000 x 7/6 x 32 

Area of Steel for Negative Moment 

As s 	1,000,000 	LT 1.79 sq.in. 
20,000 x 7/8 x 32 

Use 	7 - 3/4" Round Bars (Stirrup) 	3,1 eq.in. 

6 - 6/8" Round Bars (Bent) 	 1.84 sq.in. 

Total As 	 4.94 sq.in. 

Bond 

I 2 Ix: 46,250 	= 100 lbs./in. 	O.K. 
16.5 x 32 lc 7/8 

Per the Bend Up and Bend Down of bars for the end bemuse same as the in. 

tenter beam. 

Stirrups 

✓ 46,250 	=118 lbs./in! 
14 x 7/8 x 32 

• 118 - 40 a 78 lbs./in& 

Maximum Shear at Center Line of Beam, 8,000 lbs. 

✓ 8000 	.1 20.4 lbs oilm at C.L. 
14 x 1/8 x 32 

Use the same detailing as for interior beams0 because maximum unit 

stresses at the support and the center line are just a little less than 

the ones used in the beam * thus the same detailing makes the design on 

the safe side. 



GIRDER DSSIGN  

The design of the girder is very similar to the design of the end 

beam both being in L shape. The maximum moment and shear are found by the 

usual methods already explained for beam design. Assumption for the dead 

weight of the girder is first made and corrected later on. In the total 

dead load caloulations, dead loads of the beam are transformed from conc-

entrated loads to uniform load by dividing half the weight of a beam by 

the clear span between beams which simplifies the work a great deal and is 

also accurate enough for practical purposes. Curb and railing loads are 

also included in the totalling of dead loads. 

Steel and stirrup designs are similar to the ones used in beam de-

sign. Fig. 7 and 8 show clearly the detailing of the bars and stirrups. 

Computations  

Moment 

Dead Load 

2" Surface : 25 lbsOt? 

7" Slab 	- 87.5 " 

:112.5 " 

112.5 x 9 	 1,010'lbs./ft, 

Beam 24/12 x 14/12 x 9 x 150 x 1/7.5 2 420 

Curb 9/12 x 12/12 x 150 
	

110 

Railing 3.5 x 150 
	

530 

Girder .4 Assume 
	

1,530 

w 	 7. 3,600 lbs./ft. 



27- 

Dead Load Moment 

x 3600 x (eD) 2  x 12 c 19,500,000 "lbs. 

Livi, Load Moment 

I 1 1/6 lc 450 x (60) 2 	f T x 12 	x 21,000 x 60 x 12 m 
6,200,000 "lbs. 

Impaot Moment 

30% x 6,200,000 z; 1,860,000 "lbs. 

Total Moment 

19,500,000 /6,200,000 71 1,860,000 : 27,560,000 "lbs. 

=zo - 

Assume b* 28" 

b s 6x7 28 m 70" 

.7 1/12 x 60 x. 12 c 88" 

Shear 

Dead Load Shear 

x 3600 x 60 

Live Load Shear 

x 450 x 60 

Impact Shear 

30% x 34,500 

Total Shear 

Depth (d) 

For Moment  

■ 108,000 lbs. 

21,000 2 34,500 lbs. 

10,300 lbs. 

c 152,800 no, 

d c 27,560,000
:  54.8 in. 

131 x 70 





For Shear 

d 	152,800 

 

. 52 in. 

   

120 x 7/8 x 28 

Moment Governs 

Try 28" x 59" Girder (d w  55") 

True Dead Load of Girder 

202 x 59/12 x 150 7. 1720 

ir =  3600 - 1530 /1720 3790 lbs./ft. 

Use 	28" x 66" Girder ( d = 63" ) 

Steel 

w 	27,560,000 , 	25 sq,in. 
20,000 x 7/8,x 63 

Use 	8 - 	Square Bars 	( Lower Layer ). 

8 - le Square Bars Bt. ( Upper Layer ). 

Bond 

u = 	152,800 	: 69.5 (less than 100) 
40 x 7/8 x 63 	 0. K. 

Bend Up 

diwp x  (360) 2 ,  128" from C. L. 
16 

d2 s V 4  x (4602  = 180" 
16 

d3  w\16  x (360) 2  r. 220" 

x (360) 2  = 256" 
v 	16 

• 

• 

• 

Maximum Shear 

Maximum Shear at Center Line 

450 2122Y 	2/, ano-'  ` 
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R 21,000 / ( 450 x 30) x 1/60 x 30/2 .7 13,880 lbs. 
2 

	

13,880 	c 9 lbs./in! 
28 x 7/8 x 63 

vs z 	3.52800 	- 40 a 59 lbs./ini 
28 z 7/8x 615-  

Bent Bars 

▪ 10000 sl:12 x 2  a  46.5 in. 	Usb 3if for all Bent 
54 x 	 Bars 

End Spacing 

• x 16,000 x .59  4 in. 
56 x 28 

Maximum Spacing 

.6 x 63 = 37.8 in. 

s 18400 x .39=  14.8 in. Use 12". 
15 x 28 

END BEARING DESIGN  

End bearings are neocessary at one end of the bridge for preventing 

high temperature stresses and undesirable orackings, thus provision is 

made for free expansion and contraction of the structure with temperature 

changes. A rocker is designed and shown in Fig. 9 placed between steel 

bearings plates,, proportioned to bring the bearing stresses on the conc- 

rete within the given limit of 500 lbs. per square inch. The bearing of the 

east iron rocker on steel is limited to 300 lbs. per inch of length, where 

d is the diameter of the rounded surface of contact. 



- .3"Z - 

Computation 

Fixed End $ fb z -500 lbs./in! .  

Az 152,800,z  305 'Kan. 
500 

28" x 36" 1010 sq,in. 

Use 3 1  Abutments 

Expansion End O. I. Rocker 

Allowable bearing of Rooker on Steel Flats 

fb 300 D per inch length 

L. D. si,152,800  = 510 
300 

D z 24 in. 

L - 22 in, 

Expansion ( Assuming 80 °  F. in difference of temperature ) 

80 x .0000065 x 63 x 12 z .394 in, 

Plates 22" x 16" 352 (greater than 305) 

Rocker Thiokness 

fb : .1524 800  1720 lbs./in! 	O.K. 
22 x 4 

See Fig. 9 for Rocker. 



RocAer 

Fig 9 



PART II 

DESIGN OF THE REINFORCED-CONCRETE 

ARCH BRIDGE,  

SPAN : 60 FT. 

RISE - 10 FT. 



DESIGN OF CONCRETE ARCH BRIDGE 

Ordinary way of constiastion of a concrete arch with fixed ends 

Is done by the elastic theory; because it is statically indeterminate. The 

arch ring is nothing but a ourved bb* and is so emaiderArd-  • 

In arches made of stone, it is essential that the line of pressure 

of any possible loading should pass through the middle third of each joint 

of the arch ring, in order to avoid a tendency for any joint to open. But 

in arches made of concrete, the structure considered may be made monolithic 

and thus be capable of withstanding tension, Which means that the line of 

pressure may pass outside of the middle third without endangering the 

structure, An arch being mostly in compression, reinforcing it with steel 

plays very little part in its strength. However it is customary to use re-

inforcement for some distance at least, near both upper and lower surf-

aces and carry both rows of steel throughout the entire !pan, thus elimi-

nating any possible failure due to inadequate provision for tensile stres-

ses, In order to prevent buckling, the upper and lower reinforcement is 

tied together, There are several methods todesign a hinge-less arch, The 

method used here is taken from the " Bureau of Public Roads * publications 

" Public Road. Vol VIII Nos. 4 to 8 for sale at 10 cents a oopy by the Supt. 

of Documents, U.S. Printing Office, Washington D.C. " 

The design of the arch bridge is carried in steps, starting with 

the floor system design which includes designs of slabs, been and girder; 

than the oolumns are designed. In designing the girder the Theorem of 

Three Moments is used. The span for the arch is taken as 60 feet, The width 

of roadway used is 18 feet, and loading 



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

the bridges 

2000 lbs. Concrete. ( 1 s 2 t 4 ) 	slump, Maxim= 
Aggregate a 1 in 

Stresses= fe z 800 1badin, 

fe  a 20000 lbso/ini 

n R 15. 

✓z 40 lbs./id or 120 ibssilu!' 

u z 100 lbsolini 

Curbs are 9 1  wide by 12" above Surface of Paving. 

Paving is done by 2" of Bituminous Wearing. 

Railing is oonstruoted by Concrete 3t.6" above Road Surfacei 



PG,  

SLAB DESIGN 

'Beams are placed 7 feet 6 inches apart, center to center with a 

total number of 9 beam, tsv being the end beams as shown in Fig. 10. In 

finding the thiohness of the slab, the Ketchum's form la has been used, 

the explanation of which is already given in the first part of this thesis 

in the diagram of the Beam Bridge The design is carried out in the follow. 

ing orders First the maximum moment is found by taking the sum of the dead 

load, live load and impact nom ants; Then the total shear is calculated. 

