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A Rheological Approach on Prediction of Concrete Creep
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Abstract

The primary objective of this study is to construct more ssimple and reasonable rheological model and propose a method-
ology for predicting a phenomenon of concrete creep. Deformations of concrete under sustained stress can be expressed by the
sum of immediately elastic deformation, time-dependent and time-independent short-term creep, and long-term creep accord-
ing to the mechanism and time-dependency. To simulate these deformations, a rheological model having six parameters was
congtructed. In the composing of each parameter, the microprestress-solidification theory and design model code were incor-
porated together with the numerical approach for the components which can not be theoretically approached. Finally, actual test
data were applied in the verification of the proposed model, and suitability of the model was confirmed by comparisons with
existing predicting models and design codes.

Keywords : creep prediction, long-term creep, short-term creep, rheology, microprestress-solidification theory
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Fig. 3 Experimental Compliance Rate for the Normal Strength
Concrete (w/c = 0.5)(Ulm et al., 2000)
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1992)
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Table 1. Precondition for Model Development

Precondition Details
1 The model consists with spring and dashpot.
2 Maxwell mpdel_ and Kelvin model areprior to al
other combination.
3 Rulesof rheol ogical objectsshould beconsidered.
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Table 2. Inferring Rules of Rheological Objects

Objects Type A B Result
Residua Residua Residua
Series Residua Non residual Residua
Residual Non residual Non residual Non residual
deformation Residual Residual Residual
Pardllel Residual Non residua Non residua
Non residua Non residual Non residua
Bouncing Bouncing Bouncing
Series Bouncing Non bouncing Bouncing
Bouncing Non bouncing Non bouncing Non bouncing
displacement Bouncing Bouncing Bouncing
Pardlel Bouncing Non bouncing Bouncing
Non bouncing Non bouncing Non bouncing
Vibration decrease If apart i_nv_oI Ves Vi SCous elements, any vi brgti ons on the part converge to zero. On the other hand, vibration on a
part consisting of elastic elements alone oscillates and does not converge to zero.

go] A§} o]z o] hdd] IEHA Fe A
(residual) ®&o] WAskaL, LJFelA 7Hixl oUAl= 7+
A QA AgEEA 22 AdEE EAS Btk I
o] A Edox Yehtr] fleire +

A 2940 4
T4 A F Ha 3 A9 At ZFEY

=

Sqoz nof
of 3], WAzl el A T} BE AR
¥ 542 7123 Qlofek Bk 2 (bouncing) WHE T
ARe) WY SHo= TG F B ek IF WY 5
e wold, M4 mEe WEHa 54 R B &
wge] TPgel ek AlRe] Aol 9lo) mE WEsy

& Hojof 3t

32 A2t OIEH - SHH 4% 29 T4
B A7 dEmEe 2uay BAEES 7R 5
T Teln 7 FHAAES] AR Btel] mE
HASE RS 1T 5
ARYSEHS] 8} AR
Shck. 7R T4 QA 91e] SRR ARl whet 34
| MskgRe ojugict,

R ARz Al AA EQl st tid ST
3 !

ol &

o

o

o,
i
K
)
2
o
2
iy
td
i)
0,

(@) BEiE Felze) AR SYA ASE Uehile 2uls
A5,

3.3 & =29l 74

Fig. 62] Model 1¥} Mode 2= z¥z} =)o) A7t 9
2 AsS BARKE 485 2499 (@9} (d)ell, A7 EH
2 AT ATS BAhe i 2d9 (gF 28 dF

E29% 1A - 2009F 1A

(a) (b)

R

Fig. 5 4-element Model for Time Independent Deformation

-\/\/HM
~p g

Model 1

Model 2

Model 3

Fig. 6 8- and 6-element Rheological Models

3l Zolth. Modd 1& Maxwell chan® Kevin chain®]
Z3}E o]Fo] A7t 9 - 5YA Az As s B
AR, Modd 2= Maxwell chanthe o]83te] A7t 9
£7 az32E AR Maxwell chand 38 o|$h a4
& aFor RARE &= Qloy FIP|ES] FYE AFS
FARPZlel= Adeix] GO, Modd 15 HF 8 &
g2 ZAA3}) £3 Modd 12 HZEF 02 Modd 39 3
HZ 71893 2 4 gorz B AiE Modd 38 7)

z3le] olZ4e Sy

—87-



Table 3. Mix Proportions and Specifications of Specimens

feu wic sa Wateg Cemet;t Slump Air contents Length Location

(MPa) (%) (%) (kg/m?) | (kg/m) (mm) (%) (k)
Kang-Dong brdg. 48,52 315 42,0 162 514 150 45 113 e s
Kum-Kang brdg. 50.37 320 42.0 168 522 150 4.0 0.45 =8 2x
Dan-Yang brdg. 53.43 32.0 43.0 169 528 150 45 0.69 =3 o
Hoeng-Seong brdg. 53.31 328 42.0 160 471 150 45 1.31 734 314
Ko-Jung brdg. 42.70 275 42.0 149 547 135 45 113 AE A=
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Table 4. Ratio of 300 Days Deformation to 10,000 Days

Deformation
Loading age 3 days 28 days 90 days
Kang-Dong brdg. 92.08 82.52 89.54
Kum-Kang brdg. 92.52 88.89 84.96
Dan-Yang brdg. 98.48 77.46 93.30
Hoeng-Seong brdg. 97.53 90.98 84.63
Average 95.15 84.96 88.11
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Fig. 9 Experimental Results of Specific Creep: Kum-Kang
Bridge Concrete
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Fig. 10 Experimental Results of Specific Creep: Dan-Yang
Bridge Concrete
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Fig. 11 Experimental Results of Specific Creep: Hoeng-
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Table 5. Experimental Constants (¢, )

Loading age 3 days 7 days 28 days 90 days
o 5.0 6.0 15.0 25.0
B -0.2 -0.3 -0.5 -0.6

Table 6. Engineering Meaning and Method of Deduction

Component | Engineering meaning Method of deduction
1 Elagtic deformation CEB-FIP MC R99
Microprestress-solidification
2 Long-term creep theory
3 Short-term creep Numerical approach
4 Short-term creep Numerical approach
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Fig. 13 Specific Creep using Proposed Model

Table 7. Established Equations for Concrete Creep
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Table 8. Summary of Results

Prrgggzed Kimetal. | Lee& Kim | B3Model | GL 2000 ﬁQESTO? CM'?;:&S 203%'92 %g
days |ratio| SD |ratio| SD |ratio| SD |ratio| SD |raio| SD |ratio| SD |ratio| SD |ratio| SD | ratio | SD
3 104|003 |079|009|058|020|069|012| 203|012 | 146|006 | 0.72 | 0.10 | 0.89 | 0.05 | 0.68 | 0.15
7 108 | 003 [093|005|058|018|074|009|218| 011|167 |0.06| 077|007 094 |0.05|0.92] 0.07
28 113|002 | 114|004 | 076|010 | 095 | 005| 6.16 | 0.16 | 239 | 0.08 | 1.01 | 0.04 | 1.19 | 0.04 | 1.56 | 0.05
90 100 001|{091|004|065|010]| 091|003 |1346| 0.16 | 1.98 | 0.07 | 1.00 | 0.02 | 1.05 | 0.02 | 1.66 | 0.06
Average | 1.06 | 0.02 | 094 | 0.06 | 0.64 | 0.15 | 0.82 | 0.07 | 596 | 0.14 | 1.88 | 0.07 | 0.88 | 0.06 | 1.02 | 0.04 | 1.21 | 0.08
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