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INTRODUCTION

The nghway Arch.Brldge in questlon is de81gned
for a particular locatlon at the out31de of the clty
Ovahnlsa - The new structure is to replace tho old
wooden'bridge‘. The two ébutmonts‘of_massive masohary

will be left as‘theylare;; for they‘are’still in good |
condition and strong ehough to support the'new strﬁc- :
ture . For the sake of appearance they wlll only be
faced with cement mortar . .

The bridge will be of bowstrihg type with two_hin;
ges , oné of them being atrollor~. as it:is bést suited
for the foundation conditions + The clear span of the
bridge is 150 feet with a rise of 25 feet o

Y,The roadway was'desigﬁed for_a'double lane traffic
and is 18 feet cleartfbom curb to curb . Theré,are two
5 feet 31dewa1ks ’ both cantllivered out .

v Throughout the de31gn the "Standard Speclflcatlon
fof Steel Highway Bridges" of the Unlted States erartf
ment _of'a.grvicultu_re} _(Dvepar_tment Bulletin .No, 1259) were
followed . The H-15 standard truck loading was adopted
for both the floor and the supportlng rlb o
| Impact of 507 was used for the floor system and the



following formula for the arch rib :

L + 250
I (%) = ~ecemeeemeae
" 10 L+ 500

where’ 'L z Total loaded 1ength

The 1928 Jolnt Standard‘Bulldlng Oode was used for
the,concrete.and steel stresses ., A 25 % rlncrease of the
allowable unit stresses is permitted for a combination of
dead , live and impactvstresses . Theltempérature strésseg
are completely neglected fdr the reasoh that is discussed
in the theory nart .o o

Both the prellmlnarv and final de81gns of the arch
‘rib were done by the method of least work .
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T HE O R Y

An arch is any structure which develops horizontal

reactions under vertical loads . Arqhes may be classi -

‘fied as hinged and hingless arches . Hingless arches are

those having fixed ends‘while‘hinged arches are those ha-

ving hinges at the two ends or at the crown .vThe advan-

‘tage of hinged arches over the hingless arches is that_m

the arch rib is better analyzed and thus makes possible
a saving of material .
 Arches may also be classified as deck arches and m

through or bowstring arches . In the former the roadway

~is over the arch and in the latter the'roadway is hanged

from the arch ribs by means of verticals .
Mahy engineers have considered the bowstring-girder

type in reinforced concrete to be a somewhat questionable

- type of-constructipn_on‘account of the greater'diffigulty

in constructing the forms', in depositipg the cqncrete;m
and in making connections in the reinforcement ; and al-
so because some members are subjected to direct tensile

stress , .

In spite of these disadvantages , however , there are



’many cases where such ﬁypes are more economical than solid

v webbed glrders o They are , of course » never preferred to
"the arch and their use is 11m1ted to those cases where con-
dltlons make arch constructlon 1mpractlcab1e on account of
11m1ted underolearance over waterways ’ hlghwavs or railways
or where unstable foundat1on conditions exlst . In short the
"~ through or bowstrlng glrder type of arch brldge is ueed et
1eve1 ground where the bed rack.is fer and where phere iewa
possibility of lateral movement of the abutments » because .
when a bowstring - girder type of arch is used with one reac;.
tion fixed and the other rollers , the abutmenfs at_both_si;
des take only vertioal loads . Since there is not aﬁyAhord -
zontal reaction , there won't be any force to cause iateral
movement of the abutments .

In through arches with one end fixed and the other on
rollers , the stresses due to_temperature,are always neglec-
ted . Because it is a well known fact that the influence of
‘heat upon large eectional‘areas is lees than upon smaller |
ereas ; the 1ow conductivity of concrete is a quality which»
has not been taken sufficlently 1nto con51derat10n ° A con-.
crete brldge is heated prlnclnally on 1ts exterrior surface.
On account of the low conductivity of concrete this heating
does not apply to the whole body and the 1ower 1nterrlor tem-‘
peratures are changed but little , if any . Hence the steel
whlch is a good oonductor may not be affected at all .

Furthermore one reactlon of the bridge being on rollers
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» and the other fixed s for the same fise in temperature
in‘the_roadway and arch rib , they both expend the same
gmount laterally , 80 that the arch rib does not change
its shape‘té-have stresses caused in it . There are small
tempeiature stresses only when the arch rib and the road-
way is heated unequally . But this being very rare and the
concrete being a poor conducférvsmall‘stresses due to tem-

perature were not taken into consideration .




PART 1

DESIGN OF THE FLOOR SYSTEM :

| ~ Before the final design of the floor system , four
 initial designs of the system were made to determine the

distance between the flooxr beams to give‘the most econo-

mical design . For thls purpose the square foot of form
- work was taken as 30 cents and a cubic yard of relnfor-
"ced concrete as 25 dollars o

The results obtained are 1n tabulated form

P T T

Distance between
the centers of the
floor beams

131.0" .
(141-3")
at sides

121-6" 15-0"

Number of floor
beans

Thickness of slab

Dimensions of floor
beams .

