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1.1. An AASHTO prestressed simply supported I beam has a span of 34 ft (10.4 m) and is 36 in. (91.4
cm) deep. Its cross section is showniin Fignre 14,18 It is subjected to a live-load intensity W, = 3600
plf (52.6 kN/m). Determine the required $-in.-diameter, stress-relieved, seven-wire strands to resist
the applied gravity load and the self-weight of the beam, assuming that the tendon eccentricity at
midspan is e, = 13.12 in. (333 mm), Maximum permissible stresses are as follows: -

f% = 6000 psi (41.4 MPa)
f. = 0.45f,
= 2700 psi (26.7 MPa)
£, = 12V/f. = 930 psi (6.4 MPa)
Jou = 270,000 psi (1862 MPa)
fo = 189,000 psi (1303 MPa) - _
foe = 145,000 psi (1000 MPa) , ¥ r-0" |
The section properties, given these stresses, are
A, =369 in.2 13

I, = 50,979 in*

3-0"| [1-3* —{6"

I
2=_¢_= ‘i 2
r A 138 in.

¢ = 15.83 in. A 3%
S, =3220in} B A L
§'=2527in? - g
Wp = 384 plf -
W, = 3600 pif

Solve the problem by each of the following
methods:

(a) Basic concept

(b) C-line
{c) Load balancing

éOLOTION —
1.S0L0TToN OsTNG THE P-L Memopi=
STRESS DAt | SeEaTON TROPERTES:
Span =34 & e = 269 InT
We= >¢00 pJLP o I;_\ = 50,974 ant
+=/ = 6poo =E0 XY= Bas 12
’&= o.as t’= 200 P:‘:f—- Cb = {S.83 In
T = 12/F7 = 9=30ps) Ct= 20.4% In.
4:|>u = 230,000 Fs? » €. =13.42 v
'ﬁ>i = 189,000 psl = O =527 ‘m‘%s
Fﬁe,r— A4S 000D Psl | Sk = 3,220 M
Al = 384 P’P

1
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o) Basrc ConcEPT:= o
Assume. that | :bo f{- dieL  seven wivre.
sirand. fendons are. used. 4o Pvegwebs
By IniHel GndiHons at E__’rf’esswﬁ.
/—’\?_s = 10C0.453) = L.53 in%
= Ap=Fpi= 152 (189,000) = 284 170,
f’er 1.53(1L4S000) = 224, esolb

The mlcb?an, se\-@-—we_\:)kt dead-load
mome,[\,t , '

Mp = "ﬂP_'_ﬁ’:_ _ B84 (34" 1i2= 665,856 inb.

f
ol - (__L e Ct ;T‘\D_ 9-911—'9'0 _1.3120
S¢ 369
| | | - €Ees, egs
2s2%

. ‘O.I_Ct — 45_6 Fﬁ.’ ceo
o = *Z(L% €lp )y Mo =—£__z__—5917°(1+i3'12(25783j

{Z Sn ¢ 269 138
= _ 665,856
q 2220
%.—.——-ﬁ%r&:‘é = < Cr.'\— -2880 Psl
alkwed. .

| (\)f—I'\\A’L Cond '}’\OY\.’: ak 5&1"\{‘\(6_ Load:—
The m\dSPdV\/ movnent o\ue, o ‘\VL (oao\ I'se,

= LQ?I = 3600(34-) 1_2 g 242 400 n- U,
-]

M= €65, 856+ 4,242, 400 = ¢ 408,256 'm-n.)

—f’ﬁ/ré 1o @.Ce\_TIr__ zzw% iat?_-(zoL?)
A ( xR 5° | 136

_ Jqoe Y
~ 2S2%
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B;ta‘ -2183 psi c)| £ ﬁ:zwqfsi

e el Mro -‘
‘E;.—_ = [4+ .ﬁ'g_. =~

P Y =9 o
__ 224850/, 131215830 g 908,256
3¢9 128 | 3220

= 63‘1(>9'l CT)Y —~ ﬁ: q5¢:.-’>$]' V.', Ok.

