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I. INTRODUCTION

Highway Bridege Engineering can be divided as follows:
A, Bridge location
B. Preliminary investigational work and stream study
C. Economic tyve selection
D. Detailed design
E, Construction
F. Maintenance and overation

In general it may be said that many of the highway bridges span
from 50' to 100'. Therefore, it is the purvose of this thesis to make
an economic study of highway bridge tymes for these svans including
actual cost camnarison.

It is needless to say that tvne selection is the most difficult
but the most imnortant feature of Bridge Engineering. Yet, the engi-
neers in general have not quite annreciated the imvortance of correct
tyne selection. 4As a result, millions of dollars have been wasted
through improper tyne adavtion due to unwarranted first costs or unneces-
sary maintenance exvenses.

Correct tyne selection is, therefore, the very corner stone of
economy. A failure to evaluate correctly the factors governing this
nroblem may frequently result in waste many times greater than any

saving anticipated from refinements in stress analysis and design.
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II. FACTORS DICTATING TYPE SHLEICTION

It is necessary to discuss the general factors that govern the
tyne selection for any sran before discussing fifty to one-hundred-foot
snangs. The auestion of economy in the first cost, maintenance and
renewal is naturally a major controlling consideration. It should be
kent in mind that there are some factors other than economic considera-
tions which onerate to dictate tvne selection. These may be grouved as
follows:

A, Stream behavior

B. Reouirements of navigation
C. Traffic considerations.

D. Architectural features

This is not the place for an extended discussion of these, however,

these will be introduced briefly.
A, Stream Behavior

Stream behavior in this thesis means the peculiar character-
istics of the waterway during periods of high waters as regards
erosion of bed and banks, latercl shifting of channels, carriage
of drift, ice and debris, etc. These characteristics have direct
influence on (1) main channel structure, (2) structural apnroaches,
(3) avoroach embankment.

fle know that Q = VA where Q = discharce of stream in ft. sec.
through the main channel.

A = Waterway area of main channel £t2.

V = Velocity of flow in ft./sec.



Construction of any structure across the stream tends to
obstruct the flow of water. This, naturally, affects the velocity
of flow and causes erosion or devosition of bed. 4As & result this
characteristic puts limit on minimum snacing of piers.

Meandering of stream in flood plains many times meke it neces-
sary to carry main channel construction clear across the flood
plain, where otherwise, short span anoroach construction would be
entirely adequate and much more economical. In such cases, stabi-
lization of channel by means of river training works may sometimes
be economical against long snan construction over the entire flood
plain.

This automatically dictates the structural apnroaches as well
as the annroach embankment.

The necessity to guard against the drift or ice dictates the
vertical clearance, although extreme flood elevation alone mey at
times be the limiting factor. These factors often force the elimi-
nation of deck truss construction even though it is the most
desirable.

Shallow truss construction, enough to provide required clear-
ance, may sometimes be more economical than deck truss of ordinary
denth which requires raising the general grade of the aporoaches.
Requirements of Naviegation

The horizontal and vertical clearances required for the main
channel span to fulfill navigation needs certainly limit the tvpe
selection. Generally moveable smans are used for this wurrose,
of course, the tyne of'design for the movine leaves is dictated

by water traffic. In many of the streams in this country even



the flanking spans are held to a certain established minimum as
regards these clearances by the United States War Devartment.
Thus, they control the snacinz of piers regardless of other con-
siderations.

Traffic Considerations

In order to allow adecuate sight distance at sharp curved
anoroaches structure such as through steel truss construction
should be avoided,

The ultimate vurnose of bridege structure is to facilitate
traffic movement. Hence thorough consideration should be given to
(1) the direction of traffic movements over the span, (2) provision
for the sevaration of slow and fast moving traffic.

Deck construction is much superior to any other tyve from a
traffic standpoint as it satisfies all the above requirements., If
the clearance requirements eliminate this type from consideration
on pronosed grade line, then, it becomes necessary to investigate
the feasibility and cost of a new grade line modified so as to per-
mit deck construction and also the feasibility of snecial shallow
truss design.

Architectural Features

In certain cases architectural requirements play an important
role in the selection of Bridge Structures. The following cwun be
the order from the architectural point of view.

1. Masonry arch construction
2. Reinforced concrete deck construction

5. Deck truss or plate girder construction with a
concrete deck.






4, Through truss or girder construction. If the align-
ment is such that the side elevation of structure is
plainly visible from the apnroaching highway, more
attention should be given to a type which gives a
vleasing side elevation than if only the roadway is
ordinarily visible. Natural scenic setting will also
influence the tyne selection. Furthermore, the loca-
tion of the dbridge in reference to narks, pleasure
resorts, etc. will influence the type selection.

In general, all such factors operate to place certain limits
on tyne selection. These limits are generally in regard to the
svacing of piers,Atyne of anvroach construction, choice between
deck and through construction, grades, clearances, roadway width,
etc. In final analysis when the relative economy of the different
tyres is determined, the unobstructed roadway should be given a
great deal of consideration and should be chosen unless cost con-

siderations are prohibitive.



III. TYPE SELECTION FOR 50' to 100' SPANS

Assuming all the factors that dictate the tyne selection are favor-
able to the use of a deck structure, then the vresent trend is to the

tyve of construction using steel beams with concrete floors for these

span lengths. Recent develomments to provide mechanical shear develovpers

have caused the discarding of the conventional steel construction. As

a result state highway devartments are designing composite steel bridges.

On the other hend, for 50' to 100' snans the conventional reinforced

concrete construction cannot be used owinz to its limitations in regard

to span length. But recent develomment has brought about the use of pre-

stressed concrete construction. This has increased the previous span
limit. Hence, the prestressed concrete bridges can be built for these
spans. How far this tyne of construction can compete with the present
comnosite construction can now be found out by actual cost comvarison.
However, it is assumed that the sub+structure construction is the same
in both the cases. Hence, it is now possible to determine cost dif-
ferences for these two tynes of deck constructions for the 50' to 100!
spans. Unit costs for the comvosite construction were suvplied to the
author by the Michigan State Highway Devartment, Lansing, Michigan.
Unit costs of the prestressed construction were sunnlied by the svnecial-
ized firms.

The order of the following discussion is:

A, Commosite construction

B. Prestressed concrete construction



A, COMIOSITE CONSTRUCTION

1. GENERAL
a. Introduction
Durine the last twenty years comnosite construction has
renlaced the conventional steel construction in the field of
hirchwey bridees. This is becsuse, in the conventional tyne of
steel beam bridge with a reinforced concrete deck, each bean
carries the entire load transmitted to it by the concrete slab.
While in comvposite construction, edequate vrovision of shear con-
nection between the beam snd the slab has made the section compo-
site and hence acts similar to the reinforced concrete T-beems.,
The main adventages of composite construction over the con-
ventional type of steel beam and sleb construction are:
(i). Greater economy
(ii). Shallower construction
(iii). Grester stiffness
(iv) . Greater live load factor of safety
b. Comnosite Beam
The comvosite beam consists of three essential parts:
(i). Steel section: this may be a rolled besm or a
riveted or welded girder. Comnosite construction
is more economizical when the bottom flange of the

steel section is larger than the ton flange. This



(11).

(1i4).

can be sccomplished in the cese of a standard rolled
beam by welding a cover plate at the bottom.

Concrete slab: reinforced concrete slab is designed
as in conventional construction. The slab may rest
on the steel beam or on concrete haunch increasing
the carrying cavacity of the composite section due to
the increased devth.

Shear connectors: to »nrovide adecuate bond between
the concrete slab and the steel beam, mechanical sheer
connectors are nrovided. Among the many, the s»ircls
ere the most economical and adantable., These are
normally velded to the top flange of the steel beam
and embedded in the concrete to transmit the longi-
tudinal shear and to prevent the movement between the

slab and the beam.

¢. Methods of Erection

Two different methods of erection are in nractice:

(1).

(i1).

No temporary sunnorts are used under the steel beams
during the pouring and setting of concrete slab. So
steel section carries the dead load while the comnosite
section carries the live load plus &ny dead load avplied
after the slab has set e.g. wearing surface.

Effective temporary supports are used under the steel
beams during the pouring and setting of the concrete
slab, hence the comnosite section carries both the

dead and live loads.



However, vractice has proved the first method &s more economi-

cal than the second, though the steel section required for the second

method is smaller than that for the first method. This is because
the cost of the intermediate suvvorts frequently exceeds the saving
in the steel.

In the following designs, all of the above main factors that
bring about economy are taken into consideration.

The method of desien of comrosite beams is based on the trans-
formed section method used in the design of reinforced concrete
beems. For the trial sections, the properties are used from the
tables given in Reference No. 2.

Data

The general layout of the cross-section is as shown in the
following Figure 1. The roadway is 28' wide and is flanked by two
2-ft. wide curb walks.,

The stringer spacing is kept 6 ft. c. to c.

for all the svans. The slab is kert the same for all the svans.
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Live load is H20-44

Future wearing surface is assumed to be 20 lbs. per
square foot.

Load and design reguirements adhere in general to
Standard Specifications for Highway Bridges, sixth

edition, 1953 adonted by AASHO.

e. Notations

=
"

I'

S's

Ss =

ADL =

MLL

Mws

Fsdl=
Fsll=

Fsws=

VLL

Vws

Distance from comnression surface of slab to neutral
axis in inches.

Svan length in feet.

Cross-sectional area of steel section.

Moment of inertia of steel section about its NA,
Moment of inertia of composite section about its NA.
Tensile section modulus of the steel section.

Tensile section of modulus of the composite section.

Ratio of modulus of elasticity of steel to that of concrete

(Es/Ec).

Bending moment due to dezd load.
Bending moment due to live load.
Bending moment due to weering surface.
Steel stress due to LDL. (Ksi).

Steel stress due to MLL (Ksi).

Steel stress due to kws (Ksi).
Verticel shear due to dead loed.
Verticel shear due to live load.
Vertical shear due to wearinge surface.
Horizontal shear per unit length,

Pitch of svpirals.

10



AD]l =

Qnl =

Q'nl=

Q"pl=

Fsa

Cross-gectionel area of plate.

Static moment of cover plate ebout NA of comvosite
section with n = 10.

Static moment of cover plete about KA of steel section.
Static moment of cover plate about NA of caomposite
section with n = 30,

Static moment of the effective concrete area about Na
of composite section.

Shearing force transmitted per pitch (Kivs).

Allowable steel stress = 18 (Ksi).

11
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2. FLOOR SLAB

a. Design

Distance between stringers c¢. to c. = 6 ft.

Bending homent shall be calculated by the methods based on the
Westergaard's theory of the distribution of loads and desizn of
concrete section.

According to AASHO snecifications, aArt. 3.3.2. (c) case A,
where main reinforcement is perpendicular to traffic and spans are
2-7 ft.

distribution of wheel loads:

E = 0.8+ 2.5

where 8 = effective snan length which is the distance be-
tween ederes of flaneces nlus 1/2 of the stringer flange width for
slabs sunnorted on stringers. AASHO specifications. Art. 3.3.2. (a)

Assuming 9™ wide flange,

s 6' - O" = 9" & 4,5" = 5,62!

