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PREFACE

This thesis is an attempt to present in & complete form
and in a comprehensive sequence of steps the design of two
relnforced conerete bridges:- a T-Beam girder bridge and an
open-spandrel arch bridge. The reader will discover that a
particular location was not in the author's mind, and consequ-
ently no survey was made of a proposed bridge site. The author's
main purpose was to design an economical suverstructure for a
glven span and a given rise. In view of the fact that no wide
rivers or valleys exist in Lebanon that require verr long-spanned
Priﬂgsa, two spans were chosen with dimensions that are frequ-
sntly encountered in bridge design in this eountry.

The bridges are of reinforced concrete because this type
12 now generally used for highwavs. Conorete mar be used in
locations where 1t would not be possible to build steel
structures or ordinary masonry arches. Furthermore, with the
present prices of materials in the market, a reinforced conerete
structure would be more eoconomical in the ordinery case, This
requires great care in construction and is of & more permanent
character with very little maintenance work,

The author has not made his main aim to arrive st satis-
Tfactory and working results, although this hes been attdined,
It has besn hies main concern to analyze mnd design the structures
according to standerd methods end with purposeful steps based
on‘selentifically established and experimentelly tested theory.

A summary of the theory and methods of analysis is given
before each design. for more detalled information the books



mentioned in the Bibliography should be conrulted,

The author wishee to exprees his thanks snd appreciation
to Prof. J.R. Osborn, Chalrman of the Civil Englneering
Department, under whose supervision and guidance he was able
to oarry this work; he acknowladges hid lndebtedness to Prof.
Osborn for his helpful suggestions. The author also thanks
the Civil Engineering Lepartment where he found encouragemsnt

and all the necessary conveniences to complete this thesis.
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INTRODUCTION

Relnforeced concrete highway bridees may be classed in
several distinet groups: (1) slab bridges; (2) T-Beam girder
bridges; (3) Through girder bridges; (4) Arch bridges;

(5} Other amell structures such as culverts, trestles, stec.

In Lebanon and Syria it hes been found, from the standpoint
of economy,that for spans of 85 ft. to 60 ft., where headroom is
not limited, the T-Beam bridge is the best: and for spans greater
than &0 ft,, where solid foundations are available, the bpenings
are high and the structures carry verv heavy traffic, the re -
inforoed concrete arch bridge is best adapted.

1 therefore propose to design two bridges: a T-Beam bridge
with a span of 40 ft,, end an open spandrel arch bridge with a
span of 120 ft.

ANALYSIS OF THE FORMULAS USED IN THE DESIGH

The stresses in reinforced concrete structures are to be
calculated upon the baeis of the following assumptions;

l.- Celculations are to be made with reference to working
stresses and safe loads,

2.- A plene section berfore bending remains plane after
bending.

8, The modulus of elasticity of conerete in compression
ie conetant end the distribution of stresses in beams is rectil-
inear.,

4,- In calouleting the moment of resistance in beams the
tensile stresses in the concrete ere neglected.

S.- Adhesion between concrete and reinforeing steel is

assumed as perfect, and concrete and steel are therefore stressed
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in proportion to their modull of elasticity.

é.- The retio of the modulus of elasticity of steel to
the modulus of elastieity of concrete 1s taken n = 15.

7.=- Initisal stresses in reinforcement dus to the cont-
raction of the concrete is meglected in the design of the T-
beam bridge but speclal consideration 1= given to rib shorten-

ing when the arech bridge is designed.
Standard Notmation.

l,- feotangular beams:
Ty = tenslle unit streas in steel
compressive unit atress in concreta

Eg = modulus of elesticity of stesl

‘=
=]
n

modulus of elesticity of concrete

= Eg/E,

= Homent of resistance relative to steesl

Moment of resistance or bending moment in general,

(]
Mg
My = Moment of resistance relative to conerets
M
A = Bteel area

b = breadth

d = depth

k = ratio of depth of neutral sxis to depth 4

J = ratio of lever arm to resieting couple to d
jd = arm of resisting couple

P = A/bd = steel ratio (not in percentage)

R = coeffileient of strength

b = width of flange
bP' = width of stem or web




Tt =

.= Heams

M =

Mo =

Agy =

Ags =

A'lg =

4,- &Shear
Vo=

Y =

o =

B' =

-

thickness of flange
t/d = thickness of slab divided by depth of beam.

reinforeced for compression:

lioment which comcrete cen carry

extra moment to be carried by steel

area of tensile steel reguired to develop moment My
area of additlionel tensile steel necessary to develop
moment Mp

total area of compreasive steel
and bond:

total shear

maximum sghearing unit strees

bond stres=s per unit area of bar

gum of perimeters of bars.

spacing of bars

5.- Columns:

P

Pt

the strength of relnforeced ocnerete column for stress fg

Reduced strength of ecolumn.

€.- Areh rib: Sea page

Formmlae used :

The complate derivation of these formulae are found in any

conerete text book, I shall onlv give the results of those

derivations whioch I shell need in my design.

l.- Reoctangular beams:

T§d w fghjd = fapiba® - Rgba® (1)
Cjd = #fgbkd.jd = R kive® - Ropa® (2)

Mg
Mg

a - WRb (%)

i



The value of E for the given f; and f; 1= found from
Table XXTIT in Masonry Structures by Spalding,.

M 2 fgp ()
T =2 weaew ! b g - e 4
8 Aja a k
%
P = ;——-—; ------ {E}
a3
e et k)
s Bl

If & value of "p" lesse than that given by (5) 18 used the
steel determine=s the strenmgth of the beam, while 1f "p" is

greater, then the concrete will determine the strength of the beam,

2.=- T=-Beams:
There are two cases: (1) when the neutral axis is in the

flange; (2) when the neutral axis 48 in the web, Only Case II
wlll be needed in my design.

Case II: v
b'd = =--= - section determined mccording to
v
shear, (6)
'
Ag = =---- - area of steel reguired (7)
£, 5
pn o+ #(t/d)2
k W e - {8
m + t/d
f k
Ly & mesrmee- ()
nfl - k)

3.~ Beam= reinforced for compression:

Mg = M+ N (10)
M
£gjd



g
hgp = ==-—=-- (12)
fpid ;
l -k
'&IH = 'lEE L s=m=m—=— - {15}
k - (aya)
4,- ©Shear and bond:
vVt = V-7, (14)
'EF'I
v R unit shear to be carried by
bid
stirrups. (15)
P
8' £ «==--- - spacing of stirrupe (1&)
v'b
P = A, x fg - capacity of one striupp to
oarry ehear. {17)
L
Yo = S required perimeter of bars (18)
L]

F.=- QColumne:

f, = 900 4 (0.10 4 4p)f'y where f', - 2000 psi.
(19)
P = fgl(a+ (n-1)arg)) (20)
h
PP g 1,38 = conee- {reduction formmla) (21)
120R

G.=- Arch rib:
The formulee used for the design of the erch riv are given
on a ssparate sheet on page
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REINFORCED COORCRETE

BRSO T

T-BEAM ERIDGE

The bridge will consist of & reinforced concrete slab
supported on several reinforced conerete beams running between
abutments.

Clear span « 40 %,

Roadway = B ft.

Sidewalka = 2X5" « 10 ft.

Total width = B ft.

The sildewalks will be cast as slabs projecting outside
like baleonies,

Cutline of design: In all problems of deaign in
engineering the general method 1s to start from the top of the

strueture and proceed until the bottom is reached. The following
will be the stepa of procedure in this design:-

l.- Design of slab.

2.= Design of Intermediate beams. .

3.~ Deslgn of sidewalks,

4.- Deelgn of outslde reotangular beams.

S.- Deslgn of abutments.

To the design will follow drawings and estimates of
quantities with thelr approximeste prices.
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DESIGN OF SLAB

The slab will bBe reinforced on top and bottom and will be
assumed as continuous. Its span will be taken 5 ft. from beam
to beam. The rear wheels of the auto truck will determine the
section.

The effective width of slab for moment ias:

8 == 2/3(1+c) = 2/3(5 + 1) = 4 ft.

where 1 = span in feet = 5 ft.:

0 = width of tyre = 0.3 m. = 1 ft.

il

The coefficlent of impact i1s given by:
0.4 0.6

I =1+ +
l1+0.21 1+ P/a

whers F/8 1s the ratio of dead load of bridge to maximim L.L.

it can carry.
160 40
Agsuming P/8 = -=--- ; and knowing L = -ec-e = 12,2 m.
56 %.28
we find I = 1.17 say 1.20 or 20% impact.

& x 2240
The welght mcting at the senter is ---; ------ = 3360 1lbs.
00

Aggume 4 = 6"+ (1 1/2" covering)

128 x 7.5
wt. of concrete = -r--;;*--- x 150 = 93.5 1bs./ft. say 95 1bse./ft.

1
8 x 120
wt. of earth = --~-—£---- = 80 1bs./rt.
1
Total w = 80 + 95 = 175 1bs./ft.
2

For uniform load M = 1/10 wl

For concentrated load take a condition midway between a fixad

and & free condition. Take 3/4 of free condition; hence K = 3/16 PL.
w1? 3 PL 0.20 x 3 PL

K (total) = —-ian B taie () =EAk e,
10 16 16
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175 x 5°x 12 3 x 3360 x 5 x I2 .20 (L.L)
N t_t“‘l} . i ——— e e -
10 16 1

= 5250 + 37B0O0 +7750 += 50800in-1bs.

M=Roa® ; f, =18000 p.s.t. ; f, =700 p.s.t. ;n=15;R=1II2
¥ EQBDCI
dE —memmas = mmmmm——= = 3T.8

R D 112 x I2

d = 6.I5" + {I.35" gov.) = 7.5" total
from tables p = 0.0072

Li = pbd = 0.0072 x I2 x 6.I5 = 0.532 #q. in.
THie i the area of stecl par foot width reguired to develop
this slab. Uge 3 = 1/2 " round bare (= 0.59 8q. in.) &" e. to ec.
Bars 3/8 " pg. spaced about I2" ¢. to C. will be placed near
the tpp and bottom of the slab and rumning parsllel to the
beams. This reinforcement is to assiet on dletributing the loads
and to provide for temperature changes.

Ths affective width for ghear is taken equal to that for
moment with a minimum of 3 ft. and a maximum of & ft. Takling
this into sonsldsration it ie found that the slab thlockneas

with 1ts reinforcement 18 mors than enough to take care of

tha ghear.



DESIGN OF INTERMEDIATE EEANS
The bending moment in one beam due to live load of:
p= (B820-4x1L)=(82 -4 x 128) = 769 Kg./m®

Flus 20% impact 1s: a
2 T69 x ,09290 x 2.2 x 1.2 x5 x b2
HL:_..!é_:

LR R _R N _R _R 1 1 R _T_R R __F L S _R_E R B K B Rl - = ﬁamu ﬂ. 1h
8

The end ghear due to the same uniform live load plus 30% imp.

is: wl 769 x 0.0929 x 2.2 x 5 x 1.2 x 42
v O ER T - ———— - ) 15}ﬂﬂ 1'h.‘
L 2 9
The proportion of the front ?nd]raar whaels of the auto
-

truck carried by one jJoist 1a: -EE;- = 0.83., To have maximum

momesnt for concentrated live load we have the arrangement shown
in the figure. '

The auto truck glves larger valuse for both eshear and momeht
than thoee glven by the uniform load; therefore thess values will
be used.

The dead load shear and moment cannot be determined untill
the weight of the beam is known. The stem of the beams will be
assumed to be 18" wide and 40" deep and will welgh:

18 x 40 x 150
- . TE’G 1t|!-4"r ftl-
144

Thus thes dead load will conslat of:

wearing surface = 5 x 80 = 400 1bs./ ft.

slab =5 x 95 = 485
beam = 750
total 1625 1bs./ ft.
The dead load bending moment la:
-'12 1625 x 52°

Hn m mmme S s smme - 555:“:"3 t. 1b=.
8 B
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The dead load shear is:

wl 1625 x 42
‘JD = =mmae= = - — 3#1“{: 1hﬂ,
2

The total bending moment ia:

M = 212000 + 358000 = 5TO000 ft. lbs.
The total sghsar 1a:

¥ = 21700 + 34I00 55800 1ba.

i

The alab acte as the flange of a T=beam. The width on each
side which may be considersd as effective 1s: 4 x 7.5 = 30,
making a total of 2 x 28 = 18 = T4" apsuming the stem to be
18" wide. This wvalue is greater than the distance center to center
of the beams; 8o ths distance eenter to center of beams (= 60")
will be used, provided 1t ie not greater than 1/4 of the span
or 40/4 =10 rt. = 120".
The minimum section 1f fully reinforced for shear 1sa:
v 55800
b'd = ===s== = —eccmmacie= = 518 @q. in,
J.v .20 x 120
agsuming J 5 ;Qﬂj using b' = 18" , 4 would equal 28.8". The
depth should not be much less than 1/12 of the span = 40".
Therafors take d = 38",

T
e R e = o XEA
38

-ﬂﬁTi X 15 —] -1DE

pn
from ths table : J = .50 (we assumed J = .50)
The area of steel reguired ia:
M 5TO000 x 12
A = mecem=== = = 10.9 eq. 1n.
f.-.!-d lﬂﬂm x .92 x }E‘

Use 9 =11/8 " sq, bars = 11.35 sq. in.




