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In this design work , we have chosen a reinforced
concrete arch bridge with dimensions and specifications that
meet the requirements of the system applied in Syrla and Lebanon .

However we have made ample use of the American system
of analyzing the arch and have tried to obtaln the most economi-
cal design with due consideration to good appearance by corbil-
ning the French and the American systems of design .

The bridge designed will span a lovely woodéd valley
on the Zabadany - Bloudan highway .

Both topographical conditions and architectural and eco-
nomical considerations made the designer choose an open-spandrel
type of arch bridge with two big rised parabolic arch ribs .

The guthor 1s under especial obligation to Prof. R.
Osborn , Head of the Engineering Department of the American
University of Beirut , for his valuable help , without which

this thesls work could not have been prepared .

Vartkes Yacoublan , C. E.
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I - Advantages of the reinforced concrete arch
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If all the loads on an arch were flxed loads , it would
be possible in any case to construct an arch ring so that the
resultant pressure at all sections would be at the centre of
gravity of the section . That arch ring would be parabolie . The
compressive stress at any section would then be uniformly distri-
buted over the section , and the arch would be proportioned only
for this uniform compression . The line of pressure would lie

at the axls of the arch throughout . If however , the arch ring
is not made to fit the line of pressure , or i1f part of the load
is a 1live load , then the resultant pressure will not 1n general
coincide with the axls of the arch . There will exist both
bending and direct compression .

In ordinary masonry and plain concrete arches , tensile
stresses are not permissible ., The arch ring therefore must he
designed so that the line of pressure wll® not pass outside the
middle third . In reinforced concrete arches this limitation
does not exist . The arch ring i1s a beam , and if properly rein-
forced may carry heavy bending moments involving tenslle stresses
in the steel .

Theoretlically the galn in econormy by the use of steel
in a conerete arech in not great . If the pressure llne does not
depart from the middle third , the steel reinforces only 1in
compression and in this respect 1ls not as econorilcal as conecrete.
If the line of pressure deviates farther from the centre , resul-

ting in tensile stresses on the section , the condltions are such
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that those stresses must be provided for by the use of the steel
at very low worklng stresses .

Practically the value of reinforcement is very consi-
derable . It renders an arch a much more secure and reliable
structure , it greatly alds in preventing cracks due to any
slight settlement , and by furnishing a form of construction of
greater reliability maekes possible the use of working stresses
in the conerete considerably higher than are usual in plain
concrete . The possgible increase in average working strest
counts greatly toward economny .

When a structure is deslred which readily lends itself
to artistic treatment , the arch has many advantages over any
other type of structure . Its graceful curves blend into the
landscape , and belng a deck structure , a clear unobstructed
view of the surrounding scenery may be secured from the

roadway .
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Design of a " Relnforced concrete arch bridge "

Clear span of IO0O0'=-OM

Roadway including sidewalks of 30!'-0"

Materials :
Concrete - 2500 psi @ 28 days
Steel - structural grade
Specifications for concrete :
Report of Joint Committee on Standard Specifications for

concrete and reinforced concrete , 1924 .

Temperature changes
Fall of 6@ * P
Rise of 20 ° F

Linear coefficlent of expansion of 0.000006

Two Inches of biltuminous macadam wearing course

2" of crown for roadway .

Surcharges :
French system of loading .
Two systems shall be considered simultanseously ,
a ) Uniform live-load of
p=1(820 41 ) kgs/M2 with a minimum of 500 kgs/WM2
The sidewalks shall carry a uniform live load of

400 kgs/N2

b ) System of two Z2-axled trucks having the



following characteristics :

Total load I6 Tomns
Rear axle load I2 Tons
Front axle load 4 Tons
Length of truck IO meters
Viidth of truck 2.t m
Distance between axles 4 meters
Distance e¢.to e¢. of wheels 1.7 ®
Width of a wheel rim @5 m

¢+ 27 127

Impact :

<7
. =
oMo, O__Q
Flom¥ g00 - -600 - - s --90-—F3.0
¢ /70-00 7 ) 10.00r77

#As many of thése trucks as possible will be assumed

travelling side by slde and in the same direction on the

roadway .

