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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 pufi:oie of -this theg::.‘sw 5:8 to eon}pé;‘e a structure designed in
Prgstrgssed, and in convéntional reinforced concrete. Bof.h designs employ
the same ’theoretical frameé; and to c;btaih an accu_raté comparigon the same
live load is used. AJlowabive stresses in materials are as near the saine
és‘codes and differing theoriés of the two systems will permit.

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

Tie second part covers the design of the same theoretical frame in
conventional reinforced conerete. The methods iged follow those employed
in this country. )

The third part Off'érei a comparison of the resultant structures of the

two different designs.
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INTRODUCTION
History

Continuai improvement in concrete has made the pre§ent—ddy‘" pr'éducyf'_ ]
mpch superior te the concrete_usgd 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 histery of gonventianal 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 préstressing has been used in wooden barrgl
construction for many centuries. HMetal bands placea around wooden staves
toiform a barrel are tightened, subjecting them to tensile prestress whiéh
creates compressive prestress between the staves, enabling them to resist
hoop tension caused by internal liquid pressure.

This principle was not used for conerete until about 1886, when
P, H, Jacksonl of San Franecisco was granted patents for tightening steel
tie rods in conecrete arches to serve as ﬂloor slabs.4

Soon aftgr, C. B, W, Doehring2 of Germany secured a patent for con-
crete reinforced with metal that had tensile stress applied to it befors
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. T"Prestressed Concrete Structures T. Y. Lin John Wiley & Sons N.Y.1955pl
2., Ibid p. 1

!
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In 1908, G._R. S@;éj.ner3 of the United States suggested retightening
the reinforeing rods after Some éﬁrinkage had takeén place inh the concrete.

Successful development of prestressed concrebe is attributed to
E. F‘re’yssinet4 of France, who began ﬁsing high-strength steel wire for”
prestredding in 1928, Thése wires have an ultimate strength as high as
250,000 psi and a yield point stréngth of around 180,000 psi and are pre~
stressed to about 150,000 psi before any shrinkage is taken place in the
¢oricréte. ' '

E. Hc_:y‘er5 of Germany first successfully ﬁsed the method of pre-
tensioning in which the steel is bonded to the concrete without énd
anchoragé. His system consists 6f stretehing wires betwesn two buttresses
gseveral hundred feet apart; eresting féfm Work bet@eén the units, placing
the concrete, and cubting the wires after the econeérete has hardened. °

In 1939, Fréyssinet6 déVeibpea conical wedges for end anchorages and
degigned double~acting jacks which tensioned the wires and ‘then thrust. the
mele ednes into the femals conés fér anchoring them.

_ " Professor G. Magﬁel7 of Belgium developed the Magnel system in 1940,
in wihich two wires were stretched &t a time and anchored with a simple
metal wedge at each end.

Prestressed concreté first became important about 1940, perhaps partly

&8 a result of a steel shortage in Burope. Much leéss steél is needed for

prestressed than for reinforced conerete, since the steel used in

3. 1Ibid p. 2
4o Ibid p. 3
5. Ibid p: 3
6., Ibid p. 4
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presﬁressed concrete is of higher strength. France and Belgiug led all
other countries in the use of prestressed concrete. ' _ _
The déve19pmeht of prestress conerete in the United States? followed
a different course. Instgad of prestressgd concrete beams and slabg, o¥
linear prestressing; cireular prestressing was developed, especially in

storage tanks.,

Bagic References Used ) . ’

Gustave Magnel's book "Prestressed Concrete" was used as the main
réference for the first part of this thesis, because the bgok embodies a
good combination of theory and practical design problems in bres@fessed

' ] F P S ; . . :
concrete. M. Guyon's "Beton Precontraint" and T. ¥. Lin's "Prestressed

Concrete Structures" were also followed. )

In the second part of this thesis; "Reinforced Concrete Dqsigﬁ“ by
Sutherland and Reese was the mniain reférence together with the current
A.G.I. Building Codes and Design Hah&books._ _

In designing girders and beéans; uniformity was maintaiped by using I
shapes and saiie size of wires in prestressed design,and rectangular shapes
and same size of hain reinforcements in convéentional eéoncrete design.

Thig thesis does not contain basic thedries of the two designs; since

such information is already available, but doas employ them.

8. Ibid ps 4
9, Ibid P 5




The Frame

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

frame structure as shown in fig. L.

fig. 1
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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_ Horizontal 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 qoncrefe footings are assumed to be used -in both
designs and are therefore omitted.
The wide spacing of columns makes possible & good comparison of the
‘two designs of beams and'girders. Main g%rdérs and columns designed as a
rigid frame result in more economical sections,

Loads on_the Frane

Roof Live Loads:

Snow load 254 per sq. ft. (flat roof)

30# per sq. f4h. -

i

Superimposed load
Roof Dead Lozds:

Lean concrate 20# per sq. ft.

i

i

Built-up roofing 5# per sq. ft.
Roof live loads and roof dead loads are the same in both designs.

Allowable Stresses

In ?résﬁfegsed Design:

If the concrete is made‘ca¥9fn;ly‘and with good aggreéate a crushing
resistance of 8,800 psi can be obtalhed without difficulty and consequently
a working stress of 25200 psi could then be adOptéd. For the tensile
stresses due to shearing forces, the-same stresses as in conventional
reinforced coricreté are acceptable. Tensile stresses due to bending
'momenﬁs 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 workinglstrgss in wires is assumed to be 155,000 psi. Proportion
of the initial stretching foree that remains permenently is generally

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

fo = 8,800 psi
fo = 2,200 psi
fs = 155,000 psi

Tensile stress due to shearipg foreces (no web reinforcement).
0.03 £, = 0.03 (8,800) = 264 psi
Tensile stress due to shearing forces (with properly designed
web reinforcement)
0.12 f;lz 0.12 (8,800) = 1,056 psi
Tensile stress due to bending moments = 230 psi
7= 0.85
7mm round wires used in the degign have an equivalent diameter in
inches of 0,276, and an area of 0,0596 gq. in. I
Because concrete can carry compressive load better without being
precompressad by steel, and horizontal forces do not exist in the design,
conventionel methods are used in column designs.
In Conventional Design: )
Although the working compressivg stress in concrete in prestressed,
design is assumed to’be 0.25‘fg, in conventional design, in order to
follew A.C.I. building code requirements of 0.45 fg, we have to use

f; = 4;890 psi to get fe = 2,200 psi.




Py e

fe = 4,899 psi
fo = 2,200 psi
fg = 20,000 psi
1 = 30,000 = 6.13

= _Ei:_ii

With the value of £ = 1.48, a very close estimate can be made for

s
nf,
j and k, where j is the ratio of distance (jd) between resultants of com-

pressive and tensile stresses o effective depth and k is the ratio of
distgnce (kd) between extreme fiber and neutral axis to effective depth.
0,866

0.403

J
k

1]

Alloweble unit shearing stress:
beams with no web reinforcement = 0.03 5 = 0.03 (4890)= 146.7psi
beams with web reinforcement = 0.12 f5 = 0.12 (4890) =,586.8 psi
bond unit stress for deformed bars = 350 psi

Symbpls and_Notations

In Prestressed Concrete Design:

A, cross-sectional area of beam and girdef.

Ag,. gross area of concrete section.

Ag, éross—sectional area of the reinforcement or stretched wires.
a, length of the end-blocks of beam and girder.

add, additiomal. -
b, width of rectangular beam or width of web in I-beams or
girders; also the effective width (the width of the beam or

girder at the end mimas the width of the openings for the
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cables) in end-blocks of beam and girder; also the least
lateral dimension of column.
constant relating to the ratio of stresses; also ratio of
allowable concrete stress, f,, in axially loaded colﬁmn to
allowable fibre stress for concrete in flexure.
carry-over factor.
compressive stress at the neutral axis.
compressive stress in the end-blocks of beam and girder.

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

Cghs Cat, calculated stresses in the bottom and top fibres

respectively due to w,.

