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INTRODUCTION



INTRODUCTICHN

The problem selected to form the subject of this

thesis is unique in many respects. The site of the

bridge is in Woodlawn N.Y. on the Harlem division

of the New York Central Railroad. There are four rail-

road tracks under whieh the proposed Bronx River

Parkwsy must pass. These trscks are almost parallel

to the Bronx River. The level of the rsilrosd tracks

is fixed because of an overbridge &amp; 1liltle upstream

of the site under consideration. On the other hrnd

the Parkwey cannot be lowered beyond the high weter

level of the Bronx River. As &amp; result of these two

factors the depth of the floor of the pronosed rail-

road bridge must be a minimum. This is &amp; controlling

feature in the choice of the type of structure and

the arrangement adopted finally as described herein.

In addition to the above limitations, the design is

further complicated by the fact that the Parkwey

crosses the railroad at a skew angle, but this did

not prove to be &amp; difficult requirement to satisfy.



DATA



DESIGN OF A FOUR TRACK RAILROAD BRIDGE OVER

THE BRONX RIVER PARKWAY DRIVE AT WOODLAWN, N. Y.

The data for the design are:

Total opening- from centre to centre of the bearings-

20 Tt.

Required width-

Girder- 55 ft. 22

Angle between

from centoee oF NJ Cen vie oF the Fsagcecis

17:

the axis of the railway track and the

highway- 36°=0"',

S0lid Floor

Elevations:

Foundations of Abutment

Top of Highway

Clearance for Highway (minimum hezdroom) 14.00 ft.

Proposed elevation of base of rail 73.19 ft.

Loading- Cooper E-70.

opecifications- Those of the New York Central Lines

for Steel Reilrosd Bridees.





DESIGN OF THE TRACK GIRDERS



DESIGN OF THE TRACK GIRDERS

According to the specifications, the minimum depth of

the steel floor should be one-fourteenth of the length

of the span. This would give us:

1 40
d=32L=T7g = 2.86 ft

The depth of the steel floor obtainable from the given

elevations, however, is equal to 2.50 ft., and is compu-

ted cs follows:

Elevation of the bottom

of the floor: 54,75 £t. + 14 f£t.=

Depth necessary for the provision of

ballast, concrete slab, and asphalt-

water-proofing: 2 £+t.-10 in.=

The top of the floor will be st:

73.19 ft. « 2.84 ft. =

The depth of the floor obtainable will

be: 71.25 f+. = 68.75 ft. =

68.75 f£t.

2.84 f+.

71.25 ft.

2.50 T¢%.

According to the specifications, the allowable unit

stress must vary directly as the ratio of the depths,

and is given by the relation:

f
da 245

= 18000-3 = 180005zz = 15700 1lb./sq. in.



Dead load

Ballast: 2.25 X—og x 120 = 450 1b./ lin.ft.

Concrete and asphalt: 242° x52 x 150= 120 1b./ lin/ft.

270 1b./ 1lin.ft.Steel:

Total: 850 1lb./ lin.ft.

Live load

The track load is distributed over six girders. The

effect of such a distribution of live load on the maxi-

mum bending moment, the end shear, and the floor beam

reaction is taken from specifications.

Maximum bending moment.

Dead load: = x 850 x 40 x 40 = 170,000 ft.1b.

Live load:(from specifications) = 382,000 £t.1b,

Impact: (from specifications) = 363,000 ft.lb.

mtn] .

Maximum shear at the end of the girder,

1
Dead load: SX 850 x 40 = 17,000 lb.

Live load: (from specifications) = 44,000 1b.

(from speeifications) = 41.730 1b.Impact:

Total: 102,730 1b.



Web area.

The web area required for sheer is given by:

102,730
A = 13. 500 7.6 sq.in. net area.

where 13,500 is the meximum sllow:odble unit siress for

shear as permitted by the specifications.

The secticn used will be a 27 in. CB section weigh-

ing 175 1lb.per ft. When provision is meade for six rivet

holes, this section gives a net ares of

0.671 x 27 - 6 x 0.671 x12=14.23 sq. in.

Section modulus.

The section modulus required at the bottom is equal to:

915,000 x 12 3
TE rn——— mc———————— nS 15,700 = 699 inS

Ares end moment of inertia of the cross section about

an axis through 1-1

Item
Moment of

Area inertia

CB section 27 in. x 175 1lb.=-

Deck plate 16 in. X-% in.= 8.00

4 inside cover plates 4 in. x1 in.=:8.00 =~

2 bottom cover plates 14 in. x3 in.d44,00 ~

‘Total gross epea= "81.46

51.46 in“ 68%8 in&gt;

1570 &amp;

1208 3%

284.0

Total gross moment of inertia= 12,476 ona



Reduction in area due to the rivet holes,

2 x 2.71 x2+3 x 0.671 x12 6 , 25 sq. in.

Net ares,

1,46 «- 6,95 78,51 sq. in,

Displacement of the neutrsl axis,

8x 14 + 2 x 2.71 x45x13.45 + 0,671 x-T2(2+6+10)

ld 3» 14.85

72.51

-—
“many Cord in,

Reduction in moment of inertia due to the rivet holes.

5.21 x 2 x 12 (13.45)2 + 2 x 2.71 x42 (18.45)%

+ 2 x 0.671 x 12 ( 22 + 62 + 10°) = 1914 in4

Reduction in moment of inertis due +n thr djemnlagement

of the neutral axis,

(0.16)% x 74.51

Total reduction in the moment of inertia=

2 snd

1916 ink

Net moment of inertia.

12.476 - 1916 = 10.560 in™

Section modulus obtained on the bottom.

g 960 409 503



Moment of inertia of the ceross seetion about an axis

through 2-2

Item

CB section:

Deck plate:

2 bottom cover plates:

4 inside cover plates:

Total:

Moment of
inertia

565.5 in

170.7

228.6 4

210.0 =

1174.8

Minimum radius of gvret+ien nf the cross section.

re 1174.8% 81 46
= 3.7 in.

ied disphragn.