16%x32"

Cost. of form-work
per lineal foot
along the axis of
the bridge

$ 32,1 | . $29.38|| $ 29.85

Cost of reinforced
~concrete per lineal
foot along the axls
of the bridge. :

Total Cost



From a comparison of the total costs in the above

L4

: L O
table we see that a distance of 12 feet, between the cen-

ters of the floor beams give the most ecdnomica;vdqsign

(or a clear distance of 11 feet between beams) .

- .Another design was made to see whéther;the uée of
stringers would give a more economical design than by
usihg only floor beamsvwithout any stringers ., It was‘
found out that a design withqut the stringers is more

" economical .
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FINAL DESIGN OF THE FLOOR SYSTEM

*
o -

Roadway Slab

- 0"

100 #/£t,

120 #/ft.

pnted

te page)

M

" Glear Span. = 11!
Assume 8 inches slah .
. = 8 R
Weight of slab per foot =‘33;~x 150 =
".Weight of‘bituminous wearing =
g TOTAL WEIGHT =
Moment . |
W m width over which wheel load is distri
w ;;g; X 4%&‘ (see the figure on opposi
. 3 - s . -
4 1 o
| W g ==- X ====4 1,25 = 8,58
: 3 2- e
'Use,:6!p as the effective width .
: ‘ 12000- XL 11 v 8 
Moment Lele s ==-=z~= X ==~'X == X 12 X ===
T e 2 T2 T T
30 # Impact = 44000 x .30 .
-. ) ] 1.. ’ . . 12
M, = o= w12 & 120 x 1Px ----
e 12 ' 12
TOTAL M
%ﬂ ‘ ——e g 6,75 "
v 131 x 12
Use 8" slab qny

(d-

44000 in-#

13200

w o

71700 Wt




 Shear :
I - Method - Punching Shear
2.5%x7 = 17.5°
W =z ===X+T- Where x = 2,54 .
‘ .3
W = =--x17,5+15" = 38" = 3.16'
3
' Take w_a 3t

}For punching shear<‘vl = 120

12000  114,5 :
S = mmewe= X mmm-=-= & 3470 #
1l.1. 3 o132 -

S-Impact = 3470 x .30 = 1040 #
Sd.l, = $x120x11 = 660 #

TOTAL 8 = 5170

5170 N
dv ---------------- - 4.1 "

Punching Shear does not govern .

II Method - D2agomal Temsion :
| taking w = 6' ( w of moment )

‘31;1;’(= 12000 = 1000 #
Stmpact = .30 x 1000 = 300 #
84,1, = z 1660' #

TOTAL 5 .'—fi§85-~#'

v for diagonal temsion =

]
.
o
RS
Pude .
8
v}



40 x 7/8 x 12

Diagonal tension does_npt govern R

Use 8" slab for roadway (da7")

Design of Stgel; :

Ag = R — et = ‘586‘ sqv"/'ft‘ oi‘
T £ 4 “00x78x7 - 7" slab
' ; . 586 |
Steel required per inqh of slab = -‘ié--.= 0488 8Qe.in,
Area of 4 # bar = 0.1963 m..z
i . .1963 B
Spacing =z =c----- = 4.02 Use 4" Spacing
.0488
Alternate bars bent up at fifth points and run
through to quarter points .
Check for Bond
\ ¥ , 4 - 1900 ' '
el rel -y A

u =z 65.8 #/in.?
0.K,

Temperature Beinforcement :

Agy, = xy .0025 =8 x 12 x 0025 = .24 8q."/ft.
| ‘ S e - of slab
A = =222 . .02 in%/in, of slab

Use 3/8" @ at 5" c.c.



DESIGN OF siDEWAI.K SLAB

Clear Span 's 5' - O Assume 4" slab .
| Weight of slab = 50 #/ft
Weight of bituminous '
Wearing | = 20 #/ft o
CTOTAL w = -70 #/ft 1.1, W = 100 #/sq.ft
Shear | :
8.1, = *wl = $x100x5 = 250 #
84,1, = ¥x70=x5 | = 175 #
- TOTAL S = 425 #
: 425 e f 1‘61"
& = 40 x 7/8 x 12 -
_Moment H
¥ =1/8w1® = 1/8(70+100) 52 xl2 = 6370 " #
[ 6370 -
| memmmm—am— = 2.01"
dm 13l = 12 v
‘ v i ,n“
Use 4" slab (d = 2.5") oV
DESIGN OF REINFORCEMENT _:
'As ----- 19:229 ——— - 146 sq. in./ft, 6f slab
20000 X 7/8 %2,5 ,
A, . o146
T8 = "ié-" = 01215 sQe in / in, of slab
' W\
- 5
Use 3/8" g bars each 9" c.c.
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TEMPERATURE  REINFORCEMENT

L)
.

Agg, = 4x12x ,0025 = ,12 sq.