The depth of the slab is next calculated by the use of depth formulas for 

moment and shear and choice is given to the bigger depth to take care of 

both. Then the minter, sise and spacing of bars are determined by calcu-

lating the required area of steel. 

Beams are assumed 16 inches wide for obtaining the olear span of 

the slab. 

Comeutationa  ( Alternate Design for Slab ) 

Method Used:: From Ketchum's Specifications, in w  Reinforced Concrete 

Design w. by Sutherland and Clifford. 

W= 2/3 S 

S = Spacing of floorbeams in feet. 

W 2/3 x 7.5 j1 6 ft. 

Moment 

Live Load Mont 2600 'lbs. 

Impact Moment 	. 760 'lbs. 
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Shear 

Dead Load Moment 

2" Burros* t 25 lbs./sq.ft. 

7* Slab 	t 8$.5 # Aq.ft, 	n 7/12 x 150 

112.5 isq.ft. 

1120 x (6.25) 2  x 	x 8/10 440 'lbs. 

Total Moment 

2500 /750 / 440z 3,690 •lbwi 

Live Load Shear 

12,000/6 x 	 = 1,000 lbs. 

Impact Load Shear 

50% x 1000 	 300 lbs. 

Dead Load Shear 

112.5 x 6.25 x * 	 350 lbs. 

Total Shear 	 . 1,650 lbs. 

Depth 

For Moment 

d 	x 12 In 5.31 in. 

For Shear 

d 	1660 	n 3.93 in. x 	x   

Use 	Slab ( d n 5.5* ) 

Steel 

Area of Steel 

As  a Wfsid a 	3.690 x 12 	ir .46 sq.in ftoridth 
20,00©x 7/11,x 5 65 



Try round Bars 

A ■ .196 sciein• 

SPaoing 	196 	5.1" use 0 in. 
• 

ir Vibjd r. 	1.660 	al: 28.6 lbe.Ani 
12 z 7/8 x 6.6 

u = vbito  =28•6 x 5 T 91 lbe.Ani 	lees than 100 ) 
0. K. 

"The 	Round Bare 0 5 11 	( Alternate Bars Bent ) 



liwialusE (Fig. 11, 12, 13, 14, 15.) 

Interior beams carry the load coming tram the slab. The beam is de; 

signed very similar to the slab design. Formulas used in the beam design 

are the same as in the slab design, exodpt for a few additional formulas 

which are used in order to find the area of tension steel and for bent 

bars which are as follows 

As  MAsjd 

in which, 

M = Maximum total moment either positive or negative. 

fs = Unit tension 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 

2, 2 
di  /d2 	a/b 

where the position of the maximum moment can be obtained and shown 

in Fig. 11. 

The size of the beam used is first assumed to be corrected later on, after. 

corrected depth is calculated. 

The procedure for the design of ,the and beam is exactly the same 

as in the interior beam and the same formulas are used, 

Computations ( Interior Beams)  

Moment 

Live Load Moment 

24,000 x 9 - 12,000 x 7 	- 12,000 x 1.5 : 1,300,000 



Dead Load 

2" Surfaoe 	t 25 Moira 

7" Slab 
	

87.5 / 2 

Al. 112.5 /ft; 

845 lbs./ft. 

a 255 lbs./ft. 

rr R 	 1,100 lbs./ft. 

Dead Load Moment (Positive) 

(18)2 x 12 7.. 535,000 "lbs. M : 1/8 vIS m 1/8 x 1100 x  

Dead Load Moment (Negative) 

NE= 1/20 vl2 1/20 x 1100 x (18)
2nx 12 11 214,000 "lbs. 

Impaot Moment 

M .30 x 1,300,000 390,000 "lbs. 

Total Moment (Positive) 

N 1,300,000 / 390,000 /535,000 = 2,225,000 "lbs. 

Total Moment (Negative) 

IL: 8/20 x 2,225,000 L  890,000 "lbs. 

112.5 x 7.5 

Assumed Stem 

Shear 

Live Load Shear 

Impaot Sheer 

Dead Load Shear 

x 1100 x 18 

24,000 lbs. 

r. 7,200 lbs. 

9,900 lbs. 

Total Maximum Shear 	,11. 41,100 lbs. 



Depth (d) 

For Regolave Moment 

d Z 890 000 ff 18.8 in. 	Assume 16" Beam 
• 6 

For Positive Moment 

d 	12225/000 m 1768 11t* 
11 x 54 	

b R  * x 18 s  4.5 1  54" 

For Shear 

d 41 100 	m 24.5 in. Shear Governs. 
x 

Try b x  14" 

dy 	41# 100 	m 28 in. 
120 x 7/8-  x 14 

Us. 	14" x 30" Beam ( d n 28" ) 

Correction 

Maximum Positive Moment 

1,300,000 ( 390,000  ( Corrected Dead Load Moment. 

Dead Load Moment 

Surraoe I  Slab 	 = 845 'boon, 

Stem - 30 7 x 14/12 x 150 z 335 ',boort/ 

1180 

M 1/8 x 1180 x (18) 2  x 12 575,000 "lbs. 

Total Maximum Positive Moment 

1,300,000 / 390,000 1  575,000 2,265,000 "lbs. 

Maximum Negative Moment 

8/20 x 2,265,000 905,000 "lbs. 

Maximum Total. Shear » Maximum Corrected Dead Load Shear / 

Impaot Shear i  Live Load Shear 



Maxim= Dead Load Shear 

I x 1180 x 18 = 10,600 lbs. 

Maximum Total Shear 

10,600 / 7,200 1 24,000: 41,800 lbs. 

4. 2 	41,800 	= 28,4 in, 
120 x 7/8 x 14 

Steel 

Area for Positive Moment 

As s  

	

2,265,000 	g 4.61 sq.in. 
20.000 x 7/8 x 28 

Area for Negative Moment 

As 	905,000 	= 1.85 sq.in. 
20,000 x 7/8 x 28 

Use 	7 - 3/4" Round Bar Steel 	As  3.1 aq.in. 

	

5/8" Round Bar 8#0.1 	is : 1.84 in.sq. 

Total As 	 = -404 sq•in. 

= y  414800 x 8 	103 lbs./in! 	 0•  K. 
16,6 x 28x -7 

Bent Up 
• 

d: s 1 f1.23 x (108) 2  ¢ 54 in. 
4.94 

• 108 - 54 2 54 in from end of beam. 

ds= 
 \1

1.84 x (108) 2  g 66 in. 
4.94 

dz. 108 . 66 se 42 in. from end. 

V61 x (108) 2  SS in. 

108 - se 2 70 in. 

Bend up 2 bars at a distanoe of 70 in. from end of beam. 

• 2 " 	II 	It 	 n 	" 54 " 	• 	• 	• 	• • 
• 

• It 	2  n 	n n 	 " 42 " 
	• 	n 	It • 



Bent Dom 

d1  413 x (108) 2. 	100.5 in. 
15 

• 108 - 100.5 x 7.5 in. from end. 

d2:\/
11  x (108) 2  u 92,5 in. 

15 
g 108 - 924 15.5 in, from end. 

d3 9 x (108) r 	83.5 in. 
15 

108-$3.5 24,5 in. from end. 

Bond down 2bars at a distance of 24.5 in.from end of beam. 

u 	2  of 	ff s 	U 	" 15.6 in. 'I 	a 
	• 

• " 	2 " 	11 U 	a 	It 	7.5 in. n 	a if 

• — 	411 800 	122 lbs./in! 
14 x 	x 28 

✓i r, 122 # 40 82 lbs./in! 

Maximum Shear at Center Line 

R2 12,000 x 3 	12,000 x 9 	8,000 lbs. 

• 8,000 	= 23.4 lbs./in! at C.L. 
14 x 7/8 x 28 

Stirrups 

Use is Round Bars 

2i.efg  .39 x 16,000 6,240 lbs. 

s - 16,000 x .39  16 in. Use 12: 
28 x 14 

Maximum Spaoing 

.6 d .6 x 28 2 16.8 in. 

Use 12" spacing for all stirrups after the bent bars, 

el 16t000 x .39  6 in. 
-73 x 14 

s2 16,000 x .39 : 5.5 in. 	Min, and spacing. 
82 x 14 



Use 	First Stirrup 3 in. From Had. 

Se6ond 	9 in. 	• 

Third 12 in. U
• 

All other Stirrups 12 in. Apart. 

Spaoing for Bent Bars 

True Spelling 

2 Eibt (sin. a) 16.000 x .61 x 2  s 15.2 in. Use  12". 
65 x 14 

tree 	12" Spaoing For the other Bars also, 
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Computations ( End Beam)  

Assume 14" Beam 

b a 7.5/2 x 12 / 7 is 02" 

Moment 

Live Load Moment 

108,000 x 12 1,300,000 "lbs. 

Impact Moment 

sq% x 1,300,000 -6 780,000 "lbs. 

Dead Load 

/ 2" Surface 	 25.0 lbs./ft. 

/ 2 7" Slab 	 C 87.5 lbs./ft. 

112,5 lbs./ft! x 52/12 490 lbs/ft. 