According to the specifications a solid web diaphregm

mast be provided between the track girders, snd its maxi-

mum spacing is given by:1l2 x width of flange: i.e.

12 x 14 _
Ts 14 ft.

This is the unsupported length of the track girders

in a horizontal plane.

Allowable ynit r-~mw —~-~dwe g{ress

The allowable unit compressive stress is now given

by2
Po = 15,700 - 70 x-20-¥12 = 12,520 1b./ sq. in.



oection modulus required on the top.

915,000 x 12 . Ido,,UUU X Lo== 15 550 = 877 in?

Section modulus obtained on the top

LL. 12,476 7
S = TTT = 885 in

Lengths of cover plates.

The lengths of the cover plates are obtained graphi-

celly ( see fig. 2)

Weight of the ~'-der --r 1%=erar foot.

1.9

The actual weight of the

follows:

girder per linear foot is

Tem

CB section:

Deck plate oF x 22.95 =

2 bottom cover plates: 15 x 48 x 22.90 =

4 inside cover plates: == x 25 x 22.95 =

Rivet heads and diasvhraem:

Total:

175, 1b.

35,25

27

13.7%

3

969.95

Vertical flange rivet pitch.

capacity of one rivet:

Single shear: 0.6 x 13,500 = 8,100 lb./rivet.

Bearing: . X 4 x 27,000 = 11,800 1b./rivet.





a) Bottom flange.

VQ
7 ow

vhere Z is the shear per linear inch,

V the total maximum shear.

3 the statical moment of the bottom cover plate

about axis 1-1.

[ the gross moment of inertia of the cross section

sbout the centre of gravity{ axis 1-1)

A =7Tx 14,9 = 104.3 in

102,730 x 104.5 .
: —_— ry = )

g = 8,100

A pitch of 6 inches will be used.

b) Top flange

3 =8 x 14.1 = 112.8 in®

102.730 x 112.8 Co
z = ELSES280 &lt; 930 1b./ lin. in.

8,100
P =—450 = 8.7 in.

A piteh of 6 inches will be used.

50l1id web diamhragnm.

As stated above, the maximum spacing of the wed die-

phragms is 14 ft. Two diaphragms will be used on each

span, and their location is shown in fig,



Scantlings of material used for the disvhragn.

The materials used for the diaphragm shall

1 web plate 24% in. x % in.

4 connecting angles 3% X 3% x % in.

be:

End stiffeners.

The bearing area required for the end stiffeners is

equal to:

102,730
Sr 000 = 3.8 84d. ia.

At the abutments 4 angles 5 x 33 x 4 in. shall be

used. The effective bearing ares is then equal to:

4 ( 4 -2 x 5 x3) = 7.5 sq. in.

At the cross girders 2 angles 6 xX 4 x &amp; in. shall be

used. The effective bearing area here is equal to:

2 ( 4,75 - 2x 6 x= ) = 5 sg. in,

Depth of steel Floor ohtained,

The devth of the steel floor obtained is given by:

1 CB bean: h = 27.5 in.

2 bottom cover plates: h = 1.0 ff

l deck plate:

The total depth is equal to 29.0 inches.

h= 0.5
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UESIGN OFTHE CROSS_GIRDERS

Dimensions along the highway axis.

sine 36° = 0.5878

The width of the bridge along the highwsy axis is

then:

55.2

A total of 7 columns ( ov spaces ) will be used.

Length of the cross girders.

The cross girders are coincident with the highway

axis running through the centre of the bridge.Their

lengths are given as follows:

2 eross girders N° 1

2 eross girders N° 2

2 eross girders N° 5

Total lengsth-

Spacing of the track ginder or

15 ft.- 0 in. each.

15 ft.- 113 in. each.

15 ft.- 119 in. each.

9% f+.-11 in.

 pn “nag of rder

Tnder 811 the tracks the spacing is equal to:

20 ” . = . 10 in.
LTE 34 in 2 ft. 10



Between the Fascia girder and track 1 ( also be-

tween track 4amd the corresponding Fascia girder )

the spacing is equal to:

im = $9,128 in, = 3 ft. - 3%
*

111

Between track 1 and track 2 ( also between track

5 and track 4 ) the spacing is equal to:

22 = : = :

5878 —— A7 43 in. fan 3 ft. - IF in.

Between track 2 and track &amp; the saecing is equal to:

256. 36.04 in. = 3
0:5a78 f£.- 0 dt

Live loed reaction

The maximum floor beam reaction due to the live

load for a span of 40 ft. is given in the specifi-

cations as 189,000 1b. per rail. Since the track

load is distributed over 6 girders, the maximum live

load reaction due to the track girders is:

189.000 _ 5 000 1b. per cirder.

Dead load reaction

a) Due to the tr-e’: girders spaced 20 inches apart:

( all weilshts sre given in lbs. ver lin. Tt



leight of ballast: 2.25 x £8 x 120 =

Weig t of concrete: Lois Xx i x 150 =

Weight of steel:

Total weight:

450 lb.

130 1b.

270 1b.

850 1b.

The reaction of the cross girders to the above load

is equal to:

850x4017,0001b:
The dead load reaction where twotrack girders come

nt the same point is:

2 x 17.000 = 34.000 10.

b) Due to the track sirders snaced 2172 inches anart-

3
Weight of ballast: 2.25 x-22218x120 = 476 1b.

Weight of concrete: 6.294 215716 xX 150 =
12 12

Weight of steel:

Total weight:

The reaction of the cross girders to the above load

is equal to:

886x40_17,7001b.

The dead load reaction where two track girders come

at thesame point is:

2 x 17,700 = 35,400 1b.



¢) Due to the track girders spaced 22 inches apart:

Weight of ballast: 2.25 x 4% x 120 = 495 1b.

oo . 6.25 _ 22 _
eight of concrete: 1s Xs X 150 =

Weight of steel:

145 1b.

Total weight:
 ECCe CCC CR

9101Mh.

The reaction of the cross girders to the above load

is equal to:

910x40.18,2001b.

