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INTROBUCTION

Drestressed concrete beams are generally more slender (smaller EJ) than el
reinforced concrete counterparis because of two main reasons — use of figher
sirength materials, both concrete and steel, and the effect of balancing pait of the
external loads due to prestress. As deflection is inversely proportional to the flexural
rigidity, £dl, slender prestressed concrete heams are susceplible to deflect more for
a given load and, hence, demands special design attention to avoid any associated
sérviceability problems.

While dealing with in-service deflection of a beam, it is helpful to identiy the
various types of loads that the beam is intended fo carry and classify them according
to the duration of their action, generally as, permanent {(or sustained} and ilemporary
(or iransitory). This classification is necessary because deflection produced by
permanent loads keeps on increasing with tirne due o time-dependeni response of
the constituent materals. in the case of a prestressed concrete member, the loads
and their classification are shown m Table 5.1

Taple 5.1 Loads and their classification

[ Toaa | Cisssification - T Comments
Presiressing force, £ i%&;&%m {or susiainad) " ?;e—diiug with time w3l
_j . Vj_f_mﬂal vatue, F. ) ‘7!

Dead load: Self weight | Permanent ; i
Other loads | :

imposed load I 25% permanert s Part of the “595&‘55«2“
- !. 75% Temporary (of ansiory? ) i tfeaf:?:i as per{?am«?a}fﬂ i
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BS 8110 specifies that 25 % of the imposed load should be considerad as
permanent o sustained and the remamncer may be considered as ransitory n nature
for the calculanon of longterm gdefiecuon.  However, for storage areas, whean an
uoper Bt o the final long-term oefecton s requred, 75% of the imposed load
should be consgdersd as penmaneni

With regard to sensice load deflection, the major difference between
reinforced and prestressed conaeie beams 5 that the application of prestress
generally produces an upward deflecbon or camber. This camber iends {o decrease
with iime as a result of the continuous loss of prestress due fo shrnkage of concrele
and relaxation of steel. However, the effect of the creep of concrele is of twofeld.
Although, it produces a loss of prestress tending to reduce the camber, creep strains
in the concrete usually increase the negative curvature of the beam associated with
prestress and, hence, increase the camber.

Both self-weight and imposed loads usually produce downward defiection that
superimposes on ihe upward deflection due to prestress. The deflection produced
by the sustained part of these external loads also increases with time due fo
concrete creep, Thus, camber due to presiress is beneficial to the iota! long-term
deflection of a beam because the applied load must negate the camber beforg
producing any downward deflection. However, like excessive deflection, iarge initial
camber may lead fo several serviceability problems, such as, improper drainage of
roof decks. cracking of partitions or other non-siructural elements, #i-itting dooms &nd
windows, and an uneven floor surface. Hence, in addition to Emiting the deflacion,
explicit attention needs to be paid to control initial camber for a presiressed concreie
beam, particularly those of Class | and Class 2 categories.

The calculation of deflection of a presiressed concrete beam requires a good
understanding of deflection calcutation for homogeneous elastic beams. Although
elastic deflection is usually covered in the structural mechanics course, a brief review
is presented herein to facilitate ready recollection of the basic principles.

H may be noted in table 51 that for normal residential or office occupancy,
: i

5.2 BEFIECTION OF ES

Cor the beam and co-ordinate system shown in Fig. 5.1, and assuming linear elastic
behaviour, the elementary mechanics gives the following second-order differential
equation for deflection, 4, at any distance, x from the orgin:
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in which £ is the flexural rigidity of the beam section and M(x) is the moment at a
distance. x Fom the origin, sagging moment being considered positive, and r, is the
radius of curvature of the elastc curve at X, '

Knowing the loading anc the geomelry of a beam, M(x) can be expressed in
terms of the magnitude and location of e apphed loads. Deflechon can then &S
calculated simply by double integration of Eg. (5.1). The unknown constanis of

integration are determined from the reievant boundary conditions.
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Fig. 5.1 Deflection of simpie beam in flexure.

