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n Analysis of the Desisn of a ‘elded Flate Gircder Bridge

e

Sonmetime in the future a buillding to te used as a rotel
is to e constructed for iichigan State College and will Le
located north of the Red Cedar River on Harrison Road in
East Lansing, Tichigan., A tridge is to te tuilt to carry
pedestrian traffic across the river at the building site.
The analysis of the design of tiiis btridge is the subject of
this thesis.

e will be of welded plate girder design

The brid

0]

spanning 94' - 0" c¢/c of bearings. The web is to consist
of five sections welded togetiier at panel points two, five,
eiznt, and eleven for a total of thirteen panels. In order
to malle tl.e structure attractive, tlie ecdges of tle plale
gircder zre to be cut on two seraraie paratolic curves with
caiabers of 12 inches and 30 inches upper and lower,
respectively. nis allows a ainiaum clearance of 1' - OY
above high water, liese sections will te cut by the
fatricator.,

Preliminary soil investizations allow a maximun soil
pressure of 5000 pounds per square foot for the structure.
The maximum value for tnris desizn is 3220 pounds per
sguare foot and well within the allowable limit,

The abutaents are to be of reinforced concrete., The

design is such that the fill need not be plzced inside






and outside simultanecusly. It will be noted that the
area of reinforcing steel used generally exceeds the area
required. This is due to the fact that the convenience
of field layout was considered in determining the spacing
and the size of the bars used. The saving in labor costs
will exceed the cost of the extra steel, However, if the
job were larger with long repeating sections this might
not be an economical procedure.

The live load on the bridge is extremely light, 100
pounds per square foot, and is purely a pedestrian
loading. Specifications for bridges carrying only
pedestrian traffic are not available. Except as noted,
this design follows the recommnendations of the Aaerican
Association of State Highway Officials,

The preliminary sketches of three bridges, eacnh of
different design, have been subaitted by a consulting
enzineer to the Board of Agriculture., At the time of this
writing a definite acceptance has not been received. Due
to the fact thzt the structure shovm as "Preliainary 2" is
the most likely to receive arrroval, its design was chesen

as the subject for analysis.
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Data

Panels
11 @ 7' - 3"
2 @ 7! - 1.%.!:
Width
16| - QO

14' - 0" (face to face)
Loads

LL = 100 #/£t2
Impact = O
Working Stresses

fg = 20000 #/in° (reinforcing steel)

£1,= 3000
f, = 1050

n =10

k = 160

v = .02 £f'c = 60 #/in°
u = .05 f'y = 150 #/in?
kK = .344

i = .385

AASHO Specs

fs = 18000



Deck Slab

-

/4°-0

b
- 55 o
4l

A slab of this general shape is
desired. Assume the 4 inch & 5%
inch dizxnensions.
= 5.5 x 150
12
= 68.8 #/7t°
= 70 #/£°

Total Load

LL = 100 #/ft2
Wt = _70 #/5t°2
Total = 170 #/ft2
‘oment
Tz 1/10 w2
1=7"-3"
7.25 £t

= 1/10 x 170 x (7.25)2 x 12
= 11,700 in - 1bs
Effective Depth

d =\l
kb

Yot

= 2.48 inches

= 2.75 inches giving 1.25 inches of cover

-5’_



Deck Slab (Continued)
Area of Steel

j - 0885

S = e——

11700
20000 x .385 x 2.79

.24 in®

Use 3/8" ¢4 @ 5% incnes (&, = 2.6in)

enperature Steel

Ap = .002 bd
002 x 12 x 2.75

.007 in?

Use 3/8" 4 @ 12 inches

Shear at Edge of Support

V - wx % clear span Assume a 7' - 0" clear span
170 x £ x 7
595 1bs

z d

v
= 5 ]

595
2.6 x .885 x 2.75

- 94 #/1n° 5
Allowable bond =150 #/in

Shear Intensity

v - Vv

995
12 x 885 x 2.75

20.4 #/in°

Allowable v = 60 #/in2

-6 -



Abutment Design

L
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Abutment Design

1)

3)
4)
5)
6)
7)
8)
9)
10)