The dead load reaction where two track girders come

at the same point is:

2 x 18,200 = 36,400 lbp.

 4d) Due to the t—-gk ~'—*-—--maged 23 inches apart:

Weight of ballast: 2.25 x§3 x 120 =

Weight of concrete 3x £2 x 150 =

Weight of steel:

Total weight:

520 1b.

120 1b.

500 1b.

940 1b.

The reaction of the cross girders to the above load

is equal to:

940 x 40 _ 15.800 1b
’

The dead load reaction where two track girders



some at tiie same point is:

So ~~ 18.800 = 37.500 1b.

Impact coefficient

The impact coefficient for ell the cross giriers

ig given by:

30,000 _ 00,000 _
- T5000 + 12 = 30.000 « 80° = 0.524I



DESIGN OF CROSS GIRDER Ne 1

The loading on the cirder is shown in plate

Maximum shear.

Dead load:(1000)
37 6
15.0 X 3.26

BLe8 x ( 6.52+9,35+12,18)

LEDx15.6 73,500 1b.

Live load: 22:3 x ( 6.52+ 9,35+ 12.18)(1000)=117,800 1b.

Impact: 117,800 x 0,.824=

Total =

97,500 lb.

288.800 1b.

Maximum bendingmoment.

Dead load:(1000) 73.5 X 5.66

0.25© 5.66%
34 x 2.83 -

Live load: (1000) V 137.8 x 5.66
- 63 x 2.85} =

Impact: 488,400 x 0.824 =

Total:

Maximum -~ =»~~dn{shear

Dead load: (1000) bea. - 37.6

0.25 x 2 {

ii Tr

515,000 £t.1b.

488.300 £t. 1b.

402,300 ft. 1b.

1.205.600 £+.1Db.

29,600 1b.



Live load

Impaet: 71,200 x 0,004

Total:

71,2C0 1b.

08,500 1b.

199,000 10,

Shear at the e~m*—~ ~Ff fhe ~irder

Peed load: (10CC) | 68.1 = 37.7 - 34

- 0.25 x 7.5¢

Live lo=d.: (1000)( 71.2 - 63.0) =

Impact: £2L0C x 0.324 =

motel

1000 1b.

83200 1b.

67C0 1b.

13900 1b.

“Teb

The web area required is equal to:

288,800 _ 57 4 ;g.in. net.
15.500

"he net ares cbtaired with e section £4&amp; in. XX -g  rn

cPter trovicicn is node for 8 rived holes is equal So:

3 x 2 { 15 &lt;0 eo Cir
= { or -r = Led Oia- 3 PrN oN -- .

me

if
al

Section nodulnls

Mia ci Ae ~Tesection modulus required of th tiredof2bottom ic given by:

01,200,000 = 12
1... 000 = 84S inv



Area snd moment of inertis of the eross secticn

about axis 1l=1

Item Arca

9
Web- 48 x 16 in,=

4 angles 6 xX

2 plates 14 » , = 14,0

Total gross area= 64,0 -

27.0 in®

Total gross moment of inertia =

Moment of
inertia

5184 in®

11800 =

8400

2 554d

Reduction in area due +~ —*wet holes

exit 3x3 +2x1=5,05sq., in.

Net area

64.0 « 5.05 = 58,9" sq. in

Reduetion of moment of incw»tis Por rivei holes

Lx 24.5° + 2 x€2x217 + 2 x 4 x( 16% + 9° L 7 ©

4132 int

Displacement of neutral axis

rr
0==

rs

2x 1x 24,25 + 1 x88 x 281 + 1 x 15 + 9 + 3)

RA J 3

Lal irl.



Reduction in moment of inertia for displacement of

neutral axi

58.95 x 1.37% = 100 : 4
in

Net moment of inertia ahout_theneutral axis

55 384 - 4.132 - 100 = 21.152 in~

Momentofinertiaofthecrossseetionaboutaxis2-2

Ttem

2 cover plates 14 x 1:

4 angles 6 X 6 X © :

Total:

£228.67 in®

165.24 -w

393 91

The minimum radius of gyration of the cross section

*
 kL

/ 393,91cA = 2.5 in

Allowgble unit comnressive stress

The allowable unit compressive stress is given by:

£
~

= 18.000 - 70-15. x12 = 12.960 1D  J S80  fr 3

Section modulus required on the top

1,205,600x12
15960 = 1023 n



7 a

Section moduli obtained

a) Section modulus obtained on the bottom

_ 21,152 _ 3
= 5g 12 = 809 inJ

b) Section modulus ~&gt;*~ined on the top

. E5,582 _ 1086 in®3

Vertical flsm~e miver mitch

Allowable stress on rivets:

Single shear: 8,100 1lb./ rivet

Double shear: 16,200 1lb./ rivet.

Bearing: 13.290 1h./ rivet.

y= 7 x 24.5 = 171,5 in®

VQ _ 288,800x171,05_ :
- 55 34 = 1,950 1b,/ lin. in.

£,100 x 2 .
 or ———————————eeriilo ~~ 1.950 -— 8.3 in.

A piteh of 6 inches will be used.

Horizontal flangerivet m*+ech.

0 = 171.5 + 11.5 x 22.57 = 331 in

_ 288,800 x 331 _
4 = of med = 3,700 1b./ lin, in

D = 13,290
5700 = 92.59 in



D mil
mil

A pitch of #5 inches will be used, and the rivets

shall be located in two rows,

Horizontal flange rivet pitch at the r~werter point

_ 161,100 x 328,95 _ : ;

Z 55.364 2,090 1b./ 1in. in.

13,290 :

==5'990 = 6.25 in.

A pitch of 6 inchew will be used and the rivets

shall be located in two rows.

Horizontal flense rivet ~i+ah at the arvtws of the

girder.

11,550 x 328,5—_—py ey » s
Z ==" 25,584 = 150 1b./ lin. in.

_ 13,290

P ="150 = 8.86 in.

A piteh of 6 inches shall be used and the rivets

shall be loecsted in two rows.