6= 134%. 12 - 16} | 67 /134" 12 < 16,
e RSN T : 137" J il
| | v
| ) = /823 MrfER
T < 16.9" -;I:_ 23./ T
=< 42’ =
= 2,8 = 3L3 ~23.],./2 {
32.5 = £62%° <0
i 5—4_51 2
291
T \
13
- *
Shear Carries
252 4 : /0.8
y on:ref.

Fig_ B

Shear Carried

/5.8

by Concretle

256

46.3
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Now let us revise and see if f, does not exosed 700 p.s&.1.
by finding p and k and substituting in

T k
B A e s
n{l - k)
A 11, 39
- - - — = D-GDE}
ba 80 x Z8
m + ﬂtm}ﬂ 0.005 x 15 + 0.0188
= mmemecmea——oo B ol st o st e waneas o 0,358
pn + t/d n 008 x 15 + 0,184

fn e et e R L | 662 Plﬂlii
15{1 - 0,3858)
The essumed section will be adopted. No revision in welght

is necessary.

8t g: The shear diagram is as shown in figure 2.
The shear carried by the conerete alone is:

Vo = vbjd = 40x 18 x 0.92 x 38 . 25,2
This leaves at the left support a shear of 29.1 kips to be car-
ried by the utifrupn. A double prong 2/8" round stirrup ean
take:

Pe 8x 0,11 x 16000 = 3520 lbs.
Unit shear:

V' & ceeeee- = e i g e e = 46.2 p.8.1,
bjd 18 x 0,92 x 2B

Chenge of shear per inch run et the extreme left:
bv' a 46,2 X 18 « B350

epaoing:
P 3520
—— _—:—-_ [ *.H H‘I
T'h B&0

Meximom spacing « 0.45 x 38 « 17"



67 13.4 % /-z=/¢z |

2T 455 12.54 | AT e i

r‘ 131 —_l .56 Ll i e ‘i

W = 7628 %/ 4

- 40
P 42 Jv
ﬁ, - 923 = /—414’%6_9 2 IOT: 224Kx !.2 = 26‘-"‘9
34.00 - 1.625 42
—“'—-—ﬂ 2
43.23
2 bars bent
: )
: |
A |
i |
: |
; 4 bars benl |
| I |
: : | |
| | ' :
: | i |
: | i :
I : : !
i | |
Pt Tt e . .
e e fﬂ’-— =

F:’y. 3.



- /4 -
At the two extreme ends use a spacing of 4 ", Inorease
ﬁthis gradually to 15 ".

W ending of bars: Meximum specing for bending of bars at
m45 degrees 1is:

q 45 45
; 8 g =——caee= a 2 =———X 38 5 31"
o 10 + © 55

V The followling are a few points plotted on the Moment

ﬁdi&gram:-
x M
1,34 ; 56,40 'k
2.00 79.65
ﬁ 4,00 145.52
g 6,00 204,88

8.00 257.84

8 ' 10.00 304,40

12.00 347,50

14,44 384,00

Fach bar carries a moment of:
Bond:

Mg =« Agfgid = 1,27 x 18 x 0,92 x 38
2 bars carry 2 x 66,5 = 133,0 'k

4 bars carry 4 x 66.5 = 266.0 'K
To @ =—===m V at the end « 54300 1lbs,

54300 5 bars have a perimeter
o - 19,5 "
80x, 92x38 of 22,50, Bend 4 bars,



f?

] .
575 - oef
a.-" =====m=ﬁ
/
—q.00—

l‘__ 4-25:-———-'&

75 «120:-907%%

i peEnal ey | i s
i g G RN Rl _IB;_..._-J._i-.-
/ 11 'l




DESTIGN OF SIDEWALES

The French system of loading speoifies 400 kg/me as the
live load coming on sidewnlks,

WL, = 400 kg/m® o 400 x 2,84 x 0.929 & B3 lbs/rt2,

M =« #x83x (2.75)2 . &84

ralling s 0.5 x 3.3 x 1560 = say 300 lbas,/ft,
Mgy = 300 x 4.00 & 1200

2
150 x 4,85 0.80 x 4,25 4.25
Mp B e ———— M e X150 X =—c=ma
2 2 3
= 1350 + 90

=z 1440 1%t,1bs,

Total Moment = E£84 1200 1440 = ZEE24 ft.lbs.

M SEE4 X 12
ﬁ- - T = —_— e e = ——— = Er"'ﬁ n
Eb 112 x 18

5.45+ 1.75 {ﬂtﬂ"&l‘insl -‘] .2 "

Assumed section was 0.6' x 12 - 7.2 7 (No revision)

Reinforcemsnt :

U S w  mmmmemmmeeee—aa =z 0,445 in.B
50 | 18000 x B8 x 5.5

Use 2 - 3" square bars « O0.50 in,2

V. = #wl s #1885 14,86 - 178
Vp = 300; Vp=150x 4,25+ 4 x 0,20 x 4,8 x 150
= 636 + 63.8 = 700
Totel V « 1176 1lbs, The shsar carried by concrete 1s:
Vo= fybjd « 40 x 12 x 0,88 x 5.5 = 2320 lbs.

Theoretically no stirrups are necessary; however use stirrups
with 1 ft. =pecing (See diagram)



6 = 134 x1.2 = ;5_14’ |
I . 67- /134412
/ i e gy g L =61
-~ 18.7 ‘L—T— 13-1 Sefiipe i
: |
e B v 23’/ T‘
A 42’ it ]

F;’j. 3
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DESIGN OF OUTSIDE BEAMS

Specifications require that the live load used on
intermediaste beams be mlso used on outside beams,
Therefore My « S12000 £t.1bs,

¥, = 21700 1bs,
The dead load carried by the outside beam is:

wearing surfece and filling = 90 x 4,256 = 3282
slab o #(0,40+0.60) x 4,25 x 150 = 318
Beam (assumed) 60/12 =x 150 = 1500
ralling = 300
2500
half of roadway slab = 4% x 1625 = 812
“zelz

Maximum D.L. bending moment:

Mp = % X 3312 x IEE = 735000 ft,lbs,
Maximum D.L. shear:

Vo = #x 3312 x Ea « 69500 1lba,
Total bending lMoment:

M o M+ Mp « 312000 + 734000 o 947000 f£t.lbs.
Total shear:

¥V =« T+ V/p = 21700 + 69500 « 91200 1ba,
The width of the beam will be taken as 18 ", the same as

the width of stem of the intermediate beams,

The minimum depth as determined by the bending moment is:

M 947000 x 12
d - - - - e e e o e oL - 55'5 1]
R b 112 x* 1B

We want to limit the depth to 50 ™. Therefore we have

%o reinforce for compression.



The moment which the concrete can carry is:

2
M; = 113 x 24 x 47

g = 947000 - 500000

500000 x 12
A-g]_ B0 e e o
18000 x 0,88 x 47
447000 x 12
A g  emmmemmemm—m—e——————
i 18000 (47 - 2.5)
Ay = 14.8 sq. in,
A'S - 617 x ___]_-_: 01369
0,369 - 2.5
47

500,000 ft.1bs.
= 447,000 ft. lhs.

8.1 in

- ———

68,7 X

(See reinforcement for compression)

in cross-section of T-Beam bridge)

Use 15 - 1" sq.bars (= 15 sq.in.)
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Stirrups:
The shear diagrem is shown in figure
Shear carried by concrete « Vo = vbjd = 40 x 24 x 0.88 x €0
i = BO.% lbs,
This leaves at the left support & shear of 71.7 - 50,7 = El.ﬂk
which is earried by atirrups,.
A six.prong stirrup of 2/8 " dia, can take:
Pa6x 011 x 16000 = 10560 lbs.
v 50700
Unit shear « V' @ =====- - @ mememese———————— - a 40 p.a.i.
bja 24 x 0.88 x 60
Change of shear per ineh run at the extreme left:
by' = 40 x E4 & 960
Spacing -« p/v'd = 10560/960 « 11 ",
Maximum allowable spacing « 0.45 x 60 « 27.0 "
{See diegram for spacings).

Bend bars:
Maximum spacing for bending of bars at 45 degrees is
45 45 45
B s ===m=caa- -4 w mmm= ] g === X B0 = 48 7,
10 + @ 55 &b

The following are a few points plotted on the Moment disgram.

x I 1.354 4&,00 | 6,00 t 8,00 | 10,00 1
SR s, s A LB P EsSinEt ps e e L
* 108 ] 2877.2 1 S72.4 )1 494 | 573 i
L] L] ] L] L] L]
(See dimgrem for bending of bars)
Hond: L'}
Yo 8 “neee ¥ = 87800 1lba,
ujd

= B7800 + (BOXO.B8x 680) = 20,8"
5 bars give & perimeter of 22.50, Pend helf the steel.
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DESIGN OF ABUTMENTS

Reanction from interior beams = 3 x 65800 = 167400 1lbs.
Heection from outslde beams - 2 x 91200 « 182400

Total reaction on abutment = 549800 lbs,
width of abutment is 30 1.
349800
welght per foot @ @ —cc-c-eee = 11850 lba,
: Fal

Tractlion:
20/100 =x L.L. reaction.
L.L., reaction = 3 x 21700 - 65100
2 x Bl700 « 43400
108500 4 30' « 3617 1lbs/tt,
Trection = 0.2 x 3617 « 7835.4 lba.

Since these resctions are concentrated, larger values of
loading will be taken for the design, mnd more reinforcement
will be placed under the beams so that the welght may be
distributed evenly.

o
Take reaction per foot = /550¢

traction per foot = 900

In omleulating the surcharge we shall consider the L.L.
which can come on the earth f£111 behind the abutment to a
distance esgqual to the height of the abutment which we phall
take as 2l ft.

In 21 ft. we can have 2 trucks side by side -2 x 160

= 32t
32 x 2240
Pag =-—======- ——— = 85.5 or 0,85 ft., say 1 f%t,
21 x 40

of earth. 2
2
Pressure oh stem g Ww/2 (hg - h1) - 100/2 (20% - 1F)x0.22



!
i
1‘ tE : :
s / 1
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u..'
3
21" 19’ 3
g1 l%l
- - — i
= i e 19
e
SRR Y 5300%
*—1- (ear!ﬁ flr!&my
I' ’JP
6.7
Stress dr'q_qran)
on Sltem

Slress dr'a_grqm al bottom

F}'?. 8



100
Pressure on stem z ----—- x 0.22 (20° - 18)
9

100
= =——— x 0.22 x 399 - 4400 1bs,
2
2
= 1x19x9.5 « £x19 x19/3 9.5 + 60.2
?: e i e ————— = = EEm—m—mmmssa——-—
1x19 , 19 x 19 L= 9.5
2
69,7
= -—— — E..E ¥
10,5

M) = 900 x 19 + 4400 x 6.6 5 17100 + 20000 = 46100 ft,1lbs.
-ﬂ = -—a-:-un i
Rb

When the tractlon is th the right M equals 29000 - 17100 -

20.4 ™ gay 2 ' with

covering.

11900 ft.1bs.

My 46100 x 12 =
Apy = === g =m=c—mmme—eae = 1.87 In per foot.
f,jd 18000 x 0,88 x 21

b
Use 2 = 1" sg,bare per ft. (= 2.00 In )

11900 x 12 2
Agp = Mp /fpid & Ammmmmmmmmmmeeee = 0.428 In per ft.
18000 x 0.88 x B1

Use 2 - 3" Bg, bars per ft. = 0.5 8q, in,
Check for shear:
V= 8900+ 4400 = 5300 lbs.
v 5300

bid 12 x 0,88 x 21
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g = mme—-- e B e = B.8" (B,0" are provided)

W. = 4,85 x 280 x 100 g 8500 lba,.
stem » (1.5 x 19 + 4 x 4% x 19)150 « 5000 lb=s.

arm = 4.8
10+ 2
hafe w (1.6% 10 3 s x 0,5) x 150 =« 2700 1bs,
]
ATH = 5,07
- =
P = 100/2 x 0.22(BF - 1) = 5300 lbs.
arm = B.&87
M = BEO0 *x B = 6RO00
5000 x 4,B= 24000
2700 x B = 13500
11650 x4,76= 55400
160900 ft.1bs.
M = 900 x 21 +# 5700 x 6.7 = 548500 ft.lbs,
180900
F.8. for overturning = --------= = 2.956
54500
27850 x 0.6
F.8, for sliding = me—m——e— mmmeee = &,7
6200
Max, Pressure: 160900 - 54500 106400
S M R i = 3.8 0.8
27850 27880
2 x 27850
Pe=2/32Ry/f8 & -——ccm-o-eeee = 4900 1lbs,
o X 9.8

Inner cantllever:
=Aner gentllever Forces mcting on cantilever are:

1) reaction of earth
2) weight of earth
3) welght of concrete.
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4
Mz-8500x2 + 1,6 x4x150x2 «+3x4%x4x15 X ==
3
2000 x 4 4
- mm————— X--- = 13700 ft,1lbs,
2 3

= VlZT = 11" ©required. supplied 21" eff,

Ag 2 =-m mmmemeeeeo = 0,495
18000 x 0.88 x 21
Use 2 - 2 " sq, bars per ft. (= 0.50)

1:8 B 2000 x 4

V = 8500 4 =—-ee= X 150 X 4 = =eececa=-= = 3000 lbs.
2 2
3000

DT g SRR SEE R = 13.5 p.s.i. (safe)

12 x 0.88 x 21

Quter cantilever: 5000 x 6
¥ @ mim = 3000 1bs/sq, ft.
10
8000 3000
Ve e = x4=16000
2
16000
Py [ = 72 p.s.i. (safe)

12 x 0,88 x 21
Use stirrups of 2 " dia. with 1 ft. spacing.

