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OZET -
- Hem ongerilmeli, hem normal donatiyi haiz kirigler ig¢in
‘tagima giicli gerekleri ve geilik gerilme sinirlarina
, _dayanan basit vbir_ tésér'lm m'et()du geligtirilmigtir. |
' Tagma ghcu gereklerl 191n, ongern.lmeli c;elikteki
‘-gerilme ile, bu gellgm maximum gerilmesi oranini ‘tahmin
| igin dona'blm indisi (relnforcing index) kavrami kullan:.larak -
‘yeni bir f ormiil turetnmlgtir. v |
Bu formiil- taslma gucu gereklerini tatm:m ‘edecek diger
formullerin turetilmes:mde kullanllmlstlr. | '
Kullanlsllln.k (servmeabllity) gerekleri yominde
celik gerllmelerl ile gatlak genisllgi ve gekim s;.nlrlamalarl
'arasmda bir bag kurulml.stur. | |
.‘Bu,_.taslm'a gu.cix gerekleriyle birle'st'lrn,linc‘eb 6ner11eriﬂ

~ tesarim metodunun temelini teskil etmektedir.
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CHAPTER I

INfRODquION |
1.1 “Cegersl | |
.quay, pastiel‘prestressing is ascepted world;wide in
most engineeﬁing.practices, EECause‘it is e 6evice'mhich
permitsbvery_high strength”steelltg be used ecogqmically and
gihcsease'peihissble'spenA;engtHs.while;keeping.the cfackiuidth
within accepted'design'limifes;4' .

. The present method for the: de51gn of partlally prestressed

beams, as suggested by ACI (1 ) 1s ‘based on formula 18 3 of
'ACI 318-77 S
' f . e .
U R o
fp —F (1 -o. 5;7- R (1.1)
Where

f S=calculated stress in prestressed steel atultimate
load

fpu=Ultima£e strength of prestressing steel

‘—Ratlo of" p“estressed relnforcement

pS

—‘——_

fé =Specified compressive strength of concrete

This Formula was derived from'experimental test results on
'prestressed beams, and suggests that F depend° solely on the
"propertles of concrete and the prestressmng steel.

Equation (1;1) would apply to partially prestressed sections



i

- Qith smail amo;nt of'noﬁ-PfesthSSéd stéel.'howévér, equétion_

" (1;1);is inadequété‘siﬁce it'is:derived from ﬁesﬁnreéults on
_fqlly-préstfesséd septioﬁs élone 0 accomodate the whole range
;6f partiél;prestreésing.It sﬁouldAbe mpdified for cases of

high.percentagés'of'parﬁial prestressing.



1.2 Dbject_andecope~'

The object oF this study was to develope a 31mple method -

for the deelgn of pertlally prestressed concrete beams based
on both ultlmate strength requ;rements and steel stress llmitations
' under service loads,,taklngllnto conSLderatlon_the affect of
.partial prestressing on'existing steei‘stresses}

| .quetions satisfying;botn oltimate strength'and service-
ebility.criterieiare formulated in-termsiof the required amounts -
.of prestressed end non-preStressed reinforcement ano‘e solution

_fcf these tuo 31multa1neous equatlons glVes the requrred amount

- : reinForcsment ln partlally prestreased concrete flexural sections.'

‘The formulatlon ‘is appllcable to both T and rectangular SBCtanS.

In this study no attemp is made to provide guidelines
on how to proportion the cross section of member for a specific.
design problem; It is assumed that the concrete cross section

is given.



~ CHAPTER 11

STRESS IN PRESTRESSING STEEL AT

ULTIMATE LDAD
.2.1 - Introduction
Tne stress'f‘pS in bonded prestr9551ng steel at ultlmate 2

B load is predlcted by equatlon (18. 3) of ACI code'

f = f (1=0.5
ps . pur -

(2

“'b

: This equatlon has heen derived from experlmental test results on
'fprestressed beams. As seen in equatlon (2.1)" fp- depends only on
the propertles of concrete and prestress;ng steel. In the case of
'partial prestressing equation (2.1) apply only to those with small
_ratlos ‘of” non—prestressed steel, To accomodate partlal prestre851ng
with large ratlos of non—prestressed steel equatlon (2 1) should

be modlfled.

/

2.2 “P:oposed‘Formula for Steel Stress

in order tb identify between partially pfestressed undef’

e e (1)

~reinforced and over-reinforced sections the ACI code
'oses a paremeter, W, representing the sum of the partial

reinforcing indices:



Feu tu-wt - C(2.2)
' Where the partial reinforcing indices up s W w"are defined as:

A F

: s ps . C Sl Ll
wo=—E  (2am)
Or - . o
; " . .'fps
Yo S FT . o . |
, Sl O (2.m)
A f
w=8 . ) .
1 ; oo o ,
~ Or L | o
. f o o :
v= g | (2.48)
4 : | : o
.Al f'l . .
u'=gT3F (2.5).
: . c.
Ur L o
o o ‘ - : o
w'= 2= | (2.58)
S
mhere> 

'd = distance from extreme compression fiber to the centroid’
of prestressed reinforcement or combined centroid when

non-prestressed tension reinforcement is included,

Sos ' ‘ '

A fpsdp+ AéAfy dpé . -
d A f ¥ A F. . | (2.6)
ps 'ps” s 'y

Equétion (2.6) leads d = dp for purely prestressed section and
.;1=dS fdr~purély'noh-préStressed reinforced sectipn.
 Replacing the partial reinforcing indices by their values in equation

 (2.2) the combined index @ becomes:



F o A_Ff, A'f!
. S

- __'ps_ps s 'y y
bad 17 + <537t Tha T
A f + A f 4+ ALT! S
G- B2 P35 ¥ Sy  (2.8)

 ?1gﬁré‘2.1 $homsva cpnéfeﬁé'secﬁioﬁ reinfércédiwith.cbmpféésiva
reinforceﬁent‘and ténsile.réinfotqemantvﬁith combihatidﬁ df non—j
'presﬁreséed éﬁd pfestressed'béré. It ié‘aisﬁlaésﬁmed tﬁaf at ultihate'
load the'non—préstressed ﬁensile and compressive stegl yields. |
Equilibrium‘of,jnternal forces in thé'section_shown5inb

figure (2@1)Vgives;

b

<

>

//// 7%//4//' Tl ‘::Aéf}

. N

Zi . e
B l ; .
' ' dp a;;?c
d
Aoy \\\\'> — i L .
£ - _ A:—. “———ff'Apsfps+Asfy

I'Fig. 2.1-‘Assumedbstre55es at ulti@ate'moment éapacity.



| | Fc=vo.§5fé‘(b-bw)-hf+ 0385 fe b, ¢
Where o
o ;"Fc force in. equlvalent compres51on block in
o concrete ' ‘

From equilibrlum we have:

Apsfps Ay fy=0.85 £ (o-Db, )+ 0.85 fa b, Aot

Ll ’ -"‘ ' ) :
As fs

 Where S |
o a_=Depth of equivalent rectangular compre831on
block in concrete. '

 Substitute a for Ac and divide both sides by "b d gL "

+A_ £ -A_ f!? o. 85 f (b-b ) h

S Yy S -
E""*““B‘3‘3ﬂ*°“‘*"x B o2 e
0.85 f' b ' - ’
---E-a-icvr‘!-' S ' (2 +10 )
c .

