P M Creep stresses of rectangular section under P-M after creep and shrinkage

Setup for Units is the default to SI.

Initialization ORIGIN = 1 Count with fingers TOL :=0.01 CTOL :=0.01

- L of .._ ksi L : f oC =
lon:= 1000 kgf ksi := 70.\’:’»07{5#(—2 RSl = 1000 Kip,:= 453.592kg \ 15, .= 10.19.1559 oC, = 1T
cm
AND2(a,b := |if a=1 OR2(a Bh:= |1 if a= 1 dav = 864007 kec
1if b= 1 otherwise month:= 3Qday
0 otherwise 1if b=1 year:= 3651day
0 otherwise 0 otherwise

Ultimate Unrestrained Shrinkage Strain Data (CEB-FIP)

__ Relative humidity, enter in percent, i,e, 0 to 100 ) L . . .
RH:=70 and without % symbol (permitted 40 and above) Tmean_whlle_shrmkmg— 1703C in whole shrinkage period

U= 1.2m 8 for rapid hardening high strength cement
Ac = QOOZCn%ection of the structural member S exposed perimeter Bsc := 8 5 normal or rapid hardening cement

4 slow hardening cement
ts ;= 1lday

age at which shrinkage starts

Creep Factor (or Coefficient) Data (CEB-FIP)

measures times the elastic deformation due to creep

toL := 30Cday age of concrete at loading

__ 0.20 for rapid hardening high strength cement
s:=0.2 . :
A 0.25 normal or rapid hardening cement . . .
i 1 for rapid hardening high strength cement
0.38 slow hardening cement __ . . .
o =1 0 normal or rapid hardening cement must be paired

1.0 for quartzitic -1 slow hardening cement

1.2 for basalt
aggr_coef:= 0.9.2 for dense limestone
0.9 for limestone

. = } . Enter here the mean temperature at lifespan
0.7 for sandstone Tmean_whlle_curlng— 1603C Tllfespan-‘ 223C (valid from 5 to 30 T range)



Modulus of Rupture Data

Q=4.00 for cement Type | and moist curing (3r=0.85 for cement Type | and moist curing
ar == 4 or=2.30 for cement Type Il and moist curing Br:=0.85 (3r=0.92 for cement Type Il and moist curing

Qar=1.00 for cement Type | and steam curing (3r=0.95 for cement Type | and steam curing

ar=0.70 for cement Type Ill and steam curing (3r=0.98 for cement Type 1l and steam curing

Correctiofactor:= 1 1.00 for Normal weight
0.75 fo all-lightweight
0.85 for sand-lightweight

Concrete Data

fok ;= 25[MPaspecified strength b := 40tm h = 40tm
Steel Data
fy := 400CMPaield strength Es:= 2000000MPa dj := B[ém common cover to axis of bars
bottom ng:=3 ¢1 = 200mm
sorry, limited to 2 layers
top np =3 ¢do = 200Mm
Load Data
P:= 129ton purported real axial load M := 50miflon purported real acting moment
Chart Data
End:= 10 will be tracked for such number of months

2 d)22
Ag1 = nﬁr[—l4— Ago = I’l2@\'[—l4—



As=As1tAs A= bh—Ag pP1 = —— p2 = — : As

Ec related calculus

fom := fok + 8IMPa  accepted mean value at 28 days age valid up to fcm=90 MPa

Eco := 21500MPa femo:= 100MPa RHp := 100 hg := 100Cmm ty ;= 1lday reference values

T hil i
temp_coeff:= 1.06- 0.003 mea”-fvc'e—cu””g temp_coeff= 1.01

1

3

fem

Ec tangent-= temp_coeﬁjaggr_coﬁco[éf— without correction would be at 28 days and 20 degrees centigrade
B cmO

Ec tangen= 29154.09 MPa tangent modulus of elasticity

s 28

— 1_ -

2 t

Ec() == |Ec tange day )] it t 2 o8ty

S . 28 S . 28

2 27day 2 29Cday
day day

Ec tange +Ec_tange otherwise
2

E.(28Hay = 29152.74MPa

Es

n=———=— n=6.86
Ec(28day



Shrinkage related calculus

3

RH

=1-|—
BsRH (RHOJ

Bry = |-1.59Bsry if 1= AND2(40< RH,RH < 99
0.25 otherwise
T hile_shrinki
. mean_v;/j ile_shrinking 20
ay

BRH_corr:= BrAlIL + RH 20
103- 100+—
RHo

f _
£ fom = {160+ 10133CEE9 - fﬂﬂﬂo 6
cmO

€cs0_corr:= E€s_femBRH_corr

NQV:: 24— h = 263.53mm

2
= 3500 "
—

°C
BSH_corr:= BsHe

t_ts
day
t - ts

day

Bs_cor(t) =

BsH_corrt

Tmean_while_shrinking
-0.0 =20

mean thickess for calculus




ecs(t) = €cso_corkBs_cordt)

Creep related calculus

P
1+pin prior to shrinkage and creep,
t o Ac t .= (.pp Onmean fcm at the age of loading,
SUreStatio -= form SUreSgatio = V- up to a maximum 0.6 of such fcm
13,6540
273k Ilfzespan
corr tOL T:= e corr tOL_T= 1.09
9 <« 9 o
tOL_Corr = tOL 1 2 + 1 |f tOL 1 2 + 1 > OSl:day
toL[dorr_tOL_T\™ to [dorr_tOL_T\™
2+ 2+
51 51
0.5Cday otherwise

