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Abstract:
The purpose of this thesis is to compare a structure designed in prestressed, and in conventional
reinforced concrete. Both designs employ the same theoretical frame, and to obtain an accurate
comparison the same live load is used. Allowable stresses in materials are as near the Same as codes
and differing theories of the two systems will permit.

The thesis is divided into three parts. The first part covers the design of a theoretical frame in
prestressed concrete. The design follows theories and practices used today.

The second part covers the design of the same theoretical frame in conventional reinforced concrete.
The methods used follow those employed in this country.

The third part offers a comparison of the resultant structures of the two different designs. 
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ABStRACT

The purpose of tiiis thesis is to eohipare a structure designed in 

prestressed> and in .conventional reinforced doncrete. Both designs employ 

the same theoretical frame, and to obtain an accurate comparison the same 

live load is Used. Allowable stresses in materials are as near the Same 

as codes and differing theories of the two systems Will permit.

The thesis is divided into three parts. the first part covers the 

design of a theoretical frame in prestressed concrete; The design follows 

theories and practices used today.

The second part covers the design of the same theoretical frame in
)

Conventional reinforced concrete. The methods used follow those employed 

in this country.

The third part offers a comparison of the resultant Structures of the 

two different designs,
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IMEODU CTION

History

Continual improvement in concrete has made the present-day product 

much superior to the concrete used only thirty years ago. A high degree of 

uniformity in quality has been attained,,and important advances in methods 

for analysis of indeterminate structures have resulted in more accurate 

determination of stresses than ever before.

The history of conventional reinforced concrete is well known to . 

people associated with the field, but the development of prestressed con­

crete is relatively new.

The basic principle of prestressing has been used in wooden barrel 

construction for many centuries. Metal bands placed around wooden staves 

to form a barrel are tightened, subjecting them to tensile prestress which 

creates compressive prestress between the staves, enabling them to resist 

hoop tension caused by internal liquid pressure.

This principle was not used for concrete until about 1886, when 

P. H4 Jackson"*" of San Francisco was granted patents for tightening steel

tie rods in concrete arches to serve as floor slabs.
2Soon after, C. E. W. Doehring of Germany secured a patent for con­

crete reinforced with metal that had tensile stress applied to it before 

the slab was loaded.

Both of these early methods were unsucessful because the low prestress 

in the steel was lost as a result of the shrinkage and creep of concrete.

1. "Prestressed Concrete Structures T. Y. Lin John Wiley & Sons N.Y.1955pl
2. Ibid p. I
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In 1908, 0. R. Steiner^ of the United States suggested retightening 

the reinforcing rods after some shrinkage had taken plade in the concrete.

Successful development of prestressed concrete is attributed to 

E. Freyssihet^ of France, who began using high-strength steel wire for" 

prestreSSing in 1928s These Wired have an ultimate strength as high as

250,OOO psi and a yield point strength of around 180,000 psi and are pre- 

streSsed to about 150,000 psi before any shrinkage is taken place in the 

concrete.

E. Hoyer-* of Germany first Successfully used the method of pre- 

tensioning in Which the steel is bonded to the concrete without end 

anchorage. His system consists of stretching, wires between two buttresses 

several hundred feet apart, eredtihg form Work between the units, placing 

the concrete, and cutting the wires after the concrete has hardened. '

In 1939, Freyssinet^ developed conical wedges' for end anchorages and 

designed double-acting jacks which tensioned the wires and then thrust.the 

male cdnes into the female cones for anchoring them.

Professor G. Magnel? of Belgium developed the Magnel System in 1940, 

in which two wires were stretched at a time and anchored with a simple 

metal Wedge at each end.

Prestressed concrete first became important about 1940, perhaps partly 

as a result of a steel Shortage in Europe. Much less steel is needed for 

prestressed than for reinforced concrete, since the steel used in

3. Ibid p.~2 " ‘
4. Ibid p. 3
5. Ibid p. 3
6. ibid p. 4
7. ibid p. 4
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' 8 prdstiressed concrete is of higher Strength. Prance and BelgitUn led all

other countries in the use of prestressed concrete.

The development of prestress concrete in the United States^ followed

a different course. Instead of prestressed concrete beams and slabs, or'

linear prestressing# circular prestresSing was developed, especially in

storage tanks*

Basic References Used '

Gustave Magnel1s book "Prestressed Concrete" was used as the main 

reference for the first part of this thesis, because the book embodies a 

good combination of theory and practical design problems in prestressed

concrete. M. Guyon1s "Baton Precontraint" and T. I* Lin's "Prestressed
■

Concrete Structures" were also followed. '

In the second part of this thesis ̂ "Reinforced Concrete Design" by 

Sutherland and Reese was the main reference together with the current 

A.Gil. Building Codes and Design Handbooks.

In designing girders and beams* uniformity was maintained by using I 

shapes and same SiSe of wires in prestressed design*and rectangular shapes 

and same size of main reinforcements in conventional concrete design*

This thesis does not contain basic theories of the two designs* Since 

such information is already available * but does employ them.

8 . Ibid P* 4 
Ibid Pt 5
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The Frame

The frame to be used in both designs is a single-story concrete rigid 

frame structure as shown in fig. I.

fig. I
The Theoretical Frame

Center to center spacing between the columns in the E-W direction is 

40', and center to center spacing between the columns in the N-S direction 

is 60».

The slabs, secondary beams and secondary girders are the simply- 

supported type, and the main girder frames consist of two main girders and 

three columns of rigid-frame design. The spacing of secondary beams and

secondary girders is given in fig. 2.

fig. 2
Spacing of Individual Members
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florizontal loads, such as earthquake loads and wind pressures, are 

omitted in the designs because they have the same effect on both designs of 

the structure. Reinforced concrete footings are assumed to be used in both 

designs and are therefore omitted.

The wide spacing Of columns makes possible a good comparison of the 

two designs of beams and girders. Main girders and columns' designed as a 

rigid frame result in more economical sections.

Loads on the Frame 

Roof Live Loads:

Snow load = 25# per sq. ft. (flat roof)

Superimposed load - 30# per Sq. ft,■

Roof Dead Loads:

Lean concrete - 20# per sq. ft.

Built-up roofing - 5#. per sq. ft.

Roof live loads and roof dead loads are the same in both designs. 

Allowable Stresses

In Prestressed Design:

If the concrete is made carefully and with good aggregate a crushing 

resistance of S,800 psi can be obtained without difficulty and consequently 

a working stress of 2,200 psi could then be adopted. Por the tensile 

stresses due to shearing forces, the same stresses as in conventional 

reinforced concrete are acceptable. Tensile stresses due to bending 

moments do not, in theory, exist in fully-prestressed concrete, but there 

is no reason why Some tensile stress in the top fibre during prestressing, 

and some tensile stress in the lower fibre under the greatest probable load,
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should not be permitted.

The working stress in wires is assumed to be 155,000 psi. Proportion 

of the initial stretching force that remains permanently is generally 

assumed to be 0.85, and this value is accepted in the design.

4  = 8,800 psi

■fc = 2,200 psi

fs = 155,000 psi

Tensile stress due to shearing forces (no web reinforcement).

0.03 f'c = 0.03 (8,800) = 264 psi 

Tensile stress due to shearing forces (with properly designed 

web reinforcement)

0.12 f'Q = 0.12 (8,800) = 1,056 psi 

Tensile stress due to bending moments = 230 psi 

%= 0.85

7mm round wires used in the design have an equivalent diameter in 

inches of 0.276, and an area of 0.0596 sq. in.

Because concrete can carry compressive load better without being 

precompressed by steel, and horizontal forces do not exist in the design, 

conventional methods are used in eClufflh designs.

In Conventional Design:

Although the working compressive stress in concrete in prestressed, 

design is assumed to be 0.25 4 , in conventional design, in order to 

follow A.C.Ii building code requirements of 0.45 fc, we have to use 

fg = 4j890 psi to get fc = 2,200 psi.
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rc = 4,890 psi

fc ® 2,200 psi 

fg s 20,000 psi 

n = 30;000 = 6.13

With the value of ^s - 1.48, a very close estimate can be made for
nfcj and k, where j is the ratio of distance (jd) between resultants of com­

pressive and tensile stresses to effective depth and k is the ratio of 

distance (kd) between extreme fiber and neutral axis to effective depth.

3 = 0.866
k - 0.403

Allowable unit shearing stress:

beams with no web reinforcement = 0.03 fy = 0.03 (4890)= 146.%si 

beams with web reinforcement = 0.12 fg = 0.12 (4890) =,586.8 psi 

bond unit stress for deformed bars = 3 5 0  psi 

Symbols and Notations

In Prestressed Concrete Design:

A, cross-sectional area of beam and girder. 

gross area of concrete section.

cross-sectional area of the reinforcement or stretched wires. 

length of the end-blocks of beam and girder, 

additional. -

width of rectangular beam or width of web in I-beams or 

girdersj also the effective width (the width of the beam or 

girder at the end minus the width of the openings for the

^g,

Ag,

a,

add,

b,
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cables) in end-blocks pf beam and girder; also the least 

lateral dimension of column.

C, constant relating to the ratio of stressesj also ratio of 

allowable concrete stress, fa, in axially loaded column to 

allowable fibre stress for concrete in flexure.

0 ,0 ., carry-over factor.

cn, compressive stress at the neutral axis.

cx, compressive stress in the end-blocks of beam and girder.

cz, bending stress in the end-blocks of beam and girder.

eab, cat> calculated stresses in the bottom and top fibres 

respectively due to w&.

cdb> cdt> calculated stresses in the bottom and top fibres, due to 

loads acting at the time of prestressing.

comp., compressive, compression..

D, total depth of slab; also D - t^ - a factor, usually varying
2R2 ^

from 3 to 9 (the term R as used here is the radius of 

gyration of the entire column section.).

D.F., distribution factor

D.L., dead load

e, eccentricity of the stretched steel from the centroid; also 

eccentricity of the resultant load on a column, measured 

from the gravity axis.

e^, eccentricity applicable to point A.

®A]_> eBi» Gtc., actual eccentricity of the cable at seqtions 

A-l, etc.



F .E .C .,

F.E .M .,

%

L,

L .L . ,  

Mj

'

% 4-a, 

max., 

mom.,

far-end condition 

fixed-end moment.

average allowable stress in the concrete of an axially loaded 

reinforced concrete column.

permissible compressive stress in the concrete. 

ultimate compressive strength of concrete, 

permissible tensile stress in the steel.

permissible tensile stress in the concrete. I-
V

moment of inertia about the horizontal centroidal axis.
I;

moment of inertia of main girder, 

moment of inertia of column.

a non-dimensional coefficient used in calculating cz,

K s 5 /-I + 12z£ + I6z3'j j_n end-block designs. ;I B? f
a non-dimensional coefficient used in calculating v in

end-block designs. - 5 ( ir -f- ~
V a a3 a4

length of span; also length of column, 

live load, 

bending moment, 

bending moment due to Wa. 

bending moment due to wg.

bending moment due to W^ and Wa acting together, 

maximum, 

moment

summation of moments around q.

-14-
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B,

n,

N.A.,
no.,

P,

Pi,

Pg,

Pt,
Ql,

Qm.,

a,
r,

Teq1S, 

sec.,

t,

n,

V,

w,

wa

axial load applied to conventional reinforced column, 

ratio of modulus of elasticity of steel to that of concrete: 

assumed as equal to 30,000
. .  4neutral axis.

number,used in bar designation (no. 2 bars, no. 3 bars, etc.), 

total allowable axial load on a column 

initial stretching force.
:

ratio of the effective - cross-sectional area of vertical !

reinforcement to the gross area Ag. I'

principal tensile stress.

factor for moment of resistance; for a rectangular beam 
Ql = 0-775-fc + ftg

moment about the neutral axis of the area of a section on one 

side of the neutral axis.

vertical component of force in an inclined cable, 

radius of gyration of the concrete section, 

required.

section; also secondary, 

overall dimension of column.
'i

unit str,, unit stress.

shearing force (Va e , shearing force at AE.).

shearing stress

summation of shearing forces.

uniformly-distributed load (dead or live).

additional load per unit length applied after the prestress
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has been established,

WcĴ  load per unit length acting when the prestress is being 

established,

wd+a> addition of loads Wg and Wa.

x, distance from one support of any point in a beam or girderj 

also used in coordinate system of the end-block designs; also 

the distance from extreme fibre in compression to axis of zero 

stress in cracked-section design of column.

