T T T A R T

B e = L e X




E,f. sm

53

Relnforeced Concrete Arch Bridge Design

By

Mohammed Munthir Al-Jundl

B.8.C €

-4 F -



R. 0« Ae Be D,

TABILE CF CONTENT

Forward
wocatlong
Referenceaga
I. Preliminary Part
1- statement of the prohlem -
2= cholce of the probhlem
Ae General Appearance snd detalls
a) kind of bhridge
b) arch axlg
¢) rige
d) roadway and sidewalk
Bs. 2lloweble loading and streasses
a) steel
b) concrete
¢) the French gystem of loading
d) the French formula for digpersion
Ce Vethod of design
3= Outlline of the prohlem

4- Analysgls of the problem

IT. Deslgn Part
1- Plan of carrylng out the work

2= Relliebhllity of numerical results

Ga

-

v}

W

[

(9]

(6}]

O

10
11
11

14

14



3% Deg

Aw

Co

Re Co Aes B

ilgn

Deslgn of glabl system
a) slah of roadway
b) Transvas heams

¢) Side walkg

d) Slde beams

Design of supporting columns
Deslgn of arch ribp

1) sSpan

o) Type

2) Rige

4) Dead loads

5) Live loads

6) Form of arch axlsg

7) Length of axia

8) Thicknees

0) Constant and propertieg

1¢) Influence lines for crown

11) Influence lineg for 4+ pointsg

12) Influence lines for springinsce

13) Dead Load M.& H.

14) Temperature effect

15) Concentrated L.L. M. & H.
16) Uniform L.L. B. & H.

17) combined M. & H.

18) Fluhre gtresaes

N w1 e e
(> 0J &

€A

1}
(&N



Lie CO I'\L\.. B. Do

De Deslgn of Abhutmente

a) surcharge

b) lst. retaining wall

¢) Second " n

d) Srdo 1" n

e) Abutment for arch rlbbs
B. Drainage and parapets

Fe. Deflection of the hridge

4~ Data and Detalls

IIT. gonclugion

9 Plates and Detall DI'E'\"’I:IH,’;S
22 Pigures and Dlagrams

12 Tables.

-



Y

)

R, C, A, B, D,
E_oreword,

this work 1s the undergraduate theslsg for the finel

year of Engineering in the Americen University of Belrut ,

526=-626,

Course number ¢
me. R. Bsbom- ;B(l. S. C. E.

Thesls Supervieor :
Head of the Englneering Dept .

A, U, B,

H ‘1945"]-9%.

Current year @
Presented by:: Lohammed Munthir Al=-Jundi ,
B. A, C, E,

Signeture .

® ¢ 8 0880802080809 e00040
L]



e S dv B D

Reference g

I- Principles of Relnforced goncrete hy Turneaur and Waurer.
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II- Masonry Structures hy sSpalding, Hide and Robhinson.
Second Ed.

I1I- Reinforced Goncrete Bridge Deslign Wy chettoe and Adams.
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-Notatlong.-

A = Area, left springling point.
= Angle of tengent with horlzontal.

Thlckness of wearing =marface.

|

B = Risht springing point.
= Thickness of glab, moment coef. 1n =zlab design.
b b?! = Wlath of Beam In R.C,, wldth of web In AC
c = ¢rown polnt
GeL. = Crown Load, Center polnt, refers to concrete and crown
De = Load polnt
Pela = Dead Load
De = Deflection

d. = Thlcknega of =alab in R.GC.
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at = Depth of steel hars under surface
e = V/N
- = Direct stressa
£
Te
h = Heigh of member
I = Moment of inertls -
L = span length
1 = Span length
T m = lonent
N = Normal thrust
n = Eg/Ec
Q = Load
P = Load
q = I3/
S = Spaclng of stirrups
3 = Refers to steel snd gpringings
T = Thru st
t = Thicknegs
U = RBond stress
v = Shear
v = Shear teken by stirrups
x = Horizontel abcigsa
Wa,Wec = 3pring and crown loads
y! = ordlnate of center of elagbic arch.
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I. Preliminary Part.

1l - gstatement of the problem :

Deslgn a " Reinforced Goncrete Arch bridge where :

Clear gpan 80 ft.
Width 30 ft.
Bltuminous Macsdam i
wearing course 2 4xn.
Crown for roadway g in,
Specifications.

1924 Joint Commlttee Report
fs 18000 p.sele
The French 3ystem of Loading.

Temperature :

Fall 60° F.
Rlse £0° PF.
coef. of expansion 0. 000006

2~ Gholce of the probhlem:

This klnd of problem leaves to the Aesigner the choi-
ce in the following things :
A - Appearance and detalls of the structure.
B =~ Allowsble stresses and speciflcatlons.

¢ = Method of deslgn
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A. Appearance and details of the structure

If the problem were to design a bridge for a speci-
fic glte, or river, then the nature of the place, its topography,
geology and meny other factors would determinrmuch of the things
under this headlng., But since I am glven the cholce, I'1l take
the following :

a= Kind of bridge. There are many kinds of Re Go Ao Be

Pollowing a structural classification we have :

1- Three Hlnged archeg .

2- Two Hinged arches ,

3= One Hinged arches.

4- Fixed arches.

The last kind ls the most used in reinforced concrete

structures. A Flxed arch mlght be :

1l - gpandrel filleqd,

2 = Open spandrel.

No. 1 1s used in gmall spans and rises.
No. 2 is used in blg spans and rises. Recause 1t reduces much
of the dead load (fill). The open spandrel arch might be :

1. Arch ring type

2. Ribbed Arch type
in the first the arch 1s contlmioue tranasversly, where In the
second,the arch conslgts of two or more ribs trsnsversely. This

ribhed arch 1ls more economical than the archring type, eince 1t
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savesg the Dedd load of some of the concretes As 1n the ribhed
slab and Te beam.
I 111 use the two-Ribbed type. See f,zam.(z, 3,4,3)
b= Arch axls and ratlo of rige to span. 566/014-'(6)2)
The mogt economical arch axisg 1s that arch which
slves & zero moment all through under dead load + 4 IL,L. For
f1lladspandrel arches there are some speclal indlcations (Cor-
chrane 's.)+ For our case (Cochrane) glves a gspecial formula :

y= hz2 ( 1+ 1/6 (g-1) z2
(T + 16 (g-1

where g 1a wg which 1s one in our case. So our arch axlsg je
woe

a parabola y = hz2, Thls would somehow facllitate my calculg-

tions and make them more accurate, since the parabola could be

golved mathematically for : tan, cos., sln., ds, x, y, etc....

c= Rlge.~ Usually the rise is governed by the height of
the roadway from the surface of ground,and the span of the
brigdze. That 1ls why some wrilters say that arches are not of
use for shallow bridges. Thls 1s not elways true.InThe ribhed
arch the rige mlght bhe anything below certaln 1limit (the helght
of roadway);and in the bow string girder (a kind of two hinged
arch) the rige 1s absolutely independent of the helght of road-
way above the ground.