Intermediate stiffeners

The intermediate stiffeners shall be located 48

inches apart and shall be composed of angles 5 x 5%

X 2 inches and of fillers 2h x 2% x 36 inches.

End =" "Fffeners

The bearing ares required for the end st.ifeners

is given by:



208.850 = 10.7 sq. in.

At each end 4 angles 5 x Zh x = in. shall be used

cach in conjuncticn with a filler plate Z% x 5 x 36 in.

The effective bearing area is then given by:

(4 -3bx%+x3 )=10.8 sq. in.4

Number of rivets required

Capacity of one rivet

a) Double shear: 2 x 0.6 x 13,500 = 16,200 1b,

b) Bearing: Tx 2 x 27,000 = 13,290 1b.
The number of rivets required is then:

£288,800 _

—q% 590 = 27-7

Increase in number of rivets for effect of filler:

27,7
2 = 9,"

Total number of rivets = &amp;7

A total of 38 rivets shall be used.

Actual weights
Web- 4 xX 22.95

4 angles- 4 x 19.6

2 cover plates-£8-x 20.4

Stiffener-

Filler-

Rivet heads-

Total=

91.8 1W. 1lin/ ft

78.4

47,6

10,0

5.0

5 2 1}

240 1b/lin/ ft.



DESIGN OF CROSS GIRDER N° 2

The loading on the giraer 18S shown in plate

Maximum shear,

36.4Dead load:(1000)§-28=% x 8.78
34,0

15,98 (2.83+5,66+11,9+14,73)
0.20 15.98] =

Live load: (10007) 15°98

Impact: 138,600 x 0.824 =

Total:

98,200

(2.,85+5,66+11.2+17,73)=138,600

114,200

351.000

Maximum bending moment.

Dead Load :(1000) {76.8 X 5,66
0.25 (5.66)

2

- 34 xX 2.83!

Live load: (1000) 113.4 x 8,78

334,300 £t.1lb.

- 63 (3.12+5,95)] = 463,500 £t.1b.

Impact: 463,500 x 0.824 =

Tatal

351,900 ft.1b.

1.178.700 f£t.1b.

Meximum quarter point shear,

Dead load:(1000) 98.2 - 34,0

D.25 x 18.98 63,200 1b.



PY

Live load:(1000)(138,.,6 - 63) =

Impact: 75,600 x 0.824 =

Total:
-

75,600 1b.

62,300 1b,

221.100 1b.

Shear at the centre of the girder,

Dead load:(1000) 176.8 - 34

. 0-25 x 15.99¢
Live load:(1000)(113.4 -2 2 63) =

Impect: 12,600 x 0.824 =

Total:

6,500 1b.

-12,600 1b.

-10.400 1b.

-16 e 200 1b *

Web

The web area required is equal to:

Bolle 26.0 sg. in. net.

The net area obtained with a section 48 in. x 8 in.

after provision is made for 8 rivet holes is equal to:

4.3 x2 - 8 x2 x-12- 30,5 sq. in.

Section modulus required at the bottom

The section modulus re rad at the bottom is given

OY

2
1,178,700 x 12 i nD

Sea —15 500 786 in



Areg and moment of inertia of the cross section about

axis 1-1

Item Ares

36.0 in®

23.0

14,0 ~

N3.0

Heb:48 x 2 in.=

4 angles 6 x 6 =

2 plates 14 x5 in.

Total gross area=

-
-

Total gross moment of inertia =

Moment of
inertis

6912 in?

11500

8400

on J winale
Fr

i

Reduction in ares due tr the rivet holes

15 13 5 5 _ oo;19 12 rd Xg + 2x l=29.5 84 lu

Net area.

73.0 »e 5.5 = 67.5 Sq. in.

Reduction in moment of ji»~~+ia due to the rivet holes

2 13 2 o 15 2 . a&amp;
tx 24.57 + 2x Sg x 2l +2xgxop (15 2
= A920 Sn*

A

Displacement of the nentral axis

2 x 48x 24.25 + 1 x 1.75 x7¢ x 21 +8 x $B(15+9+3)
a

iv
HA
A

a

-
—- 1.4L 1n,



Reduction in the moment of inertia of the cross section

for the displacementof the neutral axis

67.5 x 1.412 = 134 in

Net moment of ine=tia about theneutral axis

 7 112 - 4.270 - 1%4 = 22.708 in%

Moment of inertia of the errors rertion about axis 2-2

"+em

2 cover plates 14 in x : in=

4 angles 6 Xx 6 X : in =

Total:

Moment of
inertis

228.67 in

3593.91

165.24 ~

The minimum radius of gvration of the eross section

* a

ET
399.1 = 2.3% in.

Allowable unit comvressive stress

1g
_ 15,98 x 12 _
= 18.000 - 70 x=2022-X25=132,2401lb./ sg. in.

Section modulus woot ae oon the top

1.178,700 x 12 «-— oe————



-

\
pr)

Section moduli obtained

a) Section modulus obtained on the bottom

, _ 22,708£2,708 _ ggg in®

b) Section modulus ob+eined on the top

Lo er,112 &amp;
5 = ~o% 74 1,162 in

Vertical flan~e riwe{ niteh

Allowable stress on rivets:

Double shear: 16,200 lb,/ rivet.

Bearing: + xx 27,000 = 14,770 1lb./ rivet.

Q = 14 x5x26.25 = 172 in®

Z er = 2.0224 1b.’
9

D - 8,100 x 2 = 7.982 in.

14n in,

A piteh of 6 inches will be used.

Horizontal flange rivet pitch

J = 172 + 11.5 x 24.32 = 431.5 in"

351,200 x 4z = 25,00X851.0. 5 580 1b./ lin,

D - 44.779. = 2.64 in.

in.



A pitch of 25 inches will be used and the rivets

shall be located in two rows.

Horizontal flange rivet pitch,

; 221,160 x 4381,5 _
Z = 57.110 3,520 1b./ lin, in,

0 = 14,770
3.590 = 4,2 in.

A pitch of 4 inches will be used and the rivets shall

be located in two rows.

