Prediction of Creep 239

frequently (Ie) for Mp equals I

gl
. (4-5)
(ag)p = Epvelagldp
a fictitious value
(a;)p+r = EMpir,22/Ec(Ie) for Mpyp, (4-6)
and then for live load,
E ..
ci
(aj)g, = (ai)p+r, —(ailp o (4-7)
c

The ACI-318 Codes (12,27) refer to
(at)D + (ai)L in certain cases for example.

In general, the deflection of a non-
composite reinforced concrete member at any time and
including ultimate wvalue in time is given by Egs.
(4-8) and (4-9) respectively (77).

(1) (2) (3} (4)

PN

ap = (ap)p * (ag)p * agy *+ (ap) (4-8)

a = (Eq. (4-8) except that v and (esh)u
shall be used in lieu of vy and € gh
when computing terms (2) and (3) res-
pectively.)

(4-9)

where:

Term (1) is the initial dead load deflection as
given by Eq. (4-4).

Term {(2) is the dead load creep deflection as
given by Eq. (4-5).

Term {(3) is the deflection due to shrinkage
warping as given by Eg. (3-12).

Term (4) is the live load deflection as given by
Eq. (4-7).
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4.3 Deflection of Composite Precast Reinforced
Beams 1in Shored and Unshored Construction
(48,49,77)

For composite beams, subscripts 1 and 2 are used
to refer to the slab or the effect of the slab dead
load and the precast beam, respectively. The effect
of compression steel in the beam (with use of £ )
should be neglected when it is 1located near the
neutral axis of the composite section.

It is suggested that the 28-day moduli of elas-
ticity for both slab and precast beam concretes, and
the gross I (neglecting steel and cracking), be used
in computing the composite moment of inertia, I, in
Egs. (4-10) and (4-12), with the exception as notéd in
term (7) for live load deflection. Note that shrink-
age warping of the precast beam is not computed separ-
ately in Egs. (4-10) and (4-12).

4,3.1 Deflection of Unshored Composite Beams

The deflection of unshored composite
beams at any time and including ultimate values, is
given by Egs. (4-10) and (4-11) respectively.

(1) (2) (3)
— P L — o rr—
)
ay = (aj)y ¥ Vglaj)y ¥ (V2 Vs) ((i)2 T
C
(4) (5) (6) (1)
)
+ (ai)l-+vtl(ai)1zg + ag + ap (4-10)
(1) (2) (3)
—— e, ———— es—. P — e i
I
= + + (V.~V.)(a;)? 2
a, = (ai)2 vgl(ag), aVs) (@4 I
(4) (5) (6) (7)
)
+ (ai)l + \)us(ai)l_I_,_ + ag + ag, (4-11)
C
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where:

Term (1) is the initial dea@ load deflection of
the precast beam, (a;,), = §& M, L /EciIZ' See Table
4,2.1 for § and M values. FOr computing I, in Eq.
(3-2), M X refers to the precast beam dead %oad and
Mcr to tWS precast beam.

Term (2) is the creep deflection of the precast
beam up to the time of slab casting. v _ is the creep
coefficient of the precast beam concrefe at the time
of slab casting. Multiply v_, and vy by &  (from
Eq. 3-8) for the effect of céﬁpression steel” in the
precast beam. Values of vt/ Vy = vs/ Vy from Eq.
(2-8) are given in Table 2.4.1.

Term {(3) 1is the creep deflection of the com-
posite beam for any period following slab casting due
to the precast beam dead load. v 5 is the creep
coefficient of the precast beam conc%ete at any time
after slab casting. Multiply this term by & (from
Eq. 3-8) for the effect of compression steel” in the
precast beam. The expression, IZ/Ic’ modifies the
initial wvalue, in this case (a.),, ahd accounts for
the effect of the composite sécfion in restraining
additional creep curvature after slab casting.

Term (4) is the initial deflection of Ehe pre-

cast beam under slab dead load, (a,), = &M, L4°/E Iz.
See Table 4.2.1 for & and M valueS. For compltifng
I in Eq. (3-2), M refers to the precast beam plus

slab dead load an %ﬁm to the precast beam.