I'1ll take my rlse as one forth of the gpan of the

arch.

d= Roadway and side walks: The Amerlcan requirement
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is 9 ft. per lane. Taklng two lanes will require 18 ft. Now
our width of bridge allows us to have a 20 ft. roadway with a
two 5 ft. slde walks. All detalls and specifications in thils
respect are takdn from " General Specifications for the design
of gteel Highways bridges" glven in " Appendlx B " in " struc-

tural Design in steel, by Shed. See /plj - (4,5)

B= Allowsble Stresses

a= Steel 18 000 psl.

b=- Goncrete 2500 psi.
compression 1n extreme flbers 1000 psi.
Uged 900 "

shearing (Long bars with
gspeclal anchorage):

No web reingorcement 3 pergeng 75 "

Usged 7o M
Wwith web reinforcement 12% z00 M
Usged o7o M
Bond 100 "
Used o0 "

Compresslon :

Rending & compression 36 % 900 "
colums o5 % 625 "
Bent colums 30 % ee *®

¢c= The French system of loading :

Two systems of loadlng wlll have to be consldered :

1 ~ The roadway 1s designed to carry a uniform Live load of :

L = gpan
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= (820 = 4L) Kgg/m2 with a minlum of 500 Kgs/m2
or L - 80 M.

The sldewalits will also have to carry a uniform L.l

of 40 Kgs/m2 —

2« The roadway ls then Gesigned to carry a system composed of
two tmcks each having the following charssteristics f:’j-/

Total load 16 Tong
Rear axle load iz "
Front axle load 4 "
Total lencth 10 m.
Total wldth 245
Distance center to

center of axdes 4.0 m
Diatance center to

center of wheels 1.7 me
Wheel width 0e 30 m.

we will assame, travelling slde by slde end in the same direc=-
tion as many of these systems as the width of the roadway
permitge
The coefficlent of impact ls glven by ¢
I= (1+ 2.1. + E.e)'

L= gspan, P = Total Ds Ley 8 = Total L.L.
Phe two systems of loadlng have to be consldered, and whichever
gives the biggest results will govern the design.

fﬁr. 7"
i e S | A |
X Q )
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d- Prench Formulag for diggera‘lom

My speciel inquiries in the Puhlic Works in Beimk ,
Demaseus, and in the French Sehool for Englneers 1€d me to the
following resulte.

The Frensh arret minlstériel specifies the design
to bhe asg follows for s concentrated load P on a point on
the slab. Sce [fig 2"

The slab 1z designed to support

the load P as a uniformely dlstrimted load
over & rectangle whose sldes are 3
1- For veinforcement parallel to (I4) :

AW < P

B = L L/s3
2- For reinforcement parallel %o (Ly)

A= 13 L,

B= X #p
The ssme procedure 1s followed as in the deslign of ordlnary
slab in what concerns a"tf( ) L/[{Q and their coefficlents

/
By i
/ /+2(__£'.) . g
) / R
F - /r2(2) ’
& /fj.?.

T /;%////KAQAamuJ/
//A@/)X//ﬁ\'_ s

— | Re—
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Thege are used for a uniformlgd clstributed load,
which 1as sccurate enough to replace (L;|/L2)3 in our small range
32 > /Ly > 2/ 3.

V1, s are independent moments taken at heams
parafl_,lel to L1 and Lo respectlively. So the Slab 1s made as
if only a b ¢ d and efgh were only present to support the load.

In cage we conslder the tyres width " w " this
width 1s added to A or B according to dlrectlon of traffles

As usual when Ij/Ly is \\ 2/3 or > 3/2 the slab
1s deslgned in one dlrectlon only,the shorter.

A comparison between French and American For.

Teking L1/Ls very blg we deslgn in one direction.

American Formula @ 1r
: A 3
E= 0.7 (2D+w) 6 _/r_._l aan

E= 0.7 (2 x 3 + .83) = 4.8 feet

French Formula :

/3 L= 1/3x6 = 2 feet.
That meanst the American method 1s more economical
and more logical,- gince B = 7 L+ Tw = .7 L + 20

where the French = .33 L

G. Method of Design

In 21l the design of details, as slab, heams etc.
I am followlng the specificatlons of the joint committee 1924
Chapter XI.

The fixed arch 1ls an sndeterminate structure of
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the third degree. Tts solntlon depends on the theory of Wlasti -
cltys The theory of Elagticlty 1s applied under one of two
forms @

1- The deflectlon and slope method

2- The Castlgllano or least work method
No. (1) i1a the classidal method given in almost all text hooks
on structure, while the gsecond 1ls a speclal method that facili-
tates tremendougly the solution of almost all indeterminate gtriice
tures.

I followed the deflectlon and slope method g!ven
& very nlcely In(principles of R.C. construction) by Turneaure
and Meurer. ( Fourth edltion, third printing)

3- Outline of the provlem.

@fter having the speclflcations, strencth of mater alg,
etc, the prohlem became to design and detell :
- the slab System,.

The colums -

o =
1

¢ = The arch .

Abutment s .

o
]

E - Drainage and parapet -

4~ Analvysls of the problem.
The Analysis and theory of 4, B, D and B 1ls known

and elementary. Below I'11l zive a brief analysis of the arch
by the geflection and slopemethod : in Wechanics of materials
2y, 8y, 49 are],w N o lerins of M, /, w. Aaa, ay, A
/‘f/bre.ﬁ enls Tle oeflectiom .«/o—j % Y, axes cmd ratalisn A)
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Terms with ¥, F, W, represents respectively the effect of moment,
Rih shortening, and temperature.
At crown : the condltlon equatlong are :

Ajt: Ayr A’yl&'-A"r«R

A QL - Aok

At any sectlon (left slde)

/’/m=/{/¢+//c/ Ve * 772

Right sige MupMe vHey Ve xx #27 R
'D £y
with vertical loads : 7a- A coomas (2o P- Ve ) e
Le: ) 2
5 Vy: He 2t A—/é‘ff_l/c _bap o<
/. P Ve )
Rif‘,«h’t ﬁ: Je C@?K-’-( (_P“’ c/J)«_,-.._Q(

Vo o-tle 2t r (SLP.Vo)hoo x

In syrmetrical Arches : Assuming He = Te

Sem e Lewmreo ccite ‘11i71%?hu§<.

By transferring the X = 2xls to the Elastlc center

the terms are greatly slmplifled and wky yo 12 such that

= yc
Z Ja-e Yo = S

=
<

R11l the ahove wlll lead to the followlng Final
C
e s = Zﬁ (R m) %Y - - /‘/cjo
. el —
s wllf
- Z) /")ﬂé? fmi) 79+ 5/2)

AS

N TS AT

expreasionsg
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pefelection at the crown : "2 - — d” [(M“'de ) fﬁ"?

¥ ’VCZTZ? "9~ 03/4[ Zfé 5 )
(/2 il & fcm aq} m/z‘é

So the method 1a to devide the arch rip into a

sultable mumber of divi

slons and to compute the constants of

the sectlions and get the other quantities

D G D ey N e . . - b s T e W e S e - M Rt e e e M S R b W M W e S - A

IT. = Deslgn part

1- Plsn of carrying out the work.

we pave & chovs e a cer lawr 5/04«//5' @rch Them

we have (5 See whelher dvs 57/4 or mat. “Jurpesu s

[ A

he 1S 0.5//‘7 the Coclrane Tables, o Dol

2= The rumerical results siven by the elastlc theory

are the most rellable 1n the arch design. But they are gtill

not very accurate and no great reflnement 1s required hecause

of the following :

1~ We
2= We

A~

B-.

neglected some terms in the theorltical analysls

aggumed three
The length of

Contimity of

1deal conditlons.
span remains unchanged.

the arch axls 1s malntalned and one

-14-
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aad does not move vertically wlth regpect to the other.
6= The 1nclinatlon of the arch axisg at each ahutment re-
maing unchanged,

30 here we neglected the effect of the unavoidahle
gettlement, spreading, rotation of abutment, even though these
deformatlons are toasmall scale.