Assume Stem 	 = 390 lbs/ft. 

800 lbs/ft, 

Dead Load Moment 

x 800 x (18)2  x 12 390,000 "lbs. 

Total Moment (Positive) 

1,300,000 1 780,000 1390,000 2,470,000 "lbs. 

Total Moment (Negative) 

2,470,000 x 8/20 Je 987,000 "lbs. 

Shear 

Live Load Shear 

Dead Load Shear 

Impaot Shear (30%) 

• 24,000 lbs. 

• 7,850 Tha i  y 2 x 18 x 870 

• 14,400 lbs. 

    

Total Shear 	 45,600 lbs. 

" 



Depth 

For Positive. Moment 

d = 2,470c000 194 in. 
131 x -52 

For Negative Moment 

d = 987,000 = 21,2 in, 
157 x14 

For Shear 

d r 	45,600 	31 in. 
120 x 7/8 x 14 

Try 14" x 33" Beam. 

Corrections 

Dead Load Moment 

Surface / Slab 	 490 lbs/ ft, 

stem :  33 	r 24 x 150 c 380 lbrilft. 
--"Tir- 

870 lbs/ft. 

M z 1/8 x 870 x (18) 2  x12 c 423,000 "lbs. 

Total Moment (Positive) 

423,000 / 1,300,000 / 780,000: 2,503,000 "lbs. 

Total Moment (Negative 

2,503,000 x 8/20 w 1,000,000 "lbs. 

Dead Load Shear 

x 870 x 18 7,850 lbs. 

Total Shear 

24,000 / 14,400 ( 7,850 c 46,250 lbs. 

46 ,2 5.1p! 	= 31,5 in. 
• 	120x 7/8 x14 

Use 	14" x 35" Beam (d z. 32") 



Steel 

Area of Steel for Positive Moment 

	

As  =.2,503,000 	g 4.48 sq.in. 
20,000 x 7/8 x 32 

Area of Steel for Negative Moment 

	

As  s 1,000,000 	. 1ff  1.79 sq.in. 
20,000 x 7/8 x 32_ 

Use 	7 - 3/4' Round St. bars 3.1 squill. 
Is 1.84 aqiin, 

8 . 5/8" Bound Bent Rare 

Bond 

u s 	46,250 	100 	0. K, 
16.5 x 7/g x 32-  

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

interior beams. 

Stirrups 

46,250, 	118 lbs./in! 
14 x 7/8 x 32 

118 - 40 781b0./in2 

Maximum Shear at C. L. of Beam r. 8,000 lbs. 
2 

V' If 	8,000 	20.4 lbs./in. at C, L. 
14 x 7/8 x 32 

Use the same detailing as in the interior beams. This makes it on 

the safe side as the maximum unit stresses at the support and the center 

line are just a little less than the ones used. 



GIRDER DESIGN 

The girder to be designed in this ease is one which is continuous 

and is supported by six columns. That is 60 feet of the span of the bridge 

is divided into 5 spans at 12 feet. It is evident that the moments and the 

shears in such a girder that which is rigid over the columns, cannot be de-

termined by prineiple of statics alone, since there are two unknown end mo-

ments, two unknown vertical reaotiengind possibly two unknown horizontal 

reactions whits slakes a possible total of six unknowns while there are only 

three equations is statics for bodies in equilibrium. There are several 

methods for finding moments for such continuous girders such as the Theorem 

of Three Moments, Least Work Metod and Slope Deflection Methods  The three 

moments method was uded in our thesis. 

By the use of the first ( three moment) nethod s  moment factors are 

found for beams and girder carrying uniform load and continuous over sever-

al spans. A table of these coefficients for maximum, moment in continuous 

beams is given by Sutherland and Clifford in their book of Reinforced Conc-

rete Design on page 174. in finding the maximum moments in the above girder 

design the use of this table will be made which isbeltived to give accurate 

enough results for practical purposes. The formula to be used to get the 

moment factor is, 

Mc xwL2  

where 
M is the maximum moment. 

x is the moment factor. 

w is the uniform load (dead or live). 

L is the span length. 
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The equivalent uniform load for Bm15 loading is found to be 480 lbs. 

per linear foot of lane and a concentrated load of 13,000 lbs. for moment 

and 19,500 lbs. for shear these being found ia Design of Steel Structure 

by Urquhart and O'Rourke on page 422. The maximum shear is obtained by the 

use of the following formulas 

Y: oat 

where 

o is the coefficient and is .6 for and beam and .5 for int-

erior beam4 

The depth of the girder and the steel reinforcement used are found 

in similar processes as in the case of the beams. 

The size of the columns are assumed to be 18" x 12" in order to 

obtaia approximately the clear span of the girder between the oolamas. 

This is obtained to be 11 feet. 

Computations 

Dead Concentrated Load carried to Girder 

Dead Load of Slab (carried by ih of each beam) 

7/12 x 9 x 7.5 x 150 	= 5,900 lbs.. 

Dead Load of 'Beam 

14/12 x 30/12 x 9 x 150 	3,930 lbs. 

2" Bituminous Surface 

25 x 9 lc 7.5 	 : 1,690 lbs. 

Meade Conoentrated Load 	̂ 10,520 lbs. 



RA:-/sfe6a 

Reactions 

/1' 

,•-• 4,1 if 

Live Concentrated Load Carried to Girder 

Live Load 

480 x 7.5 3,600 lbs. 

Impact Load 

60% x 3600 .4 2,160 lbs. 

5,760 lbs. 

Total Concentrated Load Carried to Girder 

10,520 /5,760 16,280 lbs. 

Uniform Dead Load 

Assume Dead Load of Girder 	500 lbs,/ft. 

Railing 3.5 x 1 x 150 	525 lbs./ft. 

Curbs 	9/12 x 1 x 150 	110 lbs./ft. 
/ •,280 /(280 

1135 lbs/ft. 

Roir /4.100  

RR  2.5/11 x 16,280 110/11 x 16,280 18,500 lbs. 

RA = 16,280 / 16,280 0.18,500 .4. 14,060 lbs. 

Shear 

RB (Beam Reaction) 

Live Load Shear (from Table 

Impact Shear(60%) 

Uniform Dead Load Shear 

.6 x 1135 x 11 

18,500 lbs. 

= 19,500 lbs. 

11,700 lbs. 

= 7,500 lbs. 

Total Shear 	 57,200 lbs. 



Moment 

Uniform Dead Load Moment 

(Positive) .072 x 1135 x (11) 2  :9,900 'lbs. at center, 

(Negative) .105 x 1135 x (11) 2  : 14,400 f 

Moment at the Reactions 

(Negative) MA se 16,280 x 2.5 x (8.5)
2 	/ 

16,280 c1.0 x (1)
2  

411)6  Oar' 
20,340 fb.lbs. 

(Negative Ns = 16,280 x 8.5 x(2.5)2  / 16,280 x 1 x(10) 2  
(11) 6  (11)' 

: 20,500 'lbs. 

(Positive) Mc.L, LI -20,600 / 18,500 x 5.5 - 16,280 x 4.5 

8000 'lbs. 

Concentrated 

A  

(Negative) 

(Positive) 

Live Load 
sr's 

Moment (from table) 
06,0 3E  

6 

x(5.5)2  17,900 'lbs. 

a 17,900 'lbs. 

6, SOO 

Ni 	B 

MCenter-=  

6, 3-110
.il  

13,000 x 5 5 
(115Z 

6,500 x 5.5 -17,900 

Impact Moment 

Negative Moment 30% x 17,900: 5,370 'lbs. 

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

Total Negative Moment 

14,400 /20,500 /17,900 /5,370 L. 58,170 'lbs. 

Total Positive Moment 

8,000 / 9,900 /17,900 / 5,370 = 41,170 'lbs. 

Depth 

For Positive Moment 

d 141,170 x 12  ^ 11 in. 
131 x 35 

b = ispan L. C11)(12) 
.1. 33" 



For Negative Moment 

	

d a\f
58,170 x 12 	16 in. 
157 x 18 

For Shear 

572 200  = 35 in. 
120 x 7/4 x 18 

Dat 	18" x 36" 	(1 . 33") 

Steel 

Trying b 18* 

Shear Governs 

Area of Steel For Positive Moment 

Al  =  .41,170 x 12 	- 8.55 again, 
20,000 x 7/8 x 33 

Use 9 - 1" .  Square Bars 

Bond 

u a 	57,200 	a 55 	(less than 100) 
56 x 7/8 x SS 	 0. K. 

Area of Stee for Negative Moment 

As 	- 58,170 x 12 	10.90 sq.in. 
57,7WrrrfArlrirg 

Use 11 - 1" Square Bars 

Bond 
u 	57,200 	a  67 

44 x 7/8 x 33 

Use 	9 - 1" Square Bars 
11 - 1" Square Bars 

Bend Down 

al 111L1.1.52m 3.4  in. s____ 

d2 
 ai

6  x 5.5 x 5.5  3.75 in. 
13 

Bend Dowel 1 Bar 2 0-4" from End 

if " 2 " 1 1-10' 

(lees than 100) 
0. K. 



by - 

Bend Up 

2.38 in. 

d2.1.\14 x(5.5J 2  a 3.35 in. 
10.7 

Bend 2 Bars Up at 3 1  from End. 

o 	2  N 	a n 21 n • 

Use 	1 - 1" Square Bars. Straight at Top. 