Term (5) 1is the creep deflection of the com-
posite beam due to slab dead load. v 1 is the creep
coefficient for the slab loading, wher& the age of the
precast beam concrete at the time of slab casting is
considered. Multiply Viq and Vu by &. (from Eq.
3-8) for the effect of compression steel in the pre-
cast beam. See Term (3) for comment on Iz/Ic. v

is given by Egq. (2-13). us

Term (6) is the deflection due to differential
shrinkage. For simple spans, ag = Qy o /8 E gL
where Q = GAlE /3. The factor 3 prSvides for “tHe

gradual increasSe "In the shrinkage force from day 1,
and also approximates the creep and varying stiffness
effects (6,48). In the case of continuous members,
differential shrinkage produces secondary moments
(similar to the effect of prestressing but opposite in
sign, normally) that should be included (58).
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Term (7) is the live load deflection of the com-
posite beam, which should be computed in accordance
with Eq. (4-7), using E I_. Por computing I_ in Eq.
(3-2), M " refers to the Pprecast beam plus slab dead
load and"@fe live load, and M., to the composite beam.

Additional information on deflection
due to shrinkage warping of composite reinforced con-
crete beams of unshored construction is given by Eq.
(2) in Ref. 77.

4,3.2 Deflection of Shored Composite Beams

The deflection of shored composite
beams at any time and including ultimate wvalues is
given by Egs. (4-12) and (4-13), respectively.

a, = Eq. (4-10), with Terms (4) and (5) modi-
fied as follows. (4-12)
a, = Egq. (4-11), except that the composite

moment of inertia is used in Term (4) to

compute (a,),, and the ratio, I,/I_, is
eliminated iin Term (5). (3-19)
Term (4) is the initial deflection of the com-
posite beam under slab dead load, (ai)l =
£ My ZZ/ECSIC.

Term (5) is the creep deflection of the com-
posite beam under slab dead load, Vv l(a.)l. The com-
posite section effect is already incfudeé in Term (4).

4.4 Loss of Prestress and Camber in Noncomposite
Prestressed Beams (6,49-58,63)

4,4.1 Loss of Prestress in Prestressed
Concrete Beams

Loss of prestress at any time and
including wultimate wvalues, in percent of initial
tensioning stress, is given by Egs. (4-14) and (4-15).

(1) (2)

—m, e ——
Fy
>\t = [(nfc) -+ (nfc)\)t(l - EFT(; ) +

(3) (4)
/"\_/\_/—\“
100

(egh)t Eg/ (L * npgg) + (fsr)u]f—q—i (4-14)
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(1) (2)
N\_/?u
Ay = [(nfc) + (nfe) vy (1 - EE;H
(3) (4)
M A
(egn)uBs/ (14npEg) + (fsr)t] %2_(1’ (4-15)

where:

Term (1) is the prestress loss due to elastic
shortening, in ghich

F, F.e MDe
£o= 2 & 1 - ——, and n is the modular ratio
[o; At It It
at the time of prestressing. Frequently F_, A_, and
I _ are used as an approximation instead of P,, Ki, and
Ig, being F_ = F.(1 - np). Only the first %wo “terms
fgr f apply at the ends of simple beams. For contin-
uous %embers, the effect of secondary moments due to
prestressing should also be included. Suggested
values for n are given in Table 4.4.1.1.

Term (2) is the prestress loss due to the con-
F
crete creep. The expression, Ve (1 - 7?20’ was used in
o

References 50 and 53 to approximate the creep effect
resulting from the variable stress history. Approxi-
mate values of F_/F_ (in the form of FS/F and Fu/F )
for this secondary effect as given in Table 4.4%1.9.
To consider the effect of nontensioned steel in the
member, multipl v,, vw, (€,), and (e_) . b £
(from Eq. 3—9$.y t u sh’ t su’u °Y r

Term (3) is the prestress loss due to shrinkage
(56) . The expression, ( €gq )tE , somewhat over-
estimates this loss. The derbhihator represents the
stiffening effect of the steel and the effect of con-
crete creep. Additional information on Term (3) is
given in Ref. 63.