Ky €-LzNE METHOD 3
fe=224zs0 \u

= 408,258 )n-“:.
q: MT'

= 311 e

c ,
=a —e=311{—- 1343 = (g.02M

FLTe (L + € Ce) - 22850 <L+ £Bo1 %2047
269 138

= —2,L63 F9’ Cc)H

E) = — \7& v(i B e/. (_b >:-—221___)8§0 .L ____{,6002_,5(20..(;:}’)
269 13, /

| <D Leno %A—LAN;GU\\C-:— MLJHOD—’-
P=Fe = 224,850 |b.
G= iz42 M =e= iquC

| Mb" ﬁ'.P.a\ qg;«zzi SO xi.09 | o
. = = 1678B.
S L C_34,3ez_ ’ Swe
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Wy = 384+ 2¢c00=398aPIF |
Wb = 3984 - 4C78.59 = 2,205 41 Pl

My = Wus L7 2305, 44034, 249H,S8L

“% | =4 : ~on-
Y7 My 221850  3IESBL _ _, 143 ps
A <t 269 2s2+  ce>
-Pb _ 7 S 224,80 5 497,580 _ c=zqps’

= ¥ 2 30
' _<Qtz-:¢]30 Fﬁi _?_____E
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2) 5. 1 HystEM i=
o) BPasic CoY)c.&Pt -
Aecume. Hak ten 127 mm dia seven
wWive shvand. tendons ave used. to presives.
b Inhal GondiHoms 4f Frestressing:-

Ap.=410099> = 490 mm>
Pr = A?;,-FP = 9440(L30 5)-— ;Lv\o N

fe = 990 400°) =990 ¥
The m\cﬁﬁpavp sej-(luo@jkk AeaA losd T"ome»«iﬁ
My = Wb 2% _egocwér) _ 297 NN

< <

_Pf:: ,.,f_l‘__ (i__C.Ct ,ﬂb

A Y* ) st o

4290 . z33(si2) \_FSFIRO_ 54

226L < ¢ <91 B e &
'Cb = /P ( 4 e C): >+ﬁb _._1_2‘{0/ _33, 3CS"'§

Ae Yz Sy 2561& 891

LIS F XS
S27€¢6

= —12.4 MR < - 419YF - ok,

T:ma\ C@r\cl\‘s'!om at- 5@(‘\/\(& Load-: =

The_ m»o\s‘sdv\g me«me,v\b due_j‘a \ive_ (aaAls

= S2.6
M é“’ L L0 enem.
My = FEF 4744 = FHFERN-M.

t_ _ e 4 EN _ My
£= ALCI e%’ st
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= -—_:‘_i‘_(?_ 5—«"33.365-1"2)" 787 )([02
=

— S L PR o =18 2.0k

. —qd0 ,, 32340 »)) F8F 0>
23 61.( 9L S 2766

= 4sMR (T <R =64 MPa CT) 8k

il

by C- LInE METHOD:=
fe = 940&N
M—r: 6 F ks -
o= 87 _ o795Vl
490
e'=a-e =4 49 - 33,3=4¢6.19Cm .

-DtS _ 140 kN ( L 19xs1, 2) ~ L5 MR

2381 cmZ ‘L

o — a0 ()4 dqra0.2 ) L orRLCT)
2381 CME ZaL

e LoAas BAANCING FIETHOD Y=
F'= e = 990 &M
Q=33.2 v, =& 33.3 :
Wy = ZF 4 BCA400 * Sp = 24,36 KN/
/LL C LO’A‘-'J?—

Mok = 52,6+ =4 —24.36=53 82, kN[ .

Myl = - WHub. xL rIE _ 33, 67'“‘"“"3,49?2_5
<'6 { M_w\
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.
€ P’ Mus_ _a90 _4SHLS IO ~ 14RO

T AL St 26l aisdo

/ ~2
-pb = -’_Z + b ‘-'-_:jj.g—‘- +4_S‘+,?_$‘$10 = 4—.8”?&.

Ae  Bn 22641 S2366 &P
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1.3 A simply supported pretensioned pretopped double T-beam for a floor has a span of 70 ft (21.3 m)
and the geometrical dimensions shown in Figure P1.3. It is subjected to a gravity live-load intensity
W, =480 plf (7 kN/m), and the prestressing tendon has an eccentricity at midspan of e, =19.96 in.
(494 mm). Compute the concrete extreme fiber stresses in this beam at transfer and at service load,
and verify whether they are within the permissible limits. Assume that all permissible stresses and
materials used are the same as in example 1.1. The section properties are:

Section Properties < 14'-11 é/n;" - >
gnto{ped 1185 o » 4" 3. 87/g* ., 7'_6' < 3'_87/8;-
c - .

I, = 109621 in? 1! i —
C, = 2565in. T ' -
C, = 8.35in. 210"
Sb = 4274 il’l.3 2‘-6“
$ = 13,128in3 l

= 1234plf
Wo 82 psf
V/S = 2.45 in.