Impact I = I + + =1 + 0.4 /(I+40.2T.) + 0.6 /(I+4P/3)
in which

I, 1s the loaded span

P is the total dead load

is the live load

]
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Roedway slab
Stringer " o "
Sidewalk slab
Stringer " B "

Floor beam

Columns
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DESIGN OF ROADWAY SLAB

&

A ribbed system of roadway slab will be used . slthough
the spacing of floor beams 1s not uniform all through the bridge
span , & spacing of I2 ft. wlll be assumed for design purposes .

Design sketch :

R - e
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Width of tyres W = 30 cms = about I ft.
We have one way design ( reinforcement slong LI )
Dispersion width along maln reinforcement - accordings to French

forrmilas :

7 #/5 = Z2.47 ft.
3
2e47 + 0.33 = 2.80 ft.

The 0.33 is the contact width ( sbout IO ems ) .
Dispersion perpendiculaer to main reinforcement :
X +@+W+=1 + I =2,0 Tt

The French impact formula is :
<.4 N 2.6
1ro2 b [+ & £
in which :

X = T lietric systenm

I = coef., of impact

L = loaded span

dead load



= THIL

S = 1live load

Converted to ft-1bs system we get :
. o 40 o =
T.= Rt Hf% = ft=-1bs .

The concentrated load of a wheel at the center of & one

ft strip of slab 1is :

/2XLP2O = 4280 1lbse
2 x . &C

The live load rmoment is then :

ESTFO0 ¢n. Lbs

il

o &Ly ."f.i,.’fg-)c 6'_:‘.’_’-zx/$)
, = SSsoocnlbs
- .2 ﬂjﬁe, 0.5)~r2 = 10300 cnlbs -

Degd load : 8.0 inches of concrete slaob + 2 inches of biltuminous

wearing surface

= -~ * i & - & »
= /f_’x/.s-o ,«-/74);/90 = /23 V YL, O L 12356405 = P50

D, moment =

oS FnrFo K6 HT AL = €050 cnlhs
AR LR, | gy Ae + 269 - [ 6%
(rRAOGCIXEF Viar 73 o
*2F0
L.L. + Dlie. + I = 55500x/6%»6050 = Sdoco cnlbs
Using : f! = 2500 psi , £ = I8000 psi , n= 12
f = I000 psi
K = I73.3 , p = 0,0ITI
¥ = Kbd”

- lf.a.n?aao £ . g 5
d = [/555=77 = 6.85 Inches

Have total thickness 8.0 inche;_

llain reinforcement = 0.0ITI X T2 x 5.85 = 0.9T5 1n®

Use 3 - 5/8"# per ft. = 0.9T in%

5 - 3/8"4 per ft. = 0.351 1in the other direction .

Shearing stress :
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Considering a wheel at the support we have @

6 x 2000 o o
2Ixra k6.5 52.5 psi
Allowable according to Joint Code :
0.03 ﬂ; = 0.,03x2500 = 75 psi 0.K.
DESIGN of STRINGER "a" - Longitudinal intermediate
beam
The span 18 equal to the floor beam spacing = I2 ft.
Distribution coefficient of load = -S- = 2.#/5 _ 1.645
-2 S 5 =

Dead load from slab =
7.4IE X I25 = 9I4 1lbs

Dead load of beam =166 ¥

Total I064 Lbs

G xr06¥x/T *x /2 = /53500 i lbs

Dead load moment

Live load moment =
/.6 #5x0.8f .’3."2.‘&;5-’/2) = S6& o000 cn. Chs

Impact =
D /r O , @6 s - /&%
rro.06/X12 /7 ¢ fOERRIL
¥ /o0

D.L. + L.I.. + Impact moment =
/.6 #xS5EPcoo + /183500 = Lefiocao in.lhs

o B e TR - 8 3 5 4 13
We have a T-beam :
v = 0.06f) = 0.06 x 2500 = IS0 peil
btd = Y - r2000xr69v/06%%6 _ ,pim*
9y /Sox 0. &7 il
Let us consider moment :
b =26 =% 2 = §:0 ft.