E

]

0,63 + 2.5

0.6 x 5.62 ¢ 2.5

3.37 ¢ 2.5

= 5.,87*
Bendine moment for continuous.snans:

M

+ 0.2 xP) x s where Py = Load on one wheel of
E single axle.

B

M =% (0.2 x 12,000 x 5.,62) 5.87 x 1000

12,000 1bs. for H20 - 44 loading.

= % 2,34 k. ft.
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Imnact factor

50 ___
L + 125 (L = s = 5.,82')

S0 _ 125
5.62

38,47

But max, allowed is 30p

Desien M = ¢ 3,04 k. ft.

for 20,000/10/1°700, and M = 3.04 k. ft. 4 = 4",
Minimum slab thickness = 4 ¢ 1.5 = 5,5

Use 7" thick slab,

Hence, d = 7 - 1.5 - 0057 - 5.2".

Reinforcement:
=As = M = 3.04 x 12
f£sid 20 x .867 x 5.2

0.405 sq. in./ft.
Provide 5/8" @ Bars @ 7" ¢. to c. at bottom as well as at
the tov.
Distribution Reinforcement: reinforcement shall be placed in the
bottom of all slabs normal to main steel to provide for lateral dis-
tribution of all loads. The amount shall be the percentage of the
main reinforcing steel required for vositive moment as given by the
followinz formula:
% = 1008% = 100/5.62% = 42.%%
Area of steel regd. = .422 x ,402 = 0.17
Provide 1/2" ¢ Bars @ 10" centers.
b. Quentity:

concrete/sq. ft. = 7 x 1 = 0.583 cu. ft.
12



c. Cost:

Positive steel/sa. ft.

Negative steel/sq. ft.

Distribution steel/sq. ft.

Per sg. ft. of slab:

concrete @ $48/cu. yd.

steel reinf. & $0.10/1b.

Cost of slab per sa. ft.

1,043 x 12 = 1,79 lbs.
7

1,79 lbs.

= 0668 {_LE - 008 lbs.
10

0.583 x 48 = 31,04

27
(1079 - 1079 - 008) X .lQ
3,38/.10 = 33,8 cents

$1.378

14



3. COMPOSITE BEAN
a. Design
The followine examnle illustrates the detailed desien of a
tyoical comnosite beaii. The s~n is 60' as simoly supported.
Loadings H20 - 44
Strincer snacing 6°'
Sleb thickness 7"
Wearine surface 20 1lbs./sq. ft.
Live Loed: (Leane load governms)
Distributed load/ft. of lane = 640 1lbs.

Imract factor = 50 = 2%

60 + 125

Imoact lo=d/ft. of lane = 174 1lbs.

Totzl load/ft. of lane = 814 1lbs.

Per strineer, load/ft. = _6 x 814 1bs. = 488 lbs,
10

i.e. VWLL 488 k

Concentrated load for moment/lane 18 k

Imnact load 4,86 k

Effective concentrated load for moment/lane = 22.86 k

Per strincer concentrated load P = 0.6/22.86
Concentrated load for shear/lane = 26 k
Imoact losad = 7k

Effective concentrated load for shear/lane = 33 k

Per stringer concentrated load 0.6 x 33

19.8 k
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Live Load Moment MLL = ,.488 x 6QE + 13.7 x 80
8 4

425 k ft.
Dead load carried by steel section alone:

Wt. of slab = _7 x 150 x 6 = 525 1lbs.,
12

Steel section 120 1bs.

Diavhrams, spirals, welds, 20 lbs.

i.s. WDL = 665 1bs,/ft.
Dead loed loment MDL = .665 x 60° = 299 k., ft.

8
Dead load carried by Composite Section (n = 30): for the loads
which are sunerimnosed after the concrete has set, stresses shall be
computed with n = 30 for su»oerimnosed deal load and with n = 10 for
live load. This higher value of n is supvosed to take care of the com-
bined effect of dead load and plastic flow stresses in the concrete
and steel.

Vit. wearing surface = 20 x 6 120 1lbs./ft.

.120 x 60%

8

Wearing Surface homent  MWS =

54 k. ft.

Trial Design:

Wherever plastic flow is considered in the design of camnosite
beams, its effect may be neglected in the trial design because of its
small influence on the recuired section. Therefore, loads producing
nlastic flow are grouned with the live load in the trial design

procedure.
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Steel section modulus required for dead load

= S'sdl = DL x 12 = 299 x 12 = 200 in®
fs 18

Steel section modulus required for WLL + Wss

= Ssll = (423 + 54) x 12 = 477 x 12
18
= 318 ind

Comvosite Design with Cover Plate:

To select the required camnosite section, try values from
Trial Design Table V of Reference lo. 2 for the section 27wf.
G 94.

Total Steel area read. = 4As = S'sdl + Ssll

S's/as Ss/as

200+ __318
8.78 15 x 0.978

22.8 + 25.0 = 47.8 sq. in.
Now 27 wf., @ 94 give steel area = 26,65 8Qq. in.

Therefore,

Area of Plate = Apl As - 27,65

2

47.8 - 27.65 = 10.75 Sq. in.
2

Use a slightly larger cover plate than determmined as above,
since it was assumed in the trial design that the load carried by
the composite section with n = 30 was carried by the section with
n = 10.

Therefore use & 27 WF. @ 94 with a 12" x 15/15" (4pnl = 11.25

sa. in.) cover plate at bottom.
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Proverties of section without cover plate (at supports).

[~
1 -
N L" v*N o
hi (.0)
g
~N
4 i
" N W
.
v".l
N\
N

Steel Section:

Aren

27.65 sq. in.
I'o = 3264 in%.

S'so 243 ino,

Commosite Section (n =

Area: A} = 7.2 x7

Ao = steel

Total area

Statical Moment:
Ay x 3.5
Ao x 20,45

Total

kd = 742/78,05

10)

50.4
27,65

78,05 sq. in,

177

565

742 ind.

g 73" .
s _ 7

7o

9.52" from top of slab,



Moment of Inertia:

1 x 7.2 x '7:5
12

50.4 x (6.02)7

WF. 27
27.65 x (10.93)7 =
Total = Io =

Modulus of Section

= 205

1,870
3,267
3,220

8,662 in%

Sso = 8,662/24.38 = 355 in®

Comnosite Section (n = 30)

Area:

2.4 x 7

WF 27

16.8

27.65

Total area = 44,45 sq. in.

Statical Moment:

16.8 x 3.5 = 59
27.65 x 20.45 = 565
Total = 624 in®
kd = 624 x 44.45 = 14" from tov of slab.
Moment of Inertia:

1x2.4x7 = 68.4
12
16.8 x (11.5)% = 2,220.0

WP 27 = 3,267.0
27.65 x (6.45)% = 1,150.0

Total = I%o

Modulus of Section = S"o = 6705.4/19.9 = 336 in®

= 6,705.4 in?

19
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Properties of Section with cover plate (at mid-span)

{‘ "
,j;;___ e - Change in Neutral axis due

| * %
s AN % to adding a cover plate can
a N ta
3! be determined by the follow-
“J > T A

' Jffc’/ EN

o ing formula:

Change in NA = (Area of plate) x (Distance from c.g. of
blate to NA of section without plate) / (Equivalent steel
area of entire section).

Steel Section:

NA - 11025 X 13092 - 4.0'
38.9

Moment of inertia:

27 WF section = 3,267

2765 x 42 = 432

11.25 x 9.92° = 1,120
Total = I' = 4,819 in?

Modulus of Section = S's = 4819/10.39 = 472 in®

Comnosite Section (n = 10)

7e - NA (By adding slab to
& steel section ) =
-1 N
N ~1A 50,4 x 20,96 = 11,8"
. n-io *T 893
o 2
¥ Ny >
A




21

Moment of Inertia

1 x7.2x7 = 205
12

(50.4) x (9.16)% = 4,230
Steel I = 4,863
38,9 x (11.8)° = 5,420

Total « I = 14,718 in%

Modulus of Section Ss = 14718 = 63 in®
22.19

Composite Section (n = 30)

Ni (By adcing slab to steel section) = 16.8 x 20.96 = ¢,3"

55.7
78”
r— T -
1 . o
| ]
3
N "
o Vo \1 A
& 3/4 ‘m
\ A f‘-‘/t(?/ ¥ )\
s
Firg 5
Motion of Inertia:
1x24x(7° = 68.4
12
16.8 x (14.36)2 = 3,480,0
Steel I = 4,863.0
2
38.9 x (6.3) = 1,540.0
Total = I" = 9,951.4 in%

Modulus of Section = S"s 90951.4 = 585 in>

16.99
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Grouving together:

Section Moment of Inertia in? NA Section Modulii

Steel I' = 4,819 24,46  S's = 472 in®
10.39"

Composite I = 14,718 17.86" Ss = 663 in®
(n = 10) 22,19"

Comvosite I" = 9,951.4 17.86" S"s = 585 in®
16.99"

Unit strésses at center:

Bottom of steel Top of steel
FSDL = 299 x 10.39 x 12 = 7.85 k/in® 13.9
2819

FSLL = 473 x 12 x 22.19 = 7.75 k/in® 2.0

14718
Fews = 54 x 12 x 16.99 = 1.11 k/in® 0.77

9951.4 0

Total = 16.71 k/in 16.67 k/in®

Tov of Concrete:

Due to L.L. 432 x 12 x 12,66 = 0.436 k/in®
10 x 14718

Due to W.S5. 54 x 12 x 17.86 = .039 k/in®
30 x 9951.4 )
Total = 0.575 k/in

All stresses are within the safe allowable stresses. Hence,
the section is safe.

Length of Cover Plate:

= L' = Ly 1-Sso
Ss
= 60/ 1 -355 = 60y (1- .505)
663

= 40.9'
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Use 42' cover plate.

End weld on cover plate:

The end force in cover plate = Anl x Fsa x Sso
Ss

11,25 x 18 x 355/663

113.5 kips,
Required length of 5/16" weld to transmit this end force

only = 113.5 = 50 in.
2.21

Welds along sides of cover plate:

To find horizontal shear per inch at the end of plate:
At 9' from left support

0.665 x 21 = 14 k.

VDL 0.665 (30 - 9)

VLL = 0.488 x 51 x 51 + 19.8 x 51 = 10.6 + 16.8 = 27.4 k.
60 2 60

0,120 (30 - 9) = 0.120 x 21 = 2,52 k.

3

Then horizontal shear ver inch can be given as:

m
1}

VDL Q'nl + VLL Gnl + WS Q"nl
iy I I,"

14(11.25 x 9.92) + 27.4(11.25 x 21.72) + 2.52(11.25 x 16.52)
4819 14718 99501.4

0.324 + 0.456 + 0,047

= 0.827 k/in or 0.413 k/in per side.
Try 1/4" intermittent welds, length of each being = 1 1/2"
Then strength = 1.7? x 1.5 = 2,65 k.
Therefore:

spacing = _2.65 = 6,5"
0.413
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By AWS s»ecifications the minimum weld length = 1-1/2" and
the maximum clear spacing = 14 x thickness of thinner part
joined = 14 x 11/16 = 983"

Maximum center to center smacing = 11.13". Therefore, the
sracing could be increased to 11", neer the center of the snan.