Figure P1.3.

Design che prestressing steel needed using }-in.dia stress-rel?eved seven-wire strands. Use the
three methods of analysis discussed in this chaptenn your solthon.

SoLOTTON: =
L=2o FE A-;,:LLGS‘]V\?"
W, - 480 th)Pe Ij =109,621 n?

LY

e = 149.96 M q}:zs.es*ivx.

R'—cooo ,vsf C;‘_if.ss?vu
£ = 9s7o0psi Y= 4= 92.5 T
Q:_-.— .Ls.\]TZ:- 930 st §b= 427 TY\3> 3
fpu= 270,000 psi. 2= 4z (24 In
= 189,000 P3). Np= 1934 /iy
=145,00D pPs=i. Njs = 245w
14 - 113,"
I ] Fmeﬁropyeat
Q\h
™
8
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Aesune 46 - %{j" Mo seven wive +endons
ave_ used.

Tnifal Corditions @ Hestressing:
Ape= LE X0 1S53=2.45 N
F\' — A_PﬁﬁzP, = 2.49)«161Jooo =+63_,OS5’b .
. =Aps.fpe = 2.4S %44, v0 0 = 355,250 |b,

P’\As w =el~wt. pL. rmomenk

- ufs"" -L13+<C;F°) x(2= 19,064, 900 inch

.(DJC_ 7 ,_€. Ce MD _ _463080/ 1946x83s

e = )Tge T s 9Es
_ 9,064,900
13128

= 2143.34 - £90.88 = —3FHRS 7# psi €CD

T - 463 o0 19.946x25.65) g 069,400
b= Lt VAR
Ues g2.s AL

\

Assuming L= “B0o Ps)
ey = og-(:‘r_.-— 2860 PS) -
Hhen — 4314 <—32FF.SF< = <8pops
SFo O K

FNnAL CondiHon @ Sex\v e \_OQCL:=-

ML__,_ ‘ A—boc%)z* 13 = 3/97,6_,@0 'ih-\‘o.
%
Mt = 3,528000+906440°= 12 59%; 900 nd
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Ft—_—, - [7& I3 __C.CE_ _ M‘E__: _BSS‘JZSO(__L_L('.‘\GX%.ZS‘
P — —

Y® st 1185 q2.5
—~12,%9%,4900
13129

= 240.% —'qs‘ﬂ & =-Ha4. Z.P-s;cc)z_{-}_

2S.6S :Lz sq9+,Hoo
f = _335,230[L+$—‘5 96 % ,

116 q2.5 R A
= —1459 +2966 = JoooFPSi-CT2 >43e— 930ps)
‘- > N.G'A

T-m incyeasing o 20 -‘1’” d\a SHS +erdons.
Ppe= 04530200 = 3,06 in>
Fi = 3.06 xl89,000 = 578,340 |b.
Fe = 3.06 * 44S,000= 4'4'35‘00 |b.
Tnital CondiHon= _@_?vesl?eb L -
.F‘&=_§’?'6_,§ (L 44 qgce.as _a064900 _ saqps

£3,126 418

s O 'Zi‘.f"’s’ +O_gerers
Fina) COQd\'"H_O_“Qﬁ (& Sexvice j;oﬂé_-._ =

PLrazee (961 539) AT, _oqpicy

,(: = ,Mze+o{i+u.g§?;.“ )_Lzs::;400=446 Psicd

| <R=gseps

ok,

-
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14 A T-shaped simply supported beam has the cross section shown in Figure P1.4. It has a span of 361t
(11 m), is loaded with a gravity live-load unit intensity W, = 2,500 plf (36.5 kN/), and is prestressed
with twelve }-in.-dia (twelve 12.7-mm-dia) seven-wire stress-relieved strands. Compute the con-
crete fiber stresses at service load by each of the following methods:

(a) Basic concept

(b) C-line

(¢) Load balancing

Assume that the tendon eccentricity at midspan is e, = 9.6 in. (244 mm). Then given that

ft = 5,000 psi (34.5 MPa)
£, = 12V/f: = 849 psi (5.9 MPa)
fre = 165.000 psi (1,138 MPa)

the section properties are as follows:

A, = 504 in? Wp = 525 pif
I, = 37,059 in* e, =9.6in.
?=1I/A.=735in?