Alternatively, simple methods like moment-area method or conjugaie beam
method may be conveniently used. For ready recollection, the deflection thecrem
of the area moment method can be stated as foliows! '

The deflection of any point i of & flexural member measured with respect fc the
fangeni to the elaslic curve (deflected shape) of the member al any other paint j is
equal to the firsi stalfc moment taken about i of the area under M/E! diagram along
the mernber taken beiween points I and j. -

it is to be noted that the deflection is measured with respect o the tangeni {o
the elastic curve. Therefore, appropriate choice of the reference tangent will
substantially reduce the calculation. This is Hustrated in Example 5.1

FEAMPIE 5.1: BEFLECTION 6F EIRSTIC BEARS -

Caicuiate the maximum deflection of a simply supported beam of uniform cross
seciion due to uniformly distributed load, w, as shown in Fig. E5.1 by (8} integration
of Eq. {5.1) and (b} moment-area method. Ignore self-weight of the beam.
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Figure £5.4.1 Beam in Example E5.1.

SOLETION

{2} Method of integration

The expression for moment at any distance, x from the support A {Fig.
be obtained as
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Substhaing m Eg {5.1), we wrile
— A wi wx r_
El=5 =~ x-— (E5 1b)
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Integrating twice with respect to x, we obfam £ W

d?A wx? wi®
£l - + +C.x+C E51
d 24 42 v (2.9

in which C, and C; are constanis of integration.

introducing the following boundary conditions

A=0 at x=0,and - . B, mY L
A=0 at x=L L
we obtain SR
17 T o
C,=0and C,=-= L e?
24 = ""_,‘.- - .-";_("

inserting these constants into Eq. {E5.1c), we obtain the expression for deflection as
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The maximum deflection will occur at midspan. Letting x = £/2 in Eq. (E5.1d}, we
have '
4 2 o
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{b} Moment-arez method

The AMYEI diagram for the given loading is shown in Fig E5.1.2(2), while Fig.
E5.1.2{b} shows the defiected shape (elastic curve) of the beam. Il is obvious fal
the tangent to the elastic curve is hornzonta! at midspan, and deflection of point A
with respect to this tangent represents the maximum deflection of the beam.
Therefore. the reference point [ will be taken at suppori A, and j at rnidpan C.
According to the second moment-area theorem, the requied maximum deflection of
the beam is equal to the moment of the haiched portion of the M/IE/ diagram {Fig.
Ji.Za) =2bout the point Al
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Fiqure E5.1.2 Calculation of deflection by momeni-area method.

K

The area of the haiched segment of the parabolic MIE! is given by

2 3
A= %x {base)x (altitude ) = LI - x B L
3 3 2 BEI 24&)

The distance of the centroid of this area is given by

5 5 [ 5
o, =—x{pasel=—x—=—L
i 8{ T8 2 18
Therefore
), = MC St
max T oaEf 16 384E[

5.3 DEFLECTIRN OF PRI

SSED CENCREIE BEA

According to the definition, fully prestressed concrele members {Class 1 and Clasg
2) remain crack-free under service load and, hence, can he assumed ta be lnga:
clastic. Since the defiection under senvice load Is of concem, the methods treily
described above can be usad for prestressed concrete beams as well. However, it is
necessary (o distingush Detween shoriterm of inmediate or instanianects
deflection and long-term or fime-dependant deflection. Instantaneous deflectian
occurs immediately upon the apphcation of 3 load. If this load is held for a long e,
the beam wili keep on deflecting and the magnitude of deflection will become
asympictic to a final value al time infinity. The otal deflection experiences by a beam
can be separaied nto two pans! an instantzneous elastic part and an additonal
time-dependent part, as shown in Fig. 5.2. The msethods avaiiable for caloulating
deflection in elastic beams can De usS8C 1T 335855 instantaneous geflections ondy
Calcutation of additional deflection needs integration of iong-termm material respense.
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Figure 5.2 Deflections of a beam due fo sustained loading.

