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During summer I246 The Lebanese public wor%fsent a
party of engineers to study the poseibllity of enlarging and
shortening the present 5 meters road pass? Ing over the "Alhiri
valley" in Al chouf distrilet and Jolning Kaferhiem -~ Deir-Id
Kamer and Baskllne,

The englineers confronted two possibilities,

l,~ to keep the present road and widen it by three

meters,

3.— To change location of this road beginning from
Kafer-helm and construct the road at higher countours - Th&a re-—

quires the construction of a bridge over the valley having a span a ‘2?
about 40 m, and by this way the road will be shortened by about k;;a -

1500 meters%/ N
.fbue to great expenses and certaln political considera—
tions, <
—

The second posslbility was rejected and the first pos-
81b1lity is beming performed,

According to my knowledge and study the second posSsi-~ g%ﬁ
bility though more expensive due to the erectlon of this large
brldge; and the new cutting of road - 13 more economleal, useful az

and practicel from all -9 points of view, and I am optimistic%nat

the gecona possibllity will be adapted in the future,
In my thesls I dedl gned the bridge trying to let it

meet strength economy and -7
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3,~ NOTATION 2

A: area of sections - Left springing point
g: radlal thickness -
B: right springing point '

b: width of rectangular beam or width of flange of
T beam

b':width of stem of T beam
C: Crown point - Distance between center of wheels
c: ratio
DyLs: Dead load
D: Deflection
d: effective thickness of glab, or distance,

d': depth from compression face to center of Compr es—
sed reinforcement,

E : effective width of one wheel,
: modulus of elasticity.

e : M
N

fe: eempr0331Vﬁﬁstresa.
fe: tensil unit stresas, .
f'e: ultimate unit stress for concrete,

h

.

height of Bridge rib - or.}étaining wall

ve

moment of inertia

a.

arch rib span
span, of beams or slab

noment at any section

A S — S -

s

Thrust at any section




n: is

Eo

o : sum of perimeter of bars in one seft

pe: ratio of steel to effective concrete area
g : spacing of stirrups or beams spacing

tire width

e 3

: thickness

bond stress

for

<

shearing unlt stress
V : Bhear

v!: Total shear on any section after that carried
by conecrete.

yo: Ordinste of crown from elastic center of arch

y1l: Ordinste of any point on arch axis reffered to elas-—
tic center,

w : Coefficient of expaneion,

- —— A
4,- Refe esg s ; .
4 renc N {I. t

A\ :
a = Concrete plain and Reinforced by‘ﬁaylor Thompson and
Snulskl - Volume II, 4th edition, /)

b #\\Theory of coﬂt‘i-ﬁu-gua gtructures snd arches byspozfor.d
\\

¢ = lissoury etructure by Spadling, Hyde and Robinson
(second Eait,), \

L

d — Design of concrete 3tructuré5hy Urquhert and OtRourke
w

e - Reinforced concrete Bridges - Scott (3th edition),

W\
]
f - Theory of structure by Timoshenko andigoung,
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- I. PRELIMINARY PART -

l,- Statement of the problem:

Design of a reinforced Concrete arch whose

Clear span = 11814
width = dan
Bituminuous

@gsgdam ¥ an
(G;‘o:i;%/]’? . = a*

o, P

Specificationd —ﬂ(/
v K;-J//
Joint code (I836) 3pajiéicahhmn

H-10 Loading

fs = -1800013.5.1-

Temperature:
fall 30° Fahr
Tise 40° Fahr
coefficlent

of expansion : O.COOKOOS

3.— Cholce of problem :

Having the specific slte on which to construct the
bridge thus leaves me a self control on the choice of?
A - appearence and detalls
B - gllowable stress and specification
C - system of loading
D - method of Design,

A.~ Appearence and details of the Bridge:

o contour map,a vislt%ﬂg of site,we see that the
G ™~
bridge is to be between two rogky cliffs constituted of ng?eciouS-*
2.
lime-stone and over an intermittant river (dry during summer)

- s



= A
the problem is to chose the right kind of bridge,

a2 - Classificatlon of arch bridges

We have the followlng types
1 - one hinged arch (hinged at crown)
2 — two hinged arch
3 = three hinged arch
4 - Fixed or hinéi;ss arche*
The difference between thé;e four type;%s not only of cons-
truction but also in method of Design,

According to thelr constructlon, these typesof Bridges

are divided into:
9
1 - open spandrill arches ;}ﬂ;‘

a'= barrel type

b!'- ribbed type

Qs
2 - fillled spandrill arches,

%0\

Due to economical reasons

|
1 - Dead load reduced by omitting the fill |
; & - arch do&égt need to be made the full widlh |

El\) wﬁ of Brildge, _
& S 3 = narrow ribs /co#st reduced.J 1
l hi
Due to architectural reasons J ﬁ(hy“
W
-Aﬁi\\\\’ 1 - Dee?_vglleyi g
T 3 - (pittoresque of the site \ﬁig

3 - segthetlc appearence,
I decide to deslign the bridge as a "fixed-end open span-—
drill, ribbed type arch bridge",

b ~ form of arch axis
An arch with a parsbolic form and loaded with fixed

load would require no steel reinforcement because the line of



pressure will colncdide wilth the arch axis - for these reasonsitis
usually to make axis conford?\to dead load equilibrun polygon?k
tnrg} crown and springing,

N o B
In tgﬁiﬂgﬁgz*%ﬁzgiil use the followlng formulez)given
1n "Jrquhart" fext-book. s e
y = GQIE%V (3 C3 + IO G4r) for the form of the arch

axls,

¢ = proportionning of the arch - yige,

Rise 1s a functlon of the helght of the roadway, span
of the brildge, and water-may level - the rise in the case of my
bridge is independant of water-way level therefore it is advaq:
tageous from an eccnomical stand point to have the y = %,ﬁaria_

between 1 and 1 - Let us take 1t as v

=31
4 8 6

d - Bracing of arch ribs

When ribs are narrow they require lateral bracing not

only to increase the unsupported length of ribs but slso to '\
reslst yielding tec wind pressure, JU
Q
e =Reinforcement of arch ribs | 6)

L
A good range of longitudinal steel reinforcement is )

+

These reinforcemﬁﬁg;%re placed symetrically about arch

between 0,5% and 1% of cross-section of the arch rib,

axis and half of that steél area 1s used near each face,

f = Vertical supports = colums:

Live load and Dead load dz%ﬂing from the superstructure are
transmitted to arch ribs by colﬁéﬁl— These coluﬁé must carry the

loads properly and uniforﬂéyy to the arch ribs.
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In the case where a row of colu;; is used per rib 1t should
be placed in the center of the rib - or as the colq&/ are poured

separally from ribs dowels should be provided in arches of same

nunber and size used for colufe., : o

%; - :id&alk | Qﬁ'— Q&OL
A good side walk must have a width of 5 feet, in the _¢Alu
case of this bridge, it is g cantiliver side walk without a ik
bracket support and extends the outside edge of the sp&gﬁ%{}l
column, A / Neee L

h - Road-way : \
w&i- 2
The Ame can general practlce usef ' feet per lane of ﬁi/
track - for practical reason and specific for the site considered”
above the "alhiri" valley the road will be designed for 23 lanes;g
traffic with a clear width per lane of 11 feet; therefore the
distance from railing to ralling 1s 33! feet,

B.- Allowable stresses

a - concrete f¢é

I

3000 p.S,.i.
= 10
flexugiLextreme fiber in compression 1300 p.s,.1i.
use 1000 p.8B.1.

ghear
1 - Beam with no web reinforcement

bar with special anchorage 80 p.S.i,
use 80 p.8.il.

bar without speclal anchorage 60 pP.8.1,



R

2 = Beam with web reinforcement

bars with special anchorage 300 p.s.l.
bars without speeclal anchorage I80 p.s.li.
usE* I50- p,s. 1.