Super Structure Loading

400 #/ft assumed wt

100 #/£t2 LL

60 #/ft2 slab weight

400 x 2 €00

100 x 14 = 1400
60 x 14 £40

Total = 3040 1b

Reaction

3040 x 94 x 1/2

Ri:hting “Toment

Footingz

20 x 13.5 x 2 x .150
Front all

12.5 x 17.F x 2 x .1°%
Sidewalls

2 x 12,5 x 1.25 x 16 x .150

Tie Beam

1.9 x 19 x 1 x .0%0
Gravel Fill

12.5 x 15 x 16 x .100
Super Structure Load
94 x .5 x 3.040
Baciiwall

3.5 x 16.5 x .67 x .1
Ving Walls

2x 6 x1zx 16 x 150
Approach Slab

5 x 14 x 16 x .150
Gravel Fill

2.5 x 14 x 16 x 100

Vertical Rea

(&
[~

143000

143 kips

0

£0

ction

Wt in Lever
kips Arm
111 10
65.7 3
75.2 12
1.1 19.5
300.0 12
143.0 2.75
5.8 3.67
28.8 12
16.2 12
_96.1 12
803.5 kirs

Righting loments

lloments
(kip feet)

1110.0
197.1
903.0
21.4
3600.0
394.0
21.3
346.0
202,0

674.0

= 6468.,8



Abutment Design (Continued)
The forces acting on the abutment sections will be
calculated by the "fluid-force" method. The fluid
weighs 33 1/3 #/ft3 and acts on the back of all walls

and is equivalent to earth acting in the same manner.

Earth Pressure Acting on Walls
A = 14,5 x 14,5 x 100 = 3510
2 3

B = 14.5 x 4.5 x 100 2180
3

T Total = 5690 1lbs/ft
2 Pressures
p = wh
p; = 100 x 4.5 = 150 #/£t2
S, 3
." V-
h Py = 100 x 14.5 # py
3

= 483 £ 150 = 633 #/ft°
py = 100 x 12.5 £ py

o z’+—— /12~

h———— 59 "t

417 # 150 = 567 #/£t2
(acting at base of wall)

Position of Resultant Earth Pressure
y=H (po # 2p7)
3 zp2 7 P, )

14.5 (633 é 300)
(633 # 150)

14,5 x 933

3 x 763

5.75 feet from bottom



Abutment Design (Continued)

loment of Overturn

g = Ex } x length
5690 x 5.75 x 17.5

- 572 kip ft
Factor of Safety Against Overturning
FS0 = EE
I JIO

= 6468,8

575

= 11.3 (Required FS 2 2)
t of S A idin
The coefficient of friction between concrete and
damp clay 1s taken as tangent = .33
FS, = Forces Producing + Forces Preventing

S

:80 X
690 x 17.

2.66 (Required FS 2 2)

Point of Action of Resultant

X =zilp -y From Ilgge
Ry

6468,8-572
803.5

5833

= 7.35 ft from toe

- 10 -



Abutment Design (Continued)

Toe and Heel Pressures e = 10 - 7.35
W (1€6e)x 1 _ = 2.65
L L Width
- 803500 (1 £ 6 x 2,65) x _1
20 20 12.5
- 40175 (1 £ .80)
13.
2
- 39
PToe = 3920 1lbs/ft
- 2
PHeel = 436 1bs/ft
Footing Soil Pressures
fe 20-0-~ -
/36
J620

Pressures:

The weight of the concrete is

Slope subtracted from the pressures
- 3620 - 136 as found above due to the fact
20
that the downward force is
- 3484
20 opposed bty the upward forces
= 174.2 #/ft of the soil.

W, = 150 x 2 = 300 1bs

- 11 -



Footing Slab
Toe
Assume that 3620 #/ft2 acts uniformly over the
2 foot widtn of the toe. This is logical because
of the small dimension.
Mloment

M=3620x 2x1

7240 1b - ft

Effective Depth
d

:\ i Assumne:s
Wb
3/4" 4 steel

:WZ240 x 12
160 x 12 3 1/2" of cover

- 6.75 inches

Use 20 1/2 inches .
Areca of Steel

N

= 7240 x 12
20000 x .885 x 20.5

.240 in®

Use 3/4 inch 4 @ 21 inches in the direction
of the width.