1o RH
RHy
ORH =1+ — OrH = 1.47
0.467 h
ho
B = 5.3
fem -= Bicm = 2.92
cm
fcmO
1

BtoL_corr :=




18 18
By = | 1500 1+ 1270 g +250 if 150011+| 1280 il +250< 1500
RHo ho RHo ho By = 662.42

1500 otherwise

1500

— -5.12
2734 Ilffcs:pan
t-to| 0.3
t
Bc_cor(t) =
t—1oL
BH_corrt ——

€]

Tjj | T
io.omﬁ "ffépa”-zoj J io.omﬁ "ffépa”—zo)J
= -t (d)RH - 1) ®RH_corr = 1.51

e1.5( stres&tio—OA)

ORH_corr:

stresgor := if stresgaiio > 0.4

stresgor = 1
1 otherwise

O (1) = stresgorldrH_cortBremBtoL_corBe_corlt)

Modulus of rupture at the age

t

day fc(t)

(f.,Branson’s growth fr(t) := Correctiofgciofpsill1. 7] —— Nawy's probabilistic modulus of rupture in RC p. 57

fc(t) = :
psi

ar+ Brid—
day

f(t
er(t) = _(E((i)j




Stresses evolution calculus

solves the case similarly to Nawy approach in p. 314... in ACI SP-76
Cy:= Es[qul'* Asz)

E
C,:= f fidi st + (h - dh) Asg)

_ Eg(28tlaybih
" 2001+ &(jTonth))

Cs(j)
Ca(j) = 2[C3(j) [Bcs(j (tonth)
Cs(j) := C2+ C3())

Ce()) := C1 - Ca+C3())

C7 := EgAs1dy + Aszfqh - dl)]

E
Cg = FS[EAS]E!]_Z + Aszlzqh - d]_) 2:|

€1 := 0.001 €5 := 0.003

this first block as if non-cracked

Given

Ca(]) hie
@[@3(1) +Cg|lép + E|:([:3(j) +C7—Cg g1 — Cy()) d] - M =M+ Pdl moments respect bottom
3 3 3 3fes+ey) 2

Ce())B1+Cs())[B2—Cy()) = P equilibrium of forces



PP(j) = Finc(sl,ez)

ee1 =] <1
while j < End
t — jihonth
g,1 < PP(jh
g ,2 - PP(j
j i+l
return a
£1,-=0.001 €2..=0.003 c is substituted as function of epsilons

this second block as if cracked
Given

€2

€
bEEhElin [Ec(28Lday {ie; — ecs(jMonth))
Edlez €2 €2 €r2— €1
—[FASﬂEdl +hE—— - hj + Asztéh —h + hE—— - hﬂ +

=P
€x2—€1 €x—€1 201+ ¢(jimhonth))
hG———
€2-€1
€2
hE———
€2 . €2-¢€1
bl N3—— |Ec(28Hay [fe; ~ ecs(j Month)) f1h - ————
Edé) €2 €2 Erx—€1 3 d]
———AIhNE—— + (h—dy) - h|ifh - o) + Agyfidy + hG—— —h @y | + LT G0N = M+PE
€2 €2-¢€1 €2~ €1 | hon
hG———
€2-€1

PPP(j):= Finc(sl,sz)



gep = |j <1

while j < End

t — jihonth

g ,1 — PPP(j)y
g,2 — PPP(jp
j i+l

return a

Selection of appropriate solution

ge =[] « 1
while j < End

if €€1j L < g¢r(jImonth)

f — EE
g .1 21.’1

1 — EE
31’2 2112

otherwise

i — EE
aj’l 1],1

i — EE
8,2 11.’2

] «]+1

return a

EEj — E€j
M and radiuses

j:=1..End Kj =

- builds the evolution of section curvatures NE,\\)J =
Kj

fs1 = (ee- 1+ Kj mil) (E » steel stresses, where no yield is being assumed
S]] ) J S e : : AN )

« if yield is attained in tensile side, the section
would be collapsing.
Contrarily, the sectin might not collapse if only
the compression side steel has attained fy.

f3% = [egj,1 + kjfh - o) | Es



E.(28day

fer = |eg 103 if ee
° L o (month) Y1

OMPa otherwise

> eqr(j honth)

E.(28tay
feo 1= egj 203 -
3 27+ & (jmonth

fCj := fc(jimonth)

g, and &, changing with time

1510 3
I
1x10° 3
€€j ’1
€€j ,2
5x10 4
0
2 4 6

f.; and f., changing with time

10

Once taken into account the creep, total strain need not

(always) be less than, say, 0.003.
See in the stresses chart whether the stresses are met by

available strength



40

f; and f,, changing with time

10

20

150

fsj].
MPa
— 100

fs%

MPa

50

10

The thicker magenta line traces attained strength and
compressive stresses must be under it to avoid
collapse

See that in all the process a concrete triangular stress
block has been assumed, so significant degree of
accuracy can be expected only for low (initial-at
loading) stresses (under 0,45 fcm or so)

0.45%, = 14.85MPa

Note that if the steel enters the over fy
range, the solution is not valid since there
is no provision in the calculations for
yielded steel



Curvature at the section changing with time

5x10 S

4x10

‘3 ||—\|._5

3x10

2x10

/

j

10

Radius of Curvature at the section changing with time



50
400
'l
1
m
300
20

j
Limit the chart at the left abscissa (and corresponding calculations) to a age greater than the
age of loading.
A single step of loading taking reference age 28 days is the default built situation; anyway it
can be easily changed to another reference time for modulus of deformation and by whatever
suitable method (differences, or creep factor for limited steps) can help to trace the changes

in the column.
You can use the sheet to evaluate flexural cases using the artifice of quite little axial load.





