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Incremental Model Formulation of Creep under Time-varying
Stress History

ABSTRACT

Internal or external restraint of concrete strain due to drying shrinkage and creep in concrete structures causes mechanical strain and
becomes a source of persistent change in creep-causing stress conditions. Mathematical modeling to incorporate the persistent change
of creep-inducing stress is generally achieved with consideration of the ages of concrete and concrete properties at the times of loadings,
and stress history. This paper presents an incremental format of creep model based on parallel creep concept to depict the creep under
time-varying stress history in developing creep strain. Laboratory experiments are carried out to validate the performance of the
presented creep model. Typical creep phenomena are addressed through the comparisons between the measured and predicted creep
strains.
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ndo] sk Asirle] FARE A 29% 2 sheolHs
71 AR efsle] 43850 k) (Glanville, 1930), Bazant
(1972), Kawano and Warner (1992), Pisani (1996), Choi and
Yoon (1999), Oh and Lee (2000), Oh et al. (2005), Gilbert
and Razni, 2010). o]t it A7E &) AIkd 2l
dnkro g e Wskgo] Afetrle] AHel SHHolgh= 71
o ZAsH= 8= 3 WH3le Ed(rate of method (RCM),
Glanville, 1930; Whitney, 1932), A7+ Z3}o) w2 &150] W=
WA sl sl 2 alEste] 7 Sete
Iz ASE Tk ARSE T3 SAH(step-by-step
method, SSM, Gilbert and Razni, 2010), A5} A]¢] ZIHE
A Aol we T wels Al ¢ Bxo g
A BA G (ageing coefficient) S TYsle] sl50]d 5o AlHES
A 3YE-HEE WAE AAHS ABEAFESIAST A
(age-adjusted effective method, AAEM, Bazant, 1972)2] A
FHo = BHE & Stk

olgfet Fg]= B4 7ld] RCM RE& o7 7jj9] 3&9]
ARrolEE 7HAAL 2R88h= ol E4g AEH AN 2 sl
of tist FE= o] WHlE-2 FUIITHE 7 AL
Utk Tz Fpe] Wskgo] Bl 7P AR thE AR
Ak 7+ slee] Az g Fdo] TYe AR o=
Haste] FUslthe Ag nisiez HaY F2|= H(parallel
creep method)© 2% FHETE AR 815 271 sk st
© FYEx WS B Tz e B ks sk
o] /de F= IARKY] BES vl Tl S 2
whHo|, Zstrle] AFe wIzket Fej= AT o] TAA
A FRko R Qlel Al F2Z As Ak e
Zh1 9tk B =Folke ©d IR RS ARSSe] AR
o oz ojo] Zelz A% WAk RCM wele] Ak
71871 el WS A 3 ety JRdE FEle] RCM
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RCMe] 7132 7Fgoll Algde S5 Sls) 2 el
AN ) = g olslel + YT W =P e
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Esieick fme =eE el 4As 4838 B Sl
AEY FANE ARSI] 2 a7sR 9 S e,
AeE 9 PPIRIRS ASsgor, ARl wASES
Aok Wiws] SRl A9 Fo el wde] 33 /A
F e AN 45 =L AN el AT
=9 gEEe ARK) A meh ARA Wk U5
2z WY SIs) EVE Qo] HHRo R sk e
4% Bl olHat SFEA WPt el A% vk
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Glanville (1930)0] 2J&l] A]2ke RCM EEle Azto|g] 8155
Wi 2aelee) qlo] Ao 7+ shEoled)] vigk el gie)

3l
Hske-e AR Erhs 7P 23] 7R SIc) Qle] Ak
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Sh= Fig. 1914 AR £, ¢, ¢y, -, 1, ol AdFE ZF A1
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2.1 $EMISE WS F3|T 54 (Glanville (1930)) Eq (92] % T2l M98 FHS ARE ¢, o Tl Sy
Fig. 1] $2]%F #3) ELEL Tl AW ¢, sty o b,y £ Ae,(t,) 24 JeRH Eq. (6)7 2tk
o Aete] 17 Jsﬂ A+, o e TRl WEE o, (1)