X^1, x used in the equation for the shape of cables of continuous 
C
girder.

y-j_, y distances from the centroid to the top and bottom fibres, 

respectively.

y, distance from the centroid to any fibre,

z, used in coordinate system of the end-block designs, 

proportion Of that remains permanently;, generally - 0.85. 

diameter of wires i

In Conventional Reinforced Concrete Design;

In addition to some of the symbols and notations used in the

prestress concrete design:

A4

Ay*

a,
fey

area of temperature steel.

total area of web reinforcement in tension within a distance 

of s (measured in a direction parallel to that of the main 

reinforcement).

effective depth of flexural members. 

actual stress in concrete.
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fg, actual stress in steel.

fv, tensile unit stress in web reinforcement. ,

lip, moment of inertia of transformed beam or girder areas.

j, ratio of distance (jd) between resultants of compressive and 

tensile stresses to effective depth.

k, ratio of distance (kd) between extreme fibre and neutral axis 

to effective depth.

neg., negative.

^ 0, sum of perimeters of bars, 

poz., positive.

R, M_
coefficient of resistance.

s, spacing of stirrups in a direction parallel to that of 

the main reinforcement.

t, total depth of slab, 

temp., temperature.

u, bond stress.

V0, shear carried by concrete.

Vg, excess of the total shear over that permitted on the concrete.

Wa, all loads per unit lepgth on the beam dr girder, except their

dead loads per unit length.

W(j, dead load per unit length of beam or girder, 

x, distance (kd) between extreme fibre and neutral axis.

%C) JT used in moment of inertia method of finding actual extreme 
x
compressive fibre stress of concrete.



IT used in moment of inertia method of finditig actual
d-3C
tensile stress in. steel.



v m i
m o  or m  TMETiai fpawe in m m

A- Ves'ign o $ -khe. Poof S is b

F re c a s i slabs predesigned  as s>im p I/ -  s>û eo ried  b€drY)5 â T 12 wid-hlnj 
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//Z

The a c c e p t a b le  values 
■for Pt 4 e

■p '9 -10.
Arrsr?^ men+ o-p/ufres

I _ 56,000
^ 155 ,000

& 2 W

U s e  S  - QltZ K e ( Im rr)  u ire * 4-'iQ £ 3 ^  c a b le  ( f ig - lO )

InvesA-igaPon op 4-ĥ  satnes^es iothe beam,

bop fibre

Iooibom
fibre

x('- + + )  +  133+ 17/0 = 2,OKgoo

g  f '-+  C ^ z I r J  --'STS=

% ) + Q ^ C t 6=  + 135+1710 =ZSp2^ o
<D.K.
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BrGndlno up

We designed ^ne sec.4-7on Inhere 4he bending moment <v<9s -t-hggrgat̂ &f. 
13j+ S ifi^  -Hn^rg is no moment a t  +Hg ends w£ c a n  bend up-+He cables.

Ordlng+es o f  4-he cun/es d ± d *  a, ( +-fg- 12 , +Yg. /3 )
i£> i ■top f Ttore , compressive stress = ^  = /33P»i (G)

tup pr^rg * c o m  p r e s i d e  stress = Ht»a.idi -?g+sooy5 -<g43f>si^)

because +He section is symmetrical the tensile stresses Tn +He 
bdttorn fibres are €̂ u9l to+he compressive stresses in the -+op 
fibres

0  q u a rte r  point o f -span

u>
IlllllllIII I I I Il M I I I I 11
k  . ZV

Z. =/0'----------
fX

From fi'g, 11
M x =I-l X -

gJ.1%  ^ +« = 7 ^ . / 5 f
W hen %= *3,75 7

f i g .  II.
Lo aJ  £ reac tions Md = r/g f,5-3.75)= l37oo,b

M6Z4tf = 7 SZ'/ ^ l75) 12. ^5_3 ,75 j -  IPllOOoif

L o p f id re t comp- stress = ' ^ = ^4,3 psf (̂d ourug) 
■bop frbrg , eomp s t r e s s  — 19 1 ,0 0 0 *5  ==l3g4>,OpsL fd^e. cu«-yg)

Ordinates o f  the  stress curves due to  Pc 4 C ( i f ig . /Z  a n d  f ig . 13 )

4 :  6 ;  .—  -EiL = ^ | 00 = 1077 ps.1

A u S u .'—  fZA -Z-Ol Z S x io y = . 4 1 7 p»i
A

3i C' ^  ^,&^2 =, S ^ o o o ^ f  _ ^  ̂  psf
A r*- 52 x /3 2

SnClt ftI  2̂, - 0. FSvVKa — 65" psi 
A r 2

C l -— /077+ %i&> ■=. 1 ? p ^ rs i  , Cu. -— ^ n-h Cf^S-Uaigi  r i ;

I F d 3> — I 6|"3 - 2 30 pa" uih'<ch is p e rm is s 'd ie
te n s ' l&  s tre ss . C.#e.,
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Support

q /7 
IOOO

■ 1077

fig, 12.
Stresses in +he t>o4+om 

-Apre

■ iooo

Stresses in4-he to p

Cume AuCu Ta above+he curve (cUotJ ffi'g I2j • Max - +ensile, s tresa  
ujhlch toil/ occur uiTII be 2 3 o  psi tdhi<ch "s ^ermTssTble■ There will 
be. nobenslle s+ress I'm+op f ib e rs • I t  i-s necessary to<d6vfa+£ th e  
CcS ble <3+ <3 p o fn f Afrom  mJd span, In+hi's case a ls o  -Wo special 
bloc.+Sy +he. centers oJfvjhTch are A f  om mfd Spany a re  provided and 

each has two s+es/ bars projecting  fro m  th^ wei? <as is shouninfigii+
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2- <f IOZUuM res

Mo-is tears,

Pev f34ion ofcatr/es.

(a.) T he fo roe R

As shoiUn m f ig  16 f«.J «anj fb j p a i r o f  tears musteresist- ss
c^n-tflSiyers 4-he fo rce  S ,uihi7:h fo r  each o f -I-Ine bvocables /6 :

p  __ ^ o o o  y 2 7 /7  *
2 I j l Z ẑ

Assume +wo no 6  bars a re  used , +ke s tre s s e s  d u e +3 bending are.

_ 7/7 v 0.0 x 3 2  - dSo'C ps,I
2. x7T x- 0,753

T h e  +kvo bars w h ich  te € a r +he reac+ ion  fro m  +he cab les on both 
s id e s  o f  -the w eb  , e v e r t  <an a v e ra g e  pressure on  +he core re k.

2 * 7/7
2 * 2  ^ o n 1S

475 ps7
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U

Shearing stresses

Ordmj-ffis o f  -pig, I ̂

OA - - 5250*
P g  - 5 2 § ? - - IBJSdfc
OC -  -SAzLtJS. -  4 0 t “ r

C F  = 2*117*0X5= 121'?^

sJ k t =  5 1 5 0 + A O C c-W Q  =. 4 4 3 7 *  

Q m -  10x2*4  4 3 *  ^ v / , F =  5 ^ . ' ^

^ ^ 6  psiy _ V^e _

<rn =
b  x  
R'

*2 < 6
- 1 0 7 3  p s /

ft= + zt-ki  =
Z I fc t t if+  - i ^ i  = H p s l  <  g s o ^a .!

o x ,
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C  I Resign o f  S econdary  ( j i r d e r s

Secondary g ird e rs  will be d esfgned SS ■s'm p ly -su p p o rte d  girders 
Izngbh o f  do'. End -secondary  gTnderS a re  c a r ry  ,Ty o n ly  h a / f  
o f +he Iodd  a n d  shou ld  b-e des igned  s e /^ered+ e ly .  Bo+ f o r  
S irnpl ici+^ ofd-esfgn-l-h-ey wiill be assu m ed  +0 c a r ry  4hz same load
a s  +he r e s + o f+ h e  ^zcondary g rr-d z rs  .

Load  d  “s + f ib o f00

one secondary beam ca rries+he 
fo llo w in g  w ts . ^  refer+o  f fg , 17 J

w + o f+ h e b e a m 5 d ,N /5  = 5112**
+o+al load on fczeami IesxioitM=IOSooi*

TiTTfa*
T h fs  load  car? be assum ed 4nbe 
un ifo rm ly  d is+ribu+ed along + h e
5a c o n d a ry g lrd e ^ r

I ^ r - =  l7oc^

1700* 4oZ* I^
S’ = 4 Z OKOyOOO in . Ib

assum e s y m m e tr ic a l s e c + ib r  i-s u s e d

Mg<. _ 4,oso,coo 
0.77S fc + f t  0.775* Z?0O +230

Z IIO  in3 ^  Z l lO

Firs+ trial sectfon

t— 5
"I, fL

ii
^ z - —  4

L i
f— 1

f inf+rial 'section

properties o f+ h e  cross sec ton in fig  I?

A =
y,=yz= 2c?,/
I  = 5 l,4 o o  in4 
r 2 = 1 ^ 3 ,5  mz

H = 5IT=
-L2=-L-2 = '43,5 
t)/ dz 2 0

Z570^> 2 1 /0 <3/<.

4 .6 7 , n
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Inifiaj sfrg-f-chihd) force. ^ wings

^  = ̂  ^ 4 =  ^ 7 5 ^  , M d =  Z76 * 4 0 /  ,2 „= 6 6 0 / 0 00 in -IJ^
&

cCtt= cJ b -

c Oit — l̂dtb —

660/000 ̂  
5-1,400

4.0X0,000 ^ g o  
lSlydOO

= 2 5 7  p *  r 

=  f5g"5 psi"
-Pc cCU-I-cH t  

22 o o >Z574-i5?5'

ma.x g obtainable fassumedj = S’o.oo - (^4 ■+ S Dg'j = 12.92

OrJinafes, for 6 -=.o C p i 'q . iq )

Line I, _
L m €  2 , + 
Li'ng. 3 1 -f 
L m ^  4 , 4.

fz5 T+zso;a  “ - 
(Z'Zoo-251-\'5Z5)/C’ *

 ̂ — 4»
(zzoo t-zs? ) A

o.gg
f257t. i5g5-2So)A

2 ,Qg 
lOflo A 
2,79
IOOOA 

0,401 
iooo A
A f  27
iooo A

fi'g./9.
The. a cc e p ta b le  ualoes 

-For ^  4 €

-From fig, 19
-4 iooo A = 1.23 Ft
p _  IOOO ̂ 264 j 

C 1.23
= Z ldyS O O k

A _ 2 14/S O A  
s I ^ S 1OOO

D
l , S f 5

Use 24  / =  0,276'w .res , <2 ine.sch cable.(fr'g20a)
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nmii,

(y ) Sending up uj ire $

(a) Arrang-emenh o f  uj'res 4 bars

fig,

The, sfngssgs Tn -t-ĥ. ŝ c+ibn

+op
frkre

HMoin
frb«e

f  ^  = '5 <230 ax

J j t cat=-0.f5 I l d i ^ ( l & & - i ) + z 57+ ,S f5 -  m o  ^ o o  o x .

~t O 4' _ 2^ | 0£ |g4g _ ) _ ^ 7 = 16̂ / <?tooO<Z<1>4 v 9.67/ ---- ------
I / K l+  7 *  y^+Ca.b--0.%S H ^ee^ i4 .U ^2)> Z 57^  /5*5= ZZ4 < z fo Q<.