A .25 in?

s
z 1.35 inches

(@)

Check fg.

fo = 21
k j b a2

- 2 x 7240 x 12
344 x ,885 x 12 x 20.52

113 #/in? Allowable fo = 1050.0 #/in?

- 12 =



Footing Slab (Continued)
Toe
Minimum Steel
A = .002 bd
.002 x 12 x 20.5

.493 1in2

Minimum Allowable 3/4" 4 & 10.5 inches.
This is the minimun allowable reinforcing
steel which can safely be used running
lengthwise in the top section of the floor
slab.
Floor

It is desired that the stress be distributed with

uniform intensity between the steel running

lengthwise and that running across the width of

the floor.

First it will be necessary to find the maximum
loading which can be carried by a steel area of

0.493 square 1inches.

Loading
1 = 1/8 wl? 1 = 16 1/2 ft c/c of walls
A, = M
ST, 34
W= fg§dAg
1/8 x 1°

20000 x ,889 x 20,5 x ,493
.125 x 12 x 16.52

438 #/ft

- 13 -



Footing Slab Floor (Continued)

Second, find tne lengti of cantilever froam tne front wall

over waich this loadingz acts.

Lengtix of Cantilever

Referrirz to soill pressure diagram

1o = 20 = (2 £ 2 £ %)

X = distance of action froa iieel

Slope = 174.2 #/ft

w = 438 - 136
= 302 1lbs/ft

x. z 302

174.2
= 173 ft

1o = 20 = (2 # 2 # 1.73)

= 20 - 5.73

14.27 £t from front wall

“loment Required to Carry 433 #/ft

M

Slope x 1o x 1o x 1g
2 3

174.2 x 14;223

85000 1t - ft

- 14 -



Footing Slab Floor (Continued)

Check fC

fo = 211

C
k j b ad

‘2 x 85000 x 12
.344 x .885 x 12 x 20.52

1370 #/1n?
Allowable f, = 1050 #/in®. This will

necessitate an increase in the area of steel. The new
loading will be recomnputed in the saxne manner as above.
Try 7/8 in. 4 @ 6 inches c/c

- P
AS =1.2 in

Zy = 5.5 in

Loading
w=fs JdAg
1/8 x 1°

- 20000 x ,889 x 20.5 x 1.2
.125 x 12 x 16.52

= 1070 1bs/ft

- 15 -



Footing Slab Floor (Continued)

Length of Cantilever

1o

-

:Tonent

=
u

20 =

X

20 =
20 -

Slope

23000

P 1
Check fc

e

2
L

(2 # 2 # x)

1070
174.2

6.14 ft

(2 # 2 # 6.14)
10.14

£t

X1lex1le x 1
X 9.863

1t - ft

Ty
Lid

b d2
2 x 28000 x 12

344 x .885 x 12 x 20,52
452 #/1in° Allowable f, = 1050 #/in®

- 16 -



Footing Slab Floor (Continued)

Check Ag
A, = M
S T e—————
fg j d
= 28000 x 12

20000 x 065 x 20,

.926 1in2

Use 7/8 in 4 & 6 inches c¢/c for widthway
steel in the top section of tlie floor slab
1.2 in.2

5.5 in,.

A

S

%

- 17 -



Sidewalls
The loading against the sidewalls 1s partially
transferred through the wall base and into the footing
floor slab. Due to this, it will be assumed that the
design load 1s equivalent to that caused by a fluid
depth of 4 feet and weighing 33 1/3 #/ft3. As an added
safety measure the entire load at this point will be

considered to act on each wall, individually.

Load Acting Over 4 Ft Depth

633 - 2 x 100
3

567 1bs/ft2

Moment
M=57x4x2

4536 1t - ft

Effective Depth
If possible, a depth of 12 1/2 inches with a 2 1/2 inch

cover will be used.

d =

kb

q4536 x 12
160 x 12
- {28.4

5.4 inches

Use d = 12 1/2 inches

- 18 -



Sidewalls (Continued)
Check fg,
fo=o 24
k j b a°

2 x 4536 x 12
.344 x .885 x 12 x 12.52

= 197 #/1n? Allowable f, = 1050 #/in®

Area of Steel

A, = M
S T3 d

4536 x 12
20000 x .885 x 12.5

.246 1n2
- 5/8" 4 @ 15 inches is allowable.
However use 5/8" 4 @ 12 inches for

convenience in field layout.