Me =3 f,bt (d=-%t)

/0 F3000 %< 7‘4’""‘7 = JAS"

d = 6 X/00ox3Ix g

Shear governs : & = /0"
Have d = T8.2 inches

Have h =_§0.0_inches -
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Use 6 - 7/8" 1in 2 rows ( 5.6I in® }

DESIGN of Sidewalk Slab ( Cantilever type )

Live load carried by sidewalk = according to French specification
= 400 Kgs/$m° = 82 1lbs/ft2

Impact : (- 2%
7vo. o/ rk

Dead load : assume average thickness of 7.0 in %

Uniform D.L. : /}Jx Fe7nrs50 = Flolds

Concentrated load :
IX/ XSSO0 = /S5O

mpact : o
IP /o o F O +~0-6 ) (. O
frecexp gl Je
- s ok IxP2
Live load and impact moment = (L2 x/2c)»9S5 > LTI xr2 = /37850 cnlbs
Dead load moment = (‘#so x %Z * tSOoxR23IZ) /2 13500 cnlés

Total = I3 ASocnlbs

A
I

173.3 , p = 0.0III

V 30 P = 4,1 1In
173.3x72

Have a thickness of £.0 inches at the support and

__5_._0 inches at the end

”

oo e X o, TG

AS = /d'aa:-,-al/x“d—'-

U}

Use 3 - 5/8" per ft. ( = 0.9I in® )



< T4, &

Every other two bars is cut short at 2 ft from outside

stringer .

Bend down every other bar .

DESIGN of Stringer "B" - Exterior longitudinal beam .

- am es W e ws w= am w w - - e om W -~ - - - ~ - —- - - - - -

Spen = I2.0 fts.
Loads carried by the beam :

Dead load , live load and impact from sidewalk

= ;3:;;/.5‘07‘?.‘71‘/“ rE2X1. FOXE S = (015 Lés
. RS
Dead load from roadway = /2Jx—?zi—-= 255
Total : /o0r85 +« #55 = /F?o[és///‘

Fraction of s wheel load supported by beam "B"

%

— PS5 —
Fraction = <245 . o,
7. F/S e
ve load =
o . /20 c0ox ©.F = SE€co¥
£
<’ J’%ao P Fd
)
1 A
Dead load moment = 5.4 ;}/fﬂ:n/}"x re) = SSFooo <. lbs

]

Live load moment

oL “_7%9-5’-)‘ 6 xs2) <76,000 <. lés

Impact coef. ( same as for interior longitudinagl beam )
= I.64
L.L. + D.LL, + Impact moment =
2)éovox/ ¢ riS3I000 = /06000 & lbs
The outside stringer will be designed as e rectangulsr beam
( not a T-veam ) . .
v = 0.06 £! = 0.06 x 2500 = IS0 psi
bd = V/vj

V = 9600xI.64 + I470x6 = 24600 #



=76 =

bd = _'g_f.io_o_. - /Fo0 ant
- o xo0L7

K=1I73.3 , p = 0.0TII
M = Kbd%
Let b = 10"
d = /726000 = 20.3 1nches
r2XIx s0 ———
Moment governs .
70 60 oAl o p o
Ag = /Po000ox0FIK20 3 =_2.22 in~

Use 4 - 7/8" 1in 2 rows ( = 2.4 in® )

Have total depth of 22 inches

——

DESIGHN of FILOOR BEAMS - Transverse besams

The span of the floor beams is 2I'=0"

The floor beams wlll be bracketed at the ends

72K 12K g2k o 1RK
292° | sz’ L3 | ss& |z’
T 2/ ’]'a" 1
%
Dead load per foot of stringer = 1064 lbs/ft.