.01 sqg, in / in,

in., / ft. of slab

of slab

Use 3/8" g Tbars each 11" CoCo
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DESIGN OF BEAMS

OQuter Sidewalk Beams

Assuming b 12" of cantiliver beam

Clear Span

121 - 6" - 12" o 11' - 6' = 11.5'
w = 170 #/sq.ft.

w =z 170 x 5/2 = 425 #/ft

railing = 20”§?Tt

beam(6® x 12") = 95

TOTAL W = 520 #/ft.

Moment . ,

¥ = 1/10 w12 = 1/10 x 520 x 11.5° x 12 = 82500 ® #

d.m - ‘= 9055 " OQK.
Shear _ : :

S = % x520 x11,5 = 209 #

| 2990 B
Ay z mmm—memm—e———— = 9.,5"  0,K
v 60 x 7/8 x 6 I

Use 6% x 12" Deanm with special reinforcement .
'(d. = 10)

Design of Steel s

Ag = _ .. 82500 __ a .4T1
| 20000 x 7/8 x 10

Use 2 - 3" square bars for reinforcement whth

specialfanchorage R
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No stirrups are necessary .

Design of Cantilevers : |
Clear  Span =z 5' - 3" = 5,25¢

D.L. Railing and concentration = 200 #
Outer side slab i.l.wconcéntration 513 x 12.5 = 6420 #

Total P = 200+6420 = 6620 #
M = 6620 x 5.25 x 12 = 417,000 " #
= 6620 (At the end)z 6620 #

S

, | ,
M(4.1.)-the cantilivered end = ¥ W1% =
= % x 250 x 65,25 x 12 = 41,300 " #

Sd;l. = 250 x5.25 a ;510 ,#‘

Total Moment = 417000+ 41300 = 458300 " #

Total Shear = 6620+1310 = 7930 #
, | b = 12v
At the Cantilivered End : |
|- 458300 '
4 a||-s-m-meom- W 17010
131 x 12
7930 o
d_ al~memem——-- ———— = 12.6"
v 60 x 7/8 x 12

0.K, - Since  d = 30 at the cantilivered section,
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At_the Fnd

d 1is governed by shear only since moment is zero

at the end . A
S8 = 6620 1lbs,

dy = -85-;‘775-;'i§' = 10,5 inches

. Use 12" x 12"
Use 12" x 12" Deam at the end . A
- 12" x 28" beam at the cantilivered side .
Use special anchorage + No stirrpps are.necessary .

Use %" @ stirrups at 12" spacing .

Design of Steel H

458300

Ag g =mmmmmmm—emome-- == =n ,L97 square in,
2oooo x 7/8 x 27 :
Use 2 - 5/8" g A = .61 sq.in,
sq.in,

—
]
w\
R
=
=
1
k»
N

1.05 square inches
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DESIGN OF  FLOOR _ BEAMS :

Clear Bpan- = 18'+2 x 8" = 19 - 4 - 19.33!
Assume 18 x.32 beam

Weight of Slab 120 x 12.5 = 1500 #/Tt

Stem 22 x 18 x 150 = 412 #/ft
712 12 mmmmmoes
TOTAL 1912 #/ft

Moment :

1/8 x 1912 x 19,33 = x 12 1,073,000 " #

Md..l. - =
Mg = 24(8.17 =~ 3) 12000 = 1,490,000 " #
Mﬁmp, | = 447,000 " #
' TOTAL 18 = 3,010,000 " #
| 500 ) . |
a ---?.’.9:.‘.'9.-.99;._-_ = 14,07 inches

M=\ 131 x 9.6 x 12

Shear , e
80, = % w 1 = $x1912x19.53 - 18500 #
81 1. = 24000 #
Slmpaét | | = 7200 #
| 49700 #
9700 . - .
dy = =m=m—cme==m-=s-- 3 26,2 inches

120 x 7/8 x 18

Since there shall be two rows of steel use 18" x 30" Dbeam .
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Design of Steel 3

3, 010, OOO

A. ---------------- : 6 6 ‘ .Ao .

8 % 20000 x 7/8 % 26 »6L 8d.in.
Use 4 - 1" & Az 3.14 sq.in.
4 - 1" sq. Az 4.00 sq.in.