A 31 in?

S

Z 2 inches

(o}

"U" Bar§
It is chosen to place "U" bars of 5/8" 4 @ 12 inches

c¢/c in addition to the above steel. The length of
protrusion into the vertical wall is 48 bar diameters.
The depth of placement into the floor slab is
governed by the effective depth of the section. The
horizontal portion of the "U" will be placed at the
depth of the reinforcing steel of the floor slab.

- 19 -



Sidewalls (Continued)
Temperature Steel

Ay = .002 b d
= .002 x 12 x 12.5
= .30 in2
This area is divided between the front
and back surface leaving an effective
Ay = .15 1n?
Use 5/8" g @ 24 c/c inches on each face
Ay = 155 1n?
Z, = 1 inch
Shear
V = wl'
- 567 x 4 .
- 2268 1bs g

Bond
.| Ny
u = V 9 '5
Zb jd I ;
- 2268
2 x .885 x 12.5
= 103 #/1in? Allowable u = 150 #/in2

Shear Intensity

b j a

= 2268
12 x .885 x 12.5

= 17.1 #/1n° Allowable v = 60 #/in2

- 20 -



Front Wall
The loading against the front wall is partially trans-
ferred through the base of the wall and into the floor
slab of the footing. Due to this, it will be assumed
that the design load is equivalent to that caused by
a 33 1/3 #/£t3 fluid at the bottom 4 ft of the
pressure triangle. As an added safety measure the
entire load is considered to act only on the front

wall.

Load Acting Over 4 ft, Depth
w 633 - 2 x 100
3

567 1bs/ft%

Jloment
M=57x4x2

4536 1b - ft

Effective Depth

The wall thickness is 24 inches. Ve desire a cover

of 2 1/2 inches so d = 21 1/2 inches if allowable.,
[

T=\

456 x 12
160 x 12

‘28.4

5.4 inches

Use d = 21 1/2 inches
- 2] -



Front Wall (Continued)

Check

fe

fo

Area of

As

1

k j bad

2 x 4536 x 12

.344 x .885 x 12 x 21.52

66 #/in2 Allowable f, = 1050 #/in2

Steel

M

T J d

4536 x 12

20000 x .885 x 21.5

.142 1n?
Use 5/8" 4 bars @ 24 inches c/c

Ag = .155 in°

Iy = 1.0
"U" bar of 5/8" £ & 12 inches c¢/c will also
ke used as was done in the sidewalls. The
above steel at 24 inch spacing will te placed

on alternate "U" bars.

Tearerature Steel

At

002 b d This area 1is divided
.002 x 12 x 21.5 between the two wall
.52 1in2 faces leaving an effective

_ 2
At = .26 in

Use 5/8 in 4 bars @ 12 inches c/c

Ay = .31 in®
Zo - 2.0

- 22



Front Wall (Continued)

Shear

V = wl!

567 x 4
2263 1bs

/26"

u.._.4'.0"—-|
w~I67 Vs

Eb ja
2268
2 x .885 x 12.5
103 #/in° Allowable u = 150 #/in2

Shear Intensity

V = \'
b j d

2268
12 x .885 x 12.5

17.1 #/1in° Allowable v = 60 #/in2




Horizontal Reinforcenent

Sicewalls

Loading

The load acting on the wall varies with the height of
the wall and is greatest at the bottom. Ti.erefore it
is not necessary to run the same area of steel the
entire height of the wall. Loadings will be assumed
as tlhose caused by a 33 1/3 #/ft3 fluid at top 8 feet
and 12 feet of the pressure triangle. Results for
the "8" foot computations will be 2/3 of those found
for the 12 foot loading.