Therefore P = J064 x I2 = I2700 lbs .
Assume sectlon of beam below slab I2" by 18"
Dead load per ft = IS0 X I.5 = 225 lbs/ft

Dead load reaction = :
/27200 +24fo_/ = 15075 Lhs

Dead 10ad moment st mid-spen =
o-é’f/.S'OZJ'K/O.S- 245X ’_:_‘;:5:-.‘— /2700 x_f,‘;) s )%000 °”
Live load :

Distance between c.to c. of wheels = I.70 m

= I.70x 3,28 = 5,58 fts

9. ¢ 2.6
- # P = = 1.54
x AXIEO/S [x=
Y. 06 7/n2s /77 ¥ e

Impact = 7+
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Center live load moment = <2#000 x/0.5 - /2000X70L- /2000 5=
= sepooco 7

/rPoCO X /3P +7?TF0O00 T 276,000’”
Meximun shear :
Dead load = I5075 1bs
Live load:
12Kips VE] 72 2
5 5P La’} o587 S 34
Te
RL _;
I2000
By - s ( 19.5 + I3.92 + 10,92 + 5.34 ) T.34 = 38000 1lbs
2T '

Total maximum shear = 38000 + IHO75 = 53075 lhs

Section required as determined by shear

i

v = 0.09 £' = 0,09x2500 = 225 psi

b'd = V/v}) 53075/225x0.87 = 270 in®

Section required as determined by moment :
The floor beams and the slab gbove are a single monolithic .
Ve have therefore g T-beam .

b=2% =29 = 5,25 68 = 63 laches .

M=g%f,bt(d=-2t) approximately

)=

276000 X2Xx/24

< b _
. = 63%r000 & o & = ST

Shear governs in that case .
Using b! = I3 in , we have 4 = 20.7 In
A8 a safety against shear have haunches at the supports .

d at the supports will then be 3I.0 inches

_ 27600 0o xR o SHie aal ¢ 8 i
A8 = Lpocoxodrxsris = I=. n 00 mue

Increase @ to 24.0 inches .



o T
Ay = I8 xI7.I5/24 = 8,50 in®

Use 6 = It = 8.0 in®

3 - 1% = 2,35 in°

8.35 in°
Have the reinforcements in 3 rows .

Have total depth h of 26.0 inches

DESIGN of floor beams for web reinforcement and Bond

- - - am =m - o e e - e e oe - e = em - ~ - e = S - e

Maxinmmuum shear = 53075 1bs

Spacing of bent up bars :

8= ALy J 0/ 0TV
V! =V = V, = 53075 = 0.03x2500xI3%0.87x24 = 32675 1bs
2 - I%b will be bent first .

000 0.7 2
£ i}ng;7§ z = 32 inches

8 =

Maximum spacing =
45d / + I0 = 45 24 / 45 I0 = 19,5 inches

20 in spacing will be used .

/%

R~
—— — — — — — ——— — —
,£EJ0 l\
/
2-1%

Spacing of stirrups :

We have 6 - 3/8" prongs
$dke B0 14 /P

€ Ol xiFoser B2x2F = = 7.5" SPacir‘.p; o
S26 75




24 = T0,8 inches

Maxinmm spacing 0.45 4 = 0.45

e —

Have spacing of 7.5 1In at the supports and I0.0 in at

midspan .
Bond : according to Joint Code u = 0.05 f'! = 0.05 x2500 = I25 psi

=V /ujd = 53075 / I25Kk0.87x24 = 20.2 in

4 - I"fand I - I'% are required for bond , the remaining

bars can be bent up .
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L.oads on Colwmms

- o e o i am - = Ew e

Dead load concentration at colurm ( 3 )

Roadway slab ¢ IIX I0.5 xI0/I2 xI50 = T4450 1bs
Inside stringer : 8 xI2/I44 xI50 »II =, Tieo °
Outside stringer: 22 = I0/I44 xI50 XII = gsgn ™
Parapet wall : THO R TT = Y8BO ™
Floor beam ¢ I3 % I6/1¢4 X 10.5 %150 = Bago "
Sidewalk slab : 6.,5xI50/I2x4,5xX1II = #4000 "
Sidewalk f£i11 t 8/I2 X TOO X 3.5xIT = 2560
28560 1bs