7.14 sq.in,
Check For Bond :

W o ~=fmmemccaaanaa- = 76.5 #/in® 7120
28,75 x 7/8 x 26 #
0.K,

Use special anchorage . 1

7

Distance from ceneter line , where to bend 2 - 1"

square bars

= 5.,16* or ©5% - 2%

Distance from center line of beam where to bend the other

S - 1" square bars

- 7.3' or 7% - 3

To find whether stirrups are necessary at the bent up bars

9.,75' - 7.25¢* = 19"
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64.5x 3/4x18x22 2 = 2'5106 #

Stress in one bar = "mTsTTT @ 15,550 #

¥

13550 is smaller than 16000
~ Therefore stirrups are not necessar at behd up bars,

Minimum spacing of stirrups 4n

Meximum spacing of stirrups = 15"

Use 1 e 2" = 2"
2 @ A s 8"
1 @ 19" = 19"
1 @ 5" = 5 N
1 @ 21‘n = 21n Ure 5/8':’ )25 stirrups
2 @ 8 = 16
s o v . s
1 e 1 - 13
. sUXM . 1170 0.K.
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DEAD TLOAD - STRESSES IN VERTICALS :

End reaction of floor beam = 18900 #
, Centilever beam 6.5 x 21/12 x 15/12 X150 = 1710 #
Outer beam 12,5 x 12/12 x 6/12 x 150 = 910 #
Railing 12,5 x 40 - 500 #
Slab(Side walk) 70 x 5 x 11 = 3850 #
Tension chord Curb tension verticals ,,-. - 4000 #

T O T AL T - 29900 #

Take d.l. T = 30,000 #

Live Load stresses in verticals (Fox.-the ‘design of

arch rib) : ,
Weight of 15 ton truck a 24,000 #
Tive Load on. side walk slab a 5,500 #
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Derivation of the Teast Work Formule Used in the Desin of

the Arch Rib . :

(See figure on the opposite page)

Let mp - numarical value of moment at any point
on left half of arch due to down ward loads applied bet-

ween that point and springing assuming left half of arch

to act as a cantilever beam fixed at the crown .

= HR = H ET - E_K“V
= Vg, x - Hy - my

'-'-'VRX-H'y'-mR
ds = length of one segment

= similar value for right half

I NI

General Case :

D, L., + L.L., on one sidg(this is quite general for any

loading) .
. 2 N
'S/'Miz a s s/zmhz das . H® d s B L
W = ————————— meSemmmem & | TTOTITT 2 A T
o, 2EI L 2EI o 2AE 24 E
_ 8/2 _ s/2 o Sézd .
_}_Y___ ;o, - 4.8 . .....'yIa..-{- -ER-Q-E-. }i-- -4 2 e ———
S' E1I o1 EI 2 AE
o _ o o
JHL




& ) o2 )
V. x=~-Hy - : V x-Hy - m
{---E------ ----- 131" -(-f y) d s+ 5 --------------- B.
E1I , E I
0 o
Hads HL
4 2 remmemnn )l emsmsmeee
5 AR AT ET
V. xX¥ V xy m y y
Lol g s+f ------ d s -f 1l4d g8 - gx-l-ll}---
B I BEI EI BEI
"""""""" y2ds  ras 1
2 j ------ + 2 f-, ----- 4 mmmmmne
EI AR A, B,
Vo xy Vo Xy m. ¥ n, ¥
L2 I SR S T € B .
_E-:_I.---j..i.--l--_-.'-é-__l .......... )
2 ' 1
2 § wmm b 2% amm ot ammmmmaa-
' A AT Kds

Iy my o Wpy
o &yt S8
.- I
2(.3:..1-2 s o4t
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DESIGN . OF THE ARCH RIB

Assume
‘Assume, 28 - 13"
For the pﬁrpose
on a milimeter paper
sured to scale .
5The arch rib is
on-thé sketch .on ?he

constant ..

1l

28" x b2

square bars ,
of design the arch was drawn to scale

and the values of x and v were mea-.f

divided into 15 ‘equal sections as shoﬁn |

opposite page . The'11Wés assumed to be

1 of concrete --- bh%® a2 ---x 2, 33 x4.33° s 15.80 rt*.
S 12 12
.l4x14x15625 | ;
I of steel SIS —— —e=- X 23,59 a 8.17 rté
| 144 144
14 x 14 x 1.5625 19,75 : :
I of "M | ceemimacecce—ees X.--_Z, = 5,76 £t4
: 144 144 momemmes
TOTAL I = 29.73 £t% .
28 - 52 |
A  of concrete A mme= X ==== .= 10.12 -
S 1212
: _ R 2 14 X 28 x 1. 5625 o
A of steel § mmemmeemmem—————— = 4.26
- T 144 |
TOTAL A = 10.12 + 4.26 = 14.38 feet square
=== & me=ce=e = 0695 1/ft%
A 14.38 S TR
d s

= '5,4 feet
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3

28 52

W of each section = 5.4 X ~-== X ==-= x 150 = 8.2 kipd

12 12

TABLE ©SHOWING THE VALUES OF Y , X AND THE TERMS
\ . » .