:Siﬁce the left hand side of eQuation (2 10)"is equel to
ecombined reinfor01ng 1ndex W the rlgth hand 31de should
‘also be equal’ to the W, |

W= [%*a‘rg BRI A A

If the neufral axis is within the flahge thickness, the




sectlon behaves as a rectangular beam, and equatlon (2 11)
‘~reduces to-f' 'v e

Wo=o.852- . (2.12) "
Equation (2.8) means: |

W = B;aifT-»[net tensile force in all_steeq 5(2.13)‘
7 T ote ‘ S : .

Similarly equation (2.11) means:

W =TT _{%orce in concrete compression zone

c.
- o (2.14)
w 1s proportlonal to the ultlmate res1st1ng force in concrete

‘compress1ve block regardless of the compos1t1on-of the tensile
reinforcements. leen 8 tensile force the concrete will

balance that force.‘,

If’the section is fully prestressed one'can rewrite

eqnation (2.1)vas a function oflthe.reinforcing index,

Y=Y
' f . Lo :
B SU pu : _ :
-I'-PE—— = 1.— 0. SF—-——T— ' - ' _ (2.15)
U , | .
SRR o g
- From equation (2.3.B) we have /? =W, substltute into

_ “ps.
_*Vequation.(Z.lﬁ);



£

B S R ~
_ ?Ré =1 -~ 0.5 W T o - (2.16)
T _ Tos s .

' It was shown earlier that reinforcing index is'proportional
to the resultlng force in the steel or in the concrete.

: These Iorces are equal and oppos1te, and from concrete ]

’ ,point of v1ew 1t does not matter weather the force .comes

"from the prestre331ng steel, non-prestress1ng steel or

thelr comblnatlon. Thus equatlon (2.26) is valid for fully

fprestressed and partlally prestressed sectzon.
so assume that the sectlon is partlally prestressed with

_some tensile relnforcement only:

Wo=Ww_ o+ W o-w!

D
where
e §
s R 8 ] . . Pu : -
- =1~ 0.5 (w_ + w) o (2aT)
B
' We know that . -
pu /O f' ' _ (2.18.)

Multlply equatlon (2 3. B) by _TE——

b £
psS pu
w = X
p @fé‘ F
C : ‘ f ] ) ’ .

. Substitute equation (2.19) into eq. (2.17)



- 10 =

. pu pu ps
Wwhich is a quadratic‘equation in —525—
- : i - Tpu
(—22-) - ( a- TL‘ +0.5w =0 (2.20)

2( ?E__ ) - (2 -y TR—- + W =0

£ (2- )+/(2—w -8w
_ﬁi . , - = (2.21)

Hy

’Based on the results-obtained'in reference 2, we could
,assume You = wp?.gnd follow the same reésoning_as before
to introduce W,in-the eqﬁation (2.1).

—?B— =:1 = 0.5 —%T— :
“pu 7." e /g Te
_ Ffom'eqﬁation‘(2.l8)IWe4havé :
o - |
= bu
wPu—/OP f(':

Substitute the abéVevequation into eq. (2.I).

8 v
TE_— =1 - 0.5 w_:-
pu R T pu‘

Above we have assumed Wy = W, 503
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f
| om0 P
By the same reasouning as before:
?RE; =3 = o._5-(w-u 8+ w)
Pu - . ) jY U ‘
. o £ 5
Solve the above equation for TE*¥L
- | | pu
'fpu ;-* o.Squu\\ : . . .

| The equation (2.23) is simpler- than eQuation (2.21) 2nd
it provides a reasonably good predictionxof fps .
In’order to see how the‘equatibn (2¢23)'eomperes with
A more exact equatlon (2. 21) they are ploted in flgure (2 2)

versus the prestressed relnforcement ratio. It can be seen '

" that equatlon (2 23) prov1des almost as good as an approxi-

'atlon as the equatlon (2. 21), w1th1n 2 percent if is less,

“than o. 5 percent._ ' ,

_‘ ~ Also 1n flgure (2 3) both of the equatlon (2 21) and

5 (2;23) are plote&_w1th_equat10n (18;3)."0f ACI code. From
»figure'(z 3) it‘is obvious-fhat equatibn (i8 3)'of ACI code
is 1n unsafe gide. The similar result is obtalned by stress,

strain compatlblllty ana1y51s in reference (2).

: The equatlon (2 23) is 31mpler and w111 be used in.

‘des1gn to replace the equatlon (18.3) ofthe ACI code for

vpartlally prestressed_beams.
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0.90"

- 1L -

fpu _=27Q ksi -

Eq.2.21

Bq.2.23

/0_=oo 01l

I | L

I

0.2~ 0.2 0.3 .
' prestreSsed.reinforcement ratio,fp

— 0.4 L
e

' Flg.2 2 Comparison of the two predictlon equatlon of

f at ultimaxe for partially prestressed

ps

beams.
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CHAPTER III
" Ultimate Strength Requirements

3.Ij‘  Assumptidns“ : 
) 'fl-Pléne sections_arekaésumed to remain plaﬁe; ‘
ThisAassumption{hés'Béeh'found to be reasonably
"'2-Tﬁe étéei,aﬁd_concrete are:compiété1y bohdéd,

 -3—The stress diagram of the éqncfete at equilibrium

' is suéh’that;the averagé concrete stress is o.85fé 

and has é recfangyiar shape.

5.2 j'Formulétiqns

The equilibrum of the internal for’the_cross section

and material properties,in'figure'(3,1) can be written,

~ assuming T-section behavior.



It is p0831b1e to substltute ft ’ tensile stress inv

’ been proven

non—prestressed steel as f

(2). v

hat generally ft equals to

'So equatlon (3 1. A) could be written as:

’ . ‘ ! m . .
Divide both side of equation (3.1.B) by b d fé

 or-

I . . -"p.gﬁfv__’
l —— b — ~ e [~
2 | .
e , . : c. i 1
I o ;;5 l .
By o A '
- o ' o a
: vbw”f* I '
A '—_-KS\\ g |
/ s | ‘ | Tu Apsfps Asfy
~ section A S Stress
f»Fig.3.1 stress at ultimate.load(e
. 0-85[fé b, a+ (b-bw)'hgl; Apg Tos + &g £y (3.1.4)

by exact analy31s it had

fy at-ultlmate.