%= The uge of the slide rule introduces small errors
which‘eccumulates and at the end might be of a blg magnitude 1n

the terms expressing moments thrusts etc...

3- Design

Teking the deslign in its natural order, I!'ll take
1t ag follows @ See /o(u tes (4,9)
A = Degign of slab system.
B = Degign of supporting Columng —
6 - Desgign of arch rins.
D - Deglgn of ahutments.
See the P lates in the tuhe. ‘

A- Deds$mm of slab system : Thils part micht be divlided 1Into the

following : _5e&fzﬁ (4,9)-
a- szlab of roadway
h=- trangverse beams -
c= alde walks .

d- sige beams. .
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a) glab of roadway (Deslgn for end support)
For end spans M = W L2/10 , For intermedlate spans It = WL2
12
as
I'1l deslgn all end spans. See Figs.(d,6,3), P4 (49).
Dele Oof slab ¢t 9 x 12 = 108 # 1lbs /ftg
wearing surface 3 x 10 =30
De Le = 12X9x19x12x144
144 x 12 )1'\
= 1300 1Ins. S =1 etrodfie 1 .
fig's |
e Se = 360 v
Total = 1660 lbs. i ->LJ2’—>
Le Le = 12000 = 2400 lbs.
i To/ 3+1 o
: - R
in 4. 1lbs. system : I e
/, i ‘N! o-L.
I=1+_0.4 ., 0.6 F= N \ \ !
1+0. 06 1L 1+4 P Y 1 r
S ¥
] 24411 |
_L _ 1660 r‘ﬂ'ﬂ'r wid. | :
S 2400 7390
I = 1+40.25 + 0.16 = 1,41 |
Lo = e ] v 8,
bele #1 = 12xlal - 3300 P. per ft. L7
Maxe. M. 18 at the m‘-.‘-ddleo ]
LeleMe = 1/5 X 3390X 12 = 8150 ft. 1lbs.
De Lo}”’c 1£ X 12 X 12 = 1990
2 10140 ft. lbs.
For fsg = 18000 fe = 900
N = 12
P = CeCC94 R = 148 K= o 375 J = .875
g = 10140 x 12 _ 3
12 ~ 1£ = 0807
A = 843+ 7 = 9 1in.
As = 0.0094 X 8.3 x 12 = 1.0 Sqoino :
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Regults ¢ USE @ 5ef/»/. (%)
d= 8.3+ .7 = 9 in.
£ in @ 3 in., intervals (10)

Note : No need to look for shearinge.

b) Transverse Beams : 4K 15

. at centre 1 = & wL2
8 /%%

o
M. at end ls = = wkL’ t
16 : /2 ’2°

See fig. g :

The max. reaction of A 13 12 klps. /—-j .4

I = 1 + 0060

0. 4
T70. 061 x 20 " I+ 4 7/3

P = 1.256 x 144 x 20 + 12 x 20 x (9 x 12 + 30)

S = 4 x 12000 = 48000 Lbse.

®/s = 368000 X 4
e e 3. 07

I = 1+ 0.18 + 0.147 = 1.327 = 1. 33

‘ o
Every kip becomes = 1330 1hse. LZ_'IT? 5. 6’ 37 i S5 _l‘._é‘

3ee Flg (9) l P

Le Lo ¢ L L T
- - . S 20 S
| Crr

From syrmmetry 1t occurs at the centre.

N‘r=20Q"‘7olQ" 105Q=1104Q
12 x 1330

Q
M
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De Lo}, Beam = 11/12 x 144 = 140
Slab = gd x 12 +3x 10
Total = 12 (9 x 12 + 30) = 1660
) 1800 1lbs
DeleM « = 1/8 1800 x 20 x 20 = 90200
L. LeMe 18 2000

272200 ft.1lba.
The unlform LeL. gives M = 90000 ft. 1lhs.

So the concentrated L.L. stlll governs .

RNl LR |
shearing .
e /1O
DeLe = _20 x 18900 = 18000 lbs. [ 24—
15
@ (] @ (7]

LeL. See fig(8)

From Fig. (6) we have - mel
InleVo = @ ( L,5 =.30) + (20-7.1) frg-10°
20 ( +(10.1=-20) + (20-15.7)
= 2.28 X Q@ = 228 x 1330 x 12
= . 36 400 lbs
Ds L; - 18 000 b
54 800 1lbs.
The least allowable bd in T = beamls :
b'd = 54800 = 22,6 8q.1in.

270x.9

Compitatlons showed that the most economical deslign of thés
transverse heam ls to Aesign 1t asg a rectangular beem (Dlag.

8 In Turnesure's)
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As a rectangular bheam

a2 = _ 272200 x 12 _ k
W oedw - 50
a = 19.5 1n. say 20 in.
(20 : 4 = 5 rt.
P = (8 x9x2/1l2 = 12 ft. + web.
(12/2 = g "
= 5 fhe = 60 1n.

From Shear requirement :

bt = _286 = 11,3 say 12 1n.
20
Ag = 0.0094 X 60 x 19.5 = 11.0 sq.in.

Resultg USE :

d= 20+4 = 24"
§-1 18 o (= 11.% sqg.1n).
bt = 12 in.

Web reinforcement :

Drawlng shear Diagram :

v d : = 54800 1lbs. ;
BLe2 i \‘J—"/ﬂo% ‘
V at 5 ft. from end: £l 28
/1'7. /

D.L ¢+ 20 x 1800 - 5 x 1800
2
= 9200 1lbs.

LeLe a- two trucks.. Slnce it 1s Impossible to have a wheel

on the 5 ft. point, the max V in this cage 13 when we have a

wheel at 1.5 ft. point which glves :

V= R =Q-= (2e28 = 1) @ = 1.28 Q




V = R = Q (15 + 9.4)
20 20
= 24.4 Q Less than (a)
20
LeLe = l.28 x 12 x 1330 = 20 400 1bas.
DeLe = | —9 2008 "
29 600 "

V at 4.4 ft. from end: 1s governed by two truck loading

V=R = 4= 2.28) Q= 172 q
= 1,72 x 12 x 1330 = 27 400
D. L. 7900
35 300 1lbhs
V at 9.9 ft from end: See Fig. (8)
DeLe = Zero nearly
L.L. a- two trucksg :
V= Q@ R =-1)=Q (.72 - 1) = 729
b= One truck :
V=R = (10s1l+ 4.5) q =
20 20
vV = «730 @ that means one truck loadlng governs
LelLe = o473 x 12 x 1330 = 11l 650 lbs.

X = s?y 12 oo0 "

Drawlng M. Dlagram

¥ at mlddle :

¥ at end M 7zero
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M _ at 5 ft from emd
L « L. = RL x 5 - & X &5
= 126 000 ft. lbs.
De Lo = WL xB=-08x 340 X 28
= 69000 ft. 1hs.
Total (DeTe + LoL.) M = 195 000 ft. 1lbs.
The concrete takes care of :
76 X +878 = 18 * B0 = 15.800 1lha.
The remalnder 54300 = 15 800 = 39.000 "
ia left for stirrups and bent up bars
= 548 00 = 31 inch,
T.87x100X20
S0 don't hHenB up 5'bars. Bend the four remaining at an angk

of 30 degrees.

s= 2Xx46 = 34 20 = 15 1in,
3x10+30
) ;
ver= P (GOQ?O B sd.n.30°) = 18000 X 1,27 X 1.367
bs 12 x 15
V = bjavt = 173 x 12 x .876 X 20 = 36400 lbs.