^gndfng up c a bigs

O rd ina4gs -D̂  +he curi/es d  ̂ d+a. (f , f'q,)

Q i Tensile «j+resses In+he bof+om ^fbres egual com(»rzssTi/e 
stresses I n + h e  - to p fi'br^s , d u e  + o Md i A/j+d

_Md_VL - AbQlOOO * 2-0 _ 2 57 p̂ T (̂j cur/C )
I  lSlzdOO

M d ^  g, _ 4740,000 =l%4Zps,i (d+a. curve.)
I 5/,doo y
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Q  q u a r te r  p o m t o f  a.p<30
from ffg .21

cuL
T

Il lll l
X

<V
1111 I l l l l l l I l l l l l ill

I
Mlt= ^  (1L - X )

L=-Ao1 Wd = 275 % , IVa = 1700^

■fig. 2 /. when y  -, /o '

Load £ reactions ^ 7t) ^ 10 y <2 (40-10)

445,000 fn-Ur
Md+tf = l 4 7 5 x /0 x  I f  (40-lo) - ̂,55^000 To-It

St-gsses m M k > m  and Vop f ib re s

. 4 4 5  000 ^ 2 0 = ^552000_jLfa_= /3?£ •
^ 4y0 rdC„r«; Cd^

O rd fn iie s  o f  4he stress c u r v e s  in f i g .  22  a n d  Cn ft'cg. Z ?>

bi &: ----- Z-^yo = r/3 p»7

Au Bu

B; (Tc

6u Cu. '—'—• O.'zCS *  \0% 1S — 4 fZ r̂. |®s 1

2 I4 .50Q  
ze>4

0 .2 5  x F lS  = 6 4 /  psi

^ m z z l0S5-  ps:

% s<| m



Al - «13 
.. IOOO

t'9.23.
%+rgsses tn +h-t io p  -frjpre

C \)r\)L AuAj is  above 4hg c u r /e  d  + a. ('■fig.22 ) . Uax. 4-ensTle s4-r«ss 
iohich UJiII o c c u r uill be 22*? psi' ivhf^h i s  p e rm P s s ib le  • T h e re  u jfll 
be ve ry  s m a ll fe n s ile  s i r e s s  in  + O f -f'laers ■ P e v ia fio n  p o in t
o f  ca ble.s I5> 31 from m  id &p&n,

f i g .  2 4 .  
4-he - fo rc e  6.

■ fro m  f \  q  .2 4

T h e  u & r tic a l c o m p o n e n t"  2- of 
4b £ i n i t i a l  jp b fjk fr fs s  m  o o e  
of -fb* c a b le s  i

214,Zoo «12,42. _ C ilZ o tt
z ' { z o f +  iz . q z 1

— H Z 1T t t  f o r  e a c h  I a y e r  o f  2  uj~re% ( f i g , Z o  (a ) )

M =  11^9 / <9,5" = e64,5 i n . l b  in  e a c h  M o b  b * r &

s"tre“  = l?#* ’ ' 9 - ^ 0  P 5 ; < 20,oao o . ^ .

4-hs auerage. pr^ssurg or) 4he oon<r*4e Ts •
^  ̂ - <c,(c,<g p>»7 th is  is sm a lle r than p e rm iiiib le
4.5x0,75 — ----------------------- --------------
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S h e a n n q  5 ,+ rg sse s

A9

W  i
3fiO»o

24040

/0,000
f

C
/0/50

O O

Ordfn<3+£<) of1 .pig.2 5

OA — 1700*40 _ 3  4,000*
Z

p g _  s^ggg =: i, S-OO^

O C  =  I ?  = b.DOD*

CE = ZntfZO  *0,15- II, 5 2 7 *

Va e  -  3d ,0 0 0  4- S-Boo -  / / , 5 2 7  =  Z l l Q i s *

Ĉ nO — 1*5 * 4 *  ) S' "4- 4,5 n. Mo x Z  =  I (oSCo

y = Z7473 / Ifa5d> =  ^ 0 0  ps7
4.5  ̂5//4oo

Pt =
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17. [7esiQn o f + h e  E n d s  of Secondary Y e a r n s

f

&) Secondary team 
s e c t io n

7,5 h> <l

(2-no.-i> do»eH> 11

Io wide

. \  \ End block t>€conddn\ . \ , b»arn
secondary V -  sandwich 
girder p/a+e

s u p p o rt c o n dFiidn - fo r -I-He 
end - blocks o f  s e c o n d a ry  
beams,

(b) «,a ndw'ch pdatg 
dimensions

_ -Fig,z%,Snd view of--hhe end-block
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dep+h required @  s&c+7on A
+ d = 1 5 4 .1 */ d i r e d  + h e a r @ sec-h'an A = 754,1 ^ =. ^ooo

sllouuaWe uni+ shesnng s+r̂ ss iul+Ji no web r«7r)̂ or̂ em*n+« (9,<33̂"c
=  o,c93 v SSjOO = 2%4fsT

Jepfh re q u ire d

bearing pIafes

Z 2 £ £  =  1,9 "
26,4 x IO  (|

U&e depths. S1Se j prov ide  2 -Uo 1S dome Is

u n it t^eannQ %+ress = 1,75 f c - 1.75 x22oo =. 3S5C? ps/
gross area reoJ = ? ^ 000 4 (I?* l.'Zx a«7) =. 1̂ .7 / 01 s.yso z
w/fh a horTzon+al d Tmensibn of 10" 4he v e rtic a l c/imen % ion of4-he. 
p/a+e Mill  t>e l,k>7l" . use g"̂  10"

^,+nesses \n -the -end-block

1 oVye

[miLiiiiiiiiiz.izii

-PlQ.Z^.
shears -ana m o m e n t s
at -f he end - block .

f 10 .30,
doorolina+e sys+em

5 M o o  - 2», 000 %,

_ 1077 % '  5Z
1077 XlO= 10/770 ̂ 7,
1011 + 2 .=  2 , m  %
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Talpie X

caiculaied presses Tn end. ieiock of 4h« secondary beams_______________________ ZesLJ_________________ ___ '_____
t>ec+ion % compressHt=.+nzssCx

bendingstress'Ca
ShedrTnqstressV Pt

+ 0.3 2 00 + 21 3o6 4 67 - IZQ
■+0,2 560 - 16 30j- 4 67 - 20/

I + 0 ,1 560 -36 2^? 4 67 - t?0
0,0 560 -42 l?7 467 - 13 5

— 0, I 5-6o -37 115 467 - e?
-0,2 56 O -27 57 4 67 - 5Z
+ 0.3 Soo 46? 36? 4 67 -IBS"
+ 0,2 560 -rz 364 467 -Z7<?

JE + 0.1 56o -ns 3/0 467 -Z?3
0.0 56o -133 224 467 -234
— Oi I 56o -ii4 13? 467 -177
- 0.2 5 6 0 - ?6 6 ? 467 -113

calcula-Hons o f  4he +ab le  X

sffecfH/e uuid+h = 10— 2? = ‘S'
Xrom { [ ( ^ .2 9 .

u jhen  %  = ■+o.-i lS^ooo _  ^ go ^S)-
TVlO '

X o r  o+hers  Ox = SblQOO — 5"6o ps7
IOKIO

2̂= IX M  ̂ uj here Kz = 5 { '- I + lXi 4. 1̂_Z. ")

<P se c . X M =  2 /, 5 4 0 E , . =  ^ 3 '
sec E M =  6 ^ 9 2 0 = 2 6 ,6

tea

% < % / ^ ) M/ £ / ( H )
40,3 4  2.560 /  S 3 /  — + 2.1 ps l X 26.6 = 4 6 ?
+0,2 — I, Q 60 x "  = -  /6 X =L _  52
+0,1 -  4 .3 2 0 y a — — 36 y " = -ns
0 ,0 — 1S, OOo y "  =  “  4 Z /  '/ =  - 133

- 0 ,/ -  4 ,4 ?0 X // = -  3 7 y // = -  1 / 9
-0 .2 -  3 ,240 X Z/ -  -  Z l X V = — 56

O= ?"
a = is"

v= <> UJherekTl= )

Q  -bee. I  / r  21/94-0 =  /4Xo
@  secZ  H=ZtS M *  -£a - 179,G
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% <1 *U (I)
t  0,3 Z.o41 x /4 9 ,5  = 3 0 6  psi X 179,5" -  36?
+ 0,2 2 ,0 5 ? ♦ = SOS’ -  364
to , I /. 7 z ; 259 -  310

0,0 l,£SO // = I ?7 = 224
-0.1 0.1(0% 115 =. I 2>?
- 0 ,2 O.S7S // = 57 — 6>?

4her€ sre +bree. shearTng forces 4o becon*ide.r€d in caddi-Hon 4o 
4hose +ake.10 fn-hs sccounf aboizs . these a re  due 4o t

PL - 4 0 b *
LL -S Z S -O* / ^

and 4o -the ±lope of+he cal?Ieb: /nfilally /435 uUimsfelŷ ic)
Tft

4h~s means -I-ha+ iue have 4o con sfd e r  elUh&r, \435-40b = 1024
or, (iZiq-4ot,)-52SO ̂  443>1M

4he <grea+erof 4hesfi forces d e v e lo p s  <s ma'/imum shearing
S+res.s <of i

>■ 5 * 4 4 3 7  _  6 ,7  
IOxiO

Pt = - j/^4- ̂ x-cI JZ . ien-prmcjpal finesses are
' ^ -found by 4-h I a formula*

Ii Ts seen 4-ha+ maximum iensile principal stress ZS1Sps" exceed^-fhe 
permi<srb/e value of ps' , ne'/nfortement ̂ houW be prourded.
/f i+ be assumed +Hat -the stress ZZSpsI eyfsts <on euery horizontal 
plane of half 4he length of-theand-b/ooh: / 4-he corresponding total 
+ensile, -force r«, ! OlfS IL Z S S  v I S v ? =r 20,400**■
The total area of IirlfLy S'" fs hoo/ei/er separated Tnto three areas by 
the holes for the ca bles y central &rea = Z", each si'de areas.3^
The force corresponding to each of 4-hese areas i's t

ZosMOstZ- =  S io o *  zo, 4 0 0  *3 /0 ,=  7 6 S O tt® O _ q '1The reinforcement ref uTredi for central area s IQQ -
U*e 3-Ho 5 bans.

-foreach sidedrsa 7A^£. ■=. 0 ,"BSeS 0"20,000
UseA-Uo % Bars

■Some no 3 horizontal bars uulll also be prcn/ided ̂ at the s a m e  
spacing as the /ertical bars n e a r  cable holes.
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E. Feslqn o f+ h e  Mam G -frder Fram e

Tivo mafn girders 4ihre£ columns will desfgned as rigid-frames.
4Oi ^i Ai /W

Iumn , Ifl'dear ht. Celumn Column
%. 60z ,

!

l f i
Lx  '"MM/w/ym/z/w// _

hinged hinged c

fig . 
The mam

r WWffWtfflWMTS V w  i
-1 -Hinged^
SI,
g ird e r fram e

'°z

load on main o 'rd g r

1700 +<275 = ,9 7 5  %  

flrsi +nal seo-Hon

5

r

_________
^

_______

5
____________

_

f - 15" 4

f ig . 32.
firs i 4-rial section

VVfl = '475 /40 - 5270 ̂  --  15 ------

propgr+fesof 4-he cross section \n f ig .3Z 

. o"A = 6
yz = 3 3 .4 "
y,= z 6.6,"
I b, = Z4l,3oo ft4 

r1= 347 Tnz

- £ = I 4 . Q Z "  t r \  i l m "
U/

604= 695"«%
* tfQt.&ume A c ^ iZ o columns 

I c  = Jg b4^ = Ĵ 1X Z7O M 4o s \0(s,loo in

If '5 S  5I
(cl) lengths d moments e f  inertia

16,0 go 16,OSfO
0.547 0-354 0.354 0547
CO

I SI S5
IO

0

fW rela+Iv€ s+ff-fnesses 4 disfn t>utibn -factors 
fig. 33.
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relatli/e -stiffnesses ffromffg 53f<t))

f o r  eo Iomn s 1 3  Xt _ g IOAJoo _ 19,3 3 s 
L f4

fo r  girders ; 4 Ito = 4  lAi3S2-- \6,oro
L 60

r€ Ia+ fi/C s4<'fpn€SSfs 4 dfttfibulion feu-br SreshouJn 
in f fg 3 3  •

Momen ts d u e -/-o dddrtfona/ /oad 4  -R/--

-f

-I5TO -HStfO 
4 <?6t -► 4 432

-1580 
-482 -*

+'580
-?64

-7l(o -ffoie. -2 oig + 716»
Ô1 6i /V >
0.-547I 0,lr4NI

a »54
0

0.5475ti
<0, f'

-ai=i

(W  moment distribution fo r  ^ddrtibnal 
load on -the g T rd e r

5.<Z7o %+
6o '

(&■) IOJduig -fo r Cl?)