Ay = twelve l-in.-dié\, seven-wire stress-relieved strands
¢, = 1243 in. 2

S, = 2,981 in? o
s = 2,109 in.? e

]
24LT30 »—’—P 2

b—2-0r—]

Figure P1.4.

-
N
]
e

AOLOTION =

) Basrzc CoNceEPT MerHobD:=
Aps = 19X 0.453 = 1.836 in>
[e = A’P-s.ﬁ;e, = 1.83€ x165,000 r-soz.)t]qoﬂy
M, = 525 (}86_;)"“,_ = 4,020,600 Tn-lb.

ML= 2 SOOo Csé )2;‘1_2'= 4’_{860_,000 Tn"lk.
o

Mre Ms M= S5 880,600 n-Ib.
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CoNcRETE FIBER STRESSES AT SERVICE LloAd
_ Fe_ _e. Ct
A< (i ) é

= - 302,940 L_q,e*i?‘.s—}— _S880,600

= - 2,010 poi Ccomp.) < _Q_so.él—sxsz:e:o

. O
- e_(L+ )“‘

= - 222,940 q4,6%L2.43\ , 58896090
("' 73,5 2961
So« . ’

= 3464 P‘si CT)< P(:.—_eqfq pPsi . Qk.

by ¢- LINE METHOD:—

e-a-e  uwhere a=' /fe
S 890,600
02,940
. e'=14.41-9.6= 9.81" = 14,44’

CONCRETE. ETBEER snzassab AT SERMIZE. (DAD!

- _ 7 . 329440 q,ej_yq_f,ts
e e ereie ) ot

_ __201(.0 psl cc) = -29sD pol sok

_F — ]76_ C.L 8 C—b 202, ‘]4—0 1 eixif:ﬁ%
YV So4 +3.5

= 296 psl CTY Z L =paqps).

12

© 2010PearsoriEducation)nc., UpperSaddleRiver,NJ. All rightsreservedThis materialis protectedunderall copyrightlaws
astheycurrentlyexist.No portionof this materialmay be reproducedin anyform or by anymeanswithout permissionin
writing from the publisher.




C. LoAD BalsaNcTNe MeHaD . —
P=Te = 262,940 lbs .
a’: e:/q,é”:-/o,& -PC

. B8pP.a’ a40 %0,
—E')a\C\Y\CJm load. Nb = jz(i a _s* Eoz%,é)zf [
= 1446 pIF.

Onbalanced load = We + H - He
=525 1+2S0m —14q6= 1529 (7{(‘\

2
et Un\cq\cmc ed_ momev\'tj Mup= 1529 C_?_%é) L2

= 2,972 576 in-b.

CONCRETE _FIBER STRESSES AT SERVIKE LOAD!
£t = P~ _Mub o —302,940 472,276
Sfre st SOga - T g {09

= —2,0l0 Pl Ccompd = 2. ok

/
-Fb:: -—XE__ -+ :‘-\b __:_,302.;(‘40 +2_,q¢2)57—-€
b = ST4 2,96 ¢

= 2 PS T < fL=paq P,

7. Ok
CoONCLOSTON"
ALL 3 MOETHODS GAVE. THE SMIE RESOUS.

12_/) .
' > _ fE-s010ps)

-

4

6 V4 B
o ]

- = é ¢GC .
L5 =396 ps

*57

S,
Vi
22

“ B

—— 2,—'0 —_—

-
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1.5 Solve problem 1.4 if f, = 7,000 psi (48.3 MPa) and f,, = 160,000 psi (1,103 MPa).

OOLOUTTION & =

O BrFe ConcePT METHED: =

Pe = 1.836 x L6o,000 = 292,70 lbs.
'P‘:: -—_@C.‘L—ect s
Ar

Y ot
=_213 60/ 4.4 xfﬁﬂ) _ 5,326,600
<o 4 C F3.5 T 210q
=~ 2,034 psl £ £ =2150 psi.
J. Ok
f, = — 243,360 |44 X243 S,pp0o,€00
Soa

—==.5 /)" 2,931
“a4-3.¢ psi L f= toogpsl -~ ok.
b

b)) C—LINE MNETHOD.=

a="r o S,880600 _ 90,02 Tno
e 293> F€o

p——t
—

t. —T /et
£ = -——E(L—;— e_____i, )

2‘!3 %o @-r“"’ 2% IFSTF) = - 203 4PS)
73.5 ’
| < {z=3isop
L= = 26\;,% o@_ Lo.f-;:zBXi?_A'B =444 BO)
¥ ad < Lloocfs).
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cd LoAd BAMANCING MeETHODI=—
My = S;880,600 —293,760 x94.6
= 3, 060,04 Inb.
.Pt:_?& _qu____'zqé_,%O _ 3,049,504
Ac ST o4 =2, 109
= —2, 03451 < 2ASOPS,
Fb __243,%¥6 0 - = 060 S04
sew 2,961

= 44 ps)

< Loogpsi

oS Ok..

f@t— ?t-f 20634 P> Vv
X |

-

-

Iy
X 5 |
S . — N 7Y Y 3
uf 7

.