L R e ]

Dead load concentration at colurm ( I )

All items as before except I0.5 ft slab Instead of IT.0 fts

Total on col. I L7607 1hs

Dead load concentration at colurm ( 2 )

All items as before except I0,75 ft slab instead of I2 ft

Totsl on colurm ( 2 ) 28080 1bs

Dead lcad concentration on colurm ( 4 )

Total : 295I3 lbs

Dead load concentration on colurm ( 5 )

Total : 350465 1bs



DESIGN of Columms @

Colums ( I ) & ( 2 ) will be prouped and have

approximately same section .

Load ( L.L. + D.L. ) = 38000 + 82x4.5xII + 28080 = 70080 lbs.
Length = 5,0 fts,

We have here a short column .
f, according to Joint Code = 0.225 f!

0.225x2500

562 psi
A value of 550 psl wlll be used .
Then we have :
P=f¢ A+ (n-I) A}

The most economical A} 1is 0.05 °/9

A = 70800 / 550xI.05 = I2T in?

Have a sectlon of I3.0 by I3.0 inches

2
Ag = I2I / 200 = 0.605 in

T.23 in©

1

Use 4 - 5/8"

Column ( 2 ) : Section 1I3.5 by I3.5 inches

Load ( L.L. + D.L. ) = 42000 + 28560 = 70560 1lbs
Length = 13.0 fts

Vfe have here a short column .

70560

550 ( A + 0,05 A )

A I22 in?

Have & section of I4.0 by I4.0 inches .,



Y
Use 4 - 5/8"# = 1.23 1in®

Have I/4"# tie rods 8" c. to c.

Load = 42000 + 295I3 = 7I5I3 1lbs
Length = 22,0 fts

R=d/ I2 = 0.288 d
Assume d = I.,25 £t

R = 0,288 xI.25 = 0.36
h/R = 22/0.36 = 61

We have here a long column .

Design load = P / I.33 - h/I20R

The above formula 1s given by the Jjoint Code .

Design load = 7I5I3 /(I.3% - 0.505) = 87000 1lbs

Therefore
87000 = 550 A + ITI A / 200

A = I50 in®
Use section of I5.0 by I5.0 inches = 225 in®
Use 5 = 5/8" = 2,46 in®

The load on column ( 5 ) will be sustained by the

retaining wall .



PRELIMINARY DESIGN OF THE ARCH RIB
by " COCHRANE's METHOD "

Anglysis of the arch ring by Cochrane's method

Design of the arch ring



As already stated , an approximate analysis will first
be made by Cochrane's method .
Mr Cochrane's formula for the open spandrel arches is
as follows :
I+1I/6 (g-1)2z°
¥y = S B St e ———————— e
I+1I/6(g=1I)
g in this formula is wg [/ we
wg 1s the unilt length load at the springing
LS 1s the load per ft at the crown .
In an open spandrel arch , g may be taken as unity . in that
case the above formula 1s reduced to :
(9}
y=2z“h ( parabola )
A big rise - ( a clear rise of 35 fts ) has been chosen
for both topographical and architectural reasons .

Sustituting in the above formula h = 35 , we get the

following intrados ordinate table .

D e e v o e M e s EE e M e S S D S EE W e G e S D G e e D P Mw M A e A et e B e M T R e e e e e D W e e e wm s e

—

w, =w, =1I/9 ( 18075 + I3 x I3 x I50/I44
+ 8.86 x 2 x 150 = 2400 1be/ft
Dead load crown thrust :

A closely approximate formmla for the crown thrust is

H, =I/8 w, + 0.0I5 ( wg - w, ) L2/h



- B4 w

This formula reduces to the following simplified

form in our case :

e
H

1/8 we L°/h

I/8 x 2400 x I00%/35 = 85500 1bs .

Live load and temperature stresses :

——— e

For dg/d, =2, h/1 = 35/I00 , Cochrane gives the

followling crown live load and temperature coefficients .