Spiral Shear Connectors:

Use 5/8" € bars with 4-1/2" mean coil disnmeter.

This gives 7™ - (4-1/2 + 5/8) = 1-7/8™ cover over snirals.

At end supports:

V(DL + WS) = (0.665 + 0.12) x 30 23.5 k.

V1L 0.488 x 30 + 19.8 34,4 k.

Total shear 57.9 k.

Snirel nitch,

S Fr I = 11,04 x 8662

—

) 57.9(50.4)(6.02)

At 10 ft. from the support:

V(DL « WS) = 0,785 (30 - 10) = 15.7 k.

VLL = 0.488 x 50 x 50 + 12,8 x 50 = 26,7 k.
60 2 60

Totel shear = 42,4 k.

As the cover plate exists in this zone, the properties of the
section with cover plate will be used.
'Spiral pitch,

S 11,04 x 14718 = 8,32", say 8"

42,4 x 50.5 x 9,16
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At 20 ft. from support:

V(DL + WS) = 0.785 x (30 - 20) = 7.85 k.
VLL = 0.488 x 40 x 40 + 19.8 x 40 = 19.7 k.
60 2 60

Totel shear = 27.55 k.
Spirel pitch,

S = 11,04 x 14718
27.50 (50.4)(9.16)

1z,8"

say 12-1/2"

Spiral Pitch Sniral length Weight
So 5-1/2" 10" - o" 29.8 1lbs,
S10 8" 10 - 9" 21.9 1bs.
Soq l2-1/2" 10' - 9" 17,2 1bs.

Average weicht of sniral per foot of beam = ¢8.9 = 23 1lbs.
30
Live load deflection:

The theoreticzl live load deflection is com»uted by
using n = 8 and by considering the change in section due to
adding a cover plate. However, sufficiently close results
are obtained by using n = 10 and the properties of the section
at mid-snan only.

o =

22.5 wL4 + 36 PLO
EI =1

20.5 x .488 x 60% + 36 x 13.7 x 60°
29,000 x 14,718 29,000 x 14,718

= 332 + .25

0.582 in.

60 x12 1,230

=D
[}
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This is safe because maximum deflection is allowed up to 1
800

of snran.
Factor of Safety:
Factor of safety is given for camvosite construction based
on the bottom flange stresses, which poverhs the design.

Minimum yielé point stress 33 ksi

Dead load stress

8.96 ksi

Therefore, stress available for LL = 24.04 ksi

Factor of Safety stress available for LL

LL stress

24,04 = 3.1
775

Dianhraesm:

The disnhraems are generally tentatively provided for the
better distribution of the live load to the various girders,
They also mske the strmeture more rirgid to withstand unknown
forces such as traction or sudden braking. Hence the dianhragnm
shall consist of two Ls 3"™x5"x 3/8™ with a 3/8" plate. The depth
of the dianhramm shall be such as to vprovide 4" clearance from
the top flance of the section and 3™ to 4" from the bottom flange.
The maximum smacine shsll not exceed 20 ft. Hence nrovide two
dianhraegms, each havine two Ls 3"x3"x 3/8" with 19"x 3/8" plate.

b. Quantity:
(i) Structural steel:
6 Nos., 27" WF, @ 94 ror 60 ft. = 94x6x60 = 3%5,840,0 lbs.

6 Nos. 12"x 15/16" plate 42' long = 38,3x6x42 = 9,651.6 lbs,.

4Ls 3"x3"x 3/8" - 30' long = 7,2x4x%30 864.,0 lbs.

2 Nos. 19"x 3/8"™ plate - 30' long = 24.2x2x30 = _1,452,0 lbs,

——

Total

45,807.6 1he,
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(ii) Sriral shear develoners for 6 beams 60' long

2,5 x 6 x 60 = 828 lbs,

c. Cost:
(1) Structural steel (fabriceation, erection, vsinting) @
$0.135 ner 1b. = 45,807.6 X .135 = $6,184.03
(ii) Sriral shear develovers « $0.50 ver 1lb. = 828 x 0.50 = $414,00
(iii) 7" slab 28" x 60' @ $1.378 ver sa. ft. = $2,320.00

Therefore, total cost of deck = $8,918,03



B. PRESTRESSED CONCRETE CONSTRUCTION

1. GENERAL

a,

Introduction

Conventional reinforced concrete enjoys an enviable nosition
and can be used successfully unier most circumstances. DBut it has
also its limitations in reeard to sman, load or heirht, DBut recent
develomment has broucht the nrestressed concrete construction into
nractice. This breaks down vnrevious limitations on snans and
loads.

Moreover nrestressed desisns have resulted in great savings
of material. The prestressing tends to cancel the tensile stresses
in the concrete and so the comnressive stresses that occur over
the entire cross-section tend to prevent the occurrence of cracks,
The arrangement of reinforcement is also simplified considerable,
because the diagonal tension is considerably less than in the con-
ventional design.

All of these advuntages over the conventional concrete con-
struction have made the nrestressed concrete construction
economical,

With this brief introduction the vrestressed decks for the
same spans and road width as before will be designed.

Data:

The general layout of the cross-section of the deck is as

shown in the following Fisure No. 6. The roadway is 28' wide

and flanked by two 2' wide curbs,
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HaLF CROSS-SECTION OF DECK

Flg.é

The deck consists of prestressed girders spaced 3.5 ft. on
centers. The cross-section of the girder is of T-shape. The con-
ventional T-shape appears to be particularly advantageous from
the viewpoint of simple form construction.

The cast in place concrete slab is 4 in. thick above the
girder flanges and 7 in. thick between them. Stirrups are ex-
tended above the top surface of the flanges and are spliced in
the slab concrete. This has enabled it to assume comnosite action
between slab and girder.

The girders are post-tensioned by cables compnrising a group
of nontwisted wires with ends anchored mechanically. The cables
are nlaced in metal tubine with 1-1/4" outside diameter. The
tubes are finally filled with grout so as to nrovide sufficient
bond.

c. Specifications:

Load and design requirements shall adhere in general to
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Standard Swnecifications for Hishway Bridres, sixth edition, 1953,
adonted by A.SFO. But ag AASHO s—ecifications have not considered
vrestressed concrete, these will be sunnlemented by the "Desiegn
Criteria for Prestressed Concrete”™, mublished by the Bureau of
Public Ro=ds, on kiarch 10, 1952,

Live load is H-P0-44.

Concrete:

Comnressive strength f'c = 4,000 vsi

Initial allowable comnression in extreme fiber = 2,000 »si

Initial ellowable tension in extreme fiber = 160 nsi
Final allowable comvression in extreme fiber = 1,600 psi
Final allowable tension in extreme fiber = 0 osi

Allowable tension in bottom fiber et cracking load = 600 psi
cracking load shall be = 1.0 DL + 2,0 LL.
Ultimate load shall not be less than 2,25 (DL + LL) or
(1,0 DL & 3.5 LL) whichever is greater.
&llowable princivle tensile stress at design load = 160 psi
Allowable principle tensile stress at ultimate load = 300 psi
Minimum web reinforcement of 3/8" diameter stirruns snaced at
a distance not more than half the denth of girder shall be provided.
Steel:
Tensile strength of the steel wire = 250,000 psi

Allowable initial oprestress 150,000 vsi

Allowable final prestress 0.85 (150,000) = 127,500 nsi

The size of wire shall be between and including 0.192 and

0.276 in diameter.
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2. FLOOR SLAB
a. Desiazn
As mentioned before,the slab thickness is tentatively pro-
vided 7 in. between the girders.
It will be noticed that clear distance between flanges is
1* 6™ for all svans and the width of the flange is 2 ft. for all
girders.

Therefore, s 2,5

1.5 + %(2)
and E = 0.63 « 2,5 2= 0.6 x 2.5 - 2.5

1.5 +« 2.5 = 4 rt.

Moment = % 0.2 P1 3 AASHO 3.3.2, (c) Case A
"
= ¢+ 0.2 x12,000 x 2.5 (Wheel load P] = 12,000 1b.)
4 .

I+

1500 ft. 1bs. = 18,000 in 1lbs.

+ _ 18,000
866 x5.2 x 20,000

Main Reinforcement

+ 0.20 sq. in.

This is believed to be too little reinforcement, hence oro-
vide 5/8" diameter bars € 12" c. to c. at top as well as bottom
arbitrarily.

Distribution reinforcement: 50 nercent of bottom steel
=% x 0,34 = 0,17 sq. in.

Hence, provide 4" diameter bars @ c. to c. 12",

b. Quantity:
Per foot of 28 ft. wide roadway slab:

(i) Concrete: 28 x _4 + 8 x 1.5 x _3 = 12,33 cu. ft.
12 12



(ii) Steel:

Positive steel

Nerative steel

Distribution steel

c. Cost:

Concrete @ $46.00 per cu. yd.

28 x 1,043

32

28.1 1lbs.

28 x 1,043 = 28.1 1lbs.

29 x 0.668 = 19.4 1bs.
Total steel = 75,6 lbs,
= 12,33 x 46 = $21.00
= 75.6 x 0.10 = 7.56

Steel reinf. @ 10¢ per 1lb.

Therefore, cost per ft. of £8

ft. wide slab $28.56
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3. PRESTRESSED GIRDER
a. Design
The girder is simply supported with a span of 60 feet.
The section is selected with dimensions shown in the follow-

ing Figure No. 7:

5 &’ ¥ Sl
) S Symbols:
f i
g | | C.G.C. = C.G. of concrete
Y N\ % \
\ // ol
W ¢ | C.G.8. = C.G. of steel
\: |
l c6t l C A, = Area
|+ — |
i ' .| Yt = Distance from top to C.G.C. (+)
| \Q |
™|
] o | Yb = Distance from bottom to
‘ Q ‘ coGoco (-)
’3 ’ e = Distance from C.G.S. to
| ‘ C.G‘.c. (-)
| cGS | |
- 2o O TN I = Moment of Inertia
R SR e X U
r2. I/A
Flice. 7
Y
Properties of Gross Concrete Section:
Area Statical Moment
Ap = B8 x36 = 288 Ap x 18 = 5,200
A = 369 sq. in. Total = 5,411.5

L
Yt = 5411.5 x 369 = 14.6 in,

Yb = Yt - 36 = =21.4 in.
e - Yb -, 4.5 - -16.9 111.
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Moment of Inertia:

It 1x16x(4.5)° = 122
12
1x8x(14.6)2 = 8,260
3
1x8x(21.4)3 = 26,200
3
72 x (12.35)2 = 10,800
9 x (9.1)2 = 746
I = 46,128 in4.
r? = I/A = 46,128/369 = 125 in-.