24// b-'-'%:444' Pél.

plf——

BEAM CROsS SECTION —STRESS DTSTRFBOUWLM
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3.1 A simply supported pretensioned beam has a span of 75 ft (22.9 m) and the cross section shown in
Figure P3.1. It is subjected to a uniform gravitational live-load intensity W, =1,200 plf (17.5 kN/m)
in addition to its self-weight and is prestressed with 20 stress-relieved }in. dia (12.7 mm dia) 7-wire
strands. Compute the total prestress losses by the step-by-step method, and compare them with the
values obtained by the lump-sum method. Take the following values as given:

fe = 6,000 psi (41.4 MPa), normal-weight concrete

f4 = 4,500 psi (31 MPa) 3 30"
fou = 270,000 psi (1,862 MPa) _Ll"_-‘"’ °'“’—"‘l__
fi = 0.70f,, 8"
Relaxation time ¢ = 5 years T
e, = 19in. (483 mm) I o 60"
Relative humidity RH = 75% o W27 em)
V/§ = 3.0in. (7.62 cm) RE
Assume SD load =30% LL. 8" A

W, = 1200 pif (17.5 kN/m) Tf-——w_'l-"_'
HARRRRRRRERD

50" e s, =19 1n.
I I e ——

L
I

A

76'-0" : ] ”
(22.9 m) ng!

A

(a)

5OL,OT]:®N T -— Figufe P3.1 (a) Elevation. (b) Section.
Ac =2(B0%<T) + 34%6 = 664Tn"

' EY
l:..—_?/ 20r(B) _(_30)(%7‘(21)2 _!.6(-34‘)3
12 42
- 233,892

& 2 *_ Tc -~ 2
C =¢c-=2S Y === = 342 n
b . - !- :
. Te -~ 2
Sp,=5"= /Cb: 42586 0"
Rp= 684 o415 =o0.7125 K/Pt.
b=2 * /Pt

CompPUTHTION of LossEs sior w4 STEPTIENRO

A) ANCHORAGE W55 =0 .
o) Loss DUE 10 ELOSTIZ sHORTENH
Pe=0.9F = 0.0x2.06 %70 *270,000) = 520,506h.
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>3 .
My = 71256’»:‘) 42 = goil #14 in-lb.

fe=—Ti(14 € )+ D2
P Y J T

2 e
_ _ 520,506 . (44)) N 6,0445+19 x14
e84 634)9— 233,892
= —1 03¢ P35 c
- E *
n= = 28 *1i0 = 10,4
= 2.7-x L0°

— = , = 44 i‘io Pé\\
Aﬁ%_n. %’5 10, 411 076 ,
>) CREEP (0SSt )
focp =0 > Kcnz_gxo.er—i.é
s ‘PFC,P— = wﬁsg—%w)% -.—_i.é(O.-':LO%

= 15,064 P .

8%10°
3.2X l06

4) sHRINkAGE Loss CSH>S
ke = 4

& é
ALy = |2%\0 AL % 2BRIO((L-0.006%3) (1o0—7S)
= <= ,F0%F PSI-

S5) RELAXATIDN OF STEEL CRDY
_&: = O'?_)(Z%"DDO—‘CA-&Q*'A’M"' A;E.sl'()
s fpi =189,00D—(11, 140 +45 064 +4 307)
= 1s8,039 |:>5?-
= 45 % DS K24 = 431 400 brs.
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A= B (1oat ) (B —o.50)
F3

_ Ao 1,400 (1 58,03
B :L%)GB(\( 34’:13:‘; )( | 9,-30010— O'SS)'

= o
SmRess LeveEL STRESS cfsiL yA

AFTER TeNSTONING 1¢A,000| 100
ELASTIC SHORTENING loss|-14,410]-5:9

CreepP, lLoss |=1s,0641—8.0
SHARINKAGE. LoS —4. F07|-2.5
RELAXATION (o5sS 44,0493 | -S4

o of tolal less=100-77.7= 22.3 1

LomMmpsom MNetHop:—

From TABLE 3.4,
AT = 33 00 0

o, _G:Pﬁ’z 16c’ boo— 33000_ ;LS‘G_,OOOPS).

