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Shrinkage and creep analysis of concrete members
considering reinforcement based on ABAQUS
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Abstract: Creep curve is fitted by MATILAB based on CEB-FIP(2010), and shrinkage and creep calculating
program is designed by using ABAQUS. Based on parameter verification, vertical deformation component of
column and frame beam models with rebar or without rebar under different parameters considering creep
and shrinkage were obtained, deformation reduction factor considering the influence of steel bar is proposed
and its influencing parameters are analyzed, and the column reduction coefficient formula under different
factors is fitted. The results show that the relation between dimension, concrete strength, and reduction
factor is quadratic curve, the relation between ratio of reinforcement in column, humidity and reduction
factor is linear, while axial compression ratio has little effect on reduction coefficient. The relation between
beam section height, concrete strength, ratio of reinforcement in frame beam and reduction factor is
quadratic curve, the relation between humidity and reduction factor is linear, while the vertical load on
beam has little effect on reduction coefficient. The column reduction factor formula can better consider the
effect of steel bars on the shrinkage and creep of concrete.
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Fig. 1 Fitting curve of creep coefficient
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Fig. 2 The flow chart of calculation process
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Fig. 3 Test loading device diagram Fig. 4 Arrangement diagram of strain gauge for shear wall
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Fig. 5 Model of reinforced concrete shear wall Fig. 6 Creep strain curves with time variation
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Table 1 Vertical deformation and reduction coefficient of columns with different section size
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(mmXmm)  AfiEH i A WA WA AR A A B4 By 14 B4

400 X400 1.781 2 2.096 5 3.125 0 2.319 2 2.317°5 3.991 9 0.768 0 0.904 6 0.782 8

500 X500 1.934 7 1.991 0 3.235 9 2.356 7 2.153 3 3.898 5 0.820 9 0.923 7 0.830 0

600 X600 2.044 2 1.875 9 3.274 1 2.366 1 2.005 0 3.760 7 0.863 9 0.935 6 0.870 6

700 X700 2.090 8 1.757 6 3.212 0 2.362°7 1.864 1 3.614 0 0.884 9 0.942 8 0.888 7

800 X800 2.122 8 1.652 7 3.146 9 2.3717 1.742 8 3.503 1 0.895 0 0.948 2 0.898 3
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Table 2 Vertical deformation and reduction coefficient of columns with different concrete strength

o % 18 % 18 FIEW  AFZEM  AFIEW  AHIEW Pk Ik Ik
fii A i A i A i 1 fii A fii 1 AR AR AR
C30 1.934 7 1.991 0 3.235 9 2.356 7 2.155 3 3.898 5 0.820 9 0.923 7 0.830 0
C40 1.582 1 1.929 3 2.916 3 1.863 5 2.068 1 3.398 6 0.849 0 0.932 8 0.858 0
C50 1.351 7 1.886 6 2.707 9 1.557 6 2.008 6 3.088 6 0.867 8 0.939 2 0.876 7
C60 1.188 2 1.854 7 2.560 4 1.347 9 1.964 7 2.876 0 0.8815 0.944 0 0.890 2
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Fig. 9 Reduction factor variation curves of

columns with different concrete strength
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Table 3 Vertical deformation and reduction coefficient of columns with different compressive ratio

WU I % R % I&M FIEM  AFZEM  AFIEW  AHEW Pk Ik Ik
fii FE fifi £ fifi £ fifi £ fii FE H s 1 £ AR AR
0.2 0.975 4 1.693 4 2.276 6 1.187 6 1.832 4 2.729 4 0.8213 0.924 1 0.834 0
0.3 1.455 0 1.842 2 2.756 2 1.772 1 1.993 8 3.314 0 0.821 0 0.923 9 0.8317
0.4 1.934 7 1.991 0 3.235 9 2.356 7 2.155 3 3.898 5 0.820 9 0.923 7 0.830 0
0.5 24144 21398 3.715 6 2.9413 2.316 7 4.483 1 0.820 8 0.923 6 0.828 7
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Fig. 10 Reduction coefficient variation curves of

columns with different compressive ratio
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Table 4 Vertical deformation and reduction coefficient of columns under different moister