5.4 JHSTRNTANECUS BEFLESTIORS

In applying the methods of elastic beams to those of prestressed concrete, two
important properties must be defined, namely, the modulus of elaslicity of the
concrete and moment of inertia of the section. s

The modulus of elasticity of the concrete material can be estimated from the
recommendations given in the Code. However the strength of the concrele varnes
with age, and so does ils modulus. In computing initial camber or deflection, i is
common to use the initial modulus Eo while E. is considered for service load
deflections.

With regard to the moment of inertia, it is customary to use the gross moment
of inertia /, for pretensioned members and the net moment of inertia I, for post-
tensioned members with unbonded tendons. In the case of bonded tendons, the
moment of inertia of the transformed secticn can be used. However, often it does not
lead to a significant gain in accuracy when compared to that oblained by using g,

541 Bue i bxiernai Loads

Provided appropriate values of £¢ and [ are used, any of the methods discussed in
Arficle 5.3 may be used to calcuiate the instantaneous deflection of a presiressed
concrete beam due to any external loading. For usual loading and supporl
conditions, standard formulae are available in any handbook an  structural
engineering. Typical formulae for several types of joading are given in Fig. 5.3.

547 Duzio Prestess

As discussed in Chapter 2, the effect of prestressing can be replaced by a sel of
external loads acting on the beam. Once the equivalent loads are known, the
moment produced by these loads can be expressed as a function of x, and BEag. (5.1}
he used to calculate the resulting deflection at any point. However, for a simply
supported beam, the prestress moment diagram is directly proportional tc the
eccentricity diagram, which is generally a funclion of x, that is M{x} = Feo{x}. Thus,
there shouid not be any difficutty in applying either Eq. (5.1) or the moment-area
method fo calculate the instanianeous defiection of the beam due to prestress alone.
Examnple 5.2 illustrates the methods, and formulae for typical cable profiles are given
in Fig. 5.3.
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Figure 5.3 Expressions for shoriderm midspan deflections due to typical
loads and tendon profiles.

5p1E 5.7 - DEFISETION BUE 1O PRESTRESS RASHE

Delermine the defiection {camber} for a simply supported beam of uniform cfoss
section due {c prestressing a draped tendon. as shown in Fig. £ 5.2.(a). No external
toad, including its own weight is (o be considered.



{a) Beam with draped tendon
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{c} Elaslic curve

Figure E5.2 Calculation of defiection due fo prestress.

SELEYIGH

The MIE] diagram for prestressing the draped tendon in Fig. B5.2{a} is shown in Fig.
E5.2(b). Since the moment is negative, the beam will deflect upward as shown in
Fig. E5.2(c). Obviously, the tangent to the elastic curve is horizental at midspan, and
defiection of point A with respect o this tangent represents the masimum deflechon
of the beam. Taking the reference point / ai support A, and j at midspan €, the
required maximum deflection of the beam will be equal to the moment of the hatched
nortion of the MIE! diagram (Fig. £5.2b} about the point A. For convenience, ihis
portion 15 divided intc a component triangle and a rectangie, as shown. Thus,
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FXARPLE 5.3: CALCTIATIONGF JHITIAL CAMBER

A samply supported pre-tensioned concrele heam spans 10 m and has a reclangular
cross-secton, 400 mm wide and 600 mn overall depth. The tendons have a parabchc
profie with eccentricibes of zero at both ends and 200 mm al midspan. H the tendons
2o siressed to fumish an indial prestressing force, Fof 137 5 kN at midsapn, caludate
the camber wnmedistely afler the lransfer of prestress Assume £, = 28 GFa and
negiect the effect of friction.

SORLTROHE

Moment of inerfia of the seciion

_ 400x600°
IV

= 7.2 x10° mm’

Self-weight, wg = 0.4 x 0.6 x 24 =5.76 KiN/m

At transfer of presiress, the self-weight of the beam will be activated. Prestress wibl
produce upward deflection (camber), whereas self-weight will give downward
deflection. The net deflection will be the algebraic summation of the two. Using the
relevant expressions from Fig. 5.3, we get

_FL (5 )+§ifJGL4

i, et o
BEI\ 6 384E1

where Sis the cable sag at midspan.