3 - 1" Square Bars. Bent Down. 

4 . 1" Square Bars. Bent Up. 

Stirrups 

v = 	57,200 	= 110 1bs./i4 
la x 7/8 x 33 

110 ■ 40 m  70 lbs./in! 

v at C. L. = 70 x m 18 lbs.fin! 

70 

40 • 

	Pi 

End Spaoing 

s = Sieb : 3540 m 2.8 in. 

P4 = 1012 : 32 .8  

x- 70 x 66 2 50 

d = 33 x 50 = 23.5 in. or 26.5 in. from End. 
70 

Use 	0 Round Stirrups 1 0 2" 	(2") 

	

5 0 6" 	(50") 

	

3 0 8" 	(4") 



/40 

Bent down of hoc., 
41/ Girder 



seat up of hats 
Girder 





COLUMN DESIGN 

Columns oarry the loads ooming from girders to the aroh. Six 

columns are used in the design, three on eaoh half of the bridge. The 

oross-seotional area of the colums is found simply by using the topmast 

Ag a Load/fm 

where Ag is the orose•seotional are and fel  equals 4501bs,/in; 

Computations 

Total Load on Column 

Girder 

150 x 18 x 36 x 12 = 	 m 8,100 lbs. 
144 

Slab 

7/12 x 52.5 x 9/4 x 150 	 m 10,400 lbs. 

Beam 

7 x 9 x 14 x 30 x 150 	 .1. 6,900 lbs. 
4 x 144 

2" Bituminous Surfaoe 

25 x 52.5 x 9 	 m 3,000 lbs, 
4 

Railing 
6,300 lbs. 

3,6 x 1606x 1 x 12 

Curbs 

9/12 x 1 x 150 x 12 	 a 1,350 lbs, 

Lime Load 

480 x 12 	 m 5,750 lbs. 

LQaot 

30$ X 5,750 	 1,225 lbs. 

Conoentrated Load 	 = 19,500 lbs. 



Impaot for Conoentrated Load 

5C% x 19,500 	 m  5,850 lbs. 

Total Load 

fel  m 450f/infix 

0rose-seotionalArea 

Ag a 	134 scisin. 2d6.0 27/3 

Use 	12" x 12" Oolumft Areas 144 sq.is. 

Steel Required 

Ag = .01 X 144 is 1.44 sq.in, 

use 	4 - 3/4" Round 

*Pound Ties 0 12" 

= 60,275 lbs. 
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DESIGN OF ARCH  

The hingeless arch is stOicilly indeterminate as there are only 

three equations for mix unknowns; thus three additional equations are re-

quired. These are derived from the elastic property of the arch; the de-

rivation can be found in the book " Analysis of Concrete Arches " which 

is a reprint from the Bureau of Publio Road Publications, Arch compute,- 

tions are best handled on tabulated forms as shown in the prints Tables 

1-9. 

The thickness of the arch at various points is found by a trial 

arch as shown in Fig. 19 where where the graphical method is used. To 

find the shape of the center line of the arch, half of the arch is di-

vided into tan equal ports and midpoints of these are drawn vertically. 

The respectivey" s of these are found by the use of the formula: 

y = b - 8rL 	( 3c2  10o4r) 

in which 

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

r = b/L 

- .6 x 

x horizontal distanoe from the point o to various points 

as shown in Fig, L9. 

After the 'y' s of each point are found the shape of the arch is drawn 

to scale. The thickness of the crown is found by the following formula: 

h .7.0001 (11,000 / 12) s Crown thickness 

where 1 is the span. 

rrrr 
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Thiokness of springing line is obtained by a general rule, 

by taking 2.5 lines the thickness of the crown. 

The various thicknesses of the arch is found by etretohing 

the arch axis into a stright line as shown in fig. 19 and drawing 

in the thickness of the crown and the springing line. There we 
• 

obtain the thickness of the arch at various points and the its of 

points from one to ten. Then these informations being used as find-

ing the stresses of all the arohh completely designed. The stresses 

are found on the tabulated forms, tables 1-9. Explanation of these 

tables are fbund below. 

The value of hx  for each of the ten points between 1 and 10, 

are computed by the above formula and entered in 

Col. 2 of table 1, Prints. 

Col. 3 to 5, follow the table. 

Col. 6 do r. Fireproofing or steel cover - 2" .17 Ft. 

Col. 8 n 10, 12 or 15 aocording'to the value of fe l used * 

 Als= Total area of steel per Ft. of arch ring in Sq. Ft. 

Usually 1", 1143° or 	Sq. bars are used, one per Foot at 

both top and bottom of arch ring. 

Col* 9 Add values in Col. 4 and in Col. 8. 

Col. 10 de length of arch axis for each arch division, Scaled from 

drawing. Ds is not constant as dx is. See Pt. 3, Fig. 1, 

Col. 11 Sum of this Col. m ( 1/2) 	as in this oolumn only one half 

of the arch ring is used. 

Col. 12 dx = 0.05L. The values in this Col, are the same for all arches.. 

Col. 13 Multiply values in Col. 12 by those in Col. 11. Add opium* 
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Col. 14 Start at Pt. 1 with value as in Col. 13, with the sign changed. 

(89.3) Prints. Add 89.3 and 171.7 1: 261,0 for value - at Pt. 2. 

261.0 and 243.0: 504.0 for value at Pt, 3. Continue this method 

and add column. 

Colo 15 Vaule at Pt. 10 Sum of Col. 14. Value at Pt. 9 value at Ft.10 

in Col. 15 plus value at Pt. 9 in Col. 14. Vain, at Ft, 8 = Value 

at Pt. 9 in Col. 15 plus value at Pt. 8 in Col. 14. Continue this 

process to top of Col.. 

Since Pt.1 in not far from 0 and since Vo  should be vary nearly 

1 for a unit load at Pt. 1. the valUe of F from the formula should 

be very nearly to the value at Pt. 1 in Col. 15. In computed arch 

it is equal. 

Col. 16 Follow the table of the computed arch. Sane for all arches. 

Col. 17 Products of values in Col. 16 by those in Col, 11, 

Col. 18 Compute F by formula, Divide values in Col, 15 by F. 

Col, 20 Values of y are computed by formula for y. 

Col. 21 Same as Col, 11. 

Col, 22 Products of values in Col. 20 by those in Col. 21. 

Add oolunn to obtain (1/2)1yAn 

6/raw Sum of Col, 22 divided by Sum of Col. 11. 

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

Col. 24 Produots of values in Col. 21 by those in Oa, 24 

Col. 25 Obtained from Col. 24 in this sane manner as in Col s  14 from 

Col. 13. Add the column. 

Col, 26 At Pb. 1 value is O. At Pt. 2 value is the value of Pt. 1 in 

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

in Col. 25. Continue this method. The signs are all negatilre* 
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Col. 27 Values are the produrte of values in Colo 20 by those in 24. 

Add for (11/2)1 r 4[3r 	A ) 	4.1 
Col *  28 Computefby formula for Tan.0 or scale from drawing. 0 is the 

angle between the horizontal and a tangent to the arch axis at 

the point. Look up Coss 0. 

Col, 29 Divide values in Col, 28 by those in Col. 2. A ■ cross sectional 

area of the arch ring. Since the ring that is being designed is 

1 rt. wide h a A. Add Col. for (1 14) Cos,  
A 

Col, 30 Compute C by formula* 

C = ( 1/0.061) times twice the sum of Col. 27 plus twice the sum 

of Col, 29. H . Values in Col. 26 divided by C. Compute E
t 

by 

H 34560t/C. See print, 

34560 20 He 2 20 (144) (2000000) (0.000006). 

Col. 32 To obtain Z, subtract 0.5 from the point and multiply by 2. As 

at Pt. 10.Z T., (10.0.5)/2 s  19. Also for Pt. 10* *  

Col* 33 Same as Col, I for Pte. 1 to 10 and Pts. 1 1  to 10 1 . 

Col, 34 Same as Col. 18 for Pts. 1 t9 10. Values between 10 and 1 1  are 

found by subtracting the corresponding values for Pts. between 1 

and 10 from 1, At Pt. 7 1  value : 1.79915. 

C*105 Sans as Col. 11 for Pte. between. 1 and 10 and 10 1  and 1 1 . 

Col* 36 Value at Pt. It is 	Value at Pt. 2 1  in the sum of values at 

Pt. 1' in Col. 35 and Pt, 1 1  in Col. 36. Value at Pt. 3 1  is the 

si of values at Pt. 2 1  in Col. 35 and 2 1  in Col. 36. Continue 

this process. 

Col. 37 Value at Pt. Le is O. Value at Et. 2$ Value at Et. 1$ in 

Col. 37 plus value at Pt. 2 1  in Col. 36. Value at Pt. 3 1  LI  

Value at Pb. 2 1  in Col, 37 plus value at Pt. 3 1  in Col. 36. 