¢ghs ©dt, calculated stresses in the bottom and top fibres, due to

comp. , -

DAFO,

D.L. ,

SAs

loads acting at the time of prestressing.
compressive, compression..
total depth of slab; also D = 33_ = & factor. usually varying
from 3 to 9 (the term R as usegRiere is the radius of
gyration of the entire column section.) |
distribution factor
dead load
eccentricity of the stretched steel from the centreid; also
eccentricity of the resultant load on a columm, measured

from the gravity axis.

sccentricity applicable to point A.

®A1s ©By» etc., actual eccentricity of the cable at sections

A1, By, ete.
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F.E.C.,far-end condition

F.E.M,,fixed-end moment.

f&’

(s34

Md-\-a,
max,

mom, ,

average allowable stress in the concrete of an axiallyvloaded

reinforced conerete column.

permissible_pompressive stress in the concrete.
ultimate compressive strength of concrete.

permissi?le tensile stress in the steel.

permissible tensile_stress in'the concrete,

moment of inertia about_the_horizontai centroidal axis.
moment of inert%a of main girder.

moment of inertia of column.

a non-dimensional coefficient used in calculating c,,

K=5/-1+ lgég + léﬁz_,in end-block designs.
a non-dimensional coefficiént used in calculating v in

end-block designs. Xy = 5 (%:+ z - 4z’ - é%é'>;
a a3 a

length of span; also length of column.

live load.

ben@ing moment.

bending moment due to Wa.

bending moment due to wg.

bending moment due to wg and wy acting together.
maximum,

moment

sunmation of moménts around q.
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@,

Qs

=15~
axial load applied to conventional reinforced column,

ratio of modulus of elasticity of steel to that of concrete:
assumed as equal to QQ&QQQ

fe
neutral axis.

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

total allowable axial load on a column

initial stretching force.

ratio of the effective.cross-sectional area of vertic?l
reinforcement to the gross area Ag.

principal tensile stress.

factor for moment of resistance; for a rectanguler beam

QL = 0.775-fc + %
6

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

sige'of the neutral axis.

vertical component of force in an inclined cable.
radius of gyration of the concrste section.
required:

section; also secondary.

overall dimension of column.

unit str,, unit stress._

shearing force (VAR, shearing force at AE.).
shearing stress

sumnation of shearéng forces.
uniformly-distributed load (dead or live).

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

g, load per unit length acting when the prestress is being
ostablished.

Wisas 2addition of loads wg and Qa.

%, distance from one support of any point in a beam or girder;
also used in coordinate system of the end=block designs; also
the distancée from extreme.fibre in c¢ompression to axis of zero
stress in cracked-section design of column.

X7, % used in the equation for the shape of cables of continuous
girder. '

¥is Yo,distances from the centroid to the top and botitom fibres

respectively.
¥, distance from the centroid to any fibre,
Zy used iﬁ coordinate system of the end-blpekAdésigns. ,
Q, proportion of Pj that remains permanently; generally = 0.85.
gﬁ diameter of wires.

In Conventional Reinforced Concrete Design:

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

préstress concrete design:

Ay, area of temperature gﬁeel.

A, total area of web reinfo?cgmenf in ténsioén within a distance
of_s (mgasufed in a direction ﬁarallél tq that of the main
réinforcement).

d, effectivé depth of flexural members.

fay actual stress in concrete.
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actual stress in steel,
tensile unit stress ip web reinforcement. .
moment of inertia of transformed beam or girder areas.
ratio of distance (jd) between rgsultants of compressive and
tensile stresses to effective depth.
ratio of distange (kd) between extreme fibre and neutral axis
to effective depth. |
negative.
sum of perimeters of bars.
positive:

M

bd< coefficient of resistance.

spacing of stirrups in a direction parallel to that of

the main reinforcement.

total depth of slab,

temperapure.

bond stress.

shear carried by concrete.

excess of the total shear over that permitted on the eoncrete,
all loads per unit length on the beam or girder, except their
dead loads per unit length.

dead load per unit length of bheam or girder.

distance (kd) between extreme fibre and neutral axis.

EZ used in moment of inertia method of finding actual extreme
X

compressive fibre stress of concrete.
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I used in moment of inertia method of finding actual
a-x ) '
ténsile stress in steel.
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bdttorn fibres are €0l tot+he copressive stresses Nithe -+op

fibres
O quarter pointof -span From fi"g,1
Mx=1-1X-
v

I M
K Y gJ.1% N +«=7"~_/5F

~£=0% - When %= *3,757

fig. Il

Md = /g £,5-3.75)= 13700

LoaJ £ reactions
Meatf= 7sz/~ 175) 2. ~5_3,75j - IPIDOOF

Lopfidret comp- stress = * N = 4,3 pst (d ourug)
mbop frbrg, eomp stress — 101,000*5 ==I3g4>,0psL fd”e. axey

Ordinates o f the stress curves dueto Pc4C (ifig./Z and fig. 13)

4:6; — -EL= ~ |00 = 1077 psl
AuSu .- TZA -Z-OlZSxioy=. 417 p»i
A

i ct~r  ~,8n™2 5,S"000~F_ A~ psf

A r*- 52 x/32
SnClt ftl N2, -—0FSvvKa — 65" psi

Ar2
Ci1— /O77+ %& w 1?p~rsi , Cu — " n-h CfS-Uaigi ri;

IFd3>— 16]'3 - 230 pa'" uih'<ch Ispermiss'die
tens'l& stress . C#&,
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Support

17
1000

m 1077
fig,12.
Stresses in +he to4+om
-Apre
miO00

Stresses in4-he top

Cume AuCu Ta above+he curve (cUotd ffi'g 12j « Max - +ensile, stresa
ujhlch toil/ occur uTl be 230 psi tdhi<ch "s “ermTssTblemThere will
be. nobenslle s+ress I'm+op fiberse It i-s necessary to<d6vfa+£ the
GSble B+ B pofnf Afrom mdd span, Int+hi's case also -Wo special
bloc.+Sy+he. centers oJfvjhTch are Af om mfd Spany are provided and
each has two s+es/ bars projecting from th” wei? <as is shouninfigii+
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2- <flOZUWwres
Mo-is tears,

(a.) Theforoe R

Pev B4 i ofcatr/es.

As shoiUn m fig 16 fJ «anj fbj pairof tears musteresist- ss
c n-tflISiyers 4-he force S ,uihi7:h for each o f-lHnebvocables /6:

p _ ~ooo y2 717 *
2 ljlzz

Assume +wo no 6 bars are used , +ke stresses due+3 bendingare.

__7/7Tv0.0 x32 - dSo"C ps,l
2 X 0,753

The +kvo bars which te€ar +he reac+ion from +he cables on both
sides of -the web ,evert <an average pressure on +he corerek.

2 > 475 ps7
2*2 "onbBb



Shearing stresses

Ordmj-ffis o f —pig,

OA - - 5250*
Pg - 528?- - IBJSE
OC - -SAzItJS. - 40t“r
CF = 2*11/7*0X5= 121~

gkt= 5150+A0Cc-WQ = 4437*
Qm- 10x2*4 4 3* ~v/,F= 5~.'A

Yy _ Ve _ ANG psi
b x P <6
an= R - 1073 ps/
ft= +zt—kZi = |fcttif+ -i"i=Hpsl < gso”a.!

oX,



C
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I Resign of Secondary (jirders

Secondary girders will be d esfgned SS msmply-supported girders
Izngbh of do'. End -secondary gTnderS are carry ,Ty only hal/f

o f+he lodd and should b-e designed se/*ered+ely. Bo+ for
Sirnplici+” ofd-esfgn-I-h-ey wiill be assumed +Ocarry 4hz same load
as +he res+of+he ”“zcondary grr-dzrs .

one secondary beam carries+he
following wts. refer+o ffg, 17J

w+of+hebeam5d,N/5 = BI12>*
+o+al loadon fczeam lesxioitM=10Sooi*
TiTTfa*

Thfs load car? be assumed 4nbe

uniformly dis+ribu+ed along +he

Load d ‘s+fibof0OO 5acondaryglrde”r

I1~"r-= 170c”

1700* 40Z2* I
S £

4 ZOKOyOOO in .1b

assume symmetrical sec+ibr i-s used

Mo=- — 4,0s0,c00 Z110 in3 R
0.77Sfc+ft  0.775* Z00+230 Z110

Firs+ trial sectfon

properties of+he cross secton infig 1?

