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| Creep strain under the constant stress|

(Linear)

(Non-linear)

[ Steady linear creep compliancer

- Creep coefficient ¢
Ea=¢d o

- Specific creep C
ea=Co

Creep prediction for ¢

+ ACI-209 model

- CEB/FIP- 70, 78, 90 model
- Bazant-Panula model

- Rusch model

A
Superposition

- Step-by-step method
+ EM method
+RF method
- TB method -

€ o : Initial elastic strain
O : Applied stress
AB nnyn, oo:
The functions consist of time,

temp., R.H. and so on.

Creep analysis method

[TStedy non-linear creep compliance &
- Bailey equation
Ecr=Ag"n
- Johnson equation
Ecr=Ag"1+Bo"2
- Dorn equation
£ cr=Aexp(o/O0)
+ Prandtl equation
€ cr= Asinh(c /o o)

. Y
Creep hardening rule

- Strain-hardening theory

- Time-hardening theory

- Combined hardening theory
- Work-hardening theory

Y

- Non-steady creep compliance H

(Linear)

(Non-linear)

lCreep strain under the various stress histories l

Fig.1 The. chart of creep analysis.
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Table1l Mix proportion of concrete.

Max size

Cmm)

Slump
(em)

¥/C
(%)

Air

%)

s/a
(%)

Unit weight(kg/m®)

w | C S G

20

4~5

0.7(66.1

44.0

185(280/8308]1083

Stress

1st cycle

2nd cycle

3rd cycle

140 154
Time under load - days

28 77 9

Fig.2 Stress history.
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Fig.3 Stress history.
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Fig.4 The relation between creep strain and elastic strain in the
second cycle.
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Fig.5 The relation between creep strain and elastic strain of
non-virgin concrete.
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Fig.6 The relation between creep strain and elastic strain in the
third cycle.

220.0

[ t=28days in the third cycle
210.0¢ ]

200.0} 59%.-50%

-
©
o
o

180.0f
170.0

160.0 f

Creep strain x10-5

...
a
o
=)

140.0

130.0

.................

‘2 ...........
00 100200300400500600700

Elastic strain x10~

Fig.7 The relation between creep strain and elastic strain in the
third cycle.
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Fig.8 The relation between virgin creep strain and elastic strain
modeled by Eq. (7).
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Fig.9 The prediction of creep strain under the monotonous
increasing stress (¢'=56 days). ’
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Fig.12 The prediction of creep strain under the monotonous
increasing stress (£'=3 days).

5. L, av2Y—O7 Y —-TOTHEEAIHEL
THIEE L TR 2EDTEDEOIE, uon, daon T2
W Pa DT hDO7 ) —THREZRANTY, Bhidb
VHNCE S EHEBREIRIUCE 2D, EBEE &L
rdhiEzszn, L L, —ERRGATIRBIT A2
Yo )—= b D) =TV FHIE, Fig8ITRT LS 5IE
BIEBBETHDIN D, duon>Paon>dow &5 5. T
T, BFEENOESHISHEZIZBEDsY) - TDER
EOEANICED <HEME L, dow ZRVIZEEIZIE,
EEERE B/ L, duww ZHOVIZBEITIE, EB
HEZBXAFMT 5. Fig.9 I IRLIz7 ) —TOERE
D ANTES < FHER, 7Y — TREUC duow T
RRTHB. COXDIT, BBIHEMT 2EBISHTIC
BOTE, PEVSHTIRBVWTHZ2Y)—T03H0DIE
B SREEBEITDLENTES.

PFig.11 1%, BTN 3528556 HicB T

DA LB E%R, RO ) —TRITFEON, HE
BERL EOV—FERLIZO 3 HBILEICE-T < 3HEHE
CEELORET S ) — TELANCES << EEEETR
LizeDThHsb. COMD»SL, O3 HREERNICE-S <F
BEE, BAOEELTVS ) — TELAERICER
EEFEBEIZEOD—FERLTNE I VTS5,

ULh L, FIEERMSY 3 HoBE %R L 12 Fig.12
KBWT, EELORET S 2 — THELALE,
Fig.11 DPERBEICERMBE & L O—BERL TV B,
O3 LRI E-S < FTEMEE, WA 0886
U GREHKT 30% OISHEREENH120) L0E
BEZBAIMEL TWVA I EHDDB.

Fig.11 5 & ' Fig.12 0 ® Model-1 1%, & (5) #
KUK (6) ICES<HEMTH 5. £12, Model-2 13,
mEE7 V-7 BLOR (7)) PO 2825
BHOTHEEUSEIGHPEFTE NI BEORES

]

211



BEEATIRBF23 Y7 )— DY —TOFEICBT 5858 RH - #5

Model-1

Increase of creep strain
<
<
3
Q
(0]
(0]
©
[}
c
2
@

0 Emax C2 €0
/ Elastic strain

Fig.13 The relation between creep strain and elastic strain
modeled by Model-1 and Model-2.

HETXSETNVTHS. Model-2 2HNT, BB
NFDTY) =T 0F Hene (1) ZROZETERZK (9),
K (10) BLoK (1) wiRT. L, R (9) B
O (10) HD enay BE P emar’ 1, R (5) BERORK
(6) FDema® & emax’ ITHET 5.

