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ABSTRACT A probabilistic construction stage analysis using the Monte Carlo Simulation was performed to address the effects of
uncertainty regarding the material properties, environmental factors, and applied forces. In the previous research, creep and shrinkage
were assumed to be completely independent random variables. However, because of the common influencing factors in the material
models for the creep and shrinkage estimation, strong correlation between creep and shrinkage can be presumed. In this paper, an
Monte Carlo Simulation using CEB-FIB creep and shrinkage equations were performed to actually evaluate the correlation
coefficient between two phenomena, and then another Monte Carlo Simulation to evaluate the statistical properties of axial strain
affected by partially correlated random variables including the material properties, environmental factors, and applied forces. The
results of Monte Carlo Simulation were compared with measured strains of a column on a first story in a 58-story building.
Comparison indicated that the variation due to the uncertainty related with the material properties were most severe. And measured

strains was within the range of mean+standard deviation.

Keywords : creep, shrinkage, long-term analysis, Monte Carlo

AoEadEr 1FARY FAVAE Fo J%
ZA) A3 Aol e AxSE Az o &
W WHS Aos|n, o FA] RS doz
3} FAe] A ARl FFL vk F, FATA
o REH20] o8] FPRA el RAE}
A Hm, 2en el g, 4R moldst )%
o $H% olge estol AeulolE W 9FA A
A EAE Qe & Qrk) v o5e A
AUHE AR FHF WY NS T2 2
s A ] ARkl W AR EA WEel Te)=
o AzgEe] s B WH A/NE ASHe
Zelet,

FaRERAA BAsHs AZER Mgl 2

*Corresponding author E-mail : eunjongyu@hanyang.ac.kr
Received May 15, 2014, Revised June 2, 2014,

Accepted June 17, 2014

(©2014 by Korea Concrete Institute

&3] AaiMe Arrda ) g7

Zo] Aty ZaYES Fyxet A
ZHYP o u)-¢ thekst @Qlo os PSS Wk}
A7), LAYEES P A=Y
SIAZH SO7 o]FolA gt &
zd2o] Agtxe] glovt 7k Alw

548 AH8E Ao

AT 5 A
FAtole] JRAFE sk 7Hgstel A ZaA Aol
o Welel BN BHSULY e F5E 5

AgFe] BAS AR FARANY BE FiF gL
Eﬂ S

e
rE
iy
e
2

ko
e
1o
(
olft
N
¥
s
o
)
[kl
o
N,
N
_1

]_

= o2 AFEAMY FAE 7HH AL
o] Aoz ALZAER FA 77 Fel v
e 2dE9 MEHAE 1dE gEE4Q s

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 3473
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Hy
o
o
127
oftt
1o
127
offt
ox
fjo
M
>
_0|L|
K
o
il

of
o

ojf 2 > 1x

lo K o nlo

2 A R [N o o E o

>,

ki rlo offf 32

:?1:1‘
ﬁ 1%
= 2
A >
&

i,
%m 2
>
o I
iih)
T o
ey

r'
jo =

g
o
=z

=2

ooy

VN S N TR S

R of | (o T | )
1IN
o

_O'L

32 2

T
R
M

=
- (Step-by-Step Method, SSM)S 714 &3t d3=
S T e ol AEH A FEA T (Age-adjusted
effective Modulus Method, AEMM)2 22 AlAlaE ato 7
w2 ggst daE d& F e dHer dEA 9

o ol AIAEsAE e Hes vt 2k

2.1 AHNSH
AlZrol] whel §Eo] Walels ZA g EofA WAsH=
A ER 9 T8 Ay v g2 FEaow
ERd S Qlh0
_ o) ,
e(t) = @(t')[1+¢(t’t )]

t1+¢(t,t) ao(t) .,
+/t, E(t) e

c

AT A (1) 2 TAGI} AF 3 gRgle] Bdat
4

b s G @ SR JaE 73 5 gvk
AFAEYE 4 ()9 BREAL 4 @ ol FAAR
Hom WY Aoltk. Z, o] W ASAYREY 2
NARA Y A2 o8] Frrow R 7 abe] Sl

e

344 | =232 ESlE| ==& X267 3= (2014)

i Ao(t) )
+§1 E;(t,.jj [L+o(t.t)]

o71A,
o FAYES] ¥
E(t) : A t oA ZIYEL] SAS

Aow Mstshs 2AYE &
3]

[e] B

i =
o) vk AYASFE Bal aefshs eIk 2,
DS HP EE SIS EREE

ZAYE $HS 72E AGATE BHYE A8ZASF
= £ X 2 AAkgoe] Hom et
3 = < AEH 3 U3 A95 A
S 5 Ut AYEAFEATHAA HEE] B3k 2
O X gg

R —] (3)3”]' %EU{ 017]/\1 ZH 7:"—/,: X(tyt,)'E‘ &} (2)%
()ezRy A @k Zo] fi=d 5 Uk
e(t) = ijé,)) 1+¢(tt)]

(3)
- T”)t 1+ x () b(tE)]