Girder Stresses:

Girder weight 369 x 150 x 60 = 23,000 1lbs,

144

Moment

12 x 23,000 x 60 = 2,080,000 in lbs.
8

Stress

2,080,000(,14,6) * +660 psi.
46,128

and

2,808,000 = =920 psi.
_L___L__4-21.4 -
46,128 )

Use 62 wires, 0.196 in diameter.
Steel area = 62 x 0,03 = 1.86 in“.
Therefore, initial prestress, P = 1,86 x 150,000 = 278,500 1bs,

This will vproduce stresses in the girder.

f = P e
—(l+«= x
I (1« o y)
= 278,500(7 , _16.9 x +14.6)
= 278,500 s =732 psi.
369 -97)

and at bottom

t

278,500

- ° "20
369 (1 + -16.9 x -21.4)

125

278,
736200 (5.88) - +2’920 psi.
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Allowine for creep and shrinkage of concrete, final stresses

due to prestressing will be, at top 0.85(-732) = =625 psi.

at bottom 0.85(2,920) = 42,480 psi.

Vthen prestress comes in effect, the girder deflects unward,

the girder tries to deflect downward due to its own weight,

Therefore, resultant stresses will be as follows:

Prestress Girder Combined

Initial 732 +660 =72
+2,920 =920 -20,000

Final -625 +660 «35
+2,480 =920 +1,560

Stresses due to slab:

psi
nsi

psi
nsi

After the girders are erected they will first carry the

slab., Slab moment, then, will reduce the comnressive stress in

the bottom fiber.

Slab weight = (1 x 3.5 ¢+ 1 x 1.5) 150 = 231 1lbs./ft.
3 4

NMoment = 12 x 231 x 602 = 1,250,000 in lbs.
8

Stress = 1,250,000 x (14.6) = +40l1 psi at topo.
46,128

and = 1,250,000 x (-21.4) = =590 psi at bottom

46,218

Stresses in girder, now, will be as follows:

Before Slab Due to Slab Combined
+ 35 + 401 + 436 psi.

+1,560 - 590 + 970 psi.



Bending stresses in Comnosite Section:

g K4 A 2 M
s e T T T e - M e
Fr T e —— Ty T ) .
fNI . sfter the slab sets, it
L—‘_—“{} I e acts integrally with the
e 4 A
—g_%\\\ coc girder. Hence any subse-
.+ e
' quent load stresses will
« | be calculated with the
" agsuned comnosite section
o
JE
as shown in Figure 8.
ccs
+ N r
Fryg. & L h! 4

Proverties of gross section:

Area Statical Moment
Al =18x7 = 126 A1 x 3.9 = 440.0
Ap =16 x 8.5 = 136 Ag x 4,25 = 577.5
Az = 8 x40 = 320 Az x 20 = 6,400.0
Ag = 3 x3 = 9 A4 x 9.5 = 85.5
As w 186 x 7 = _13.0 Ag x35.5 = 462,0
A = 604,0 Total = 7,965.0 inZ.
sq. in.
Therefore,

Yt = 7965/604 = + 13,2 in.

Yo = Yt - 40 = = 26,8 in.

3 = Yt -4.,5 =z - 22,3 in.
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Moment of Inertia:

I: 1x18x 7 = 515
iz
1x16 x (8,53 = 820
12
1x8x(13.2)3 = 6,150
3
1x8x(26.83 = 51,200
3
126 x (9.7)2 = 11,850
136 x (8.95)% = 10,900
9 x (3.7)2 = 123
13 x (22.3)2 = 6,440

1 87,998 in%.

Stresses due to live load:
From Apvendix 'A', AASHO specifications, 1953, page 285,
for 60' span.

Live Load Moment = 555 k. ft.

6,650,000 in 1lbs.
27 percent imnact = 1,800,000 in lbs.

Therefore, total Live Load
Moment per lane

8,450,000 in 1lbs,

Fraction of moment to each girder

- S = 5.5 = 0055
2x5.0 10
Design L.L. moment = 0,35 x 8,450,000

= 2,960,000 in 1lbs.

Stress at top of slab = 2,960,000 (15 5\ = + 445 psi.
87,998 y
At top of girder = 2,960,000(9.2) = ¢+ 310 psi.

At bottom of girder

2,960,000( -26.8)

- 910 pSio
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Final stress analysis:

Before ’
L.L. Annlied L.L. Stress Combined

at ton of slad 0 + 445 + 445 psi.
At top of girder + 436 + 310 + 746 psi.
At bottom of girder + 970 - 910 + 60 psi.

The girder is aquite safe as no tensile stress occurs in the
final analysis.
Checking of stresses at Cracking Load:
Cracking load = 1.0DL + 2,0 LL
This means 100 percent over load.

Live Load Moment

2x2x8,450,000 = 3,360,000 in lbs.

Curdb and railing

23%31400x602 = 43,320,000 in 1bs.

Surfacing = 12x20x?8x60% = _3,020,000 in 1bs.
8

Total moment on 9 girders = 40,950,000 in 1lbs,

Therefore, moment per girder = 4,560,000 in 1lbs.

Stress at top of slab = 4,560,000 x 13.2 = + 680 psi.
87,998

Stress at ton of girder = 4,560,000 x 9.2 = + 475 psi.
87,998

Stress at bottom of girder = 4,560,000 x -26.8 = ~1,375 psi.

—g7,598

Therefore, stresses due to 1,0 DL + 2,0 LL will be as

follows:
Due to D.L. Due to 2.0 LL. Combined
At top of slab Q +« 680 + 680 psi.
At top of girder + 436 + 475 + 911 psi.

At bottom of girder +« 970 -1,375 - 405 psi.
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The tensile stress at the bottom fiber is less than permis-
sible, hence design at cracking load is also safe.
Stress diagrams for different stages are shown in the follow-

ing Figure No. 9:

+445 + 680

7 +74 6 = e

- \‘

b -\

| P

¥ _Z 000 -405
Initial Prestress Final Prestress Prestress Preslfress Prestress+D 1.
+ Girder + Girder +Girder+ Slab +D.L.+L.L. + 2L.L.

Fig- 9

Ultimate Load
Ultimate resisting moment, Mu = As fu jd

where As = steel area

fu

Ultimate Stress = 250,000 psi.
jd is moment - arm.
Assume j = 009

Then Mu = (9x1.86)250,000 x 0.9 x 35,5 = 133,000,000 in lbs.

Total girder and slab moment = 9 x 3,330,000 = 29,970,000 in lbs.

Moment due to curb, railing surfacing,

7,340,000 in 1lbs.
Total D.L. Moment = 37,310,000 in 1lbs.

Total L.L. Moment
D.L.. + L.L.

16,900,000 in 1lbs.
54,210,000 in 1lbs.
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Ultimate Resisting Moment, Mu 133,000,000 in 1lbs.

Subtracting D.L. Moment - 37,310,000 in 1lbs.

Balance left for L.L. 95,690,000 in 1lbs,.

Ultimate load factors:

2.28 (D.L. + L.L)

= 133,000,000 (D.L. + L.L.)
54,210,000

5.65 (LeLs)

also 95,590,000 (L.L.)
16,900,000

These are within allowable limits. Hence, the desizn
is also safe &t Ultimate Loading,
Eccentricity at Suvovort:
As moment at the suvport is zero, to make top fiber stress
equal to zero,
e = -t/yy

-125/14.6 = -8.55"

The profile of the c.g. of the steel is assumed to be nara-
bola for the beam.
Princinle stresses:
The shearing stress v in an uncracked concrete section is
maximun at the centroid. This can be given by, v = VQ/bl.
Referring to Figure No. 7, @, the statical moment of sec-

tion on either side of centroid taken about that point

21.4 x 8 x 10.7 = 1,830 in°.

Now shear at the supvort 4(wt. of girder « wt. of slab)

= #(23,000 + 231 x 60) = 18,430 1bs.

Vertical component of vnrestress in wires,

= -237,000 x 2 x 8,55/12 x 30 = =11,250 1lbs,
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Therefore, V = 18,430 - 11,250 = 7,180 1lbs.
Eence, V = VQ/bI = 7,180 x 1,830/8 x 46,128 = 35.5 pei.
From AASHO Srecifications, Annendix 'A' for 60 ft. sn»an,
maximum shear at the sunwport = 45.2 k.
Therefore, shear with imnact = 1.27 x 45.2 = 57,5 k.
Hence, Design shear = .35 x 57.5 = 20.1 k.
Referring back to Fizure No. 8, Q will be,
26.8 X 8 X 13.5 + 13 x 22 = 2,860 « 290 = 3,150 in°.
Therefore, V = 20,100 x 3,150/8 x 87,998 = 90 psi.
Hence, total V = 35.5 « 90 = 125.5 psi.
The vwrestress force creates a horizontal comnressive stress
at the centroid of concrete.
This has intensity, Sy = P/A
= 0.85 x 278,500/369 = 642 psi.
Now, the stresses V and Sy vroduce a principal tensile stress

which at the support at the centroid can be calculated by the well

known formula, Sy = ¥/ 4v® o E;?_ Sx )

= HVa x 125.5% + 6422 - 6a2 )
= #{683 - 842) = 23 vsi .
Shearing stress at ultimate load will be,

(1) 2,25 (DL « LL) = 2,25 x 125.5 = 287 vsi.

(2) DL « 3.5 LL = 125.5 « 3.5 x 90

350.5 vsi.

Hence, princinle tensile stress, when v = 350.5 will be,

#(4/ 2 x 350.5% + 645 - 642 )

= (950 - 642) = 154 psi.

These are within limits, hence design is safe.
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Deflection:
The deflection of nrestressed girders can be comnuted by
the forrmla, D-= 5 M max L, when load is uniformly distributed

48  EI
on the s»an lensth, L, and the moment of inertia, I, is con-

stant throurhout the entire snan,

D =

|on

X 16,900,000 x (60 x 17)
8 x 3.5 x10 x 87,98

NN
[60]
e
(Vo]

= 0.33 in. = 1/2,180 spen
This is much less than allowable live load deflection,
hence safe.
Dianhragms:

These are provided tentatively as follows:
Provide 2 Nos. 24" x 9" section with two cables each having an
area of 0,40 sa. in.

Quantity:

Concrete 2 (2x.75x24) = 72 cu. ft.

Cables 4 (30 x 1.41) = 169 1bs.

Cost:
Concrete @ $46.00 ver cu. yd. = 72 x 46 = $123
27
Crbles @ 60¢ mer 1b. = 169.2 x .6 = 102
Total = $225

b. Quantity for 9 prestressed beams:

(i) Comncrete: 9 x 369 x 60
144

1,380 c. ft.

(ii) Cable: 9 x 60 X 6.44 = 3,480 lbs.
c. Cost of deck:

(i) Concrete @ $3.00 per cu. ft.

1,380 x 3 = $4,140
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(ii) Cables (includes fitting, vrestressing, anchoring)

@ 60 cents per 1lb. = 3480 x 0.6
(iii) Transnortation up to 100 miles
@ $4 ver ton = 103.5 x 4
(iv) Erection @ $10 per ton = 103.5 x 10
(v) Slab 28' wide @ $28.56 ner foot = 60 x

(vi) Dianhraems

28.56

Total

$2,088

414
414
1,713

225

$9,615
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IV. RESULTS

The costs of the deck for the two different tynes of construction
are tabulated in the following tables with necessary details. 4lso, the
total costs are plotted on the following granh naner for handy comparison.