SR % % I8 % 1EM % 18 A% & A% A% Pk Pk Pk
fii A Jifi FE FER WATER BAER W BN M £

50 2.032°8 2.171 0 3.497 4 2.494 3 2.350 0 4.2415 0.814 9 0.923 8 0.824 5

60 1.934 7 1.991 0 3.235 9 2.356 7 2.155 3 3.898 5 0.820 9 0.923 7 0.830 0

70 1.836 4 1.810 9 2.973 4 2.220 5 1.960 5 3.558 7 0.827 0 0.923 6 0.8355

80 1.737 6 1.630 9 2.709 6 2.085 4 1.765 8 3.2216 0.833 2 0.923 5 0.841 0
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Table 5 Vertical deformation and reduction coefficient of columns with different reinforcement ratio

i A e ) AR I e ) AR I e ) AR I P R 5 P R 5 P R 5
0 2.356 7 2.155 3 3.898 5 1 1 1
0.005 0 2.088 1 2.036 4 3.4770 0.886 0 0.944 8 0.891 8
0.010 0 1.934 7 1.991 0 3.235 9 0.820 9 0.923 7 0.830 0
0.015 0 1.796 6 1.945 8 3.017 9 0.762 3 0.902 8 0.774 1
0.019 9 1.644 4 1.860 6 2,772 7 0.697 7 0.863 2 0.711 2
0.025 5 1.525 4 1.813 1 2.583 0 0.647 2 0.841 2 0.662 5
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S M AL, A B 2 R AR AR I 78R K A Al e L 2 TR D R 5 AR . K STk P AT 1 e R I A R R AT R AR
AR SR A 22 B RN 0.5 mm . i T SCHR A OR 5 IR BRI A B 0 DR A AR 3 R 22 L B LA SC AP BT A RO
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0.90 I Table 6 Comparison between calculation
results and reference’s
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Fig. 12 Reduction coefficient variation curves of columns 2.00 3.3 1.88 1.64

with different reinforcement ratio
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5.1 HEESH

K ABAQUS #0435 i 57 80 2 = 15 30 IR 358 - D K A A9 R 66 - HE 40 A PR OTASE Y L I MR 8 e 4 1 A8 1T
TR A3 BIMESL 32 s v B () A8 JE . A R 0 A Y o e it 20 A 2% 1 A T S, SR T S AR s X AR, A
ABAQUS i ffi | C3D8R SICHILIIR EE + . ok FH = 4EMT 2L 44 B o8 T3D2 AL 7 . R FH EMBEDDED iy 4
W 4 5 55 TR RE - 40 8 AE — R L R 2 R) A T R ARG 5 L 76 B2 it i £k Ay R A UL S PR 4 M R R Y A7 T L
T —A = 5 1 B AE 2 JRCHL o i85 00 3, HE 4R AT BR T A AL L 181 13 B .
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Fig. 13 Model of frame structure
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Xof A () B R 56 2 B0 AT 5 i 3 AT 25 SRR AR DG S B0 B e TR BB AR iR 2 1 e A 2L BT A R R
5 2%, FE P b B AR AR AR B TSI Rl 805 d B A5 B i R i vl LA R i B 1) 57 S R 8 e RS D 2%
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5.2.1 REZHAIRR A KN H A

HE 4 2 4 18T B8 O 250 mum , JRERIAT 5 B 43 1A 500.550,600,650,700 mm , Y HEE £ 58 B R ] C30, %2
LA A 20 kN/m, REGIRE N 60 %6 , SR HC A - BRI A 6 & 20, 2T 3 & 20, AN 2 & 16, fil Al A
$8@150,

N 7 G AT R AT B A R HE S 58 ) AR TR U/ )N L 2 PR AR B SR 1 i A T s /N i R KT B
205 o 3 5% i) 28 T U/ N W R 2 P SRR pe G AR R S I BT R T U AR B A A e 8 R K 3R PR e A G 4
ol 53 YR B 1 5 9 A 2 ) A R
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Table 7 Vertical deformation and reduction coefficient of frame beams with different beam height
8% /mm F e E2-L FEW O ABIEW AFEWA B EW P ik Pk
(! e HifE A WifE R 1A #i 1 B ES o R
500 2.600 2 2.2855 3.294 1 5.046 4 2.888 1 6.171 6 0.515 2 0.791 3 0.533 7
550 2.022 4 1.855 3 2.628 2 3.726 2 2.317 4 4.729 4 0.542 7 0.800 5 0.555 7
600 1.651 7 1.571 2 21817 2.958 6 1.953 0 3.860 7 0.558 2 0.804 5 0.565 1
650 1.369 1 1.337 3 1.827 9 2.394 3 1.659 1 3.197 9 0.571 8 0.806 0 0.571 6
700 1.136 8 1.123 7 1.525 9 1.924 4 1.388 5 2.6210 0.590 7 0.809 2 0.582 2