W = 1h
=33 1/3 x 12
- 400 #/ft

- 24 -



Horizontal Reinforcement
Sidewalls
Loment
Each sidewall is restrained at one end and 1is
consicdered to ke sinply surported at the otler.
T..erefore the maxiaun moxnent would not exceed

1/10 w1 x 1 = 16 ft

11

1/10 w12
1/10 x 400 x 162

10,240 ft 1bs

Cnecx fq
k j b ac

- 2 x 10240 x 12
o344 x .885 x 12 x 12.52

= 430 #/in° Allowable = 1050 #/in2

Area of Steel

A. = M
* T T3 4

10240 x 12
20000 x .835 x 12

.557 1n®

- 25 -



Horizontal Reinforcement
Sidewalls
Area of Steel (Continued)
Each sidewall offers a certain restraint to the
front wall requiring an area of steel to withstand
this.
Loading = 15 x 400 = 6000 1lbs

Reaction = 6000 x 1/2 = 3000 1bs

Ay = 3000 = .15 in?
r _ 20000

Add .08 in2 of steel to each face of wall to

withstand the stress of restraint.

=
n

557 # .08
637 1in®

Use 3/4 in 4 bars & 8 inches c¢/c on each face
of wall., These will extend 9 ft up from the

base of the wall.,

For the 8 ft Loading
Area Steel
2/3 x 637
.425 1n?
Use 5/8 in 4 @ 8 inches c/c

As

- 26 =



Horizontal Reinforcing
Front Wall
Moment

M= 1/10 w1l

400 #/ft

1705 - 1025
16.25 ft

w

1/10 x 400 x 16.252

10560 ft 1bs

Check fg

21
kK jbad

> x 10560 x 12
.344 x .885 x 12 x 21.52

150 #/in?

e

Allowable £, = 1050 #/in®

- 27 -



Horizontal Reinforcing
Front Viall (Continued)
Area of Steel

Ag = b
*"f.ia

10560 x 12
20000 x .885 x 21.5

= .333 in?
Additional steel is required to withstand the

stress of the‘restraint which must be offered

to the sidewalls
Loading = 400 x 16 = 6400 1bs

Reaction = 6400 x 1/2 = 3200 1bs

A = 13200 = .16 in®
Sy T 20000

Add .08 in® of steel to each face of the

wall.

333 # .08
.413 1in2
Use 5/8 in @ bars at 8 inches c/c (Ag = .47 in?)

0
"

This 1s greater than required but the spacing

is desirable for convenience in layout.

- 28 =



Topwalls
Front
Steel (Forizontal)

Use 5/8 4 @ 8 inches c¢/c for convenience in

field layout.  Ag = .47 in.2

Steel (Vertical)

A, = .C02 b d
002 x 12 x 6.5
- .156

Use 1/2" 4 @ 12" c¢/c for convenience
in field layout.

- 2
As = .25 in,

- 29 -



Vertical "Acting" Beam
A tie bean is to be used at the upper rear corner of
the side walls to render support against the outward
thrust acting on each side wall. If possible, reinforc-
ing steel of sufficient area will be used vertically at
the outer end of each side wall to act as a vertical
beam., The horizontal tie bean (12" x 18" x 15') is
connected between these acting beams and provides the
required support. The wall is considered fixed on one
end and supported at the other,
loadings on Side Walls
P =wh x 1/2 the distance from the front wall
to the center of the horizontal
tie bean.
Top of Side ‘all
Py = ;%g x 4.5 x l%;ﬁ

= 1165 1lbs
Base of Side Wall

P, = 100 x 17 x 15.5
b 3 5

= 4400 1lbs

—_— //65

1

AN 4400

- 30 -



Vertical Acting Beam (Continued)
Jfoment
The moment will be the summation of the maoment of
a uniform loading and that of a triangular loading

acting over a span length of 11.75 feet.

N
L W - 3235 x 11.75 x 1/2
W= 19000* N
b~ 2N = 19000 1bs
AN @ 7res 7 NN\ \ P
N
/’L"hﬁs

1/8 w 12 £ ,128 W 1
.125 x 1165 x 11.752 £ .123 x 19000 x 11.75
20100 # 28600

b

48700 ft - 1lbs

Minimun Value of "b"

b= __M
i a2

48700 x 12
160 x 12.52

= 23.8 inches

- 31 -



Vertical Acting Beam (Continued)

Area of Steel

M
Te ] d

48700 x 12

Ag

20000 x .885 x 12.5

2,65 in°
Use 5 - 7/8"

Ag =

Z,

g bars @ 6 inch c/c
3 in2
13.79 inches

- 32 -



Horizontal Tie Beam_
The total reaction on the beam will te an axial load
in tension. It is the summation of reactions caused
by a unifora loading and a triangular loading from
the base of the wall to the center of the horizontal
beam. Tne wall will te considered as fixed at one

end and supported at the other.