From the shear dlagram the ex

conecrete 1g 28 500 -~ 15800

P = V! bs taking g
P = 12700 X s
&= oy
4300 ¢ 18000
USE ¢ U -~ stirrup
38" f£ (0.22 sq.
MaxX.s = 0.45 X

tra shear over that taken by

12 700 lbs.

6 1in,

4300 1lhs.

22 8q. in.

s (vertical)

in)

20 9 in.
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V= Lld = 4300X .875x 90 = 8500 lbs.
s o
0r 8500 + 15800 = 24300 lbs that occurs at a point 6.5

ft from end.
Results ¢ USE :

Bend up 4 bars at 15" lntervals from end, then USR
3/8" in.,bar U - stirrups at 9 in., interval all through. USE
the same stirrups at polnts 5, 5.5, and 6 ft. from end.
Note : The moment Dlagram allows the bendlng up of barsg at
thége poings(at 15 in, intervals.)

gontact area ¢

54800 ¢ 625 = 878 gay 90 sqg. in., for a wldth
of 12" the Aepth 13 90 :+ 12 = 7.8 gay 8 lncheg which 1lg avai=-

lahle.

c) side walks.
See Fig. 11 3 anaf/o'/aﬁ., 49.
LeLe = 400 kg/sq.m.

= 82 Lha. / ft.sq. = g &
LeL. = 82 ek & o
Fill = 1x110 110 é:,
WeSe= 3x10 30 s - —
slab = 7.5x12 90 < 4.5
Farapet 13 13"

450 1lbs. par ft. fig. 12

M = 5-% SQX 450 = 56 30 5, 1bs.




& 5630 x 12
= X .
12 % 145 i 3.0
da = 66 16 say 65 + 1.5 = 8 in.

Ag = 0.00904 x 6,16 x 12 = .70 ag. in.
Results ¢ d= 6.54 1,6 = 8 1in,

% 1In, bars @ 4 in., intervals (.75)

d - slde Beams

End span beams M = 1/10 wif
intermedlate spans M = 1/12 wL®
I'11 design all as End spana since the heam carries

aome torsion.

Delie + LoeLe = 450 x b = 2250 lbs. per ft.
beam - eer
2412 say 2420 1lha per ft.
= 2420 x 22 %12 = 34900 ft. 1lbs.
As a rectangular heam ¢ d= 20 1in.
b= 12 1n.
- - Séiggxzolg R
=S 0.0055
As = 20 x 12 X 00565 = 1.32 sq. in.
Results: USE :
a = 20 + 4 = 24 1in.
Hi= 12 in.

4 - 3/4 in. bvars (= 1.77) The extra steel 1s to

prov!de for torslon.



R. C. .ﬁ.. Ei. D..

Shearing -

At the end
DeLo = (2410 - 5 x82) 12 =
2
L.L. =5 x 82 x 12/2 =

"

sﬁear taklng by conerete 1s :

¥ = 12 x 20 x 75 x .875 =
That meang no need for web reinforcement. But
reasdns use 1/4 in. bars. U =stirrups at 1 ft.
through.
The Rond requires :

- T AAREe. 3
875x100%x20 8.3 in.

That means ben@l up two bhars only at 2 x 12 =

Ende KXeep two bars through out the heam.

Be Degign of supporting Celumng

Tloor heam reactlon =
De e Of column = 3x15Cx10 =

Side walk and beam = 2412 X 12 =

Take a sectlion of 24 x 16 in.

12 000
— Q 46‘9-
14 460

sSay 14 500 lbs.

15.800 1bhaz.
for practical

Interval sl1l

2,4 ft. from

54 800
4 500
28 000

88 300 lbs.

¥ = 1/16 wL2 or 1/2 Moment of transverse hesm
= 1/2 x 277000 = 13000 ft. lbs.
e =13 _ 1.57 h/e & o -
= = l.27

g 1257



Re C. A, Bs D

-0 -
av/h = g/g4 = .085 Say average of .1 and .05
fo = c_M ¢ = fe x bhe
TEe L2 X bl
1
= 9750 x 16 X 24 X 24 & 5.9
13000 x 12 i
For the glven e, 4%/h , e/h we have 3
P = 0.0125
As = 0,0125 x 24 x 16 = 4.8 sg. 1n,

Results : USE :

A column of 16 in. x 24 in.

Produce 2 - 1 1/8"gquared hars from transverse beams:
2.53

rour - 34 in. Round bars at COrNers seseees  Lo77
4. 30

The totel 1s less, since we are not using symmetrl—

cal reinforcement.

C. Design of aArch rip

The arch propertles are :

1. The gpan 1s 80 ft. But take 82 ft. to glve a net span
of 80 ft.

2, The type 1s the open spandrel (riwved) The columns spang
are from center to center 9, 10, 11, 12 feet.

3, Cholce of Rise : = Rige = £ Rise = 20,5

gpan
4. Dead load at crown and springing

Span 9 ft.



oR,0,4,8,D,

F. beam reactlon (140 + 9 (108 + 30 ) 20 = 13 8@0

2

Slde walk = (2412 - 5 x 82) x @ = 18 000
Rih dead load = 2 x 2.5 x 144 x ¢ = 4 050
at 03 gpan 12
P. be reaction = 18 000
31de walk = 24 000
Gélumn = 11l =z 1x J44 = 1580 = 1 600
RBibh = M0 = 8 = 4f x .44 = %3 900
43600 - 31800 = 11 000
t 3 - 3 900
+ 31800 = 35 700
¢l = 35700
¢g = 3 600
say = ¢l = 35 700
ce = 3 600
G3 = 43 600
Crown = 31 800
5) Live Loads
A uniform 1la : 820 = 4L = 820 =~ 4 X 2¢4.4
= 720 Kg.
7e0 kg, /m2 = 148 Lbs/ft®  gsay 150 1lbg/£t>
Impact = 8__.i_053 =5 = 0.244 = .25
1.5 x 150 = 187.5 Lhag/ft2 say 190 Lbs/ft?

Every rlb gupports 10 feet of roadway
Roadway = 10 x 190 = 15600

gide walk = 5 x 82 = 410 = 410
2510 Lbs/ft



R A, B N,

LeLe uniform at crown = 2300 x © = 20700
cl = 2300 x 9.5 = 21800
c2 = 2300 X 10.5 = 24200
3 i 2300 x 12 = 27700
B~ L.L; concentrated :
1- Rear axle = 2.25 x 12 X 1.235 - 3300
Sldewelk = 10 x 410 = 4200
BO0O #
2~ Front axle 2.25x 4 x l.25 = 1130¢C
Slde walk = 4200
15500
(1) to (2') = 151l fh.
() e (1} = 5.7 ¥
6) Form of arch axls = See Table 4
a Parahola @ y = hz2 = Al = _%xgg_

1l

7)Length of Arch axlg tangent to arch axls at springing

yt = ox = 1 at X = 4]

¥y = X2
g 3 A

®Ks = 45°

cog K, = 707
/7-1'» Ca/fu /ll o

4 e o -
S s ytat, =

/)//7; e /fej,»d/; 7t ARH Co w/azﬂ’a leons .