MIEL 14 T 4] A0, 3 Fieig B0 T L A 3R B0t SO AR T LT Rk it e, L 2 B 4 i) BT e &R Bt £ o7
G2 AR N L P R AR AR D RIS i 7 1) i A B T
5.2.2 R 23R EATITR A Ha

TREE + 22 RS 250 mm X 700 mm, %2 FAE LA 20 kN/m., T &E 58 B 431 2 C30.C40.,C50,
C60, PREE IR FE BN 60 %, BRI A - PR AH6 & 20, 32T 3 & 20, /B Ny 2 & 16,45 N $8@150,

1% 8 Zr M vl A1, B 2 TR BE 5 B Y 4 v o o R 1) (62 RS /0N o BRI S AR AR I L A 18 1) AR T U R T
Tl 2 AT 246 B AR 38 1] 8 O /0N R L R B 5 R X A A R e B K. Tk 2R K TR R R R R v R K
TR U6 - 9 5 1% 2 s 2 0 559 N A9 VR 6 = i 9 A

M 15 e mT R, 3 A B0 T il R BO 2 R T
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Fig. 14 Reduction coefficient variation curves of

Fig. 15 Reduction coefficient variation curves of frame

frame beams with different beam height beams with different concrete strength
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Table 8 Vertical deformation and reduction coefficient of frame beams with different concrete strength

g VEM DEE GER AT ATER ATEE SR b7 17
W OBMERL WIEI BUBERT  mEER MR RM M M
C30 2.841 8 2.809 3 3.815 0 4.813 0 3.471 3 6.552 5 0.590 4 0.809 3 0.582 2
C40 2.442 3 2.697 5 3.371 6 3.806 3 3.246 5 5.382 3 0.641 6 0.830 9 0.626 4
C50 2.155 3 2.617 6 3.032 8 3.176 4 3.093 0 4.613 8 0.678 5 0.846 3 0.657 3
C60 1.937 3 2.558 0 2.761 5 2.740 3 2.980 0 4.058 9 0.707 0 0.858 4 0.680 4
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5.2.3

6y 7 BT R AR R
R BE L FE R R 250 mm X 700 mm, REE 158 K C30, PRI LN 6000, B EAE AT 2 6.8.10,
12 kN/m ., 20 f i 0 - IR 6 & 20. 92100 3 & 20, fEAGT M 2 & 16,46/ 48@150,
MR 9 Zr BT vl 1, BE G 32 b 2 A 4R 00 14 O, v 55 1) 155 v 5 i) AR R 1S O LM PR AR S I, B 0 o 1R ] AR TR
PN Y NS R R e N R 7 N Y e S R GRS O K E S A I S N TR 3 A Rl A LR T
P4 398 DR T AR A AR /)N o 3R W 88 ] i 268 %) 34 DR 6 TR 8 1 5 B 2 T 1) 2 RS e A /N L A 0 R A 5 IR AR A i i
DA R W 4 3 A8 B AT BRI A 0.59,0.809 Fil 0.582,
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Table 9 Vertical deformation and reduction coefficient of frame beams with different vertical load

gfrdk/  HEW % 18 % 18 A% & AZE  AHEM Pk Ik Ik
(KN em ) fifEH A e WA mEEE AR ES £ £
6 0.965 1 1.035 5 1.354 2 1.622 0 1.279 2 2.318 6 0.595 0 0.809 4 0.584 0
8 1.136 8 1.123 7 1.525 9 1.924 4 1.388 5 2.621 0 0.590 7 0.809 2 0.582 2
10 1.308 6 1.211 8 1.697 7 2.226 7 1.497 7 2.923 3 0.587 6 0.809 1 0.580 7
12 1.480 3 1.299 9 1.869 4 2.528 5 1.606 9 3.225 6 0.585 4 0.808 9 0.579 5

5.2.4

M 16 i n] A, 3 R s LT i R BO LI R T B L.