Term (4) is the prestress loss due to steel re-
laxation. Values of (f r)t and (fsr) for wire and
strand are given in Tabie 4.4.1.3, (6%), where t is
the time after initial stressing in hours and f_ is
the 0.1 percent offset yield stress. Values in
Table 4.4.1.3 are recommended for most design cal-
culations because they are consistent with the approx-
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imate nature of creep and shrinkage calculations.
Relaxation of other types of steel should be based on
manufacturer's recommendations supported by adequate
test data. For a more detailed analysis of the inter-
dependency between steel relaxation, creep and
shrinkage of concrete see Section 3.7 of this report.

4.4.2 Camber of Noncomposite Prestressed
Concrete Beams

The camber at any time, and including
ultimate values, is given by Egs. (4-16) and (4-17)
respectively. It is suggested that an average of the
end and midspan loss be used for straight tendons and
l1-pt. harping, and the midspan loss for 2-pt harping.

(1) (2) (3)
—— e, B R N
ag = -(ay)p +(ai)p - |- —EE +(1- —EE)vt (a;)
t 1/ Fq i Fo 2T i) P,
(4) (5)
+Ve(aj)p + ag (4-16)
(1) (2) (3)
S r— ,,——\/\_/——\
Fy Fy
ay = ~(ag)p *(ailp - [ ot - E)Vu}(ai)FO
(4) (5)
+ vylaj)p + ay (4-17)

where:

Term (1) is the 1initial camber due to the
initial prestress force after elastic loss, F_.. See
Table 4.4.2.1 for common cases of prestress moment
diagrams with formulas for computing camber, (ai)F

Here, F_ = F,(1L - nf_/f_.), where f_  is determined as
in Termo(l) of Eq. ?4—?3). For céntinuous members,
the effect of secondary moments due to prestressing
should also be included.
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Term (2) is the }nitial dead load deflection of
the bean, (ai) = EML /EciI . I_ 1is used instead of
I, for practlcgl reasons.C sde TaBle 4.2.1 for g and

t
M values.

Term {(3) is the creep (time-dependent) camber of
the beam due to the prestress force. This expression
includes the effects of creep and loss of prestress;
that is, the creep effect under variable stress. F
refers to the total loss at any time minus the elasti
loss. It is noted that the term, Ft/F , refers to the
steel stress or force after elastic 16%8, and the pre-
stress loss in percent, A as used herein, refers to
the initial tensioning stress or force. The two are
related as:

..
Si (4-18)

and can be approximated by:

Fg 1 1
—_— e (AL = A - -
F, = Too (ot T tel) T (4-18a)

Term (4) is the dead load creep deflection of
the beam. Multiply v, and v _by & _ (from Eq. 3-9)
for the effect of compression Steel (ﬁnder dead load)
in the member.

Term (5) is the live load deflection of the
beam.,

Additional information on the effect of
sustained loads other than a composite slab or topping
applied some time after the transfer of prestress is
given by Terms (6) and (7) in Egs. (29) and (30) in
Ref. 63.

4.5 Loss of Prestress and Camber of Composite
Precast and Prestressed Beams, Unshored and
Shored Constructions (6,49-58,63,77)

4,5.1 Loss of Prestress of Composite Precast-
Beams and Prestressed Beams

The loss of prestress at any time and
including ultimate values, in percent of initial ten-
sioning stress, is given by Egs. (4-19) and (4-20)
respectively for unshored and shored composite beams
with both prestressed steel and nonprestressed steel.
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(1) (2) (3)
—— e —— e e .
Fg Fg+Ft I,
A= [(nfc) + (nfc)\)s(]—z—;;)+(nfc)(vtz—vs)(l~ T ).I:
(4) (5) (6) (7) (8)
e — e ——A —— —— el e A |
+(egn) tBg/ (14npgg) +(f54) - (mfog) —(mfg) v I2 ~mf 1£29
s s s sr cs cs’ Vel To <
(1) (2) (3 4719
— e — . /f_\/\_/\
Fq FS+Fu Iy
- - 5)+(nf —vg) (1- =Yy =2
Ay [(nfc) + (nfg)vg (1 21?o)+(n ) (Vg=vg) ( TR
(4) (5) (6) (7) (8)

e — e — —~—— P NN N Ny

12
t(egnly Bg/ (1+npEg) + (£gy) u“(mfcs)“(mfcs)vuszz 'mfch%QQ
si

(4-20)
where:

Term (1) is the prestress loss due to elastic
shortening. See Term (1) of Eq. (4-14) for the calcu-
lation of fc'

Term (2) is the prestress loss due to concrete
creep up to the time of slab casting. v_ 1is the
creep coefficient of the precast beam concrefe at the
time of slab casting. See Term (2) of Eq. (4-14) for

comments concerning the reduction factor,
ol
S :
(1 - 55; ) . Multiply Vg and Vg by gr (from Eq.
3-9) for the effect of nontensioned steel in the
member. Values of vt/ Vg = vs/ vufrom Eq. (2-8)

are given in Table 2.471.