A Dierence behween Ywo metheds.

= (156 000-14§ 44¢€)
18 9,000

= 4’06 7/4:
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3.2 Compute, bv the detailed step-by-step method, the total losses in prestress of the10ft (328m)-
wide flangedoubleT-beam in Example 1.1 which has a span of 64 ft (19.5 m) for a steel relaxation
period of 7 years. Use RH =70% and V/S =3.5 in. (8.9 cm), and solve for both pretensioned and
post-tensioned prestressing conditions. Assume SD load =30% LL. In the post-tensioned case, as-
sume that the total jacking stress prior to the friction and anchorage seating losses is 189,000 psi.

S OLOTION (=
‘\/\/\WVWWV

D TRETENSTONTING (CoNDITIONS i —
(1) ELASTEC SHORTENING LbsScE )+

5? =0.9F% = o. q %12 X0.153 %190,000= 313 4S6
: Fsi.

Mb = 444‘@4«?-%& = 3,035,136 in-lb |

3
£ = 243,456 (L L046T \2035,126 X i4e
aF4 royws 24,450

= —i}%‘l’ Pf,'i
Nn= 2 8% 106
3. 2 ~\0°¢ ,
= Aﬁ% =rL, =gFs® L F04 = 44,910 P5).

= BI<

(071> CREEFP loss Ccrd:
Assume_ sy =200 pIF
M‘BD = X000 %ﬁi)_i >L2L2- = L_,?z 8_)600 ‘iy\-\b.

=
_F%D = May &_; 1,228,600 %14, ¢ <
S o1 — = 836 psl.

k= 2x0.8=1.60

= 6
A ok (-, Ef_ /1504 —834)28NC
PCK\, Cr.- 'C= scb) = i. ( ';7‘0 2-.6*106

_ 13,888 PV
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e

(i3 SHRINkSGCE  loss (SHy:
Koy =4

AFPM = %glegéva L)«isﬁ\oé(i,—o.ooéﬁ’s.g)cioO’*)

— S,442 psi. '

(Tv) RELAXATTION oF sSTEECCRD™

15;,.’ = 190,000 — (14,440 + L3 668+ s442)
= L5S,760 psi.

t= Fx365r24 = 61,320 Hps.

_ ’, t ‘.
A, = T (iﬂig >(§2 — 0.55)

= 4SS, F60o (153 .6\320

Ls5360
do )<220_,000 > )

= 14,782 psi,

(N) TNCREASE oF =TRES=E DLE To 2 TOPRING!

¢
o= = zij_:% »@264=83c4 pS.
AUMMARY OF STRESSES t—

apess Level - preaSteEs| o/
AFTER. TENSIONING 14900 00 joo
ELpoite SHORENING Lozs

CQEEF L.OSS
SHRINKAGE. o5

ReawimnN Loss

TNCREASE TH STRESS (TePRING)

To™- i1s32

- %o(: oAl eSS =100 —80.2 /e =~ 20%
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Lompsor Moo=
From table =t , AP ==23,000 p=i.
s ‘F‘;e; =4{40000 - 23,000 = L§‘7~ coo ps).
/D;PFCY‘&‘OCE, in e Above. ameﬂ\Qis

= (1SH000—| 52 342)
190,000 #1o0 22,47,

2. Fosr TensTonTING ONDITTONS:
c1) FRIaIToN Loost -
= ce EriA 6 _ o yse
L 64yLL
Prom. Hable 3.7, AMU=0.26 & le=0.001

- /—\"(';F: = = [Dn' (X + L)
=-190,000 (6.2S* 0.452+0.00L %)
=-44 260 psl.
fi.r = 140,000 — 14360 = 150,620 psi.
(1) ELArsTIC SHORTENING CSHD .
Aoy =0
(V> Creer Loss CCR):
fiip = BDE.4 P>y
?f_ 0.4 X132 %o,1S>D ><i7o 6320 = 2.61.4\39, Ps)

A"chn.’ Fer (e ‘P ) Cee
Ee

= — 284 432(1__1_ L4.£>2 + 5/052,:3:_;5416
>

L

‘ 2¢ »
oS A'{’cu‘ 1.6 x0,8 Cj,,am-836)z~.—é- = 6,462 psi.