Continue this method, 
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Col. 38 
Compute dx/24.XA -twice the sum of Col. U. Multiply each value in oo-

lumn 37 by this banotanti 

004 39 Multiply the values in Col. 33 byZyzi/z4 as computed for use in 

Col* 23. 

Col. 40 Compute 20dx/2 and multiply values in Col, 34 by it. 

Col*  41 Value for each point in this Col!* = Some of the values for the 

same point in 00104 38, 39i 40. 

Sum the Cols. 38,34 40, 41 .  end apply the following cheo4 Sum 

of Col, 38 Sum of Col. 39, Sum of Col. 40 it Sum of Col. 434 

Co1134 43, 444 45. Same as columns 33, 34, 35. 

Col. 46 Z3 2x3/ax = 2 (7.5)05 = 5. 73 = 3.51. Compute Vo Ztii 

Col*  47 al a xl, a2 a x2 etc. For Pt. 1 Z3 2a/az a 5:2(145)/8 =4. For 

Pt. 2, Z3-2a/dx = 562(4.5) 3 II 2 eto4 

Col4 48 For Pts, up to but not including No. 3 multiply the values in 

Col* 47 by dc,/2 	= 1.5. For Pt. 3 and beyond, multiply the 

values of vo  in Col. 44 by Z3dx/2 N 5(;42 = 7.5. 

Col 49. „ftltiply values of N't, in Col. 43 by -y3. 

0014 50 Value at any points Sum of values for same points in Co14 45, 

48 and 49. See fbrmula on print. 

Cols. 51,52, 53, 54, and 55, are computed in like manner to Cola. 46,47, 

48, 49, and 50. Carry 51 and 52 to Pb, 7 inclusive, 

Col4 58, 57, 58, 59, 60 *  are computed in same mummer as cols4 48, 47, 

48, 49, and 50. Carry to Ft.10 inclusive Cola. 56 and 57. For 

checks see computations and equations on page or print 4. 

Cols4 61 to 67 (inclusive). Copy Cols. 43, 44, 45, 50, 55, 80. 

004 88, D.L. Dead Loads are really the weights of the arch ring in Open 
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Spandril Arches and the weights of the arch ring plus the weights 

of the fill for Filled Spandril Arohes. 'he dead load at each 

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

is 

	

	is ds long. In the dead load table on print 3 only Cols. 1, 2, 

and 3 are needed for open Spandril arches. 

Col. 69 are Cols. Where the values are obtained by am tipIying the values 

to 74 in Cols. 62 to 67 by values in Col. 68. Sum of Col. 69 x  H for D. 

L. and is entered on table 9 Col. 77 as shown Sum of 001. 70 

V for dead load at Pt. 0 and is entered on table 9 at Pt. 0 as 

Shown. Suns of Cos, 71, 72, 73, and 74 are the dead load moments 

for Pte. 0, 3, 8, and 10.5 and are entered on table 9 in Col. 78 

as shown. 

Computations  

Sample to find the y for the respeetive 

b = 10 ft. 

r 10/60 

o it .5 - x/la 	for xl = 1.5 

- .5 1.5/60 is  .475. 

yl b EirL  
6 5r (302  71 lOo4r) 

X, 

60 	x (4.76)2  71 10(.475)4  1/D r. 3.05 

Thus for the respective values of x values for y.are found in 

this manner and the curve of the arch can be plotted. The values of y 

for the different values of x are tit tabulated below, the calculation 

being performed for eaoh one as above. 



ml 	1.5 

x2 = 4.5 

18 7.5 

14 11-10,5 

m5 s  13.5 

16 = 16.5 

m7 = 19.5 

x5 m 22.5 

x9 : 25.5 

x10= 28.6 

110.530 00  

yl = 1.12 

Y2 = 3.06 

ys m 4.70 

74,  t  6.10 

ys = 7.26 

Y5 m 8,18 

77 8.90 

9.45 

7.9  9.803 

Y102 9,98  

y10,6 : 10,00 

Crown Thickness (Sample) 

h r.  .001 (11,000 /12 

 Thickness of Springing 

h : 1,46 X 2.5 m 3,65 ft. 

Values Obtained from Drawing Amber i 

ho m 

 

3.65' 

h3  m 3,50 1 	 dot - 3.57 

dal  : 4.00 	
Insi  Vi ..g: 
03 m 33.0° 

h2 7 3.50 1 	 ds2 m 3.70 

h4  m 3,00' 	 ds4 x 3.45 	 % = 28.5°  
h6 x 2.80' 	 ds5 .7 3.25 	 : 06 m 33,50  
h6 ■ 2.50' 	 ds6  x 3,10 	 06 : 19.00  
h7 t 2.35' 	 dal  = 3.05 	 07 = 15,00 
h8 m 2.10' 	 dab  : 3.02 	 08 a 11,5°! 
hg a  1.90' 	 da9 = 3.00 	 6 ... 7 OP 9 - * 
h10= 1.50' 	 "10: 3.00 	 elOu 3.0°  
h10,5 m 1.461 	 "10,5 - 3.00 

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

whioh are in the thesis in blueprinted form. 

) .001 (11,000 / 36) : 1,46 ft. 



Table am/xi/a/ions of 

3 4 ''6 8 /1 

P
o

in
ts

 
 

v
=
q
 

rq
  

1.0.4r /82 

'NtI4 

1.65 

2.72 
//35.  

y
 

=sr
  

5/75 

SAOi
 

411 
01•1 

0 

0 e3.65 48.5 

/ 	3.50 42.7 3.56 /73-  /6-8 2.SO /. 012 .4602 •.00 .870 
2 	3.30 T 

 36.0 3.00 /65 1.48 2./8 .825 3.825 3.700 .967 

3 	3.00 -27: 0 2.25 /.50 1J3 /78 .712 2.992 3.57 //93 

4 2.80 22.0 1.83 /40 /23 LS/ . 629 2.43,9 3.45 /100 

5• 	2.50 /6.0 /33 /25 /08 1.17 .487 /8/7 325 /7.90 

6 235 /3.0 /08 //7.5" toos /05' .437 /.,377 3./0 2.044 

7 	2.10 9 -3  .775 1.0s .88 .773 .322 /097 3.05 2.780 
8 	/90 6.84 .570 .95 .76 .608 .253 .613 3.02 366,0 
sb 	/70 480 .408 .5.5* .68 .462 .192 .600 3.00 $-.0(X) 

/0 	/50 33S .280 .74-  .S6 .336 ./40 .420 3.00 7/50 

2.*L1-.26,574( 



Tahle COMplItb017.5 	Vo 

7 . /8 

gyu fo d
  f
 
V

I  

0
7
-Z

  

(oz
-
 z
) -0

 

0 (;i  -z):7
 a z

] 
 

V0 

-2
0)

  

/ -49 - /6.S2 /6t52 /7S,179.1 /522 /325 /000 

2 -/7 - /6,12 32.94 /739.4/ /376' /33o . say 

a -/5 - /790 ec0.84 /706,17 /250 /490 .965 
• -/3 - /8.20 69.04 /653763 1/38 /590 .4935 

-// - /970 0674 /S96 59 /042 /865 .895 
6 _9 _h9.40 /07 /4 /49785 862 /970 . 84i- 
7 -7 -/.9.418 /2662 /. 9, 9 0 7/ 5,98 2500 .786 

8 -5 -i8.40 /4402 /26409 850 3„,i0 •7/‘ 
-3 - /5:00 /59.02 /12007 8/8 -1/00 .634 

to -7/6' /66./7 96704' 802 5740 .514 

-167/7 961° s  a 24A= 26040 

vo.  -1/2 4 (Z-R)("Z-20).6 
F 

I za'zi 40004f = /770.4 

#t= 20e IE y 315601  
/00.78 

- 

p1o300 fori="1° _/38/0 

Span -, L= 60' 

°Ix = L ad-00 1  
20 	, 

Rise = /0.0 

2 Y - 4126.7A5 .8.14 
” 	 26.674 



Table 3 Computaban of Ho 
/9 20 2/ 22 2i 14  I ,s6  Ay .c) ‘yo 

siato
d

i  

V
 7 

a4
(Y

-  i
c 4

)  

cl 

 

-a-m
76*7 

Y
(Ert

 -217  Z 

r
 JfA

 

0
 s

o
d

 

O
S

00
 

No  

0 -8.440 .700 
t /2 - &To . , 9 75 _7.320 _ 6.37 6.37 0 - 	 7.' AY .732 .209 a 
3. 05 .967 4  2.950 _ S390 - 372/ //...C8 _ .1W - /5-.90 .798 .242 .0A4 

3 41 TO /.193 5:600 -3.740 -416 /.3798 -/598 - 209.s .838 .278 . Are 
6/0 /..tfoo 8. 540 -1.310 -3.26' /8.32 -3/ 02 _ 20.00 .878  .3/4 .3/0 
7.26  / 790 13.000 - /1849 ..2.// 2013 -499.3.i _ /6732 .9/6 .867  . 4.,9i 

6 8./8 2.011 /6.7-,0 - .26 - d'a 20 96 -69.77 - 4435.  -91.1.  ..102 .696 

8.90 2.780 Ai. 720 .160 /28 /966 _90.73 /0.90 .96S . 4,6 0 . spoil- 

8 94(.3-  3.680 34800 /0/0 3. 72 /S. 94 -1/03.9 3,5/© /0 .984 .678 #4/00 
9.8o 4:-voo 49ocia i.f363 6.82 9.12 ../.16.33 96.70 .990 .4-82 / 4-2 

/0 998 7/50 77.4(00 /5'10 17 02 - / 90 _40:4S /10.00 /.00o .666 /.3445-  
/ofi  /do 144,4- 226.725 / 560 0 /.15.46-  /I' 0 Z s. 44905 A i,i, 1081 

-i-1.40(z-A-VO4- I I  °)  

C 
Cr z: WY_ 	.1 cos 

= /Oa 78 



Compiloihn of Deao/Z. 