F E U , WL1= S-f/o/60*= î g-o"*=/2

-191
-»/04 -r

ti9l 
t  52

-191 +191
- 52 a- -104

-»7 tZ43 -243 -t?7

0.547I 0.354

<3

0.354 0947I
-

.635 % +
IIIIIIm

Cso1

i <
to-

(«) load 'n g ^Torti J

F E,M. - • 635" v 6o 
12 191

I .  k

fdj moment <dTstrTbutTon for DL of the 
Sirde.!-

fi3.34.
re3c4~on% «due4-o moment 4 uniform load for additional toad 4 DL, 
on -/-he girder:

Me
7^Zol
I

5Z7o A,'
I I I I  I I I M i l  I I I I l l l

60'
136,5" 1747

tZolg^r "6 /-*-
A ° / Ai 5,?7o ̂  Z1A ^ 7Ad, 435 %+ /A 635 k/*t A>5\I ( IiiiiMiniiiimi I 1 IT 11111111111M 11 [ 11 Il 11111 Il TTTIIF] I
/ ' ky  .««'

ITfJ 156.51 16.5 ZI.6 121,6 16.̂ 1
fig, 35.

resc-honz '-P or1" csddffion^l toad
fTg,-3 ^.

Mgaotibns f o r  P. L.



Now ha/6 + o c o n s ld e r -ih& c-ondTiFon o f  u>hT<zh o n ly  ane. o f 4he spans 
loaded uiT-fh L.L. and bo+h t>pans lo a d e d  wl-l-h RL (f'PJ-. of .add. /oad,)

L,L, <£>n s>+ruc4ure c S-S"

b

-1TZI tTZI -421 +421
+ 504 -*■ +25Z -252 -564
-417 -+1173 -1173 +417

/̂6, /n I
0.547 0,354 0354 0547•n N m

g  I 5<3
"Co, »£|

f'9 ,37,
m o r n e n 4 d Fz-Ir-TbutFOn fo r -0 ,L .

on the g ,Vder-

2.Zoo
i n

to • 60'

(a.) IoadTncj forflc?)

~(o(eO +ItbQ 
+ 561-» 4 I Tl 
-156 ■* -312 
4g"5 -*> +43

-374 +55i6

+ *•

61547lfl
$

<9371
be
5ti

L.L, on ma'n g T rd er=  5"5v 4 d -V Zoofy  
RL on md/n gTrder s 5Z70-Z2oo =3o7o ̂

r~.
>

m 6oz

F.E.M: It.OTO HbO 
IZ TZI

/-<t

Tdbl  ̂ IT
olis+n bu-l-Fon £  c a r r y - o v e r  -fa c to rs

mtrnbtr F.E.C.' 1Zl NSC. x£ P.F
li)

c, 0.
AolCci 4 -1 4 450 13.333 4 4 5 3 0
4o, Az 4 A. OZo l6,0fo 0,547 O.5oo

4.23,415

A,4oi 4 4,025 16, loo 0,371 0,000
AiC, 4 -1 4,450 i3,34o 0,30? O
Ai4o« 4 4.025 13,400 Q3ZI 0,262

-270 

- 14

(I J F.E.C. 
(4) RF 
(3J 4:0,

Z -43.340
= far end cond H ion 
= di's+r, b o tlo n  f a c t o r  

= c a r r y - o v e r  ! f a c t o r

- Z M
e,2 frZ -7 4

A,
0.321

9 FiE.M, = ^jgoo ̂  60 -660 z-k

(W m om ent d Ts-hrI b u t'o n  f o r  L L  on 
t h e  girder

-Fig. 3 ?.
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-741 +1730^-W57 W k o .

+
«n

*1* *?

» I

I f.f7 0 *  1/36 ,457
Il HlI 111 11 fTT

173.#

f73o 457 ,

m 3.07o* ^43
11 Ii I HTn

f i g  ,4o.
r€ao+ibns on +He ^Trder -fo r  
LL o n  o n e  span 4  D,L. on bot̂ i 

spans.

o0( C1 (-4
419.3 9.

-TrnaI moments ^or L.L. 00 en&
*pan $ P.L. on doth spans.
before con4-inu/n^ 4h^ <grnde.r design furHh&n / Columns nnys+h^ 
0  Heo ted.

IP^sIgn o f column AlCi
WXS*Ieo /

' H T ' , f+.k.
cjiVen 1 4c= Z2oo p»sT 

-Ts= 2o,ooo p i"
<n

2 ^ 2a- = I t f f = 3'4 '

z4o 1V £0" N = 9f7, 5 k 
M = Z7f w 'k

equivalent axial load P= W Cl ̂ J
-from fig ,41 e= M = 2 3 2 = ^ ,9 7 "e= M = 272*12 

N 3475
I  = = O.Z49 < /.0 0  o.<.

4i'g .41.
Amal load i  mom. 

on column JilCj

f a ~ O,? f o.ZZS (Moo) + Zopoo f oi )  I  
L  14- ( 3 .4 . I -  l) f .o /;  J 1703

Pg =  .0 / ('bssunn-ed)
C  = - ^ -  , =  170 3 

045fc OA5*MOO

3 2 7 .5  r I  t- a 4 3 l x 5,5 k 4:97 I  _

0.431 ass. P= 5:5

[ '  ■ j

m ax. a llo w a b ly  lo a d =  P =  0». f  /4 j j]o ,2 2 5  4 c -t fs  PgJ

= 0,2 (40 /2o) [o,22s"K fSibo 4- 20,000 v OlOiJ 
l,3 9 5 k>  52/K 0,<,

e 0
0 bdrso
0 0

fi0,4-2, .column crass seat.
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Resign of column AoCp
for uniformity ihe same section «3s used In col. h,Ci will be Zcceyrled 
J n d  c.he^'jred.

N= iS -g .q*  
W= e = ^ = 2 ^ =  4o«

d s s /g n  -sihdll be m ade - f b r ^  c racked -sect'on 

e x tre m e  f r b s r  a fress  Tncorny=. -  <5,45 f c
tr "2)460 piT

+raniformed area

'584

-Ffg .4 3 .

from ffg, 43.(bj

^ =o ^ xĵ .3+f  ) + f c f (4̂,3+2,5)

- f c  /%7 f-x j ie,fc3 (W6.3+37.5 j - 1 4 ̂  66,3 = O
w h ibh <g iues ‘2>,33 X3-#- d6>3 fc  X -+ I 6 i3  4cV — I0,5"50 X - 4 3 4 7 5 fc  = O

^ W = O  ^  ^ O X  ) -+ -fc J g v 3  _ f<  /3.<»3- 15 ^ f= O

^ lu c h  ^  S rc =  ( S M )

\fwepu1 ihi\ value of fc Tn equation above,uue. g e t  
y X  C r l f + Z O x  - Z S l O  = O

X =  6 1,7  " which means. 4-here 7s no tension Tn co ncre te1
-Tc= Z 5 ?  psT < .^ P 6 o p s i  O.K.
ti+e-el does not c a r r /  a n y  load .
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f rrs+ -ir'a l sec+lon -fortg'rdgr (rC-On^moed) 

MonrJSnis @  m T c i^p ^n Bi

^ O 1 5.270 Ẑ1 v
u Hi i h i i i .iiill^  j  ^  
^ H  1007

^ ' I 1 .635^ k 74Z-A?, S-.270 4,
^  Il 11 Il 1111 IlTTTi I  MC I, ITTTTrrn 11 "I Ii \il

196,5
3o'
K

Tl I l l l l l  I Il 11 11
*--- -----"n J3o'

hie 
\2*2 C

16,5' /4S.4
30'k

I i-k1103
(a j morn, ^ > 6 / for-fTg.SS (fe») mow,@6 , ier-f"g- 3 6  f«=Jm om 6 ,-for -F'6,4(5

-fug, 4 4 .

nn<3̂ , momen+s ^  B / -for D.L. |'22,'2 , ^or addihonal load 1105 

Th€ crT+iereI binding moments m  no<dTn girder =arS !

<S B, a4 4he time of pr/s+ressm̂ 1-2 2 ^ 0 0  ̂ lb £f/g,44 ('bjj
Later fs added ly|09,OOO^-'b f fig,44(b)J

@ A, Jttte time of pres-ZressTng 245,000-F+-119 r -f~<3'3>6> j
Later Ts added 2,0i2y50o p*-lb [  ̂ rg,55-]

-fTbre sfnesies .

(P 6, _ _ Igf 200 ̂ f6,6/12 _
- Z4/,300

^ j, _ I22,foo/"53,4/12 = 
~ ^4/,3eo

162

^od

cCL+ I, 103,000 V Z6,6/lf
24/,3oo

l4 6 o

Cdfa -  1/103,000 /  354 *;g _  |g,=,|
24 Zy-S oo

Zgoo )> /62 +IdbO  

c ^  + Ca+

( P  Ai 243,000 /£6,6 //Z _  -S1Oi
- 2 ^ 7 ^

<rj, - 243,000Z-33,4 x/2 = 40324/, 300
, _ Z 1OiZ ooo /266/<2 - Z6 6 0  

^ 4" - 2-4i,3oo
2200 <-3214 Z£6o 
c Q.+- + fat

ZTa /-, _ g/g<2,000/33-4v/2 — 5*340 
24 Z/3 00

OrJTnates ^ or e = 0

@  S - L m e  I. - - ■! -- ... = _ --- !-----  - _ i l l * :
Cc6+ •+ f+) A  ̂/62 + 23o)A 'oaoA

( I______ I_____________  4 Z.~73
"fsgoo-I6?-I46o;A~ 1000AI,ns. S’.



Lrnfi.3. 4-___!_____ = 4 ______!______^ + OALIe-
(■fc +Cdb) A (22oo + tZ-Ols) Ar 1OOO A

Une 4  . + — %--------- - =• 4 ------- 5d££------- . = 4- QAlL
(Ub+Cab-^A ffo34/?3l-290^4 IOOOA

(5 h\ Line I,----- !------ = ------ !----- —  ---- L^iS/<a+ + f+)A ('2>2l+21>o) A IOOOA
Line "Z m -1- gpl̂ g  - I'py?' ~ (ZU.++U\-$c)A~ C'S2l + 2Uo-2zoo)A loooA
Line 3 u.____!______ -x ____ !________ — j.

01 * (tC 4 CAb) A rZ200t4(93jA IOOOA
Lrne 4 1 ^  --f____ SlIE____ r + ^^42.