"gfssffé'[?w 2+ (-2, h£l= Aps Tps * A5 Ty

"

085 £4 b a + (b-b. ) h.|= RS PS._, Y
. b4 £ R | c. c
o c . '
f _ )
O. 85[ _...__(.—.-..) + ( 1- -——) 3 ] wp + W

(3.1;B)'

(3.2)




= 16 -

Wherevfrom definition of reidforcingrindexﬁ

wy = 22_R2 | (3.3)
| bdf! S K ‘ |
A_ T : o
W o= fi_;L_ _ (3.4)
bd £l B

E Solve equatlon (3 2) for ( )

Fegtm ) G - (R (5D (59

In case of T—Séction;béhaviorlthe ultimate'moment, Mu'is’
-partly cérried by. the flange and partly by the web.
.Mu=Mf+Mw.-

Take moment about the centroid of area,of reinforcing |

bars. v | » | |

| M= ¢[o.85 £! (b-b)hf (d-oshf)+ -
_,ossf'b a(d-o.Sa)] |

{

* Divide both side by ' b a®sy "
- Where _ ' o S B
- ¢ .= 0.9 given by ACI, strength reduction :factor for
flexure.
Upe =T , - (3 )»,

batfy



_ _Whére

'Umb = Ultimate moment capacity of the section

ey -h o '
U=vo.85[(1-—"i)( )(1-05 )] (3. 9)
v’jSubsfcitqt}eequa'?cion".(s.a) and (3.9) iﬁto'(3.7) -

U o =¢u+0.85[-{)ﬂ- (%)-0.5 (Bﬂ ) (g') ]

Solve the above equation for“” % '

(3) (O = #0) =

0,859

X%)Af~2v(%).+

a ¥ b PR

a‘ = 1 +/;_, ""2.61_4 (-.5;)( Umc'<PU)
TR o, ": _ ‘ : ,
‘Teke (-) sign, becsuse " &' Should elvays be smeller then
- one. ’ L

% | //1 - 2. 614 ( )(UmC -'C?U) (3.10)
' Por T~beam behav1or 1t is necessary to have:

| 2 by
or o

w
o

2 %‘-/‘3.2.;6142,( ‘%—-f.)( Une - °-9_ u )‘>a'£ o

=
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Square both side
2 n,

. - 2,614 ( 2o - o. | Ly -2 L
o1 -41»vv(bwv)(U 09U)<[1+( ).23.—-:‘
'A,f-umé + 0.3 us;’o 302 ( gt )[( ] |

ASubstltute u for equation (3 9)
= Upe + °f765 ( T )- 0. 765 ('E‘ )( o. 5 ) ( L)+

| b,
0.765 ( g )( £ )( 0.5 (g = )<

OJ T

' : h, 2 . b h :
0.382 ( E-"L)(jai - o.v7’65 (5= )( ai )
L Tt 0,765 ( ai ) = 0.765 ( = )(035.)(133 )L o
. : - he RN . '
e /'>/o 765 ( )( 1 - 0.5 r ) (3.21)

The\gquation (3.11)_is necessery condition for a section

to,behaVe as T-beamu.

Sum of reinforcement in equation (3.2) can be written

’ 2$£;
A) T~beam'behavidf':

| by
>o765( )(1-053-—)"_.
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T
B). Rectangular section

o he he
Upe <0:765 ( g& )( 1 - 0.5 75 )

| Eqﬁa#ion_(?.lo) for rectangular behavior will become:

Cfea-/i-zesu, (33

: Equation (3.2)vb¢cqmes s

kv s ofss[:ll; [ - 2.614 Umé] (5.14)

‘The sfress-in'the Bonded ﬁrestressed Stéel " fps”,is

predlcted from equatlon (28. 3) of ACI code. Then substltute

' 1nto the equatlon (3 12)

]

TV
4+

(3.15)

H
141

oo

gl

Ry &

pu

g
=

Where

.wpu - Ega_fg" - (3.16)
sEa—R—
EPT_I‘D_

H:
/2]

g
o
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: ‘ - Ig '
W =W ?E-
PPy
o T S o : _ t £ on
In the above equation substitute the value of = 22  from
o - ‘ - , ‘ . : pUu
" ‘equation (3.I5). ‘
w1 —.O;Sw ‘ ‘ k
'_'WP - wpu 1 _.OSWPu\<wpu , o (3.17)

": Substltute equatlon (3 13) into’ (3 12)

wp +w =  0.85( )[1 -ﬁ 624( 2 )(Umc -0, 9U)]

085(1-' >< £y,

+ W = .‘

U"IU'\

w

085( )[1-/2614( )(Umc ogu):l

0«85 (1 - Eﬂ ) Ei'
~ The left side of the above equation would bes

We. = 0.5 W + w + 0.5 w_ (w)

pu__ _pu , pu
, 1+ 0.5 wp‘u
Or -
Wpu + W
} + O,Swpu,

’ fTHe_Whoie équation.Would be



- 22 ~

T-beam behavior

‘ e ;APS er{i -0.425 {( ;ﬂ ) [Afi/ "2 614( )(Umc =0. 9U) ]
g gy -
') 6 85 f} { [:1- /r_z 614( )(U o0« 9U)v]

"(i- )( )} .,"'_"».(3.:8_')'

For rectangular behaV1or substltute equatlon (3. I7) into

(3 14)

;gr;_;_.. = 0. 85 (1 - /2 614Umc )

'Substitute the values for - wp " anda"w e

Aps fps{l 0. 425 [1—{ 1-2.614U :}}+ A f

0. 85 bd f'( 1- / -2, 614U ) R .(3.19)

The equatlon (3. 18) or (3. 19) would be solved slmultaneously

w1th the equatlon (4.6) satlsfylng steel stress 11m1tations ,

under serv1ce 1oad.



' CHAPTER IV
| Serviceability Based Design of

Partially Prestressed.Beams

41 Literature Surrey |

IThe change 1n stress 1n the steel ( prestressed
¢and non-prestressed) in a cracked section at gervice 1oadv
1s one of the most 1mportant parameters in predlctlng the.

-serviceabillty of . partlally prestressed concrete beams.

. Based‘cn observations;in‘references 5;and 6, all
‘the.major cracks nSually develoned at a net steel stress
of 15 to 25 ksi. At hlgher stresses the existing cracks
.w1dened and new cracks of narrow w1dth formed between :

maaor cracks.