The cost analysis for 50!, 70', 80', 90' and 100' spans are given in

Avnmendix.
TABLE I
COMPOSITE CONSTRUCTION
- ' - sooooos === '
! Structural Steel ' Spiral Steel ' 7" Thick Slab * Total
Sren ! @ $0.135 't e $0.50 ' @ $1.378 ' Cost
Length ! per pound !  per pound ' per sa. foot ! in
' ! ! ' Dollars
' quantity ' Cost ‘'Quantity' Cost'wuantity' Cost !
ft., ! lbs. ! $ ' 1bs. ! 5 ' sq. ft.' $ '
50 30,946.8 4,178 780 390 1,400 1,929 6,497
80 45,807.6 6,184 828 414 1,880 2,320 8,918
70 62,955 8,499 915.6 458 1,960 2,701 11,658
80 85,548 11,549 1,041.6 521 2,240 35,087 15,157
90 115,380 15,576 1,317.6 659 2,520 3,475 19,710

100 155,276.4 20,962 1,380 690 2,800 3,859 25,511
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V. COINCLUSION

From the zranh it can be noticed that the cost of the prestressed
bridee deck is only little hirher that that for comnosite trme for 50
ft. to 90 ft. snans and is aonreciebly less for 100 ft. sman.

It is essential in comnarine costs to note that labor costs have
always been relotively hirh in the United States in relation to the
cost of m~terinls. Hence, saviners of mzterials due to »nrestressed
construction has nroved it economical in Burone but not in this
country. From the cost analysis of nrestressed concrete, it can be
noticed that the unit cost for concrete is relatively very high. This
is because the contractors have not develoned the labor saving methods
and machinary., Therefore, to achieve economy the theoretical vossi-
bilities or new tynre or construction like this must lead to imnroved
vroduction methods. This can be achieved by making the process cam-
merically attractive. For this tlizare should be standard lenegths, widths
and bearine details for the prestressed bridee units that will meet the
needs of state highway bridees. By this, develomment of mass nroduc-
tion or assembly line can be set un.

If this can be achieved, the nrestressed construction will surely
turn out to be more economical than the oresent comnosite construction.
Horever, the maintenance charzes can be eliminated bv vrestressed con-
struction. Also, the relative overload cavacities of the nrestressed
bridees is also very hich.

Looking, from ell these noints, it will not be ont of nlace to

surgest the highway officiels to encourase the contractors to develon



the fabrication and erection methods suited to american conditions,

to use nrestressed conecrete for bridee construction.

43
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APPEIDIX A

COVPOSITE CONSTRUCTION FOR 50' - 70' - 80' - 90!
100' SPANS

The comnosite beams for the spans 50*' - 70' - 80' - 90' - 100' are
designed on the same lines as that for 60' svan. Hence, only the import-
ant proverties of the sections are mentioned hereafter.

1. FOR 50' SPAN
a. Desien
Snan length = 50! Truck load governs. MLL = 344 kft.
MDL = 206 kft. Mws = 37,5 kft.
Provide 24" WF @ 76 + 12" x 3/4" cover plate 33' long.

Proverties of section without cover vnlate:

Section Moment of Inertia NA Section Modulii

Steel I'0o = 2096.4 in%. 18,96 S'so = 175.4 in°.
11.95"

Commosite Io = 5996.4 in%, 8.25" Sso = 265 in%,
(n = 10) 22,66"

Composite I”0 = 4449.8 in%. 12.30" S%so = 238.5 in®
(n = 30) 18.61"

Proverties of section with cover plate:

Section Moment of Inertia NA Section Modulii
Steel I' = 3080.4 in%. 21.53" S's = 308 in®.
10,0 "
Comnosite I = 9375.4 in%. 10.23" Ss = 440 in®,
(n = 10) 21,%0"
Comnosite I" = 6628.8 in%. 15.03" S"s = 402 in®.
(n = 30) 16.50"

Unit Stresses at center of snan: (in ksi)

Stress Bottom of Steel Ton of Steel Ton of Concrete
Due to DL 8,00 11,60 0,000
Due to LL 8.85 1.35 0.427
Due to WS _1.10 _0.%56 0,033

Total 17,95 13.41 0.460
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Sniral shear connectors:

Using 5/8" ¢ bar with 4-1/2" mean coil diameter:

Sniral Pitch Lencth 1bs./ft. Total wt. in 1lbs.
So 5" 10,75 3.14 33.8
S10 g" 10.75" 2.12 23.0
Szo 14" 5.50! 1,49 8¢2
Total 65.0 1lbs.

Weight of sniral ner foot of beam = 2.6 lbs.
Live load deflection = 1/1,260 of svan
Live load factor of safety = 2.7
Provide 2 diarhraems, each having 2 Ls 3" x 3™ x 3/8" with 16"x3/8" vlate,
b. Quantity
(i) Structural Steel:

6 No.s 24" #WF., @ 76 for 50' = 76 x 50

22,800 1bs.

6 Nos. 12" x 3/4™ plate 33' long = 30,6x6x33 6,058.8 1bs.

4 Ls 3" x 3" x 3/8" - 30' long = 7.2x4x30 .864.0 lbs.

2 Nos. 16" x 3/8" - 30' long = 20.4 x 2 x 30
Total

1,274.0 1bs.
30,946.8 1bs.

(1i) Spiral shear develovers for 6 beams 50' long
= 2,6x6x50 = 780 lbs,
c. Cost

(i) Structural steel (fabrication, erection, vainting)
' @ $0.135 per 1lb. = 30,946.8 x .135 = $ 4,177.82

(i1i) Sniral shear develovers @ 50¢ ver 1lb. = 780x .50 = 390,00

(iii) 7™ slab 28' x 50' @ $1.378 pner sq. ft.

1,929.20

Hence, total cost of deck = $6,497.02



2. FOR 70' SPAN
a, Desigzn
Snan length = 70!
Slab thickness = 77

WLL = .483 x/ft.

Cone. 1loed for moment = 13,36 K

51

Strinrer snacing 6' c. to c.

Lane load governs

Imnact factor = o2

Conc. load for shear = 19.6 K

MLL = 530 K ft. MDL = 430 K ft.

56

kiws = 73.5 K ft,

Provide 30" WF @ 108 with 13-1/2" x 1" cover vlate 50' lone.

Pronerties of section without cover plate:

Section Moment of Inertia

Steel I'o = 4,461 in%.

Composite Io =11,356 in%.
(n = 10)

Commnosite I"0 = 8,239 in%,
(n = 30)

NA Section Modulii
21.91" 3
14.91" S'so = 299 in°.
9.46" Sso = 414 ind.
27.36"

"
;§°2g" S"so = 402 in°.

Pronerties of section with cover plate:

Section Koment of Inertia

Steel I' = 6,718 in%.

Composite I = 19,503 in%.
(n = 10)

Comnosite I" = 13,253 in%4.
(n = 30)

NA Section Modulii
26.49" S's = 504 in%.
11.33

14.39" 3
23.43" SS - 852 in .
20.25" S"s = 754 in°.
17.57"

Unit stresses at the center of sran (in ksi):

Top of Steel

Ton of Concrete

Stress Bottom of Steel
Due to DL 8.70
Due to LL 7.65
Due to WS 1.17
Total 17.52

14.95

2.41
_0.50
17.86

0.000
0.498
0.045
0.543



Spear Shear Connectors:

Using 5/8™ & bar with 4-1/2" mean coil dismeter:

b2

Sniral Piteh Lencth Lbs./ft. Total weight in lbs,
So 5" 10.75" 2.67 28.5
S10 8" 10.75* 2.12 23.0
Sog 11" 10.75" 1.71 18.4
Sz0 18" 5.5 ' 1.31 _6.7
Total 76.6 lbs,.

Weicsht of spiral ver foot of beam = 2.18 lbs.

Live load deflection = 1/1,190 of span

Live load factor of safety =

Provide 3 diavhragms each having 2 Ls

b. Quantity

(i) Structural steel:

6 Nos. 30" WF @ 108 for 70!

3.28

108x6x70

6 Nos. 13-1/2" x 1" cover plate 50' long = 45.9%x50x6 =

6 Ls 3" x 3" x 3/8" -~ 30' long =
3 Nos. 22" x 3/8"™ vplate 30' long = 28.1x3x30

7 «2x6x30

Total

(ii) Sniral shear develovers for 6 beams 70' long
=2.18x6 x 70

c. Cost

(1) Structural steel (fabrication, erection, painting)

(ii) Sviral shear develoners @ 50¢ per 1b. = 915.6x.50

@ $0.135 ver 1lb. = 62,955x.135 =

(ii11) 7" slab 28' x 70' @ $1.378 ver sq. ft.

Hence, total cost of deck =

$11,657.55

3"x3"x3/8" with 22"x3/8" plate.

45,360 lbs.

13,770 1bs.
1,296 1bs.

2,529 1bs.

62,995 1lbs.

$3,498.,95
457,80

2,70Q,.80
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3. FOR 80' SPAN

a, Design
Snan length = 80 Strineer snacing 6' ¢. to c.
Slab thickness = 7" Lane load governs
WLL = .476 k/ft. Impact factor 0.244

Conc. load for moment 13.44 k.

Conc. load for shear 19.40 k.

MIL = 648.8 k. ft. MDL = 600 k. ft. Mws = 96 k. ft.
Provide 33" WF. @ 130 with 14-1/2" x 1-1/8" cover plate 57' long.

Properties of section without cover plate:

Section Moment of Inertia NA Section Modulii
Steel I'o = 6,699 in%*. 23.55" S'so = 404.8 in°.
16.55"
- 4
Comnosite Io - 15,644: in - 12.10|' SSO = 560.0 ins.
(n = 10) 28,0 "
Composite I"o = 11,472 in%*., 17.4 " S"so = 505.0 in°.
(n = 30)
Proverties of section with cover plate:
Section Moment of Inertia NA Section Modulii
Steel I'o = 11,094 in%. 28.55" Sts = 875 in3.
12.68"
Comvosite I = 27,819 in%. 16.55" Ss = 1,120 in%.
(n = 10) 24.68"
Comnosite I" = 19,242 in%. 22.635" S"s = 1,030 in°.
(n = 30) 18.60"
Unit stresses at the center of snan (in ksi).
Stress Bottom of Steel Top of Steel Ton of Concrets
Due to DL 8,22 13.9 0,000
Due to LL 7.10 2,98 0.482
Due to WS 1.12 0.94 0.046

Total 16.44 17.82 0,528
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Spiral shear connectors:
Using 5/8" ¢ bar with 4-1/2" mean coil diameter:

Sniral Pitch Length Lbs./ft. Total weirht in 1lbs.

54 5" 10.75¢ 3.14 33.8

S0 ™ 10,75" 2,36 25.4

Soq 16" 10.75! 1.40 15.1

Sz 25" 10,75 1,15 12.3
Total 86.6 lbs.

Weight of sviral per foot of beam = 2,17 1lbs.
Live load deflection 1/1,130 of snan.
Live load factor of safety = 3.34
Provide 3 diaphragms each having 2 Ls 3"x3"x 3/8™ with 25"x 3/8" plate.
b. Quantity
(i) Structural steel:

6 Nos. 33 WF., @ 130 for 80' = 130 x 6 x 80

62,400 1bs.