Horizontal flange rivet nitch at the centre of the

girder.

16,200 x 431,5-_ amFEYHrTT
Z = 57.112 = 260 1lb./ lin. in.

D
4,7- 14.770 = 56.8 in.

A piteh of 6 inches shall be used and the rivets

shall be located in two rows.

Intermediate «t’ffeners.-

The intermediste stiffeners shall be located 48

inches apart and shall be composed of angles 5 x 3d

x2 inches, and of fillers B= x ; Xx 36 inches.

End etiffeners

The bearing area required for thie end stiffeners

is given by:



3

351,200 _ :

“57000 = 13 sq, in.

At esch end 4 angles 5 XxX 3% x 4 in, shall be used,

each in comnectionwith a filler plate Zh X 5 x 46 in.

The effeetive bearing srea is then given by:

4 ( 5.81 - BF xo xy ) = 15.4 sq. in,

Number o* =’"=~+s required

Capacity of one rivet

a) Double shear: 16,20C 1b./ rivet.

b) Bearinggx=x27,000=14,760lb./rivet.
The number of rivets required is then:

Shi805 - sour

Increase in number of rivets for effect of filler:

22.7 = 8

Total number of rivets required = 32

A total of 32 rivets shall be used.

sctual weights

Web: 4 x 22.95 =

4 angles: 4 X 19.6 =

2 cover plates: $8 x

122 1b./ lin. ft.

78.4

20.4 = 47 . 6

Stiffeners, fillers

and rivet hedds =

Tatal:

22.4 “

 or0.4 1b./ lin. ft.



DESIGN OF CROSS GIRDER KR° 3

The loading on the girder is shown in plate

Meximum shear

Dead load: (1000{28-4 (5.83+3)

32.0(8.66+11.49+14.32)
Hg x 15.98}= 96,800 1b

Live Load:(1000)88-4 (5.83+8.66+L] ~:14.32)=158,800 1b
Impact: 158,8CC x 0,824 =

Total:

130,900 1b

386,500 1b

Maximum bending moment.

Desd load: (1000) 96.8 x 7.24
_ 0.4 (7.24)%

&gt;

- 34(5.66+2.85 | = 267,500 ft. 1b.
Live load: (1000) ) 158.8 x 7.24

- 63(5.66+2.8)| =

Impact: 614,800 x 0.824 =

To+al

506,600 ft. 1b.

1.488.900 ft, 1b.

Maximum quarternoint shear.

Dead load: (1000){96.8 - 34,0
J .Sok 738.28.} 61,400 1b.



J

Live load:(1000)(158.8 ~ 63) =

Impact: 95,800 x 0.824 =

Total:

95,800 1b.

79,000 1b.

2%6.200 1b.

Shear at the e¢r~*~~ of the girder.

Dead loed:(1000) { 84.3 -2 x 35.4

_0.a x 15.8 )©)

Live load:(10C0)( 93.2 - 62) -

Impact: 30,200 x0,.,824 =

Total:

10,000 1b.

20.200 1b,

24,900 1b.

65,100 1b.

Web,

The web area required is equal to:

£86.59 = 28,6 sg. in. net.

The net ares obtained with a section 48 in. x-%# in,

sfter provision is made for 8 rivet holes is equal to:

2 .U 8a. in.18 x2 -8x 1x5 = 30

Section modulus reauiredatthebottom

The cection modulus required at the bottom is given

2

3
= = 3



Area end moment of inertia of the eross section about
axis 1-1

Item

ileb 48 x = in.=

Area

36.0 in”

4 angles 6 xX 6 x &amp; in.=

2 cover plates 14 x = in = 21.6

Total gross area = 90.8

33.8 =~

Total gross moment of inertia

Moment of
inertia

6912 in?

14940

12740

Ad OYE

Reduction in,area due to the rivet holes.

19 « 2. 3x2 + 2 x 1.5 ="17.5 sq.

Net area

00.8 - 7.5 = 83 ed Sq, in,

Reduction in moment ~# dvec-%dis que to the “vat holes,

4 x 1.5x24.5% + 2 x

= 5805 in%

2 3 15 (152 + 92 + 32)

Displacement of the neutral axis.

2x 1.5 x 12x 24.25 + 1 x 2.25 x $8x21 + xFR{15+9+3)
[i

VF.9 -,

RI

=1.D8 in.



3

Reduction in the moment of inertia of the cross section

for the disvlacement of the neutral axis.

90.8 x 1.58% = 227 in-

Net moment of inertia about the neutral axis,

24.592 = 5.805 - 227 = 28.560 in*%

Moment of inertia of the cross =s-

T+~am

2 cover plates 14 in, x2 in, =

4 angles 6 x 6 x3 in. =

Total:

“ion about axis 2-2

Moment of
inertia

34% ind

270 sh

A123

The minimum radius of gyration of the cross section

/613
r = 7 90.8 = 2.6 in.

Allowable vnit comrnrenciwe stress,

fo = 18.000 - 70 x 12.98X12_358401b.sq. in,

Section modulus recuired on the top

_ 1,488,900 x 12 _ S
= 1% 840 = 1,390 in



Section moduli obtained

a) Section modulus chtained on the top

e
54,592 d

= “on AV = 1,470 in

b) Section modulus eh+~ined on the bottom

3 = 28,569 = 1,076 in®

Vertical flange rivet pitch

Allowable stress on rivets:

Double shear: 16,200 1lb./ rivet.

Bearing: « X &amp; x 27,000 = 17,700 1b,/ rivet.

3 .
Q = 14 XT x 24.5 = 2587 in

:7 = 288,500X201_2.8701b.

8,100 x 2
= =.P 2,870 5.6 in.

A piteh of 5% inches will be used from the end up to

the quarter point, and a piteh of 6 inches for the re-

meining of the girder.

Hori~ontal flance wivet riteh

Q = 257 * 16.9 Xx 22.57 = 638.4 in°

[ = 386,500 x 638.4 _

 £82,003 090.2 - 7.130 1b./ lin. in.

iJ
- 16,200  _ ;



A piteh of 8% inches will be used and the rivets

shall be located in two rows.