+ Hc = 0,0063
Live loed
PN ¥ = Te = 0.20
M, = 25
Temperature
oy Tc = I8

The uniform live load according to the French system of
loading 1is :
p=( 820 - 4L ) Kgs/M2
L 1s the loaded span .
Our span of I00 fts 1s equal to 30.0 meters
p=( 820 ~4x 30 ) =700 kgs/M2
Reduced to the foot-lbs system ,
P =700 x 2.2 / 3.28 x 3,28 = I44 1lbs/fte
Cochrane's equations for crown stresses are :
M, = coef. x P L2

C

Tc = egoef., @ P L

P in that case is : I44 x 2I/2 = I5I0 1lbs/ft
Then

M, = 0.0063 x I5I0 x I00%

95,000 ft.1bs
T, = 0.20 x I5S5I0 x I0O = 3T000 1bs

Cochrane's temperature equations are :



1
4]
G

|

M, = - coef x Tq h / 100
Substitutling we get :
To = - I8 x 60 x 0.000006/35% x 2000000 x I44 x 2.I7

- 3330 lbs

M. = + B5 z 3330/I00 = B5

A 29,000 f£t.1bs

Resul tant ecrown stresses :

B me—

Mo = 95000 + 29070 = _124,000 ft.1bs
T, = 85500 + 3I000 = 3330 = 113,170 1lbs

Determinatlion of crown section :

About 2 °/° of reinforcement will be used . This
amount will bé equally divided between the top and bottom faces
of the section .

A triel section of ¥4 x 27 1inches will be assumed .
The member ( arch ring ) to be designed is subjected to direct
compression and to bending .

The eccentricity e is equal to : /T

& = 184000 / I1I3I70 = I.08B

Pp=0,0I ,n=712 » pn = 0.1I2

h/e= 8 / I,098 = I.83
a' /ha?2 /24 = 0.083

Then using the dlagrams given in Turnsaure , we get

C=86.8 ,k=0.6
fo =0 ¥ / Bh® = 6.6 x 124000 / 27 x 24 x 84 = 630 psl

f.=nf, —-ccemcnaaa - I =712 X 630 =-=ceen== = I = 8300 peil

Although both the concrete and the steesl are found to

be understressed , the final stresses found by the " Elastic



Theory " are very satisfactory .

Dead load Springing thrust @

RESOD / 0.707 = IB0S00 Ite

Live load and temperature sfresses :

Paw &, /& =8 ,h /31 =38 / 100 = Q.38

»

Cochrane gives the following live load and temperature coef.

+ Ms = 0.028
Live load
. Ty = 0,290
Temperature same as before
M, = 0,028 x I5SI0 x I00% = 423,000 ft.1bs
TS = 0.29 x I5SI0 x IOV = 43,800 lbs

The temperature crown thrust being 3330 1bs for positive moment
the springing thrust is :

Tg = 3330 x 0,707 = 2350 1bhs
And the springing temperature moment is :

Mg = 3330 x 35 ~ 29000 = 87,000 ft.lbs .

Resultant springing stresses :

lig = 423000 + 87000 = 5I0,000 ft.1lbs

Tg

il

43800 + 2350 + I20500 = 165,600 lbs

Investigation of Springing section :

29 of reinforcement equally divided betweecn the top and
bottom faces will be used .

The overall section to be lnvestigated 1s 48 x 27 inches
The member is subjected to direct compression and to bending

e =M/ T = 5I0000 / 166650 = 3.06

h/e=4/ 3,08= X.50
Then



H
I

¢ = 6.I x 5I0000 x I2 / 27 x 48 x 48 = 600 psi
I - 0.0625
I2 X 600 =m=-=----- - I = _8300 psi

fs

The section assumed is 0.K. as will further be proved by the

" Elastic Theory "



AN ALYS TS
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by Thé " B'MRA-BTIC PHEORY

The method 6f analysis of the arch vresented here is
based on the "Elastic Theory" and is of general application to
arches of variable moment of inertia and loaded in any mannsr .
It is mainly an algebraic method , although , if desired ,certain
simple graphical aids may be used advantageously . It necessarily
assumes that a preliminary design has been made by the aid of
approximate or emplrical rules or by reference to the pronor-
tlons of existing arches . This arch is then exactly analyzed
and the results used 1in correcting the design .