(<db+4ib-J*-)A (Ao3^34d-23o)A W0° A
uj£ ran s+op+ĥdssrgn «a4 (=KTni, because. Itn̂ S's aboi<2 
)"n6  4  n 0 ,̂oldiTon Ts possible ^or S  4 <̂7 +oge-l-her (SD A|

Sgrond 4-rial secjTon £or pirder

fig,45,
second 4nal SeciJon

-Ir = 1
IZ

3
v >< 4o

propgHTgs of-LHe cross sre-Kon in figAS

A =
^2 =
i =
4 -

■2

-M

M g  
4y,/"
31,9 "

4  ?g,ooo in^ 
5 7 3  Tot

59= i7̂ 5rn

IJd= jg X M 2  = 277*/,
1 i n c r e a s e  -hhe co lum n  U iW ie n sTon Z o tl- t o26 

T n  o r d e r + 0  4 b r o u j  Som e mone m & m e n i io  colomr) 

=  13%,7oo ~n4

60 '____ ____6 0 '
j z z 000 JZZ,ooo

8  ^ 5  SCO

fig ,4 Cf.
Len g th s  ^  m om en ts0 ^ 

Tnertfa

f r o m  -P"g.46
3 f£  = 3 L H l722 = 17,700L 23,5"
4  J>  = 4  4 % OQ(J. -  32,100L 60' t______

JQ l Voo
+ SZ1IQO 
S If Qoo
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cJii+ribo+ioo ̂ sc4ors

Po, Co, n ‘ lo c  
44, too

Ag, A. 3%'40

-  0,355

— <3 (eA 5"
4<7,too

VfomOnH du/£ 4-0 a ddi+TonaI load 4 AL, 
—i58to “HSSb— 4*5̂ 0

A, ^ . io o . = 0,2 /4»
Z ll ClOO

AlA0llAiAolr 92. = Q 3 ig
Z itfo o

MOlO-*- f SpZO

§

- 560 +ZocIo

Aol
&W5
io
IO
<3

Q34S
CMti

5/0 -*• -IOZo
-Zb4o 4 560

A,)
o,y?z o,fo45

B I

>

-ZL3 +263 
+170 4 25

-263 +-263
- -170

-^3 ^34^ -+dIS

in »-645 0,3%
S ^O CM<3

,

0,342 0643^
io
IOSI

F.r.U = 15 E o ^ k

(.a.) m o m , d Ts-Inb u ifo n  - fo r  &ddTt Fondl 
load <On -Hna OjFrden

FE, M = '12Z£i£. =  ^ 4 3

8"I
(Io) m o m , d F s lr i IeufFon - fc r D,L,of+he 

“3 frolen

-CTg.47
4-he oond i4ioo of Ujhi-Ch o n ly  one. o F 4-6 s spans loaded tuT44i LL. and 
t»oF6 span s, Io s d A d  m TUu Q L , o n + h e  ^ F rd e n

-42/ 
+ 544

4-421 
+ 297

-qzi
-247

+42/
-594

-327 4/2/2 -IZ/2 4327

p.645
*n

0392
CMti

<5,392 0.645
S
O
<

Z F q A Z
mom , di'sb-i leufioO Jfor O1L1 

on  +he <3 Frder.

R E U  = ^21  ̂ lk
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'tkiio
S'6+ -n-

Tab le  IT
R's+ri bu4ion ̂  carry-over -factors

ncmlacr

%

% FECwI P,F<; c ,( f '
A, Aol 4 9030 3 Z l2 o G 4 /4 0,500
A,Ci 4- / 5-900 17,700 0,231 O

Ai Ao. 4-0645 % 30 26,400 0,350 0 2 /2
-  660 \bloO 
■4A2Jq -*■ +2/3
-Ig-S -* -366
111? -» + 5 9
-13 -+- -?5
+ ? -► T^T ... - rZ
-304. +543

<54/<?
KQ

—3o 0 

-ZI

-327
-69

4i

fo
fr)

±--7(,?2o
F.E,C, - -far end condr+ron 
P,F = d fst r i  M otion - f a c t o r  
c.o, = carry-over SacFor

REM, = G><oO
t-k.

a 350 

V, I
t

Co, %
-f"i 9 .49 .

morn, d r s t r f b u i 'o n  - f o r  L i .  
on 44ie <g/rd er

- b i l +176*1 -\545 +Zff
«>vS+

^ 1S-O, 
final mom. fo r  LL on one. 
span ^  G l . on bo+h ns

re a c 4-Ton s 
3*0
r,

2o<7o
I I I I  I I I  Il H I  I I 4,1111111 I l l l l ) CI I I I I I I I I I I K 11111 in 1 mi60' 1 i 6 0' 1, r >11 60' *o' 1
i32.6k l?3,fa 132,̂ 22,1* 30,6* 30,6* 82, I*

fig.s'i.
reactions -for ̂dditibnaI load

■fig. 52,
re .a c t fon s  - f o r  & l .

9 '  ?,270*/' l7Nfel 9.070"/, ^
Illl I I I I I I I I M i l

;  (,
111 1111111 I 11 I I

A  6 CM I I 60 ' A

159,1* 177,1* 113.5* 70.#

Rig. 5 3 ,
reactions for LL on one span 
4 P l o n  bo44) span* ,

-2
-5
?
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Mo (3 m  Tdspao 8 1

6,

jy I I I I I III I I I I Il IN I/ Illllll 104? 11 I I 111 I I I I II 50'
22,1

H  /'7dr
(S3L
^  I I I I I I I

5,270 ^i
3

134,1
1172

f») mo/7). ̂ )i3, fbr-fig, 51 ( W  mom.@ e>, for (?) morr), Q  Si -for fiQ' 53
f'9,54,

T̂ e.c.n̂ icd I ̂ aodioig mom eofs To main <3 Trder ar8 1

(p & i

@ A,

0 + 4-he 4rme of prg ifr^ssfo^ 175,O O o ^ jĵ /g 5~4(bjJ 
l^ 4 e r  is a d d e d 1,17 ^ 0 0 0 ^  fffg 5i.^)J

4-b<? 4iir)€ o f  pres  ̂ s s  Tn^ 3 d  S', 0 0 0 £  f,g,52j
Iafer fs added 2,040,000**-"° f  ffg,5(J

fi>rg sfresses

(9 6 ,
<fdf =  
Cdb -

ITSooo *12* 31,4 =  134 

-  175
4 Z1Z1OO O

17S.000 < \2  < A o \
A  7 2 ,0 0 0

Cflf — 1/17̂ /000 V i Z v  51,4 =  431
422.,oeo

I-/72,000 v 12 v 40,/ Il Oj

4  ?fyooo

(P A 1

Cji - 34^/000/iZ/51,4 _  276, 
4^2/eeo

QjI - BJLoOO*i2>c4o,l -  3 d 7

/ , _ 2,040,0001.12 <114 —  16,60
4 m o o

r , _  ̂ 040/000x^/40,1 = Z o t i iS  
4 ZZtOQo

IVi-l-h f h e f ib re  s+resses obtained a JsovS  ̂ ITnS 3  ts 
S4111 <ak>o\/& \\‘ne .A ., Vo so IufTon Ts p>o5 ̂IkslS z for-
e 4 R' +OgefJiery (P  A \ ■
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ThiVd + r ia l s e c t io n

increase 4-he ujiAUi o f  froWom flange of+he second+r-'ial
+ 0  21".
proper-ff^s o f  4-hs neiv s^o+ fon ;

A = 
^2~

°
3^,4"

d, = "33, fc U r2 - s 15,41 fn
T  = S24,000 in^ Kt 9 Z 4

Hri

M g  In2

I f uU 2. i ncrr-6 «sss. column ujid+b -+o Z  Sr ' disfrTbuh/bo faofors
in mom, dTs+ri by+ions ufill not oha-nge.. yVe don'h ha-ue -h ^ons'der
-hbe -v/ridlj fbcreas^ In  R L. o f  ^Tnderr n^= i9io  ̂ yyg- _  <yg| w/

144
fi'bre »-hr£SS€S

(?4ir _ 175,000 y i2 k 33,fc I=, 5 ^  ' »1
^  ' 074,000

r , , - /75,500 v 12 v S U /54 £
 

• 
H 

1

- 524,000
r.i _ 1,172,000 x /2 w 33,fc 8"72 Qf -" 524,000 ■
r-L - 1,112,Doo x/2 x 3 f,4 4 4 6 P KT Il^ _ *2 4 ,0 0 0

Z'Zoo > 135+ SfYZ

34^,000 v 12^33,6 
SM,Doo

ZAtDPO *  rz V 3g^fOZd,Ot>o
ZQ eIo1Ooo //2 v3S,^5?4,eot)
2, Oê OjOQO'/1 7 ^ '? .4  

Z  24,00 O

22oo >  26^4- 1607

- Zfc ?
— 3 0 6  
- -  /fco? 

-s  I f  3 6

Ordinaf^s o f  f i g , 55" f o r  6=  o

B1 ffull lines)

Lme I, 
Line 2,

Lines,

li'nlzt.

________I_________ _ _ 2,140
(l=>5 + ZZO) A '  iOOOk

+  I__________ + o, gss7
(Z 2 o o - i3 5 -? 7 ^ )A  " I ooo A

4. I____________ -  , o,4Zp
(2 2 0 C 7 + l5 2 i;A  'OOOA

4- ^ ^ , o,q24
^i5 ^ + ^ 6 p-Z3c»;A 1000A

(P  /I, ('dash IihesJ
_________!_________  2,010

(2fc?+Z3o) A  ,00°A
4_ _ _ _ _ _ _ _ _ _ _ !_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _4 SiOfp
fZ2oo-Zfcr-I607)A '000A

4- 1 — I 0,349
(2200 4- ->ofc)A IOOOA

^  -I 0 ,4 4 5
(3ofc+|f36-Z3o)A~ 1000A
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414,55:
■+he &ccep+ab/e wdIucSs Jfor F? 4 e

A ssums 4hd4 mati . e c c e n t r i c s O b ia fn^b le  a re  i

■Cor ib e  bo ilom  s e c iio n  . 4 - -  ( l.2 .+ ~ j)  ■= 2 4 ,2 "
Xor i-he -Wp ^eciion  3 5 ,b -  (.I-V+ l )  -  / <?, 4 "

14- Is Su-iT-f1 -£<9r 4he purpoie op eavOI'nj Sdcandary
b ^ n d 'n g  ir)Orr7en4&; due 4o prg t  j-ress Tn  ̂ , (^) A l b>y s a ifr fy  mg 

formuIa <5.̂ oo S p l-KS, ?-375 €», = O
cd4 4-he sams 4rme edden+rici'+ifis -s. hould no4 exceed 4-hc 
m«a\:, ualuss iuen e3bov6 4 ''

Z e l < 24,2"

T f  dp, = 14,4 ' -Z e i =-Q J^SL  SA| = -  i^ q " < 2 4 ,2 '' q<,

cssc H  1 Ths Ca SC Tn Ujhicli Xhere  is  no slops <aiXhe end s 

o f  -hhs. <5 'r d e r  A0 4 A,J car? a Iso be adop+ed . 

-Cor 4-hrs % e.Q ^+1 =  O is sof fte is n t
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T he aim of -Hiis si+ion ' s + 0 <?vo"d secondary b̂ nd~r)£ momenis.
In d e e d  , i-f is  i n t e n d e d  +0 p re  s tr e s s '4 H^. <gir<dgr «dnd 4/?e h e a d  o - f¥ h e .  

co lum ns <3-t 4-be same +"me rind Ŝ ) long ^S -hhe ^ ird O rm has no stopte 
a4 14s ends -44e C oljm r) u il ln c T  be  S u b je c te d  4o Isendfng due 4o 4Ae. 
Pres+T-ess ir?_g

Il Il
w>'4h e^^+iQ.d t ^ e l ■=-;/£ 64 , = -  %  i<7.4 =-l6<*?7 I OK1

in 44rs c a s e  ko« je  i/e.r 4he eecenfrlc i f /  oj! +lQ,4" musf also be 
provided (£> Ao, 0 r  Aoz ; a  s u/ill be shown l<a+er 4h ls ls fou ib le

-from f,q ,S-D
tu 144) 2 = /d, d

•s.4ee I

A. _ %bl,ooo _
1̂ 5.000 ~

U s e J jb -

l££2i= i,oz
?!

cf-=P.2li' U ires

Pi IOOQ X p f S  
I. OZ OOO

4 7 each side. W  layers of-4uj~res

Stresses &  Ap ^Aol Or Ao7J due-ho eccenfncipy o f  litres

-Lop -fibres ^ 14. 12^  J - Zp fs/ <"ZZoofnOC

boUom fibres 1 H I qp I 4  i M  J =  -ZFOpsi (fens.)
,^^’1 4his arr)el/4-#nsi/e rfres* may

toe /eerirws sf d/g ,

eecen+riofies 'n case Z  are c?cce^4ed -  + 'Q .A o  
0 3 i  =  -  
£- K\ - -i 1Q1 A o 11

4-he -s h a p e  o f  4 h e  c a b le .