2000 x 4
M= 3000 X 4 X 8 4 =—-====== X 2 = 24000 + 8000 = 32000 ft.lbs.

[0 R - - 16.8" required. Supplied 21"

32000 x 12 2
A‘B g eemsecescecsosamoosean = l¢15 E

18000 x 0.88 x 21

2
Use 3 - §" dia. round bars. (= 1.33 In ).



REINFORCED CONCRETE

e e —————— i ———————— -

ARCH BRIDGE

———— — g —— i — -

The bridge will consist of a floor system supported on
columns resting on two arch ribs. There will be two approach

spans on both sides of the amein span.

Dimensions:
main span = 120
approach spans = 30 ' each
Distance between columns in main span = 10 !
" i A " approach spang = 15 ',
roadway ®., to c¢c. of beams = 24 ',
gidewalks = 5 '
Total width of road = 34 ',

e e L —

The floor system will consist of a slab resting on two
longitudinal outside beams thet rest on columms, and a middle
T-beam resting on Transverse beams that run between columms,

The following are the main steps in the design of the arch:

1) Design of main span:
a) Design of slab.

b) " " middle T-beam.

c) " " sidewalks.

d) i " outside longitudinal beams.
e) " " transverse beams.

f) " " columns,
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2) Pesign of approach spans:

a) Design of sleab,

b)
c)
a)
e)

)

n

n

n

Li

n

n

middle T-beam.

outside rectangular beams.
transverse beams,

columns

footings.

3) Design of parabolic arch:

a) Design of arch rib.

b)

"

n

" abutments.



DESIGN OF SLAB

1 10
The ratio of the two sldes ia: ok = eam= = B35
1i 12
Therefors ;‘5_. = 500 and an = 200

Agsume thickness of slab = 5.5" + 1.5" (eov.) = T".

For uniform load the weight per foot run will consist of
the weight of the concrete slab plus the welght of the road mater-

ial which we shall consider 4" thick.
12.x T x 150

wt. of cone. = mmeesmm——————— = 90 1bs./ ft.
114
4" x 120
wi. of E‘ﬁrtlh - = 40 1b8.: rtu
12
3 total 130 1be./ rt.
130 x iﬁ
N, = =—====--c& = 130 ft. 1ba.

1 10
For concentrated load the affactive width for the trans-

verse dirsction is given by the esquation:

20
=2/ 1+a===-+% 10 = 6,57

tut the maximum 1ie 6 ft.; therefore the load on a width of

ona Toot will Dbe: 6 x 2240

6
For concentrated load take 8 sondition midway between

a Tixed end free condltion; take 3/4 of the fres condition.
3 PL IFL

= mames J ==== -

4 16 16
3 x 2240 x 10

M. = - D #Eﬂ'ﬂ ﬂ- Ih'r
1 16

840 ft. 1lbs.

Iﬂp|= .'Eﬂ x 4200
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Total My # = 1300 + 4200 + B40 = 6340 ft. lbs.

P.l = i-ﬁm x Eﬁ#ﬂ = 31TO0 . lbs.
3170 x 12 e
d = | memmsmene- = ﬁafl = 513'
113 x 12
M 3170 x 12
A = eesecee S e —————— e = 436
. f,-3.4 18000 x .88 x 5.5
Use 2 = 1/2 " round bars psr foot = .5 8q. in.
130 x 12 :
i x
ik i Mg = ==e=ss==w-- = 1870 ft. lbe, {(unmif,)
10
Eff. width = @ = 2/3 (L + e) = 2/3 (10 + 1)= 7.3

but the maximum value of & = & ft.

6 x 2240
therafore P = --—-E----— = 2240 lbe.
FL 3 x 2240 x 12
M 3 -éEE- = -E--- S memme- - -= 5030 ff.lba.
2 16 16 16

Imp. = .20 x 5030 = 1006 ft. lbs.

Total M, = 1870 + 5030 + 1006 = 7906 ft. 1lbs.
Pg = "2 200 x T906 = 1581 ft.lbs.
1 x 12
Ag = -.tf..;: --§§E---'-*----- = +21T7 #q. in.

.88 .
£5.5.4 18000 x x 5.5

Use 2 - 3/8 " round bars = .22 sq. 1n.
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Total HI # = 1500 + 4200 + B840 = 6340 ft. lbs.
py = .500 x 6340 = 3170 ft. 1bs.
3170 x 12 ey
e & 7 e ann V&u = B3t
113 x 12
M 3170 x 12
A = smsssem T emmssssssssms=—= -— = 436
¥ £ .).4 18000 x .88 x 5.5
Ugs 2 =« 1/2 ™ round bars psr foot = .5 8q. in.
130 x 12
A i 12 Ma <@ asn f---- = 1870 ft. lba, (unif.)
10
Eff. width = e = 2/3 (L + ) = 2/3 (10 + 1)= T.3
but the maximum value of & = & ft.
& x 2240
therafore F = —---é ----- = 2240 lbs.
JPL 3 x 2240 x 12
s sBardas g ibsi s piadion _ 5030 ££.1bs.
2 16 16 16
Ilpl = .20 x Eﬂjn 1:":'5 ft. lbes.
Total My = 1870 + 5030 + 1006 = T906& ft. lba.
pg = M, L200 x 7906 = 1581 ft.lba.
12
s Lot SRIAM Lo ooy i
Fy 8000 x .88 x 5.5
!i"lld 1 :
Use 2 - 3/8 " round bars = .22 eq. 1ln.
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MIDDLE T-EEAM

The uniform load coming from the slabs on the beam la:

l1 + 1g 12 + 12
" = p----ir——— = 13Cl x ----E--— = 1‘&40 l'bl-,-"rft-

But usually this formula gives safe valuss. Uping the
method of trpezoids and trilangles and assuming in our case the 1/4
of sach slab 1s earrisd by this beam, (which 1s on the pafe

side) we have: 10 x 24
w = ommeeanon x 130 = 780 1bs./ft.

g5 x 18
assuming a beam of 25 x 12 = oyt x 150 = 316 1ve./ ft.
1

Total w= T80 + 310 = 1090 ft. lbs.
wl® 1090x 10 =
R m s dnie & Srdmamiation o 10900 ft.lbe.
10 10

For the concentrated load we shall assume that ona wheel 18
at the middle third of the beam, and two wheele, one belonging
to the same ecar and the other to the second one at 6 ft. from the
beam, Wie shall assume that half of these wheel loads coms on thes
beam Alstributed over a length of 6' from , eince e = 6 1t.

26.8
WS me=me— = 4,48 u/ft.
&
4.48 x 3 >
h:- LiL “ﬂll.. = 3;# Iﬂ-‘ X 5 - -----;-l--'l'-'l- } =5 #3'
Inp. = .2 x 43000 = B600 ft. 1lba.

Total M 10900 + 43000 + 8600= 62500 ft. lba.

i 62500 :_IE
da - e e it h’ﬁ = !}.Eﬂ
113 x 12




K-

26.8
54 -1o9x/0

2
34.2

L]
D

26.8

g - !Dﬂgiﬁ

1K

67

2 bars

Middle T- Beam

Ft:’- 1]
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M 62500 x 12 2
Al @ =—ccememe s eemcmeeeeeee—- . 2,02 TD
f,.l.a 18000(23.8 - 3)
8
Uee 4 - " dia, bars (= 2.4 1n )
Stirrups: The shear diegram is ss shown in figure /0

The shear carrlied by the concrete alona is:
Vo = vhid = 40 x 12 X 0.80 x 85 « 10,8 K
This leaves st the left support a shear of 22.4X to be carried
by the stirrupe. A double prong #" dia, stirrup ocan take:
P=s?2 x 0.11 x 18000 = 2520 1bs.
Unit shear:
¥ 23400
L e e iy i st e i o -— = B2 p.s.1.
b ja 12 x 0.90 x E5
Change of shear per ineh run et the extreme left:
bv' =« B2 x 12 s 9ED lbs=,

ek P 3520
o i e S = = S;58"
v'b 985

Maximum spewing = 5 = 0.45 x 85 = 11.28"

Use e spacing of 3.5" at the two extreme ends; then

increase it gradually to 11" (see diagram)

Bending of bers: The moment diagrem is shown in figure /0
One ber cen teke a moment of:
Mg = Agfsjd = 0.6 x 18 x 0,90 x 25 = 24,3 'k
Two bars cen take 48.8 'K, Bend two bare &t the end.
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DESTGN OF SIDEWALES

Span 5 ft. ¢. to o. of beams.

L.L. = 400 kgs/m?® « B8 lbs/ft@

Aspumed D.L, w 2"+ 1" = 3" i8 the assumed depth
D.L, = 3/12 x 150 = %7.5 1lba,/ft?

Totel w « 88 38 = 126 1be/ft?

: o
M=1/10 w1® - 1/10x 126 x ¥ o 314 rt.lba,

4 x 12
d, : . —— — F T —— — . — -
bE b 112 x 1=

168000 x 0.BB x 2

2
Use & dia, bars with a spaeing of 73" (- 0,176 iIn /Tt)

Quteide beam suppcrting the didewalk sleb:

g &
Wip.L,eL.L.] = 2 X128 X5 + ==== X--- X 150 « 370
12 12

370 + 200 (reiling) = 670 lba,/ft

M=1/10w2 « 1/10 X 670 x 5§ X 5 = 1800 ft,lbs,

1680 x 12
7 R SLY R SRR = 5.5" (we have & total of 9")
113 x & eff. - ™
M 1680 x 12 2
j,".. ------- = - N e . e - S = DqlE-E I.ﬁ
fa J d 12000 x 0.88 x 7

2
Use 2 - #" aia, bars (= 0.228 In ), Use also 2 - " on top.

Stirrup spacing - 0.45d - 0,45 7 = &
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Design of Cantilevers:

Mg = PL « 1670 x § = 8350 ft.1lbs.

Ageume d « 10 " and 2 ".at the end.

3x5x5 7 5
H [ T e p——— x IED = 5 X "a‘ x 1Eﬂ = ===
12 x 2 12 o]

Total M = 8350 + 834 . 9184 ft,1bs.

=1

L]
1
1
1
1
i
1
1
1
1
]

gl'l

See diagram for stirrup spmeing.

LONGITUDINAL OUTSIDE BEANS

Uniform load from sidewalk - 314/2 = 157 lbs/rt

10 x 12 x 130
From 8lab & # X ——ecemmeaeea

= 9590 lbs/ft.

Total w = 160 + 390 + 340 - 890 lbs/ft

g
My = 1/10 x 890 x I0 . 8900 ft.lbs,

= 834 Tt.lbs,

Total 4 will be 11".

gay 160

L.L, moment is the same as that for the Intermediate beam.

Myp = 43000 ft.lbs., ; Impact =

8600 ft.lbs,

Total =« 43000 + B600 + B900 = 60500 ft.lbs.

18000 x 0,B8x12

s Z23.B"™ say BE" 2" 4 BT

= 3.82" sq.in.

Use 5 - 1" dia, bare (= 3.93)



e

| ! 1
H | it P i
Ba " " _ _ hl :
e T N |
3 l.ll.l“ "I.lllll.lt_ s SR M EtRTl e e
™ g5 gt
Tees P i e _ r i
] i ; —
etk L |
: i 3 |
_ ; | 1 _
| I _ | :
Vi {8
I _ _ _
| |
N _ :
e (] ] — i ~
I | _ “
AR pokd :
SR : _ "
: 1
] | |
b | _ :
fit 4 b 1
- llllll
Gl if; s R Sawst 9% S SR S e o et e
< S T e "lnl...llnll...!i...l“
i e i _
1 i _
ik 0/ 5] , 0/ |
| ' _ : :
| | \ |
: _
i _ i
1 : | _ |
1
T d _
I | | _
-4 i !
|
_ 1
| | | _ _
58 # 0 |
e oz ! _
Rt ] FEISEETE: et iisaiean) savedien Sbme LR g e et ER S I et et tosin.
“od SR e ) -
i i i i 7 _
_ fisih =k I 1 |
“ “ “ BR eed| |
4|

I
:
TR aRas

i
4 4
i I

EO ~2d5 ATk SR SR S PR I R TR TR ST T PR T e s A e i S L i
|

ey

Fryg. /2



-0

Etirrups: Use same stirrups with same specing as that used
for the middle T-Beam,

Bending of bars: Bend only 2 bars out of 5 bars because we

muet not bend mors than half the number uf bars.

TRANSVERSE _ BEAMS

Uniform losd from slab « 130 (12 - 5] x5 » 380 lbe/ft.
12

D.L. of beam:
o5 x 20
-——— -x 150 = 730 lbe/ft.
144
Total uniform load = 730+ 380 = 1110 lbs/ft.
Concentrated load from longitudinal interior beam :
# ¥ 890 x 10 = 4550 1bs,

]
D.L, moment « 1/10 w12 + 3/11¢ P1 » 1/10 x 1110 x 24

+ B/16 x 4550 x 24
- B4000 ¢+ 20000 = B4000 ft.lbs,
Maximum 1iL. moment occurs et the middle with the
following symmetrical loeding shown 1n the figure (essuming
that ths twe trucks sre almost touching esch other).