THAT ARE NECESSARY IN
| FORMULA

I = 29,73 .1t

1 ,
e .0695 1/ft2

THE LEAST WORK

--- = 15 x ,0695 = 1.043
= 1.043 1/ft€

v | e [
1 .854
2 856
. +785
5 .751
6 .700
7 .648
8 _ ‘ 597
5 ' 529
10 15,0 22.0 | 286 | 169 5.69 9.62 | .444
1| 10,5 17.5 | 1841‘ 105 I( 3,53 6,28 | .38
12 8.5 [|15.5 | 115| 72 | =2.42 5,95 | .2905
13 6.0 _9,5: 57| 36 1.21 1.92
14 4,0 55| =22 16 , 54 .75
15 R T

152,91
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o ‘ ‘ Y
TABIE SHOVING THE VALUES OF ---m
: ‘ : I
Y Y

SECTION = m' = mipmy = mef === | -=- mp
ft-kips ft-kips 1
= , -
15 0 0 0 .051 0
14 - 38 0 8 ||.137 | 5.2
13 107 0 107 .205 21.95
12 219 72 291 .2905 ‘34,5
11 386 225 611 |.358 | 219
W 10 592 375 967 | .444 430
9 828 666 1494 | .529 790 |
|__ 8 1125 975 2100 .597 || 1253
f|'. 7 1470 1372.5 2843 .648 | 1845
I“ 6 1867 1858.5 = | 3726 .700 26;9
B 2305 2370 a675 |75 | sst0 |
| 4 2760 12970 5730 .785 | 8800 »I
3 3290 3618 s908 |.82 | ser0 |
2 3870 100 | eer0 |83 | 910 |
1 4480 15210 9690 ".854 275
| 36123,66
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DETERMINATION OF H DUE TO DEAD LOAD ONLY

Ap K ds 15X 5.4 Ag A, 56"

‘(Assuming‘ 30 1%"sq., bars A = 30)

133253 = ’
H 2 =ecacem-- - 421,000 #

Vv = 288000 (Under Dead Loads only)

-~ phlazigl DNIVEké'%‘.‘Esl KOTOPHANES!



TABLE SHOWING THE VALUE m, WHEN TUNIT TLOAD

IS AT DIFFERENT POINTS

'When 1 kip
load is at

38450 26,00

43,50 31,00 ’rls_.s A
. 48,90 | 36.40| =23.9 11.4

29439
34,75

41,85

ol olo|lo|lo|lolo| o ol ol ol olo ©|lo |

47,25

H (Do o || o] ©
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TABLE SHOWING THE VALUES OF M -=- DUE 10

UNIT LOAD
_ F E D c B
Y X Y Y ¥ oy
i e Bl By i ey e
12 ur,zsos 698 o || o 0 0
11 .358 2.6850 0 o I o 0
10 a4s | 5.55 0 0 0 0
o | .s29 9.17 | =2.56 0 0 0
8 | .so7 || 1345 | s.97 || o 0 0
7 648 || 18.00 | 9.9 178 o 0
6 |.700 || 23.20 | 14.47 | 5.7 o 0
5 | .50 | 28.90 | 19.53 | 10.14f .75 | O
4 | .18s || 34.20 | 24,35 14,53“ a2 | o
5 || -% 40,10 || 29.84 || 19.60) 9.35 | O
2 | .83 | as.60 | 35.00 | 24,53 14.08 | 3.6
1 || .e5¢ || s1.06 | 40.30 || 29.e6f] 19.00 | .33
smoat-| | ’5'72"5'55 161,92 || 105.95]| 47,901 | 11767
IoN |
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INFLUENCE _TABLE FOR _ V i

When load is
| 138.25 ] |
at F oV 2 smeeeme- o (013
151.5
- 125,75 .
E Vi, = mesmee-- oz L830
~ 151.5 '
D vL - 2 wmmemesaee = 0748
151.5
- 100075 -
C Vp = ----i-—= = 665
151.5 -
' - 88.25 -
B VII - - e - - .582
151.5
"5.75 .o
A V. =2 eaciaso = .560
L 151.5 | =
VALUES OF H WHEN TUNIT TOAD IS :
356,31 - 272.59 . 83.72
AT P H g mememmmmsmmemeces 2 assecee
. | 816.9. 316.9
E H = --é--—-i—;-‘-———ﬁ—— a 4-‘--'-'_6---
| | 316.9 316.9
. 356.3L = 105.95 - 250,36
H -------- - 0 . - o o - = i - 0 o o -
RN | 316.9 316.9
356,31 = 47.901 - -308.409
¢ BT 6.9 316.9
356,31 - 11.97 344.34
B H - - . - . o o = - - - o -
’ - %16.9 316,9
356,51 . 356.31
A H = e-=c==- s oo m e S Sttty
< 316.9 316.9

w<3
u

.087

-
1]

.170

W
1

. .335

. 418

w<l
"