For beams w1th non-prestress1ng steel the number

of flexural cracks was almost twice as many as those with,

no m11d steel These cracks were more evenly dlstrlbuted

w1th con81derab1y less spa01ng and finer widths.
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’This‘behavibr'Can.be attributed tbzthebfact that bond of
mild steel to the'surrqnding concfete'piayed a pronouced .

role in crack control,

;‘Aisb %t is éUggeéﬁédufhéﬁjw§u1d bg_édvaﬁtagéous fc 1océte ‘
the ﬁon;fféStféssing»steel_bélow fhe‘prestrésﬁed tendbﬁs; -
-Tbis"i'std‘ﬁel to the fac»t that mild steel has larger diameters
fthgn'the'préstrQSSing reinforéément,'hencé a lérger’bond
v areé of contépf with_fﬁe sﬁrrounding éohcrete.:Also by
repiécing,thé.mild Steel élbse’to the tensilevconcréfe'face,_
cra¢k§ wili'bg moré:éven1y Qistributed, hence érack Spa¢ing
 aﬁd cbnseéﬁentiy crégk'widﬁh wéuid-be'smailer;.fhe éffect ’
éf_spaéihé_bf sfifrupé on fﬁe crack_spacing héd been fbund :
f£ﬁaﬁ théfinél»cfacﬁ spabing'and créck paftérn_did not
necéésériiy folle thé vértical éﬁear reipfofcement. even-
though fhe first few cracks.uSﬁailj StarfeQ at'thevétiprups,
. tﬂé~vérticaliiégs}oé.thé stirfupévserved_on1y as ipitiall
weéﬁ.afeés of-s£fésséonéeﬁtration. in most.Cases the étabil-'
,ized meaﬁicracklspaciﬁg wefe smallér thén sbacings,of

stirrups.



The suggested steel 1imit for giveh.crack widths:

Limiting Crack" o :Upper limit of
width | Steel stress
w o  -'ﬂ',:'J ot
0.04 in | 15 ksi
0.08 in . ' 25 ksi

. Table 4.1 Crack width and upper limit of
: Steei stress
Conclu51ons

1. Inltlal flexural cracks randomly form at 1rregular

spac1ngS~at~1ow,net~steel stresses of 3 to 8 ksi.

2; Visible;crack‘spacing stabilizes at 50 to 70 percent

of‘the,ultimate'load;

3. The presence of non-preStressed steel in the
-prestressed members has a 31gn1flcant effect on -
Hcrack control. Such . that the crack becomes more -

evenly dlstrlbuted, spac1ng and width becomes
smaller.
4., An inefease-in the percentage of'reinforcement
decreases substantiaily the crack spacings and .
 width in the partially prestressed beams.

N
BOGAL “ﬂUWNHﬁHESKQ“WHA
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‘5. For loads above the first cracking load, the deflections
~are smaller for prestressed concrete beams containing
;:non;preStreSSingfreinfofcemeﬁt.than for a similar beam

- without non-prestressed reinforcement.
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4.2 Steel Stress Limitatioh‘Undéf Service Loading"

'.  The analy81s is based on the follow1ng assumptlons't
71; The cross sectlon 1s symmetrlcal about the

| plane of bendlng.
'v‘2,‘Plane'sections.remaihs,pléne,'_‘

3. Stress strain relations for concrete and rein-
© forcement are linear within the range of service

load.

4. Tensile strength of concrete is neglected.

Formulations: .
Figure (4.1).illustratés the stress distribution across
' the section and applied external loads.
The applied normal force-ﬁpe' at level of prestressingr.

‘tendon should be replaééd.by the value of the.tendonkfdrce.

pe‘= Aps fSe’  ' o  - - '_' (4.2)
\.;A“s‘s‘ur_ne &;=§

f’s“ fe

E %

o
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Section -~ .. . Stress
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" Fig; 4.1 Stress at Servibe‘Load.
From similarity of stress triangles in figure 4.1

_ i‘s'/n oy
"d'—vC_ o

- foy

£f_ S , - : -
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St R u

Frbm‘eduilibrium of forces:
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fc'b'd ¢ 2 (b) cw —_?—_(b - b ) (A + A )f Pe

. - " n |
Substltute values of fct and,fcw" from equation (4 2)
and (4 -3) ..

S C Copay - T8 £, . ! .
T T=g 7 (g ——=(b - b )-(A+ Ag)fg= Dg

£
ﬁf

Equilibruim of moment*

gi_- o 2[}bc (b - b, )(c - hf) ] ,

- [(d )' (bcz)c-(b-b)(c-h)‘(c-h) -
- +— : = '
| < 3_ c-(b-b)(c-h)2 ]M

Note that the dlfference of moment of tensile forces in
-prestressed non-preStressed reinforcement is small and

w1ll be ignored Or simply 1t 1s assumed that both normal

i prestressed relnforcement are 1ocated at the same level

Equatlon (4 4) could be written as follow-

Pe = Aps fse

‘ [bc ~(b = b,)(c - hy)
Aps(fse+f)+A £ ; T R
n_9o "

t-flIn the rigth hand 31de factor out "b" and: multlply by é@

i 3200 -, ><° - hf> o lhet Aegm (o)
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N L (9 - (e (- o
Aps(fs + fse)+As fs=,ﬁ§_b2d{_q - ~‘i?-é.a I ] (4.6)

d .
| The equation (4.6) would be so1ved;é16ng with equation
i o : o ' ‘n " no.on,
(3.18)o00r (3.19)_1norder_to get steel areas Aps-'and Ag .
| The equation:(4.5)'isvrearraﬁged to obtain a cubic
' equation in ratiq_of,digtanCe.frqm’extréme'éompressibn
» fiber:to neutra1 akis,;tp’,distance ffom extreme.compreSSion’
_ fibe§ fp’centfpid of fensilé reinforcement area. . . |
| b c2¥(b -'b*)(gi- h->2-<a.- 42 b 3o - v)(e - ne |
T LA S | 3 RO A S B
2 n M (d "C);‘
Ts .

V.;[ 'c2¥(b b )(c - h% -2c hf)]‘(d - c)+

%{} c -(b - b )(c3- h3 -3ch ] —-?-q‘d+ 2aM,_ o

-b c +3b dc +(6b a hf—6b d hf—'p’b hf +3b hf

3b d h% +3bwd.h§ +2p'hgb-2bwh§ . : Mg=-o0
. Dpivide both‘side by"-b,a’ "
" n, h, b, , , h o
3 > fp B¢ Be 13p Bri2 a2 Pri2 M :]c
<ar> —3<a> -6[s;a- 2 - n;< T )BT T
. - ‘h. ', .. h o h h
b Be 2 1, Bra2iab o Pey3a PEy3E) L
6 PES ol SR T LR - qe S el
-[fbd 2 aRil A R ¥



- ,
3 2 oM  Be 1y 1%y v
- -6 = 2 _ - - ¢
(3)7-3(3) [W+d (g =203 3§ 1)Ja+
o oM 1 £42, b 5. f 30 b 1, °f
[fsbwd2+2(a-)(5; 2= 30 g5 ?CE- - 2 )+ 3 gl)o
or |
(°)5-3(°>v2'46[ B0 NS S SO D)@+
) 3 g) 6 rp BT CET
e h . vh : B
: n M S b f \2, 2 s W N ;

'From equatlon (4. 7), E ratio is obtalned then substituted
_1n the equatlon (4 6) to give an equation with two unknowns

'~_Apé.§nd‘As;{Wh1¢h nan satlnfy steeltstress.llnltétlons-under
.'uorktngmoméntxM."i". o

uut;Houevér-tné'maiimum compressiye sttéss-ét tonvfiber of

'-..cunctétélmuétnnot'exceed.it'sfaliowanle'étréss"fcth whién

‘nis_linited‘by?the ACT code to 0.45f . |

n_?ct;>H§;H*%_E

n fct( d "'»C )}{fs,c‘_.