5
ha "1, f A=
L
y,=yz= 2c?,/
I = 51,400 in4
i r2= 13,5 mz
Ny - 4
H — 5IT_ Z5707"> 21/0 <\’k.
L i -L2=-1-2= "43,5 4.67,n
- 1 Y dz 20

Finf+rial "section



Inifiaj sfrg-f-chihd) force. ™ wings

A=A N4= NTHEAN Md= Z76 *40/ 2 ,,= 660/000 in-1J»
&
_ 6607000 ~ = 257 p*
cCtt=cJb - p*r
5-1,400 -Pc cCU-I-cHt
COit — Idth— 4-0X0,000 "~ go = f5g"5 psi”
SlydoO

ma.x g obtainable fassumed]

OrJdinafes for 6 -—=.0 Cpi'q.iq)

Line 1,_
fz5T+zso0;a “o—
Lm€ 2,
(Z2'200-251-\'525)/C" *
Li'ng. 3 1-F n — &
(zzoot-zs?) A
Lm~ 4 ,4.

0-99
f257t. i595-2S0)A

fi"g./9.
The. acceptable ualoes
-For 4 €

A 2 14/SOA

D
s 7S 1000 1 ST5

Use 24

2200>72574-i575"

= Sb.0o - ("4 wS Dy°j= 12.92

2 Q9

I0flo A
2,79

IOO0A
0,401

1000 A
Af27
iooo A

-From fig, 19
-4 jooo A= 1.23
Ft

p_ 10007264 ]
C 1.23

= ZIdySOOk

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



nmii,

(y) Sending up yjire$

(a) Arrang-emenh of uj'res 4 bars

fig,
The, sfigssgs Th -E4L s"ctibn

+op ¥ N

= "5 <230 ax
frkre

J i t cat=-0.f511d i* (|1& & -i)+z57+,Sf5- mo ~0 0 OX.
HMoin ~E€O 4 _ 2~ ] Of lag ) _~7 = 167 <?too0<
frb«e L \Y; 9.67/

| /K I+ 7* y™+Ca.b--0.%SH”eei4.U"2)>Z257" /5*5= 7Z4 <zfo Q<.

~gndfng up cabigs

Ordina4gs -D*+he curiles d ~ d+a. (F ,F°0,)

1 _
Q Tesile «j+resses INMthe bof+om ~fbres egual com(»rzssTi/e
stresses In+he -top fi"br*s ,due +o Md 1 A/j+d

M:IVL AbQICD * 2-0 257 pNT J cur/C
£1zd00 o 4 9 )

Md~ g, _ 4740,000 =1%4Zps,1 (dHa. arne)
| 5/ ,doo y
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Q quarterpomt of a.p<30

from ffig .20
[ ]J_’L’L<IYIIIIIIIIIIIiII Mlt= ~ (I -X)
al |
- X
L=Aol W= 275 % , Va= 17000
mfig. 2/. when vy -, /o'
Load £ reactions ATH) N 10 y<2 (40-10)
445,000 fr

Md+tf = 1475x/0x If (40-1o) - ~,55™000 To-lt
St-gsses m Mk>m and Vop fibres

445000720 = A552000 jLfa_= /3?£ =~
N 4y0 rdC,,r«; cdn

Ordfniies of 4he stress curves in fig. 22 and Oftcg.Z2>

bi & — %ﬂbz /3 px

Au Bu 0.25 xFIS = 64/ psi

B; (t N om z z 10S5- ps:

6u Qu. =T« O0ZCS* \0% E —4Zf |B@sl

% sqm



Al - «3

-0
t79.23.
%+rgsses tn +h-tiop -frjpre

COHr\)L AuAj is above 4hg cur/e d+a. ('mfig.22) .Uax.4-ensTle sd-r«ss
iohich UJil occur uill be 22*? psi® iIvhf*h is permPssible « There ujfll
be very small fensile siress in +0Of -Flaers mPeviafion point
ofcable.s I5 31from m id &pé&n,

mfrom f\ q .24

The ué&rtical component" 2- of
4b £ initial jpbfjkfrfss m ooe
of -fb* cables i

fig. 24.

214,700 «12,42. CilZott
4-he -force 6. -

z {zof+ iz.qzl

— HZTtt for each layerof 2uj~re% (fig,Zo @))
M= 1179 / 9,5'= e64,5 in.lb ineach Mob b*ré&

S'tre” = I?#* - =9-~0 P5: < 20,0a0 0.".

4-hs auerage. prssurg or) 4he oon<r*4e Ts e

NN - <¢(c<g p>»7 this is smallerthan permiiiible

4.5x0,75 —
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Sheannq 5,+rgsses

A
IHoO

24040

Ordfn<3+£<) ofl._pig-25
OA — 17%0*40 _ 3 4,000*

Pa_ s~ggg = 1,Seo0"

oc = 17 = b.DOD*

CE = ZntfZzO *0,15- I, 527*

Vae - 3d,000 4- S-Boo - //,527 = ZIIQ is*
ChO — 1%5*4*)S 44,5nMoxZ = NoSCo

y = Z7473 / Ifa5> = 100 ps7

4.5 "Y/Aoo
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1/. [7esiOn of+he Ends of Secondary Yearns

&) Secondaryteam

section
T
7,5 >4
(2-no.-i> doet> 11
lo wide

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

support condFiidn -for-I-He

end -blocks of secondary
beams,

(b) «,andw'ch pdatg
dimensions

_ —Fi%lz%,
sSnd view of-—hhe end-block
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depth required @ s&c+7on A
+d = 154.1%/ dired +hear @ sec-h'an A = ™4,1 » =000

sllouvale uni+ shesnng s+r'ss bd no web r«7r)orem*nt« OBt
= 0,c93v SSPO =2%4FsT

Jepfh required Z2E£E£ = 19"
26,4 x 10 q

U&e depths. S& j provide 2-UoS domels

bearing p lafes
unit treannQ %+ress = 1,5 fc - 1.7/5x2200 = 3S5C? ps/
gross area reod = ?7000 4 (?* I.™X a«7) == 1n.7/0
1 S.yso z
wtha horTzontal d Tmensibn of 10' 4he vertical c/imen %on of4-he.
p/ate Mill te Lk>71" . use g'" 10"

~ +nesses \n -the -ed-block

bVye

10 .30,
doorolinate sys+em

5Moo - 2»,000 %,
1077 % "

57

1077 X10= 10/770 ~ 7,

1011 +2.= 2., m %

-P1Q.Z".
shears -ana moments
at fthe end -block .
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_ i Talpie X
caiculaied presses Tn eZ%%LJieiOCk of 4h« secondary beams
' compressHt pendin ShedrTn
tection % :p+nzss streﬁsg stressq Pt
Cx Ca Vv
+0.3 200 +21 306 4 67 - 12Q
0,2 560 - 16 30j- 4 67 -20/
| +0,1 560 -36 27?4 67 - 20
0,0 560 -42 177 467 - 135
-0, 1 5-60 -37 115 467 - e?
-0,2 560 =27 57 467 - 57
+0.3 Soo 467 36?7 467 -1BS"
+0,2 560 -rz 364 467 -27<?
IJE +01 560 -ns 3/0 467 -27?3
0.0 560 -133 224 467 -234
-anl 560 -1i4 13?7 467 =177
-0.2 560 - 7?6 6 ? 467 -113
calcula-Hons of 4he +able X
sffecfH/e uwidth = 10-2?= §
Xrom {[(*.29.
ujhen % = mo.-i IS"o00 _ ~go NS
TVIO "
Xor o+hers Ox = SbhlQXO — 5"60 ps7
10KIO
o= KM N dhere K= 5{-1 + Ki 4.2 " o= 2"
a=is"
<P sec. X M= 2/540 E = A 3"
sec E M=672920 =26,6
tea
% < % /™) ME /(H )
40,3 42560 / 53/ —+ 21 psl X 26.6 = 4 6°?
+02 —LQ60O x = = _ /g X 2 _ 52
+0,1 - 4.320 y a ——36 y " = —-NnSs
00 —BOO y » -« yz /1 =- 133
-0,/ - 447?20 X /I = - 37 y Il =- 1/9
-0.2 - 3240 X z - - ZI X V =— 56
v < UJdherekTl= )
Q -bee. | [r 21/94-0 = /4Xo

@ secZ H=Z26M* -fa - 179,G
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% < *U @

t 03 Z. 041 X/49,5 = 306 psi X 1795" - 367
+0,2 2,057 ¢ = soS - 364
to,l [ 7z 259 - 310
00 [,£90 I = 127 = 224
-0.1  0.2(% 115 = 12>?
-0,2  Q.S/S i = 57 — 6?