3 1—

( i
Reaction
R = Ry # Rt
R, =wl Ry =1/3 xP1
4 2 t >
= 1165 x 11,75 - 1/3 x 3235 x 11525
2
= 6850 1bs = 6350 1bs
- 6850 £ 6350
= 13200 1bs

_33_



Horizontal Tie Beam (Continued)
foment

Due to the bean teing axially loaded the mounent

is that which is caused by the dead load of the

beam,

Dead Load
w = 18/12 x 1 x 150

é25 1bs/ft

As a safety measure in case of any
settling of the fill this value is
doubled

Use w = 450 1bs/ft

It 1s assumed that the maximum moment will te less
than that for a simply supported beam with uniform
loading, I = 1/8 w 12, and greater than that for a
fixed end beam with uniform loading, 11 = 1/12 w 12.

Use I = 1/10 w 12 1 = 16.25 ft

450 x 16,252 c/c of walls
10

11900 ft - 1bs

- 34 -



Horizontal Tie Beam (Continued)

Effective Depth

d =

Area

g
kb

11900 x 12
160 x 12

8.64 inches

Use d = 9.5 inches

of Steel

A

Sy

I
fs J d

This allows the use of a 12" x 12"

beam instead of a 12" x 18",

11900 x 12
20000 x ,805 x 9.

.85 in°

Additional steel will te added
to withstand the axial loading
on the beamn,

A, =
S2

H)ltﬁ

S

13200
2000

.68 1n?

Add .34 in to each section

-35_



Horizontal Tie Beam (Continued)
Area of Steel (Continued)
A_ = A £ A

S1 s

S 2

.85 £ .34
1.19 in®

Use 2 - 7/8" 4 bars top and bottom
with right angle bends extending

downward into each wall.,

)
!

= 36 inches
1.2 1n2/ft/section

h
"

5¢5 in2/ft/section

M
o
"



Floor Beam

L — —— 4

lm = — — —— — ]
———————-l—

le——:0—+]

je—- /60—

_|—_—__—s—-'q

Lozading Per Foot of Bean
Assume a 10 - wf 21 beam

Slab Load

4 £ 5.5 x 1/12 x 150 x 7.25 = 435 #/ft
2
Live Load
100 x 7.25

Beam Weight
Assume 21 #/ft

725 #/ft

21 #/ft
1181 #/ft

Total Load w
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Floor Beam (Continued)

Toment

i

1/8 w 12

1l - 14 ft (face to face)

1/8 x 1181 x (14)2 x 12
347000 in - 1bs
Section Modulus

S

NI=

15600

19.3 in3

Allowable Z = 21.5 in3
Use a 10 WF 21 beam
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Plate Girder

Fanecl Loads

Each girder is gcing to carry 1/2 of the total

loading.

Slab Load = 4 £ 5.5 x 1/2 x 150 x 7 = 415 #/ft
2 .

Live Load = 100 x 7 x 1 = 700 #/ft

Girder = Assuie 400 #/ft = 400 #/ft

Total w = 1515 #/ft

7' - 3" Panel
= 1515 x 7.25
11 kips

dJ
1

The loading for tne two end panels is going to be

conputed frox the averace cspan of 7' - 3" and

7' - 1 1/2",
P - 1515 x 7.19
= 10.9 Kkips

In computing moments and shears, loadings will bte
considered as carried to the girders through the
floor beams thus rendering concentrated loads at

each panel point,

£
J.5 7”n VZ4 17/ // V74 1/
o 7274~ 7-3" 73" 7-3" 7-3" 7°3" :%—’J
1 | ]|
{ 1
7. 4
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Plate Girder (Continued)

Depth of Girder

d 1/25 span

1/25 x 94 Use 43 inches at center and 66

3.76 ft inches at supports.