+500

264
561
.788
;975

1,088

1,125



INFLUENCE TABLE
F 6 R

'.H o Ve Vo0 Mg ‘, M%', Mi' , M,

r| el o] ¢ | B || & B | e o = m
m 264 .55 lF.788 975 |1.088 | 1.125 1 .088 o7 788 .'5'51\ 264
v, .91 ;asoJI 748|665 |.582 | .5 || .asl .335| .252] .170 .-oé'z.‘
vgl|.087| .170] .252| .335 .582|| .665| .748] .830 ..9'13.
uyla.42| 9.25) 4.94] 2.2 48] 5.10] -4.48] -5.26|-1.4
¥y J4.74|| 8.58 12.97 6 .18 _5.35] 6.52 6;85 -4.35_)'!-1;65
ughi.o7| 5.00 5.20) 8.60 7.0 | 1.70f -1.45|-4.10|4.58 -3..‘44!_1‘.35 1
it |-0.01] -0.9] -0.6] +0.99 3—,90' 0.73] 5.90 0.99 | -0.6] -0.9]-0.a1
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INVESTIGATION OF STRESS AT SPRINGING

Ma;;imum v _and H ocgur' when all the bridge is

~ loaded . This can be seen from the ‘influence,lines

of H and V .
d.1, H = 421000#
d.l. V = 288000 #
1.1. H =z 8.457 ( 24+45.5) = 203+46,5 =z 249,5 k
' (151.5+250) 410.5 |
"H Impact = 203 X mmm-comm—==- = 203 X ===== = 41,5 k
. " 1815 +500 T 2015 ©
E = 421 + 249.5 + 41,5 = 912 kips.

TOTAL

L. V. = #(24 +5.5) = 132 +30.3 o 162.3 kips

V Impact = 132 X mm----= g 26.9

TOTAL

V 2 288 +162,3 + 26,9 = 477.2 Kips

——— ~since moment is zero
A _

-1 070,000

............ = 6518 #/in®
14 38 x 144
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INVESTIGATION OF STRESS AT 1/4 POINT

For this,purpose we must , by means of influence

lines , determine the maximum moment at 1/4 point.

o 151.5 .
Value 0f X =z =cewe=- 18.95"
- 8
. 4.7 -
Value of ¥y 8 =~==-=x25 5 11,75'.
10

Influence Line for Moment at 1/4 Point

~ When unlt loaz 1s at

132 5 x .087 -~ 11.75 x .264

ll 52 - 3.1 =8.4

FoOu
E M;1895x 830-11‘75::.551-1573-648-;925'
D M =18,95x .748 - 11,75 x ,788 = 14,20 - 9, 268 4,94
C M¥z18.95x .'.665 - 11,75 x .975, = 12.60 ~11,45z 1.15
B M= 18.95 x .582 - 11.75 x 1.088; 11.02 -12.'78.;.-1.76 3
A M =18.95x .5 ~ 11,75 x 1.125.5 9.48 - 15.23 a-3,75
B' M = 18.95 x .418 - 11.75 x 1.088a 7. 95 -12.78 .-4 85
C' M= »],8_.945 x .335 - 11,75 x _.975 = 6,85 -11.45 =-5,10
D' M = 18,95 x .252 - 11,75 x 788 - 4.78 -9, 26 .,-4 45
E' I = 18.95 x 170 - 11,75 x 551 = 3.22 - 6,48 ==3.26
F' M 2 168.95 x .087 - 11.75 x .264 = 1.65 = 5.1 a ~1.45
Sunm of minus.o;Qigaﬁ?s .= ;‘ 24.65
" = - 25.76

Sum of plus ordinates 3

Max., negative point

= 24, 65(24+5 5)= 592+135 5 s 727,5

-ko
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M. Impact = —wecmcccacaa-o 2 mmemmm——— - 144
: ’ ‘ 890+ 500 - - 1390

TOTAL - Moment = 144+727.5 s 87,5 ft-k.  or’
| 871,500 ft-lbs.

The values of H and V when maximum moment occurs are ¢

= 5.879(24+5.5) = 141+32.4 = 173.4 kips

Hya,
141 x 339

H Impact 5z eeccec—cma- z 34,4
1390

H dol, = 421  kips

TOTAL H = 628.8 Kips

= 2.344(24+5,5) = 56.2 12.9 69.1

’vlol.j =
: ' 339 | '

V Impact & 5642 X ===== = 13.7

” o 1390

v d.1. = 288 kips

d.1. shear at 1/4 point = 288 - 30 - 5 x 8.2 =z 217

TOTAL V = 69.1+13.7+2l7 = 399.8 kips or 400 kips

T at 1/4 section ;q 200° + 629° = 745000
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X ;_4;37

0.K,

x -
Cg = 21.88 X 15 X (=-mmmman Jfc = 328 fo(==-z==-- )
Ce = é—fcx28x.¥_l4x fe
- 52 = x - . 52 - x
Cgt = 328 £ ( ====-uem ) x 9.93
' X
Coa= 14 x fo ( 14,3 - =--)
: 52 - x
s = 306 fo (=m-ee--- ) 33.33
‘ X
X - 4.37 - 14 xR £, 52 -~ x
325 fg(==m==m=n- )+ 200 fo X = wmmem—e- + 10200 fg(=m=sn-m
ox9 o : ‘
~ 14 —=- + 200 x® - 9875 x + 528580 = O -
x5 - 43 x2,2120x - 113.500 = 0
) ) . 43063 -
Cs = 328 fg ( ===--) =298 £,
. 8 .
T = 306 f; ( -=--) = 25.5 £,
745,000 - 298 £, - 672 £, 4+ 26.5f, =z 0
745000 |
fo = mm2ma-=s = 788 #/in?