4her€ sretbree. shearTng forces 4o becon*ide.r€d in caddi-Hn 4o

4hose +ake.o fn-hs sccounf aboizs . these are due 40 t

PL -40b*
LL -SZSO* / N
and 4o -the tlope of+he cal?leb: Afilally /435 uUinsfely®io

Tt
4h~s means -+ha+ iue have 40 consfd er elUn8r, \435-40b=1024
or, (i1Zig-4ot,)-52S50 N 443>1M

4he <grea+erof 4hesfi forces develops <sma®"/imum shearing
S+res.s <of i

w5*4437 _ 6,7
IOxiO
Pt = - /M-~ x-clJZ . ien-pmcjpal Finesses are
N -found by 4hla formula*

li Ts seen 4-ha+ maximum iensile principal stress ZSSps" exceed”-fhe
permi<srb/e value of ps® , ne"/nfortement "houW be prourded.

/F i+ be assumed +Hat -the stress ZZSpsl eyfsts <on euery horizontal
plane of half4he length of-theand-b/ooh: / 4-he corresponding total

+ensile, -force r, ! O LZSS vIS v? =r20,400**m

The total area of lidEy S™'fs hoo/ei/er separated Tnto three areas by
the holes for the cables y central &rea =Z7", each si"deareas.3”
The force corresponding to each of 4-hese areas Ist

ZosMOstZ® = Sioo* zo, 400 *3/00,: 76S0tt
. . q1
The reinforcement refulredi for centralarea s 1QQ -

U*e 3-Ho 5 bans.
—foreach sidedrsa 7ANE. w0 !'BSS0"
20,000

UseA-Uo % Bars

mSome no 3 horizontal bars willl also be prcn/ided "at the same
spacing as the /ertical bars near cable holes.
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E. Feslgn of+he Mam G-frder Frame

Tno mafn girders 4ihref colums will desfgned as rigid-frames.

4a Aj Al Iw
I'fl"dear It CGelum Golum
lumm ’ % 60z ,
I
x "MM/wlym/ziwll _ r WHARVERFFIWMTS Vw i
_ hinged hinged ¢4 -Hinged”wo
1fi z
fig.Sl,

The mam girder frame

load on maino'rdgr
1700 +<275 = ,975 % WA= '47515/40 - 5270 ~

firsi +nal seo-Hon
propgr+fesof4-he cross section \n fig.3Z

. a’
5 A= 6
yz = 334"
y,= z 6.6,"
| b= Z4l,300 ft4
rl= 347 Te
6]
>
-£E=14.QZ" t r\y itm"
W
604= 695"«%
r * tf
Qt.&ume Ac”Zo columns
f- 15.4
fig. 32. lc = Jg b4 =IMxzoM40 s OGS, loin

firsi 4-rial section

16,090 16,0Sf0
0%'547 0-354 0.354 0547 19
| Sl S°
IT 5 S 51 5

fW rela+ive€ s+f-fnesses 4 disihtetindadtas

(d) lengths d moments efinertia
fig. 33.
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relatdi/e -stiffnesses fTfromffg 53f<t))

for €0lomns 1 3 Xt _ g I0AJoo _
L f4
4 Ho

for girders t

19,33S

=4 1A1352-- \6,0ro0
60

r€ la+ filC s4<'fpn€SSfs 4 dfttfibulion feu-br Sreshoudn

in ffg 33 -
Momentsdue+o dddrtfona/ /oad 4 -R/--
-15T0 -HStf0 -1580 +"580
4<%t »4 432 -482 * 264
-7l(0  -ffoie. -20ig +716»
oL 6i Vv >
0.-547 0,Ir4N a»54 0-545_2
1 IO !
<o, £

(W moment distribution for ~ddrtibnal
load on -the gTrder

-191 tiol -191 +191
-»/04 -r ¢+ 52 - 52 a- -104
-»7 tZ243 -243 77
0.547 0.354 0.334 0947

| s I

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

5</o %+
60’

(&) 10Jduig -for A?)
FEU, %1: S-f/0/60*= i°g-0'"*=

.635 %+
i
Gal -
i <
() load "ng "TortiJ
«635" Vv 60 1k
FEM. - 12 191

fi3.34.

re3cd-oh «ued4d-o0 moment 4
on -/-he girder:

Me Zolg”r "6
7~Zol 5Z7o /AL 570N ZA
p oM I (hiiniMiniaaiimn 1
ao~ / - lg
16,5 1747 ITFJ 156.51
fig, 35.

resc-honz'-Porl csddffion™ toad

~NTAd, 435 %+

uniform load for additional toad 4 DL,

yzs
1MM11117111121M 11

L«
Z1.6 1216

165
fTg,3 ™.

Mgaotibns for P.L.

(5 253 i)
M



Now

ha/6 +oconslder -In& c-ondTiFon of whi<sh only ane. o f 4he spans

loaded uTfh L.L. and bo+h t>pans loaded W--h RL R+ of atl. /oad,)

L,L, <&n s>+rucd4ure c S-S’

-1A trzl 421 +H21
+504 “m +25Z -252 -564
417 -H1173 1173 17
/6, /n |
b 0-547 0,34 0354 0547 r-.
- N m
g | %7
"Qo, »E| m 6oz
9 ,37,

mornen4 d Fz-Ir-TbutFOn
on the g ,Vder-

for-0,L.

2.200
in

to e 60’

(@) loadTncj forflc?)

00 +IthQ
+561-» 4 ITI
-156 w* -312 -270
495 > +43
U
374 +55i6.7\ M 4,
A,
61547 <@l 0.321
n be
P %

LL, onma'n g Trder=

5"5v4d -VZoofy

RL on md/n gTrders 5Z70-Z200=3070"

/<t
1Z
TdbI™ IT
olisthbu-l-Fon £ carry-over -factors
mmbtr FEC 7 NCXE pg  c.o)
ACd 4-1 4450 13.33 4453 O
40,2 4 AOZo 16,0fo 0,547 o.500
4.23,415
Adoi 4 4,025 16,loo 0,371 0,000
AC, 4-1 4,450 i3,340 0,302 O
Ado« 4 4.025 13400 Q3Z1 0,262
Z -43.340
@) FEC. = far end condH i
@ RF =di'st,botlon factor
@ 4:0, = carry-over !factor
_ i, z-k
9 FiE.M, = "jgoo 60 -660

(W moment d Tshrl but'on for LL on

the girder
-Fig. 372



741 +1730°-W57 W ko. fe70% IR IR 5 o700 miz
“ | IIHII]Jl]lﬂ}n R Hm
N *f 0 173.
N I fig ,4o0.
oQ( C1 4 r€ao+ibns on +He ~Trder -for
419 39 . LL on one span 4 DL on both
spans.