Bond :

use
Ao
Compression : D qﬁipﬂ' 1
,e> %- afi {J >
*

120 p,s.1i.

Bendlng and compression /
use 0,315 £&._~
Bent column e <% a

_ /lt use 0.865 ¢ 800 pgsil,
yConf::jfic colum fc = 0.885 f£¢ 675 p.8.1,
b —P5 - steel I8000p.8.1.

Taylor: page 453
Urquhart: " b515: Appendix B,

C - System of Loading :

a = H-10 Loading used

N\

~ The bridge to be constructed will be subjected to a, fidum)
traffié}\for that the cooper H-10 loading was used, -
Two systemsof loads will havégo be consildered,
1 - for loaded length of 80' and more a uniform¢ live load
of 3307 per linear foot per lane plus a concentrated load of 2000
for floment and 13000 # for shear will compose thils system,
2 — for a loaded length less than 80' a system of trucks

A8 Indicated below 1is considered,
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— 30’ — 14— 30" do— 1

1, When a concentrated load 1s placed on a Reinforced

concrete slaé)the load 1s distributed over an area larger than

J/
L » 4 {
the actual area of contact, '¥¥;?6U)Eg
Case I main reinforcement parallel to direction fgi
5 - o
of traffiec ﬂﬁp

E=0,7L+T with E = 7' for maximum,
Case II malin reinforcement perpendicular to diree-
tlion of traffic

E=0.7(3D+7).

8, Dlstribution of loads to longitudinal beam 1
for bridges designed for twc lanesof traffic each interior -
beam sustain/ 3 wheel loads, i

4.5
D = - DWSIGN METHOD -~

‘\\For slab - beams- girders and cantiliver side walk
theirﬂﬁ%sign depends on the governing shear and moment -
o need to explain here the theory,

¥s For the arch bridge the folling must be determined:

< 1 - the type of construction is selected: open span-
Jqf | drill - ribed arch -

\
©J) '3 -~ 'preliminary dimensions
S-ﬁ Curvature of the arch axis

4 - with flxed end arch bridge which is statically



= [+ Jr—
indeterminate the 8 unkowns quantitles 3 at each
support, its solution depend on the theory of"L
elasticity, o}/f
4, outline of the problem : ﬂﬁﬂu

¥

Having the necessary data . e _qu

1, strength of materials

2. specification of the nrqblem.
The problem becomes simple desianigg and detailing of:

1l - slab system

3 = Columns ; [
\‘
i
™

4 - Abutments - \

3 = Arch ribs .

5 - Dralnage = parapet and expanslion Joints,

5. ~ ANALYSIS OF THE PROBLEM -~

The final analysis should include :
1 - Dead 1oad,including the rib shortining
8 = Live load
3 = Lffect of change in temperature
4 - Effect of shrinkage equlivalent to 10°¢ fall,
A resume of the brief arch analysis by
the elastic theory 1ls glven below,

Deflection at Crown

Sl gt bty
I

jg:i Xy ‘)Z;:E E%féli
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Effect of ftemperature

HO = b4

B>

M = Ho yl
+ for fall in temperature
- for rise in temperature
Effect of shortening:

Ho = + Cal
: Yg
B As
2=
Knowing the feollowing formulea and the method of
Designiﬁg so let us  devide the arch into equald¢ divisions
(20) and compute the eonstants of the section and other

quantities,

Rellability of theory and result :

‘he results which are based upon the elastic theory

are the most reliable 1 a{egsdea%gQ. 0}9"%0,
Having aasume?\?}m’;r onditions % (&/

1 - arch ribs of a definif\?orm and symmetrical ///

about vertical axis

3 — Length of span remalns unchanged L’

3 = inclination of arch axis at abulment,constant

4 - Level of support A and B remain constant

The accuracy of the calculation will approximate very

gloaexy4&3{?&%?&@3%?broduced in the work, if cere is taken

_ by us to ensure the above conditions of beelng realized,

g —

e - -—
-
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DESIGN

- Floor system

- Supporting column
Arch ribs

- Abutment

=8 a b
I

* = Drainage and expansfton Joint,




A. Design of Floor system ;/0
%‘.‘Lvided into the following \'——-'
a - slab design
b - cross-beams

c

girders
d - side walks

o b
a --2:1&15_ of road~way s

Moment of end spen = M = 1/10 wL? #"
assuming 7"1./3“1:}1131:, of elab with 23"
of wearing surface
Dead Load per foot = 7 1/3 x ;-g% = 90

allowing 1C Lb for future covering = 10
100 Lb

Dead Load Moment = 1/10 x 100 x 55x 13 = 3000 in-Lb
effective w.‘:d'_}r‘h of one wheel :
T = 0.7 (2047) = 0,7 (5.67 + 0.83 ) = 4.55

Concentrated load at center of 1! strip e -(,
- - II & o
Coefficlent of impact = 1/3 ‘# —

Live load moment ¢

(1775 x g_x 123 ) x I.35 = 35500 in - Lb,
3

- gid b
€ — 8 e* eamsg 106
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Totsl moment = 38500 in - 1Ib

) X 1

fe = I8000 Y.
..-""*"/ /b;
fc — 1000 __,.-""
\
E = I87
J = 0.881I
a® = 28500 _ 0.3
12x157

d = 4.5 in; take it as 4.5 inch

with 1" insulation
Total thickness 4.5 4+ 1" + 2" = 7.5 inch as assumed

As = 38500 = 0,502 sq-in
18000x0,88Ix4.5

use 3 - 1/3 sq-bars 8 in center to center
(area = 0.5 sg-in),

Each alternating bar is bent up over the support all

bar are enclosed at Qaﬂg)Temperature and distribution of stres
/]

1n direction of the span are provided by placing 1/3%" ent sf/:?’
to center in the botton and top of the slab :

Result : d = 4.5 inch

1/2 square-bars 8" center to center

,fl

_— T I T — —c—




jll = I8 =

b - Qesignlcfoss = T, bean,
- Let us design the‘longest of them - 13 feet(&nd owing

fo the 11lttle difference between them we will have &ppro=-

ximatly the same results and dimensions for the other,

Loment formula used: = 1/10 wL3 4 }CL-bjﬁ\\;
ﬁpaat = 50 AacD3e w7
—13+I35 <

T 7
Distribution of wheel load = 5 = 5 = T.I3 t#
L] ; 5

Dead Load from slab = 5.87 x 100 = 587
Assumed stem section: 8" x 13" 1/3 = I03

T 670 Lb/, Z
Moment
D.L.ds = 1/10 x 370 x ﬁax 13 = 103,300 in-1b

Zaximum L,L momeny occurs when

the 8000 1b wheel is in the middle of span of beam

L.L.M=1.I3 x 8000 x 1d x I3 = 333,560 1n=1b
- -

I.l, = 428580 x 0,38 = 116,130 in-1b /
Total moment = 540,880 in-1nV
Shear
End Dead Load shear = 870 x 13/3 = 4030 Lb eSS\
wlth the load so placed (fig.l) the miadle / 8
beam susteins 4,17 + 4,17 = I.47 wheel load . gﬂﬁﬁ. &(