E(t) 1 G Ac(t)

’ _ _ A 7
x(tt') = @) —o()] ¢(t,t’)j; E(t;)

“)

<o)l - Sroy

kA AF AT A A ¢, SABES] @A
o] Wde) ks wrow FYXE AGFE F3H7] Sl
AHEE Az Rde] welbA: gk Bazant'VE 24 (5)
9} Fol olAEF R(tt')E ARSI YERH T ACI9]
AYZAFE A A AGASTE AHFsEgl o,
Trost®} Schade 5% CEBS I ZAF21S AFEE H$-

) o)
SSER
™~ Ao (7))
\\QL\-—L
1. TjN\rk’ ‘
Time

Isttime 2ndtime i-th time
interval interval interval

Fig. 1 Step-by-Step Method (SSM)



ZAYE BAASI Atk & A9 AHAS
Agetar gz e] JE 2 AAl s

(T}

x(tt) = : e (%)

SR g1e] el sk wee A2k wa
o EAsA Ak f4)

2
s L L E

V(6 t) = k+ R(t—¢ )~ 0237200101 In(t—t") (6)

A7IA, ke ABAT 2713 YEhE &olH, rE
AN GAG2] MetEs el doltt k9t RS s A
shal o] 289, EH 7T 40 MPa, HHH] 0.5%, HE
A7 750 mm L WE V]FO® to] FAEAS E
a vk 2 e Abgsksith

—_ 2 _
k=0.925+26.52(p 0'5) ,5.603(p 0.5)

f(:u, f(:u,

7
+ 4 1 l ( f(!l}. ) + h(,‘ - 750

0-0491 In {75 75550

R=R, Rf(” . Rh( (8)
—0.02 < (f,, —40)

R, =e " (10)
R, =1-155x10""x(h,—750) (11)

Geloln ZAzEY B
BEE, hE AGFANEZA RA 2715 e
= golth o] ATeAE ARARE D A (6)-(1)°]
AFE AgsH AFRAFEATEE 5o

22 M=o

o] AFelA= ZAYEL] Akl EAQ] MEFS
U ARRE 02 CEB-FIP 199078 AM-3ITh C
FIP 1990°14 = A9} AxTHPES A o

23} o] theFe 21S wg Bt

221 2|
CEB-FIPolA =)= WL the] gAddgaEo] ui

&9 AYZAGTE BHHTE T 2dA2 2 (12)9)
2ol ABZAGF ekl VEAY ZAG ¢, 9k AZE
of W FEZHYPS vehdl= el pi—t) 2 T4
A}

ot t') = ¢, 8.(t—t") (12)

A7, 7NE ABZAFE 59 A (13)-(17)% 2ol
AstA]l ZAES A ¢, 2AZEY AFHE £, &

F5 RH%), 2% T, A2 271 b, sl 9F& 2

.‘:;.]:]_.Z__
- < T

b0 = bpir B(fo) B(H) (13)
bun = 0+ LT O (14
¢4 =expl0.015(7—20)] (15)
6(f,) = % (16)
pt) = m (17)

o

v g, ARbel] whE Ae

3
— =
Tk BAe 77 @ AEE J9gS vHste 9T
AFA g, X ME TS 1H= 5,5 TS
aL sl
, (t—t") 0
(t—t)=|— "~ 18
B.(t—t") Gt (=) (18)
2.2.2 HRSE
CEB-FIP?] 1Zx7= WRE RAA9 FAHE FgE
o} fFAtatth &, AAFAS A (19)9 2ol Sz

o]

2. -
FHPLEE Uehll= & ¢, 9 AlRtel & ¥3E
Bl g pli—t,) 2 795 9o,

ele(t7t0) = Eshoﬂs(tito) (19)

6:s‘ho = 65 (f('m) BRH (20)
71 A,
e,(f,) = [160+108,.(9—f,,/10)] < 107° 1)

= EZ2EICEX 7 TS o152 E=ed 241345



BRH:_I'%[I_(%ﬂ [1+(103§RH)(T 20)] 2

L AxsEo] AEE A, 4,5 AHME
of W ALEA HEDALEE 45 AET

3. HEHs Q=S4 B4

3.1 2HFHEE AlEdolM

22 ARUolde BHANE AL ARE
S AN o2

& 1 el HEE
s
=

o} A}OMW Eialiels E—E% 7HA]

olF AiREl] R

A= oheFst Fado] Qo

o 2= A %‘E%E‘rﬁ-” SBAT7E pSl

XQ}‘ Z'— r/]_o }\] E
T X9} Yol AOH ?éﬂ?