-Tmal moments “or LL 00 en&
*pan $ PL on doth spans.

before con4inu/n™ 4h” <gmde.rdesign TFTurHhé&n / Columns nnys+h”
0 Heo ted.
IP7sign of column AlQ
WS> cjivenl  4c= Z2oo0 psT
HT T -Ts= 20,000 pi"

2N 2a-= Itff= 3'4"

Zm.. N= 9f7,5k
M= Z7fw "k
e ndat =dda Iaad P:V\ﬂ \]
-from fig,41 es= NU=272*P2 = ",97"
N 3475
1 = = 0.Z49 </.00 o.<.
~ fa~0Q? fo.ZZS (Moo) +Zopoo foi) |
4'-9'4_L L 14 (3.4.1- Df.o/; g 1708
Amal load i mom.
on column Jig Pg = .0/ ("bssunn-ed)
c=-~-,= 1703 0.431 ass. P= 5:5

" 045f¢  OA5*MOO
327.5 rlt- a43l x55 k4:971 _
[ = j
max. allowably load= P= O:f /4j jlo,225 4c-t fs PgJ
= 0,2 (40/20) [0,225 KfSibo 4-A0,000vA0J
I395k> 52/K 0Og

oom

Colurth?f %fass seat.
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Resign of colum AoCp

for uniformity 1he same section «3s used In @l. h,G will be Zoeyriled
Jnd c.he”"jred.

N= iS-g.gq*
We e= N = 2N7n = 40«
dss/gn -sihdll be made -fbr~ cracked -sect'on
extreme frbsr afress Tncorny=. - <5,45 fc
tr "2)460 piT
+raniformed area
"584
-Ffg.43.

from ffg, 43.(j
~ —O ~ >XjN.3+F ) +F Cc f @325
-fc /%7 f-x j ie,fc3 (W6.3+37.5j-1 4°66,3 =0
w hibh <iues 2>33 X3#d6>3 fc X+ 16i3 4cV —10,5"50 X-43475fc =0
"W =0 N AOX ) +-fT Jgv3 _f< /3.<»3-157f=0

Auch A Src= ( S M)
\fwepul ihi\ value of fc Tn equation above,ue. get
yX Crlf+z0x -ZSI10 =0
X = 617 " which means. 4-here 7s no tension Tnconcretel

-Tc= Z57? psT <.“P6opsi O.K.
ti+te-el does notcarr/ any load.



frrs+ -ir'al sec+lon
MonKdSnis @ mTci*p”n

~ 01 5.270 ™
u Hiinhiiidiini?
n 30" H
19,5
(aj morn, ~>6/for-fTg.SS

\
J
1007

N

m3"\ momen+s ~ B/

-fortg”

—45-

rdgr (IC-On“moed)
Bi
ANT11 635N k 747-X?, S-20 4,
A mdan 0 nTArrL | NE CII TTTrrn 210l
* e o —-'n J.2*2 3z I i-k
16,5° /45.4% —
(fe» mow,@6 ,ier-f"g 36 f«=Jmom 6 ,-for -F'6,45
-fg, a4 .
-for D.L. |'22,2 , ”oraddihonal load 1105

Th€ crT+ierel binding moments m nodingirder =arS !

a4 4he time

<S B, of pr/stressm 122~00 ™ b £f/9,44 Chij
Later fs added 1y]09,000"-"b T fig,44(b)J

@ A, Jttte time of pres-Zressing 245,000-F~10 r-F336°]
Later Ts added 2,0i2y500 pb [ ~rg,55-]

—fTbre sfnesies .

IgF200 ~ 6,6/12
(6, - 74/ ,300 162
~y, _ 122,foo/'"53,4/12 = ~od
~ ~N4/ ,3eo0
1,103,000V 726 ,6/1F Zgoo )>/62 +1db0
,103, , 1460
cQ+ 24/ ,300 C N +Cat
Cdfa - 1/103,000/ 354 *;g l9,=,
24 A500
(P Ai 243,000 /£6,6 //Z S0i
— 2 N 7 N
aj, -243,000Z2-33,4 2 = 403
24/,300 2200 <-3214 Z£60
R é' __ZDiZgSZi/ngg/<2 - Z660 c 0.+ + fat
Zla £, _ o/0=2,000/33-4v/2 — 5*340
24 28300
OrJdTnates “ore=0
@ S - Lme 1. - -m — __ = — b - ill*:
GHE+ef) A ~62 + 230)A "0aoA
Ins. S’ ( I J 4 LB
""fsgoo-167-1460;A~  1000A



Lmfi.3. 4 ! =a 1 N+ QAlle-
@A (Dot EBA TO0A

Une 4. +— % - 24 5dEE------- . =4 QAIL
(Ub+Cab-"A ffo034/?31-290"4 1000A

(G h\ Linel , ——— L - L_____ ____INiS
/<at++FHA (22H2>0) A 1000A
Line'Z m -1- olng - n?
"~ QU AHN-FO)A- CS2+2U0-2z00)A  1000A
Lines u. 1 -X 1 - -
QL *(C4THD)A  TZZ00t4(93JA 1000A
Lme 4 1 n T SIIE r+ "M42.

(<dboHib-J-)A (Ac3"34d-23)A WO°A
UE ran stcpHnacesaognh <a&d =KTni, becaasee ™ S's do2
>Yne 4 no MNoldiTon Ts possible “or S 4 7~ +oge-1-her (DA]

Sgrond 4+ial secjTon £or pirder

propgHTgs of-lHecross sre-Kon inFIgAS
-M
A= Mg
np= 4y,/"
] = 319"
4 - 4 7?g,000 in?
® 573 Tot

59= 5m

Tig, 45, 1= jg XM2 = 277/,
second 4nal SeciJon

lincrease -hhe column UiWiensTon Zotl-to26

Tn order+0 4brouj Some mone m&meniio colomr)

3

dr= é v x40 = 13%,700 -n
60" 60" from P'g.46
jz2000  Jzz.000 3f£ =3 LHI22 = 17,700
L 23,5"
4 J> =4 4% J - 32,100
g - s Y LA
JQIVoo
fig ,ACE +S711Q0
Lengths » momentsO” SIfQoo

Tnertfa
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cJirHibotioo Nsc4ors
Po,Co, n‘loc - 0,355 A, Nioo. =02 A»
44, too Z11Cloo
Ag, A. 3%740 — BEA5" AR D =Q3ig
4<7,100 Zitfoo
VfomOnH dwf 40 a ddi+Tonalload 4 AL,
—i58to HSSb— 490
MONO—*— F SpD 5/0 = -10Z0
-560 +Zodo -Zbdo 4 560
Aol A) F.r.u 15Eo0 Mk
&W5 Q34S oyz o,fos
8% % °
(a) mom, d Ts-Inbuifon -for &ddTt Fondl
load <On -Hna OjFrden
-ZL3  +263 -263  +283
+170 4 25 - -170
_ 1 1 —_ N
_n3 A34A —llS FE,M= "12Z£iE£. = "4 3

in»-645 0,3% 0,342 06431"
N o8’
> 3 o] 9 1
3 (lo) mom,d Fslri leufFon -fcr D,L,of+he

3 frolen

Clg.47

4-he oond 14100 of UjhiCh only one. o F 46s spans loaded 44 LL .and

©oF6 spans losdAd mTUu QL,on+he *"Frden

-42/ 4-421 -qzi +42/
+544 +297 -247 -504
-327 47272 _yz7/2 4327
REU
p.645 0392 5.3P 0.645
n o S
L 0
<
ZFqAZ

mom ,di'sb-i leufioO Jfor QL1
on +he 3Frder.

n21 N K
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_ Table IT
R*s+ri N » carry-over -factors

(=)
ncmlacr <> % FEOM  pF< ¢, (F

A Aol 4 9030 3ZI20 G4/4 0,500
ACi 4-/ 5-900 17,700 0,231 0
Ai Ao. 4-0645 %30 26,400 0,350 02/2

- 660 \bloO +
MA)q “m +2/3 - 7(’%
-1g-S * -366 —300 fo F.EC, - -far end condr+ron
? -
]_'11% _ﬁt?,g 71 fr) P,F = d fstri Motion -factor
+ ? -» T_A% c.0, = carry-over SacFor
-304. +543 _327
-69
Tt
Wit REM, = GO
“tkiio <2 a350
S"6
5 t
Vv, 1
@, % -bil B -\A5  +ZFf
-f19.49. &
. . <« o
morn, drstrfbui'on -for Li. \5 N
on die<g/rder * !
N IS0,

final mom. for LL ON Oe.
span ~ G1 .on both ns

reac4-ionS
340 20<70 h
N/ & GINE i NENNERIRN 11111 i
r, @ ﬂ- y o 1,9 >Q 60" K %o 1
2.6 Bk 12,0 »1* D6~ 30,65 &,F
fig.s"i. mfig. 52,

reactions -for"dditibnal 1oad re.actfons -for & 1.