09
08| @ @ . @
—e— 4

0 L —a— W AR
& O
W
4
ES

06 m—

s 7 8 9 10 1 12
LR AR/ (kN-m™")
E 16 FAEZEEFHTERRHITRRAHETLHE

MR AT AR AR R R
TREE 2R SE R 250 mm X 700 mm, R EE 458 B 4 C30, 22 AR A2k 20 kN/m, R BT I8 B BUR 50% .
60%.70% .80 %% AR T BC A M - BRIESAAN6 & 20,32 TH 3 & 20, HEAG A 2 & 16,5 N $8@150,
N 10 43 Al A1, B T R 14 0 A B8 5% 1 i) AR TR el /) , 25 BRI A B, HE 2R 22 18 [ A4 I el R K L T R X
HEE 8 2 (10 Wi 4 A Y S %) S ) 5 2 T A A8 RIAT A4 A 7L I i U0 2R BRI S R T g B R 2 I 4 I 5 R
X T U 28 B ) 35/ S T U AR EORT HU(E Dy 0,81,

Fig. 16 Reduction factor variation curves

of frame beams with different vertical load
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Table 10  Vertical deformation and reduction coefficient of frame beams under different moisture

LiERURHE % 8 FIEM  BIEWME  AFZIEW  AEFE AHEW Pk Ik Pk

BE/ % i ¥ A Jifi ¥ fEH FER WAPER AR A £ £y By
50 2.939 0 2.993 5 4.054 3 5.070 3 3.703 3 7.085 0 0.579 7 0.808 3 0.572 2
60 2.842 0 2.809 3 3.814 8 4.811 0 3.4713 6.552 5 0.590 7 0.809 3 0.582 2
70 2.742 0 2.624 8 3.574 5 4.552°3 3.239 0 6.029 0 0.602 3 0.810 4 0.592 9
80 2.638 8 2.440 5 3.334 0 4.294 3 3.006 8 5.515 8 0.614 5 0.811 7 0.604 4

P 17 Zm] A, 3 RVl L T i 4 o8l 3R Bt S0 00 T AR L HE b B RIS AR L TN SR BT e R R
fe# /N AT HUE R 0.81,
5.2.5 B FE IR R H R

TR BE T 280 T4 250 mm X 700 mm, IR EE 58 B Ry C30, 22 FAE I AT 2k 20 KN/ m, FR5E 00 2 3y
60 % RRIRFRMNAT 4 & 20,6 ¢ 20,2 & 25+4 ¢ 20,4 & 25+2 & 22,6 & 251 & 22, FH X} e A4 K 5 B A
0.72%.1.08%.1.27% .1.56 % .1.9%,

HH e 11 43 Bl 60 2 TC 7377 50 00 2 v o vl 0265 %) 25 b 88 1] 20 R D/ ) T 797 230 X0 A 4 SR A 8 B e T K L Bt
TC 477 2 1 4 v BT ok R 5k /)N TR R 55 A 7 2 ] 2 R R

£11 FAERGETERRZHEATRERERY

Table 11 Vertical deformation and reduction coefficient of frame beams with different reinforcement ratio

B3R/ 6 i A2 I E0E w7 e AR Y TN RIES it R E
0 4.811 0 3.471°3 6.552 5 1 1 1
0.72 3.072 3 2.906 8 4.164 3 0.638 6 0.837 4 0.635 5
1.08 2.842 0 2.809 3 3.814 8 0.590 7 0.809 3 0.582 2
1.27 2.714 0 2.750 8 3.622°3 0.564 1 0.792 4 0.552 8
1.56 2.566 3 2.676 3 3.392 8 0.533 4 0.771 0 0.517 8
1.90 2.445 3 2.606 8 3.191 0 0.508 3 0.751 0 0.487 0

I 18 HiZk n] R, 3 R B0 T . I8l R O 2R T 4

0.4 0.851
0.80F \
| e ° —e 0.75}
0.8
- B 0.70+ %A
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Fig. 17 Reduction coefficient variation curves Fig. 18 Reduction coefficient variation curves of frame

of frame beams with different moisture beams with different reinforcement ratio
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6.1 HRBRHLAKXUE

SCHRES 4TRSS T AR B T AR RTAE B2 2 4T 8 R A0S AN [ 52 PR R 22 (R A R Ak it £k O R IR A 2 TR A
EE AR, NIHAT @S Origin FXF 2 4 73 728 i A T[] 52 e X 38 R S R Bt 2 17 A =X Y
PUE DU —Fh o] o8 580 E A TR B A Ui A AR T By ik . R [ALEIRR LU 25 IS4 1k A8 B A T 98 2R 4K
J— B ECN 0.83 AN TRl AE 8 1 R F R 3 AR S 3 R & A AR o ot Bt S S BA S ) 4 i RS e R A TR A R L 15 F)
RF 5 B0 a4 5 3%, 3% 12 PoR , 4 38 R 808 a0 A 21K [A) e A Ze 4 ek R Bt kb AT L5 15 80 T AN TR
M= T AR R A At a8 19 Fras., B 19 thaf LAE A [E 3R B L R LA R AN R A R R A
K BB FE 0.99 DL b BARPA BRI,