D2 YXNIYF = 9T (D s - gy He
cacfdcm'f;bn



Table A
Form of Arch Axls
Z .1 o2 o3 o4 +5 .6 % .8 o9 1
A .01 «04 + 09 .16 .25 .36 . 49 .64 81 1
¥ «205 [s81 [1.85 [3.28 [5.12 7e4 10 13.1 Hmpm 20.5
X 4.1 [8.2 Hmru 16.4 [20.5 24.6 28.7 [32.8 3649 41,
X 2.05 6.15 | 10.25| 14.35| 18.45| 22.55| 26.65 30,75 | 34.85 | .95
Table B
Arch rib Thicknegs
axig | 0 +05 |15 .25 . 35 - 45 .55 <65 .75 &5 % . 1%
Ratio| 1.00 H.omm 1.021| 1.035| 1.049 | 1.63 [L.77 | 1¢®5 |1l.145 |l.245 |1.406 | 1.5
Thick. | 2.00 2,014 | 2,042 | 2.070 | 2.098 | 2.126 (2154 (2.190 [2.290 [2.490 [2.812 | 3.00
Thick. | 2.00  |2.028 |2.057 | 2.084] 2.112] 2.140] 2.172] 2.240 2.200| 2.651 3.00
I thigk.1l.00 1.014 {1.028 | l.042 1.056| 1l.07¢| 1.086] 1.120 1l.195 1l.325 1.5
width all throug = 2.5 ft.



R. Co g’ B. D.

03() -

8.Thicknegs See Table R
de = 5 1£%6;
ds = 3 ft.

Width = 2.5 ft all throughout
The date for the variation in thickness along the
arch axis 1s taken from (Table 24) after cochrane. Turneaure

page 350.

9+ _The arch properties and constants.

Followling the method glven in turneaure we dlvided
the arch axls into ten equal dlvisions. We assume that the
I, g5 A, etc.so. to be uniform all through each dlvisicn. The
competationg are put 1n‘n tatular form, Tehles ¢, D, By F are
gelf expressling. See dlagram.

Now yo = ' : - %5.88 ft.

In tahle ¢ we have ¢

Pn = .08 p = 0087
at crown As = .,0067 x 30 x 24 = 4.8 3g. 1in.
at springing As = 1.5 X 4.8 = 13.2 sq. in.

10. Influence lines at crowne.

After having the results of tables ¢, D, B, F, the
formuleg for, Me¢ He, Ve became as follows

25 ki) B9
e x*q

Ve =
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Re Co

Ee Be Be

= (e —-mi) gq
zzg 7’
Za(mr i)y 9+

e =

._ﬁ/c/a

gl €L
CEVHED

He =~

2 -
(=4 3 9 10=s =2

A

Z45 (ror-me) %9

B =

72 92
Ho = -~ ” f-;frmh*mu%?

: & &5
S (mE+m Y G
/57

He = - 5.

Influence llne Formulas.

R Zec("”“-/”‘> - - Zp e

B,
= Zﬁ { ’-"\-Lif)

2ﬁc (wz?,- f??(:;' =

D
72972

ey
Pty

149- 9294
DET

e a5

79/

ry

~S-rr/€/{

1l, Tnfluence llnes for quarter pointa.

The results of the precedlng tables with Dlazram

wlll help to zet the

¥, H, at the quarter points

due to any load on the rlng after developlng the followlng

formule g,

A unit load from ¢ _to D.
MY/4 = Mo + 5.
:? /4 = He Cosw

13 He + 205 Ve = (205 = a)

/4 + (1-ve) sinX 1/4
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Influence

Table L.

1ine

for quarter pelnts

«15

+1:12

4.80

7.80

- omu

Tocal e 5.13 He Ve : 20.5 Ve (20.5 -~ a) : W %
OQH‘HHG m.u-mw .u
vP .@W IQOH oowm +o ﬂO.PWm + ° O@N oy T 9 + ...._.om
.85 -.18 .293 +, €111 + , 228 - - : + .503
.Q.mlv - 5 .UOO +o OHmnw e %H = | L H +HQHWG
e65 =74 1. 44 +e O@Q + Poa.‘n —— - - +2.08
.55 -9 2.21 +.113 + 2.31 ar - ik
1 pt .50 T 2.63 +.140 + 2,86 000 +4. 58
AS 291 3,04 +¢ 168 + 3,45 -2.05 +3. 490
.35 -85 Ze 70 +4233 + 4,77 =5.15 +1.67
QOLW e, UQ 4, MW +e UOO ¥ n\w. .._.m IHOQWW o~ o“_.ﬁ
+
+

« 05
Srown
«C5
15
25
e 35
e 45
e55
«65
75
e85
«95

+2,69
+3,72
+2,5¢

+1.12

== Qmm
. o@H
- +91
- .74
— .Am
= ouum
- QOH

5.01
5.01
m. OH
4.80
4e 33
370
3.04
2.21
1. 44
«800
293
023

9. 401
+10.25
I@. PO
lﬂomo
-66 15
-4.77
=3 45
IMQ W”_-
IH.O w
e EH
e mmm
=ie ODN

IH- Um
-1le42
IH.Q QO
IHomm
I.O.\. H@
I.._-o QN
~-1. 32
lu-. OH
22 omm
« 29
=-.105
e OQ@



—43-

(1-Ve) oinx sinx

<
Q

A“_.ld.ov T .W.

He ¢Cosg X

«0041 : -—— -——— + .0019 . 0022

- g - e + 00470 « 0470

. 140 kit o ———— + 0078 « 1322

254 — s + .0283 « 226

« 390 S N + 0475 e 343
+

(+ 403
826
.888
<075

« 462 «860 °364 « 050

353
e 324

832
e 767

«535
651

¢ 760 ¢ 7C0O 296 L 1.056
«8 42 « 520 .« 262 ———— 1.1C04
«890 e 540 « 228 s 1.118

211

l.101
l.084
l.c02
«887
» 749
«606
° pm_ﬂ
282
« 149
. 056
« 006

24
lu.o H@A”
-+ 160
S H@-N
-+ 098
IQQ_,NH
~-. 0475
e ONMW m
g OO-N@
g OO».,N

« 500

«890
<890
«8 42
« 760
551
«535
« 390
« 254
« 140
<0517
0041
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Re Co ®e Bas D.

-l 5 -

A unit load from A to D.

W 1/4= Nc + 5.13 He + 20.5 Ve.
T ],/4 = He cosX ],/4 ~ Ve glnX %
sos X ¥ = .904 1/4 = 25°

Now making the unlt load travel all along the arch
the results are put In a tamrular form in table G,

12) Influence linnes for springing

With Alegram and the preceding results we can get Ma,
Hg, for any unlt load on the arch axls, after deriving the
following formulas.
A unit load from ¢ to Q
vg = Me+20.5FHc 5 gy Ve — (f'/—a)

Hg = ffccasnxs -f[/—l/c)d-/u;« A s

A unlt load from 2 to B
g = Me + 205 He r9/ Ve

Hg = e Coo X5 — /A Zesr X5

Now maklng the unlt load travel all slong the arch axls
the regults are put in a tabular form 1n table H, and in a gra-
phical form in Dlagream =

13- pead Load M. and H.

All computatlons are put in a tavular form in Tablel

14 = Temperature effetbt.