5,57 ' T,\ai/ v
mox end shear occurswith wheel at end Jif-ﬁ—jifk*iﬁ—43i
of bean 5$¢_5}¢h3§ 5‘—{
L.L. shespy = I.47 x 8000 = II7870

15780 1b,

The required b'd for T beam is

b'da = 15780 = I30 sq-in
7/8 x 150




b! =
da =

- T8 =

8 inch
120 = 15 inch

o —

8

Total depth considering two rowsof steel

3" center to center and 3" insulation,

depth of s
Required s
As =

IS +3+I1I = I8 inch,

tem =
teel area

540980 =
18000 (1l5-4.2)
g 7

Result use :

18- 5 1/3 = 14 1/& inch

a . }85 sq"in.
!

d = 15 ineh J 5;
b'= 8 In TT—_i_‘
4 — 3/4 sq = bars (A
(As = 2.398 ) sq-in) . 15"

Web reinforcement

Bond.,

F

S
|
=

P
1

I _
ju

perimeter required for bond stress

760 b i BT " .
x 776 X5 1C 1inch

furnish by
Shear
unit ghe

Allowable

Concrete t©

4 - 3/4"

ar at support
v = 1578 =
Bx15x7/8

ake care of

80 x 7/8 x 8 x 15

> = I3 inch

150 p.s.1,
80 p.s.l,

= 8400 Lb



=~ 830 =

The remainder I5780 - 8400 = 17380 Bpf
is left for stirrups and bent up bars

Spacing of bars bent at 45° beginning at gilrder

g = 0.5685 x Isogo x 7/8 x 16 = &5 inch°
0.7 x 7o

or maex g =d= . 15 inch

Distsance over which web reinforcement 1s needed

. 80 x 8 _ 3.3
1 150 feet

Spacling of U stirrups g’
3 x 0,1104 x I x 7/8 x 15 = 60"
93050 -~ 8400
according to Joint God7 @allow&ble spacing
1s =d4/3 =1/3x15 = 7 I/3 inch
Result :

2 bars from each beam are bent up over tne support
to the third point of adjolining span,

The two remalning bars are carried straight inte
adjoining span far enough to develeop their strength
in bond' therefore we have 4 bars)two from each beam,

Bend up 3 bars at 15" intervsl from end, then use

3/8" U stirrup at 8" interval tell the 5 feet from

left then the remainder U- stirrup at an interval of 13",




¢ - Girder - Design -~ \n¥ \ ¢

===\ BT il
see (figer) (1) .

Mdoment at center - 1/8 wLe }%

moment at end - 1/18 wLS

-
Lmpact =__ 50 N
TI+Iey = 034

assumed stem 13 x 30";

]

850 Lb per foot

a) = Moment '

- N
\/
Dead load transnetted to quatan“}

5040, 040 | R040
5% l 53 ‘ 52 5%

point by T beam

670 x 13 = 8040 Lb 22
(Fy-1)
Dead Load reaction (see figure 1)
8040 x 3/3 = I5000
l,~ D,L. Moment = I3000 x 11 x 13 = 1,591,980 in-lb
lioment due to its own weight : 181,500 1n~1b
s
I/8 x &850 x 23 x 13 = 3 y L5 ) U{yglny
I 3% i__L_li’SIift___“.__i 3lyz -
2.~ Llive Load moment 1000 _ _{%? ,L%
Occurs as a maximum with the twoftrucﬂiéfmmetrical (Fy-2)

Ny !‘
with respect to center of girder (fig.3)

T
bie

18000 x 11 - (11-3 1/2) 8ooc- 800 (1,5) 14 =
= 1248000 in-Lb

impact = d x C.34 = 484830
3, 445, 740 in-1b



- D -

_ﬂ,tgg”
b)- Shear /;ﬁfy
n
1 - D.,Load end shear = 8040 x 3/3 = 14000 Lb /'
- . IR . G D LS e
3 = L1 end shear (fig.3) = 14 I e I
Ry : 02
1.3¢ (w_) [(32-1,5 )+ (33-7.%_; '“R
Py (fg-3)
+ (33-10.5) + (2‘-3-—16.5)]
= 8000 x 63 x 1,34 = 25340 1.p
3.— End shear due to uniform dead load of stem
= 350 x 23/2 . 3750 b
Total 40I50 1b
The leest allowable sectlon area is :
b'd = 40I50 = 244 sg-in,
?7/8 x 180
b' = 13 in
d = 0.4 use 4 = g3 inch
depth of stem equal considering 2 rows of steel
a" e,to ¢, and 3 1/3 insulation below the lower
row %o bottin of girder
depth of stem := 33+1+2.5 - 5 1/3 = 30 inch as asaume@l-
Requlred steel ares \ Sir_
2
AB = 5 445,740 -IO ,‘4 x 1
OO0 (go=5.W) =~ v T Saa !
' 20 251
Result use : P__.ﬂ"_¢, 2
ol
stem depth - 20 in — 142 u
BN V%"o
bt - 13 in 4ﬂr Ba w5
23

As! - 8- 1 1/8 inch-gy-bars |
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¢)—- Web-reinforcement

1 = Shesr at end = 40150 1Lb
2~ 8hear at 4 ft from end
a — Live load shear : see flg.4

V=nR, =134 (I8+13+9 +3) W

33
VvV =1.34 x 15870 20500 Lb
41 w E, W 31 W ‘.’ W 3.
b = Dead Load shear '
- 22 R
concentrated load and stem weight = ; ;
= i3_4——
8040 x 3/3 + 38/3 x 350 - 4 x 350 = 14310
Total 34800 Lb
LY TR S T
3 - Shear at 8 ft from end : S A {5
—
a — Llve load see fig (5) ™ B
: = R
V=R =¥ x 154 (1.5 + 2.5+ 10,5 + 16.5) i
<
=Wx 1,34 x 38 _ I7500
FEN
b - Dead Load shear
1 concentrated loads = 8040x 3/3- 8040 = 4035
3 girder stem weight = 43/3 x 350-8x350=__ 750
Total 5,875 Lb
4 - ghear at mlddle of girder : & e
c ’
A1 b—— 5
e = Live load shear fig 6 T_ o7 r
one truck governs : . 5
= 0o
V=RL=W x11 +Wx5=18W 3
33 33 28
V = %% X 8000 x I1.34 = 7835 Lb
b - dead load shear 000

I Total 7835 Lb



Concrete tskes care of : 80 x 7/8 x I3 x 38= IBBOO Lb
The remainder : 40150 - I8500 = 2I850 Lb
is left for bent bars asnd U - stirrups
Bond
perimeter required for bond stress 1s

>0 = __40I50 = I9 inch
150x7/8 x33

which 1s furnish by 5 = 1 1/8 inch square bar, perime-
ter = 32 inches,
Thus leaves 3 =1 1/8 sq - bar to be bent up to provide
negative Moment,

Shear :
Unit shear at support 1s

VvV = 4&(Ib0 = I75 p.S.1
13 x 22x7/8

and the unit shear at the other point 1s as feollow:
Vg = 150 p.s. 1, vg = 97 p.s,i, Vi1= 34 p.s.i
Requlred distance over which
web reinforcement 1s needed :
4+ 4+ 3/63 x 17 = 8 £t.9 inch
Spacling of bent up bars 1s : 30 in =2ce
cording to Joint code at an angle of
45° or the 3 bars of girders bent up
at 45° will tske care of reinforcing
the web a distance of 80 inch,
The remailning distance is left for 3/8 round bars