Horizontal flenge rivet pitch at tthe quarter point.
 £36,200 x 638.4 |

= ee 2 =Z 54.507 4,260 1lb.,/ lin. in.

- 16,200 _

“4.360 = 3,71 in.

A piteh of 3 inches will be used and the rivets

shall be located in two rows.

Horizontal flange rivet pitch at the centre of the girder

; _ 65,100 x 638.4
- 54,0592 = 1,200 1b./ lin.

_ 16,200
oD ==755g = 13.5 in.

in.

A piteh of 6 inches shall be used and the rivets

shall be located in two rows.

Intermediate ets Pfeners,

The intermediate stiffeners shall be located 48

inches apart and shall be composed of angles 5 x 5%

x £ inches., and of fillers 72x 2 x 56 inches

End stiffeners

The bearing erea required for the end stiffeners

is given by:

386,500  _ ;

~~ 506 14,3 sq. in.



At each end 4 angles 5 x 35 x-2 in. shall be used,

each in connection with a filler plate 3% x x 36 in.

Number of rivets reguired.

capacity of one rivet:

a) Double shear: 16,200 1b./ rivet.

b) Bearing: 4 X § x 27,000 = 17,700 1b./ rivet.

The number of rivets required is then:

386,500 _
16.200 = 208

Increase in the number of rivets for effect of filler

RE
z= 8

Total number of rivets required: 32

A total of 32 rivets shall be used.

Actual weights

eb: 4 x 30.6 =

4 angles 4 x 28,7 =

2 cover plates £8 x 25.5

122.4 1b./ lin ft.

114.8

 9 .H

Stiffeners, fillers

and rivet heads =

Total:

30 Ju

326.7 1b./ lin ft.





DESIGN OF THE FASCIA GIRDER



DESIGN OF THE FASCIA GIRDERS

The fascia girders do not carry live load and theres

fore are subjected to but comparatively small stress.

But they have the other purposes to keep the floor

closed from the sides, to prevent the weathering, and

to make the bridge of good appearance. The dimensions

of the fascia girder have to be chosen accordingly.

Degirable denth of the faseia girder

The degirable depth of the fascia girder would be

civen by:

Depth of steel floor

Height of concrete curb

Freeboard

Total

2.2 £3,

2.0 T+.

1.0 ft.

6.0 ft.

Dead load.

WwW = "50 10. - wo 3

LO f+,

Concrete: 15% x 2x 1x 150 =

Steel:

Total:

290 1b./ ft.

260 1b.s ft.

560 1b./ ft.



Maximum shear

©2950x40_33000 1b

Maximum bending moment
25 0290 X 40° _ 170.000 £+.1b.

Web area required

11 .0C0  _
13500 = 0.81 sq. in.

The net ares obtained with a section 72 in. x2 in.

after provision is made for 12 rivet holes is equal to:

S 10 - 24.9 Sd.72 xg - 12 x &amp; x42 4

Sention modulus reocuired

The section modulus required at the bottom is equal

to:

110,000 x 12 ,
 eeye18.000 = 73 in

Ares snd moment ofinertia of the eross section about

axis l=1

T+em

Web: 72 x 2 in=
d

4 angles: 6 XxX 6 X'g=

Top cover plate: 14 x : -

Total:

Lres

27.0 in® 11,664 in?

17.4 « 20,950 =

Moment of
inertia

5.25 » 7,032 =

49.65 * 39.646



Reduction in area due to the rivet holes

9 15 3 15 _ ;
a XJ tS Xgx3g 2.88 sq. in

Net area,

49.65 ~~ 2.88 = 46,77 sq. in.

Displacement of the neutral axis

X
5. :25 x 36.5 +5 xT2( 3 + 9 +

16 Yas,

15 + 21 + 27 + 34)

4.9 4n~

Reduction of the moment of inertia due to the rivet holes

2 x 999 + 2 x 1,301 +9x1232+92+152.212+272434%
= 5.390 in%

Reduction in the moment of inertia due to the disvlace-

ment of the neutral axis

46.77 x 4.9% = 1.122 ind

Net moment of inertia about the neutral axis

29.646 = 5.320 - 1.122 = 33.206 in”

Section modulus obtained. at theabottom

_ 33,206 _ . 3

8 =~ 15 = 807 im



Moment of inertiaofthecrosssectionaboutaxis2-2

Moment of
inertia

4 angles:

1 cover plate:

Total:

120 in%

86

206

Minimum radius of gyration of the cross section.

/208
/ 49.65 = 2.9 in.

Allowable wit comnressive stress

The unsupported length of the fascia girder will be

the same as for the track girders and equal to 14 ft.

Therefore :

£f = 18.C - 14 x 12 3
¢ = 18,000 = 70 ===5== 212,120 1b./ in*

Section modulus reguired -* the {on

110,000 x 12 3= Sey ee = 5S = 795 120 109 in

Section modulus obtained st the top

so 22328Ly245in

Tort+tinagl £1 —ap alg nd + nh

i) 5.25 x 36.5 = 192 in®



dee LJ} -

[I C—Otp =

Capacity of one rivet:

a) Single shear: 8,100 1b./ rifet.

b) Bearing: Lx¥ x 27,CC0 = 8,850 1lb./ rivet

p= BABE XE _ 504 4,

A piteh of 6 inches shall be used

Horizontal flenece mivet piteh

Q = 192 + 17.4 x 34.61 = 794 in®

11,000 x 794
——y — I 3

4 —— i 39,648 — 220 1b./ lin. in,

D
—
a.

8850
so = 40 in.

A pitch of 6 inches shall be used for the entire

span.

Intermediate gat+iffeners

The spacing of the intermediate stiffeners from the

support up to the centre of the girder shall be in se-

jJuence. 1 ft.-6 in., 2 ft., 3 ft.. Sd ft.-8 in. .4 ft, -

6 in., 6 ft. The last value is the maximum spacing of

the stiffeners.