INVESTIGATION OF STRESS AT 1/2 POINT @

Fpr this purpose wé must , by drawing influence

lines , determine the maximum moment at 1/2 point .

’ ' . 151.5 . T
Value of X 3z ==e=--- = 37.9
. : 4_ ’
: 7.8 o
Value of §y =z =====- x 25 = 19,5
: 0 R :

Influence Line Moment  at ;/2 Point

‘When unit loadlis

at : F M = .087 x113.625 - .264 x 19.5 = 9.89 ~ 5,15 5 4.74

E M = .170 x 113,625 - .551 x 19.5 =19.32 -10.74 = 8,58
D M o .748 x 37.875 - .788 x 19,5 = 28,35 -15,38 =12.97
C M = .665x 57,875 - .975 x 19,5 = 25.20 -19,02 = 6.18
B M z .582 x 37.875 -1.088 x 19.5 = 22.05 ~2L.2 = 0.85
A M 2.5 x 37,875 -1.125 x 19,5 = 18,95 -21,95 =-2.98
B M = .418 x 57.875 -1.088 X 19,5 = 15.85 -21.2 a-5,35
G' M a .335 x 57.875 - .975 x 19,5 = 12,70 -19,02 =-6.52
D' M - .252 x 37.875 - .788 x 19,5 = 9,55 =15.38 =-5,83
E' M s .170 x 37.875 - 551 x 19.5 = 6.44 =10.74 2-4.30
B' M - .087 x 37.875 - .264 x 19,5 = 5,29 - 5.15 ;-1'.;3‘61

~ Sum of minus ordinates = =~ 26.64

33.32

Sum of plus ordinates

loaded distance = 63.5'
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Positive moment = 33.32(24+5.5) = 800 +180.3 = 980,3 ft-kips

' : (6345 +250) 800 x 313.,5 .
Moment Impact = 800 X ==w-ecwicse g mccccano—ea- - = 221 ft..klp
' : 635 + 500 1135

TOTAL M = 980.3+221 = 1201.3 ft.-kips
The value of H and V when maximum moment occurs s

H , = 3.666(24+5.5) = 88+20.2 = 108.2 kips

H Impact = 88 X mm====- = 24;3 | kiﬁs
Hd;l; = 421 kips
TOTAL H a‘ 421}+1os..'2+24;-5 = 553;5 Kips
vl;lj.“‘, 5'.7‘28(v24-t 5;5)»,,_. 89;‘5 29;»5 = 110 kips
89;5 x 313.5

V Impact s =mmamc-m--mmae - 24,7 kips

| I

d.1. shear at 1/2 point = 288 - 2x30 - 8,2x8 z 168 k.
1.1, shear at 1/2 point = 154.7 -2(241-5.-5) = 75. " k

TOTAL SHEAR = 243.7 Kips

Thrust at 1/2 point :“ 555,554 S45.7° : 605 kivs



. cs - 21.88X 15 (--;----,) fc - 528 fc ( ________
e - . ] -
Co = %*fc 28x = 1l4f,x

E B2 - x . 52 - x_
T = 21.88 x 14 (==e=== ) =306 £, (--=-==)
. . T , =
Cga = 328 f, (cemmemea ) 2.17 = 712 £, (A
X ’ X
Ce = 14 fo x (--- - 2.2)
52 = x 52 - x
Ty = 306 £o (mm---- ) 45.43 = 14000 fg(======)
, x ‘ X
| X - 4,37 : - . B2 - x
712 (=e==m=e=) 14 x (=== =~ 2,2) - 14000(=~~=-- ) =0
X , o ‘ X
. 14x3 ' -
712 X = 3120 ===- =~ 30.8 % - 152000 = O
- " | ,
x% - 6.6 x% 3230 x - 152000 =0
X a 35.6
X = 4037
Cg = 328 £, (=====uem = 288 f,
=
Co = 14 x 35.6 £, = 500
| 788 f
- - x
= 306 (emmoed) £, =141
T x c Bber
. 647
. 60500 - o
fc- 2 ==fem-= = 933 #/in? B

Fi°n of 25% of stress ig

“allowable ,
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INVESTIGATION OF STRESS AT 3/4 POINT

For this purpose we must , by drawi‘pg influence

lines , determine the maximum 'poﬂient at 3/4 ‘point ,

Value of x z 3/8 x 151,56 = 56.8

Value of y =

9.5

Influence Line for Moment at‘

s 23.75

3/4 Point :

When unit load is

at

F ¥ .087 x
E Ma .170 x
D M .252x
C M = .335x
B M .582 x
A Mg .5 b d
B' X = .418 x
C!' M =z 335 x
D! M';» ,252;{
E' ¥ = ,170 x
F' M - ,087 x