L.L. Momant:
6.8 x 12 - 26.8 x 4.8 = so71k

Impaot: 0.820 x 207 = 41.4'F
Total Moment = B4000 + 207000+ 41400 = 332400 ft.lbs,

==2400 x 12
AN N - = 35" may 38"
165 x 20

M E37000 x 12
.l.' H sssmmemmmEm——— e e - ——— = ?.! B8q. in.

fald - t/2) 18000(35 - 3)

Ugs 8 - 1" s8q. bars (= 8.00 &g. in.)

(For reinforcement see page , Teinforcement for approsching spans)



Vg M
/3.4 ,3,.,: 13.4"° /3.4
3 !
| ear | s |
U w =107
L 757 *,'r_ 16743
: toa |
44154 -33.6
e T i 24’ =

Traoansverse Aeam :

Positian a/" ) it 3 5.;\(:'11] maximum reaclion
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DESIGN_OF COLUMNS

- Welghts coming on columns:
All the welghte are transmitted to the columns through

the longltudinal outside besms and the transverse beams,

b.L. .
Longit, = wl = 890 x 10 = 8900 1ba,
Trens, = # xwl FP/2 & #x1110x24 + $x5450
= 13300+ 2785 = le02s "
Cantilever 10 x 38
§ X ==-===== T A80 1670 «» 1BOO M
2 x 144 A 0 S
26725 1lbs.
L.L,

When 4 reer wheels are on a transverse beam AE neAT

to one column as possible -

R, « 4 x 13,4 x 16.45/24 = 56.6 K

Totel R = B6785 + 366800 » 63325 lbs. aay 63500 lbe.
Weight of spandrel wells = 5 x 12/12 x 10 x 150 - 7500 1lbs,
Total weight on columms
63500 + 7500 = 71000 lbs.

Total D.L,
PATEE + 7500 o 34B25 "

Totel L,L.
= 36600 "
Design of columns: W = 71000 lbs.
fo = 300 (0,104 4 x 0.02) x 2000 = 660 p.s.i.
e e e e L P i = Hll H':L- inp
g60(1+ 150,02 - 0. o2)
P'/P = 1.33 - 12 x 12/(120 x 3.46) = 1,32 - 0,347
' - 0.983
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B4.1

A s ==--=- = B6 sq. in.
0,983

Columns with larger sections are used in order to be in

good proportion with the rest of the structure.

APPROACH a P AN

O R R M O M e

DESIGN OF SSIAB

11 12
1o 15

Asaumed thickness = 8% "= (7 +1%)

18 = B.5 o
wt, of conorete s -—-——-————=—=-—= x 150 = 94 1bs/ft
l44

wt., of earth - 40 lbs/ft2

Total weight = 174 1hnfft.2

For uniform load 3
M1

For concentrated load

2
1/10 wl] = 1/10 x 134 x 1¥ = 1920 ft.lbs.

L]
P g wemimm—— = 2240 lve/ft. (e = 6)

M = 3/1é x P1 = 3/16 x 2240 x 12 =
Impact = 0.20 x 5040 ft.lbs, -

Total
My = My = 0.549 x 7968 = 4480 ft.lbs.

oTE
@i
oo
EA

M - 4480 x 12

As = BT 1a506 % 0.6 % 6.2

5040 f%.lbs,
1008 ft.lbs.

. -

7968 f1.lbs

Use & - # " dis, bars per foot (= 0.59 sq. in.)



rs
ke . S il - >

I diskributed T s 26. 87 I

g il
I /5 Hii
L |
B 3
5 —’|~
o
4
Y
\

Middle T . Bearm

Fig .15



- gy -

In direction 1g :
2
Moy = 1/10 x 134 x I - 3020 ft,lbs.
e =06T71t.; P = 2240

Moy = 3/16 x 2240 x 15 = 6300 ft,lbs,
Imp.= 0.20 x 6300 - 1260 ft.1lbs,

Total = 10580 ft.1bs.
Mo = Mg = 0,171 x 10580 = 1810 ft.lbs.

Agn = ==ce=e- T emmmssmmm————— N = 0,821 Bq.in.
Use 2 - 2 " dia. bers per ft. (= 0,22 sq. in,)

MIDDLE T-BEAM

Area of trapezoid = (lg - 11/2)11/2 = (15 = €)6

- 54 It°,
2x 54 x 134
I e i o = = 965 lbs/ft + 2B5 (essumed D.L. of
15
beam)

s 1300 1bs/ft,

Mg = 1/10 x 1300 x 1‘53-. 29200 ft.lbs.
We have for the concentrated load:
w = 26.8/6 = 4:4-5
Maximum L.L, moment:
2(12,4 x 7.5 - 3 x 4,48 x3x 3 = £100 - 20)
- 80'kK . BOOOO ft.lbs.

Impaoct:
Janes 0,20 T 80000 = 12000 f't.lbs.

Total Momemt: 200 + €0000 + 12000 = 101200 ft.1lbs.
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M 101200 x 1E 2
u L e g e b B e R e o e e e AP P Lk L | 3154 E
feld = t/8) 18000 x (30 - 3.5)
Use 6 - & ™ dia, bars (= 2,85)

Take total depth of beam « 33 ",

Stirrups: The shear disgram is shown in figure /6
The concrate can carry a shear of:
Vo = vbjd = 40 x 12 x 0.90 x 30 = 13°
The shear to be carried by the stirrups is Blk
Use same spacing as that for the middle T-Feam in main span.
Bend 5 bars out of 6.

LONGITUDINAL _OUTSIDE BRAMS

TUniform load from sidewalks = 180 1bs/ft.
From slsb = $ T 15 X 12 x 134 - 402 "
wt., of beam = 30 1113 x 180 = “??f__ "
Total 927 1lba/ft.
2

M, = 1/10 x 937 xI5 = 21100 ft.1lbs.

L.L, moment seme as for int., beam = 60000 L

Impaot = 12000 "

dagiaa-rt.lhn.

= 28,7 " gay 298 "

s - e

113 ¢ 12
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_hh W e e e e e i"?l ‘E
8~ 18000 x 0.88 x 15

2
Use 6 - 1™ dia. bara, (= 4.71 In }
Stirrups:
The stirrups and the bending of bars will be exactly like
those for the middle T-beam.

TRANSVERSE BRAMS
Uniform load from slab

12 x &
154 T ———-2a= - = 402 1lbs/ft.
12 x 2
Load of beam = 750 i)
Total uniform load 1180 1bs/T%.

Concentreted load from long. inter. beam:
& x 937 x 15 = 7050 lbs,.

ﬁ.L. Moment :
1/10 wi® 5/16 F1 =

1/10 x 1150 x 24x24 2/16 x 7060 x 24

. 66000 + 1700 = 97700 Tt,1bs.
L.L. Moment 207000 "
Impact = 41400 '
Total = 346100 ft.1bs.

Using concrete at 200 vu.8.1, -

246100 x 12
4 - A - 35,3 " pay 36 " with covering = 38 "
166 =x 20
M s 546100 x 12
-A-H - e A e - —teor o T o e - '?llﬁ E‘lpln-
reld - t/2) 18000( 36 - 33)

Oge B - 1 " 8q. bars (= 8.00 sq. in.)



Stirrups: The sheer diagraem is as shown in Tigure 7

Conerete cen carry V, = v b § 4 = 40 x 20 x 0,88 x 36 = 25.3 K
The shear to be carried by stirrups is 50.4 - 25.3 = 25,1
Using a double prong #" die. stirrup, P = 3520 1lbs,

Unit shear:

v 25.1
""I = = @ =———— —— = 35.'&' pialii
b Ja 20 x 0.88 x 36

Change of shear per inch run at extreme left:
by’ = 20 x 38.6 « 780 1lbs,

Spacing:
P 3520

———— L ——— e E_E f

¥ b 780
Maximum ellowsble spacing = 0.45 x 36 = 16 "

Use & epacing of 4.5 " at the ends and increase it to 1& ™

at the middle.
Eending of bara:

Bend four bers as shown in the disgram. (Drawing of Crofs Shkesw)

COLUMNS
Weight coming on columms:
D, L.

Longit. =wl= 837X 15 = 14100 1bs.
Transverse = wl/2 FP/2 = #x24x1150 + $x7050 - 17300 n
Cantilever = 1800 *
Spandrel walls = 7 ; 12 x 15 x 150 - - ET? L

Total = 48800 l1bs
L.L. = Zes00 "
Assumed wt. of columns 2 x 2 X 20 X 150 = 12000 "
Grand totsl = 97000 1bs

say 100000 1lbs
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Design of columns:

fu_ B E‘Eﬂ p‘ﬂiij
100000 100000

A-. ---------------------- -_—-— =— ————————— =
660(1+ 15 x 0.08 - 0.08) é60 x 1.28

= 1182 Bgq. in., say 12" x 12"

12 x 12
P'/P = 1.32 = scccccaeaa = 0,982
120 x 3.46
118
A = m———— = 120 =sa, in.
0,983

A larger section is used so thet the golumna may be in good

proportion with the rest of the structure.

Design of footings: Load = 100000 1bs.

Assume soil to carry 4Y per sq. ft. = 8000 1bs/ft®
100000
Area of footing = =----=-=--- = 12.5 sq.fin.
8000

Use an area of 3.5' x 4' = 14 80, L.

8000 2

Mgy = =-=---- (24 +1.2 x 0.75) 0.765 - 56000 ft.lbs.

2

2

A - a®)w (2020 - 570) 8000

g n -E --------- g  meeemmsmssss—m=——— = 10.5" asay 11"
das 96 X Bo x 144

M 56000 x 1E

La = - - —— B o e e . S = ﬁlE‘E ﬂﬂ_; i'n-
5o |

Use 9 - 3‘_‘;’4" round bary 4 ¢ bo C. = 5.98"
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ARALYSIE OF THE 8 ICAL ARCH

BY THE ELASTIC THEORY

General Discusaion.

The fixed snd reinforced concrete arch 1s a statieally inde-
tarminete structure. Thers aere three unknowns at sach support
and thersfors we need six equatlons. Statics glves us three equa=
tions apnd the remaining three are taken from the followlng condl=

tlons:
The change in span of the arch - Ax = 0O
The vertical displacement at one end
relative to the other L
The angle between the tangents ©To the
arch axis at the two ends of the
erch remains unchanged, or Lo, w8

These three conditions must be true since the arch ls Iixed at
the abutmenta.

Instead of sctually finding the componenta of the reactiona
and the moments at the supports, 1t is simpler to take the origln
at the crown and find the thruat, shesr end moment at that polnb.

The analysia of an arch gonalsts in finding the thrust,
ahsar and bending moment at the crown and at intermediate sectlona
in the arch rib, and then finding the resulting atresscas.

However to find the atresses we should firat assume tha dimen=
sions of the arch in order to be able to anelyze 1t. So that our
assumptlon may not be fur from an economical and a gefe dealgn,
and also, to save us the trouble of repeating gaveral times the
gxact analyals of the arch by the long and tedlous slaatic theory,

we first make a bentatlve des ign by using Cochraues formulaa glven
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on page(or==r¥) Ths common method of procedure iz to select an arch
ring whose dimenaions are obtained by comparison with exlsting arch-
gs of simllar span end loading conditions. This arch ias then ana-
lyzed, and if the stresses are found to be within the sllowabls li-
mitas the deaslgn 1s considered satlsfactory. If the stressea are too
high or too low, changes are made until finally a deslgn 1s obtalned
in which the stresses are satiafactory.

Hotatlon.

.} = length of a division of the arch ring measured along
the arch axla.
qh g number of diviaions ln one-half the archs

1 = gpan of arch axis.

C, = &verage unit compreasion in concrete of arch ring due
to thrust.

ts s coefficlent of linear temperature axpansion.

tD =« number of degresa rise or fall in temperature.

By, = modulus of elasticlty of concrete.

At the crown, let

horizontal thrust.

Hy
¥, = vertical shear,

Rﬂ = resultant of H, and V,
M, = bending moment.

At any point on the arch axls, with coordinates x and y referred to

the crown as origin, let

N = thrust (normel) or radlal gection.

a8 = aheaar or radial sectlon.



= resultant force on radlal section, resultant of H and C.
X, = e6ccentrlcelty of thrust on sectlon, or distance of N
from the arch axia,
t =z depth of sectlon,.
: = moment of inertis of sectlon including steel
= I, 4+ nlg
A = area of section including steel = a, + na,
P, = ateel ratlo for total ateel at sectlon.
d! = embedment of stesl from elther upper or lower surface.
M g moment = NX,
my = moment at any polnt on right half of arch axls of all
external loads between the polnt and the crown.
mg = moment at any point on right half of arch axls of all
external loads between the polint and the crown.
m = moment &t any point on elther half of a;uh axla of all
external loads EPl s Bg s atc.) between the point and

the crowhe

ormilas.

We lmow from mechanics that for a curveda beam shown 1n Tae

fig. the followlng relations hold true.

a
4y - / £ “ﬂi—s"f iif“—wfﬂ’f}

-/ [""-"“’ﬂ fds , fads | witdx |



liow, writing the three conditlona: (at the crown)

.ﬂ}t E

Ax,;

giﬂl

ik

with the three equatlons

.ﬂyE

- Axg

- A¢,

of statlcs, we can find H, , V, and M, .