In the present problem,
=200 mm; £= Fy=28 GPa: =72 % 10° mm®;
F= 1315 kN; L=10m; ) W= 576 khifm.

Inserting these values into the above formuia for elastic deflection, we obtain

1315%10° x 102 x 10" 5 5% 5.76x10% x 10

D200 e

T 8% 28,000x7.2x10° 6 ¥ 384 % 28,000x7.2x10°
136437 =-9.9mm4

5.5 LONG-TERM DEFLEGTION

The instantaneous deflechons produced by prestress, dead load, including the seif-
weight and sustained pat of the imposed load are continuously modified due o he
gme-dependent response of the constituent materials, that is, creep, shrinkage and
steei relaxation. Before discussing their effects on long-term deflections of a beam,
it may be helpful to briefly treat the case of concrete creep for an element.



. Fig 5.4 shows the increase in creep sitrain, &, with tme due o a constan
sustained siress, o, applied (o a concrete element at age 7. Creep strain, oy 2t
any subsequent time 7, depends nrimarnly on (a8} age of concrete at firsi boading, (b
duration of loading. {c) ambient condiions, and (d) shape and se {adios of the
member  The total strain in the element at bime infindy s shown m Feg Do B
consists of the elastc {insianianeous) strain, g, and creep stram, £, at ne mfwsly.

so that the total stram is given Dy

£'=€; +E,

—
}LT *
G

S

Fig. 5.4 Elastic and creep strains inan element {a) stress history, (b} strain
history, and {c} long-term total strain.

Creen funciien and creen coslficient
For practical purposes, creep strain can be assumed to be proportional io the level of
stress throughout the working load range. That is,

£ D) =T, (553
The instanianeous strain is also propoﬁibnaﬁ {0 oo, %hai‘is,
£, vedl, (5.4}
Combining £gs. (5.3) and (5.4), we obtzin
@t)= %ﬁl {5.5)

F

The rano of cresn sizin {o instanianseous sipshic sigin as defined by Eg. {55} is

known as the creep function, g{f). lis independent of the applied stress, o, but is
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gependent o0 many faclors, fhe primary ones being ihe environmenial conditions,
age of concrete 41 first loading and shape angd size of the membes
At e inhoity creed funciion reduces 1o

CB
(Zi

e
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Known as the creep coefficient, ¢is a very useful measure of he potental creep of
the concrete, which can be easily determined from experiments. Far design purpose,
the long-term creep coefficient may be obtained from Fig. 49,

1ppg-erm styais and geticction
Substituting £, from Eq. {5.6) into £q. (5.2), we can obtain the total long-term stain in
the element as @ function of elastic stain and the creep coeflicient as

- g =g,{1+@P) . (5.7

Thus, the total long-tem strain in the element may simply be obtained by magnifying
ihe elastic instantaneous siain, & by a factor {1+ @)

The long-term defection of a beam is analogous to the strain in the element a3
discussed above. Theretore,

L =5{1+®) (5.8)

in which A'is the fong-term deflection, 2 is the instantaneous deflection, and (1+ @)
is the magnification factof.

551 Due o Permanent Exiermal 1ga8s

The dead loads, which include self-weight of the neam and weights of finishes,
fidures and partitions, are permanent joads. Also, a part of the imposed load, SUch
as fixed or movabie furniture and equipment act permanently on the structure. 1S
therefore necessary to make an assessment of which fraction of the apphed loads
may be considered as sustained and at what age of concrete each of these 0acs
are apphed 10 enable an accuraie estimate of the long-term  Creep effect
Somelimes, it may be necessary 10 estimate the creep deflection at intermediate
stages of ioading. in such a case, an accurate descriplion of the creep funchor, ¢ i
is also necessary. One such typical creep function for moist cured members is gvan
as follows:

e ' ,
3= | — _ K Keaf {5.9}
@t} LOJJDAEEC‘D crfhca™cs
in which

Ky = correction factor for humidity = 1927 - 0.006H

Kea = factor for age at loading = 125601

Kes = shape and size factor = 1.14 - D.OVIS)
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where {y is the age al loading, A is the relative humidity in percent, VIS is the
volume-to-surface ratio of the member.