® 12 R~ 5B EX R R

Table 12 Correspondence table of size and reinforcement ratio

R=F/mm [ E Y Pris R
400 1.570 6 0.782 8
500 1.005 2 0.830 0
600 0.698 0 0.870 6
700 0.512 8 0.888 7
800 0.392 6 0.898 3
090r o it ips 0.845 0.90 LR
A AT - 2 - HRAE
0.89f Y=366‘7‘g;5’1f2+0-005 20 . R __¥=0.11242X+0.946 25
o 0840k ~ ¥=0.054 98X+0.797 06 0.85[ R?=0.993 08
- R?=0.996 69 ° T R:=1
& 0.7t = B & 0.80[-
e ¥ 0835 N
#0.86) = Eorst
S 5
085 |
0-830 0.70
0.84f
0.83F 0.825[ 0.65F
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Fig. 19 Fitting curve of reduction coefficient under different influencing factors
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Ao, HIREE LR ;o MIRE ;2 IRy NI RE

FHAZ O TR 4 1 B AR EE A 25 TR 4 s AR B 3 ol R, 555 4 WA BRI EE X L, 1R 22
R 2.43% TR AR I b S M T Il R S S Z M6 R .
6.2 ANXIWIE

TRBE A RS2 518 400 mm X400 mm, KA 3 600 mm, IR EE 58 E C30, B E H 80 % , B fli %
JH 8 & 20, BLAZ N 0.5% AR L 0.4, SR HIHTSCA BRICTH 5 45 30 75 I8 W 46 1 28 B AT 4 sl R 8, JF 5
ANFOT G R IEATA G, W3R 13 FroR AR AT LA iR 2R 0.88 %0 R AT J7 s i w474 L B 5 A X
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Table 13 Comparisons of column reduction coefficient

B A/ mm 2.588 8

AN BN/ mm 3.300 4
i R %L 0.784 4

AT E SR 0.777 5
w2/ % 0.88

7 % &

DA EE BT 5, 76 45 52 0 PR 28 b R g i R T L 0 5 R A A 4 5 ) B ARG, AR TR B R R VR DR S A R
X AR AR SE M BT, G TR RE 0 B RS ) iy 2 LA R TEC A 25N SR Ak AR R B R T X R AT A S e B

2) A3 18 [ A8 I 7 el 3R 805 A AT RS TR R kR R R TR O R R O &R BT IR R DA R AT TS A R 5 A ok
FBZ IR R ENEE R il T Lo X 3 08 28 F00% i AN K 25 AR AR IR A DA R W 4 o A B T 98 R BI0RT B
0.82.0.92 F1 0.83, 7ENEFEHE R AAE LU, 47 I8 3 BUTE 7% 18 A 748 FIISC 45 % 7228 15 34 L 25 S s 4 i 3 il 38 450728
ARA /N T I R 0.923 , F7 80 % B8 Fifi 7 TiC A7 23 1) 44t v 1000 e sl /) DR b o7 0T Y 6 - A8 2 1 A Wi 4 A 7 43 BT
B, 22 N A7 1 5 e 2 AR A Y

3) G0 T = R TRBE SR R R ST R BN IR R IR E R E AT S T R AR R
KF . BRI ZR K A 9 3 00 2 v T 1S K, B TG A9 23 1) 14 DRI Ol /), A [ 9 82 1 2% i i 4 I 47 ol % 0 mT
BUE R 0.81, B2 1 far 28 /N % 3 0k 3 B0 me A K, 2% P8 AR 728 A DA S04 A 738 ) T 98 &R B0AT L 0,59
0.809 #1 0.582,

D XERAS Wi AR TR AR AE BT B TR BE A HE S8 5 ep 5 0 I 08 AR BOGH AT BT M R BE A AR Sk 2
JE A 70 A 4 U 2R AR /N o T B A B 2 SRS AR A AR B /) o VRBE AT R E B TR S RO A B Y AT 08 R
B K L 75 WA 1 7 N Bk 25 SR AR A IS AT R B 258 K

54 T 75 TN A 5 el o YR B A IS A AR AR TE A Dy s Ll S B TE T AR s B R AT BT Ok N
TR BE LA PR WS AR O A8 TR TR N BT 25 A = 8 R fi 4,
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