Fall 60°
Rlge 20°
. = 109 x 6

2
E = 1/12 30000000 fHbs/ ft.
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-477 -

2 i -
Load

paint

13
.rbm

kg

«95
«85
« 48
#2585
« 55
.%m
.‘um
«25
« 15
«05
Srown
«05
v 15
«25
«35
« 45
« 55
«55
. 1D
«85

+, €045
+.0111
+.01E6
+.067
+.113
+. 168
+e233
+. 3C0
+. BO
+. 460
++ 500
_— P@O
e &O
- WOO
- NWW
= Hmwm
=gl .._-”_-u
-. 067
==t Ou.m.m
-.011ll
-« 0045

.184
« 456
. 762
2.76
4.65
20
@ OMWAP
12, 30
15.60
18.80
20.50
leomwO
ln_.nlvomo
-12. 30
I Comﬁ
4 Gowo
- 4.62
- 2 Qm
== ] qmw
ll.ﬁmm.u
Ioum$

90 o0 20 B0 o 06 09 0% 20 UV 50 50 00 80 00 00 98 00 00 55 s 85150 3

-1

+++F++++H +rE A+

78
4,70
6.8C
7.78
592
4. 44
3. 00
1.75
1.00
274
3. 32
4,00
4. 4C
4. 50
4,60
4. 31
36 29
2.25
1.93
¢53
«01



% He gos X : (1 - ve) : (1-ve) sinx $ Ve sln x : Ts :

.00  ,996 : . 704 . - - == P .708 : <95
oﬁmuo . omm@ H om@m\u : o e I . o_ﬂmm H om,nu.
o”_..l_no < omumwu- : omﬂm . e e W H omﬂ..mlu s ..‘Nw
. 198 - « 2R3 C « 660 : - - - : «8 55 ¢ «65
oﬁﬂh). H -mm.ﬂ H ommm H B | S L H ommm it .m.m
° .AHHw H ommo L omm\,O H USRI, e $ HQOB 4 o&um
«510 2 e 767 - « 541 - - = = = : 1i051 1 5

omnww ‘. -wNOO . QP@m H L, L . HOO;OO H omm
5593 - «520 . o 432 : - - == ¢ 1.098 : «15
593 i « 540 H « B2 3 - - == : l.074 2 «05
622 - « 500 - « 354 - « 354 s l.046 :  crown
«B592 : - £ ———— 2 - 325 R 1 g «05
«859 2 ———— 2 ———— -~ - 269 - «520 5 e« 15
ommw..w 4 e =l . A H e .NHM 3 o@O..N . owm
«510 - ———— 2 —_——— : -« 165 T «675 3 « 35
« 418 s = o s e . -~ ..._.“_-mw H « D37 . « 45
« 3204 : ———— $ ———— 5 -, 080 - s B4 . «55
« 188 $ ———— $ ——— : -. 0475 3 . 248 : 65
« 110 - ——— 3 ——— 2 -.0132 3 123 : 275
« 040 g —_———— H ———— 3 -. 0079 : . 048 - 85
. 003 - ——— 2 ———— - -« 0032 : « Q07 s «95
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C1

C1

Table K

Dead Load Moments and thrusgts.

Q
(V)]

C2

Sectlon : Area : Welgh : Ordln.iic : Hc : __Cromg
: tAf4.7X @ 2 ¢ ord Tea: Te. :0rde M 3 : N $
s x140=10CC: : S 3 : 3
: : A : : : : g .
: 10 : 7,62 3 7620 : . ~.01 : =76.2 ¢ .01 T 76.2 @ + .1 T + 76¢
- t 6.81 ¢ 6810 ¢ =415 s =1¢2C : .04 : 273 : + .45 s +3060
s 8 T 6e34 : 6340 : =35 s =£250 ¢ .11 ¢ 700 s + .90 :  +5700
: £ ¢ ==== ‘+ 43600 : =.60 :=26200 ¢ -2 : 8720 - +1.6 : 470000
i : 5,07 ¢ 6070 : =.65 = 3650 ¢ .21 ¢ 1280 3 +1.60 ¢ +9700
: 6 $ 5,865 ¢ 88580 $ =-.85 t= 5000 : ! : 2100 s +2.80 : +1l64CC
: B t 5,68 ¢ &6BO : =.95 t= 5400 ¢ .52 : 2960 2 +4. 4 ¢ +250CC
: 02 ¢ ====  $39600 T —e921 $=36100 ¢ .59 : 23500 +3¢ 4 ¢  +135000
kgl $ 5,61 ¢ 5610 P - 8 1= 4500 : .67 : 376C +3%, 1 s +11500
LR : 5,56¢ : 5540 - = 2780 ¢ .81 s 4500 @ * 3 : + 166C
: g1 % ---- 335700 ¢ 0,00 : 0,000 ¢ .87 : 31100 : ~.25 : = 9000
: g 5,48 ¢ 548C : +.75 2+ 9100 ¢ .82 & 5050, @ ~e G : = 3300
S | : 5,41 ! 5410 P +.2.60 :+14100C ¢ .98 : 5300 2 =13 s = 7100
Qrown 3 ===~ $318C0 : + 3.72 :+119C0 : .98 : 31300 ~-1.6 : =51000
¢ 1 % 85,4l 1 5410 1 == § mme= 3 === $ =—== 3 =1.8 4 = Q70
£ 8 s 5,48 ¢ 5480 $ mm-— $ wmamn 3 - $ mmm— e -2.0 '+ =11lCCC
: 01 ¢ =-== 135700 ! - ! === 2 ——— I =2, 0 : =71500C
¢ ® ¢ 5,54 3 5540 S § =m== f  mmmm- 3 me--= 3 =1,00 s+ -10500
ey $ 5,61 % B8O P == HE ———— P m=—e 3 -1.5 s =90C
: Cs 1 ---- 330600 HE $ ===l mee—— § == 3 =1. 35 : =56700
2 5 T B;68 35680 P == P == 3 ———— I -1.2 s = 6800
: 6 : 5,65 ¢ 8850 $ ==-- e IR § =wem 3w § : = 4700
A t 6,07 ¢ 8070 P m——- 8 ==——= ———— : === -« 5 ¢ = 3040
: Cg @ —s—= 343600 ? =——- ! mm—— - 8 =m0 -. 41 : =17100
s+ g8 ¢ 6,3 ¢ 6340 ! me——— e ——— Y - s = 1270
: 9 : 6,81 : 6810 R 8 === 1l e==- N -1 : = 680
s+ 10 : 7,62 ¢ 7620 ! = $8 ==== 3 ———- $ ==== 3 -, 05 : ~ 30

~18000" 210000 # +11000

§o = - 18000 7e¢ = 210 000 ¥ Wi = 11000



.

~Springing
orde T+ : T Z : Ord., ¥s $ s 3 Ord.Ts.: Ts :
0. 00 : zZero 5 =1.5 ¢+ =114C0C . 708 . 5400 2 1C
025 : 17¢ g =40 : =27900 : e 730 : 4970 : 9
.85 2 540 s ~-6¢0 : =-38200 2 o772 2 4020 : 8
o 17 s 7400 s =7¢5 ¢ =3280CC : 820 ¢ 35200 - c3
18 s 1090 $ =78 : =47500 3 «8 30 : 5050 - 4
¢« 3 ¢ 1760 : =649 : =40500 x «200 2 5250 : 6
83 s 4720 % -5¢ 4 t =3C800 : « 975 : 5550 % 5
«886 s  3500C s -4.7 ::=186000 s 1.00C : 30600 : ce
1. 04 T B0 3 -Le7 1= 9420 : 1.08 . 8000 t 3
1.08 T 3500 5 - 4 = 143C0 - 1. C¢ : 32000 2 ¢l
1.10 ‘e 6000 : +. 5 t+ 2750 2 1l.c¢ - 6000 : 2
l.14 z 6140 - +2e 7 s+ 14600 : 1.075 : 5820 : 1
1.11 s 35300 3 +3e 5 :+112000 - 1.05 ¢ 33500 : Crons
1.08 - 5500 : +4.0 :+ 21800 > 1,02 . 5530 : 1
«96 3 5370 H +4.5 s+ 246C0 - «90 - 42 40 2 2
02 T 33000 - +445 :+1610C0 s 84 T 3000C : 01
84 : 4660 : +4,6 :+ 25500 : .76 : 4220 : 3
70 g 3040 $ +44 5 s+ 25300 3 «61 4 3430 - 4
«60 - 33¢00 E +4, 2 ¢ +167000 : 52 T 20600 8 ce
« b4 | 3070 H +3. 9 :+22200 4 o 46 s 2600 4 5
o 37 2 2170 ' +2.9 :+17C00 : 32 : 10 40 s 6
«21 1 1380 - +1.8 2 +10950 : «20 : 1220 3 7
«20 : 8700 s +1,7 $+74200 t .18 3 7550 - C3
el s 7GO 5 +1.0 s+ 6340 : « 10 3 634 . 8
.04 < 270 2 +. 4 :% 2700 3 02 3 305 : 9
Q.00 - 000 ' +.05 t+ 3BO 3 « 003 . s 23 8 10
240000 # 66000 # 286000 #