As discussed in the preceding section, the tolal deflechon 3t any ume { for 2
sustained lcad may obtatned as

A(t=a1+0t) (5.10

it may be noted in £q. {5.8) that the calculation of total defleciion due 10 2 sustamed
ioad consisis of 2 fixed component, 4 and an additional component, 4., as given

by
‘ﬁadd = Aiqit} .11 }

i involves calculiation of the instantaneous deflection, A and estimation of g{i} . the
creep coefficient at the desired fime £. For a combination of sustained lcads applied
at different ages, long-term deflection for each load may be added algebraically to
obtain the total deflgction. ’

5527 Bue i Prestress

it has been pointed out thal the application of the initial prestressing force, o
general, produces an immediate upward deflection or camber and that this witiai
camber is continucusly modified due {o the combined effects of shiinkage and creep
of concrete, and relaxation of steel. While shrinkage and relaxation fend to decrease
the initial camber due to the resulting loss of prestress, the effect of concrete creep
of concrete is twofold. Although, it produces a loss of prestress tending to reduce
the camber, creep strains in the concrete usually increase the negative curvaiure of
the beam associated with prestress and, hence, increase the camber. In order o
have a betier understanding, il is convenient to consider the curvature after losses of
prestress, ¢4, as the sum of three components:

(a) the instantaneous curvature, (Y, OCcUIning immediately upon application of f,
(b) the change in curvature dycorresponding to loss. of presiress due to shrinkage,

creep, and relaxation, and
(¢} the change in curvature dy, resuiting from the direct effect of concrete creep

under sustained compression.

Thus,
Uhe =ty + Ayt + dys {5.12)

In Eg. (5.1}, d*A/ dx? represents the curvature of the seclion, and for statically
determinate beams, prestress moment diagram is directiy proportional o the
eccentricity diagram, thatis, M = —Fe, . Therefore, Eq. (5.1) may be rewriien as

M —Fe

EJ  E

(5

o
Lad



Assuming thal cregp OCCUis under a constant prestressing force, equal to the
average of the initial and final values, and that the modulus of elasticity of the
concrete is represented by lhe average of Egand E. that s (Edia. Fo. (5.12) may
he resizied as

i SO W o e MR
e =T E Eod N7 I

The sy :,/cript v used for e, indicates that the eccenincity varies along the span. In
Eqg. (5.V14), the first term is lhe initial negative curvature, the second term is ihe
reduction in that initial curvaiure because of the losses of prestress, and the third
term is the increase in negative curvature because of the creep of concrete. Using
these curvatures as the elastic ioad on the bearn, the corresponding deflections may
be obtained by the moment-area method, formulae for typical tendon profiles being
given in Fig. 5.3. The final deflection of the member under the action of Fg is

f e i

therefore
- P2 = .
E([y}pe =—Lg + @pf' mﬂpe)—{‘“&?ﬁ#}u (5.15)
which reduces, after simplification, to
A +4
A i_ B i’)e Fe
(A Jpe A,Ge 5 @ B d6
where the first term may be obtained by direct proportion as:
E S
Ape z[}p; -}?L: {807

Thus, the long-term deflection (camber) due o presiress alone may be obtained
from Eq. {5.16) provided that the instantaneous deflection due o initial prestess and
the value of the creep coefficient are Known.

The method described above is approximaie in nature because it involves a
aurnber of simolifying assumplions, and ignores the interaction of the effects of
creep, shrinkage and relaxation. A more accurate means of assessing the time-
dependent deflecticn is io sccount for the incremental changes i the matenal
properties and the presitressing force in a series of discrete time steps. HOWEVEL
such a refinement increases the analytical complexities. and is rarely orachced & ak
but delicate cases.