v ?,210% 9.0/07/, "
M i 1111117111 1 1Al |
A 60V c(! 60" A
159,1* 177,1* 1135 70.#
Rig.- 53,

reactions for LL on one span
4 P1 on bo4d) span* ,
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Mo (3 mTdspao 8 1
JI1]] I © Sage
i (NINRNIN miraa o pnnnr 1 AL
Y1 1042 I 50" H /e iz
22,1 14,1
™) m/7). N)i3, for-fig, 51 (W mom.@ e, for @A mor),Q Si forfiQs3
79,54,

Te.c.micd 1Maodioig mom eofs To main < Trder ars 1

(p &i 0 + 4-he 4rme of prg ifrissfo? 75,0 0 o ™ jjVo 54@jJ
I“"4er is added Lv~000~" fffg 51.M)J

@ A 4bR4irE of pres”~ss Tn® 3d S,000 £ f,9,52]j
lafer fs added 2,040,000**-"> ¥ ffg,5(J

fi>rg sfresses

(9 6. ITSooo *12* 314
<fdf = 4 771000 = 134
Cdb - 175s.000<\2 <Ao\ - 175
A 72,000
Cflf - V17M000vizv 514 - 431
422.,0e0
H72,000v 2v40,/ — (@)
4 ?fyooo
(P A1
Gi - 347~/000/i2/51,4 276,
4n2/eeo
QjI - BILoOO*12>c4o,l - 3d7
/ ,  2,040,0001.12<114 - 16,60
4moo
r, _”~040/000x~/40,1 =ZotiiS
4 7ZZ10Qo

Md-hfhefibre s+resses obtained aJsovS”™ ITnS 3 ts
S411 <ak>0V& \\‘'ne.A., Vo so lufTon Ts p>05~"IkslIS zfor-

e 4 R* +Ogefliery (P A\ =
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Thivd +rial section

increase 4+te yiAUiof TroWwom flange of+he second+r-"ial
+0 21"
proper-ffAs of 4-hs neiv s”~o+fon;

A= °
/\2~ 3/\,4|l
d= 'x,tU

— Spa000inA r2 - S 15,41 fn
T= ' in Kt 974

='I M g In2
If W2 incr-6«sss. column ujid+b —+0 Z S “disfrTbuh/bo faofors

in mom, dTs+ri by+ions ufill not oha-nge.. YWe don'h ha-ue -h “ons'der
-hbe -v/ridlj focreas”™ In R L. of ~Tnderr n"= i9io0 N yyg- _ <yg| W/
144

fi“bre »-hr£SS€S

_ ¢?4%y
r 175,000y 12 k 33,1c ES 347,000 v12733,6
AT 074,000 : ¢ - SM,Doo - Zfc?
* VAN
r, _—/75,50%2\2’10200vsu /54 LmIZAtDPgZOerVBgf _ 306
I N
i LIR.00 xR W33 E | g, OF - ZQeonm /2aw3s. N
r-L- 1,112,000 x/2 x3F4 446 L Lm 2,080j0Q0/1772.4 g | 36
N *24 000 224,000
Zxo= 15+BZ 2200 > 2674- 1607

Ordinaf*s of fig ,55" for 6= 0

B1 ffull lines) (P /I, (dash lihesJ

Lme 1, | 2,140 1 2,010
(=>5 +ZZO) A '  iOOOk (2fc?+Z30) A L00°A

Line2, + 1 _+ o,0ss7 4 e _4 SiOfp
(Z200-i35-?7")A " lbboo A fZ200-Zfcr-1607)A VO0A

Lines, 4 1 -, 0,4Zp 4 1 — 10,349
(220C7+I52i:A 'O00A (2200 4- —>ofc)A 1000A

lisnlzt. 4 n N, 0,024 A -1 0,445

NS+ 6p-Z3c»A 1000A (3o0fc+|f36-Z30)A~ 1000A
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414,55:
m+the &ccep+ab/e wdlucss Jfor F? 4 e

Asmnsadd nat .eccentrics Obiafn*ble are i

mCor ibe boilom seciion A-- (1.2.+~)) = 242"
Xor i-he -Wp ~eciion 35,b - (LI-V+ 1) - /4"
YU Is Su-T-fL -£9r 4he purpoie op eavOl“"nj Sdcandary

bAnd'ng irnOrr7end4&; due 40 prgt j-ressTn™ , () Al by saifrfy mg
formula K700 Spl-KS,?-375 €», =0
aldesarsdne abtbydHifis slhaldrodeoaassd Ao

ma\:, ualuss iuen e3bov6 4
Zel <24,2"
Tf dp, = 144" -Zei=-QJ"SL SA =-i7q"<24,2" Qqx,

cssc H 1 Ths CaSC Tn Ujhicli Xhere is no slops <aiXhe end s
of -hhs. S'rder A04 AJ car? also be adop+ed.

-Cor 4-hrs %e.QMN+1 = 0O is soffteisnt
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The aim of Hiis sition "s+0 <A0''d secondary b™Md-r)£ momenis.

Indeed , i-f is intended +0pre stress'4 H~. <gir<dgr «dnd 4/?e head o-f¥he.
columns <B3t4-besame +"me rind S long *S-hhe ~irdOrmhas no stopte

a4 4s ends -44e Coljmr) uillncT be Subjected 40 Isendfng due 40 4Ae.
Pres+T-ess ir?g

I I
wrsh eM+iQ.d t ~elm=-;/£64,=- % <74 =167 I OK1

in 44rs case ko«je iler 4he eecenfricif/ oj! +1Q,4" musf also be
provided (> Ao, Or Aoz ; a sulill be shown I<ater 4hls Isfouible

—from f,q ,SP
w4 2 = M,d 1££20i= i, Pi I00Q X pfS 000
21 .0z
s.dee |
A. _%bl,000 _
5.000 ~

Useldjb- cf-=P.2li'Uires 47each sde. W layers of-dujtes

Stresses & Ap MAol O Aod due-ho eccenfncipy of litres

-Lop -fibres N4, 12N J - Zp fs/ <"ZZoofnOC
boUomfibres 1H Igp 14 iM J = -ZFOpsi (fens.)
AN 4his arr)el/4-#nsile rfres* may

toe /eerirws sfd/g ,
eecentriofies "n case Z are c?cce™ed . +'Q.Ao
03i = -
£ K - -ilQlAol

4-he -shape of 4he cable. . L .
as isshown in Pig, 56. 4he ihap£ of

cable AJC isa parabola of Lhe -faurth
degree fb4 equatiaof-1afitk is -
2*= V(Zar ZAi) (z£ -)*1+Z8i
inhere -Vu= X , Mgl 4 ~4,

«3ne <altabraical values -Lhe

signs CjTwhTcA depend on
4he cable /e above or belong
O -f-fhenir-der.

4he shafgto”~fhe cable



53—

nefcttii?

C &
AV
___1].2s

|

. F
- A-
(WdeenA
(a) sectionofma\n ird*rG)AlorQ A0
-fig.Sz
mAifl gfncler iv4A ofcablos of 4?uvfre>
A _
1
end blec k /7 2
VisaVesk
ABW%
AN IMI&I&I VIWINWI?/ L /mm
_ i cl m.nge
KH
1= fig. Fg.
fiha Imain~TrJar fhang

Columsare. UdYsHesd , ut 4rexMactas solJ be duelf ofoo <

. Large column* provides good dimen sions for 4-h" end-block oforder
£ Wind 4 ear+tquake lcedsare om"™M&d Indedesign.