In this design work , a preliminary sporoximate

analysis has been made by Cochrane's method .

The method of procedure in.the analysis of an arch ,
will be to determine , first , the thrust , bending moment and
shear at the crown . These belng known , the values of similar
quantities for any other section can readily be determined .,

The three equations necessary to determine the unknown
Yaldes , Mg , Hy and Ve are established by appl¥ylng to each
half of the arch , the laws pertaining to the deflection of
curved beams and the condition that the deflectior of the polnt

C on one side must correspond exactly with the deflection of

this point on the other .

&
1

thrust at the crown

<
I

c shear at the crown

&

bending moment at the crown

T,V and My = thrust , V and B.M at any section



- B0 =

ds = length of a division of the arch ring measured
slong the arch axis

dst= length of divlision at the crown

N = number of divisions in one half of the arch

I = moment of inertia of any section = I, + n Ig

A = area of cross-section = Ap + nAS

L moment of inertia at crown

P = any load on the arch
X , ¥ = coordinates of any point on the arch axis referred
to the crown as origin , and all to bhe considered
as poslitive 1n sign
¥1 = vertical ordinate of any point on the axis referred
to an X-axlis through the elastic center
Yo = distance from crown to elastic center
m = b.m. at any point 1In the cantilever due to the
external loads P , these moments are negative
= inelination of the arch axis at any polint
= radius of curvature of arch axis at any point
f = average compresslve fiber stress in the arch at
any section = T / A
= coefficlent of expansion
t = change of temperature
q = ratio of ds/I for any small division ds of the

arch to the quantity ds/IT AT the crown

1l = span length
8 = length of arch axis
h = rilse

- - - = — s TR

The equations for the crown stresses given below will

not be derived .



symmetrical arches ( transfer of X - axls to the elastic

centre )
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Methods of procedure :

In the application of the forgoing formules to the
analysis of the arch , the general " Influsnce method " has
been used .

By the influence-line method the values of moment and
thrust at the crown and other critical sections are determined
for a unit lcad placed at successlve intervals along the arch
and sufficiently near together to give the desired accuracy .
From these values the effect of dead load and any arrangement
of live load can be calculated and the maxirum stresses
determined .

Plotted influence lines have been used .

Dimensions of the arch to be investigated :

bl B R ———— e R e

The span ( clear ) of the arch is I00' -~ O"

The rise is 35' - O"



The arch rib has a crown section of 24 x 27 inches and a
springing section of 48 x 27 inches .,
I % of reinforcement on the top and I % of reinforcement

on the bottom faces 1s used at any section .

Propertles of the arch rib :

In the calculations which follow , each half of the
arcli rib has been divided into IO equal ds sections .
Each ds section has a length of 6.49 fts.

Tables " 4 " and " B " give the properties of the

arch rib .
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Formulas for crown stresses @

On substituting values of the several summations gilven
in tables "A" and "B" in the general formulas for crown stresses
glven above and neglecting the temperature terms which will be
evaluated separately , we have :

R S e i At e T ey 'ioEk A
2 X BTE6 5592

2?( mp +m ) g _
M, = = =f0accceeanZocoa- - 48 Ny (
' 2 x 4,966

1 ¢v]
S

( 35";6I + 2,316 x I.I29 )

T mp + m ) yI q
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Line kiethod
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I ON of Stresses by the Influence -

- e R N R I T e T T

Influence lines have been drawn for Vg » He and Mg 5 T , My
and Tg and Ms . Those are plotted from Tebles "c" , "D" and "E",.

From those influence lines , dead load and live load
stresses have been calculated and tabulated in tables Gand H

The arch ring has been divided into I0 sections , and
the dead load of each computed . The dead load of the roadway
system 1s concentrated at the centers of the columns .