U stirrups,



- 85 -

Extra shear at the 5 £t point over that concrete can teke 1s:
v! = 3I650 - I8500 = 13150 Lb
therefore dlstence that 3/8 in-round bar U,stirrup
can take care 1s

g = 38 x 0.1408 x IB000 x 22 = 0,875 = 7.5 inch
18150

Resumé:

Five of the elght I I/8 inch - square bar are needed
for bond stress., The 3 other I.I/8 in-sq-bar are bent at 20
inch interval from middle of support, and these bars are pro-
longed to the outside of the girder to reinforce the brackets
under the side walks used for architectural effect,

Then 3/8 inch round U stirrups are used at 6 inch
interval till point 7 £t and beydﬁg}that use 3/8 inch bars

at 8 inch intervals,

— " T - ——— Tt e T s e =



- 36 -

d = Side walk

1) Live load = 80 Lb~sg-ft 'L‘
2) Dead Load J '
Fil1l = 8/I3 x 180 = 80 \)’;$j3
wearing= 3 x 10 = 30 s
surface
slab = 6/I8xI50 = 75
steel parapet = 48
“%80 Lb per-sq.-ft.
Total 800 Lb per-sqg-ft,
Moment :
D.Load and L.Locad moment = 300 x 5 x 5§/3 = 3750 £t-1b
effective depth - i;ag f %ﬁ = 33.75
Gl = 4.8 inch
take 4d as 5 1nches

Total depth with 1" insulatlon = 54I = 8 1inches

Reguired steel area :

" _3750 x 1 = gg=1inch
A8 = 78000%x7/8x5 O.5¢F sg :

sult. : total thickness of slab = 8 inch
use

1l - 1/2%ﬁ at 13 " interval Asqy= Q.85
3-1/2 ¢ at 4" interval Asg =0.393
;q-in.
The odd bars of the deck slab will be bent up and
carrled thru= the centiliver slab between these bars

will be inserted 23- 1/2" ¢ (9 4" interval,
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e = Sideg beams

1/10 WwL®

1/13 wLi (L
W\

Let us design all sidej beam as end epan

End span moment formulea

L}

Intermediate span

1 - Dead Load + Live lozsd from = 300x5 = 1500

3 -= Dead Load from curb-stone = L00x5 /8= 850
1b-
3 - Stem of beam 2300
1850 1b-
per-ft
4 - Distribution of truck live load to side beam
5 = 5.I= Lola W
4.5 4,5
or 1t 1s at the middle and 1!5 away from
slde beam
therefore l.1l3 W x 3.5 = 0.8 W wheel load
== p X 2e2
Moment
Dead load moment= I/T0xIS50xIZx13x12 = 3358960
Live load moment with impact:
1,236 x 0,8 x_8000 x 6 x 13 = _ 313,400
2 540530 in-1b
I will design 1t as rectangular beam
bds = 048360 = 4040
D = 1o"
a o 20n
As = 848360 L i A
T8oo0x7/ex30 ~ ~ 9»96 sa-in

"

Regult use : total depth = 30" + 3 = 33
B = 10~

4 - 3"/4 Ag= Z.848 gg-inches
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web reinforcement

ghear
1 - shear at end : D.L, = I850 x 13/3 = II700
L.L, = 0.8 x 8000 = 6400
impact= 6700x 0.88 =_ I700
I2800 Lb
shear taken by concrete is
V =10 x 30 x 80 x 0.876 = 1I4000 Lb

Bond

Requ ired perimeter for bond stress

(8] = IQSOO e '5 G
:E: 0,.870x130x20 9 g

therefore the 4 - 3/4 inch sg-bars are needed for bond
and web reinforcement i1s needed over a distance of:

19800 - 14000 x &'x 13 = 21 inch,
I9800

therefore use 4 - 3/8 inch square bar U, stirrup at
7 inch interval and all thru use the same kind of

bars at an interval of 10 inch.

T T T T " e T T e
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B - Design of supporting columns,
1 - Side beam resction to column = I850 x 13 = 23450
Dead losd of column = 1I9.8 x 15 x30x 150 =( 9300
1z 13 | 48450 Lb

8 = Glrder resction introducing an egeceatricity: =

13060
25340

?) 2750
C Tb.

3 - eccentric moment = 1/3 x 3445740 = 1,723870 in-Lb
ellowable load peE:fﬁégggzinch is 945 p,s.i
asguming a section of 30 x 15 inch we get a unit

compressive stress of :

_ 73800 + 1733870 x 13 . Te -
8 = e = 160 + 760 = 830 p,.=,
250 15x30x30%30 Dyl

The assumed section 1s satisfactory ; UM®

Let us takejéﬁﬂi4Lamssl_uhéah—&s—eqn&l_te——ﬂ

450 x 0,02 = 10,15 sq-inchs,

Result :
use !

1 - column section - 30x15 inch,
8 — steel - 8-1 inch square bar As;= 8-8g-in
- produce z-1 1/8 inch square
bar from girde to reach arch
rib Asg = _8.,53 eg-in

3 - tles - Lateral ties 3/8 inch 15
ineh ctoc,.

— - =
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- Design of arch ribp =

clear span of ribs 1s taken as 118:4 feet to give &

net opening of 116 feet

Columns distances s ’
the spacing of columns 1s taken pliggléor

architectural ressons -

o
I

from retaining wall to = Cl = 13 feet
Cl - C3 = 13
c3 - C3 = 3
C3 - C4 = 11
C4 -C = a5 &
C5 = crown = 5 feet

h 1s teken as 1/6 of span = 118,4

o]

12,783 feet
4 — Thickness of ribs

Crown thickness 32 inch
Springing thickness 56 inch

ee table I for variatlion in thicknﬁss along the

arch axis taking from page 438 qf%rr Urq&fiii*

S-DeudL ad
Dead Load transmitted to designed point of arch rib

Cl - span 13 ft.

]
|

Girder reaction = IZxIIXIO0O0 + I3x3xI03+350xII = I7770

Side walk =300 x 5 x 13 = 17330
5ide beam = &00 x 1= = 8300
Column Cl = 19.8 x 30 x 15 x 150 = 8300

1= i 46,800 Lb
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Qa_- ip?-l’l_];l |5 ft.

Girder reaction = Il x Il x I00 + II,5%x3x103+350xII = I7770
side walk = 300 x 5 x II.5 /= I7330
gide beam = 200 x II.5 = - 8300
column C3 - I3.8 x 30 x 15 x 150 = B400
s &8
tie bracing between C3; - Ca; = 20 x 15 x 150 x LI = 04560
b T < PN e SRS
47150 Lb
Girder reaction = IIXIIXIOO + II x 3 x 103 +350 xI11 = I7IZ0
gide walk = 300 x 5 x II j = I8500
gide beam = 200 x IT -~ .8200
Column 3 = 9.8 x 30 x 15 x 150 = 4580
13 12
Tie bracing between 03 - C3, = 20 x 15 x I50 x II = 3450
L s 13 ——————— e
43850 Lb

C4 - Span 11 ft:

i

Girder Reactlon II x I00 x IT + IIx3 x IO3+850xII = I7I&0

gide walk = 300 x 5 x 13 = I85C0
Side beam = 300 x II = 23200
Column Oy = 7.5 x 30 x 15 x 150 = 3&5630
12 13
Tie bracing between gl - 048 = I8 x 15 x 150 x 11 = 38ICO
P 43460 1o