To find the forces mcting at any sectlon we can wrilte:

For the leoft side:

For the right slde:

GO W e e F g B2 )

For the vertical loads we have also,

For the left alde:

ZD

Ny = H, cosa + (£ P=Vg ) sin
e

V., = E, sine = (2, P =V, ) cos

For the right sldel

X

V, =-h;

o
N_ = H,cosa ¢ {2, F=1¥. ) sl

= _H slona + [ff?-?njanﬂ

llow when these equatlons are solved 1t will be seen that we

shell have very general expres sions

for the thrusts, shears and

momenta &t the crown and other aecti_nna. However, 1f our arch exis

1s devided in such a way that s/I 1s a constant throughout the

whole length of the arch axls, the formulas become mich simpler.

Hool gives us a table of guch simple formmles which we shall uase

in our deslgne.

Bra L)

Conailderable unc artal

nty exists regarding the exact nature of
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temperature changes 1n an arch and thelr relation to external tem-
perature condltlons. However, experiments have been carrled out
under the dirsction of the Engineering Experiment station at Ames,
Towa and in the bulletin which was published, the followlng con-
glusion was pub:

"D prender an arch structurally safe, provislon should be made
for stresses induced by a temperature veplation of at least 40% F
each way from an assumed temperature of no stress. Partlcular
circumstences may demand a greater vardiation to prevent cracks but
this remains largely a matter of judgment with the designing englneer.”
We shall therefore, conslder a change of 40° F each way.

Stresses Due to R1D Shortening or Shrinkage Dua to Sekting.

When the conorete, inarches, shrinks due to setting, the arch
ring 1s a little blt daformed 1n & mamner similar to that resulting
from & fall of temperature. As the concrete contracts, the steel 1s
compressed until an equilibrium 15 eatablished between the compresas=
1on in the steel and the tension in concrete. This deformation in=-
duces bending stresses, tenslon on one side and compreaslon on the
other. Thess stresses should be combined with those due to loadlng,

in a way to glve the meximum stress which could sver occur both 1n

the conorete and in the ateals

Eglilhg;itg of the Elastlc TheoT¥.

In general, theory and experiment have agreed within practical
1limits, If any error occurs 1t 1s due chlefly to the lnamccurate
assumption that the antire section of the arch ring is effectlive and
that the locatlon of the neutral axis, dus to bending only, doea not

change throughout the arohe Thia, however, 1s not gorrect. But to
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looate the curve of the neutral axis would be very 4ifficult, so that
the sasumptlon is made in arch analysis that the arch axls pasaes
through the neutral exis of smch sectlone



FORMULAS USED IN THE DESIGN OF THE ARCH,

Loading: g
"I'J:_- - ﬂ_" fmg.+m#}_r o E rm{-:*m#)f}

2[7 2y - (29)7]

Flf e .E {m‘-__mlf) 4 fg]
2 ITxd
M= Z(Me+mg)- 2 He Xy (3)
2a,
Mes Mg HY Vox - my (4)
M= M, Hy-Vex - Wy ' (5}

All walues of m, mg, X and ¥ ghould be substituted as
positive, All aumnm;innn refer to one helf of the erch axis,
Positive value of V, indicates that the line of pressure slopes upwa
upward towards thelleft; & negative vakue, downwards towards
the left. Positive value of Nl indicates that the thrust H,
acts above the arch axis. Signs preceding terms M, and Vgx in

the above formulas depend upon the rasults of (2) and (3).

Temperature:
ﬁ"rf‘.: _'i_.F_ fflfﬂfdﬁhgf
2 2fn 5y (5)%] tp should be inserted
as for a ris; - for (6)
. HaE a drop.
A (7)
M =M, Hgy {8)

The value of tp should be inserted as plus for & rise
of tempersture; minus for & drop. Signs preceding Hy in
formulas (7) and (8) depend upon the result of formula (6).
Sign preceding M, in formuls (8} depends upon the result of

formulas (7). Thus for fall of temperature, thrust and moment

are of opposite aign from those for & rise. 1 = span of arch

axis,

s - -




Rib shortening:

Mg = = J-i . f'[ Fn.': {gl:l
2[n, 2y (5)%]
Me » - He2 (10}
My
M=, Hyy (11)

Values of moments and thrusts for rib shortening are

(1)

of seme sign as for temperature fall. 1 = Bpan of arch axis,

- i i o i N e

£ Reinforeed Concrete

The formulas were teken from Heel ,

Construection - Bridges and Culverts. (see Bibliosraphy)



METHODS OF PROCEDURE IN ARCH-RING

teps

The main stept to be followed in the design of our arch may be
spumerated as follows:

Given span and rlise:

1, Assume a thickness for thearch ring at the crown and at the
springing, using empirical formulas, 1f desired, ss an ald to the
judgment .

wh
t= qi_ - =X - (Weld's formula - See
10 100 200

Spalding pe. )

2, Draw your arch axls by uslng Cochraues formula for open spandrel

arches: :
£ 1-1/6 (g-1) =
¥ = h
1=1/6 (g~1)
w
ia ok = wt. per foot at springing Ss e AR
Wa wt. per foot at crown

imately equal to unli¥. This simplifiea our equatlon to & para-

bola: &

¥
whers h = rise of arch

z = proporticonate distance from crown to ordinate y ln
terms of the half span 1,.

This axis follows more oOT less the dead load line of thruat.

3. From Cochrauss tuble (Table 24, Pe 390 in Turneauve) find the
thickness of the erch rib at different sectlons. Draw intrados
and extrados. Find the equivelent I of various secticns and draw

a gurve showlng variation of I along the srch axls. This ocurve
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will allow us to davide the arch axis into segmenta of length

8, s0o that Ii = constant for all.

Caloulate H, , V, and Hn for unit load placed successively
at the different load points (points where the columns rest
on the arch rib.)

Draw influence lines for HE and NE' in the formulasi

fﬂ = -}-]—-1- and f.ﬂ = .-IE:-
bt bt

whers

{K}= e PO L b 1
(X')" 1 ¢ mp, (=) t2 ¢ l2ng 3@

or in our case where n = 156

(K ) 1 (+) 6 Xo
=

W —

(K') 1+ 15 xpg (=) 1 % 2B.B Py &

The ordinates of these influence lines will be directly propor-
tionsl to the stresses as 1t can be seen. Therefors, We can
see what loading will glve maximum stress in a asectlon, by

merely studying the influence line.

Consider 2 kinda of loadingai
Loading No. 1 = The loading which glves maximun compresslon
in the upper fibers of a gectlon.
loading Ne 2 = The loeding which glves maximum compresslon
in the lower fibera.

and atresses in upper and 1ower fibers under both loadlnga.

Find H, and Mg foT tenperature and rib shortening, eand comblne

the stresses which they cause in the four possible ways glven

belows



() Ho. 1 lomding, fall of temperature and rib shortening.
“ﬂ Ho. 1 n rigs " i {[] 1] ]

(¢) YVoe 2 loading, fall of temperature and rib shortening.

(d) No. 2 M rise " " PR, .

8. If for any section there ias conalderable tension for a glven
loading, draw influence lines for moment and thruat for that sec-
tion. Find the L.L. which will give maximum moment and find the
atress by the formula

fna —-—'-'——E
Lbt?
f = nof [ - 1)
:: “{Eh
This will glve the time stress in that gaction.

g, If the stresses are wilthin the alloweble limits, the dealgn la
satisfactory. If not new dlmensions must be assumsd and all the
problem repeated until a pood deslgn is obtained.

These stept will be clearer when we teks the dealgning sheets
geparately.

Advantapes of the method useds

Thera ls another method called the dlrect load method, where the

whole span, or helf of 1t is loaded to glve maximam stress. Thils

might be right in particular cases, or 1t might be approximate. How=

ever, in the influence line method we are choosing the position of

the 1ive load which will glve maximum stress. 4 quotation from Hoolt

W Ig fact, 1n the case of largs and Ilmportant structures, the only

satisfactory way to analyze for maxlmum stress 1s by what might be

celled a unit load or influence 1ine mathod."
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Y¥ow another point ias this: in my design I have found the moments
and thrusts graphically, whereas Turneasure finds them by computaklon.
(His method 1s slso by influence lines.) However, in hls compubatlons
any small mistake in one number will be multiplied many timss in the
procedure and we have leas chances of having the corrsct anawer.

The graphical method which 1s as accurate as the pomputatlon metheod,
(when drawn to & large acale) has the advantage of belng leas liable
to mistekes, 1t is simpler and more understandable.

DESICGH

D.P. YNoa 1 Gives the dead load line of thrust. The dead load 1n-
cludes all the weight coming on the rib through the
golumns, plus the welght of the arch rilb. A4s we should
expect from Cochraues formule the dead load line of
thruast follows nearly the arch axis.

D.P. Mo« 2 This sheet glves a table of the velues of I at different
points on the axia ( I = I, + PB;) and shows the graph-
ical way of deviding the arch axla into segments ao that
—i— is constent. First the arch axis ls developped lnto
a straight line. Then, the I curve is drawn. Now draw
a trial 1line oa and complete the lsoceles trlangle oab.
Then, draw perallels to oa and ab forming succeaalve
isogeles triangles. If the end of the last triengle colp=
acides wilth the end of the arch axias, the dlvisions are all
right. If not, another trial ia necessary. Usually three
or four trisls are necessary.

D.P. No« 3 Gives the computations needed ind etermining the moments
and thrusts &t the crown for a load of unity blaced

succesalvely at the load polnts 11 s Lo » LE ....:LE



D.Fs o L4

D.P.N0o.5

- F0 =

x and y refer to the centers of the sectlons determined 1n
D.F.Z. The gquantity m (csutelever moment) at & glven sec=-
tion for a loed of unity at a given load point 1s equal to
the value of x for the sectlon in q uestion minus the value
of = for the given load point. The values of the momants
and thrusta were determined by the formula given on Pe

Gives computetions and graphical work requlired ln deter=
mining the moments and thrusts at the varlous sectiona dus
to the sbove loadings. For example, conslder e unlt load
at Ly « The velues of Hy 5 V, and X, (at the crown)

for this loading are known from D.F. No. 3. These vdl ues
determine the magnituds, direction and point of applica-
tion of the reaction at the crown. Now the force polygone
AOC 1s oconstructed by putting AB = Vg ; BO = Hy and

AC = 1. Then & line parallel to AC is drawn through the
point of application at the crown until 1t interaects the
line of action of L 5 . Through thias point of intersection
another line 1s drawn parallel to BO and the equilibrlum

polygon for unit load at Iy is complets.

Yow the bending moment due to unit load at Ly at any
section can be calculatsd by scaling the wertical ordinate
from the arch axis to this equilibrlum polygon, and multl=
plying it by Hy

Influence lines for momsnt and thrust could be drawn nows.

But usually maximun streas does not ocecur for maxlmum mo=

ment or maximum thrust. The true meximum occurs for load=
ings that make the algebralc sum of the streases due to



DePl0Wb

DeP.Nous7

D.P.No.B

- HF =

moment and thrust & maximum, Therefore, 1t is better to

draw directly influence lines for outer fiber atress.

However, before the influence lines are drawn we don't
know whether we should use the formulas of cese I (nemely

i
fo = —E;L- and £ = -E— for compresslion over the

entire cross section) or case II ( f = =t tenslon in
part of the section). We shall assume firat that case I
applies for all sectlona. But If a great tension is ob=
tained for a glven loading, we shall draw influence linea
separately for moment and thrust and find atreases as shown
in DsFes Ro. 10.

The following formulas refer to case I} for n = 16

(X ) 1 (+) &
=

(K') 3 4 18p, (=) 1 4 28.8p,

Shows the influence lines for MK and NK!' since these quanti=
ties are proporticnal to I, and f} .

Gomputations giving maximum stresses assumlng case I to
apply at all sections. We conslder the live loada which
make the algebrailc sum of the products of HK ordinates with
the loading, a maximun. At the orown velues are Aoubled

because only half of the arch has been consldered.

Gilves the total meximum stressas asssuming case I to apply,
and conaidering the effect of temperature and rib shortanlng.
We have consldered four conditions of loading as indicated.
The last lolumn gives the sectlona and loadlpga that need

to be condldered for a case II distrlibution of stresa.



D.FP.Wo.9 Takes up the casss where case II should be applled and finpds
the streases by [lrat finding totel values of moment and
thruat and then using the formula:

¥
i Ibt?

whers L is found from diagrams 3 to 6 1n Hool vol. IIls

D.P.NoD Gives the influence llnes for moment and thrust at the

different sectlons.

D.Pelanll Gives the design of the abutment. The two moat extrame con-
ditions are those loadings which cause maximum gcompresalon in
the upper and lower fibera of the arch at the springlng sec=
tion. The moments and thrusts for thls sectlon are given on

page . PFor every case the eccentricliy e 1s found
M

N

From the center of the springing sectlon e is laid off up=
ward or downwerd (as the case may be) and the resultant of
¥ end V obteined. This resultant is combined with the welzht
of the sbutment (whose sectlon 1a gssumed) and the welght of
the superstructure coming through the end column on the
abutment. The resultant force should fall in the middle
third of the base of thes sbutment.

Then EF is drawn perpendiculat to this pressure and the

maximum presaure 1s glven by:

Max. pressurs m R - e xR =

EF2




We of arch rib.

& & &

&' &

T x 4,80 x 3

13 x 3ab

12 x
1l.4x

10.6x
0.2x

b x

Sed

Welght of columns .