 Where UL S
= "fc£= éoncrete'stress at fiber

n_n

D1v1de both 81de by d-



'H'\<.T-+'-?1°_f_—£j o (s

.045nf"'

- c (4.9)
' »de +0. 45n_fc':.' _

" If the above computed et can “9t sat;sfy‘the above _

1" n o

. éondition, hence it is necessary to reduce f_ or increase.-

5

| qd" and revise the design.-
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4.3 Determinatiod‘Of Steel Area and Detailing of
R ~ Reinforcement

The solutiqn of Simulténeous equations (3.18)’or
(3.19) and (4.6) can‘give one set of positive values of
 A,g end A, Tt can satisfy both design criteria.

 The influnce'of=étee1'stress,_fs on the aréa'of presfressed

Apg:and ﬁOn‘PTeSfressed A, Teinforcement is illustrated in

{

figure (4;2)quf the céée_of'recfanguiar section.

;_A solid iine corre#ppnds t§ quétioﬁ (3.19>; thé ﬁlfimafe
’ fléxural Strength requirement, and fwo‘dofted 1ihé§ArepreSent 
eQuaﬁioﬁ'(4.6) forbtwq different vélueé of £ at}service,

1oéd. The figure 4.2'13 plotted based on the following datum.

My =44.3  ft-kip
,ML?=51}7‘fl - ft-kip
Mu'=ié4ﬁ:+1*7ML =149;91 : “ft-kip

fé §5,__\7» ksi

"fy_?§° | 5_   FSif
'fpﬁ=27o o ksi
‘fse5155"5‘ . ksi
n =7

- 441 =10 - in
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.10 — :
fs-15ksi

0.8 fs?ZSKsi o

0.6

0.4

o.2f

o L4y ]
S 0.2 0.4 0.6 0.8 2,0 1.2 1.4

. o A (1n )
Fig. 4,2 Influence of steel stress on area of
i reinforcement.

-As_expected the~Quahtity of non-prestressed steel decreases
- with decrease in the steel stress, f_ and the quantity of

- prestressed steel increases a¢cording1y._

Invthe formulas the:aistahee;"d":had_been takeh.es fhe
‘ dietence.5etween’extfeﬁe'cenerete cempression fiber fo the
eentreid-of tehsileeforce.‘le partially-pfeetressedvmembere'
'.:ﬁeceuseAthe nbn-p:estreSSed steel is usualiy.eloeer to the.
,suifaee;than-presteessed reinforcement;AIn_order'to obtain“?'
fhe centreid of}total'tensile'foree eﬁ'the samellocafion
‘U'nameif distance"d"from tep concrete compressioe fiber.
We:have the foilowing!conditien,vwhich can be 6bserved =

ffom figure (4.3);
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1. At Ultimate strength

(o]
[04]
U
H
1

B surapmn e
. Asfy u

Fig.4 3 Ultimate load condltlon. : : |
R fS+A fy,»A | ;    ’-‘ (4.10)

u vP P
:Tb havé Tu at the_distance "d" the following‘conditibn
should safisfy:»

vAs.fy(Qsie'dp)=Tu(d - d')

As fy(ds - dp)=(A fps+A f )(d -d )

Y WU SN VA
oy : ps “ps., s
(.dsv - db):}(d - dp)( T;—ffr—'i' I;—Ti )

S e R W
_d )=(d -a_) _ps__ps_
(ag - a)=(a -a, )G + 7 )

B ' AT .
- pPS ~pu :
(dg = dp)=(a -4 )2 + = = ) (4.11.4)
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| Or:j o ‘ . . ' o
',Aps o(dg- a ) ~(a, ps Tps + &g £)(dg - @)

ds--dp='(1 * A—s—_—%—)(_ds- d,)_..

”  d -4d —(d - d)(l + ——__f_l ) | , (4‘11f3)

At Serv1ce Load

7////////4//////////
- ggg |

‘~l:p=fse+fsf32:-3 o | (4.12)



Where . , v , _ o _
' _Aftp=thal calculated stress in prestressing tendon

 ’at-servi¢e 1oad.__
‘The  total tensile force in reinforcement:

v ‘d-c ' IR
Te=h, (f +fS EE—-HA_S_ £ - (4.14)

To haeve the same centroid for the total tensile for¢e
at distance 'd"from concreterextremevcompression'fiber

the f0110w1ng condltlon should satlsfy.

| S e o |
'As fs(ds" dp)=[ (fse fs d_ T )t fs](d - dp)
Or | |
: Cd_-cq
[ (f +fs —-‘-’-—-—d C)J (4.~ d p)=
| L a-c   ‘ :
, [Aps(ﬁse+£s HE:-E‘fAs fy}(ds- d)
R | AL £ o - )
(a = a )= af+ e — s - ) 45y
| | T s Teetis d-c -

Also it is possible_to'calculate Ag) non-prestressed
relnforcement steel area from equatlon (4 14 ) since T

~cou1d be found from rlght hand side of equation (4. 6)



4.4

_Complete Analysis . -

(4.16).;f._

After'distribution of the reinforcement,in'the

"section member will be analyzed‘more'completely by taking

' . on ’ ' : .
into consideration of dj , distance between centroid of

" area of normal reinforcing steel and top concrete compression

fiber and 4

P

{Edistance between centroid of_pfestressing

‘tendon and top concrete compression fiber. Alsb the effect

of tensile forces, prestressed and non-prestressed rein-

. forcing.steel is considered in the equilibrium equation of

forces and moments.

AN

,_

Section.

"Fig. 4.5 ‘Equilibrium of forces

‘ f , b—fct/gc_
| e
dg
b .
. 2
/ L a
/ ct %p~C
// - B ¢
o
/ '

i  PohpaThe
» ;_8_ = fct dB-c |
8 E c c
Strain External
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~ From figure (4.5)
fct/Ec fs/E
e dg-c

8

- n f R
fe= —3 (ds- 9)

| Force in prestressed tendon = n == (d - c)A

FdrCe.in non-prestressed-tendon::fs A

_Force inAconcrete'compréssion block=
. , _

ct 2
2c[bc(b-b)(c h)]

'quﬁilibrium of forces:v

: 2c; .c

Ct[ -(b - b )(c - h ) J-n ~E£[ pé(dp_ c)+As(ds-cﬂ =p,
| . S T (4.27)

Eqﬁilibrium of moments:

S 3 e-h.)3
¢ | . -~ , be?=(b-b_)(c-h,)

% 2 . 21, 2 \ f
R RICE Yo (SULS S )(C‘hf)2J+
= , _ . w’

. . _ | |
n ;EE A (dg- c)(d -d ) o , -_(4.18)

E The equatlon (5 8) is solved for 'r ﬁ“ and then substituted .