4he shafgto^fhe cab le

as is shown in Pig, 56. 4he ihap£ of
cable AdC is a parabola of Lhe -fourth 
degree f+b4 equationof-iafi‘ck is - 

2*= V(Zar ZAi) (z £ - i) * l + Z 8 i

i n h e r e  -Vu = X  , ^ g l 4  ^ 4,

«3ne <al^ a b r a i c a l  v a lu e s  -Lhe 
signs CjTwhTcA d e p e n d  o n  

4he c a b l e  /"•> a b o v e  o r  belong  
O - f - f h e ^ i r - d e r .



-53-

(a.) sec+ ion of m a \ n ird^r(5)A1 o rQ  A0

-fig.SZ

nefcttii?

m
C 62.v ^

___ : l.|_2S

Il

I’
,"F A—

(W d e+e3 n A

end bloc,k / ẑ" 4o'V3o"

Ki-Iigez

mAifl gfnc/er^  I Bi j v/s ofcablos o f 4?uvfre>

. -tn //¥//&/&// V/W//WW/?/ L
Ifcl cI

fig. Fg.fiha I main ̂TrJar fnamg

A6W%

//m m  
■ M.nge

Columns are. und̂rs-l-ressed , but 4-heŝ fac-tors skouU be duuelf of00 <
I. L a r g e  column* provides good d im en s ions fo r  4-h^ end-block oforder
£ Wind 4 ear+quake loads are om'M&d In 4-he design.
"& Largs colomns provides smaller <g"rder sac+ibn 
4, Minimije 4-W sfee I area regti.

t 4 6 e l  a r e a " n columns  „

0 .0 /* 1 1 2 0 =  II,2o use Ig- V0 grirs
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F - ^ s lq n  o f  EnJs o f  S e c o n d a ry  (q

3c"
-t

4 4
r

// <

4
F 4

fit) setodolary ̂ rrder 
%€c+"on

4'9.59,

7
2

72"

fb) main gind^r s^c+ion

yo'40 4 of^gg.girder.

maTn
T̂rder

5"

..,

i5"wTd&

dd'

\CiS7S4oi 0 (sec

Z

9 Trder

6^ g'rder-

<?

Cnd-bltpck.

/ z X ̂ .Uf5Pori

SufVor-H
fro m  f .g .  60

Shaar= 1475" v 14,375
= ■SS'^oO^

Arga re.Qci -  ^SjHS£. -  145 0
' 26.4

ujT+h a hoiriZon+al dimant/ofi
I 5" i/aHTda I Jirr>eni/on of

e // .<__ ■ „ 1 I I4,7 is ra ^ ti

holas -for CA 1» las "

USg, 15 '4  lg"

I erd-bloe-lc

f Ti£, 6 c ,
s  u p p o n t  cono/i-l-TOr? fd r -f-h tf e n d -b lo c k  

of secondary gTrderS.

fig6»I, „ ..So^por-Hcoool'+ionS, t^r 4-he 
e n d  -b lock  S, @  iS|
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S £ c u s e d  in ItoIafions
4- compr-essrve stress dTc+rib̂ 'ou 
Q +he €nd-blcx.to,,

214,gqO = ^77l30 %

2 1 ^ 0 ?  = %

15 =. 12,/qo % ,  
r 1 iS /4,5 = 3, ^ 0 ^

•ihea r 4 inom <t++he end-block
bearing plates uni+ bearing stress = 1.15 4r= tlo  v2&o = 3?5  0 p$i 

<gross area re .q 'd  -  (Z tO lCj %g,(*)= (b'Z.̂Z

tu'+b c3 bor/zo/rfal dimension 0 ^ it?" +-be vertical 
dimension will bg 4,/5" use ,5 V  4'̂ ' 

Table BI
calculatedstresses intbg end - block: o++he sec, girders fpsi)

section % ^ 6 laI ^ s
d:? sSfSfS9 Pb

I

+0,5
+0,2
+0,1
0.0

-Oil
-0,2

IOZf
6^0
443
s q i
3 5 7
357

+ 137
- IOo
-  2SZ
- 2 W
-2A0
-173

Si?4? 4lo 
541 +70 
32? 47o 
23? +-70 
14b 470 
72 +7o

- 57 
-3lf
- 4J7 
-324
- 3o+
- 2o?
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caIculafions r-Table. U" fccr more cnWcel tecAioo, sec-honTL)
6 f(ec4~vg w idfh % i5 -2 = I'S

Tg = K i l b =  13' y O = ^ )o  1
bal

-TrOm f i g 62 iV) LU . i
(2  sec  U  Aif= I1I l5 2 o o  -^ 2 -=.

% K
+0,3
+0,2
+0,1

+ 2560
— 1,460
-  4 320

v («z  +  137 ps,
y /  z — 105 PS"
v // = -  2 3 2  pji

OO -  5ooo y // -  — 26^ psi
-011 
-az -  4>4 2o

-  3,240
v n - -  24n  oi/'
v i' =■ -  I / 5  (3Jf

%  =*3 
%

5"5.fc
^ = O O

b̂r-OWiCrS

<1 v=2M5i2U _ |22|
W*i5 ---

(fv = 214,iOO -  i  iPQ 
ZN'f

Q  =. €!^2£ =443 
24^/5
ZMiM° = 34]

2>Co*‘S-
ZiAA it e - I S l
40SU5 ----

axfna a>h€arihj forces io 
c<3nj idcr'-ad I

D L 1 - 
L'L. -^ A .o o o

V= kf, X.
tod

-Trom fig 62.
<? V=Qqjbo ,l-\qo

b«i
%
+ 0.3
-+<5,1
0,5

-0,1
- 0,2

Ki
^,04  S' V
2.0 5-y v 
I, 72? / I, 250 y 
0.76? y <9. 37 ̂  X

V
<95 I

34 I e i i
3g? pu/ 
23? o:,' 
"HiZHi' 

72 Prf

+o+h£ %\of>e of csto/«s 
lh if/ally 13,560* 

v/fima+sly 11, 5 2 7 *

' 3, = 60- 5500 = % 060 *  
( i I1S Z I - 5500 ) - 6 4ooo- 21Q ¥ 0 *

MayTmum of. forces will
produce a shearing s+ness of;

i,5 (Z lC )V o )
15  tf-cto 70pai

If/s sggnfkaf maximum -fensilg ^rmcipsl sfrg^s dol pii exceeds +he 
perm/ssibig 26̂ 1 ps” , reTnforxemenf should be proufded• If I"5 a.gain 
cassumed +Haf +h€ sfresi 4ol pil ey.Tsfs on every horizon+sl pl&re of- 
ha/f-fhe length of 4h£ end- block •

+ofa14ensile force = c7, 5 >c407 vz3o vi3 =  IDAl Oodttr 
c«nfral area = A 1Zz' 
each s Tde areas
+be forces corresponding fo-4-htfse. Sreas are I 106,000 4^=36, foo

IÔ 1Ooo ̂ 5̂"-34,6od
re 1 n force men f rapid .

for oe n fra I area 3 6 ,200 _ 1,̂ 4 13 Use IO- k/o 4. bars
20,000 (l -----------------

for each side area 346oo = 1,73° Uaf Q - K)o 4 bars
20,000  

Some no 4 bcr/zonf«al bars tvfll <3Iso he. provided a  + +be sam e 
spaciiig 3 s fh e  u s rfca l bars n e a r  ca b le  holes.
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Q-, Resign -l-he Ends o f  Main (g irders
Actually end-block's of. mam girders 4 columns act -together, bu+ 
to Inak-S1 +Hg design pcislbie <oe will separate them and cbecfc 
-the snd- j=>lock; s ,
P e e r in g  p»Ia te s

unit bearing stress = SB--S-O p^r
gross  p la te  a re a  xeQ d =  %<b7,ooo + (Z* Z fS *1,fZ) =  Z6I °

u s e  3 o " r t q "

If F2: oiasapplfed N/.A ©t the end-sUlock -the uni t ©onopress"i/e 
str&ss, at the other end uuhene -the F  section mee,ts the 
end -b/ooir y would >6 J 2(,7,aoo - q?o pt?

? g &  _ „
Actually it fs applied with <sn eocentrTcrty of lQ,4o . Th"i will 
fncreass the on it stress on the -top 4 mill decrease, it on the 
bottom as is sboton in £ 13, <S»4,

W.Acf  girder ?felooo*

4o" 

32,4"

14̂ 0'
IT

Zh.Ao"
, S3.6-©"

Te11

■fiq&d . , . , 
un Oshress d is+ributio I  ---

1J
S -

d I UrikvtiOn o f CO mpresiiu a 
■Stress,

unit stress = t

M «  VMooo *1440 - s Z o lZ - i  I 624,000 ,n
420 p^r

y= "SSzfco"
um'tstr. s 4 2 0 1 32o7vS3,(,= ZoSb
V r  ZfcJIo"

p s  r
um'tstr =: 420 +12,oli2UM -̂ IQ> 

yt *<3,40*
cntstr = WO+H.olrt'MOz 174 fc

rst
ye. /4,4 0 "

un'itstr. = 4fo +37,o7d4,4o- /602rsr
/ e  (5
umt \+r, s 4 SfO p*i 
Vs - s ?, 4 
unit stn r CffO-

= -ZETO p vt



-58-

From 4-h£ i76& of f><rev/\oo% dcsu^ns only s-eoFibn iL 4
%  = 4-0,1 ioTII be fn $pec4-e<i,
•a hear (S s-ec+ibn E

4/ ̂ zOOO
+ i74 (?) ^ / 5>,5- = , j a z o o
2 _45^2£o O_* ali6ar(S S^c.E

mtsir). ( S  i^t+Fo/l E

4i gooo x 6,10 =
JOlZoo x. 1,25" =

'Z .^ S o .o o o
5-0,000

ZfoOOl OOO '"-U ' mom(Z) 566,11

f o r e n d - b fo c k  I - = j ^ « 3 0 x 7 ^ ‘ 4 9 3 ,0 0 0  ~n:~4

6TX-  %c>7,ooo , (VcitOOOxiQxLo) it ,25 -  I Ig a fS if
36,5/30 <4 93,ooo

Ct  -  -4 .3 ^ 0  Z /600/000 _  _  I osT 
Z 5 /4o2

/ = IJ-ZK 4 ̂  K/Zoo —  791 ^sT■Zt) * 4-o
f t  =

</ 4-0% 
Z- DZOrZKI 

Z.
L ' j y q f + l : u io + z n .J Zr -C a Z 1O

63 5/» 26-4 rsTnfer^emzrTf1 should bz proulded
1+ Ts again assumed Ihaf- 4 b2  stress 6Zo pit evi'sfs on every 
honzonisl plane of H a If 4-he leô +fi off-he erd-block:.

-4-o+al 4-ensi/e force = <0,5"X 6 go x 4o vZd" = *5 Iĝ 5"oo* 
crenfral area — q 11
+mo side areas =

-hhe forces corresponding -k>4-hese SreaS 3 re. i 
312:,500 X ̂ 5- = //4,5*00* 
b/y/Too = \Q2iOod*

reinforce me ni rZq'd
far c&nfral area .K4 -^qQ —  S’,72»

2 0 ,0 0 0

i - o r e a c h  side areas 102,000
20,000

5:/oa"
Use IQ- no 7 bars 

Use 9- no 7 bars

Some honzon-tal bars a+ 4-he same Spac mg will also be 
provided a  s +he verfoal /oars near cable holes, fno 7bars)
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W^l? reinforce men+ \n maCn qT rdgrs

(g A,
■ ahsa r = 1-34,1 + ?g ,l = It=I,Z

no 4  S-l-iVrups arg -k) uS€j f As= G .A o * )

Z p acT n g  -  - 7 2 x 0 . 4 0 *  4 0 ,0 0 0  _ 7 "
U ol.ZoO

jjfsId poi'n-hof s+frrupi 4 0 ,0 0 0  p t T

(?  A 0 s H ^ a r ,  214 ,Z  ^

■apacToc? — 72 *Q.4o x 40.000 _ r -11 
3 2/4,2d>0

+ placing of s4-F rru p i should b£ ^on+fou^cl for a
Isng-Ph o>f IO1 fro m  4-hs eolomns, .