I L}gj,q )7-5!.
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V) SHRINkA&E Loss CSH)Y:
ey =0.45 Ctable 3.6
AFP% - s.2 x5 % 0. 4S %28 210 &1 - 0, 06 %3S) (100-F)
=2 4aqps)-
(V) REWLxXATIODN (oss CR)S
Net € =170,620 —(6162+2449)= 164 989 (9

Fp = 161,969 (10_3 eLBs—o)(LeL,qM
io 28¢60°0

—0,85)
= -414 449 pol.
Vi) I NCREASE IN STRESS DOE- TD TOPPING.
tn = 8 >E Ps) CAs befere )
Aommpry OF STREZEESS

AHrreas Level ;f:;cps?) yA
ArTER. ENSIONING 190,000 400
FRLCTIToN loss | —19 360 | —40.0
ELASTIC SHORYENTNG Lless o o
Creep Loss —6402 | —-3.,3
SRINEAGE. LoSS —2, 449 | —4.8
RELAXATIDN  Loss —4a449 | —F.6
Teren=ETN STRESSCOPPRNE] + 8,369 | + 4,4~

ToraL. 1sSA04 | g2

7 ToTAL lessS =i00-62 = 187
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Fom Jahle 3.2, Lompson loss =2s, 0oo0ps

+ Difference by The above. 2 methods

-1SS,000 ~
(1SS,904 ¥ )uoo - 0B,
190,000
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3.3 Compute, by the detailed step-by-step method, the total losses of prestress in the AASHTO 36-in.
(91.4 cm)-deep beam used in Problem 1.1 and which has a span of 34 ft (10.4 m) f9r both the pre-
tensioned and the post-tensioned case. Use all the data of Problem 1.1 in your solution, ‘and assume
that the relative humidity RH =70% and the volume-to-surface ratio V/S = 3.2. Determine the steel
relaxation losses at the end of the first year after erection and at the end of 4 years.

-5OL,OTION =

rYVV\N\NMW"

1) PRETENSIONING CoNDLTIONS!
a) STACE I | AFTER { YEAR:
(1) ELASTIZ SHORTENING -
P = 8% 0.453% 160,000 = 220,320 psi.

My = (284 634)?:]12 = 665,856 in-lb.
=

Pe= o.9xP; = 448,28% psi

ﬁ‘ =- 446,288 . _(13. sz)+ 665,856 x13.12
= 3¢9 ( 1386 s9, 979

- - i_JoBé F.sf.

. 6 .
.- Aﬁ%z ——————sz‘wéx Ltozg = 1,74 P2
2. L X|0

(D Creepr lessCcedi
'F;c.o =0
A‘CPCK = \<CP\C.'P¢5—— 'F_;,_D)E;__';é-
=4CLozeD28. = a0es psi-
(N> SHRINkAeE. Lloss sy
A—F{,m = B.2 X\gcx.{.x% X ioé(:L—O.o 6 x3.2)(A00 ;7°)
=5, S4EPS).

(V) RELAXATION &F STEEL LossSCRDL
t=4xDeS%x24 = 6760 HRL,
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-FP-, = 480,000 — ( 10,744+ 9,068 +s;s-ge)=ds¢)gzs‘*
A,Ppg: 154 ¢2S ( log e%o) 154625 _, 59)

io 230,000
net {TF’; = 154 6325 -7,4S 4 =147 1FL pPS).

STaee - IL + AFTER. 4 TRDSY

s

P

. RELAXATION OF STEEL L6555
t= 4#%x3e5-x24 =35,040 hrs.

AL, = 5,4_:;.)_1_7_1_( log 35040-109 B'%O)Gor%ﬁi‘q S9
40 BOJOQO

— 946 F5i.

OOMIMARY OF TTRESSES. ™

SrrESS  Level eesscrsi)| T

APTER_ S Yes. 1gg0ov | oo
EcasiTe  SuoRENTHG (pss . [T F4F| 6.0
Creep (o0s5 - —9,065 | S0
SHATINKGE (295 —S,566| —3.1
Reerrn AToy  looss - TR 4.6
L4c pFS| 81.3

%-’T'bm WwsS L0y —8L. 3y, = L8, 7.
~ 14 7.
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2. Post TENSIONED CONDITION :=
SThere I 2 AFTER 1TR

1) FRICTTON Lossf: -
&(:: <{5)(;L3-.L2_o.2.6

—

34 XL2 o
From_ h\o’& 2.7, M =0.25 | K=o, oot
Afp = — T (e + kL) =-180000(a25X0.26 40, °§af)
= —4%,820 Ps‘.

-ﬁ;‘ 180000 —1%#,820 = 1,52__1;60 ps?,

2> ELnstre Sy-{oma\m&
A{';:m =0
3) (CrEEFP loss:
4.cm =0
P\'f - 04X 6 r0.LSD x162,160= f"B 657 lbs.