The French system of loading has been used . Both the
uniform loading and the concentrated loading systems have been
considered simultaneously and the one gilving bigger effect used
for deslgn .

The councentrated load per colomn due to the concentrated
loadlng system 1s

38,000 + 4000 = 42,000 lbs .

The above 38,000 is the maximum floor beam reaction , while the
4,000 1s the sidewalk liveload .

On the other hand , the concentrated load per column

due to the uniform system of loading is 26,000 1lbs .
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It 1s sometimes desirsble to have separate expressions
for crown stresses due to temperature changes .
If Vt = Mt s and Ht represent respectively the crown

shear , moment and thrust due to a rise iIn temperature , we

have :
Vt = O
P-It = Ht yo :
U
aols /L
Hf = =wm----- _34_.’_..____ - -

Temperature range :
Fall of 60° F
Rise of 20° F
Stresses due to a 60° f fall :
Substituting in the above formulas we get for a coef.

of linear expansion per degree Fahrenhelt of 0,000006 :

H, = 0.000006 x 60 x TOO x 2000000 x T44 / 2.805 x 7I2.5

- 7000 1bs ( Tension )

Mo + 7.49 Hg = + 7.49 x 7000 = + 52,500 ft.1lbs

Guarter polint values :

M 52500 - 7000 x 9.I7 = - 11600 f£.1Dbs

&

: 2

-9 = 7000 x ¢os8 = =7000 = 0.BIB = - 5700 1ba ( Comp
4

Springing values :

Ms = & 52500 - 7000 x 36 = = 199500 ft.lbs

Tg 7000 x 0.642 = - 4500 lbs ( Tension )

R S .
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Stresses due to 20° F Rise

H, = I16.8 x 20 = 2330 1bs ( Compression )

M, = - 7.49 x 2330 = = T7400 ft.lbs

T% = B350 x C.BI4 I900 1bs ( Compression )
M% = = T7400 + 2330 x .17 = 4000 ft.lbs

7. = 2380 x 0.648 = I500 1lbva ( Compresalon )

= I7400 + 2330 x 36 = 66600 ft.lbs

[ﬁ_’:
1}
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As seen in table " T " , the arch rib as designed is on
the safe side . Minor modifications at the crown of the rid and
in the columns may be had without any danger of fallure .

These modifications will be made essentially for archi-

tectural reasons .
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The foundatlon soil is hard rock . An allowable bearing
capaclty of IO Tons / ft° has been taken for the design of the
footings ., Although the bearing capaclty assumed above seems to
be too low , the designer wanted to be on the safe side .

The thrust and moment acting on the footing 1srequa1 to

the respective springing values .

647700 ft.lbs i

+ M 2863500 1bs

- M 834400 ft.1lbs T

300I60 1lbs

Welght of earth = 5 x 4 x 35 x I00 = 70,000 1lbs
Resultant thrust - found graphically to be 350,000 1bs

Resultant moment = 834000 -~ 70000 x 4 = 554,000 ft.lbs
Then the following eguation can be written :

I0 x 2200 = P/A + Me/I

350000/4d4 + 554 x 6 / 442
From which we get
d = 8,5 fts
Have d = 9.0 fts
There 1s no need to calculate for the reinforcement .

The reinforcements used are shown on the detall drawlng .



J .l:.,!l
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Footing of drch rib

-‘;; k L .




The soll backing the retaining and wing walls 1s hard
rock . The angle of friection ( natural slope ) of rock is 90° ,
so that there 1s no need to consider earth pressure provided
proper drainage has been prepared . Minimum requirements have
been used .

The dimensions and reinforcements adopted are shown in

the detail drawlngs .
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Expansion jolnts are provided in the floor system near
the abutients and the quarter points . Those expansion joints are
to be filled with bitumen .

The public utilities ( electric wirings , pipings etec )
are located under the sldewalks .

Drainage holes are amply provided in the retaining and

wing walls .
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