L,
Ih
Lo
Ly
Ly
Ly
Lg

1]

81 x l.b

1-3 -E:P.'
8 X
X

4
5
s

X
1

2

DEAD LOAD.

x 4
x 4
x 4

z 4
x 4

x 4

x 1

«8

X

x 150
x 150
x 150

= 160
x 150

% 150

x 1.2 x 180
x 160

8 X 150

x L

x 1

x 180

= 150

1]

n

n

11800 Lbs.
27300
23800
21800

18700
16500

8000 x 2

4000 Lbse
7100
2940
1200

2850

1600 x 2

-53 -

8850
20400
17800
16300

14750
12400

6750 x 2

Connected twilh

( See

Combined wright of golumn and rib.
Supposed 88 scting under the columne.

1=|l-.—'

n

n

8850 « 4000
20400 + 7100
17800 + 2840
16300 + 1200
14750 + 384

12400 + 2250

=
-

13500 + 3000 -z

12850 Lbs.
27500
20740
17 500
15150
14650
16600

Total dead loads at the load pointa.

D-E.il'_ghfﬂﬁ‘ Bilate i
ofrawings)

1

18850 + 17100
27500 + 34200
20740 + 34200
176500 + 34200
15150 + 34200
14650 + 34200

16500 + 34280

m

20960 Ibs.
§1700
54950
51700
49350

48850

50700



DIVISION OF ARCH RING FOR CONSTANY SZI

Measured length of

Roda - 1" sguare

atasl areca m 3 x

18

3 x Xx144

168

144

half arok mxla 5 6B.8 ft,

R roda per foot width,

= 18 3q, ine.

0s0132 (at ocrown)

= 04125 8q. ft.

ldag 2 14 x 04125 = 1,76 -

{n=1)

_bad
12

da/‘j‘c

1.000
1.007
1,021
14038
1.049
1,063
1.077
1.085
1.145
1,245
1.40€
1500

ag x d
144
S

= meem X

12

d
3+00
3.02
©.062
3.11
3.142
3419
3,22
3.287
3.432
3,735
4.22
4.0

14 x 18 x 42
ek = 1,7 2
_14-4 +75 dl

3
At 20

4

Koment of Inertia Curve,

4 o) 1y Ly
1.37 1.88 3.28
1.38 1.00 3432
1,406 1.97 8.44
1.43 2,05 3.58
144l 2,07 3.62
1.47 2,16 3.78
1.48 2,22 3.88
1,618 2,31 4.03
1.591 2.54 4.44
L.742 3.04 5.%2
1.980 3,02

2412 4.850

Designing Plate I

I




DETERMINATION

AT MONRNT AND THRUSTS AT CROWN
(Uit Losd at T PePretes Feratas) -
PE x y x y uni:tlg;a unﬁ }'a;.d un:t %ond unit load unit load
Ll 50 s Rt L4 at 15
1‘2 40
I, 30 m mx my m mx My m nx Y m mx ny n nrx xy
L, 20
Ly 10
gy ©
1 55.3 £25.4 B060 &48 5,3 293 141 15.3 846 389 25.3 1400 643  35.3 1850 896 45.3 2501 1151
2 4B8.3 19.4 2340 376 8.3 401 1581 18.3 885 354 2843 1365 549 3B.3 1850 742
8 42,4 15.0 1800 225 2.4 10Z 36 12.4 526 135.56 22«4 9560 33545 2.4 1372 485
4 36.6 11,1 1340 123 6.6 242 T32.2 1646 607 184 28.6 972 296
5 80.8 840 950 64 0s8 24,6 6.4 10,8 I8 B6.4 20,8 640  166.4
6 251 5.3 830 28,1 5.1 128 2n 15.1 379 8040
7 16.4 3.2 376 19.6 9.4 182 2941
8 1347 1.6 188 2.6 S TLa6 Se9
9 8,1 0. 6505 0De4 : '
10 27 042 748 040 |
89.7 10757.1248447 5.3 293 141 28,0 1349 586 6344 8077.6 1268, 1185 5336 2077.9 191.6 7967.8 2054.4 282.4

Unidb lowd at L,,

uhit load
at IB

m m By
§5.3 3060 1408
4843 2340 935
42.4 18600 635
3646 1340 805
30«68 850 24544
2541 630 133
10.4 376 60
1347 188 2L.9
8.1 6545 4a9
247 76 Qad

10757.1 3843.7

Load at Illo
10 X 2077.9 = 1185 x 88,7 101,59
Hq B = s 0,76
H, = n y- m y " 10 x 141 ~ b.3 x B89.7 = 0.07 13394 13394
2 n y ~( Y2 2x 10 x 1484.7 =(89.7)° 5336
V,m ————— u 4248
m 283 7 ko
P 2 - - S 118.,5 = 2 x 0,786 x 89,7 o 175 - . g.58
2 x 2 x 10757.1 21514 My = 0 20
m=28, ¥ 5.3 =2 x 0.07 x 89.7 B i in
HO - 5 - 20 - S 0365 0‘76
- Unit load at a
gpa e eS80 8 5
H, 0.07 :
10 x 2054.4 = 191.6 x 80,7 _ 12394
i a g 04925
Unit load at Ly, G 15394 13304
B, o MO X566 - 26x 8947 3990 . & «26¢ Vg 2l 3 . W
1340
Vo = = 0.06186 - 925
¢ 21514 i . 19l.6 = 2 :OO. x 8947 2 22;6 = 1.28
N £6 - 2 x o264 X 807 =-2ll4 2 1,07
c = 1,28
- 1.07 0925
Unit load at Lg.
Unit load at L,
Ho g L0 X 3549.7 - 2624 %8007 . 1BMO7 . 0,935
H, = 10 X 1262.2 = 8344 x 80,7 _ 6932 2 = 13394 13304
13394 138594
o & AR L
Vo 2 —————— = .148 - = 0.
21514 B4
F 262,4 = 2 X 0.085 X 80,7 ¢
¥, = 634 = 2 x 0,51 x 89,7 o = 2848 _ _ 3 41 ¥, = 2 - 5 = 5.27
L o i e S SIS 5.27
D = e U N . s
+51 X = B $430
0.5 = 0,985

DPJ/'jniﬂj \ Blate I



Left half

A S O

{unit loads at definite poilnts.)

- 56 -

CROWN AND SPRINGING

Crown
K=H, Vg K
= 0365 0.07
= 1.07 D264
= 1l.41 0.51
= 0.86 076
= Ll.28 0.985
= 5,27 0.985

MOMENTS AND THRUSTS IN

Va

11043
a7
1.6

4el
1.2
4,8

Tad
9.2
10.4
11s5

135.6

M= HoVg N
0,728
- TS 0.7605
- EQEE Q-EE
- :?;'*'5 D-ETE
= S.12 1,07
= 1,11 1.0856
- 4-'?5 J.!-G'ﬁ
- 6475 0.8
=2 '-i"-DU ':'-Irl'I
- E-EEI' ﬂrg:Eé
a3 Eaﬂﬁ DnEEE
o UIE‘E 'D-':I'Eﬂ



Pt,

GCrowm

Spring
1/4

Crovn
3pring
1/4

Crown

Spring

1/4

t P,
3.00 06,014
4.5 00,0104
3.2 0.013
3,00 0,014
4,6 0.0104
3«2 0.013
9.00 0.014
4,5 0.0104
3.8 04013

‘1074
-2 o2
+3.06

=0.02
=1,71
+2,53

+0,.46
+#0.4
‘.218

8,126

10.995
14,138

4.608
B,"765
11.836

24766
84715
1.786

- 57 -

Unit Load B b Iy
Left Half Right Half
HX Kt HK1 X8 K NK Kt NKt
t
-00568 60474 *0.453
-8 .4 9.266 47,08 =3.88 17,765 41.03 16.035 =0.03
¥ 082 120464 - 722 "1.03 503.16 - .872 3.644 + 2200
Unlil¢tLonrd at Ig
2,38 3.034. $1.545
-8,51 7.0386 +6,.,83 =488 12,766 +5.79 1l.035 =5,01
47.28 10.164 =6429 -1,13 5.766 =3,0 4,004 +¥2,13
Unit Load at Ls.
+245D l.104 -1.02
+*3,97 0,685 =) .08 sk 8.715 47.85 €,985 =8.28
=1.98 «114 +.128 = JB0S 4,17 =4.,74 3.104 +3.08

-2.40
~4.22

-00376
- .845
0,72

41,76
+l.02
= 2655

Pla t e

De.r_ijﬂfng

nit Hoxa at ILp
Laft lalt Right Half
K RE K1 X1 Xo K WK K jir
t
6.466 -1.71 40834 +1l2?3
A2,365 =10.68° 10.635 +9,15 v2.98 14.865 43,286 12.93b =-2.89
10,238 & 3,584 17,5684 =3 .69 =l,.19 £.036 =1.b67 1,364 +1.14
Unit Loerad a t L4
£.406 -1.83 0.754 02573
S840 =~4,11 £.115 +2 426 22,22 132868 #5.,35 11l.8435 =-8.1B
J34926 $3.98 £ .04 2,07 =1.06 Bed456 =432 3,784 3.0
Vnitt Load a t IB
0.296 ¢B.l56 & 644 ~6 0D
5.585 +51532 6.855 -4-02
34808 =4,08 5. 024 £2.24
A4
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MORE ACCURATE CALCULATION

OF STRHES3ES

Crown, Loading los l. (maximum comp. in upper flber.)

EEEEI' fibar,

E:L._ EEE- tens.

Iq_ = « 453 X 61700 - 27900

Io = L.275 x 54940 -~ 70000

L& m l.545 x 51700 = 30000

Ly = 0,573 x 49350 - 28200

Iy = 2+.506 x 48850 ¢+ 124500 x 2

Iy, = B.16 x 50700 +4 415000

¥ 664000 - 206100 x 2 = 251800

Lis Lin 5] [ t!nﬂi

Ig = B.l6 x 36600 + Eﬂﬁ'ﬁ_

Ly = £2.55 x 8410 $ 21400

L‘l = 0,673x 3780 = 2160

+ 319400 - 2160 = JI1T7240

ﬁt‘raanan,

Delie = p M. = 195 Lbs .,lu"'ij:'i2

S Xx 3 x l4d
LasLs - R = 244 TLba |,I'Ir1ﬂ2
3 x 3 x 144
Total = 440 Ibs./in®

Designing PHHEE -Eu' (P-fg'ET.J
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Lower fibers
LeLe : Compe tens
LE i 6.55 x 36600 - B
Lg = 1402 x B410 - B600
Ly = 1l.853 x 3780 + E910
+ 6810 = Z24B600 =— 241700
Streass. = o SR = = 186 th.finz tenalon

5x 3 x 144

Not stress = 195 - 186 = + 9 Lbs./in° safe

Crown. Toading NWo. 2. (maximum comp. in lower flber.)

LEEEI" fibar.
IJ'IL Qo - Tens
F=—4 T § ikl
I‘l = (0,568 x 61700 x 2 # 70500
Ig = 1,71 x 54940 x 2 + 187500
Ly = 2.38 x 51700 x 2 + 247000
Ly = 1l.83 x 40350 x 2 + 180000
Le = 1.02 x 48850 x 2 = 98500
Ig = 6.556 = 50700 = Sue00
 EBAH000 - &£31500s 25 3500
Lia Lis L)
L = 1.7l x 36000 + E'E%UEL
Iy = 1l.B3 =x 8410 + 15400
L = Q.H688 x B410 + 4780
B2880
8trasses
5 253500 = 1112
Delia = 2 5 % 1id = 1956 Hu"'
Tabs = ——ot880 = 64 Ibs./ip2

Sx % 180 250 e, fint
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Stresa =

Ue®S5 x B410
l.275 x 56600
D«573 x 36600

71310

o X 3 x

14 4

_.Ef_

tens.

810

46600
20800

T1310

Net stress z 140 Ibs./in®

= 56 Iba./in® < 195 very aafe

Springing, Losding No. ls {max. comp. in upper flberas.)

Upper fiber. '
21£=11 g 7T.09 x 61700 S - 4§$ :

Lo = 9.15 x 549840 - 202000
Ly m 6483 x 51700 ~ 353000
Ly = E.26 x 49350 = 111000
Lg = 3.97 x 48850 + 194000

T Lg = b.EEx 50TO0 4+ 283000
L = 7.85 x 48850 + 383000
Ia = D.35 x 49350 4 461000
Is s 0,78 x 51700 4 293000
Ig = 3.26 x 54940 + 178000
In = 1.03 x 81700 + &3600

+ 1861500 = 1403000 g 4585 00



L. L.
= H.,0828 x 3780 = 21100
L5 = T.85 =x B410 = E6000
Li = 0.35 x36600 = 342000
In =z 3.26 x12200 g 39700
In = 1,083 =x25200 = 25900
494700
§trasaﬂ3=
Dele m ! = 236 Lbs./in®
3 x 4.5 x 144
Lok N et = 254 Ibs./in®
= S8x 4:6 x l4s
490 Lba./in®
Lower filber,
DILI
IE - 4,028 x 3780 = 16200
Lg = ©.28 x 8410 z 52800
Lg = B.,15 x 36600 = 298000
I m 2.89 x 12200 e A5200
11 = (0,83 x 25200 = 23400
424600
L L = ¢ == 218 tenslon

3 x 4.6 x 144

net = = 218 ¢ 166 = = 52 Lba./1n"
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Springing. Loading Nos 2. (maxe comp. 1in lower

Lower flbers

D-L-

B & EFFFE TS

LisLs

Lo
La
Ly

;traaaﬂﬂ-

DlL- =2

L:I.Ii L]

= 10.62
B8.51
4011

n

E l.'JE
4,02

6.28

Balb
9«01
2.89

= U-EE

= 10.62
e EIE‘l
= 4-11

313000

x

861700
54940
91700
49350
48850
50700
48850
49350
61700
54840
e6l1700

36600
8410
780

3 X 4,5 x 144

477000

fibars.)
i ”ﬂ' _ 2508
+ 583000
+-451000
% 202000
= B2600
= 204000
- J0Y000
= L0Z2000
= 252000
= 159000
= 57400
1754000 - 1441000 o 313000
= 020000
= 71500
- 15500
477000
166 Lbs./in®

246 Iba./in®

412 Ibs./in®
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Upper flbers
Rode = 9,15 x 36600 = 335000
Ly = 6483 x 8410 = 57400
Iy = E.86x 3780 g 8550

400950

400950
SeX 4.5 x 144

= 206 Lbse/in® tension

not m = 206 = 236 = = 30 Iba./in° 0.K.

quarter point. Stresses. Loading No. 1. (max. comp. in upper fibers.)