6 Nos. 14-1/2" x 1-1/8" cover plate 57' long
= 55.5 x 6 x 57

18,981 1lbs,
6 Ls 3" x 3" x 3/8" - 30' long = 7.2x6x30 1,296 1bs.

3 Nos. 25" x 3/8" plate 30' long = 31.9x3x30 = 2,871 1bs.

Total = 85,548 1lbs.

(ii) Spriral shear develovers for 6 beams 80' long
=2,17x6x8 =  1,041.6 lbs.

c. Cost

(1) Structural steel (fabrication, erection, painting)
@ $0.135 per 1b. = 85,548 x .135 = $11,548,98
(i1) Sviral shear develoners @& 50¢ per 1b. = 1,041.6x .50 = 520.80

(iii) 7™ slaeb 28' x 80' @ $1.37S per sq ft. = 3,086.72

Hence, total cost of deck = $15,156.50



4. FOR 90' SPAN
a. Desien
Span length = 90°
Slab thickness = 7"

WLL = 0.474 k/ft.
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Stringer sracing 6' c. to c.

Lane load governs

Imnact factor =

Conc. load for moment = 13.3 k

Conc. load for shear

MLL = 779 k. ft.

= 19.2 k

0.232

Mws = 121 k. ft.

Provide 36™ WF @ 160 with 15" x 1-1/4" cover plate 60' long.

Properties of section without cover plate:

Section Moment of Inertia NA
Steel I'o = 10,470 in*, 25.08"
18.08"
Composite  Io = 22,375 in%. 14.26"
(n = 10) 28.90"
Composite  I"o = 16,389 in%. 19.,70"
(n - 30) 25046“

Provnerties of section with cover plate:

Section Moment of Inertia NA
Steel I'o = 15,570 in*. 30.18"
14.,23"
Comvosite Io = 36,495 in%, 18.,18"
(n = 10) 26,23"
Composite I"0 = 25,268.4 24,94"
(n = 30) int,  19.47"

Section odulii

St'so

Sso

S"s0

579.1 in°.

793.0 in°.

697.0 in°.

Section Moduliil

St's

Sso

S"s0

Unit stresses at the center of snan (in ksi):

= 1,090 in°,

1,390 in%,

1,300 in°,

Ton of Concrets

Stress Bottom of Steel Top of Steel
Due to DL 8.92 14.21
Due to LL 6.72 2,72
Due to WS _1.11 _0.95
Total 16.74 17.88

0.000
0.465
0.047

0,512
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Spiral shear connectors:
Using 5/8" ¢ bar with 4-1/2" mean coil dieameter:

Spiral Pitch Lencth Lbs./ft. Total wt., in 1lbs,

8, 5" 10.75° 3.14 33.8
S10 7" 10.75¢ 2.36 25.4
Soq 10" 10.75" 1.82 19.6
Sa 15" 10,75° 1.44 15.5
S10 23" 5.5 ! 1.21 6.6

Total 100.9 1bs.
Weirht of sniral ver foot of beam = 2.44 1bs.

Live load deflection = 1/1090 of snan
Live load factor of safety = 3.4
Provide 4 dianhrarms each have 2 Ls 3"x3"x 3/8"™ with 28"x 3/8" plate.
b. Quantity
(1) Structural steel:

6 Nos, 36 WF, @ 160 for 90' = 160 x 6 x 90 = 86,400 1lbs,

6 Nos, 15" x 1-1/4" vlate 60' long 22,968 1bs.

8 Ls 3" x 3" x 3/8" - 30' long = 7,2x8%¥30 = 1,728 1lbs.

4 Nos. 28" x 3/8"™ plate 30' lons = 35.7x4x%30 = 4,784 1lbs,

Total 115,380 1bs.
(ii) Snirmsl shear Aeveoners for 6 beams 90! long

= 2.,44x6x90 = 1,317.6 1lbs.

c. Cost
(1) Structural steel (fabrication, erection, vaintine)

@ $0.135 ver 1b. = 115,380 x .135 = $15,576.30
(i1) Spiral shear develoners & 50¢ vner lb. = 1317.6x.50= 658,80

(i11) 7" slab 28' x 90' @ $1.3738 ner sa. f't. ] 3,475.00

Hence, total cost of deck = $19,710.10
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5. FOR 100' SPAN

a. Desizn
Span lensth = 100t Strincer gnacing 6' c. to c.
Slab thickness = 7" Laﬂe load eoverns
WLL = 0.469 k/ft.  Immact factor = 0.222

Conc. 1lnad for moment 13.2 k.

Conc. lnad for shear = 19.1 k.

MLL = 215 kft. MDL = 1,100 kft. kws = 150 kft.
Provide 36™ WF. @ 245 with 18-1/2" x 1™ cover pnlate 60' long.

Pronerties of section without cover nlate:

Section Moment of Inertia NA Section Modulii
Stael I'o = 16,092 in*, 25.03" S'so = 892.5 in®.
18,03"
Composite Io = 30,047 in%., 16.20" Sso = 1,120 in5.
(n = 10) 26.86"
Commosite  I"o = 22,450.4 20.90" S"so = 1,012  in°.
ind, 22.16"
Pronerties of section with cover nl=zte:
Section Moment of Inertia NA Section Modulii
Steel I'o = 21,132 in%*., 28.81" S'so = 1,385 in®.
15,.25"
Comnosite  Io = 42,057 in%, 19.76" Sso = 1,730 in°.
(n = 10) 24.,30"
Comnosite  I"o = 30,260.4 , 24.85" S"so = 1,580 in°,
(n = 30) in®. jg,21"

Unit stresses at the center of snen (in ksi).

Stress Bottom of Steel Ton of Steel Topn of Concrete
Due to DL 9.51 13.60 0.000
Due to LL 6435 3.30 0.516
Due to WS 1.4 21,08 0.048

Total 10.70 17.93 0.564



Sniral shear connectors:

Using 5/8™ ¢ bar with 4-1/2" mean coil diameter:

58

Spiral Pitch  Length Lbs,/ft. Total wt, in lbs.
Sg 5" 10,75" 3.14 33.8
S1p 6" 10,75! 2.67 28.8
So0 9" 10.75! 1.96 21.1
S=0 12" 10.75" 1.62 17.4
S40 19" 10,75° 1.%2 14.2

Total 115.3 1b
Wei~sht of sniral ver foot of beam = 2.3 1lbs.
Live load deflection = 1/956 of snan.

Live load factor of safety = 3.51.

Se

Provide 4 diaphragms each having 2 Ls 3"x3"x3/8" with 28"x3/8" plate.

b. Quantity
(1) 6 Nos. 36 WF, @ 245 for 100' = 245 x 6 x 100
6 Nos. 18-1/2" x 1™ vnlate 60' long = 62.9x6x60

8Ls 3" x 3" x 3/8" - 30! long = 7.2 x 8 x 30

4 Nos., 28"x3/8" nlate 30' lonz = 35.7 x 4 x 30
Total

(ii) Svirel shear develoners for 6 beams 100' long
= 2.3 x 6 x 100 =

c. Cost

(i) Strictural steel (fabrication, erection, mnaintine)
@ $0.135 nmer 1b. = 155,276.4 x .135

(ii) Sniral shear develovers ¢ 50¢ ver 1b. = 1380 x 0,50
(iii) 7™ slab 28' x 100' @ $1.%378 ver sq. ft.

Hence, total cos*% of deck, $25,510.66.

1,

147,000 1bs.
2,264.4
1,728.0

_4,284.0

155,276.4 1bs.

380 1bs.

20,962.26

690.00

3,858.40
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PRESTRESIED COMCRETE COUSTRWTION FOR 50' - 70' - 80' - 90'- 100!

SPAN

1, FOR 50' SPAN

a., Desien

30" deen T section:

Gross

Yt

24" wide flanre 4-1/2" thick. ieb thickness = 8 in.

nronerties: Arean = 321 sq. in. S.M. = 3,811.5 in°,

Girder Moment = 1,250,000 1lbs. in.

Provide 52 wires 0.196" dia.,

Slab Moment = 866,000 1lbs. in.

Stress Analysis:

Prestress Girder Slab

11,9, Yb = -18.1", e = =13.6", I = 27,361 in%,

area = 1.56 sa. in.

Combined

Initial - 635 - 545 -
- 2830 - 830 -
Finel - 540 - 545 - 376
- 2410 - 830 - 574

- 90 psi.
2000 psi.

- 1006 psi.

Comnosite Section Pronerties: Area = ©553.92 sq. in.

S.M. = 6,045 in®., Yt = 10.9", Yb = -23,1",

I = 54,283 in?,

Max. L.L. Moment with 28.6 vpercent imnact = 6,890,000 lbs. in.

rer lane. Hence, design L.L. koment = 2,410,000 1lbs, in.
Stress ¢ Before L.L. L.L. Combined
Top of slab 0 - 485 - 485 psi.
Top of girder - 381 - 306 - 687 psi.
Bottom of girder -1,006 -1002 - 4 psi.

Cracking Noment = 3,623,000 lbs. in.
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Stress € Before Cuii.  C.i.  Combined
Ton of sladb 0 + 726 + 726 vsi.
Too of girder + 381 + 502 4 + 883 mnsi.
Bottom of eirder +1,0086 -1,540 - 536 psi.

Ultimate R.i.: NMu = 2.46 (DL + LL) or D.L. &+ 4.96 L.L,
L.L, Deflection = 1 snan.
2,000
Dianhraoms:
Provide 2 Nos. PO"™ x 9% section with two cables each havine an
area of 0.40 sq. in. at the total cost of $°05.
b. Quantity for 9 nrestressed beams

(i) Concrete: 9x50x321/144 1,000 cu. ft.

(ii) Cseble: 9%x50x5.38 = 2,420 1bs.
¢c. Cost of deck
(i) Conecrete ¢ $3 mer cu. ft. = 1,000x3 = $3,000

(ii) Ceble (includes fitting, prestressing, anchor-
ing) @ 60 cents vper 1lb. = 2,420x 0.6 = 1,452

(iii) Transnortation un to 100 miles w

$4 ner ton = 75 x 4 = 300
(iv) Erection @ $10 mer ton = 75 x 10 = 750
(v) Slab 28' wide @ $28.56 per ft. = 50 x 28.56 = 1,423
(vi) Dianhraems = . 205

Hence, total cost of deck = %$7,135
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2. FOR 70' SPAN
a. Desien

42" deen T section: 24" wide flanse 4-1/2 thick. Web thickness a« 8 in.
Gross Proverties: Area 417 sa. in., S. L. = 7,261.5 in°.
Yt = 17.4", Yb = -24.6", e = -20.1", I = 73,492 in%,
Girder Moment = 3,200,000 lbs. in.
Provide 74 wires ¢ 1,96% dia., area = 2.22 s8q. in.
Slab Momert = 1,700,000 1lbs. in.

Stress Analysis:

Prestress Girder Slab Comb ined

Initial - 790 + 756 - - 34
+ 3030 -1,030 - +2,000

Final - 671 + 756 + 402 + 487
+ 2580 -1,030 - 570 . + 960

Comnosite Section Pronerties: Area 656.76 sq. in.