• 
/Des 4 cso hoS Jo. L. 

k /it a 2100 2/o0 

A a z /8J0 /830 - 

r4 /0• 7   /fed-  /6O5 -^
  1  

.9.65" /450 /450 

8.12 1220  /120 

727 - /090  /0961  . 

6.40 .960 946.0 

17 5".74% 860 860 
q9 5.1 765" 765 

iip ,I. 5' 675' 615' 



--rabic' 4 Goortil-cti-fogns /01-  /10  

33 .32 316 0/7 40 

42,4(2 •4 ..20 leo  .9./Jto/37) A 
0  

2  

4  
.5" 
6 

0 29 05 -870 / 000 49.9,906 32. 718 - .950 0 40.000 
.983 .967 457/28 .044 5/ 8// 26.06 •372 -3068 

5 . 965 /193 4053/7 506/d •/SO 23./0 /330 -2B ,950 620 
. 93.5" .3/0 20. 20 /400 354.699 492/8 2.620 -25.050 

.9 •49/ . 695 1.790 47.428 ..90.5:48/ /738 4 /40 -26.850 
.696 4/5384 2.044 258. 053 -4650 84(5 /470 5. 670 25.2.30 

42 604 -3.560 /3 7 
8 
9 

.2.780 786 2/2.669 7640 /2. /0 -23.600 
3,9.024 9 280 3.680 1. /00 /5" .7/5 /70.065 -2.470 8. TO -2/.450 

.631 34 021 /0.580 /7 / 252 /3/. 01/ 5000 746 000 
26:874 
/9 724 

1.9 /315 

/31(5-  
7/50 
7/50 

1/.350 

/1350 
-/6.300 
- /3.700 

970/7 /0 •541 

.456 
$7 

400 
•570 

/6so  /9 /0' TO. 143 
/252 /7 /4.724 x000 •366 -1/000 .50.4/,9 2.88 2. 460 /0.580 

8' 17041 /MO 3,576.9.1-  2. 03 •285 3680 .9.280 2.760 -8550 
7 '  
6' 

/40 .2/4 8.264€ /3 2780 7640 24637 2.620 -6.420 
of 2041 .6,96 .93 6.220 •155 /6387 2. /6"0 5870 -4 650 

•4'.9/ 4.430 •/05 I. 470 /790 /0.167 AO -3.150 
/400 •3/0 .065 3030 .326 .377'37 / 950 2.620 ..996 

/637 
•810 

•1.3-4' 
.050 

. 158 
.044 

•ctla" 
.0/7 

/193 
.967 

2. 707 
.870 

- 050 

. 5/0 
. •1.94 
•.088 

.190 
-372 21  

I ' 
0 ' 	 

0 .870 0 0 0 0 
0 

/2602 /000 /77.620 /06361 -299..930 -/6.046 



Torible s Compida of tij 
42 4.5 44 JO" 016 1 47 18 	I -19 519 

No 

"Nri fri: 

'© 	t3 zji A i6- 	yij  7, 0 e . 7 

viz 14Z,- 
(=fa) 

m  
4  

./tit y 
J 

5.00 /0 /500 0 if0 
4.92 2 / 91 2 880 - •4207 - :US 

J 7.240  -.74/ /97.9 
7.020 -140 .330 
6.700 -2.3/0 -.940 

6 t  5,940 -3270 -/6/0 
5.-900  -4250 -22/0 

k k. d:d6 0  -5/60 .i.270 
9 o 4. 7.ro -45-.4680 -ge 0  
/0 I 40620  -6.330 .../e 0 
/0P 10 I d,420 -6.3d0 -we 
9 b l 8.74ra -5880 -.680 

1./.40 -3760 -.6.0 

Z 
/600 _itio _ .030 

6' b k ... 1/60 -J.270 .olo 
5 , .786 _2.3/0 -4,0 
4' -187 -/.460 . 020 
3' •263 -.7-1/ -.011 

./27 -.4207 0 
O 0 0 .. 

1 12602/o.0  444 61:493 -.5-92.02 _/06/ 

MA= /1; 	14())7  

ZA-(ZA  Lg 1.4 

Ati zx  A ieden Z-t°2-7  
2 

cdee%. 
5 lifms 1.5-0- 481,-F9  

- 45. ai6_ 6-9.202 -#64.4tgf 
= /0.7 



TaNe 6 Computation of /7,61 
51 1 5-2 1 53 5:4 1.5-  
Role-  8. 	Ze =/.1- 	ye...9•4ff-  

V "'s-  lz 20) k 0 ar, 
/i78/i78 - / 10(5' 8 

/ 15 00 10 150 0 •6-50 
2 /4.70 2.7 405 - •4/6-  .567 

3 ' /447 ' 447 6.70 - /9,92 .688 

4 /4.00 6.00 .9. oo - 49. 930 .840 
S /340 740 //10 -4640 //30 
6 /2.68 8.66 /3.00 _6.660 /760 
7 1180 Te0 // 70 - 8  sso -.7/0 
8 /6.10 -/0.400 3.130  
9 /123' -//. 6'3o /. 46e 
10 1220 _/2.700 .070 

/0 
/0.25 -/2.700 _ .8000 

9' 824 -//830 --//.10 

8' 6. /6 - /a400 _Awe 
7' 48/ -- ed-so -1120 
6' 3.418 -6.560 -.930 

1 86  --4f6.10 —eV 
/16 -2.910 -.171 

.767  - /192 -.E76' 

•38 - 	.4.1.1" -.123 

1' 0 0 o 
0' 

/013// -1/9.031 7030 

Check : Sams 45-7,  SS f 54 = Se//"I 

/6 6110s  /413# /0434174.3  a  ,r 



Table 7 Computation of fr7/0 /2/ 
5-6 I 3-  7 I_ 	.5-  5 I 59 1 60 

Pemt /04 z isfi =10 YAoh= /0 

i fe ■20 

vo 4 Id/i 
Ow 
KT  11) Miq - 14  Y;0 4; kt 

0 

/ 20000 /000 /500 0 .530 

2 19.680 4'080 .K0.20 - .110 .5/2 

J /.9.300 4.300 6.4150 - /580 .350 
4 /8700 6700 853-0 -3.100 .220 

is  /7900  6.800 /0.310 .4.9/0 .080 
6 /6900 7 900 1/.6.4e0 ...6.gaso .200 

7 /5720 eta() a090 -9.060 ./80 

8 /4300 9.300 /3.9.570 -wove,  .4(80 
9 /2.680 R680 /45/0 -/2.520 /030 
/0 /0.6;90 9.890 Af.810 _/.9.41.3-0 4950 
/0' /1.690  -X9.150  /.680 
9' /0980 -12520 .S10 

8' 7550 -//o0o _.690 

7' 6.4ti0 -8050 -.oro 
67  4650 -6.960 -.160 

.9./.5-0  -4!9/0 -.490 

/.950' -3/00 _./34 

3' /0ff0 _ /580 _.ogo 
2' .570 _ 4'40 -.0/8 

0 0 0 
0 ' 

/19000:a6.020 7,70/0 
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PART III 

ECONOMICAL DISCUSSION 

REINFORCED-CONCRETE  BEAM & ARCH 

B.RIDGES.  



ECONOMIC ANALYSIS AND TYPE SELECTION 

Type selection is unquestionably the highosti'most difficult and 

most important feature of bridge engineering from start to finish, anions 

of dollars can be and have been wasted through improper type adaptation 

resulting in unwarranted first costs, or needless maintenance expenses. 