Thicliness of ‘eb  (AASHO Spec. 3.6.75)

At Center
tc = 1/20 D D = Depthh of Vieb
= 1/20 46 Assume 46 3/8 in

= .34 inches

Use 3/8 inch web (t = .375 inches) at center.
At Support
1/20 66
.403 inches

t

S

Referring to AISC Spec. section 26-b

te

1/170 x 66

.383 inches

Use 3/8 inch web at surpports. This is under
specifications but is considered allowable due
to the shape of tlie girder, its light loading,
and the fact that the bridge is subject only to
pedestrian traffic. DNo specifications are

esteblished for purely pedestrian loadings.
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Plate Girder (Continued)
Moments and Chears
Mpax = 65.9 x 47 - 11 x 3.625 - 11 x 10.875 - 11
x 18.125 - 11 x 25.375 - 11 x 32.625 =
10.9 x 39.875
3100 - 39.8 - 119.8 - 199.2 - 278.2 - 358.0

- 438.0
3100 - 1433

1667 kip - ft at the center of the span

Vioax = 11 £ 11 £ 11 £ 11 # 11 # 10.9 # 5.5
= 71.4 kips at support

M, = O kip - ft Vy = 71.4 kips
1 = 470 kip - ft Vo1 <= 65.9 kips
My = 1187 kip - ft V2_3 - 4 kips
I, = 1429 kip - ft Vig = 33 kips
s = 1575 kip - ft V45 = 22 Kkips
g = 1656 kip - ft Vs_g = 11 kips

V6—7 = O kips
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Plate Girder (Continued)
Check Thickness Against Shear
Maximum shear will occur at the end reaction
with half going into each girder.

' 1/2 x 143

71.5 kips

=to 11

B o373

2890 #/in? Allowables

A.I.S.C. Specs = 13000 #/in?

Stiffeners (A.I.S.C. 26=-¢)

Intermediate stiffeners are required if

h =70

t

h = 66 - 176
t .375

Stiffeners are required.
Stiffener Spacing
d

11000 t

Ss

11000 x .,375
2890

77 inches maximum allowable

- 42 -



Plate Girder (Continued)

Intermediate Stiffeners

The maximum allowable spacing is found to be 77
inches. ©Stiffeners will te placed on both sides
of web at each welded joint of webj; and singly
on the inside of web at each panel point and at
the midpoint of each panel. This is allowable
because of the light loading.

w

D approximately

t 1/12 width

Use 5" x 7/16" stiffener plates for a total
of 29 per girder.
Welds
3/4" rivets @ 5" c/c to 3/8" web = 11200 1lbs
4 - 1/4" fillet welds will withstand 9600 1lbs
If spacing is in 6" lengths

L x 5/6 = 11200
9600

Use 2 inch length of 1/4" fillets in

each 6 inches of length.
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Plate Girder (Continued)

Data (At Center of Span)

Trial Web = 46 3/8" x 3/8"

Assumned distance c¢/c gravity = 47 inches
Assuned overall depth = 49 inches
Maximum loment = 1667 kip ft

Reduction of Flange Stress

S = 18000 x 47
49

17250 #/in°

Feguired Gross Flange Area

A Net flange area ainus 1/8 gross web area

1667 x 12 - 46,375 x .375
47 x 17.25 8

- 24,7 - 2.2

- 22,9 in? reqguired in each flange
Top Flange

Use a 15" channel @ 50#/ft = 14.64

Add a 14" x 5/E" cover plate =8.7%

Total Area A - 23,39 in?
Bottom Flange
The flange plate will be formed by splitting a
30" x 1" plate
Use a 15" x 1" plate = 14.54

Add a 14" x 5/8" cover = _8.7°%
Total Area A = 23.3¢ in2
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Plate Girder (Continued)

Checli Stress

Jdaximum moment occurs at center

S =z le

I
Top Flange

S = 1667000 x 12 x 23.45
23340

- 16000 #/in°

Bottom Flange

S - 1667000 x 12 x 24,7
25340
- 16850 #/1n?
Allowable = 13000 #/in2

Point of Cutoff

%l A # I, # 115 = 19040

I

12000 x 12040
23.11

1230 kip - ft
wloment & panel point No. 3 is 1187 kip - ft.
Cut 14" plate at points No. 3 and No. 10.
(25" = 4 1/2" from center line)
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Plate Girder (Continued)