"& Largs colomns provides smaller <gYoar sacHin

4, Minimije 4-W sfee larea reg.

t46el area"ncolumns ”
0.0/*1120= 1l,20 use Ig- VO  grirs
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F- ~slgn of EnJs of Secondary (q
3c"
-t
4 4 2
r 7
7om
4
F 4
fit) setodolary ~rrder fb) main gind™r s”c+ion
%€c+""on
479_59,
y0"404 of~gg.girder.
6" g"rder-
o SufVorH
5
from f.g. 60
15"wTd& <? Shaar= 1475" v 14,375
ﬁr\laTn aar= ./:/ A,
Troer dd" = mSS" o0
Arga re.Qci- ASHSE. - 1450
uT+h a hoiriZon+al dimant/ofi
I5" i/aHTda | Jirr>eni/on of
Z)n-blmck_ ne skl
47"is r&™ti
/ z XAUFPori usg, 5'4 Ig"
| erd-bloe-Ic
holas -for
CAblas "
fTEGC,

s uppont cono/i-I-TOr? fdr-f-htf end-block

of secondary gTrdersS.

Tigol, ,, .-
So”por-Hcoool "+10nS , ™ r 4-he

end -block S@ iS|
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Sfcused in Itolafions
4- compr-essrve stress dicHib™ou
Q +he €nd-blcx.to,,

214,090 = ~77130 %
217N07? = %

15 = 12,/q0 %,
rik/45= 3,207

ejhear 4 inom <t++he end-block

bearing plates uni+ bearing stress = 115 4r= tlo v2&o = 3?5 0 p$i

<gross area re.q'd - (2t01g%g, (*)= @22

tu™+b B bor/zo/rfal dimension o™ I?' +-be vertical

dimension will bg 4,/5" use sV 4™
Table Bl

calculatedstresses intbg end - block: 0++he sec, girders fpsi)
sedion % ~ng LS ssfsfso
+0,5 10zf + 137 Si?® 4lo - 57
+0,2 6N - 100 541 +70 -3I1Ff
| 401 443 - 2SZ 32? 470 - 4J7
0.0 sqi -2W 23?7 +70 -324
-Qil 357 -2A0 14b 470 - 30+

-0,2 357 -173 72 +70 - 207
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caladkahos r-Tde. U fccr more cnWeceel tecAioo, sec-honTl)

6f(ecd~vg w idfh %i5-2 = IS % =*3 4":2%225” N
% /= 214,00 - i
Tg = K il b= 13' yO = /\)01 ZN*"f
bal Q =€I172£ =443
= i - 247/5
Trom fig 62 ry IV A=00 ZMiM® =34]
(2 sec U Aif= 15200 -N2= B5.fc ¢S
Nor-OViCrS SO
ZiAAite - 1S |
% K 40805 ----
+0,3 + 2560 v («z + 137 ps,
+0,2 —1460 y / z — 105 PS" o i
+01 - 4320 v /I = - 232 pji axfna a>h€arihj forces io
O?_ - 5000 Yy /- —26" psi c<3njidcr'-ad |
01 - 4420 v - - 24n oil' DL1
—az . 3,240 ; -
: v T = 1/5 @3f 'L -AA 000
V= KE X. +o0+h£ %\of>e of csto/«s
tod hitdly 13,560~
~Trom fig 62. _ vifima+sly 11,527 *
<? V=Qagbo  ,1-\qo 3,260- 5500 = %060*
% Ki V (i11SZ1- 5500)-6 4000- 21Q¥0*
*0-3 S04sv 5l MayTmum of; forces vill
2.05yv 34 1 eii ayimum o V\'
-5,1 L72? / 3g? pw/ produce a shearing stuess of;
0,5 L250y 537 o -
Ol o.re? "HiZHi 1o 21OV 70pai
- 0,2 9.37"32 79 Prf 15 tFdo

If/s sggnfkaf maximum -fensilg ~rmcipsl sfrgns dol pil exceeds +he
perm/ssibig 26" ps” ,reTnforxemenf should be proufdede If Is a.gain
cassumed +Haf +h€ sfresi 4ol pil ey.Tsfs on every horizontsl pl&re o
ha/f-fhe length of4h£ end- block

+ofaldensile force = &,5 >c407 vz3o vi3 = |IDAIOodttr
c«nfral area = A X"
each s Tde areas

+be forces corresponding fo4-htfse. Sreas are | 106,000 4°=36, foo

10M000 M5''-34,60d
reinforcemen frapid .

for oenfralarea 36,200 _ 1, B Use I0- k6 4. bars
20,000 a -———-
foreach sicearea %I% =173 UaF Q- Ko4 bars

Some no 4 bcr/zonf«al bars tvill <Aso he. provided a ++be same
spaciiig 3s fhe usrfcal bars near cable holes.
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Q-, Resign --he Ends o f Main (girders

Actually end-block™s of. mam girders 4 columns act -together, bu+
to Inak$: +Hg design pcislbie < will separate them and cbecfc

-the snd- plok;s,
Peering p»lates
unit bearing stress = SB-SO p”r
Yd7,00 + (Z* Z B*LF) = 761 °
use 3o0"rtq"

VA ot the end-sUlock -the uni t Conopress'i/e
-the F section mee,ts the

gross plate area xeQd =

If R oiasapplfed
stré&ss, at the other end uuhene
end -b/ooir y would >6 J 2(,7,a0 -

?0& _ >
Actually it fs applied with <sn eocentrTcrty of 1Q,40 . Th"i will

qg?o pt?

fncreass the on it stress on the -top 4 milldecrease, it onthe
bottom as is sboton in £ 13,54,
WACT girder Felooo* unit stress = t
IT M « VMoo *1440 - sZolZ-i
1< VY& o N
40" »no 420 p~r
MhAo = "SSzfoo'”
32,4" . 6O Y
Tel un"tstr. s 4201 3207v53,(,—€gs|9
Vr Zfcllo"
1 um'tstr = 420 +12,0012UM "NIQ>
uf1 . e S *
unOshreSs dis+ributio | — - yt 3,407 .
cntstr = WO+H.olrt"MOz 174fc
st
ye. /440"
un'itstr. =4Ffo +37,07d4,40- /602
(5
/e 6B
umt i, s 4 S0 p*i
Vs -s ?2,4
unit stn r CAO-

= -ZETO pwvt

ZSorii

d UrikvtiOn of co mpresiiua

EStress,
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From 4-hf te& Of PreXodh dcsu~ns only s-eoFibn iL 4
% = 40,1 M be Mn3$pecs-e<i,
«ahear (S s-ectibn E

4/ ~2000
+i74(?) ~ /55 = ,jazoo
2 _45"2£00_* alibar(S S”c.E

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

4i gooo x 6,10 = 'Z.~So0.000
JOIZoo x 1,25" = 50,000

ZfoOOI OO0 ™-U' mom(Z) 566,11

forend-bfock 1-=jA«30x7"' 493,000 54
6TX- YeTan , (VCitOoDIQUo) it,25 - llgafSif
36,5/30 493,000
a - -4.37"0 Z/600/000 _ _ | osT
Z5/402
/= 1J-ZK 47°K/Zoo — 791 A~sT
Wh) *4-0
o LA DZOrZKjlvjy g+ 1:410%2N 37 .cazo
- Z.