C5 = Span 10,6 ft:

Girder resction = Ilx I00 x I0.5+ I0.5x3 x I03+350xII= 16780

side walk = 300 x\5 x I0.5 = 15770

31de beam = 300 % 10.5 - 2100

Coluan C5 = 8188 x 30 x 15 x 130 = 285C
12 13

tie bracing between C5L-C5-R =x oI00Q _

TJb
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Bummarizing the result

c1 = 4BsoOT
63 = 47150
C3 = 43850
04 = 43450
05. . = 4h¢oc¢£

& - Live load :
The H - 10 Loading 1s used
it is composed of an uniform$ load of 330% per fool

of lane, e concentrated load of QOOO#Z for moment ;

a concentrated load of IC‘K}(.‘JO;’""2 for shear
; :,;]pact = 50 = Q.
118+135

uriformé live load from roadway = 33CxI.s= 4I0 per f£,of lane

Bx80x1.3=480 monoom

o

880 Lb p.f.of lane

uniform¢ load from side walk

Live Load concentrated at Co: for moment = e
860 x 8 + 9000 = 14400

Live Load concentrated at Cl: for moment
890 x I8 + Q000 = 18700

Iive load concentrated at C3= for moment :
880 x 11,5 + 9000 = I8300

Live load concentrated at C3: for moment ¢
880 x II + 9000 = I8800 Lb

Live load concentrated at C4: for moment
880 x IT + 9000 = 18800

Live load concentrated 2t C5 : for moment:
890 x 10.5 + 9000 = 183005~
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&
7 - Form of arch axis og_ _

gee table II j ;;f

It 1 a curve of the form y = '§§§LE§ ( 3C3 + IOG*r)‘k /

8 - Radius of neutral arch axis

Three centered curvesare to be used for neutral axls - the

larger radius in each case being from quater point to crowm

2 2
Ry = 29.585 + 4.8 _ gg!e5 = 100 feet.
2 29.58 = 0.8958 cose = 0.9553
= I7°2 @1 = 82292
! == 100
3 2
By = 1/23 29.0858 + 15,34 = 8B feet

I5|31 X 505553—23'-58x5u2 958

Exterior radius =

Rl = I03 feet R3 = I07 feet
Interior radius :
Rl = 97 feet R3 = B3 feet
8 = Length of neutral axls
Tangent to axis at springing
tge = 8r (3 + 5r) = 0,748 6 = 36.8

6+or
from page 438 Urquhart text book
length of arch axis = 0.535 x 118.34x3 = 148 feet.

I0 - Arch propeeties and constants:

Dividing the arch axis into ten equal divisions -~ the
length of each division is 6!4. Laying of the centers of
each division with origin of ordinate at crown - The
coordinates are scaled and put in tsbular form - see table

IITI.We shift the origin of coordinate so that :Ei% = 0
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now yo = Z:IE <3 21}__ = 4,35 feet

gee table IV,

taking: from springing to pt 3, ps = 0,013
from pt 3 to point 7 ps = 0,01
from 7 to Crowm ; ps = C,008
So that at Cromm As = 8608 sq.inch

at quator point As= 10.753 sq-inch
at springing As = 80.504 sq-inch

II —- Ribs tle bracing

The ties between CgL - C R - CiL - C3R have the following
dimensions 186 x 30 inches and reinforce with 4-1 inch-sguare
bars their main function is to aet as horizontal columns,
The ties between 4L - C4R and Cgl = CgR have the following
dimensions 1% x 18 inches and reinforced also with 4~1 inch
square bars,

13.~ Dead Load Ho-Vo, lio at Crown

Having the results of tables III, 1V, V, the formulea for
Mo, Ho, Vo are :

o = :Zm/I s by 8 EEZ 1/1

Fo = SW/I . 2 S wn/

Vo = >ux/I Bt =3 e x°/1

with the axls transfered to elastlic center: yo-x
The resultsare put in table VI

I3 - ordinatesof influence line at Crown

Mc = Mo + 4.35 Ho
Ne = Ho

Ve Vo

Il
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making a unit load travel along the arch we get
The results which are put in table VII,

14,- Ordinatesof influence line at guarter point

Having the result of table VI we can easely get, M 1/4 N 1/3
due to any load on the rib after developping the folowing
formulea :

A unit load from C to quarter point:

M 1/4 = U0 - 0.85 Ho + 31.4 Vo =(31.4 ~ &)
N1/4 =Ho cos 1/4 - (1-Vo) sin 1/4

A unit load from A to guarter point or from B to crown

41/4 = Mo - 0.85 Ho + 31.4 Vo
N 1/4

]

Ho cos 1/4 + Vo sin 1/4

or sin 1/4 = 0,3195 , cos 1/4 = 0,8475 Zi{g_ =I8°-40"
mzking now the unit load travel all along the arcn the
resultsare put in a tabular form in table VIIL,

IS5 - Ordinstesof influence line at gpringing A,

Having the values of Ho, Vo and Yo at crown for a unit load
travelling slong the arch and with respect to the elastic
center as origin of coordinate.We can get Ms and Ns after
developping the following formulea :

A unit load from C to A

lis = Mo - 15,37 Ho + 5%.3 Vo ~ (59.8 - a)
Ne = Ho coss - (1-Vo) sins

A Unit load from C to B

Us = jlo - 15.37 Ho + 58.3 Vo
s = Ho cos.# + Vo sln.s

ecos.s = 0,8 gins = 0,8 [ﬁ_: S6°-481



Meking

=GR -

-
=

unit load travel along the arch r

b the

resultsare the ordinates of the influence line cur-

ve for sprkinging and resultesare put in table IX,

18, - Dead load and Liwe Load moment and Thrust

All computationsare put in tabular from in table X

I17,.- Temperature

gnd shrinkage effect

shrinkage

E

at Crown

(8]

3
400 fahr
effect equal 10° fall

288000,000 Lb - feet-sqg.

Mo = - 4.35 BHo
Ho = o wilL X Eﬁj
3 ds
3 - AT
J:
= I 0,000006 x 118,23 x 288,000,000 x t
2 X 84.1- S
= 190 ¢t
Rise; 40° Ho = — IS0 x 40 = ( - 7800 Lb
Shrink;fall400 Ho = + 180 x 40 = + 7600 Lb
Rige 40° M= 4.95 x 7800 = - 33000 £t-Lb
Shrink;fall ;40 = N = + 33000 f£t-Lb
I/4 point
M1/4 = Mo - 0.85 Ho
N 1/4 = Ho cos 1/4

Rlse 40°Fah M 1/4= - 33000-0,85x~7800

N 1/4= - 76800 x 0,95

Shrinkage + f211-40° Fsh

- 28000 ft-Lb

7850 Lb
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+ 33000 - 5000 = + &8000 ft-LD

I

M 1/4

N1/4 =+ 7600 x 0,95 - 7850 Lb

at Springing

Ms = M - I5.87 Ho
Ns = Ho cos s

Rige 40° Fah

Mo = = 33000 + 15.37 4+ 7600 = + 83800 ft-Lb

Ns = = 7800 x 0.8 = - BC80 Lb
Shrinkage and fg11;40° fahr

Ms = + 3300C - I5.37 x 7600 = - 84800 ft-Lb

Ns = ¢+ 17600 x 0,8 = + 8080 Lb

I8.~ Combined moments and Thrusts:

Results are put in table XI

I¢.- Flber stress

Final results of moments thrusts snd flber stresses are put in
in table XII,The formulea and diagrem used are those of
Turneare (Dilagram 13-23).