R A E T  I
m o  DFTliE UME THEORETICAL FRAME IM 

CONlZEMTIflNAL FEINFOKEF CONCRETE

A- PesFqn of-l-he (?oc>f Slab
The on£-ujay slab ujill be designed as simply.supported beams 
o-f 12" wTd-M? , soppor4ad on-\-*ro secondary desms •

secondary
b e a m s

precasi slab-blocb
cLFmensions

Slabbhicbness 

L= Ca.foCo
b = 12"
Wd =  7 0  % '

<3s,sum^ 4 11 <9 f slab 4-hibbness 
nJd= 1̂ O  v =  5"i0 %i

UJd + UJj — l3o î bl - 1S 0 **/i

M r La- ,  r 5 0 x A i 4  _  7 2 , - ^ - ^
S” y

d 2= z M _ _  = „2 1 721) 12.___^
bebbj

<d =2
'79 J ^ c o n c re te  p rd fe c + lo n )  
‘ 2-5 ( o n e  h a l f  o f. b a r  d is m e . ie r  )

Z.37 "
use t, =. 4 1 d= 4-1 = 31

•Shear
y  - i3 o yb,64» _ 4 5 3 * ; V=. __y _ 4 3 3

Lpjd 3
I3,qpsi<i4b.>si

o , < .

no slab En̂rremerrl1 due+osbear Es req'd .
c o e - f .  o f retis-Lanee = Ic?-= M = -  H G ' I ^ 3 8 4  i»$r for baIanrgjto<j 1 v ̂  neinforrement
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6 s a m  r*> underr&'mJforced , 5"fe££l Ts-Ibe dtz-1-e.rmrnmg fgeior i 
<zor\cre\e '\s not a4re ss-ed 4e> capacity c>jhfc.b a more ĉonomTcAl 
c a s e

-for £ balanced design ^ -fe b j ZiZoo x O-Ao1Z xO.Vbb

-  ps T

Sleel

4,= M
j d

7g| x Ig 
ZolOOO tO.ZlobH'b

0,167°

Use no z) bars ®  >2" cA

Bond

rr)d)C, 3IIouJable bond unit- slngsS = 6 5 D  ps>7

u =  ̂ -  = l s T ^ a  ° P ti <  F"' a < ’

cohere = -TT p  = -n v0,5 Si I, 5"7 11

Tgmperatone slee.1

At =. 0.0025 bd = O1OOZS Ce) 3 -  # 0 9  0/^

Use no 3  bars IZ ' Vc

(| +amp. steel no %  6 a r s @  ig" /4
4 suv

T
r i

no4 bars (g? I2 "<y6.

-F S€Condar/_ 
b e a m s  ~

-fig 67
s la b  reTnforce.meni"

v
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l/esfgn of ^econdars ^gains

Secondary b-S^ms uji'II be. dfisfg ned <3 s sfmplfi W am s o f  I5-' Ieng-Bi, 
Soppor4^d by 4 vuq aecondar/ girders.
Load

= 25 4-30 4-2a -(. 5 + TO = iSo %,

a s s u m e  UĴ  = IgTpJ^
Sec-Libn I O l b * / ,

M =  JP l ^ gJz-  b d 2 =  ^  = = ,v
6 fv y o 4"

UJd = 106^ <IS~Q^
lui-Mi b  =  ^  d = IOtfOO

i. 5"o (cover)
'I I f  b a r dlam.)

Î . 7 I (+otel dep±h)
a ^ u m e  UJd = P o tf/. , UJd4^ =  P 56*/

M =  , b d 2=  Z6,4oo<,2 _ ;n3
S’ 3 ? 4

b= 6" d  = II. gZ
IiS-D
.71

14.03"

USg b = k  , d r  Ig '1, d&p-t-h = l i . l̂ 1 

UUd= TM t  O X ,

S h e a r

V , f f | ± * - = 7 , 7 0-  .
I- I Ino MirrupS

54-eel

Bond

A s=-^i- -  1,55-511 -Ts Jd 20,000* - fct t iZ usg I- mo H b a r

u = I/ 7170
j’d 443x '?6G vi 12 I5"5:5 par <  35o Ig5, £),£.

final SgcMon

-f I g, 6 f,
secondary t^am tecLion
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C. ^gsiqn i&condary (srirders

Secondary girde-rs will l?a des'Qned as aimply-soppor-l-ed <gTrders 
of 40l length , sopporied by noafn g'rders. 

load 4 iiyI
x 15 = 14,9 9 O 14.390

<S,£xSi

iec-fion

2<5-o
6<0o *•/ (a ssu m e d  u^J

27^0 fiUd-fuUfl)

W= 2750 ^ 0 Z= S 5-QOOO^lb
O

I= d2= -g£?.>-000 = ,7,140 m

 ̂hear

4̂-eel

Bond

assume 2 layers o( no\l bars, b =  15"

us6 j?= I 5 , d = 34" , de/g-f-h= 3% ' 
W d = 5 4 4  */, < f& o o */ 45.14.

a s s u m e  c Iear d,sf, he+ween sup>/=orts 3?,O

^  VA

d =  53,23% v 1. ^“0 Cco\je.r) 
1,41 Csardtiin)
'71 f'/gd I1Sin )

5 7 .4 5 “ dcp+h

V:

<s=-

275-0*3? 52,25-0 ff'-50 = H?,2psr<j46,7ps?i5k.S'66̂ 34

*5*50.000 * 12.
Zo.ooo X • ?d.6» x 34-

52 ,250_______
3 5 ,4 4  * 3 4

no web rdnf. re-Cf'd 
O"

usg ?-noi| bars +wo layers of 4 

5 0  ps 1 <" 35 -0 p;f c,K.

Tina I (zdion

e.lear veri.d iz i. — 
teafuueeo bars  /B -

15"

f -noil ten 

I o g o
O Q O

's" X
-F'« 64

Secondary «3 Trder aedi'ori
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V . (/esfign o-f-l-hg. Main 6-irdgr

Two main girders <a>nd -i-hr&e columns ujiII designed as rigid-frames 
Cf irder

load
WJa= =  7 34 0  ^

I LpOO*/, ( a s s u m e d  UOdJ

êc.+ion
Ossum^ I 

Momenk 4 shaar

W d O ii/  ( u a + Wd)

S - ^ - = I  , 3

97 ^

f -7o.
d TilrF bo/fion facers

Is+, condi+lon

+

-26 FZ +26#  +Zoil > +io<% -Z6#
-loot,-*

+Z6F2
-Zo iI

-6 7 / +36% -36% + 671

M <L /c
OlSQ
8

d
o,dzq OlSO

8

'•o, .L C

momen+s due 4t) Pt 4 LL an m a m <3 irder-
f.44 V,

teo*

I  o«3eli"rig

FETM. = = 26f£r

Ck?) mornen+ dTi+ri Jsu+ion 4"or PL 4 LL
on m a in  g i r d e r  -fig,! I.

2nd, condition: consider 4he condition o f  uuhToh or? Ig one o-f+be s^ans
loaded tvi+-b ■snooî  so per imposed loads and bo-+b spans 
loaded ujiih Pi's .

TABLE 3Tdi%4-r ,jyulron *. csrry-oi/lrfaoTors
nemker

4 / Aoi
A,4,
A jAq2

FiEjT W l
3
I

f,44

P-Ftei
0.4<*<*
d./ES"
d379

d),5"00
O
0,1 SA

Ol F, E.C.= Far EndCondT-Koo
fe") P.F - pTsIn'bu+ibn 

ra c-ior
<0,0. = 0arr/-oi/e.r -fa c-For
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(W) m omerri disbrl bui-Ton ^or- 
P.Lon m a in  ^ ' r d & r -

+otal load on main girder -
L L , « // </ - 2.2.oomA
RL „ * // 674cT

i>.ÎOkZi

( load fn g -Foi-(Jc)
REM -  ^'74Dx ^  gp-zg^ ^

Z-ZtVx

n r n
6=) loading for(<d)

F1EM = g2|gM  . ^

(W) M oinsri7 di\4rI Lû i-OO ^or 
snoio 4- *>up&rimpose.<i loads 
»n '̂roler. Iî , 72 ,

-7gq + Z I lZ -$151 + U f
V>k]

3

4'^ .13. ,
4-iTia.l momen+S from 12 (b) a nd(d)

M a / mom^n+ = 2>yfc SzC c o o ^  (S A , 

tod2- jL — 3»fê 0QQ * —  = 115,000 io3
Fig 7 IfWj

I^zz 2 4  d =  W t?,4

W+, o f  4-hls sscF'on Lu i'll svcesd 1600^  -LhaF was assumed.



uJ# + WJcJ =  rf'ddo **/*
m o r f i^ n h  4- •s-h^ar 
I s-h condi+ibr),

A-sium̂  Wy = lZ o o o  */

-Ztoo +Zfoo 
+21 OO-*- +1050

-Zfbo +Zfoo 
- I DoO -Zioo

-  7 0 0
A?,

+3850
i

-S fTO
V

+ 700
k

0790 0Z29 ozzq 07 TO OI I
, ,Co,

<S
C1 Co,

mem^o + dis+rfbi/^i'^ f o r  Pl ^ LL on m am  g ird e r

2nd condl+fon
-2140 +Z/4o -2l4o +Z/4o|
L ItnOO-+ + ros -f05 + — l6o!
-535 +2443 -274 S +535

In 075ZJ 0-424 0-444 0,750
$ e N eT M« <s <3

,, , ^ fq ,75 , , ,
rMiom, dii-fribo+ron fo r  DLon main g ind^r

^.34o ̂  ̂ og- - Z i o o k

P, L, o rv msin^'rdier - 1 Ido^

f.EM = 2 i 4 ^ » z'= ZMo''"

g+

-7g~g +3475 -%2o +477
r̂
9

f,g.7L
■ fin a l rnomen+5 fro m  P i^,72 |c lj ^  • 75"

loo.X. kZ N*^? q.34. kZ
1111 mi  111 m m

2-Z7.& es4 9-3 Z /  Z27>

7oo 75^ I ’M  kZ z3Zo 7 ,/ Z kZ 4
Iiiiiiiiniiiiiiii Ilillliimiiiiiil

2U9 Î-Ik
5

fi'g.77,
re a c4-7on^ due 4o I oad i"n g of+he. Isf 

oondi'fibd

-:,g7g,
reacfions Zoe-Lo loading ofL-he 

2 n d  OOriciTLion

7ooz «7,34 kZ
(J111111111 Il lTTTT I

75"§> e?,%Zk/|Ti
ZZ7^

-F-ig<74' , ,
nod*, foz, women+ for+L/e IsLcondiLon

11111111 Il III 111 ") 2Z/2.

+-TgzSyO,
max /tiOZ. women+ fsr+fe 2nd»rt«Jif«bn



max, morn = 3/ 5‘0/ooo^'lt> mom (a) A, , f/g 7̂  )
bd4= M = ŷyp,OQO ,*.!2. = Woi Zoo m3

/I
use br^A'/g1' dzl'Z" -IoiAlJepihA??!*1 

ulJ -  1 4 7 ( 2 ^(?oo assumed S,kf,

Shear m a /  ✓ = SS^, 4oo * <& hx
V =  —^   =: ^S^4og-------  _ 217-5 F7S I ^  IAIoH p&T sl/rrups ar^ refjti

bjd 2 4 5 x 0 , x 72 ---------^ ^ ^

Cornfress'iDn
M  — ^50,000 v l2  _ S 6 5  3 S7A concrete 14 not
^ d z- 24,5xf 722 s+toss-ed +0 capacity

de Sign Tt economics I,
4̂-ee.l
@  A 1 n^g. s-Fee-l •

, Q11
/ I  M _ %, ̂ oQ,OQO ^ 1(2 -  <37,1

-(-sjcl ZolOOOv. ‘ ^Iploi. TZ
u%£ 24- noil l̂ ars 3 Isyers o£ % ban

P'02. s4eel,
_ g2i/2,ooo

'•5 = v 12
20,000 < x 72 Z/.'i1

14 - glaV ^  [S.X r ?