S.M. = 10,298 in®., Yt = -15.7", Yb = -29.3", I = 135,185 in%.

Mex. L.L. Moment with 25.85 percent imnact = 10,774,000 1lbs. in,

per lane. Hence, desirn L.L. Moment = 3,780,000 1bs. in.

Stress @ Befors I..L. L.L. Combinod
Top of slab 0 + 422 + 422 vsi.
Top of girder + 487 + 328 + 815 psi.
Bottom of girder + 980 - 850 + 130 nsi,

Cracking Moment = 5,920,000 1lbs. in.

Stress @ Before C.M. Caobi. Combined
Ton of sladb 0 + 690 + 690 nsi.
Ton of esirder + 487 + 515 +1,002 psi.
Bottom of girder + 980 -1,330 - 350 nsi.

Ulti’m&te R.I\io: Mu. = 2.4:6 (DoLo + L.L.) or DoLo + 6-12 LoLo

L.L. Deflection = 1 snan.
2,260



Dianrhragms:

Provide 3 Nos. 28" x 9" section with two cables each having an

area of 0.40 sq. in. at the total cost of $367.

b. Quantity

(i) Concrete: 9x70x417/144 = 1,825 cu. ft.

(ii) Cable: 9%x70x7.68 4,840 1bs.

c. Cost of deck
(1) Concrete @ $3 per cu. ft. = 1,8°5 x 3 = $5,475
(ii) Cable (ineludes fitting, prestressing,
anchoring) @ 60 cents ver 1lb. = 4,840 x 0.6 = $2,904
(iii) Transportation un to 100 miles
©@ $4 ver ton = 137 x 4 = $548

(iv) Erection @ $10 ver ton = 137 x 10 $1,370

(v) Slab 28' wide @ $28,56 ner foot = 70x28.56 = $1,999

(vi) Dianhraems $ 367

Hence, total cost of deck = $12,663

€2
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3, FOR 80' SPAN
a. Desizn
48" deen T section: 24" wide flange 4-1/2" thick. Web thickness = 8 in.
Gross vpronerties: Area = 465 sq. in., S. M. = 9,411.5 in°.
Yt = 20.2", Yb = -27.8", e = -253.3", I = 104,162 in?,
Girder NMoment = 2,220,000 1lbs. in.
Provide 86 wires 0.196" dia., Area = 2,58 sq. in,

Stress Analysis:

Prestress Girder Slab Combined
Initial - 917 + 900 - - 17 nsi.
+«3,240 -1,240 - + 2,000 psi.
Final - 780 + 900 +431 * 581 vosi.
+2,760 -1,240 =594 + 926 vsi.

Composite Section Provnerties: Area

705.06 sq. in.
S.M. = 12,758 1nQ, Yt = 18.1", Yb = -33.9", I = 190,000 in%,
Max, L.L. Moment with 24.4 percent impact = 135,330,000 1lbs. in.

ver lane. Hence, desien L.L. Moment = 4,650,000 lbs. in,

Stress ¢ Before L.L. L.L. Combined
Top of slab 0 + 444 + 444 vosi.
Ton of girder + 581 + 346 + 927 psi,.
Bottom of girder + 926 - 830 + 96 Dpsi,

Cracking Moment = 7,360,000 lbs. in.

Stress @ Before C.M. C.M. Combined
Ton of slabdb 0 + 702 + 702 psi.
Top of girder + 581 + 507 +1,088 psi.
Bottom of girder + 926 -1,330 - 404 nsi.

Ultimate R.M.: Mu = 2.44 (D.L. & L.L.) or D.L. + 6.12 L.L.

L.L. Deflection = 1 span
2,240
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Dianhragms:
Provide 3 lios. 32" x 9™ section with two cables each having an
area of 0.40 sq. in at the total cost of $398.
b. Quantity for 9 prestressed beams

(i) Concrete: 9 x 80 x 465/144

2,320 cu. ft.

(i1) Cable: 9 x 80 x 8.62

6,200 1bs.
c. Cost of deck
(i) Concrete @ $3 vper cu. ft. = 2,320 x 3 = $6,960
(ii) Cable (includes fitting, prestressing,
anchoring) @ 60 cents ver 1lb. = 6,200x0.6 = $3,720
(iii) Transportation uo to 100 miles @ $4 per ton = 174x4 = $696
(iv) Erection @ $10 ver ton = 174 x 10 = $1,740

(v) Slab 28' wide @ $28.56 per foot = 80 x 28.56 = $2,285

(vi) Diaphragms $398

Hence, total cost of deck = $15,799
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4. FOR 90' SPAN
a. Design

54" deev T section: 24" wide flanme 5" thick. Veb thickness = 8 in.
Gross Properties: Area = 521 sq. in., S.M. = 11,450 in°>.
Yt = 21.9", Yb = =32.1", e = -25.1", I = 141,946 in%.
Girder Moment = 6,600,000 1bs. in.
Provide 101 wires .196"™ dia., area = 3,03 sq. in.
Slab Moment = 2,810,000 lbs. in.

Stress Analysis:

Prestress Girder Slab Combinecd
Initial - 900 + 1,020 - + 120 psi.
+ 3,490 - 1,490 - + 2,000 vpsi.
Final - 765 + 1,020 + 434 + 689 psi,
+ 2,970 - 1,490 - 635 + 845 psi,

Composite Section Proverties: Area, 764.21 sq. in.
SM. = 14,998 in°., Yt = 19.6", Yb = =38.4", I = 270,248 in%.
Max. L.L. Moment with 23.2 vercent imnact = 15,420,000 1lbs. in.

per lane. Hence, design L.L. moment = 5,400,000 1lbs. in.

Stress @ Before L.L. L.L. Combined
Top of slab 0 + 392 + 392  psi.
Too of girder + 689 + 312 + 1,001 npsi.
Bottom of girder + 845 - 768 + 77 nopsi.

Cracking Moment = 8,700,000 lbs. in.

Stress @ Before C.ii. C.M. Coubined
Top of sladb 0 + 630 -+ 630 psi.
Top of girder + 689 + 500 + 1,189 psi.
Bottom of girder + 845 -1,230 - 385 psi.

Ultimate R.M.: Mu = 2.37 (D.L. + L.L.) or D.L. + 6.85 L.L.

L.L. Deflection = 1 span
2,450



Diaphrasms:

Provide 4 Nos. 36" x 9" section with two cables each having an

area of 0.40 sa. in. at the total cost of $571.
b. Quantity for 9 prestressed beams
(i) Concrete: 9 x 90 x 521/144 = 2,930 cu. ft.
(ii) Cable: 9 x 90 x 10.43 = 8,450 lbs.
c. Cost of deck

(i) Concrete @ $3 per cu. ft. = 2,930 x 3

(ii) Cable (includes fitting, prestressings, anchoring)

@ 60 cents per 1b. = 8,450 x 0.6

(1ii) Transportation up to 100 miles & $4 ver ton
=220 x 4 =

(iv) Erection @ $10 ver ton = 220 x 10

(v) Slab 28' wide @ $28.56 per foot = 90 x 28.56 =
(vi) Dianhragms =

Hence, total cost of deck = $20,081

#8,790

$5,070

880
2,200
2,570

571

AR
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Sniral shear connectors:

Using 5/8" ¢ bar with 4-1/2" mean coil diameter:

Spirel Pitch  Lenqth Lbs./ft. Total wt, in lbs.
So 5" 10,75" 3.14 33.8
S19 6" 10,75¢ 2.67 28.8
So0 9" 10.75? 1.95 21.1
Sz 12" 10.75" 1.62 17.4
S40 19" 10,75" 1.32 14.2

Total 115.3 1lbs,
Weisht of sniral ner foot of beam = 2.3 1lbs.,
Live load deflection = 1/956 of snan.
Live 1nad factor of safety = 3,51.
Provide 4 diavhragms each having 2 Ls 3"x3"x3/8" with 28"x3/8" plate.
b. Quantity

(1) 6 Nos. 36 WF, @ 245 for 100' = 245 x 6 x 100 147,000 1lbs.

]

6 Nos. 18-1/2" x 1™ vnlate 60' long = 62.9x6x60 = 2,264.4

8 Ls 3% x 3" x 3/8" - 30' lonzg = 7.2 x 8 x 30 1,728.0

4 Nos,., 28"x3/8" nlate 30' lonz = 35.7 x 4 x 30

4,284.0

1

Total 155,276.4 1bs.

(ii) Snire shear develoners for 6 beams 100' long

= 2.3 x 6 x 100 1,380 1bs.

c. Cost

(i) Strictural steel (fabrication, erection, maintine)
@ £0.135 ver 1b. = 155,276.4 x .135 = 20,962.26

(ii) Snriral shear develovers € 50¢ per 1b. = 1380 x 0,50 = 690.00
(1i1) 7" slab 28' x 100*' @ $1.378 vner sq. ft. 5!858.40

Hence, total cost of deck, $25,510.66.



APPEIIDIX B

PRESTRESSED COICRETE CCMSTRWTION FOR 50' - 70!
SPAN

1, FOR 50' SPAN

a. Desiern

59

- 80' - 90'- 100!

30" deeo T section: £4% wide flnn~e 4-1/2" thick. Web thickness = 8 in.

Gross nronerties: Aren = 321 sc. in. S.0ie = 3,811,5 in®,

Yt = 11.9", Yb = -18.1", e = =13.6", I = 27,361 in%.

Girder Moment = 1,250,000 1lbs. in.

Provide 52 wires 0.196™ dia., area = 1,56 sq. in.

Slab Moment = 866,000 lbs. in.

Stress Analysis:

Combined

Prestress Girder Slab
Initial - 635 - 545 -
- 2830 - 830 -
Final - 540 - 545 - 376
- 2410 - 830 - 574

2000 psi.

- 381 psi.
- 1006 psi,

Comnosite Section Pronerties: Area = 553.92 sq. in.

S.M. = 6,045 in®., Yt = 10.9", Yb = -23.1",

I = 54,283 in%,

fex. L.L. Moment with 28.6 vercent imvact = 6,890,000 lbts. in.

per lane. Hence, design L.L. Moment = 2,410,000 lbs. in.

Stress ¢ Before L.L. L.L. Combined

Top of slab 0 - 485 - 485 psi.
Top of girder - 331 - 306 - 687 psi.
Bottom of girder -1,006 -1002 - 4 psi,.

Cracking Noment = 3,623,000 lbs. in.
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Ton of slad 0 + 726 + 726 nsi.
Ton of girder + 381 + 502 A + 883 nsi.
Bottom of eirder +1,006 -1,540 - 536 psi.

Ultimate RJi.: Mu = 2.46 (DL + ILL) or D.L. + 4.96 L.L,
L.L. Deflection = 1 8DAN.
2,000
Dianhraoms:
Provide 2 Nos. 20" x 9" section with two cables each having an
area of 0.40 sq. in. at the total cost of $°05.

b. Quantity for 9 nrestressed beams

(1) Conecrete: 9x50x321/144

1,000 cu. ft.