All the stresses, crown, quarter point,springing are

good and within reascnable llimits,
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—~ DESIGN OF ABUTUWENT -

Retaining wall under girder

Surcharge

The two trucks are considered and thelr weight 1

uniformely distributed and equel to

0.000 = &ILbh-£t3

B2
!

Ll (48]

X 4O
32 x 63

which 1s negligable

widlh of relalning wall = 383 ft,
depth ~h- = 38 £t.
Dead lLoad at top of R,W,
from girder 8040 x 3 =
553 X 54 =
mide walk = 500x8x3 =
21660 33 =
Live load:

18000 x 3 33 =
Coefficlent of frictlon , = 0.60
angle of friction = 0.45°

K ' = 0.I8
3 _3
: Py =XKwhl” - 0,78 x 130 x 288 .

3 3

P3 =KW§E = O.IBxlan_%Sd =

15080
8000

2800
aloo

700 Lb-ft,

1000 Lb-ft,

7300 Lb

8450 Lb




The vertical forces l
Wl = I x 33.5 x 180 = 23830 Lb 2 1
W3 = I x 36 x 130 = 3130 Lb Qf
W3 = 6.5x36x1/3x180 = I0ICO Lb fﬁ :
W4 = 6 I/3x36x1/3x130=I0I00 Lb \;f
ws = I x 36 x 130 = 3I30Lb N
W8 = I0 x 130 = 1800 Lb (fj
W7 = = 00 Lb
R = 31,160 Lb
Study of section 1-1
2,~ 3tzbilizating moment
M.A 3830 x 1/3 = I4I0 |"%
2130 x 1 1/3 = 48680
I0I00 x 4.I7 = 431I0 &{@__<__
I0I00 x 6.95 = 54140 %
3120 x © - 38080 i
700 x 1/3 -+ gEy
T40770 f£t-1b.
b~ Overturning
gﬂ - 7300 x é% = 83300 ft=1b

factor of safety against overturning =

140770 _ 5 3
Bosl0 -

8liding :

N = 31180 - IZ00 - 3I30 37840 Lb

Nf= 37840 x 0,8 = 18704 Lo

factor of sliding = 16704 = 3.3
7300
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Crushing
1 = N x
"
x = 140770 - 63300 . 3!78 from A.

27540

which 1s within the middle Third,

Study of foundation section

a,- Stabilizating moment:

Mo = 658‘0 x 1 = 3830

3150 x 3 = Bg40

I

e
_q
—
ﬂ
(8]

I0I00 x 4.87
I0IOO x 6.85 = €2I80

3130 x 8.5 = 85640
700 x I = 700
1300 x 5 = B000
181,780 £t-1b.
Qverturning: '
o = 8450 x g% = 78800 f£.1b.
factor against overturning = I61760 = 3,
78200
S1iding :
N = R = 31160 1b

1

factor against sliding =
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Crushing
place where resultant cuts the foundation

Mo = Nx

il

lo

Resultant acting outside the middle third,

Max pressure
p
& N 52330 7780 1b-ft,

3x8.85 -1 A
or foundatlion 1s of solid rock having an allowable
2
bearing value of 10 T/ft

Shearing a long section 2-2

1 - The forces are: total pressure upward from

left to 3-8 = 7780 + 7370 _ wz3p

-

-~

welgh of maconry up to section 3-3

=1/8 x 2x1 x 130 = I30 1b
therefore: 7410 _ A o .
TX13X3%13 45 p.s,1

within the 40 1b-in® zllowable,

2nd = Side relaining wall

depth h - Zet

- 2
P1 = E¥h® _ 5 18.720-35 . on
1= Kb o.;snlﬂohég = 9080 1lb-ft,

I |
7790 {’ﬂJTZ7° ’ \ ;
195 —=l—205——




tical forces:

ﬁ-u“90h1; 3x130= IOI0OO0 1b

uB = 3840 x I

I
C
e
)
|_l
o

s SMIES W iE-(o
x 1 x 130 =  ald0 '1b

Xl 'z aDKW/JxlgC
= I0I00 1b

x 86 x 180 = 8Iz0 1b

v
il
il
H
©
o

)

o5,

o'

Study of foundatlon sectilon

Sta o‘1,é'+111, moment

3540

1l

3150 8,5 = 39640
I800 x B = 6000

Overturning:

UB = 9080 x =9 b 57’70C Tt=1b



| =R = &1
= I9I40

P Y

-

.800

31900 x 0.8 =
20y

ISI40 =

factor against sliding :

Crushing
Place where resultant cuts the foundation

L.I.B = Nx
X = 167340 - 87700 _ 3.5 feet P
e ee rom B,

Resultant acts outside middle third.

ll=x pressure
8530 1b-f£t%

8N _ '3 x 31900 _
S X 2.5 .

Shearing alonz section 2-23.

Forces acting are:
1 - pressure up wards from B to 3=3 =

8680 + 7980 = 8350 1b,
3
s - down werd force: weight of maconry =
I/@ax3xIxI30 =13 \
39 p.s,i,

therefore 5, = __Ig3701 -
Ixlax2x13

which within the allowable 1imit 4C p.s.l.
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3 - Abutment :
Sce plate = for graphical solution,

A - Decd Load Case:

The loads are :
1 - R = 30850 + 200 + 375 + 43950 + I500 + 3I00
+ 370 + 3850 + 780 = 73865 1h,
Location of Resultant from polint B,

Mp = 452445
4175
7835
404340
11380
7350
380
3990
1470
893,356 ft-1b

thereforef g
R
3-P =0604I656 / 8 = I00;820 1b ; e + 0.5I f£%,

- 12138

B - Max positive moment case:

1 - R the same; 4 = 13:88 ft

3 -P = 7135%8Q / 8 = 118780 1b e + I.47 ©t.
C - liax negativ%ﬁca :

I - R the ;;19 d = 13.38 f¢t,

2 =P = 879400 / 8 = 113330 1b e = = 0,433 %,

Earth pressure :

A 5 i T
the resultant of the combined forces fall in the three -~

case in the middle third fhrefdre the max( and min.earth
s e 8

pressure are glven by the formuL?& :



~ AR =

>
PlL = (4L - 68) F/L-

. (Urquhert page 400).
Pz = (Ba - 3L) F/L°

Case
F = 155650
a = 06.85 £t
L = I8.4 £t
pp =4 x 18,4 -5 x 6.85 x 155650 = 14500 1b,p.2%°
Te.4 2
Dy =8 x6.85 - 3x 8,4 x I55650 =I970 1b-p,rt5

18.4

B,-_lizx~ positive moment Case:

F = I73800 1b a = 8,15 £t L = I8.15 feet
pj=  4xI8,15 - 6x815 x 173800 = 18,580 1b,per.ft-sq.
18.15°
ps= B8 x 8,15 - 3 xI8I5 x I73800 = 313 lb-per.ft-sq,
T5.T5
C.- lgx—negative moment case:
p1 = % x I8.05 - 8x7.55 5 184500 = 15850 1b—p,fto
<]
I8.15
ps = 6 x 7.35 - 3 x 18,05 x 184500 = 4540 1b,p,7t5
18.05°

All the earth pressure are within zllowable

1imit : 30,000 p.S.f,
\

— T — T — T T T T T T s T
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Expansion Joint, drainage, parapet.