@  k 0 -&+ee.I,
/ 75^,000 y /2. = 7 3  a"

20,000 v, 266 v 72
use <0 - 0 0  Il b a rs  I la y e r

^cmd

@  <4o

(?

max, s IlonJ a hie bond umj- sbr. (f+op bars j - 2 4  5  pji

U. —- V Z34,4oO
^ o j d  26,S? <.#,6 <72 141. S'i°± ~ < ^ 2 4 5 p f^  O.K,

U-= 4 00____
106.32 v:-?66 v 72

o o p s f  Q,ld,
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4  sc-fu^l presses.

■$rom -fiq, fl

z<4,5 6 0 1 -  Z t o  t o - y.)

X2-+ I? ,? /  - i 35Z

/ =  ^r,5 "

Iy= g4.? (zrjgj. 4. 23o (̂ 3,5) = 6>£3,ooO 
iS

Zg=
Z 3=  M ^ e o  -  2,339 fr,3 

x 43-5
M = t,Z50jooo ^ lb

I ,  -  3,f 50,000 ^12 -  Z I lO p s J  
+ c ~  ZI,?SO r
X.-̂ KSO-IisaQ-JLIZ = 1 9 7 3 0  p&i

"Z/3,39

con-t-inuTn_g +h« ^ i'rd<r ei^iTgo ^ur+^^r-, 4-Â  columns musi bae c-heck̂d, 
Column &es\Qf)%

previous!/ I-Uas ^%Sum&4 +-Hat" ,■ " S ^ - I  , 4̂ 3

T te=  T j  = 6-Z3 /5oo -4 g g '3'^ — = 4 ^ 6 0 0
4 5 =13,^So

OJi'+H (S c -lsar dis+an^Z from floor -As 4-ha bô [cm) 0^+be. msCm girder 
o f  19' , +-HS. C o Iomn leng-hb coUI bs. Z t J 1

I c -  13, gag *237  -  104,Zeo  Tn4

=  fz b+3= use b. Zdt" , tc 35"

24%"

M

/ =
r/I4: 6.ISx3744 = 23o c

f7g,?i
4ransformed SnSS

Oolomn A iC i 

5f>.4k= U
4 ) ,35'^l

<o/umri
3S"/24i

•f-3-
JxZa/ load 4 mom 
on colum AiCi

from fV-j ,

S= 4  = - ■a.i?" <  3 5 "T  5^6-4
FazsGfc I  ^  ̂OZZofaf3o)-fZqooo<QQlL l+fH-/)ps J ' (_ l+(&,l4-l) aol

=

(T— ^ 3- T(3,45 f  c
9f9

0,45 <4240
= <3444 a SSumS D =  5 5



e^uivalen+ «av'ia.l load -  f 5 — ^ | î 4 J = ̂ ^.4 j^i 4  O'AA-Q̂ '̂ ’o x S,/7

max: allowabte load= F  = <5.S' (o.eesf'c ■+& )
- <3.K(35x24,5)(b.225 /4^0 + ?4000x0,01)
- > HZ* OK.

Sfgg.1
fa = M- = 0.01 J A4

A$ = S Ol V1BS* £4, S" = S'. 57
us6 6 - no Il i;gr4-. bars 
usg n o 'g) 4igs (2 1?" c / i

7l$k

I c =  2 4 , ? ^  5.1-2) / 4 7 5 ' 2  =  cT ^ 1 O O O  rn 4

T jig. difference bahjeen s^iumed Tc = IoqlZoo <ar)J aodua I Ic = Gtipoo
can coi /vcabe muck effect on s-h'ffb&f-factors . Thg Sdcimn will d^<^+&d.

Colum n Ao(Co 
,254.,Qc=N 

<i>75r**=

,Oslumn

( ^ r s ,
avial load 4- mom 
on oblu/nn Ao^o

-Por umfbrmiTy 4-he %3me s>&cfion ui&d Tn column
AiCi UUtIl b e  £ c c e . p ± e d  a n d  c b g c j k g d  , 
f r o m  f i g . ? S

2 =  1̂  =. S ?,7 > 35
234-^

even i'p 4-he de%lgn s h o u l d  Ize made for<3 

crac-fcr^d ^e-dion Tfis i/g/y /erojoad/g’ 4-haf 
+h^ ^ScTTon 1's all undgrconn^rgSiTon 6nd
toco Id carry -fee ^quwaleni Qnifdl load.
-so 4-fg unc-rac-fĉ gd sgcfion (design will be
checked firs+.

f a = 4  f 4 , C = 0,449  , P= S ,5

equivalent esvlal Ioad = P= z % q  J I = m s  Q C

+jig sec-Won will bg Qg(=ĝ ed

Columns again are overdesigned, uTi-Ht foivne effects of. 
horr2.on+al vuTnd 4 gar+h quatre. loads on-fee fra mg Tin mind» 
These honzon4al loads might be brought to bear from both 
sides , A/-S or E-M/, To rg-sisf +be horizontal loads o f  E-IA/
<d ir^c+fon , columns Should kze <d.es/g ngd a. S g-3 nttfA/e rs and. 
-this cui 11 rcm jidg ra bly T ncreasQ- -the sec-fion,
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Gnrdfcr ( conimped)  

S h r r u fpS

S h e a r -  N i  :arned »y toner NP
s h e a r  carried \  

b y  S + i V r t i | » »  n "

- f o r  4 - h 6  I t f ,  C o n d .

f b) ^lntfar d ia g ra m
-for-H l^ 2nd,<rond,

ln£r<g<3Sfc <gTrd&r (u7d+h -f-o 25,o - fa r  s+ irrup  ccouer. fieu) colomn% 35/Z5" 
s  b ^ a r  carrT-ed b y  «r<oncre4e 7c=- l / b jd  = 14077 - 'Z1Ztfff

As Ts seen in - f ig, only r 'g h ^  s ide, n ^ e d s  cue-b r ^ m ^drce

+ry no ?> S-Iirrups Ay = ^ /2 2  ° 

aV5= Au fy jd = 0,12 (lZo)(OJU)TZ-274,1 !Af 
^ s V i =  ^o,& Iî iI = ̂ -ZelOk7n

number o f s+rrupS -   ̂ -  14,2
* /4 il

use Z o - no *5 V  Sl'rrupz

-f 13.S’5*. %,6
•Shearcarrlcd Ioy » -Krrups

c 4o c spacing af. s4-7rrups s-lar+ing f r o m -fbe f«5ce o f col Ai^i
2", 5, 5:
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3endi'ng up> bars

M»rn£n4 diagrams ar% draniri ^or bo-t-h conditions Ss shown /n fig.

Mom. -Wiai is carried lay 4-̂4. % bars o f  -Wi^ b^M-om l&yer of po2.sM
M= A5 f. jo i-  i^.d? ĝgooo / 4 / 7 ^  _ /z 5,000 4̂'11,

As lu'iII be -Ŝ Sri from) -fig.^7 3 Sc' l̂ ng-fb o-f 6» foz, iop Iayzr
bars tolll SuffTdT^dt +O c a r r y  4-b^ miav, ̂ 02- m o w ^ r t . T/i^$€ 
bars ,4-hen, can be ben f 4o d -45° +o a ffo rd  n&^dtiT/c remfcrt^wAft.
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Fi'nal sechon*, and cSrmn ̂emen-I- of reln̂ oneme-ni ■

d>. noil |p«3rs

(«) srran^emen+ rern f̂orcgmen+

3  layers o f  3-Wdl

0 <$-/70 Z/ /&/-/ ns

-----Vo 3 +ies@'*"c/c
— column 35/2?

•S-no il bans

2o - n o 3 s>+iVrup5

fbj a&C+ion A-A
4r2.ss',
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PART III

COIT ARISON

Of Resultant Structures of the Two Different Designs.

Results of the two different designs are tabulated in table TI. This 

table compares the cross sectional areas of the members and main rein­

forcements only.

table VI.
Results of the Two Different Designs

Member Prestressed
design

Conventional
design

Savings in material 
in prestressed 

design
Concrete
area
in2

Main steel 
area 
in^

Cdncrete
area
in2

Main steel 
area 
in2

Concrete

%

steel

%

Roof slab 24/. 0.179 48/, 0.200 50.0 10.5

Sec. beam 52 0.477 85.5 1.560 39.2 69.4

Sec. girder 264 1.430 570.0 12.480 53.7 88.5

Main girder 885 5.722 1931.3 21.840 54.2 73.8

Column 1120 12.000 875.0 9.360 -28.0 -28.1

As seen from table VI, with the exception of columns, all members in 

prestressed design show comparatively large savings in concrete and steel. 

In prestressed design column sections of rigid frames could be decreased; 

however, a decrease in column sections would necessitate an increase in 

girder sections, possibly resulting in a less economical structure. Beams 

and girders of prestressed concrete design result in much smaller dead 

loads on columns which simply support them, thereby enabling the use of 

columns with smaller cross sections. Theoretically, due to light loads 

on the columns and large column sections used, no reinforcement is



required for the columns of rigid frames of prestressed design; but, as 

required in the A.C.I. Building Code, a minimum steel area is provided in 

the design. In general, it can be said that columns of continuous frames 

in prestressed design result in heavier sections than the columns of con­

tinuous frames in conventional design. The differences in column sizes 

of both designs can be decreased to a minimum, but in few cases can the 

column sizes of rigid frames in prestressed design be smaller than the 

columns of rigid frames in conventional design. . Large sized columns in 

prestressed rigid frames have some of the following advantages: they pro­

vide good dimensions for the end-blocks of beams or girders which is very 

important for the end anchorage of wires; they provide smaller beam or 

girder sections; they minimize the steel required which is very important 

in some countries where- steel shortages exist.

Table VI shows that as the design of members progresses,from roof 

slab to main girder, an increasing saving of steel in prestressed design 

is obtained. The steel saving of 73.8 per cent in the main girder shows 

a decrease because an average of maximum and minimum main steel areas is 

used in conventional design.

The steel area required in prestressed design is much less than the 

steel area required in conventional design, but the cost will offset this 

large saving of steel in prestressed design because high-tensile steel 

used in prestressed concrete is more expensive than the low tensile steel 

used in conventional concrete. One of the reasons large steel areas are 

required in conventional design is that high-strength concrete is used. 

High strength concrete is desirable, even necessary with prestressed
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design, but in conventional design, using concrete of high-strength- re­

sults in a smaller section, calling for more reinforcement and ends with 

a more costly design.

Using the same high-strength concrete in both designs enabled Us to 

make a good comparison between them which resulted in savings up to 54.2 

per cent concrete in the prestressed design.

I sections proved to be very economical in prestressed design, 

whereas, no advantage was observed in using I sections in conventional 

design. The rectangular shapes proved to be satisfactory in the latter 

design.

The reader will observe that more time and attention were required 

on prestressed design than on conventional design.

The designs indicate advantages in using prestressed concrete for 

long spansj also slenderness of members in prestressed concrete offers 

opportunity for artistic development.

As can be noted from the designs of different members in prestressed 

design, both steel and concrete are subjected during prestressing to high 

stresses. This means that materials which can stand prestressing are 

likely to be strong enough to carry service loads.

Another point observed from the two different designs is that shear 

in prestressed concrete is reduced because of the inclination of wires* 

diagonal tension is further reduced because of the existence of prestress.

Other points to be noted in the use of prestressed concrete are that, 

more auxiliary materials, such as end-anchorages, hydraulic jacks, etc., 

are required for prestressingj more formwork is needed since I shapes



are used throughout the design of prestressed concrete; also because of 

the coitiiplication of the design, more labor and supervision will be re­

quired in the construction process. However, with the repetition of the 

units in the design the importance of this last consideration Qdn be 

greatly reduced.
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