Upper Tlbera.

Dala COmDa tenss.
= «82 x 81700 = + 50600

Ip m 3.94 x 54940 g +216000
Ly = 7«28 =x BLT00 z 4576000
Lg =-1.26 x 4!-E'IE-EI'I.'.I = 6150
Ly = 3.98 x 49350 z +196000
Ls m 2424 x BOTOO = - 113000
Lg = 3.08 =x 48850 = = 1E0000
T4 = 3,0 x 49350 = - 148000
Ly = 2.13 =x 51700 = - 110000
Lo = 1l.14 x 54940 = - G3600
In = 255 x 61700 = = 15700

+ B44750 - 5008200 = 245550



- &5 -

In = 82 x 3780 = 3100

Io = 3.94 x 8410 = 33100
Ly = 7«28 x 36600 =266000
028200
Stresses,
Dol fig RN = 177 Lbs./in®

S8 X 3 X 144

: 1o, g T BORE00 = 218 Lbs,/in@
3.2 x 8 x 144

385 Lba -f‘l.na

Lower fiber.

In = 722 =x ameo0 = 2730
L, = 3.59 x B410 z 30200
LE = G485 x 36600 = 228000
268930
Stress m 260830 = 189 tension

E-EIE:EIH

¥et w 250 - 189 m 51 Iba./1® O0.K.



Loadlng No. 2s( max. comp.

Lowar

b

ma:

LaLs

PO S A S M- A S

LU T - A )

in lower fiber.)

«T28 x 61700 - Lompe - 4&%&%1
3.59 =x 549540 = 197000
6.256 =x 51700 = 323000
2,07 x 493560 = 102000
1l.88 x 48850 + BE600
4,08 x 50700 + 207000
4.74 x 48850 + 231000
4,32 =x 48350 + 213000
30 x B1700 + 155000
1.57 =x 54940 + B6100

«a72 X 61700 4 23000

# 1011700 = G66500 = 345200
l.98 x 3780 = 7600
4,08 x 8410 = 34400
4,74 =x 36600 = 173000
S0 x 12200 = 36800
1.57 x P5200 = 36500
372 X 11400 = 4240

284240



-5'?'.

Stressss.
Biki SAoe = 250 Lba./in®
3.2 x 3 x 144
Lile ) ——mt 80 = 213 Lba./in®
3.2x3 x 144
Total 463 Lba./in®

Upper fibers.

L = 126 x 3780 = 476
Lg =224 x B410 = 18800
LE = 5,08 x 36600 = 112000
Ly = l.14 =x 25200 = 28700
In m +256 x 11400 = 2810
185786
188786 = 2
Stress = = 136 Lbs./in® tension

3.2 x 3 x 144

Net = 177 = 136 = 41 Lba./in® comp. 0.E.
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Designing Plate I
|
Tomperature f o
Tompersvure fa1) of 400 ¢ | Pu of emperanure - gt L o e b e i
an n &
rise of 40° of opposite Rib Shortenin: 3 ;K el 3&, SESNG Case I inga for
Py vy t signe 1 . = o el clv 58 \ - which cese
bt “ bt o b (o T doea no
. | +1s .58 () (v) SBoLy
I Snﬁgod M o Strasses gtresses Loading Loadlng Loeding e g
- N M N —— 4 L x LA
Hc 102000 t X I uppar lower uppsr lower upper lower upper lower upper lower upner lower
fiber £iber fivar fiber
By . -8650
orown 0 3.00 0. ' . =
¥ 4= 102000 = 11400 ¢ 59300 8630 4161300 -16030 -~ 2480  12.0  1L.27 4158  -180 0.2  =47.9 .5os - 171 400 67 417 =40 219 188 &, ¢
lj X, «50 040104 = 34200 240000 = 7800 ~ 133000 -4530] =370000 -12330 ¢ 4684  4.015  2.285 =254 $144  ¢67.6 2 =38.83 236 Go SEGIESRORRNSTZRA LUEEGE H8 370 G
4 7.6 3.2 - |
40 Se2 0,013 =~ 865600 15500 = 10300 + 8690 -ancnil +24490  =18280 = .47 2886  1.214 4 14.3 ~ 33,9 =~ 3.8 4 9.0 409 27 39 70 665 439 37 478
Ca st crown,
loading, I, = 0,07 x 133400 = 95500
B = No, 1 loading, £all of temp. and rib shortening. Ip = 0.264 x 119880 g 218600
" »
Y a . rise of temp. and rib shortening. Ly = 0,51 x 113400 =z 57900
C = lloa 2 loading, fall of temp. apd rib shortening. Ly = 076 x 108700 = 820600
dem 7 ¥ 2 rise of temp, and rib shortening, I-‘5 = 0.925 x 107700 = 99500
Temperaturs fel1. Ls = 0,985 x 111400 = 100900
X 22 464900
—— e & 1,85 )
3 11.9 p
Ok = 464900 464900 5 42700 P
¥, = = 1.685 x 000006 x 40 x 120 x 10 x 2000000 x 144 u-wal Ca aé Sprin 93 x 3 - 15 x 18 19s50
= - La af Spring. Naa
P :
4 2 10 x 1484.7 - (89.7) Iy = % ( 8,785 ¢ 0.058 ) = 04411 x 135400 = 44800
uc=-ﬁﬁ-—— -"IumxBQQ‘? -
E s = 102000 f£t. lba. Lo = % ( 0486 ¢ 04223 } = 0.541 x 119880 = 65000
Ly = % ( 0.972 1 04454 ) = 0.702 x 113400 = 81000
ib shorteninr,
Rib shortening, Lig= & ( 1.07 40.7 ) =0.80 x 108700 = 95500
Ca 4t
La 4t arown, (aasume uniform woight of 80 £t2 1ba,) Ly = 2 ( 1,006 » 0,9 ) = 0.8B8 x 107700 = 95700
assume L,.L. on 8 of span. . Lg = % (104 ¢ 104 ) =1.04 x 111400 = 116000
on sach aolwmn: L.L, = 10 x 12 x 80
s D600 1ba
498100
3Ry 10000 1bs.
498100 488100
- Ca - = 2
D.L[ D‘Ll * L.L' 3 x 4.5 * 15 x£ 15‘38 324% ft lbﬂ.
In = £1700 81700 ¥ 10000 = 717 i s
» 00 Average Ca = 42700 = 32400 = 75100 : 2 = 40000 f£t2 1
Ls = 549840 54640 » 10000 = 64940
: 1.85 x 40000
Lz = 51750 il H » X 220 % 10 = = 6630 Iba,
13394
4 = 49350 = 59350
H. riv
i IR <
5 = 4bB5O = 58850 ratio = - $630 = 0,58
t2 .
)‘._ = 50700 = 2

60700
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CALCULATION OF M AND N 20 FIND

TOTAL MAXTMUM STREISES FOR CASE II CONDITIONS.

Crown - (case a)

EE'
In © = D.3686 x 61700 x
Ly = = 07 =x 54840 x
Ly = = l.41 x 51700 x
L, = = 0.86 x 45570 x
Ls = + 1l.28 X 57260 x
L, = + 6.27 x 87100
Exaot caleulstions for H,,
I = 0,07 =x 131810 =
Ly = 0O.284 = 157BE0 g
Iy = 61 x 128600 =
Iy = 76 = 114630 =
Lg = 04885 =x 106110 @
Ig = D.8B85 = B7300 g
M, = * 217600
H, = + 867420
M= f 161300
Buyp m = 18030

2 = . 45000

P M o

=-118000
=-146000

=-78400

+146000
+ 458000

- 387400 4 605000 g 217600

9220
41700
65500
87000
98800

86000

367420

Designing Plate TX

{..p 69 - ?EJ



Totals,
M = 217600 + 161300 = 378800 ft. lba,.
= 367420 = 18030 = 349390 lba,
._:.-i- = I_-.- 378900 = Ded52
t ¥t 340390 x 3
P, = 0.014
E = aTE
I-I: = -1'&“
fo = | - 578900 AR
Lhte 140 x 3 x 3 x 3 x 144
fs = nfy ( ey 1) = 15 x Too 2.875
Et T2 X 3
16 x 700 (l.28 - l]'
15 x 700 X 28 = 2830 Lbs./in®
cgse ¢
Homents .
I‘l = =773 x 61700 =-47T7T000
Ls = =~ 9.66 x 91540 gz -886000
Ls = = T.45 x 60110 w -44B000
Ly = = 3.12 x 53130 = -166000
1.5 = = 1,11 x 4B850 = + H4200
Ly = #+ 473 x 50700 = + 240000
Lg $ B.75 x 4BB50 = + 330000
Iy = + 7.0 x 49350 = + 3468000
Ly = + 5«5 x 51700 = + 274000
Ly = + 5,03 x 54940 = + 166000
1'1 = % 0,86 x 61700 g + BR800

- To -

= 1977000 + 1418800 =

695 Lbs./in®
say 700 Ibs./in® 0.K,.

-1

ﬂ-ﬂ.

=558000



Shaers

S EFFFEST ST S

LA

o B
"

g & &&&ES

&

L)

1

(1]

0.725
0.765
0.86
0.972
1.07
1.085
1.04
0.9
0«7
0 w454
0223
0.058

06 x
23 x
4 x
- 3
92

-

1.056
-

A2

H O OH o

« 38

]

27 X
o - [ A
Iﬂ'ﬂ X

299560

x 61700
x 91540
= B0110

553130

x 48850
= 50700
x 48850
x 49350
x 51700

54940

61700

61700
91540
60110
53130
48850

50700
50700

48850
49350
51700
54040
61700

11

- -

= 21700
= 47200
78500

= 58500
57000
53500

52700

n

43900

34500

23500
g 12200

5580
487780

700
21000

m 24000

25200
45000
53200
+ 18800

+ 20600
+ 18700
+ 14000
+ B200
+ 2400

185100 + 82700 gz

= 102400



=L *

558000

- 487780

372000
- 12330

568000 ~ 379000 =z = 938000
487780 = 12330 = 475430

M = =938000 __ (,436
NG 475450 x 4.0

0.0104
0460
« 132

s - 938000
Ibt2 L 132 x 5 x 4.5 x 4.5 x 144

= 810 Lbse/in°
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SPRINGING MOMENT, THRUST AND SHEAH

FOR MAXIMUM STRESS IN UPPER FIBER USED IN THE DESIGH

OF THE ABUTKENT

- 7,95 x

m = 9,66 x
Sadd =

1s11 X

]
1

4.T0 x
E+TS =
70

i

EIIE xr
302 x

S ESFF AT EE SN
1]

i
4 = 4 = F 5

0.95 x

For shear,

x BbH8BO

61700

54940 w

51700

49350

48850

54480
57260

81700

67140
86900 &

- 478000
- 530000
-, 288000
- 154000

+ 54300

+ 287000

+ 386000

+ 601000

4+ 274000

+ 203000

+ B2500

— 1548000 4+ 1857800 m

Iy = 06 x 61700 = 3700
Lo = 25 x 54940 = 12600
Lz m +4 = 51700 = 20600
Ly = «72 x 49350 = 35500
Lg = +92 x 48850 = 45000
Lg = 1,05 x 54480 = 57100

- 174500

Lg = «37 x 54480
Lg = »42 x 57260

Iy w 38 x 85850
Ly = «27 x 51700
Iz = «15 x 67140

Iy = 04 x B6900

+

09800

s B0OZ200

= 24000

= 32600
= 14000

a 10000

5000

104500 w

70200

In conneclion wilh Designing Plate XI f:,P 78~ T75)

(D.P. XJ

i,

in The Jr-u.l-.i.nj-i o
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For thrust.

it

1]

0,725
0.765
0«86
0.972
1.07
1.085
1.04
0.09
0.7
0.4b4
0«223

0.058

309800

484250

29950
61700
54540
51700
493550
48850
544380
57260
85950
51700
87140

86900

= , 64

n

21700
47200
477 300
50400
52600
53500
58600
51500
60000
23500
16000

4950

4534250
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DESIGN OF ABUTMENTS - MAIN ARCH

Welght coming over the abutment.