5.6 TOTAL DEFLECTIORS

In order to caiculate the total deflection (or camber) at a particuiar siage ot ioading, W
is first of ali necessary to identify the various loads that have been appied I
beam, ihe nature of each foad (whether it is sustained or temporary), and the




concrete at which each load is apptied  Once this 15 done. each load may be
considered separalely and the resuiting daflection, including the additional deflection
due to ime-dependent materal response, ¢ any, can be easity calculated usmyg the
procedure described above. Fig 55 shows the components of defrections for ihe
entire beam. The maximum values of the ol of ncremental defiechons can then be
obiained by linear superposiion of relevant gefiectons

A% S
- ‘ L s

~=-- Shor-term Due to presiress
deflection
Due to sustained
Long-term load
deflection

L )

= : —— Due {o temporary
- load

—

Figure 5.5 Components of deflection.

5.7 BEFLEGTEON LIMITS

Structural members, despite having sufficient strength, may develop excessive
cambers or deflections over time that can jeopardise thelr in-service performance.
Hence, explicit design attention needs to be given to limit the deflection or camber io
some permissible values. :

The British code provides deflection limitations for building members basically
to ensure an accepiable appearance of the struciure and to protect ihe non-
structural elements from damage by cracking, crushing orf spalling. In the latter
case, the limits imposed depend on whether the non-structural elements are bnttle or

ductile iy nature. For briftie material, the provision is quite stringent. The indicative
deflections suggested in the code are summansed in Table 5.1

Table 5.4 Maximum permissible deflections according to BS B810-87.

Consideralions Tyne of member Deflecson o be i Defiection
Appearance Visible member Totai long-term ! L7250
Damage 1o non- Britie partiions o fnsshes - Deflecson afer | LS00 or 20 mm
structural Non-brittie parthons or ‘I nstalation of noo- ‘ f e
elements finishes | struchiwai member fay,, VT ]
NOTE: - L is the span or, inthe case of cantilever, is iengin

- These values aiso apply to upward deflection. i
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FEAMPIESA
The cross-section of a post-tensioned concrete beam, simply suppos‘?ed over a span
of 28 m. is shown in Fig. E54 The beam s to cary 3 undormby distnboied
charactenstic dead ioad of 4 kKW/m, addion o s own weght, and a charadienshc
imposed load of 10 kiN/m, 5% of which shoulkd be treated as permaneri The
required initial prestressing force of 2610 kN was furnsshed by stressing 14 MeanDers
of 15.7 mm diameter, 7-wire stands {Ax = 150 reen’), which was ransferred o the
concrete at the age of 7 days. The prestiessing steel s contatned equally W Iwo
cables having parabolic profiles with eccentnicities of zero at each end and 762 mim
at mid-span. The following information is given:

fc;' = 30 MPg; = 726 GPa;

i =50 MPa; E.=31GPa

fou= 1770 MPa, Eys =200 GPa

A, = 508,000 mm?; §= 134 x 10° mm”;

vy = 588 mm, vy = 912 mm; n =028

Assuming that 80 percent of the superimposed dead load was due to brittle non-
structural components installed at the age of 28 days, and that the structure is exposed
to an average relaiive humidity of 75%. check the senviceability limit siate of deflection
for the beam. :

'_F_—H 1000 —-e—»i y

225
B %

> ~— 175

e P P, - Centroid
1500 T '

912

250 i _

375 NGTE._ Al dimensions
are in mim

e

Figure E5.4 Section details.

SOLUTION

{a} Preliminary calculations
Self-weight of the beam = 0.508 x 24 = 12,18 N/m
Assuming that the beam is precast, and aff surfaces are axnosed o ihe
environment, the effective section thickness, ignoring the nlels, 1S
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~ Exposed perimeter

= {2 = 508,000} (2 x 1060 + £ « 1500 + 2 x 200}
= 180 mm

f

€

The creep co-efcent corresponding 1o 2 relative humidity of 75% and an
effactive secton thickness of 190 mwn may be obtamed by hnear interpolation
of the values obtained from Fig. 4.9 as

gy = 2.54 {for age at loading of 7 days)

@28 = 2.10 (for age at loading of 28 days}

(b} Instantanecus deflections .