§1iding joint:

Under the end girder and on the top of retaining wal
four thin rectangular platesof metal: steel and copper not
ﬁttached to the beam above neither the wall below are used,

The thickness of plates is 1 inch for copper end steel

Expanslon and contraction movements taking place efter/)
completion of the structure causes the two upper plate to sl ﬁf
de over the lower copper plate, //

Between the retaining wall, and the slab a space of]

2" 1g filled with bltumen to a]low_é?b{gxéovement.

rainage:
water on the bridge superstructure i1s disposed of
}bf gulckly, by the road sbout 3" zll @ the 22 £t
and pitching gutters to drain into inlets - The inlets drain

are cast iron scuppers 1n the gutter (see drawing detsils)

and are designed so as to prevent water touching the concrete,
Parapet:

The parapet 1s formed of steel pipes, the horizontal
members are 3" in diameter and the vertical are 3".5 iq:ﬁz;//
F,- Detzils:

For details see plates and drewings,

— T T e T e T e T e
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Form of arch axis

Origin of ordinate taken at crown,

CL=x . ct Ioc™r ¢3 3cS+I0c% y
£ £t

5.8I7 |0.000008 |0.0000I 0.0025 C.0075 Q173
I1.,834 |[0.0001I 0.00016 0,01 0.0316 0.71I6
I7.75I [0.000508 |0.00084 0.0885 0.088% L1.B673
33,668 [0.00I8 0.0038 0.04 0, 13<6 2.806
28.585 .0039 C.0065 0.0635 0.194 4,480
52.502 p.008I 0.00I36 C.08 D .283 6.5I0
4£1,.4I9 P.0OI5 0.0s5 0.1285 0.3923 2,01
47,336 p.0256 C.043 0.I8 0.533 I2 .00
53.853 pD.04I 0.088 0.2085 0.675 15,53
58.17 0.0635 pP.I04 0.85 0,854 18,72




-~ Variation of

arch Thlckhesg=-

II
u =1ts Thickness| 1/3Thick,

c £t a/a Tt
I.000 .06 L.33
I1.006 3.6067 I1.,3335
I1.0I8 5,687 L,343
1.030 8.7I€ 1,359
L.04c 3.75 1,375
1.054 2.783 1.391
L,078 2830 L.415
I.I125 8.935 1.467
L.285 3.835 5.618
I1.383 3.677 1.838
1.631 4,28 Sel4
I.750 4,68 3433




- Property of arch ring =

ITL

d'= 398 (1-3); 4'=3" (3-10) widih 33"

Ic = a
Polnts a3b/1l3 | 3 area of |
srchring
3 ©.55 10,7
<4 4.14 8.8
3 2.98 8,15
& 3.10 7.40
5 I1.88 I.35 7.075
8 I1.80 I.235 .85
7 1,73 I.208 6,875
8 1,87 G.8
o 1.80 1.585 8.735
I0 1,66 I.345 0465 B¢
Crown 1.53 1.335 6,65
1/4 I1.84 I.554 7 o
point
priz 4,66 8,33 4,644 II.85




- Properties of arch ring

- IV

ps = 0,008 (10-7) ;

= 0,0I (7-4): ps=0.0I23(4~1)

3AL (a~d')3
point S LE l&
= 18 (n-1)1Is It ye It It
1 0.3055 I.85 8.50 I7.85 2.08 0 B
2 O.ls3s I.10 O.8 14,35 3,60 0.,IS0
3 0.07% 0,65 3.55 II1.230 &.88 0.873
4 0.0488 O.44 S.04 8.40 3,33 0.400
5 0.044 0.397 3.877 0.05 &.08 0.430
8 C.041I6 0.375 S.178 0. 908 1.83 C.460
7 0,040 0.3860 3.09 Z.09 I1.I3 C.478
8 0.0308 0.078 1.96 T LD 0.58 0,815
e 0.0296 0.c67 1.867 0,35 0.20 U84
10 0,0284 C.056 L1.803 0.04 0.023 0.5580
7xc 17 .85
e
ZE}; 3.951
It
. 17 483 _ 2 =
yo 7557 = £.35

[$8
g




Properties of arc ring.

Coordinates with respect to elastic center

1 ; X3 2
Point X (yo=-x) x° N It Tt
I 56,7 |=I3.5 3315 183.3 376.2 3l.32
& 51.4 -10,00 2043 100 B01.8 I2.00
3 45.8 - 8,82 <088 47 548,75 15.80
4 40,4 - 4.05 I616 16,5 646,.5 6.60
5 34.83 |- 1I.70| II70 3.9 503.0 I.35
8 385 + 0.40 801 0.I6 368.0 0.07
i 22,3 |+ 3.00 493 4,00 335.75 3.00
8 16.0 + 3.30 206 10.35 13I.35 5.85
e 9.60 |+ 4.00 93 18.00C 50.80 8.65
10 5.30 |+ 4.3I 10&5 18,58 5,50 10.80
Crown 0.00 [+ 4.35
%é?nt 3L.4 |- 0,65 ;Z: %% _ 338735
Springing] 59.4 -15.37 :
Co ot + 4,38
zgj ¥3 _ 87,14
C4 18! + 3.30 It
C3 271 + 1,00
c3a 381 - 3,15
C1 o0 - 92.1I5
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Ordinates of Infl

m .
-

ablt

~1 & “l,f 7 1k

e

uence line for

crown-section

X= 0 ; Mec = Mo + 4. '_’5-5'}{0
PR Ne = Ho .
Sect. Ho Ho y % Vox | m Vo le e
T . £ . . . . -0.01I5 ~0.01
2, -0.,0488 | -0.813 | 0.0053( , . 0.078 -0,135 -0,05
C1 |-0.0803| -0.348 | 0.0088| ., g 0.13 ~0.818 | -0.08
2 |-0.1I59 | -0.896| 0.0188| . « | 0,887 | 0. 4I0 | -0.IB
4 -0 .328 -I1.436| 0.041 . . 0.677 -0 . 758 -0,33
(672, -0,.4I0 -1.783| 0.0556 . - 0.83 -0, 8538 ~0e4l
5 -0,565 -2.457| 0,081 £ - 1.4 -I0,.57 -0.57
6 -0 .833 -2,08 o - . - 3 .43 -1.,140 -0.835
¢s [-0.880 | -3.838| 0.145| , | , | 3.736 | -1.09 -0.88
/ ~1,095 -4,78 | 0.503 g . 3.87 -0.8 1o
8-C4 [|=I.305 -5,67 0.a75 . 5.69 +0,02 -I.31
9 -1,46 -5,35 C.854 . . 8,01 +I1.66 -1.46
Cs -1,548 -6,743| 0.438 5 . ©.968 +3,338 -1.55
10 -1 ,580 -6.,87 0,452 . c 10,76 +3.89 -T1.50
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Dead-Load, Live Load Moments and Thrusts
Weight | Live CROWN SECTION
Séction Ax Load. |ordinafeDL.lic (ordinateDL.Nc | Upper fiber
6.5x150 Me Nc LL.Mc |LL.Nc
e 12350 -0.0I5|- 186|-0.0I |- 124
2 10590 -0.135|- 1430|-0.05 [= 530
cl | 46600 | 19700 [-0.21I8 |-10300(-0.08 [- 3720
3 9220 -0.4I0 |- 3780|-0.16 [- I480
4 8450 -0.758 |- 6530|-0.33 |- 2820
c2 | 47150 | I9300|=0.853|-40220(-0.41I |=-I9330
5 8160 -1.05 |- 8550(-0,57 |- 4650
6 8000 -1.I4 |- 9120|-0.825|- 6600
c3 | 43850| 18800[-1.09 |-47800(-0.88 | -42060
7 7900 ~049., = T7I10| =170 | - 8690
b-c4 | 50275| 18800[+0.002|+ I005|-I.3I |-65%60| 376 F 24700
9 7700 +1.66 | +12890[-I1.46 | -I1250( 58950 | 28365
C5 | 40400| I8300]| +3.226| +I3050pP-1.55 | -62620
c| 10 7650 +3.89 | +29800| -1.66 | =12700
I0' | 7650
c5 | 40400| 18300 58950 |- 28365
9’ 7700
8-c4| 50275| 18800 376 |- 27700
<& 7960
¢3 | 43850 I8800
6 8000
5 8160
c2 | 47I50, I9300
T 8450
37 9220
¢L | 46600 19700
2 | 10590
B.| I | 12350

.......