(ii) Cable: 9x50x5.38 2,420 1bs.
c. Cost of deck
(i) Concrete ¢ $3 ner cu. ft. = 1,000x3 = $3,000

(ii) Cable (inecludes fittine, prestressing, anchor-
ine) @ 60 cents ver 1lb. = 2,420x 0.6 = 1,452

(iii) Transvmwortation unm to 100 miles &

¥4 ner ton = 75 x 4 = 300
(iv) Erection @ $10 ner ton = 75 x 10 = 750
(v) 8lab 28' wide @ $28.56 per ft. = 50 x 28.56 - 1,423
(vi) Dianhragms = . 205

Hence, total cost of deck = %7,135
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2. FOR 70' SPAN
a. Desien

42" deev T section: 24" wide flance 4-1/2 thick. \ieb thickness = 8 in.
Gross Proverties: Area 417 sa. in., S, k. = 7,261.5 in%,
Yt = 17.4", Yb = -24.6", e = -20.1", I = 73,492 in®,
Girder Moment = 3,200,000 1lbs. in.
Provide 74 wires @ 1,96" dia., area = 2.22 sq. in.
Slab Momert = 1,700,000 lbs. in.

Stress Analysis:

Prestress Girder Slab Combined

Initial - 790 + 756 - - 24
+ 3030 -1,0%0 - +2,000

Final - 671 + 756 + 402 + 487
+ 2580 -1,030 - 570 - +« 960

Comnosite Section Pronerties: Area 656.76 sq. in.

S.M. = 10,298 in®., Yt = -15.7", Yb = -29.3", I = 135,185 in?.

Mex. L.L. Moment with 25.65 percent imvract = 10,774,000 1bs. in,

per lane. Hence, desirn L.L. Moment = 3,780,000 1bs. in.

Stress @ Before L.L. L.L, Combined
Top of slab 0 + 422 + 422 vsi.
Ton of girder + 487 + 328 + 815 psi.
Bottom of girder + 980 - 850 + 130 nsi,

Cracking Moment = 5,920,000 1lbs. in.

Stress © Bofore Culie  Cobi.  Combined
Ton of slab 0 + 690 + 690 nsi.
Ton of rsirder + 487 + 515 +1,002 psi.
Bottom of girder + 980 -1,330 - 350 nsi.

Ultm&te R.M.: Mu. = 2046 (DoLo + LoLo) or DoLo + 6.]2 LoLo

L.L. Daflection = 1 snan,
2,260



Diarhrarms:
Provide 3 Nos. 28" x 9" section with two cables each having an
area of 0.40 sa. in. at the total cost of $367.

b. Quantity

(i) Concrete: 9x70x417/144 = 1,8°5 cu. ft.

(ii) Cable: 9x70x7.68 4,340 lbs.

c. Cost of deck

(1) Concrete @ $3 mer cu. ft. = 1,875 x 3 = $5,475
(ii) Cable (includes fitting, vrestressine,

anchoring) & 60 cents ver 1lb. = 4,840 x 0.6 = $2,904
(iii) Transmortation un to 100 miles

© $4 ver ton = 137 x 4 = $548

(iv) Erection @ $10 ver ton = 137 x 10 $1,370

(v) Slab 28' wide @ $28,56 ner foot = 70x28.56 = $1,999

(vi) Dianhragms $ 367

Hence, total cost of deck = 12,663

€r
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3, FOR 80' SPaN
a. Design
48" deen T section: 24" wide flange 4-1/2" thick. Web thickness = 8 in.
Gross voronerties: Area = 465 sq. in., S. M. = 9,411.5 in®.
Yt = 20.2", Yb = -27.8", e = -23.3", I = 104,162 in%,
Girder Moment = 2,220,000 1bs. in.
Provide 86 wires 0.196™ dia., Area = 2.58 sqg. in.

Stress Analysis:

Pregtress Girder Slab Combined
Initial - 917 +« 900 - - 17 nsi.
+3,240 -1,240 - + 2,000 psi.
Final - 780 + 900 +431 + 581 psi.
+2,760 -1,240 -594 + 926 vosi.

Comnosite Section Provnerties: Area = 705.06 sq. in.

S.M. = 12,758 in%, Yt = 18,1", Yb = -33.9", I = 190,000 in%.
Max. L.L. Moment with 24.4 percent immact = 13,330,000 1lbs. in.

ver lane. Hence, desiesn L.L. Moment = 4,650,000 lbs. in.

Stress ¢ Before L.L. L.L. Combined
Top of slab 0 + 444 + 444 vsi.
Ton of girder + 581 + 346 + 927 psi.
Bottom of girder + 926 - 830 + 96 vpsi,

Cracking Moment = 7,360,000 lbs, in.

Stress @ Before C.M. C.M. Combined
Ton of slab (o] + 702 + 702 psi.
Ton of girder + 581 + 507 +1,088 psi.
Bottom of girder <+ 926 -1,330 - A04 vnsi.

Ultimate R.M.: Mu = 2.44 (D.L. 4 L.L.) or D.L. + 6.12 L.L.

L.L. Deflection 1 span

2,240
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Dianhragms:
Provide 3 Los. 32" x 9" section with two cables each having an
area of 0.40 s8q. in at the total cost of $398.
b. Quantity for 9 prestressed beams

(i) Concrete: 9 x 80 x 465/144 2,320 cu. ft.

(ii) Cable: 9 x 80 x 8.62

6,200 1bs.

c. Cost of deck
(1) Concrete @ $3 ver cu. ft. = 2,320 x 3 = $6,960
(ii) Cable (includes fitting, prestressing,
anchoring) @ 60 cents ver 1b. = 6,200x0.6 = $3,720
(iii) Trensportation uvp to 100 miles @ $4 ver ton = 174x4 = $696

(iv) Erection @ $10 ver ton = 174 x 10 = $1,740

(v) Slab 28' wide @ $28.56 per foot = 80 x 28.56 = $2,285

(vi) Diaphragms $398

Hence, total cost of deck = $15,799
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4., FOR 90' SPAN
a., Design

54" deev T section: 24" wide flanpe 5™ thick. Veb thickness = 8 in.
Gross Proverties: Area = 521 sq. in., S.\M. = 11,450 in3,
Yt = 21.9", Yb = =32.1", e = -25.1", I = 141,946 in%.
Girder Moment = 6,600,000 1bs. in.
Provide 101 wires .196™ dia., area = 3,03 sq. in.
Slab Moment = 2,810,000 1bs. in.

Stress Analysis:

Prestress Girder Slab Combined
Initial - 900 + 1,020 - + 120 psi.
+ 3,490 - 1,490 - + 2,000 psi.
Final - 765 + 1,020 + 434 * 689 psi.
+ 2,970 - 1,490 - 635 + 845 vsi.

Composite Section Proverties: Area, 764.21 sq. in.
S.M. = 14,998 ins., Yt = 19.,6", Yb = -38.4", I = 270,248 in%,
Max. L.L. Moment with 23.2 vercent imnact = 15,420,000 1lbs. in.

per lane. Hence, design L.L. moment = 5,400,000 1lbs. in.

Stress @ Before L.L. L.%. Combined
Top of slab 0 « 392 + 392 psi.
Top of girder + 689 + 312 + 1,001 npsi.
Bottom of girder + 845 - 768 + 77 7psi,

Cracking Moment = 8,700,000 lbs. in.

Stress @ Before C.il. C.M. Combined
Top of slab 0 + 630 -+ 630 psi.
Top of girder + 689 + 500 + 1,189 psi.
Bottom of girder + 845 -1,230 - 385 psi.

Ultiﬂlate R-NI.: Mu - 2.37 (DQL. + L.L.) or DoLc + 6085 L.L.

L.L., Deflection = 1 svan
2,450



Diaphraems:
Provide 4 Nos. 36" x 9" section with two cables each having an
area of 0.40 sa. in. at the total cost of $571.
b. Quantity for 9 vrestressed beams
(1) Concrete: 9 x 90 x 521/144 = 2,930 cu. ft.
(ii) Cable: 9 x 90 x 10.43 = 8,450 lbs.

c. Cost of deck

(i) Concrete @ $3 per cu. ft. = 2,930 x 3 = $8,790
(11) Cable (includes fittine, nrestressing, anchoring)
@ 60 cents per 1lb. = 8,450 x 0.6 = $5,070
(1ii) Transportation up to 100 miles & $4 ner ton
=220 x 4 = 880
(iv) Erection @ $10 ver ton = 220 x 10 - 2,200
(v) Slab 28' wide @ $28.56 per foot = 90 x 28,56 = 2,570
(vi) Diavhraems = 571

Hence, total cost of deck = $20,081



5. FOR 100' SPAN
a, Design
60" deen T section: 24" wide flanze 5" thick.
Gross Proverties: Area = 569 sg. in.,

Yo

Yt = 25.7", -34.3", o = -29,3",

Girder Moment = 8,860,000 lbs. in.
Provide 116 wires 0.196" dia.,
Slab hioment = 3,460,000 lbs. in.

Stress Analysis:

Prestress Girder Slab
Initial - 1,050 + 1,140 -
+ 3,540 - 1,540 -
Final - 895 + 1,140 + 445
+ 3,020 - 1,540 - 594

Composite section pronerties:

S.M. = 19,078 in3., Yt = 23.4", Yb = -40.6",

Max. L.L. Moment with 22,2 percent impact = 18,330,000 lbs.

I = 346,462

67

Wieb thickness = 8 in.
S.AM. = 14,574 in°.

I = 199,846 in%.

area = 3.48 sq. in.

Combined

+ 90
+2,000

psi.
psi.

+ 700 psi.
+ 886 psi.

A.I‘ea = 815.5 Sq. ino

in4.

in.

per lane. Hence, Design L.L. moment = 6,420,000 1lbs. in,
Stress @ Before L.L. L.L. Combined
Top of slad 0] + 447 + 447 psi.
Top of girder + 700 + 370 + 1,070 psi.
Bottom of girder + 886 - 774 + 112 psi.
Cracking Moment = 10,413,000 lbs. in.
Stress @ Before C. N, C.M. Combined
Tovp of slab 0 + 704 + 704 psi,.
Top of girder 4 700 + 583 + 1,283 psi.
Bottom of girder + 836 -1,220 - 334 psi,

Ultimate R.M.: Mu =

L.L. Deflection = 1
2,350

snan

2.48 (D.L. + L,L.) or D.L. ¢ 5.1 L.L.



Dianhragms:
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Provide 4 Nos. 40" x 9" section with two cables each having an

area of 0.40 sqg. in. at the total cost of ¢612.
b. Quantity for 9 nrestressed beams
(i) Concrete: 9 x 100 x 569/144 = 3,550 cu. ft.

(ii) Cable: 9 x 100 x 12

10,800 1bs.
c. Cost of deck
(i) Concrete & $3 ner cu. ft. = 3,550 x 3
(ii) Cable (includes fittine, vprestressing, anchoring)
@ 60 cents per 1b., = 10,800 x 0,60

(iii) Transnortation up to 100 miles @ $4 vper ton
- 266.2 x 4

(iv) Erection = 266.2 x 10
(v) Slab 28' wide @ $28.56 per foot = 100 x 28.56
(vi) Diaphraems

Hence, total cost of deck = $24,325

$10,650

$ 6,480

1,065
2,662
2,856

612
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