“1n the equation (5 9). The resulted equation is rearranged



- 40 -

. to obtain the following equation:

v7c~2f=‘ M ; e My, ~’ f M “ ' hf _
“v(3§>f?(‘5;'3;'Tl)fgg)*e{kﬁg g Mg )

o K__+A A, d - v h

o HpgThg M ‘s s ] c y_ b f 42
n (g )3 | (B - ,
; ?W,QP 'peudp : -bwdp_ ap Jha By -E; ),(

' .'u__mé_ ;1; 2:225;2n(‘5f23_,+ A sy _M _* .

- Pe Tp 3. o %w Tp by p 8" Pe dp 7

S AL Al Al o .

B S S A

,Frqm.figure'4;5

R a . S L -
. . s : : :
fg=nfglg -2 - .20y

sFrom'figufé_4.4J f1'
| | d -c

-Cc .

, f"':: f + f
= tge” '8 T

P
o éubstifute forﬁfs" from eQuétion (4.20)\..

ey L (4.21)
f = fse+9fct( c 1) o .

‘soive'equafioﬁ_(4.17) for "fct"
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"‘Zpe 5

£ = — A — - (4.22)
ct 2 : 2 ! .
be -(b-bw)(c-hf) '?n[Aps(dp'c)+As(ds'c)] _ ,
‘The StreSsés in the,pfestfessed éteel, non-prestressed
- reinfércing steel and coﬁcreté cqmpfession'fiber are deti#ed
above. The stress should be checked in both steel and

,conCrete'asSuming’a cracked section under full service load.
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4.5 Crack'Control

Although the steel stress f is the.most 1mportanf
varlable in predictlng crack w1dths in flexural memﬁers,
the thiskness'of goncrete cover thé;area ofsconcpete iﬁ tﬁe
-vzoﬁe of‘maximﬁm tension sﬁ?rbuﬁ&iﬁg eacﬁ iﬁ&iﬁidusl rein--

. forsing baf or‘stfandussd'the,effect Qf loading condifisﬁ
a#evalss Signifiéasf varibiés; It woud be préfefable to

follow thevsamé créck contfdl method crack width computatlon

. as the ACI code,but the ACT formula is not dlrectly appllcable

vto partlall& prestressed sectlons. It could be assumed in ’
__evaluatiﬁg‘the afea of teﬁsile coanefe zone per bar that

.f;feinfsrcing bsrs and pféstressed strsnds hafe.thé same effccf
‘as lbng:as the pfsstressed strands sre bondsd directly.

The effective tension area per bar, "A" can be written as:

" A=( Area 1argest bar or strand)x

‘tension area of concrete .having the same centroid of reinforcenm

total area of réinforcement directly bonded

A= i{x(Afeasof largest bar or strand)

~

Where /f.is;
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R

; /9 total ares of reinforcement directlszonded
' tens1on area of concrete having the same centroid of reinforce

'mf the crack width predlction formula proposed by Gergly and

' and Lutz can be written as:

W= O 076x1o- lgf //~3(Area ofvlargest bar or strand) 1 (4 23
i-woere - | | |

:. ‘W, .is tce_limitiogbcrack width;im inches.

.Alternatively area Of_largestdbar orlstrand should’satisfy
'the;following eouation: |

Qi

| | .
. Area of largest ‘bar or strand <:(l§Z§%£2_ﬂ) éﬂ

-*/é, Is ratio of distances to neutral axis from the extreme

ten81on fiber and from the centroid of reinforcement.

f?- dtotal -c
-4 -4'- c

d ’ Is thickness of. concrete cover measured from extreme
c .

- ten31on fiber to the bar located closest thereto.

'1_'dl, Is distance from extreme ten311e face of member to the
| centr01d of total reinforcement in the tensile zone.,
The equation (4. 24) Will prov1de a distribution of rein--

: forcement that w1ll reasonably control crackig.

i

(4.24)?



 .CHAPTER 'V
Design Procedure‘And'Examples

5,1 Design Pr@cedufe
7(;f00mpu#é'Umczthe ultimateAhgment cépacity of the
"v‘éectionvbj_ﬁéing gquafiohl(3.11),énd'SubstitU£e '
| ;infoféQuatibﬁ (5}11) to‘éheék weéthéf fhclsgction"».
. behéveé aé réctangu1ar or leeah; | |
Z-Co@pufe one SEt éf vaiugs_of Aps and As@soiving :
simultaneous. equations (3.18) or.(3.19) and caleulate
Tﬁ,and TS. }
3;ﬁetermihe:the iﬁtegéi ﬂuﬁbérbof presfreSSing'sfrands 
' Qirés whi§h ¢an give tﬁe néérestfétéei arealAPs to
"‘ thé.vaiueléoﬁpﬁted in'step 1. |
'4-CaiCu1éfe thé noﬁ-prestfesséd'steel area A frdﬁ
: equatlon (3 18) oT (3 19) and equatlon (4. 16), for

given Ap.; To. equatlon (4 16)the ratlo (d -c)/(d _C),

~is not yet knowh, however this value may be~taken'as
0.90 to 0.98 .
| - 44 -




L tThe»lafggéftamduﬁt»éf,tW6 cdmﬁuted‘4é7§élﬁeé givesv:

 the.reéﬁired éﬁéei‘éreé. Détefmiﬁe'thé iAtegéf'ﬁumbéf'
Qf réiﬁféféingvﬁafs'b§hsidgring thévféCtvthét SQferal =
sméll.diamet§r bérs at moderafe'sbécing ére'more effecfivé
in_contfollihg craCkihg_fhanjémali ﬁumbe% 1argevbars

“of equivelent area.

j 5-an-prestressed’bars»shOuld‘be diStributéd in the . _
N tensiie Zoﬁévoffcbncfete.kln doing so qémputé the
distance d_ from the extreme co@preséion fiber to the

:centroid of-As.Aj

6 Calculate the dlstance from the centroid of Ag to ‘the

7 centrozd of Aps ,us1ng equatlon (4 11, B) and (4. 5) and
‘the.lésser of two values glves a solutlon.-
prestressed strandé‘of wires_are arranqu inrthcﬁtensile
 zoﬁé'df céncreﬁgkin éuch a way fhat tﬁe distancé from
'thé'eitreme'compréssipn fiﬁer to its[cenfroid must be
éqUai tb: - |

8 -(a,- dg)

After distributing the reinforcement‘iﬁ the section,

the membgr should be analyzed more completely and its



edeQuacy cheeked fer the ser%ice load criterie. The
vfeiloWingbsteps‘can bevused:

”,;-Cheek the strese in tﬁe'Steel aﬁd the concrefe assﬁming
o a cfecked_eection under’fuil servicevload; The eeutrei'
e‘axie‘debth; e ean be obtaiﬁed for mofe eoﬁplete analy81s

' using equation (4 19)

2;If‘a cheek fo? faﬁieﬁelie neeessary,vcalculate the
istress ehenées in:ihe steelkendlinifhe‘cencrete fdr-;

B eombinatiOn of‘rﬁbetitive liVe 103& moment ane dead
’:ibad_meaent-andcompérétﬁeseivaiues“with the admissi-

ble fatique stressirénge for.eabh‘ﬁaterial,[

3 Check the adequacy of relnfor01ng detailes correspondingﬁ
to limiting crack w1dth. For relatively deep beams the
' reinforcement should also bevplaced near the vertical

" faces in the tension zone.
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,5.2  Dgsigﬁ,EXgmple

| ;CQnsid§r a prestreéséd:conéretng bqam_Wifh diﬁen?;qns

5‘  givén‘in figure 5é2 ;vand_deSién tqlcarry :
o : ,M .