63 5/» 26-4 rsTnfer*emzrTf1 should bz proulded

#+ Tsagain assumed lhaf- abz Sstress 6Z0 pit evi'sfs on every
honzonisl plane of Half4-he lec™fi off-he erd-block:.
-4-otal 4-ensi/e force = ©,5"X6g0 x 40 vZd" = »s5 I 5" 00*
crenfral area — g 1
+mo side areas =

-hhe forces corresponding -k>4-hese SreaS 3k i
312:,500 X~ 5-= //4,5*00*
b/y/Too = \Q2i0od*

reinforceme ni rzq-d
far c&nfral area K4—’\q8 — S
20,00
Use B~ no7 bars

_ _ an
i-oreach side areas 102,000  5-/9

20,000 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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WAI? reinforce men+ \n maCn qTrdgrs

(g A
b
mahsar = 1341+ ?g, = It=1,Z
no 4 S-1-iVrups arg K uS€j fAs= G.Ao*)
ZpacTng - -72x0.40* 40,000 _ 7"
Uol.ZoO

JJfsld poi"*n-hof s+frrupi 40,000 ptT

: S ar, ,
(? AO HA 214,Z »
mopacToc? — 72 MQ.40X40.000 _ r-1
3 2/4,2d>0

+ placing of s4Frrupi should bf ”~on+fou~cl for a
Isng-Ph o>f 101 from 4-hs eolomns, .
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m o [HIE UE THRENKA. RAE M
CNATHNL F

A- Pesiop of-l-e (Rof Stab

The anEuppy sleb gl ke designed as simply.supported beams
oFf 12""wWidM? ,soppordad a0 secondary desms =

Slabbhicbness
L= G
b=12""

Wwd= 70 %'
secondary

<3s,sum”™ 4 I1s f slab 4-hibbness
beams

nJd= 1O v = BI0%i

Wd+ UWj — 130 itbl - 50 ™A

precasi slab-blocb Mr La, r50xAi4
dFasias s y
d2=zM__ =,21721) 2. ~
bebbj

72,-N-N

d=2
"79J » concrete prdfec+lon)
‘2-5  (one half of. bardisme.ier)

Z.37 "
use t=41 o= 41=31
Shear
y - Boyb,64» _453* ; v=. —Y _ 433 13,gpsi<i4b.>si
Lpjd 3

o,<.

mslab BYyraarilduetosbear E rag™d -

coe-f. of retis-Lanee = Ic2>=

M = - HG'1 N384 pir for balawy]
¥ w neinforrement
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ssam r>underr&"mJforced , 5'feffl Ts-lbe dtz-1l-e.rmnmg fgeior i
<zor\cre\e ™s not a4dre ss-ed 4> capacity cjhfc.b amore “conomTcAl

case

—for £ tBl&f’CHj design ~ -fe b j Z¥X00 X0O-AoZ x0O.Vbb
ps T
Sleel
4,= M 79l x Ig 0,167°
jd Z0l000t0.ZIobH'b
Use no2 bars ® >2'A
Bond

mdC, 3 llatkble bond unit- singsS = 65D ps>7

u=n - =lsT"™a ° Pti < F'"®" a«<’

cohere = p =-nv0o,53 1,57 1

Tgmperatone slee.l
At=. 0.0025 bd = 0D0OZS Ce) 3 - #09 o/~

Use no 3 bars 1Z "Vc

(] +amp. steel no% 6ars@ ig' /4
4 suv

Tno4 bars @ b 'ss.

'F S€Condar/_
beams ~

-fig 67
slab reTnforce.meni"



-G2Z-
I/esfogn of ~econdars ~gains

Secondary b-S™ms uji'll be. dfisfg ned 8s sfmplfi Wams o f 15- leng-Bi,
Soppor4n™d by 4wvug aecondar/ girders.

Load
= 25 4-3042a 5+TO0 = iSo %,
assume W = I1gTpd”
- IOIb*/,
SecLiln
M= JPI ~ gJZ- bd2= » = = RY;
6 L y o4
ui-Mi b =~ d= 10BO
i. 50 (Cower) ~ N .
i £ bardlam) Wd=106" <1S~Q
.71 Gaod depth)
a~ume Uld=Potw. ,Ul4"= P56*/
M = , bd2= 76,400<,2 _ 3
S’ 3?74
b= 6" d = Il.ogZ USg b=k ,dr Ig'lL, d&p-t-h=1i.r1
lIS-D
71
14.03" Wd= T™ t O X,
Shear
V,fflt*-=7,70
noMfFrupS H
54-eel
As=-"i- - 5-51 -
TR0 w0t -fottiz T usg I- mo Hbar
Bond
u= V 7170 I55:5par < 350 I, £).£.
jd 443x "G AD2

final SgcMon

fig,6f, ]
secondary t*"am tad i
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Agsign i&condary (srirders
Secondary girde-rs will Fades"Qned as aimply-soppor-1-ed <gTrders
of 401 length , sopporied by noafn g"rders.
load _
4 TV
x 15 = 4,990 14.390 2<5-0
<S8 6<00 *¢/ (assumed u”"J
2770 fild-fUUA)
iec-Fion
W= 275%’\ 0 Z S5-QO00Nb I=d2= -g£?>000 =,7,140 m
~ VA
—_ ] - 0
assume 2 laerso( no\l las, b= 15 d 531,\%3/&[}!.&
i>= = " % " 1,41 Csardtiin
usé j>= 15 ,d= 34" ,de/g-Ft=3% = f'/galBin}
Wd= 544 %, <f&oo*/ 4.4 57.45“dcp+h
~hear
assume clear d,sf,he+tween sup>/=orts 37,0
-0*3?
vz 275-0737 55 250 TF1o50. = H?,2psr<i46,7ps?
) noweb rdnf. redfd
M—eel
_ *5*50,000 * 12 0
Z0.000 X +6>Xx 34- usg ?-noi| bars +wo layers of 4
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PART 1

COITARISON

OFf 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.

Concrete Main steel Cdncrete Main steel

Member Prestressed
design

area area

in2 inn

Roof slab 24/ . 0.179

Sec. beam 52 0.477

Sec. girder 264 1.430

Main girder 885 5.722

Column 1120 12.000

Results of the Two Different Designs

As seen from table VI,

prestressed design show comparatively large savings

table VI.

Con

area
in2

48/,
85.5
570.0

1931.3

875.0

ventional
design

area
in2

0.200
1.560
12.480
21.840

9.360

with the exception of columns,

Savings in material
in prestressed

design

Concrete steel

% %
50.0  10.5
39.2  69.4
53.7  88.5
54.2  73.8

-28.0 -28.1

all members in

in concrete and steel.

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

however,

girder sections,

a decrease

in column sections would necessitate an

possibly resulting in

a less economical structure.

increase in

Beams

and girders of prestressed concrete design result in much smaller dead

loads on columns which simply support them,
columns with smaller cross sections.

on the columns and large column sections used,

Theoretically,

thereby enabling the use of
due to light loads

no reinforcement is
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required for the columns of rigid frames<of_prestreSSed design; but, as
required in the A.C.I. Building goée,va minimun steel area is provided in
the design. In general, it can be said that columns of continuoud frames
in prestressed design result in heavier sections than thg columnsngFZCOn—
tinuous frames in copventional design. The differences in ecolunn sizes
of both dgsigns can be decreased to a minimm, bub 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-
%ide good dimensions for‘the end-blocks of beams or girders which is very
important for the end anchorage of wires; they provide smaller béam or
girder sec%ions; 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 inecreasing saving of s?eel in prestressed design
is obtained. The steel saving of 73.8 per cent in the main girder shows
a decrease becﬁuse an average of maximum and minimum main steel areas is
used in cogventional 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 desigh because high—tensilg steel
ﬁsed in prestressed concrete is more expensive than the low tensile steel -
used in conventional concrete. One of the reasons large steel areas are
réquired in conventional design is that high-strength concrete is used.

High strength concrete is desirable, éven 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 erids with
a more cestly design._

Using the same high-strength concrete in both designs enabiéa'ﬁsfto
make a good comparison between them which resulted in savings up to 54.2
per cent copcrete in the préStxessed design,

I sections proved to be very economical in prestressed desigg,'
whereas, no advantage was observed in using I sections in conventional
design. The rectangular shapes pr?ved to be satisfactory in the latter
design.

The reader will observe that more time and atténtion were required
on prestressed design than on conventional design.

The designs indicate advantages in using prestressed concrete for
long spans; also s;enderneSS of members in prestressed concrete offers
opportunity for artistic development.

As can be noted from the designs of different members in prestressed
dgsign, 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 teénsion is further reduced because of the.existance of prestress.

Other points to be noted in the use of prestressea concrete are that,
more auxiliary materials, such as gnd—épchoragés, hydraulic jacks, ete.,

are required for prestressing; more formwork 1s needed since I shapes
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are used throughout the aesi_.gn of prestréssed concreté; also because of
the coliplication of the design, more labor and supervision will be re-
quiréd in the éonstruction process. However, with the repetition of the
units in the design thé importance of this last consideration asn be

greatly reduced.
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