Assume that the prestress was transferred at 7 days and that the instaniareocus
deflections (camber) due to initial prestress, seif-weight, and other permanent and
temporary loads are calculated separately as follows:

Due to initial presiress, &

e {5 510x10° 00> 5
ﬁp‘-:'—- F (_5):—2 10x30 %280 % % 762 = —46.6 mmi
8E L6 8% 26000x134x10° 6

Due to seli-weight

Swel®  5x12.19x28,000°
384E,] 384x26,000x134x10°

= 28.0 mrm

N
@i}sw =
All other loads are assumed io be applied at 28 days. The permanant and

temporary components of these joads are as fallows:

Permanent load =4 + 025 x 10 = 6.5 kihN/m
Temporary load = 10 - 2.5 = 7.5 kN/m

Thys,
c 4 : e 4 -
{AE}PL - Swi _ O 8.5)\28,000 _ 125mm%§i
384E, 3B4x31000%134x10°
and
B, ), = 125%75 _ 144 mmd
) 6.5 ,
ic} Long-tern deflections
Due o nresiress
3 B x 2510
POy .t BT S

LR 2610



o = il e ) B D

(ﬁ cad O -
& 466 37
W), =-a_ | 2P 4882373, 5 54 - 14 ma
‘ 1 2 | s p 1
4 4 b

4

Due (o self-weighit
(3 Yo = 08, Je 1+ 8} = 285 (12 2.54) = 99 T ¥

Due io other permanent loads
e = (ﬂ;)ﬂ(‘l +@)=12.5x {(1+2.1)=38.8 mm

{cd} Check for serviceability limit state of defiection

initiai camber
b =45+ /2% .
= _46.6 + 28 = -18.6 mm 4 5
. - L 28,000

250 250

=41 2mm K

Total deflection
{A)eota' = {é\‘)&v +|('(":‘\“‘>PL “"(-’3:)71 + {ﬁr}pc
—99 1+38.8+14.4 —144 =8.3mm J

<__i‘_: EM:HZ mm  O.K.
250 259

incremental deflection

Assuming that time dependent deflection prior to installation of the non-
structural elements is negligible, we have

{‘ﬁ)fncr = (ﬂ)total - i‘ﬂpi i (Ai }SW +06x e’ji )P.'_ l

Wb
=83 -(-466+28+0.6x12.5)=17.8mm
< ﬁi_ = %&}@ =56 mm
500 500
< 20mm T DK

PRERLER

P54 The cross-section of a pre-tensioned concrele beam, simply supported over a
span of 28 m, is shown in Fig. ©5 1. The beam is to carry a uniomnly distributed
~haractensic dead load of 4 kKN/m, in addition ic its own weight, and a charactenstic
imposed oad of 10 kN/m, 25% of which should be treated as permanent. The
required inttial prestressing force of 2610 KN was furnished by stressing 14 numbers
of 1567 mm diameter, 7-wire stands (Ays = 150 mm?). The eccentricity, €o, of the



presiressing force was mainiained constant al 7G1 mm throughout the lengih of the

heam. The following information is given:

f, = 30 MPa, £, =26 GPa.

f., = 50 MPa. E.=31GPa

£y = 1770 MP2, £, = 200 GPa

A= 508000 mm’; 7= 134 % 10° mm®,

yr = 588 mm, ¥s = 912 mmy 7 =08

Assuming that 60 percent of the imposed dead load was due ¢ britle non-
lled at the age of 28 days, and that the structure IS expossed

structural components insta
neck ithe serviceability limit state of defiechion

to an average relative humidity of 75%, ©
for the beam.

r«e—— 1000 —~e—l o
225

— 7S
enhatt SEECES St Centroid
1500
: NOTE. All dimensions
912 : are in vum
250 j

a75 |
1

Figure P51
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