The intermediate si.{feners shall be composed of 2

angles 5 x 7 x2 in. in connection with a filler plate

txlx 45 inches,



End stiffeners

The end stiffeners shall be composed of 4 angles
1D X Jo x= inches.

Number of rivets required

The number of rivets required is given by:

11,000
8.850 = 1%

A total of 12 rivets shall be used for the connection

3f each pair of stiffener angles.

Actual weight of the eirder

Item

ahs Li =

4 flange angles: 4 x 10.4 =

Top cover plate :+% x 17.85 =

Stiffeners and fillers:

Rivet heszds:

Total :

Veight

107.1 1b./ lin.ft.

41,6

20,0

5l.v

56.0

226.5 1b./lin.ftt.



DESIGN OF THE COLUMNS



nr)

_A) INTERMEDIATE COLUMN

The maximum live load occurs when two tracks are

loaded simultaneously. Since two tracks are loaded to

produce the maximum stress 95% of the maximum live load

#111 be considered as effective.

ig
= - - *

731.

adh

os
+

DL, = 98,200 1b,

D Ly, = 96,800 1b.

L IL; = 113,400 x 0.95 = 107,700 1b.

L L, = 158,600 x 0.95 = 150,700 1b.

Impact; = 107,700 x 0.824 = 88,700 1b.

Impact. = 150,700 x 0.824 = 124.200 1b.

Total meximmm exial load R = 666 200 lo.

Trial area

The trial area is given Dy:

666,300 _ | :

~15.000 44,42 sq. in.



Trial section

2-15 in. channel angles-35 1b, at 10.23 = 20.46

1 web plate 14 x7 in. at 10.5 in? =

4 sngles 5 x tx 2 in. at 58.1 in?
Total: )

23.24

54.20 in?

Loads.

P, = 294,600 1b.

P, = 371,700 1b.

R = 666.300 1b.

Eccentricity

5.04 ( 371,700 - 294,600 ¥
£66 .%00 = 0.58 in,

Moment 0° “romi’ta on &gt; the eross section about axis 1-1

2 anglest channels):

Neb:

836.8 in’

171.5

4 angles:

Total®

721.6 “

1.729.9 *

Moment of inerties of the cross section abomt axis 2-2

2 chammel angles:

4 angles:

Total

637.4 in%

66.4 *

703.8



Minimum radius of gyration

703,8
54.2 = 3.6 in.

v
2g’

Allowable unit compressive stress

The unsupported length of the column is 8 ft. 6 in,

Therefore:

f= 16,000 - 70 22X48_14000 1b/ sq. in.

Meximuim unit compressive stress obtained

PF = 666,300 666,300 x 0,58 x 7,56
2 54.2 + 1729.9 = 13,970 1b.

Area of base plate required

The allowable bearing stress on concrete masonry

is equal to 500 1b./ sq. in. The area required is then:

666,300
~5.000 = 1,333 sg. in.

A plate 38 x 38 x 2% in, shall be used. The bearing

area is then equal to:l.444 sg. in.

Other intermedicte colnmns

Since the loads on the other intermediate columns

are only slightly less columns of the same cross sec-

tion shall be used.



"

x

B) OUTSTANDING COLUMN

Loads *

Dead load: 70,700 + 11,000 =

Live load:

Impact:

Total:

81,700 1b.

71.200 1b.

58,700 1b.

211.600 1b.

15.05 9
—

Trial area

The trial area is equal to:

211,600 .
~315.000 = 14.1 sq. in.

Trial section

o&gt;. 15 in channel angles 33.9 1b. at 9.9 in® = 19.8 in”

1 web: 14 x = in.-at 5.25 in? = 5.25 +



4 angles 5 x 35 x&amp; at 3.05 in? =

Total:

12.20 in®

20 oF

(ile)m en+ 0f 1ner+ ia 0f the 8 e Cc 1 i 0n ab 0u+ axi S 1-1

2 channel angles it
8

Neb

4 angles:

Total:

808.4 in?

85,75 «

491.6  .

1,385.75

Moment of inertia of the seeticn about axis 2-2

¢ channel sngles:

4 angles:

Total

625.2 in®

70.72 °

595 _9g¢2

Minimum radius of gyrationofthe€rosssection

695,92
“7.25 = 4.32 in.

Allowable vmit aomnmeagiw~ gtresga

f = 16.000 - 70 8.5X12

Mesximum compression obtained.

p 211,600 211,600 x 2,5 x 7.5
TRY .9/F + "1.385.75H = 8,540 1b./ in®

Area of base plete remiired

211,600
==£25 = 425 sq. in.



A plate 26 x 26 X 1d in shall be used, the bearing

ares becoming 676 sq. in,



DESIGN OF THE FOUNDATIONS FOR_THE COLUMNS



DESIGN OF THE FOUNDATICNS FOR THE COLUMNS

A) DESIGN OF FOOTING: FOR THE INTERMEDIATE COLUMNS

It was found by borings that the subsoil consists

mainly of medium dry sand the safe bearing capacity of

whieh according to the New York Building Code can be

teken as 3 tons per sq. ft. maximum,

Area required for footing

666,300 2

A footing 12 £t. x 9 £t. x 4 in, shall be used, its

hearing area being equax to 112 sq. ft.

A

1 bh d+

|

4  |

 uN
-

Lh A

» q co C4' _g'l 4,00 | 2.4



Providing that the base plate of the column rests

on a granite block 48 x 48 x 18 in., the depth of fo-

oting required for punching sheer should be equal to:

666,300
aoaa086.75in.

4 iecpth of 7 ft. A in. shall be used.



B) DESIGN OF FOOTING FOR THE CUTSTANDING COLUMN

Area required

211,600le 1
2 x 2000 -_ 35.80 S50. ft.

Providing that the base plate of the column rests

on a granite block 48 x 48 x 12 in., the depth of

footing required for punching shear should be:

217,600 =
rer emt —— = £3 .48 wv 4 x 40 2.53 Tt

A depth of 7 ft. 2 in.