D, L. 48900
From 15 f£. 2pan = =-=---== = 24450 lbs.
2
34200
From 10 ft., 8pan = ===-=== = 17100 "
2
Columne - 2 x 2 30 x 150 n 18000 ™
59550 lbs,
LIL-lI EEEEEI n
86150 lbs.

=ay 100000 1lba.
(See design of the abutment by the graphicsl method).
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ARTISTIC FEATURES IN THE DESIGN OF THE

[————— R SR e -

T-EEAM GIRDER ERIDGE: (See elevation)

The esthetic treatment of the T-Beam girder bridge is
1imited. Tt will have a pleasing appearance 1f it looks heavy
and solid, and if the height of the bridge is not greet In
proportion to the span, My design 1= thet of a simple bridge
with girdere thet impress the observer with their solldlty,
strength and well-proportioned dimensions. No decoratlive features
are included, because thelr absence rather than their presence

contributes to the plessing avpearance of the bridge.

OPEN SPANDREL ARCH ERIIGE: (See elevatlon)

In the design of the upgn-apunﬁral arch bridge sgqual
{mportance was given to economy and appearance. The structure
as a whole glves the effect of solidity and usefulness, These
two main charscteristlies have to remein the dominent features
of the bridge, and therefore care was taken to avold all
exaggerated ornementations that might obscure them.

The main consideration from the esthetie viewpolnt should
be the expressiveness end plessing appearence of the concrete
bridge. To obtaln this result, a symmetrical arrangement was
given to the structure as a whole, and & style was secured that

would be in proper harmony with the materisl used.

Symmetry: The bridge 1= symmetrical sbout the center line.



The dominating spen is the parabolie arch of 120 ft. length,
There are two approsch spans, one on each side, with two arch
gpans of 15 ft. span, Obviously, the mind of the obaerver
should be impressed with the exvressiveness of the main span
rather then be diverted to the small arches om both sides of 1it.
At the same time, the eontinuity of the structre should not be
marred by & sharp demarcation. Having these two facts in mind,
the rectangular columns on both sides of the main span were
designed to emphasize the dominance of the middle span without
gausing & break in continuity, because the mind of the observer
will still be impressed by the monolithlie structure et which his
eves are gazing, since care has been taken to choose moderate
dimensions for the rectangular eolumns. Moreover, the engaged
golumns will stress the unity that exists between the approach
spans and the main span.

Style: The bridge should have a style that conforms with 1lts
surroundings. During the design of the bridge I had in mind
the Lebanese environment with its mountainous sites. In sueh
a rugged countryside a bridge should have & simple and bold
outline =o that the surrounding rocky c¢liffs may not dwarf i%.

The arches and the columns convey this simpllielty and
boldness.

In addition to the harmony of the structure with its
surroundings, there should also be harmony of form, dimensions
and material,

a) Harmony of.form: I have selected an open-spandrel arch
instead of an earth-filled one, because the bridege is rather
high and the span is not short; furthermore, it is desirable

to reduce the welght of the structure.



The form of erch ring is a parabola, because it most closely
follows the true pressure ocurve of equilibrium,

The approach spans consist of semi-eircular arches, because
it wonld be an awkward ocombination to have an arch with glrder
ApproAches,

The =mall arches in the mein span that support the roadway
harmondze with the other units in giving conslstency to the
structure, In the ordinary case it is better to have a fill b
between the orown and the roadway, bt in this case, thils
distance is rather great, I have therefore used a three-cemntred
arch and have thus avolded the fill that that would have conveyed
the impression of heaviness. Furthermore, to avoid the use of &
solumn resting exactly on the crown, the three-centred arch was
resorted to,

b) Harmony of dimensions: The rise bears a reasonable r
relation to the length of the spen. The arch ring increases in
thickness from crown to sovringing., The arches In the anproach
spana are of small dimensions so that their secondary importance
in the structure may be apparent,

o) Harmony of materlal: One kind of material 1s used, namely
conerste, because it is diffieult to secure an appearance of
balance when different materilas are used.

Unlike many bridges, no effort was made to have the bridge
rasemble a masonry construetlion. Conecrete 1s plain, without
jointe and projections, and therefore the structure was also

made plain.
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Orpamentation:

a) genepal: The genaral appearance of the bridge i= of
utmost importance, The detalls are sescondary, and eaven if all
ornamentation is omitted, the strueture will retaein its beauty
a8 long as the lines are graceful and pleasing.

It will be noticed that the only ornamentation I have
ventured to nse ia the set of horlzontal lines on the two
rectangular columne and on the abutments. The purpose was
simply to emphasize these parts for their functional role.
Otherwise they wotdd be dwarfed by the more harmonious archas
and eolumns with whieh they are surrounded.

b) The railing: The railing is the part that is seen both
from the streed and from the outside, Some decoration that is
carefully designed would hera be permissible. Its function i=
protection of traffic and henee I have made it to appear strong
enough for the purpose., Iron pipe rallings would have appeared
flimsy and would glve the impression of cheapness, The railing
is entirely made of conerete, It consists of a base, coping, and
central portion or dado. The coping and the base are of the same
width, whereas the dado 18 more slender, with wvertical spacings
in btetween. There are four posts that divids the reiling inte
three panels above the main span and a panel over each approach
gpan, The number of panels over the main span is uneven so that

there wlll be a panel and not a post over the center of the span.
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PRICES .AND ESTIMATE OF COST

We shell consider local prices &s they are at present
(Spring 1946).

Excavation: 23 - 4 meters deep in earth mixed with roek costs
4.50 LLE per cublie meter.
Plain concrete:

Gravel 0.80 m® at 12 LLS/m® = 10,00 LLS
Sand .40 ®_ & ¥ = 3.00 "
Cement 7 bags at § LL3 = 35.00 "
Labor per ocubic meter = 40,00 "

-

88.00 1LS/m*”
REeinforced concreta :
Iren 100 kes/m® &t 0,40 LI8/ kg = 40,00 ™

o

128,00 LLS/m"~
In the ocase of the arch rib add 10 115 extra for labor
meking a total of say 140 LLS/m®.

Roadway:

Blockage , gravel, idealit, rolling,

watering, and levelling =« & L1LS/m?
Engineering: 16% of cost.

Estimate of gusntities for T-Beam Brildge:

Elcavation = 20 m°
Reinforced concrete

Let us find the amount of concrete

per foot Tun of the bridge

21ab of roadway 93,5 x 20 = 1870 1lbs/ft. Tun
Sidewalk = 70O
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Reinforeed concrete (cont'd)
81ab of roadway 93,5 x 25
sidewalk

Int, T-Beams 4 x 18 x 32 x 150
144

Outside Beams 2 x 2 x 88/12 x 150

270000 lbs, =
Abutments:
stem = 5000
base = 2700
"7700 x 35 = 270000 1bs.
Wings, same. = 270000 "

Total = ﬁlﬂDﬂD lba x

2
Rosdway 25 x 40 = 1000 T = 90 m®

Estimate of Cost:

Excavation = 20 at 4.5 ££3
Reinforced concrete « 165 at 130 £&5
Roadway = 90 at 6 ££3

Total
Engineering 15 % = 0.15 x 22030

Grand Total

= 2740 1bs/ft Tun

= OO0 "
- 2400 M
= 3400 "

8840 "

—— - - T -

2.2 x 1000 x 2.5

=

185 cublec metTas.

g0 L5
21400 "
540 %

28030 £LES
2305

-

25335 ££8
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Excavation:
4 abutmenta of arch ribs = 1770 ou. 1%,
2 abutments of approach spans - IEQGD M M
4 footings of columnsa - Sl "
95 ou. m. - -EEEE- W
Flaein oconcrete:
4 gbutments of arch ribs = 700 x 4 = 2800 ou. Tt.

or 79 cu. m.
Reinforced concrete:
% cross-sectional area running throughout the bridge.-
railing - aversge - 1' x 3' = 3 8q. Tt.
beam under railing 0.7 x 0.5 - 0,38 "
alah of sidewalk 0.3 X 6 = a8 "
guteide beams and aversse of
curtain walls 1 x 4 - 4.0 "
slab of roadwar B/12 x 12 = 3o "

¥i{ddle T-Beam 0,5 x 85/18

]
o
L=
ra
a

Colunma - L = 20 x 2 x 2 x 4 - 380 "
Lj= 20 x 13 x 1% x 2 w R

Le= 14 x 12 x 1% x B g oW

Is* 8xlx1 22 . 18 "

Iy= 4x1xX1 x 2 = 8 "

Lg= Bx 2 x 2 x 2 « 16 ™

Tie beams 1 x 0.5 x 24 xl2 = l44 "

Footings 14 x 1 x 4 - 36 "

7220 eu, fTL.
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Forward -~ 2270 exn,
Abutments at approaching spans assumed
ag much as T-beam bridge sbutments, 1540x2=3080 "
Tranaverse beams 20 x 38 x 1/144 x 24 x 14 = 1770 ©
540 ou.m, = 12120 cu,

Reinforced conorete areh rib:
2 vy 4x 156 xP = 2260 ou.ft. = 100 cu.m.
Roadway:

180 * 24 = 4300 =mq. fTt. = 400 =mq.m.

Egtimeate of cost:

Excavation 95 m® say 100 m® at 4.5 ££8 = 480
Plain concrete B0 m® at 80 " = 7200
Reinforced conerete 340 m® at 120 " - 44000
Reinf. concrete arch rib 100 m® at 140 2285 = 14000
Roadway 400 n? at 6 ££8 = 2400

Total = 'Eéiﬁﬁ'

Engineering 15 % = 0,15 x 68100 = 10200

= ———

Grand Total = 78300

££5
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CONCLUSION

The problem of most concern to meny englneers as wall
as to Publiec Works and Construction officlals ies the construction,
with the least emount of expense,of & bridge that will not
fail. It muset be admitted that this= attitude is justified,
since economy of material and exnendlture are very desirable
in all types of construction. FHowever, & superstructure
thet merelv stavs on its sbutmente without falling does not
fulfill mll the sssential requirements of & bridge.

The bridges designed in this thesls clearly indicate
that earchitectural considerations have sometimes required
larger sections forfjeolumns, and therefore economy of
materisl was of segondary importance there. At other places,
it was desired to impreas the obeerver with the solidity of
the struecture, and henmee heavier maﬁhars were used.lievertheless,
the estimate of cost shows that the bridges may be eracted
witt reasonable expenditure. The results obtained are even
cheaper then the current cost of bridges in the country. This
{s due to the fmot that the assumption in cubie meters of
excavation was reletively small.

The author is of the opinion that he has arrived at
working results that are acceptable from the standpoint of

safety, economy and pleasing eppearance.
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SPECIFICATIONS

Two systems of loeding have to be considered.
A) The roadway is designed to carry & uniform load of:

p = (A20 - 4 1) kes/m® where L = span in meters,
with & minimum of 500 kegs/m€ for L larger than 80 m,
B) The roadway is designed to carry a system composed of
two trucks, sach having the following characteristles:

Total load ---=--- —m—m mm=== 16 tons
Rear axle load --------===-- 12 tons
Front axle logd --==—=====-- 4 tons
Total length -----===----m=e-- 10 metera
Total width ---——ccmee—eee=- 2.5 *
Distance o.L, to ¢.L. axles -- 4.0 "
Distence ¢.L. to o.L. wheels - L e 2

We will assume travelling side by side, and in the =ame
direction ss many of these systems as the width of the road-
way permits.

Tha coefficient of impact 18 glven by:

where L = gpan; P = total D.L.; & = total L.L.

The two svetems of loading heave to be considered, and
whichever gives the biggest results shall govenr the design,
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g.= Unit Stresses:

H
in

o 18000 p.=.1.: fo = 700 p.a.1.
n = 1% u = B0 p.B.1,
¥ = 40 p.s.i. without diagonel tension reinforcement
= 120 p.s.1. with diagonal tension reinforcement.
[The trensverse besms and the arech rib in the arch design
are to be cast in concrete at 900 p.s.1l. in order not to have

very heavy beams,)

3.~ Dimensions:
Dimensions are glven for each cese of design . Im addition:
Bituminous weering surface will have a thickness of 2",

2" orown,

4,- Welght of materlals:
Reinforeed conorets - 2500 kegs/m® or 150 lbs/ecu.ft.

Wearing surface - 120 1bs/eu.ft.

§.,- Distribution of Concentrated Loads:
The distribution of soncentreted loads on conorete s1ab

shall be calculated as follows:

a) The distribution of concemtrated wheel loads for bending
moments in reinforced concrete slabs on longitudinal girders
skall be caleulated by the formula

8« 2(1 4+ 0e)/3
with & maximm limit of & ft, for "e", where e = effective width
{distence that the load may be considered as unlformly distributed
onn & line down the middle of the slab parallel to the supports)
Ses flgure
b) The distribution of concentrated wheel loads for bending
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moments in reinforeed conorete slabs with transverse girders
ghell be oaloulated by the formmlae
e = 21/3 4+ 0 (2)

with a maximum 1imit of & T%. rnr_“u“, where e = effective width,
1 = spen, and ¢ = width of tire of cheel as defined in para aj.
See figure

o) The effective width for shear in beams gcarrying concent-
rated loads ghall be taken the same as for bending moment as
caleulated by formula (1) or formula (2), with a minimm effect-
ive width of 3 ft, snd a maximum effective wldth of & ft.

6.- Temperature stresses:

Reinforced concrete arches, frames end other restrained
structures shall be deasigned for a wyariation in temperature of

4 40 degrees F.
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