Center of Gravity of Gircer

Y = AJy £ AT £ B1a¥1g # AgTis £ A14Y1g

Ag # Ao # Ay £ A1g £ Ay

17.4 £ 14.64 £ 6,75 £ 14,54 # 8,75
64,2
(17.4 x 24,81)4 (14.62 X 47.92)£(8.75 x 49,03)

[

A

£(14.64 x 1.13)£(8.,75 x .31)
64,2

432 £ 702 £ 429 £ 15,6 £ 2.7

64.2

1982,3
34.2
24,70 in.from botto.s of lower flan:e

or 23.08 in. froam bottoua of web

Ttonent of Inertia

I, = 1/12 bh3 £ Ad® = .379 x ig. =3 - 3100
I - a2 = 14.64 x 23.032 = 7790
I, = 4d° = 3.79 x 24.13% = 5090
I;5 = Ad° - 14.64 x 23.58% = 8150
I, = Ad® - 8.75 x 24,392 = _5210

T = 29340 in.%
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Plate Girder (Continued)

Flance Yelds

The :gaximum shezar will occur at the end of reaction.

D = 66 inches
C.G. = 32.9 inches froz btottoun of the wreb
v = 71,500 1bs.
I - 41,390 in.%
Ss = V@

Ib

71500 x 14.64 x 33,82
41390 x 1

358 #/inch

Use 2 ft continuous froa ends then
use 1/4" fillets (2400 #/in)
stitched 2" in 6",
Slippage will occur tetween tle plates maixing up
tnhe flanze. The naximum value will occur at the
point of cutoff.
D = 52 inches
C.G, = 26,08 inches from bottom of web
v = 44,000 1bs.
I = 36,490 in.?

n
1

- 44000 x 3,75 x 26,64
36490

250 #/inch

Use 1/4" fillets (2400 :%/in)

stitched 2" in 6%,
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Plzte Girder (Continued)

End Stiffcners

Area Keqgd.

(pllae]

71500
17¢00

4.2 in.2

Use two pair of intermediate stiffencrs at

eacih end of each girder,

Ylelding Required
Laca pair of end stiffeners will transfer 2/3

of tae end shear.

P - 2/3 x 71500
= 47700
Lengtix of 1/4" f£illet weld = 47700
24C0
= 20 inches

Use 12" continuous at each end then

stitch 2" in 6",
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Plate Gircder (Contirued)

Checlt Veight

Web

(46 3/8" x 47" £ 15 1/2" x %Z') x 3/5" x 490

Flates
2 x 14" x 5/38" x 50' - ¢" x 4920
1 15" x 1" x 24" x 490

Chanrel
1 x 94" x 50 #/ft

Stiffeners

2¢ x 5" x 7/16" x 56™ x 490
4 x 5" x 7/16" x 66" x 490

17540 = 1¢38 #/ft of girder
oF

Reacticon Fin

We l{):’lt =

490 #/£t3
3340

3420
4300

4700

1210
170

= 17640 1bs

A 16" roller segment with a 24" diameter will be used.

Tarough this, two 1 1/2" holes will be drilled to hold

1 1/4" anchnor bolts, thus allowing for deflection.

Length = 16 - 2 x 1 1/2
1l =13 in.
Stress = P
1
- 71500
13

5500 #/lineal inch

Allosatle = 60CD

- 49 -
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Plate Girder (Continued)
iIlnsonry Bearing Plate

£1, = 600 #/in®

S =P
A
A = 71500
600
- 120 in.2

Use a 16" x 11" plate, A = 176 in.° The
thickness will be 1 1/2" consisting of
1" of steel acting as a fixed plate faced

with a 1/2" bronze expansion plate.

T 1023 pr o s-3”
P ! She
~ ) bc,ocl
- 2"

i | 0°% 13" PL ~1-3"
i : Shaped

\'//“'f.' PL .,'_‘u

Sromae - E.,.,,.;,,,

Fl“* P - . L
! /Rl PL 2yt

I Stee/ - Fined
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