- e N



X

Crown-Section Quarter poilnt Seection
Lower fiber|ordinatle ordinafie Upper fiber Lower
LL.Mc Ml/4 |DL.#% |N 1/4 |DL.N1/4 hb-M% |LL.N 7 g;digi
+ 0,13 | + 1600 |- o.ozj - 134
+ 0.368 + 3860 |- 0,049 - 487
~ 4350 + 0.453 +30970 |~ 0,078 -5995 | +8900 | 1477
+ U.97i:+ 8950}- 0.148 -1350
+ 3.148 418175 - 0.303 —3535
~ 4700 3.935 +138150- 0.373 -1754d +56450| —7185
+ 4,285 434935 |- 0.514 —4340
+ 3.85 | 431600 - 1,083 -8495
~20500 + 3,45 i+15129$— I.109 -48870 464860 -20870
+ 1.69  +13350 - 1,305 —1037d
| -~ 0.8 | —13070) - 1.478 —74300 4700
- ¢.73j -LbSZO'— 1.585 -13300
- 1.85 | +78780| = 1.656 -aagod ; 35680
- 8.30 -16830 - 1,695 -1296Q |
- 3.40 | -18360| - 1.866 —13740 |
— 8.53 | -102310- J.eié 6504 | 48300
B 5.1?' ~18710 = 1.48 -1.55Q
_/2.05 | ~L03060 - l.azf -87030 | 98540
- 1,73 -13480 - I1,ITp - 8eoc
-20500 - 4,833 -54.120 - 0,88 -3880C 33500
- 1.13 -8960 | - 0.83B 6610
~ 0.75| -6130 | - 0,868 -4640
~14700 - 0,533 -35140 - 0.40B —1953( 10230
-0.384 -3075 | ~ 0,338 -3790
- 0.189 -1750 | - 0.I58 -I450 |
- 4350 - U.088 -3960 | - 0,07;8 =4870 | 1580
- 0.058 - 585 | - 0,049 - 530
- 0.03| - 350 | - 0,01 - 135
75100 57950 ~GOLIT5 FI0 25530 IB0Z50
=1 ft=1b 1lb t=1lb 1E -



=pt.sect. SPRINGING SECTION
fiber prdinate brdinate Upper | fiber | Lower fiber
LL.N1/4| Ms+ |DL.Ms | Ns |DL.Ns [LL.Ms | LL.Ns | LL.Ms |LL.Ns
- 2.5 t+ 30875/ - 0.6 + T4I0
- 6.65 F 70400| - 0.64F 6785
= - 7.35 342500| = 0.66(-30756 | | ~144800{-13000
- 9.58 | 88300 -0.7I6F 6600 | | |
-10.83 | 91225 -0.842 7I00
~10.65 502150 -0.896-42200 ~205550F17%50
- 9.55 77930 | -1.008F 8181
- 8.00 | 64000 -I.II8F 8944 *
- 7.40 324500 -I.220-5%500 -I39120-229%6
~ 4.40 | 34760 -1.36 |-E0744 |
-27825 |- 1.25 |- 62850 -I1.488-74400 | -23500 [-28014 |
+ 2.46 | +1894q -1.555-11973 | |
-30200 |+ 5.00 +20200q -I.585-63850 | 91500 [-29005
+ 6.54 |+ 50030 -I.6I |-I2316
+ 8.26 |+ 63190 -I.551-11857 |
=30375 |+ 8.55 [+345400 -1.499-60600 +I56460-27450 |
+ 9.06 |+ 69760 -I.38 |-10626 | |
-28700 |+ 9.47 |+47610Q -I.2I§-57550 KI78030|-22936]
+ 8.95 |+ 7070Q -I.00 |-50275 |
-16550 |+ 7.75 [+33985Q ~0.79 |~35080 [+145700| ~I50I4 |
+ 7.33 |+ 58640 -0.738- 5904 | |
+ 5.75|+ 46920 -0.5I |- 4176 |
L 7910|+ 3.84 |+I8I000 -0.34|-15700 |+ 74110| - 6562
+ 2.08 [+ 17570 -0.29 |- 2535
+ 0.88 |+ 8II0 -0.I38- I290
- I560 |+ 0.55|+ 25630 -0.069- 3262 | 10830 | I379
+ 0.5% |+ 56I0 -0.043- 455
+ 0.I2|+ 1480 -0.008- 98
143113 1p o0g56 40 -804I85 S 139 L&



Fiber Stresses - Table XTI

==

Crowyn Sect, Quarter point-Secft Springing sec-
Tion,
+ M - M + M - M + M - M

moment :
in 330,040 |=-33690 |[100,890 | 346370 [,050,070+-387,130
ft-1lb

thrust |
in;1b 585,400 | -545&870 5280455 -854540 - 7I8680 |-678,400

€ 0.985 0.061 0.19 0.377 1.47 0,433
8 2:66 | 3les 3'g 3.8 4.68 4.66

e/a 0.I48 |0.034 0.068 |0,135 0.31 0.09
aje , , . " 0.3I9 10.9
ps 0.008 | 0.008 0,01 0,01 0.013 0,013
pn C.08 0.08 0.I 0.1 0.13 0.13

gt/a | o.082 | 0.083 | 0.087 | 0.057 | 0.05 |0.05

Case 15 I I L Il i
c Ing 0.875 I,13 I,40 6.5 LIS
fe/1lb-n3 860 530 560 865 850 470

fs/Lb-iag] ©850 6880 7000 2800 8530 5950




XI, Combined moment and Thrust,
Dead Live Short.| T, and S
Load Load and effect Total
Temp
Crown | Positive yn
sectlon| moment +lMc | + 784I0 | + IIBBS(Q fall [+ 33000 1/| +830,040
Ne | - 483870 -106130 | £a1l [+7600 -583400%
negative [ic | + 784I0 | =79I00 | yise|- 33000 | -33, 8807
moment
Ne -48387C | =53800 vice|= 7600 -545570
7
i L | - 57920 | 4130210 £a11|+ 28000 | 41002907
guarten Positive 4
point moment 1 I
N g | - 504I73 - 39530| falll+ 7850 526,455
N.moment H % =57930 IB045C| wvise|=- 38000 34&:33'?04é
3
N g | -504175| 143115 yisel - 7350 | -854540T
Positive |lis +309640 +656630( visel + 8380C +1,050,070
Sprin- moment
zing 4+
sectlon Ne - B04I85| -102348 vyisel - 6080 —?I%SBO
negative |Ms + 309640| -5I597Q f£all | - 83800 - 58?,130
moment A
Ns |- 604185 -8I330| £all | + 6080 |-879,400"
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