& a7e] % #4 CDsh ABe] Jlafstd BA=RE Eq. (1) Ae,,(t,) ©)

=4 ﬁm‘%ﬂ“ :Z{J’ =ttt t)—J (t,  —t ) ot )

‘n (2

e, (t,)=J (t,.t,)Ac(t,)+J (t,.t)Ac(t,) —ZAJ t_)Ac(t_,)
+J (tty) Ao (ty) + .t (tt, ) Ac(t, )

= EJ tti 1) Ac(t;_y) ) Arle] A= HMYES Egs. (4) and (6)0] 7= A o)
Y HEE T AL JEAS a2 =98] Eq. ()24

P Aclt, ) 1, ZRE] 12 ARBASE ol Wggr oA
S=e Wels Ve, J (4,8 ) =T (t,,t,) =T (4 t,)
= Aot ol theske Fel geg opmjghck AR ¢, o] 21

l
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Ae, (t,) =1 —a){AJt, ) olt, 1)}

el 98 Aclt) 2 % T2 S S (4e,)9) Te)= Fal AT (1) A0, ) ™)
A ¢(tt,) D FZ HZoI 5 T (t,1,) k] PR .
Eq. 2) @A Fd¥h Eq (DA 7FAITF a = OJ 8= AN B A=
S e, o =19 A9 e 38 T8z ds
elt) = %”c(aﬂ - {ﬁt)“ ’ (t,t&}"c(to) ”“CM‘I‘ 0= a <19 ¥l wa— a )= S 5
(ty a\ N B Fejm Aol Eq. (7)) e B =)
= J(t.t,))o,(t,) @) e ARE ¢, ol Askd LA A|&510] 3 T ZE]= 42
ARgBte] ARbold sl sle] FE|E WHESE STkl JeS
Eq. (De] % WS BAL AL 1, 4] Z2Z WAE o 2~ o)y,
FEF Ac, (t,) 9] BAEA Egs. (3) and (424 BIHHTE
) 3. 32 A2t o=
Ae, (t,) ={J (t,t)) =T (t, 1,ty)} D Aot ) 3)
i=1 3.1 Also| A&l
o AIRKe =]z St T3kl e P VAT a
;8:( ) =AJt, ) olt, ) 4 Stk Sl S TSP AR SA02 9% waEls
BAAE ARl AFEEA A% ABS STk AR
Eq. ()= A% ¢, ty, by, . t, 0] AJFE 22302 2l A FYZ AIF7IR QI8 7 TR EFHEE AR
ARE ¢, ol FE)E HEE 4 Wl 22kl we) T 247+ 1209 59 S FFeoink HA 3% CS-type (CS:
el SA S Altele dAE LeRdTh Cylindrical specimen with Stepwise load) 2&dxE= 9 315
223 AR gAlslE 21 3o F ER IEZ Ads S5
2.2 Amulst W Fa|m S NEASF o 7k ARsiglon], ARANE S Ak =)=

Fig. 19] Z=2p¥et Hal) =12) 7w} ), Fig. 29] S-uksr o] 588 AT 1209 53t CS-typee]l tieh H&
e TP AEe =48 u, Az ¢ o % FEE WEE TG Tl Az FHRES Hisio] Yed RIS AtelaL
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Table 1. Mix Proportions of Two Types of Concrete

sagee] B34 22w vy

Test type Max. size of aggr. W/C ratio Slump Unit weight (N/m?)
(mm) (%) (mm) Water Cement Fine aggr. Corase aggr.
A 20 57 110 1,880 3,310 7,520 10,200
B 20 57 120 1,640 3,300 9,030 8,570