Term (3) is the prestress loss due to concrete
creep for any period following slab casting. Vio is
the creep coefficient of the precast beam concrege at
any time after slab casting. The reduction factor,

Fs + Ft

2Fo

(1 - ) , with the incremental creep
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coefficient, ( vt - vs), estimates the effect of

"creep under the variable prestress force that occurs
after slab casting. Multiply this term by &r (from
Eq. 3-9) for the effect of nontensioned steel in the
precast beam. See Term (3) of Eq. (4-10) for comment
on I2/Ic’

Term (4) is the prestress loss due to shrinkage.
See Term (3) of Egs. (4-14) and (4-15) for comment.

Term (5) is the prestress loss due to steel re-
laxation. In this term t is time after initial
stressing in hours. See Term (4) of Egs. (4-14) and
(4-15) for comments.

Term (6) is the elastic prestress gain due to

slab dead load, and m is the modular ratio at the time

. (Mg pjle

of slab casting. fcs = _—_T;__- ’ MS,Di

slab or slab plus diaphragm dead load; e and 1_ refer

to the precast beam section properties for ufshored

construction and the composite section properties for

shored construction. Suggested values for n and m are
given in Table 4.4.1.1.

refers to

Term (7) is the prestress gain due to creep
under slab dead load. Viq is the creep coefficient
for the slab loading, whgre the age of the precast
beam concrete at the time of slab casting is con-
sidered. See Term {(5) of Egq. (4-10) for comments on

§. and Iz/Ic. For shored construction, drop the
teEm, IZ/Ic Vyg 1S given by Eq. (2-13).

Term (8) is the prestress gain due to differen-
tial shrinkage, where fcd = QY g® /IC is the concrete
stress at the steel c.g.s. and 8 = (8A ,E )/3 in
which A and Ecl refer to the cast in—glagé slab.
See Not%%ion for™ additional descriptions of terms.
Since this effect results in a prestress gain, not
loss, and is normally small, it may usually be
neglected (77).

4,5.2 Camber of Composite Beams-Precast Beams
Prestressed Unshored and Shored
Construction

The camber at any time, including
ultimate values, is given by Egs. (4-21), (4-22),
(4-23) and (4-24) for unshored and shored composite
beams, respectively. It is suggested that an average
of the end and midspan loss of prestress be used for
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straight tendons and l-pt. harping, and the midspan
loss for 2-pt. harping (6).

It is suggested that the 28-day moduli
of elasticity for both slab and precast beam concretes
be used. For the composite moment of inertia, I_ in
Egs. (4-21) through (4-24), use the gross sectioff I
except in Term (10) for the live load deflection. 9

a. Unshored Construction

(1) (2) (3)

Fg Fg
ag = ~(aj)p, * (ap)y = |- g T (Y gp)vg (B4
(4) (5)
T
Fo-Fg F +F I,
(6) (7) (8) (9)  (10)

P e N — ——— e s N P SN
I I
+(\)t2—\)s) (al)z I_2 + (ai)l+\)tl(ai)l .I_2. + a(S + aL
C C

(4-21)
(1) (2) (3)
—~— N B R R
F F
ay = -(ajlp, + (aj)y - l:— F—s + (1 - ?Ii—o)vs}(ai)Fo
(4) (5)
Vi e N
P Fs g JEsF Ry . Iz ,
—{ Fo ( 2FO )(\)u Vs) (al)FO IC + Vs(al)2
(6) (7) (8) (9) (10)
e e ——— e — 7

I I
* vy -vg) (a3)y _1.2. * (aj) 1+ vyglajl] 2 + ag + ar
c Ic

(4-22)
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