T # 240000

28

Mg = - 66CC0 v

Ts = mmmooo%



Re GCo K. Be Da

=5 Ou
At Gthe crown e = = 5.88 He

i Wb46§ ?’isi > wx

= WLETL t = 152 xt

da1x 468k

Rise 20° He = 152 x 20 = 3040

Fall 60C° Ho = = 152 x 60 = =9120 Lbs.

Rise 2¢° Mc = =« 5,88 X 3040 = =-17900

Tall 60° Ne = 5,88 x 9100 = 53600 Lbs/ft
at £ poilnts Mz = Mc & 5,13 Hg

Hf = He cos 1

Rlse 20° M % = - 2300 Bt/lbs.

HE = + 2750 Lba.

Fall 60° Mg = 6800 ftlbse

HZ = - 8240 Lbs.

A springings :

Mg = ¥e + 20.5 He

Hg = THe cos Cos = « 707
Rige 20 ° Mas = = 17000 + 20.5 x 3040 = 44500 Lbsgft
Hg = + 2150 1bs.

Pall 60° Ms = - 133400 ftloa.

Ha = = 6450 1bs.

15- Cconcentrated L.L.. M, H.

15.500 Lbhs.
A to B = 131 Tt B to A .= lo.7 ft.

gee inflvence line Dlagrams



Re Co T Be De

53

1- Ppositive moment ¢t Mc = 3,72 x 3000 = + 141 000
o%E Negatlve moment : Mc = 2(3B000 x 01 + 15500 x .6 X ]
= - 83200 ftlbs 12
1= He = «98 x 3000 = 37200 1lbs.

21= He = 2 % 3000 X .59 + 15500 x .2 9 ) = 49 500 ng;

1z

at  point

1- Pogltive moment :

Me = (3.4 x 3000 + 1.6 x 15500 x 9/12) = + 147600 ftlbs
He = 38 X 38000 %X 1,6 x 11 600 = 52 000 1hs.
2- Negatlve moment 3 M ¥ = 2,0 x 3000 + 1.6 x 11600

+ 15500 x .41 - 90 950 ft 1bs.
H4 = =000 (.92 + 11600 x 1,11 + 15500 x .2) = 51000

At springing

1 - Pogitlve moment Ms = 3BO000 X 4.2 + 1lo7 x 11 600 + 3s5

X 15500 = + 233900 ftlbs.

e = BC00 X.52 + 11600 x .18 + 1.05 x 15500 B900 1lbha.

2= Negatlve moment

¥sg = = (7.5 x 38000 + 11600 X 4,7)

370500 ftlhs

Hs B000 X .82 + 11600 x 1.00 42 600 lbse.

16~ Unifom Lie Lie }E!Ho

All calculations are put in table J.

17~ Comblned Moments and thrust

All put in table K.

1B= Fivre stresses

All computetlons are put in table N. The formulas and dla-
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Table ¥

Combimied Moments and thrusts

: :Dead Load N. Load :Tempor. : Temp. ¢ Totel
s . sgoner., :Unifor. : condi- t effect, 2
et s 3 3 s tion g -
sPocsitive: + ¥ec @ =18 CCO:+141 CQCO:+77 CCO ¢ t + 536800 ¢ <+ 176 800
Crown tVoment ¢ Te :+21C 00C:+ 27 000:+58 400 :Fall 60° ¢ = Q9 200 : + 23 000
H " u : 8 H = s
:Negative: = Me ¢ =18 000:- 83 C00:=83 C0C : Rilser ¢ = 17 200 : = 11¢ 0COC
:Momexn - Te : +210000:+ 42 5C0:+77 600 ¢ 2C° : + 3 10C : + 262 600
%+ Points Positive +M w + +11 000:+147 600:+1266C0 : Fall 60°: + 6 800 : + 165 100
smoment ¢ T = @ +240000:+ 52 00C:+ 26000 3 : - 8 30 : + 283 UCO
:Necative: =N W ¢ +11 C00:~ 91 C00:=1756C0 : Rige 20°: = 2 300 = = 187 000
s¥oment : T = : +240000:+ 51 000:+ 86700 ¢ t + 2 300 :: + 320 000
sprin- MMOmeH<Qm +ls : =66 C00:+ 234000:+320000 : Rise 20°: + 44 500 : + 299 000
ocing :Moment : Tsg :+286 000:+ 39000 :+ 5780C : : + 2 200 : + 346 000
+Nerative: -Ms : =66 000:=340000 :~331CC0 : Fall ¢ =133 400 ¢ = 539 000
sVoment : Ts :+286 000:+ 42600 s+ 70900 : 60° : = 6500 s + 322 00C




Table N

Fibre stresses

i
&
i

section|¥. Te E hhie/h |be |P ppn jaV/h Case| G | Fe Fse
Crown |+176600 | +23O0CC [«743] 2 e 372 |2+68 |«67|«08 | 4083 II 7e4 [2.00 9500
= poinf-167000 | 329000 |+ 50722 |+ 222 4.5 |e67|08 | « 073 1 Bed |78C 8 300
Sprinoing=-530000 | +3220006 H.mq 3e 166856 [le8 (67103 | «055 L 7e2 | 112C o700




Re Co Lo Be D»

=
zramg used are those of (Turneaure, Dlagrams 12 to 25) we can
386 Phap at the assumed steel ratlon, the steel stresses at
erown and quarter points are 0.K. tut at springings are a
1little bit high by teking P = 1.22 Pn = .147 we get fo =
890 fa = ©7CC.
Thlg change will not affeot much the propertles of the
arch and 1s permlsslbvle as (Taylor and Thompson) say in their

book (conorete plain and reinformed).

Ds Deslgn of Abutment

U Surcharge 3 The surcharge due to trucks ls very small slnce

the f1ll1 ailstributes uniformly over a qulte blg area at the

Hhot tome
g P L 48000 = 3% Lbg/ft2
- (24-2)x28

which means ™ ft of f1lll whlch 1s negligible.

Vidth of retalning wall = 30 ft.
.. Depth ¥ A oo O 28 ft.
_DeLe Reactlon at tap of w;ll :
6 x (9 x 12 + 30) + 140 = 970 lbg/ft.
870 x 20 = 10400 Bhs.
Side walls = 6 x 2000 = 12000 "
Other slde wall = 12000 "

43400 lbs asay 35 kips
+ surcharge + glde walksg = 1460 1bs/ft

1150 1lbs/ft.