3.2 HSd Z32|E A2 HiE

CS-type} CP-type Z}ztel]l tfsf =2|= A9 470, Ax5=
37N, SAT 34 20005 E3E T 27709 SAAE Al 150
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Fig. 4. Schematic Draw of Creep Testing Apparatus
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rdold g5 wd F8= = CS-typed CP-type
FEOF 2ufe] FE|x AFVIE AMEBle] YA dSsshE 23S
FARBRE ZEz Ao 25 E ARtk YA 2 tie A7)
o thell CS-type AFexI= Fig. 390 Hole= + 7ol AR
HAslES 22 Ast st A= VAl 2715 2R
QMg S sk =22l ARYVIE AEAPE ke
Hze] FPFAE B3l FEsiion, febdAlel 72k A
o} Fig. 40l Hole ZAE FAA 5ol AXd ssAls
AMEBI] SEERE Fye] 718 AISSITE AF7RY St H
o] F&8& WK 9l Fig. 40l Hol= HEEBEE FFo2H
AlR71e] AR oS Eefskdink olEgh HES
B3l frete] FEE QIS $SHe] e WA & glon
FTAAL] 45 Ze= WP o2 sl WAsE o] gdo
Zefshe 5ol Fhas WREH] e whitel YAsks &t
ez Ao o= wl 29nht ks SR BEskivk
AbHQ] Fjr 3] Aolle Srye] edRde R Q%
G599 s B 913 3 ] 35 glo] A=
o] FaErt. CP-type HFoM= 2 the] Z2]= AIF7IE
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AIEE Fgslon, oE B3l TAIA =Y 7] 458
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Table 2. Three Empirical Equations for CS-type and CP-type Tests
Equations Test A Test B
J'(tt,) (t—10)"° 4 (t—t,)" 4
11+1.6(t—10)°0 E(t=t,) 125+ 04— )% Bi=1,)
(t—10)0F (t—7)00
sh (t7tn) 0.6 €shu 0.6 Cshu
514 1.45(t —10)" 26.3+1.0(t—17)"°
E(t) \/# E (t =28 days) ”L E (t =28 days)
4+0.85t ¢ 6+0.76t ‘
40 - 600
| -
& o—e—o Measured
630 = & L—-o-—-r Regressed)
2 a0} )
= j =
£ s
S2r- ®
I L]
o g
e | £ 200
G (e—e—a Measured E
10 - | +—+—+Regressed u:'J
0 L | I 1 1 I 1 I 1 0 1 | 1 | I | 1 | I |
o T 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (days) Time (days)
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40 Tse -800 —
- | e —+ . I
& e a
S0 4 4= _ 600 -
= / NCI— s
= / = =
Al : <
520 — 28% g -400
k=] | o 2]
o | £ -
£ [ 1 o g I
_g = [ Const. load
g 10 —(14m 200 |- o—e—=o Measured
w w +—+—+ Predicted
0 1 | I 1 1 | I 1 1 0 0 4 | 1 | i 1 ! | 1 1
0 20 40 60 80 100 0 20 40 60 80 100 120
Time (days) Time(days)

(c) Development of Elastic Modulus

(d) Total Strain

Fig. 5. Basic Age-dependent Properties of CS-type Test

e SRS B3l ATk 2F ARl ik A
AE 7 (CS-type A9 10), 14, 28, 56210] Zk2F ZAshe]
=2355) €1, =T8> 107" ARE £ = oo o] P
742 = HEEY 27E At AR 28Y Y=
CS-type2} CP-type 2 7--0]] 28MPa3} 22MPao] o1, b4

= 32,800MPa¥} 18,600MPac]ich
Flgs S@~(d)= CS-typeclr] Lofxl &) 2]z WY, =
T5 HEE T B F HEES A veRliv, 9] =2

if:

n°"
jg

3 Fh‘

3.4 7134 o el 2™

Fig. 39] Al7lo|&] SIS 2F8A7] FE]= ASAgo 21
€] Eq. (1) 78R 2= 7EAF o 3k 2As9Ic) Figs.
6(a) and (by T E57<] AR WAlBls slolM AlSE HIE
3} 2 el ARk el wel] o] aiEe sk vl
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Fig. 7. Comparison of Creep Behaviors Under Different Axial Pressure Conditions of CP-type Test
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