_ _478_6SF 4 )
fie= 2 (L+Ci3 2y +66$;8$‘6 xi3.42

i

= —q1¥psl. |
A.‘C‘a:gz 1.6 CQL?‘)%: :LS\JZ.LS PS?

4) SHRINKAGE (O0BSS

Kon = o.as |
A’ﬁ’ﬁ\—( = aozx\o—-ex L4945 %28 ¢ \06Ci~'0.°6$3-7—)(100""7"9

= 2,504 po\.
5 REL_A'XM‘ISDN LOSS
Net _(:. = 162 180 (15,215 2,504

= 444, a6l Psl
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omes ILT _AFTER END OF 3 PEARS 1=

Age = 1.4'&)47'2{_ PS;
4 = #2zo houvs
L, = 9x2eSK24= L#-_,szm%)aurs.
- 20
A = 148,97 l09¢ 13520) —1@3CH \1413_,43—#1.‘0‘5%
PR 1o 529,500

= 204F PSi-
4—}& = 148 q¥Fl -2 oxF = 146,924 pSI.

_OUMMARY_OF _STRESSES =

STRESS LevEL® |an&=crsn| X
Arrer. TENSTONING- ~ |189000| o0

| FLASTTE. SHORTENING (o | © 0.
ANCropreE loss - —12500| —6.¢
fexetoN AL loss ~ 15,614 | —8.4
Creer |os=s= . -G 666 | 2.5
SiempscE o= | —3s99| 1.1
Ree exaTion Lles <( 5"&_%91’3,@; — 8,534 v—4».§'
TNREASE DvETD TOPPING- gos3 | 2.F

AL STreE2s /'F[’e,, 146 24| 7228
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3.4 Compute, by the detailed. step-by-step method, the total prestress losses of the simply supported
double T-beam of Example 3.9 if it was post-tensioned using flexible ducts for the tendon. Assume
that the tendon profile is essentially parabolic. Assume also that all - ‘rands are tensioned simulta-
neously and that the anchorage slip A, = § in. (9.5 mm). All the data are identical to those of Ex-

ample 3.8; the critical section is deternined to be at a distance 0.4 times the span from the face of
the support.

SOLO TEONS v =
YWANANANANNANNANAA

DIE T UNTFS i
5\pam - ot
Shands= 12
f/=scoopsi , lightwegnl
"P& = 35500 Ps'\
Ac= 6i5 in>
Te = s9320 Mm%
C= 214.98% n
ct = 10.02 I
Sy = 2FF N
- s9¢0 in>
e = 42.96 e
e, = i8.FD ive
Wp = 4L P
H.sb = 2SS0 F\C
HL_——'A—O PSP
R=-110 Feel
6y ANCHORAEE SEATING oot
Aﬁ—:-_ %—TY\. .—/O.'E:’-?’S‘iy\/
L= Foft

6 .
A= D B = 22F5 283 1°= 42500ps
— Fo %12
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h) BELASTTC SHORTENING ™
Since all Jacks ave simedtanegusly
fensioned | g, =0
¢ FraToNBL loS5+=
K= 8BS _ % (1B.72-12.98) _ S ocup vad.

A Fox4i
Frove able 2.7, k=o.00i
L= 0,25

-Q;’— 489, 600 ps)-
A =15 (Mxt kL)
= 169,000 (©.25% 0,545 +o0.00L *30)
= 45,849 P3).
The s‘)‘re,ﬁs yemaining in the presivess|
sreeh aPler al) Tnslantanesus losses s
£7 = 189,000 —42500 —° ~ L5614
=4¢o,601 F’5’
Pr = Aps- i = 1200.453001606, 684D
= 29 $,ot0 |b.
STARE L+ STRESS A TRANSFER:S=
A ANCHORAGE SEATING Less <
loss = 12 soo P,
Net sevvice =460, ee.{,ps)
by RELAXATION [ psst

€L =09 €, =19 |
A;FPFL 1&o0, 661,(«’0ﬂ1/9>(¢60 6BL er')
\ 229, S00
= 202% )’>E‘>l .
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