'he L.Le uniform

Concentrated 2700 1vg/ft.



Re Gl Be Do

w50

1st Retalning wall: under transverse beam

h= 26 ft. total h = 28 ft (See filg.)

K= .22

P = Kw|§g = +22 X 100 26x26/2 = 67000 ftlbs.
N= 12 fo. 800 fs = 18000 R = 148

& = 67000 x 12 - 5 = = opt

As = 060095 x 20.5 x 12 234 sq. in,
Regulte ¢ USE

d= 21 +3 = 24 in.

1" round bars @ 4" interval (= 2.36)
§hearinq':

P = 7750 lbs.  v= _ 7750 ¢
SRERIr. T %0 sl

Position of Resultant

Taklng ghase of 1l ft.(see fig)

E = «22 X 100 x .28 g 28 = 8640 lbs.
Ma  overturning = 8640 x 28 = 80600 ftlbs.
Stabllizing : .
l= 2 X 26x 144 x 3 = 22500 ft.lbs.
2 - 7 x 26 x 100 X 7.5 = 136000 " M
3 ) 2 x 11 x 144 x 55 = 17400 " n
4) 1460 X 2.5 = 3600 n n

179500 ft.1bs.

Vertical forces :

(1) 2 X 26 x 144 7500



%

A
4750

/2




Re Co Ra Ba Do

(2) 7 x 26 X 100

(3) 2 x 11 x 144

(4) 1460
i 5=
Increasing the hase to 12
Ma = Oyerturning

stabilizing

Vvl

18200
3170
1460

30330 say 30350 1lbs.

ft. we have :

1s the same

is

Factor of safety : 209850

120000 _
30350

That means that the resultant

179 560

30350

20900 ft.1lbs.

“80600 2,6 o.ke.
= 4 ft.

4.25 ft. 12/3

falls 1n the middle thirgd.

Phe excentrlcity e = 6 = 4.25 = 1.75 ft.
Mc at centre = 1,75 x 30350 = 53200 ft. lbs.
g = P/A % Mc/I P = V= 30350 lbs.
A = 12 sq.ft.
0= 6 ft.
I= Dbd3 = 144 rtt
12
g = 30850 ,  _35200% 6 = (+4750 lbs/ft2
iz - 144 )+ 300 T ®
sliding : 30500 x .6 = 18200 1bs.
Whille P = 8640 l1lbs.

gection (1) = (1) (see Fig)

-8 1



Re Co Ae Be Do

5 = 300 X = 2900 1lbs.
X+ 12 4750
oha - E or X = 3600 lbs.
4750
M (L= (1) = up 3600 x 3.1 x 1.5 = 16700
1150 x 3/2 x 2/3x 3 = 3600
20300 It.lbs
down down = negligible
M (2)=-(2) up 300 X 7 X 3.5 = 7350
2600 x 7 x 7/3 = 21200
2 ‘B550 ft.1bs
down 7 x 28 X 100 x 3.5 = --&;:gao
28,600
40.000 ft.lbs.
%, = zoo%g 2R~ = 270 4= 16.5
but for the sske of blg shear take d = zoM
As = 0.0063 x 20 x 12 = 1.5 sqe in.
Results : USE :
d= 20+4= 24"
3/4 " reund barg @ 3% " in-berval = (1.51)
(1)=(1) Section : Ag = 20 x 12 X .0035 = 84 sq.1n.
Results ; USE : d= 20+ 4 = 24 1in,
Z" pound bars @ 3 & "interval (=.86)
shearing : (1) (1)

13000
12X20X.875

v =

62 psi.

safe.



Re Co Ae Be De =3

(2)-(2) section down 28 x 7 x 100 = 19600
up « 3000 x 7 = 10500
e ). b Sem
9000 1lbs.

That 1s safer even.

2nd. retalning wal (gSee fig.)

h = 22 ft.

{

L= 28 x 165 = B8+.95 ft. 82y 9 ft. x = 3 £t
Thlcknegs of well

M= .22 X 100 X 22 X 22 X 22 = 35000 ft. lbs
6 L ) 9 L
R=N_ = 30000 x 12
bd2 = 120
12x18%18
P = 00076 Ag = 12 x 18 X 0.0076 = 1.64 sq.in
Resgults ¢ USE @ L = 9 ft. a= 18 in.

7/8" Round bars at 4" interval.

3 4 retalning wall (See fig)

h= 18 ft,

L =18 x 165 = 7«3 ft. say 7.5 ft.
X = 2.5 ft.
Thicknesgs of wall.
M= .22 x100x 18 x 18 x 18 = 21400 ft. 1lbs.
6
R= 14 P = 0.0005

Ag = 12 X 12 X .0095 = 1. 36

Regults ¢ USE : 4= 12 in. L =7.5 ft. 3/4" R.B.@ 4"
inkerval.



Re Co A. Ba D.

4the, Abutment (for arch rilbbes)

8
—

3ee the graphical solutlon in plate.

A- Dead load case.

Ri = 5100 Lbs. B

5 11700 Lbse P3 7700 Lbs.

10400 1lbs. P5

|

P4

82000 Lbse.

B) Max., negative Moment case.

Pl , P2, P3, P4 the same as before

RS = 322 ¢ 3.5 = 92000 Lbs. e = =,67
e) Maxtjogitix_re Foment case.

P1l, P2, P3, P4 the same as before

P5 = 346 : 3.5 = 99000 lbs. a = § .87 %,
D) MexX. mommal thrust.

Pl, P2, P3,P4 are the game as before ‘

PS5 = 415 ¢ 3.5 = 118000 1lbs. e = =.18 ft.

Barth pregsures: A)Since the resultant passes through the cen-

ter the pressure is uniform and 1s equal to P/A = 102000

2.5

10750 Lbs/ft2

B= Vax, negatlve moment. R = 112 klps e= 1l.1 ft.
M = 1l.1l x 112 = 123 000

I= 1d3s = 7L3 C = 4.75
12 .
S= P/A® Mc = 112000 + 123000 X 4,75
I 9.5 71.5

+ 3600 Lbg/ft2
+ 20000 Lhs/ft2

G= HMaXe pogitive moment. R = 119 e = 1,1
M =1l1x 1ll9 = 131000
g = 119000 -+ 131000 x 4.75 =

5.5 " 71. 3 = 12800  gwpo



Re Cs Ae Be Do

3 = +3B00 Lbg/ft.
+21200 " M
D - Maxe Thrust R = 13 e = ,3
M = o3 X 13000 = 4'.!. 400
905 - 7 03 . b
+1'7300 i
R E- Dralnage and parapetbs
All details and dlmenslons are glven on plates
D~ Deflection of the Bridge :
j7jét s a) Jfhe ecrosri o,
e = - S (176000+5.80%2+ 38000) 142+ 7

1.0 32%5. 5% 100X 144

+ (238000 x 457)

+ negligkble + 10"6 X 6 x 20 X 20.5
6
ne = 47 x 1186 %X 10 = - "
696 xw 078 fto 9 05
up word

4= Dabta and detailg_

All put in Detall drawlngs and Plates.




Re Co Ae Be Do

men———

IIT. Concluslon

My deslgn was close enough to the speciflcatlons.
But in the arch I could reduce the steel ratio at springing

1f I used a ratio of 1 to 2 instead of 1 to 1.5 for crown
to springing thlckness.

Tn the design of sbutments I was playlng always safe

since the smallest overstressing e the foundations, would

I

change the gtresses much and on thé ungafe glde.




N BRSNS R

T T M e A T RN AT



	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0287