Z=pX+ V(1= Y (23)

EHI?F:?: AlEdlo l of FytExz WA da
o].oq o]: 3l ;q] _Tzl%

AHES A o1 e P e
A Qe MBS S Ao AN PFREY

=2 71w
ol vl R #e o AEReRE AAY F
AR S S AR B TE F U Ao &
A glek

h R =2 =2
w7] S35 SAE fEAsE Adsa /E AT
g 3| nug o WFEY WEATE el o]y
. AZYe Fa e AN BsER AE
o|He Fastet

3.2 HEHS

=9 7ol AA

A S <} i}"]% EO]—E O] fre 0%31 M2 A7
Atk =, A E A, 3@@2 FWYE, AT
ANFAQD 54 Z2dde e 2]l % 9 2%}
2 FAAA Q9l, gt At sk Qfel| ot
G, r e 2= AF 23t Fo] Utk o] ATt

346 | =232 ESlE| ==& X267 3= (2014)

v BHIFER AlEFoIAE B3l ol BN &
AEo) st a4 Aol HEH =
A S ®azt skl
Table 12 ©] 7oA ef
HTE Abole] AT E YERY L 3
Hre AgolA F FFAE(f,), &
T(E), 7l ABZ AT(e), 71+ % =
(€)@ 2 AEA Aol ofst wsl 25(D),
HFE(RH), NEFA H(h)ﬂ 2 8748 o
3ta(load) ¥ 22 SJH-olA Zg3dhE QRl0RE Yim &
Atk o1 7]A, f MEC% 22 AEE Il

=
=
=
=

7

f
[Nl @
o o A

= /M= Zlem A gl of Adela=
wdel ek 089 AAFE ARgSTY Az
Ax559] A% %A CEB ZEAA & 5 9l%ol
AL A2gF WMol v 9lo] vl frAketed
oju gt FHAAT Y= AR AAEG VE LA

= of 710 falA i AAE vk Qlek wekA o Aol
A Al 20 Alolo) AR nefa) 4
B ® e BHAEE ABdelES st o)

e
of AHg-8 SEwes FAL A5 h, SHEE RH, &
T, 2AYE 7o+ fo o) 4F5rolm, 7 SENe

d FEWNSFE B

3 HEAGFE Table 29+ 2t} 18
2 5§Ql Ao ® gttt

Table 1 Correlational coefficients between random variables

g
S|
>
>
S
N

Load

fu |l 1 |08 0

E | 08

o

W

€sh,0

RH

T

h

oclo|lo|lo|o|o
clo|lo|lo|oc|o|~

olo|lolo|Lal~|ole
olo|lo|l—|lojlo|o|o
olo|l—|lo|lojlo|olo
o|l—|loclo|loclo|o|lo
—|lo|loc|lo|loclo|o

Load

Table 2 Statistical properties for preliminary MCS

Variable Mean Cv
h, 742.5 mm 0.05
RH 40% 0.2

T 30C 0.1

feu 45 MPa 0.1
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Table 3 Conditions for material test

RH
40%

Load
16.89 MPa

Time of loading
27 days

Table 4 Compensation Coefficients for material property

Type Elastic Shrinkage Creep
Factor 0.922 0.867 0.547
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Fig. 4 Compensation of shrinkage strain estimate

7] 918l CEB-FIPS] S=2]¢f 2]&t %M A BAGAS
= AFEEFITE Table 4= B AF S, du X
2o BAA GOl BAAGE m]ﬂoﬂ I3 o 4] 9}
A9 fFAbeA YEb oW x5 W 8 WY
ol A% =219 86.7% L 55%°] d|Fsl= W Eo)
ASE Ak Fig. 4= ABAE A3 5 Alte] & Az
TS5 Mg 9 CEB-FIPY| 93t oA|SA]of| RAATE &
s ks vl geolnt,
Hh= MOSS93|ER 2R ZPIS oS0 S 24| 347



5 SR EM A ASXe| Hiw

51 S54d Y4

o] AyelMiz BEAEY acle vEt 2ol 3709
2O WAl ZH7ke] IR wige] uhE sy 4
e Mo 715 ST g4 ARk 37 1
e et A

) ARSAEHEEE, @S, VeaeE, Axs

) &gl
2) 84 2RJACNAFAA T, 5=, S50 A4

iAol AMEHE ZF AAES Hua ¥ WEATE
Table 59} 7t} o] & ZIAYE 2 HAE= AFA
S B8 Tl gold, A, AR ZAS, BESF
= AgE] A= ARAE Ayt dAA7]7] Sl
CEB-FIP T@2)o] Alg-¥ HAASE on|dtr}, 3k
T 9 7le] Hit 9 WEASTe dddEe] g
A9 FAAREYEH 2HE glolth F& ¥ VS
Aet YA QxS HEAFE o Fuid 2
VEEHAARE AR AT o7 Az A

Table 5 Statistical properties of random variables

Mean CV
Conerete | ¢ 3 Mpa 0.060
strength
. Elasticity 0.922 0.150
Material
Properties Creep 0.547 0.270
coefficient
Shrinkage 0.867 0451
strain
N"g“’na! 1446 mm 0.050
Environmental | MEMOCr S12€
factor Humidity 40% 0.200
Temperature 30C 0.100
Applied load see Fig. 5 0.05

Applied force (kN
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Fig. 5 Applied loads and ages of concrete
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Table 6 Coefficient of variation due to types of uncertainties
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