4 + \U
I

k

pt  Li

shell oe used.

+

v

vi

CN
2.0



 ~S i

In the design of the footings for the columns, the

assumption is made that the,column load is transferred

to the base of the footing at an angle of 45° to the

direction of the vertical load. Designing the footings

with the sides sloping at an angle not greater than 45°

to the vertical ( which is the cease ), thus eliminates

all bending moments, and we have only to consider the

punching shear in the footings.



 C) DESIGN OF THE ABUTMENTS

Data for the design

2

The weight of the earth = 100 1b./ ft°

The angle of repose of the earth = 20°

The sngle of the surfece with the horizontal =0°

Considering the abutment as ss surchsrge retaining

#ell with &amp; losding of Cooper E- 70, the surcharge

will be:

—t =

where: 70,000 is the axial load of the locomotive

5 ft. is the distance between the sxis of the

locomotive.

12 ft. if the horizontal distence perpendi-

cular to the track sxis on which the load is

distributed.

Resection of the shr*m~v* +p the +oen™ ~drdepsg

I'he regsecticn of tie abutment to  ye track girders

ig as Tollows:

The de=d load of the girders whien are spaced 20 in.



apart is:

17,000 x 12
20

2 ge .

= 10,200 1b./ lin. ft. of abutment.

Under the four tracks 24 girders are carrying live

load, the live load being 44,000 1b. on each.

The length of the abutment is 94 ft.

The live load on the abutment is therefore:

44,009 x24 = 11,200 1b./ lin. £ft. of abutment.

The total load is then:

10,200 + 11.200 = 21,400 1b./lin/ft.

Effect of earth pressure on the abutment

According to the Renkine theory, the active pressure

of the earth varies at different depths asm:

() . -— Wh om -— 0) 2
P, = WY COS © "405 0 + v cOS® 6 - cOSZd

where Po is the intensity of the pressure on a plane

parallel to the surface.

y is the distance from the sur ace ol the earth to that

of the plane.

© is the angle between the surface of the earth and the

horizontal.

4 is the angle of repose of the earth.



For our case:

—cos 8~»_ pcos. 8 eo cootdSp-cos1 - i c0s~30°088 “05 0 + v cos~ 6- coscg = X71 1/1. c0s~30°

~
-— 0.33

y = h + surcharge

At the top of the abutment y, = surcharge = 11.67 ft.

P= 0.33 y.w = 0.33 x 11.67 x 100 = 385 1b./t+2

At the bottom of the abutment y = 11.67 + 22 = 33,67Lt.

P. =0.33 x 33.67 x 100 = 1110 1b./£t%

Computation for the location of the =-

forces ( see accompanying diagram)

Force(lb.) Arm(ft.)

11

7.22

4 4.3

Hy = 8470

Hy, = 7980

Vv =21400

w = 375

Wq = 3500

Wo = 5000

Wy, ='6880
Wy = 7930

Wg =13300

9

B.5

11.5

14,75

18,295

P2eD

We = 5250 22.5

18.256

~1+ont, of the

Moment about
point O (£t1b)

+93170

+58400

=95000

- 3475

-29750

-57500

-101500

-144700

-299250

-118125

-105400



Wg = 7350

Wg = 7650

W10=12760

W,,= 1840

14,75

11.5

6.75

1.75

-108400

87975

85600

3220

% V = 99,000

Zz M= 1,111,000

p= AdLO00 Lo

Thus the resultant of trie forces is within the

middle third.

The eccentricity is equal to:

12.5 - 11.22 = 1.28 ft.

The pressure by the formula is equal to:

0 -ZV¥ . Mo _ 99,000 , 99,000 x 1,28 x 12,5
— TTI 25 ~~ 13x259

=3960 t 1230 1b./ sq/ Tt&lt;

P max. = 5190 1lb./ sq. ft.

P min. = 2730 1b./ sq. ft.

Investigationofthebending moment on_a cantilever of

the abutment.

On the cantilever of the abutment &amp; bending moment



occurs which has to be considered.

The meximum bending moment on the plane a-b is equal

0’

2
A €

4,850x8.57|B20X80EZ x 5,5 = 31,000 £5.1b.

™h ry shear ig equal to:

J 3 a
ul 4.850 x 3.5 + 340 x 3.5 x== 17,600 1b.

In order to carry the above bending moment and shear

the cantilever of the abutment must be reinforced with

steel. The area of the cross section of the steel re-

quired for the bending moment is found by the formula:

pal3 £3. 4d

vhere A, is the steel area.

M is the bending moment = 31,000 ft.1lb.

fs is the allowable unit stress of the steel in

tension = 16,000 1b./ in”

d is the effective depth of the cantilever

j is the ratio of the moment arm of the resising

gouple to the effective depth = : for this ease,

_ 31,000 x 12 .
Then Aq =—T7000 =% x 44 = 0.6 sq. in.’ ft of length of

the abutment.



 JF

Bond stress.

For bond stress the following relation must be sa-

tigfied:

=v
= 0 =

vhere:Z © is the sum of the perimeters of the bars

7 is the total shear = 17,600

u is the allowable unit bond stress which for

deformed bars ean be taken as 100 1b./ 1°

The other terms have the same meanings as above. Then

11s | = 4.57 in.20 =i x aa = 4.5

3 in. round deformed bars will be used. The area of

the cross section of a single bar is 0.1963 in®, The spa-

cing must therefore be equal to:

0.1963_5.93 in,
A svacing of 3 inches will be used or J bars per

foot of length of the abutment.

The obtained As = 0.59 in” snd &amp; ©

Length of bar required for anchorage
. 16,000 x 0.1965

* on

in abutment: =300 =1 871x1.571=

Centilever end length:

Total length:

fy
au 4 71 in.

A 2

-

ay
A

»

20 in.



ory

Bars 6 ft. 6 in. lung will be used, and both ends of

the bars shall be hooked,

In commection with the above longitudinal bars 4 in

round and spaced 1 ft. 6 in. centre to centre shall be

nsed.