Correct type of selection is the very corner stone of economy. A failure 

to recognise the principles involved, or to evaluate correctly the factors 

entering into the problem may frequently result in a waste matey times. 

greater than any saving 'which may result from refinements in stress gum. 

lysis and design. It is the truth that type selection calls for the exer. 

else of the rarest judgement s  tempered by long experience in the designS 

construction, maintenance and operation of bridges under a wide variety of 

conditions and it is also true that as a general rule, nothing but time 

will give the bridge engineer the maturity of judgement needed, It is quite 

possible however, to analyze this problem, to 'operate it, as it were, into 

its component parts, to state certain fundamental fundamentals and submit 

certain data which may aid in forming judgements as to probable first costs 

maintenance costs, reneural costs, etc., for the various construction types 

commonly 'Deployed. After the preliminary surveys have been computed, for 

any bridge structure and before any work can be done on the detailed design 

or preparation of plans, it becomes necessary to make at least a tentative 

selection of the type of construction) best suited to the particular needs 

involved. The question of eoonomy in first cost, astutenes s  and renewals is 

naturally a major controlling consideration and one which in order of im•-

ortance should possibly, receive first mention. The economics of any bridge 



problem however, are generally investigated after certain other controlling 

conditions have received consideration, The major controlling factors are 

conveniently grouped as follows: 

Am Stream. behavior, 

B- Requirements of navigation. 

C- Traffic considerations. 

D.. Arohitectural features and scenic considerations, 

Z- Condition of available funds. 

The term *stream behavior" is here used to signify the peculiar 

characteristics of the waterway during periods of high enter as regards 

erosion c4ed and banks, lateral shift tug of channels, carriage of drift, 

ioe and debris, etc. Such characteristics many times operate to place car.. 

taro limits upon type selection entirely independent of considerations of 

economy and it is with such tendencies that this article has to deal', 

The second factor, namely, requirements of navigation, will gen.. 

erally affect type selectioni as regards both vertical and horizontal clean. 

811088 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 traffic). 

Factor D in the above list, which is the architectural feature and 

scenic+ considerations, has in ceratin cases a very important role in diet- 

sting type selection. Grouped in order of their architectural possibilities 

bridge types may be classified, as follows: 

W) Masonry arch construction. 

b) Reinforced concrete deck construction. 

c) Deck truss or plate girder construction with concrete 
deck and railing. 
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0 Through truss or girder construction 

f) Timber construction 

The last factor listed as controlling the economics of any bridge 

problem was the condition of available funds* In certain instances the 

choice between types nay hinge upon the amount of money aotually available 

for construction purposes and thus render of no avail any theoretical cons-

ideration of the eoononics of first cost, naintenafloo, renewals, etc. Per-

haps the selection of a cheaper construction type even, in this casei nay 

be false economy, but it is apparent that if there are= additional ftnds, 

available and no legal naohinary provided for the borrowing of the sans, 

the garment must, to a certain extent, be out in aocordance with the cloth:* 

Having dispoted of the general features controlling type selection 

for highway bridges, the question of economic analysis nay now be consider 

ered* 

FUNDAMENTALS OF ECONOMIC ANALYSIS  

Source of fonds for highway bridge lasrovements  

Funds for the construotion of highway bridges are in general de-

rived fron two main sources, as follows: 

a) Frost direct revenue ( property tax, license fees, gasoline 
tax, etc.) 

b) By borrowing ( issuing bonds ). 

in either case a fund is created termed the "Capital Account" out 

of which the money necessary for construction can be drawn *  

Capital oasts 

Let us consider the case of a bridge costing C dollars, built of 

absolutely permanent construction and upon which there is no need for 

maintenance expenditures •  The capital account is charged with C dollars, 



mithdrawn but credited with a bridge "north C dollars, so that the bales*, 

remains unohanged. In other words, the total wealth of the state is in no 

way changed by exchanging C dollars in money to C dollars in bridge 00=•• 

truotion. However, the state has by no means received a big free, owing to 

the facet that the C dollars in liquid funds had an earning of rC capacity 

per annum, r being the interest roots, 'Ohne the 0 dollars in the bridge 

has no earning capacity. The net result of the state therefore, is the gain 

of a bridge but the loss of rC dollars interest money per year. The cap. 

ital cost of any bridge structure therefore, can be represented by an annual 

charge representing the interest on the amount expended; thus for permanent 

construction without maintenance and costing C dollars, the annual expense 

is equal to rC dollars. 

Naintsnanoe and Renewal Costs  

It is apparent that no bridge can be built satisfying the above 

requirements. Regardless of its excellence, some money for maintenance is 

required and at some future period the structure is bound to be worn out 

and need complete renewal. 

If we assume that the average maintenance cost per year is esti*. 

ated M dollars and that the profitable life of structure is equal to n 

years, the amount of money R, which must be deposited at the end of each 

year to accumulate with the compound interest at r% per year, an amount 

equal to C dollars in n yearst time is given by the expression 

R = 	Cr 
( 1 I r )' - 1 

The term R obviously represents the measures of the renewal charges 

against the structure. The total annual cost for capital, maintenance and 

renewal is therefore represented by the expression 
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Gillette's Handbook of Cost Data and other handbooks contain tables 

which aid in the calculation of annual expenses of renewal funds, giving the 

amount accumulated when one dollar is deposited annually in a fond drawing 

compound interest at the rates from three to ten percent and for time peri-

ods one to fifty years. 

Insurance Costs  

Fire insurance in highway bridges is only neceassary when the bridge 

is of timber construction* In certain cases the danger fnma flood loss is so 

great as to warrant the consideration,an annual item for flood iusuranoe*  In 

general this item is not oonsidered except when it becomes necoeseary to 

determine the relative economy of two type of constructions which differ in 

regard to their respective liabilities for flood loss *  In such a case the 

proper annual charge for flood insurance can be determined from the probable 

frequency of flood losses in oenneotion with the probable service life of the 

structure by a consideration of the theory of probabilities *  

Operation Costs  

In addition to the foregoing the last 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 operation. 

The first operating cost mentioned above is simply an annual charge 

oocuring in the case of movable bridges or in connection with the operation 

of crossing gate., the employment of watchmen, etc. The second operating 

cost is the cost to the traffic operating over the bridge. 



This cost can be determined from the length of the bridge, the trot-

fie density and the unit traffic cost, which latter value may be expressed 

in terms of either vehiole mile orton-mile units. The latter is the more ac-

curate but the former lends itself more readily to this type'of economic amp. 

alias since the use of the ton-mile requires that the traffic units be seg-

regated. The vShicle mile unit will therefore, be used here although the ton 

mile may be used if desired. 

As an illustration of the method of arriving at traffic operation 

costs consider a bridge 1000 feet in length carrying au average traffic of 

1000 vehicles per day. At an average cost of 8 cents per vehicle mile the 

total annual operation costs 

1000i ($0.08) (1000) (365) .1  *553.30 
5280 

It is true that the cost of traffic operation is paid for out of a different 

fund than that from which other annual costs are paid, it is however, none 

the lees a legitimate charge against the structure and should be considered 

in any economic comparison. 

The cost per vehicle mile varies with a large number of factors and 

data at hand are not sufficient to place anything more than a very rough 

estimate of evaluation upon the same. The following discussion of transport-

ation costs, as affiliated by bridge design may prove enlightening, in so far 

as general principles are conoerned, even though no definite or accurate 

quantitative conclusions are reached. Among the factors involved in bridge 

construction which affect transportation sosta may be mentioned the follow-

ingt 

a) Character of roadway surface, 

b) Width of roadway. 



c)Horizontal alignment of structure. 

d) Grade line treatments. 

The character of the roadway surface (a) adopted for the bridge af. 

feats transportation Goats in a variety of ways. First of all, a rough road'. 

way surface increases the rolling resistance of the vehicle and in this meas-

ure opnakes to increase the fuel consumption. The presence of a rough surface 

also increases the tire expense and in addition, introduces certain impact 

and vibration strains in the vehicle itself, which result in a faster dep-

reciation of the equipment. These vibrations are not altogether a function 

of the bridge floor surface, but may result from a vibration set up through 

out the entire superstruoture during the passage of a load. 

The effect of an unduly restricted roadway is a slackening in the 

average speed of traffic movement and a consequent increase in time element 

transportation oosts. Narrow roadways also operate to introduce greater li-

ability of accident, not only major accidents, but also injury to fenders, 

bumpers and other like minor damages growing out of the closely restricted 

clearance between vehicle and rail. 

The effect of sharp curvature is to increase the liability of col-

lision, to slacken the average of safe traffic speed and to intrOduee an el-

ement of added wear on tires due to longitudinal and lateral slippage which 

results. A general stress upon the entire vehicular mechanism also results 

from travel over an alignment having undue ourvature. 

The introduction of grades operates to increase the rolling resist. 

ance of the vehicle and therefore, the feel consumption. Sharp changes in the 

direction of greds4 unless modified by,long vertical curves, introduce an ad. 

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

are generally observed either at grade wertioes or atvthe and of the structure 



Where the sane Joins the roadway approach* 

In general it may be stated that any condition which will impair the 

riding qualities of the bridge roadway surfaoe, operates to increase trans-

portation costs. 