Eogimxl @%é .

ee (D =ecrs Emax+ (Go—Emax) £, 1 fp) ~wvevrerrenees (9)
€0 < Emax DBE
3 (t) = ( i Ecrs (emax,t,t,, to) )
e Ecrs(Emath,t,,to) — &crs (Emax/Emax’ X EE,t,t/,to)

X {Ecrs(emax/emax, X EOyt)t,ytO)

—&crs(Emax/Emax’ X €k, tyt/yto)}

X HIT, g, DEE
eae(H=1{z0 9) /213X 10) ITLVRE D &g (D)
Fecr (g0, t 17,1 k) —ecys (g0, 0 +17, 1 E)}
—Aecrz (80, t",t b0} —Ecrs(eo, 7,1 o)} oo (11)
T, o BE U gy 1E, Fig 13 IR G /S—J v 7 1) —
TR ERL, DToXTRoHN3B.
Eors(eo,t ' 1) = alt,t to)

alfid_al) ).
X ( cz(t’,to) &o (12)
sorn(Eo,t, ¥, 1) =@ (t, ¥ 10) X (0= 1 (49)) P40 oo (13)

a (t, ¥, k), blt), e () BET e (¢, ) &, R

(8) LUkBDONBFEKTH .
Fig14 12, &> 5 2WM0TH2EL X 55N

WEHEINBEE, 3205, em—teus>0 L1554
D Model-2 2 W25 EAFEOBSERK 2R Y. Fig.l4
o, X (11) o Tth B Ui, LRI &

SHEBBRAIESTELEZ Y—TOTHERU
KEZD2)—-TOFHE, ¥ EOA—HEEREL T

o g ~2 C Strain hardening rule;
Y ”4'/ de'=abc

¢ Model-2;
de=gh

Creep strain
‘\

L 3 "7 """""

(@)
o N (OSSERIRER

Age
Fig.14 Creep strain calculated by Eq.

/

Virgin creep curve

Increase of creep strain

=}

Elastic strain

Fig.15 The effect of recoverble creep strain calculated by Eq.

(10).

NP ay ) — MZEUSELDIBRBELERTH
3. bbb, X (11) oIS 2 EHYUBTRIND
J—70F » — iR de 12, BhiRgh %z " 1213 < 4
FRAEMICBHI S EiIckVskvons,. OFHE
LAIER (11) OBV, DT AR, S—V v

V) — THSIC SN —-Y Yy ) — FHhig s BV 3
Iz LT, K (11) 1F, BIEHEEDOS-Y v 7)) —
THEERVWAIETHB.

Fig.15 12, Model-2 IZE S < HER7 V-7 03 A
DEEBDOHFERLIEZ LD TH 5. Fig.ls5 b D
O-EA 75, VRIS Y HE0BDEVENIZE-T
EUB70)-70FHEBROTHOBBRERLTL
3. comigi, X (10) mkokoehns, 1L,
Emax, €E B LT emax’ IC1X, Emax=6Emax — ez PEARIZH 5.
Model-1 I3 < FHEEH, FHEEZMBDOIKHL T,
Model-2 iz 55 < HEMIL, 6=0I2BW1T, BEEMA
BEi5.

Fig.16 5 L O Fig 17 3 BFHICWMA 3 51 2845 3
BIZBWTHIERL 2B &% &4 D0 ) — TR FEIC

L

212



IARFELEE No.451 /V-17, pp.205-214, 1992.8

260.0
Superposition

© 250.0
o
X 240.0
-g Loading patern
_,:_; 230.0 Time Hardening Rule
&
o 220.0 ® Observed
(&)
210.0 @ oqp ®
- TRPO% 0 ampp 00000
Straln Hor&nlng Rule
200.0 M A S A N A . i S S S S S S S T )
60 80 100 120 140 160

Time under load ~ days

Fig.16 The prediction of creep strain under the.monotonous
decreasing stress.
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Fig.17 The prediction of creep strain under the monotonous
decreasing stress.
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Fig.18 The prediction of creep strain under the various stress
history.
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Fig.20 The prediction of creep strain under the various stress
history.
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Fig.21 The prediction of creep strain under the various stress
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STUDY ON CREEP STRAIN OF CONCRETE UNDER THE VARIOUS STRESS

HISTORIES

Kenji SAKATA and Toshiki AYANO

Most of widely-used creep analysis methods of concrete are on the basis of principle of
superposition, and the creep coefficient used in the analysis is constant irrespective of
subjected stress. Hence, the non-linear phenomena of creep are frequently neglected in
the actual design. We clarify that the creep strain of concrete under the various stress
histories is non-linear phenomena strongly affected by the maximum stress. When we
treat creep as non-linear phenomena, we need creep hardening rule to calculate the
creep strain under the changing stress. Many creep hardening rules have already prop-
osed. For example, there are strain hardening rule, time hardening rule, work harden-
ing rule and so on. These creep hardening rules are proposed for metal materials not
for concrete. We will propose the creep hardening rule which can be applied to creep

problem of concrete under any condition.
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