Dead load moment = Mp =2355  ft-kips

My,

‘Live load moment =966 .  ft-kips

R Limifiné‘éréck'width:w;o;OGih,(uﬁder full: service load)

"GiVeh_materiaI properties

=5 ksi

E Compressivefstréhgth of concrete = fé

Yield strength of nbn—prestfessed reinforcémenf}: fy =60 ksi

© Ultimate strength of prestressed reinforcement = £, =270 ksi
Bffective stress in'préstressgd reinforcément

after all losses =155  ksi

. . § SR R v 6 i . , o
-Ultimate moment = M, -~ r , S Of ‘ 4
:Mué;.4(2353)+1-7(966) - 775"

M, =4936.4 ft-kips

:Fig.»S.l Cross section of the ‘ ’ \

L

) . . »
beam in design example, <~—20— 475




1;Ulfimafe Stréngth_Requireménts Co

S M
) = .__.__Il_g
Jme b d

 4936,4%12 |
= , = 0.05071
e 5x60x62.4° |

"Cheék tb,Sge ifltﬁeASectidn Beﬁajeé as T—beam,‘ffém_eq;(B.ll)‘4
»f,ﬁ5;;>d%765 §i(;}o.5 ;5)

o, 765 (1-0 5 T 75)-0 08911_
'gThe_equatibp (3.11) is ngy saﬁiéfigd 50 the:beaﬁ.behaves
és féqtaﬁgu1ar:beéﬁ,,Then use equation (3.%9)'#o obtain a

relationship betWeén Ag end A?S,

°-.85f;e.b a [ /14.2-614%0 5

A (270)[1"0.425(1— /1"2.614(0.0507)] + Aé(GO):—:

7f'6.85(55(66)(62.4)[,i-i /Q-é;él4(o.oso7)]-

ﬂf262‘1Aps +60Asv=1092.‘" kips : ";(5’1)
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é; Sé?viceability Requiremenfs:

: leltlng crack w1dth W_O 06 in. then from table (4.1)
' 1t 1s found that calculated stress in non-prestressed
' reinfcrcement.at ssrvice Toad ’.fs=20 ksi. .
'cMOdulaf.rstio =0 = =5 = 7
; Us1ng equat10n(4.7)

- - S Ty e
e >3-3( )2—6[ EESEE?’+‘ B ) gD 0.5 gD @ +
S T Ts W o ‘ R .

M g_m +fm = 3319 . ft-kips

e 3 2_ [ 1x3329x12 60 (TuT5y s 1 T.T5 P
.-( 3 3( ) [ 20x7x62 4 ‘( 7 12(3571)(;_A?'F?T?)](Hof;

: 7x3319x12 +( 60 -l ) ( ) ( 1 f):] =0
| [20x7x62 4% a- AR

()3 - 3($)2 -8.3604($)+3.3899=0

_%:=o.3637 _ .
o - n f_,
. o et
" To check - """—""—c"‘“

" c | -E\S:fs,f n fct -
vs;_'?he.AcI‘codszlimites Loy = 0.45 £,

fo =0-45(5)=2.25  ksi
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R The'value-of I =o.3637 is-O;K;.

‘ Use the equatlon (4 6)

. : h
' ’ o fg ( ) '(1- ——)(a 3—)
(f +f )+A “# P _2-[ — % — ]

(155+20)+A (:ao)-,zO 60?52'4[ 1-0.3637

"ﬁ‘ljsApsv+ 20As=686 _.?ips- | v ,(5°2)
ASolve é@uation (5.i)ﬂand»(5;2) simulténoﬁslyﬂff

| 262.1A__ +60A

ps =-1o92.
" iT5A g+ 204, = 686
R Aisé 3,675  sq. in.
| As = 2.146 ,-.f sq. in.

 Tuvand:Té (tensilé fofce at ultimate and at service load

” ‘respect1vely) could be calculated from rlght 31de of eq.

‘(3 11) and eq. (4 6) whlch has been calculated as:

Tﬁ=Q‘85fé_b d[.1~ /{1’2f614Uch'?;°92, - kips

(0. 3657)2-(2~ 1)(0.3637- %512)2]



R 2 2 ; ,

T _ 2 n[ ('a') f(l— '5—)(3' a'-) J » s=686 kips

,i For préstreséing pgov1de 24 stfand 1n two groufs of 12

strands éf 0.5 1n; dlameter each:f_,f

| A,4=24%0.153=3. 672 in. B

ﬁof.ﬁqn;preStreésedvreinfbfciﬁgﬁ

Fbﬁf No; 6 baré and twé No. S'bafs' 
-4xo 44 + 2xo 31 ;2 380 .in?‘ 

Distrlbutlon.of non—prestressed reinforceﬁent.

Lgxo 44x65 25+2xo 31x63)
s B 38 Lo

3g=64.66 inf- S
' 24 1.25
T

To compute a, use equation,(4.11)*and_(4.15) and toke lesser

P o - ERE .

_ Ag f ‘ S
o d_ -~ d -(1 K-—-fﬁ— (ds-d)= B (4.1;.3)\

- d - 4= [ g ] (d - d)  (4.15)

S - P8 f +f p . v . u
R d.- c_‘ R
. The ratio of . —3 is varying-usually between-o.9 and
L s T T e e  ;_’_
 0.98 , take 8s 0.95 . ds-d?52,428_1n.; (4.125)

d4-8,=2,586  in. T _(4.1;.3)
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' _Td'¢h§ck.the7g§signj 
".p Aps fv | |
Pe=3. 672(155) =569.16 : kips__
 ;Cthﬁte the stresses invthgvgonéretevand steel under full
':: éétvicﬁ lbéd aésﬁ;ihé éfackedvséction'ﬁsing'eqﬁation’(4;19).«j
| . o ; _ A ’._ n o
(a-)3+3< Peds -1><3->2+6[}5- )( oE )( -—3- -+ a—>+ -

| A + A

| y |
st Ce Mg e (B 1{]( B SESTg= LIS
- bwdp ‘?edp : bw | p L
L o h _ A a4 L
Y M _ - .:+2 42’)+2n( 28,+ .8 B ) ML
”pe P S 3d AR wdp Ewap E; ,peap‘
2n S S ( S 91)]=0 o
: szap 35,.<35-;' T
S 3. 33a0m2 e 2. [; 6o v
i (dp) +3< 569.16%62.232 '1)(dp) *6[( T )1)( 65“53? )__ |
e g3lgx12 | 3 ‘1. 75 )47 35672+2. 562 33:19:%
. <16X “Tx62.232  569.16%62.232
7 2.382 ¢ 64,66 »1] ) _3[:( 6o, ( 7.75 )2
Tx62.252 62,232 e 62,4
smome ¢ 20 1215 yooyy (3 672, _2.382  64.66