CHNIONINIWONCONIESINISS 

ECONOMICS OF REINFORCED--CONCRETE BRIDGES 

Reinforced concrete structures being the nost modern of all the 

general types of bridge construction, the economics of their designing is 

not so highly developed as compared with the older types, In studying their 

+pommy, it is convenient to divide it to different topics and disouss 

them one by one, 

;REINFORCED STEEL  

One of the important points is the designing specifications for re-

inforced concrete bridges is the proper intensity ofworking stress for the 

reinforcing concrete bars. It is generally conoeded that it should not sac. 

coed one-half of the elastio limit of the materials and in consequence, the 

practice in engineering in the past has limited it to 18,000 IbsWin,2  but 

using a higher carbons-steel many manufacturer's are trying to raise it to 

20,000 lbs,/in2, The higher intensity saes in the quantity steel, but gen-

orally increases the amount of concrete used, That id due to the fact that 

the higher stress in the steel reduces the moment of resistance of the 

concrete about 6 percent, If the amount of concrete is increased, the net 

saving is about 2 percent in slabs and 3 percent in beams; but if the sec-

tion of the concrete is determined by shear or other oonsiderations, so 



that no increase is necessary, those percentages will be increased by esti-

ty. There are two great objections to use higher steel. The first one is 

that when bent cold it is liable to crack on account of its increased herd. 

nese. The second it opens up crooks in the concrete. 

INTENSITY OP WORKING STRESS IN CONCRETE  

For many years the praotioe has been to stress the concrete in 

compression only 600 lbs./62., but lately the Joint Committee of Tech.. 

neal Societies has reported in favor of adopting 650 lbs./in. ikon a 

good aggregate is procurable, there is no objection to this increase of 6 

percent. The actual reduction in the amount of concrete of a beam due to 

this difference of intensity of working stress is about 6 percent, but this 

is partially offset by the increase in the amount of steel required. 

FAYINO6 

With a concrete base any desired type of paving can be employed as 

wood blocks, brick, asphalt, or any other kind of bituminous paving, plain 

concrete or granitoid, Wood block is the mast expensive as far as first 

cost is concerned, but it makes a xsnh better showing in the comparison 

when minter ■*** and renewals are considered. Brick per se is less expens-

ive, but it is heavy and in consequence, requires more metal to carry it. 

This is not a serious draeback in short•span bridges, but on long-span ones 

it is almost prohibitory. 

Asphalt and bituminous bridges in general are good; and usually 

they are not heavier than the wooden-block ones. Unfortunately they re-

quire an extensive plant to lay them and as the total area of paved surf-

ace on moat bridges is comparatively small, the charge per square yard for 

use of plant will be excessive, unless there be a nearby plant available, 

To adopt an asphalt or bithulitio paving on a bridge in a small town is, 



for that reason rarely economic practice. This difficulty however, can be 

overcome by adopting an asphalt block pavement, which requires no plant for 

its construction. 

A concrete wearing-surface in many oases is both satisfactory and 

comparatively inexpensive, for it requires no special plant to lay it; 

neverthless an extra hard and durable aggregate is obligatory, and the 

concrete must be carefully mixed, placed, and finished, and must be kept 

properly stetwhile curing, especially in hot, dry weather. Unless these pre-

cautions be observed, the concrete pavement will not prove economic because 

of short life and the expense of repairs and replacements. It will be found 

advisable to design with an allowance in dead load for an extra two inches 

of concrete, so that a thicker wearing surface may be put on, if ever &be-

lied, without overloading the floor-system or the trusses. 

DESIGNS 

The economics of design are rather difficult to determine, as the 

quantities involved are influenced quite largely by the individual tastes 

of the designer. The problem is also complicated by the facts that the unit 

costs of the va#ious portions of a structure may be more or less different, 

and that the unit costs of different types of construction may be decidedly 

unlike. In general, it may be said that the unit costs are lower for those 

structures which have the simplest form-work; and a reduction will also be 

effected by decreasing the area of form-surface per cubic yard of concrete. 

For instance, in the ease of a wall or slab, the form-cost per cubic, yard 

will vary practically inversely as the thickness of the said wall or slab. 

Evidently therefore, it is desirable to concentrate the concrete into a few 

large members, rather than to employ a great number of small ones. The eco-

nomics of the designing of the different parts of reinforced concrete struct- 
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ures are discussed in logical order beow. 

SUBS 

A primary eoonondo problem in slab designing is that of two.way 

versus one-way reinforcing. Two-way reinforcing involves less concrete but 

more steel than does one-way reinforcing; hence it has but little advantage 

unless the reduction of d ad-load to a minims be of prime importance. 

Barring most of those in railway bridges, slabs are usually contin-

uous over panel points, excepting at the expansion pointii There is but a 

little difference in the actual costs of continuous and non.continneue slabs 

but continuity is desirable from the standpoint of paving and drainage; also 

with continuous slWas I.besms construction can be employed. The continuity 

of slabs and girders complicates construction problems sometimes very ser-

iously. The various processes of the oonstruotion of a proposed design 

should be studied through completely in order to make certain that no in. 

praotioable or unnecoessarily expensive work is involved. 

GIRDERS 

Girders are of two main types, single or continuous; and there is no 

great difference in their costs, there being sore concrete but less steel 

in their spans i of the simple-span type. The tw-span continuous type is 

nearly always *ore expensive than the single-span type. Comparing simple 

girders and oontinuous ones having three or more spans, the following ob-

servations may be =Aft 

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 continuous 

girders will be cheaper there being decidedly much less oonorete required 

for them. 
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The character of the foundations should be duly considered in deciding 

' between simple 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 generally square or rectangular in cross-section for 

constructive or architectural reasons. A round or octogonal column is in 

reality a better structural member; and if the lines of the bridge are also 

worked in accordance with it, there should seldom be any difficulty in the 

matter of appearance. A round column can be hooped or banded better than any 

other type. Frequently for the sake of appearance, the size of the column 

must be made greater than that needessitated by theoretical requirements. 

FOOTINGS  

Footings may be either plain or reinforced, and the question as to 

which style to adopt is one solely of economics, because as they are bur-

ied out of sight, the consideration of appearance will not apply. If the 

area of the footing is a little'larger than that of the column supported, 

plain concrete will be cheaper; 'while for a spread foundation reinforced 

concrete be always fbund to be more economical. If a footing has to 

be *mired under eater, plain concrete should invariably employed. 

Plain footings are made of 1 :3 :6 concrete or sometimes 1 t 3 : 6 

bUt the latter, is considered too weak. The use of 1 : 2 4 concrete per-

mits thinner footingei, but this is not of much importance when plain oono-

rete bases are used. 

In respect to the economics of girder bridges resting on oolumne, 

the following points must be considered: 1. The panel length; 2. The num-

ber and spacing of the longitudinal girders; 3. The number of columns per 



bent; 4. The span length. 

ARCH BRIDGES  

The eoonomics of arch bridges are mnoh more complicated than those 

of girder bridges. The important factors t4befoonsidered are the wets of 

arch ribs and those of the abutments; and the main economic point to de-

termine is the ratio of rise to span•length. For any fixed span length, 

the greater the rise the smaller will be the cost of both arch ribs and 

abutment.. By increaing furthero the cost of the rib will be but little 

augmented whereas the cost of the abutments above the springing will be 

increased while the port below will be decreased. If the increase in rise 

is secured by lowering the springings, the greater the rise the greater 

the economy of material and cost; but if the increase must be secured by 

raising the grade, the springing remoi5volle at a fixed elevation, it will 

rarely be eoonomical to increase the rise above the limit of one-third of 

the opening. 

The principle economic problem in the ardh bridges is the-deter. 

mination of the best span-length. The principle factors to be considered 

are the following:, 

A. The rise of the arch. 

Bo  The distance from springing to bottom of base. 

C. The character of the substructure work. 

D.The massiveness or lightness of the piers, determined 

from the aesthetic viewpoint. 

The rite of the arch is evidently of greatestt importanceO because 

the greater it is, the greater will be the economic length of the span. 

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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equal length and when the springings are a short distance above the bot-

tom of the base, a ratio of rise to span length of one-third or even less 

will be quite economic; while if the epringings are a considerable distan-

oe above the bottom, a ratio of one-half will be better. Generally speak-

ing, low ratios of rise to span are more pleasing to the eye than higher 

ones, so that the use of longer spans is preferrable from the view of ap-

pearance. Also longer spans involve larger members, and consequently lower 

unit costs. 

Difficult foundations favor long spans, not only because in the 

reduction of the number of piers but also because the unit *oats of small 

piers is much higher than those for large ones* On the other hand, if the 

foundations are tory deep, the effect of unbalanced thrust becomes of 

great importance, and this favors shorter spans. 

If it be decided for the sake of appearance to make the piers hewt 

vy and massive, this will tend towards greater span length; because an inc. 

rease in span length will augment the size of each individual pier but 

little, if any*  It will rarely pay to reduce the span length, if such re-

duction will not decrease the size of the pier of piers *  

COMPARISON OF SOLINSFRANDEL WITH OPEN-SPRANDEL  

In highway structures, the open-sprandel type is generally preferr-

ed to the filled type, for various good and economic reasons, as it is a 

fact that with the latter type, it will be found desirable for the sake of 

appearance, to make the ring the full width of the deck; whereas for the 

former type it will be satisfactory to carry a part of the deck on canti-

levers. The consequent narrowing of the arch-rings and shortening of the 

piers involve quite a saving in cost* 
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