94,7 -

94,7 -
56.8 -
56.8 -
56.8 -
56.8 -

56.8 =

Sum 'Qf

Sum of

23.75
23.75
23.75
25,75
23,75

23.75 3

23.75
23.75

23,75
23.75

23,75

minus

X .264 = 8.24 - 6.27 =

x .551 2 16,10 - 13,10 =

x .788 =

23.90 - 18.70

[ ¥ DEET § I

X .975 = 31.75 --23.15
x 1,088z 33,10 - 25.8
x 1.125z 28,40 - 26,7

(B IR} |

o

1.088a 24.35 - 25.8

.975 = 19.05 - 25.15
J788 = 14.32 - 18.70
551 '
264

. 9.66 = 13.10

[ | B
nmu on

4,94 6.27

MM M N

ordinates = = 14,70

plud prdinates = 27,77

1.97

3,00
5420
8.60
7,50
1.70
-1.45

"4,10

-4,38

=3.44
"'l 035 }
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Since moment and shear at point will belless\than
the moment and shear at % point this section WOn't.govern,

therefore investigation of f, was .omitted .
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INVESTIGATION OF STRESSES AT CROWN

we

" INFLUENCE LINE WHEN UNIT LOAD IS

AT = <087 X 75.75 = .264 x 25 = 6,59 = 6,60 = = 0.01

F
E = 170 x 75,75 - ,551 x 25 m 12,89 - 13,79 = = 0,90
D = .252 x 75.75 - .788 x 25 & 19,1 = 19,7 = = 0.60
C = +335 x 75.75 - 4975 x 25 a 25,39 - 24.40 = 0.99
B = .410 x 75.75 - 1,088 x 25 = 3L.1 - 27.2 =  3.90
A

.5 x 75.75 - 1,125 x 25 = 37.91 - 28,18 =  9.73

Sum of positive ordinates = 19.51

Loaded distance = 5 x 12.5 = 62.5

M 4. = 19.51(24 +5,5) = 469+ 107.5 a 576.5 ft-kips

62,5+250 .  312.5
Mim 2 469 X mccmcmce= = 469 X mccmc=- = 130
mp. 625 + 500 1125
TOTAL M = 577+130 = 707 ft-kips = 707000 £t/lbs
Maximum H = 912000
X 707 ' ‘
e 5 eememes - .88 fto
912 :
912900 7Q'7000 x 12 x 26

" 14.38x144 20,73 x 144 x 144

440 +358 = 798 #/in?
| 0.K.
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DESIGN OF WIND BRACING :

By Portal method ( Assuming points of counter-
flexure at mid - points and shear taken equally by
the verticals)

g 52 "
Concentrated wind Load = 15 X 30 X =--~ = 1950 #
‘ 12
. Take P = 2000 #
2000 7 . _&2ooo? 7000 #*
' o r200%
Y
! ¢ 1 < 000
/200#
1000 x 12
........... s 1200
10

| The bracing menbers should be designed for K
M = 1200 x 10 = 12000 ft/Ibs.
- Direct Stress

1000 feet/1lbs.

Shear = 1200 1bs,

Homent Dead Load assume 12" x 24"
300 2 '
M & emee- X 207 = 12000 ft/1bs.
Total M = 12000+12000 %24000 ft/ibs.
24000 x 12
d =

---------- 13,6 "

131 x 12

Use 12" x 24" Deam




24000 x 12 x 8 A
---:—-- ---------- - .75 in°2
o 20000 x 7 x 22 - T

Use 3 3" square bar.

(1]

Check for Direct Stress

S-7 - 1000 - '

A 2 mmmce 2 mmeman 2 2,22 ViR
fo 450,

0.X,
Check for Starrups :
V a 12000
| R . 1200 x 8 100
W = mmmemmee 2 emmem———- —- g mm———- = 4.26

bpjd  7=xl2=x24 - 21

Stirrups are not needed.,
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Use five wind bracings.

I

I
I
1
I

at-

at

- at
‘at
at

5,¢rdxyertical,

5 th

6 th
7 th
9 th

vertical.,
vertical. ( center'of arch )
vertical,

vertical,

Clearance diagram under the wind bracing of verticals

3 and 9 is shown at the next page.
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mgsi‘en OF VERTICALS : ( There are II verticals.)

Live Load = 24000 #
Live Load Impac£ 50%>- 7200' #
Live Load on road - o 5500 #
wey slab
Dead Load = 30000 #
Wind Stress = 1200 #
TOTAL T 68200 #
N 68200 ’
'AS, = figaaa- = 3.78 sqsin,

Use 18 - 1" g bars,

e

DESIGN OF BOTTOM CHORD

Meximum D.L. H a 421000 #
. Meximm L.L. H = 491000 #

n
0
]
0
O
o,
o
Sk

TOTAL H

2 ammmm——- 2 50.6

Use 34 x 1 1/4"%

square bars.
|
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