~ 569.16x62.232 1f, 3 62.4 Tx62.232  Tx62.232 62.232"

‘(' 3319x12 )+2x7' 2.382 < 64.66 _1i]=o
o 569 16X62 232 - 7X62.232 62,232
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(8% 0.3726(3-)%42. 7293 (§-)-0. 747970
Bhe EEE e T

: g—- =0.3T742
Ty T
c=23%.29 in.
' '} o : 2p c
f ct™ 5
be -(b-b )(c h ) eznﬁé (d c)+A (d ﬂ

S e ' ‘ gx569 16x23 29
. Ctv 6o(23 29) -(6o—7)(23 29-7. 75)2-2x7[3 672(62. 252-23. 29)+

L =1. 62 ksi"
2.380(64. 66-23 .29)]
’ f_s=nfct( F‘ "'1')
fsg7(i.62)( £4.66 -1) =20.14 Esi
cB 23 29 v BT '

- fb?fséfpfct("c )H

fb=155+7(1.62)( églgzg-—1)=173.96  ksi

Td check the adequacy of reinforcement details:uSing;equation'
.(4;24) the steel area of grduted'tendons'is excluded from
1_.¢dmputation‘offfhé ?afio of total areaICf reinfdrcement to

tensidn.area of concrete;

Ag (dtotal ~-d )+A 6(84ota17dp)
— X +A

-,d"=
d oo
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a4 ;2;38(67.b-64.66)+3.672(67-62.25)m 
DA 2.38+3.672 -
' =3.80 in.
_}iﬁé[ﬁdmpﬁtéfibn of:fhéfﬁéﬁsfbﬁ gréévof coﬁcrete'having it's
r ¢¢ﬁtroid'at 3;80 i;gia5§§ethé bottom fiber is‘toq complicafedi
becaﬁsé bf the.noﬂ symmefery éf the'shape aﬁouf the axis
péssing‘thfougﬁ fhg ééﬂtfqid.*so the tension érea-of ¢oncrete .
' _ is*ééSﬁmed_éS§:: f;f7u |
}(26#3.80)#2#i52 sq;in,'
The{raﬁio Qf éréa 6f directly bonded non-pfesfreésed réip- o
foﬁéeﬁénf‘to.the téﬁsioﬁ_areé Of:coﬁérete.
'./9,=43L2§ ;.6.6157?-
- . ab2 a _

v,f/én; dfotal’uc;‘

- d-d'- c

QB 61=23.29 95
“L 67-3.80-23.29

- Fictitioué sfeel streés at the centroid of area of total
tension reinforcement;

v_i.ds‘ _

C£.=7(2.62)( él:igﬁ - 1)=19.43  ksi

o
<
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Rigth 81de of equatlon (4 24) for a- 1imit1ng crack width

‘ of o. oo6 inches.,'

( 13. 2x103w) fa*,,
Pty 9

>'>13.2x1o3xo;006 3.0.0157

=0.462 sq. in.

1

B Which 1s greater than the 1argest area of relnforc1ng bar.‘
-.that is 0.44 8q. in.

So adequacy of»reinforcing detaii is varified.
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Solutlon By The Equation 18, 3 of The ACI Code'
Ultimate strength requlrements
: ' L _ S
| | o.85f b a-Aps fps + %sfy B
f_From ACI equation 18,3 |

- - f |
[RRE AU SN €Y -o.5  ?EE,)

,-’fpsf (:Los g%’—-) S
-270(1-0 5 S ‘270
7x62 4 5

.P —270-16 69A

%::1;./ 1-2.624U
U_ =0.0507 -
'--% =o.0686}l ‘, -é=43283:ih5
v, sﬁb§titufe the above vaiﬁes in the uitimaté stréngth;
| féQuireméﬁt éqﬁatioﬁ.
. o

Aps7+15°27Apsf57°83?°., |

APS;B.ZQ - . :sq; in.



 CHAPTER VI
' Discussion and Conclusions

Thé_désign ?focedure described here is based on‘stee1 
‘stresé limitafioﬁsvaf Sérvice,ioad'by}whicﬁ fhé.servicéébility
'_;df‘meﬁﬁeijma&,ﬁeyéssﬁred!énd.uitiﬁate.éfrength.reQuiremeﬁté._
 The §f6cedure‘céﬁ 1eé§ t§ thé diréct‘cbﬁpﬁfation’ofthelhvu
necéésar&véuéﬁfities ofbpresfféssed aﬁd ﬁdﬁépreétressed‘

'_ reinfpfcéments that can fullfiil simultaﬁeously'the above

’  two>requirements. .

i

Applylng equatlonsk(Z 21) and (2. 23) for steel stress
_w111 result in a more exact and reallstlc approxlmatlon B
' than eqUatlon (18 3) of ACI code, wh1ch takes into consider-
atlon only propert;es of concrete énﬁ prest;e351ng steel.»
Applying equatiéns (4.6)'and(4;7) for a given}limiting
cfack'Width; thé,vaiue of fs‘can_not.pe stréightforward1y 
éhosen'in‘computatidns,‘Thus,ih deSign the"table_(4f1) is
.'sugééstéd'ﬁn#il ﬁbré reliab1¢ éﬁd siﬁfié.méfhbds.féf crack |

width pfedibtion are developed..
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| To compare fhe result obtalnéd in thls study with the
a_result based on equation (18 3) of the ACI code, area
_of.prestressed téndon'is found{ As expected the area_.'
isvsmallef thgn whaf:havéibeen.foﬁnd ipvdesign examplef
TﬁéAﬁéin’féason is as 6£sef§ed'ih 6hérfer é-the ACT
'_férmula is}on‘unséfé 81de.‘It predicfes.a higher value
P ,

'“'Ior ratio of'?B—v- In figure (6 1) the ratio of 8 48"

al

g
=

ploted vs. prestresséd reinforcement ratio.. It is shown™ .

in figure'(6.1),that equation 18.3 of the ACI code

hif ' o .
'predicts the ratlo of TB—’ three to five percent higher
: pu .

. than both equatlon (2 21) and (2 23),
 Similar result is obtalned in exact non-linear analysis

: in_referencelz;_'



(2pg/tp,) At W timate!

Ov.>90

0.80

0.7

. Fig. 5.2 'Comparison of results.
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pu

Eq. 2.21

.BEq. 2.23

/9=o.0054'

0,95

N

1

A

0.1 -

Prestressed reinforcement ratio ,/O, /7
S L o . , p 70

0.2

0.3

0.‘4

0.5

0.6

0.7
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