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Experimental study of early continuous tension

influence on concrete properties
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(1.College of Civil Engineering, Fujian University of Technology, Fuzhou 350118,P.R.China;
2. Fujian Provincial Key Laboratory of Advanced Technology and Informatization in Civil

Engineering, Fuzhou 350118,P.R.China)

Abstract: In order to study the influence of early continuous tension on the mechanical properties of
concrete in the later period including concrete’s axial compressive properties and cleavage strength, the
tensile test of 7 series of concrete specimens which bear early continuous load is carried out, with three
factors of the axial tension ratio, loaded time and concrete strength in consideration. Meanwhile, test device

is designed that applied continuous tensile load on 6 prism specimens at the same time when the early age is

Wk B #A:2017-12-27

EEWE HRARPEIEE (51478119) s 8 @4 FHLT I H (2015J01182) s g 4 TR~ Be BHIT & 2 42 (GY-Z15098) .
Supported by National Natural Science Foundation of China (51478119), Fujian Natural Science Foundation
(2015J01182) , Fujian University of Technology Research Development Foundation(GY-Z15098).

TEZ B S (1978 55 1 oL W #0712 BE 1 Ty 24 P RE A & % 0t T 4 AR WF 52 . (E-mail) yixiong1978 @
163.com,

BETRWEMRAR N 0 AR EENFREE T 1 # AR A 2 24 T H AR TFSY . (E-mail) cx{0591@163.com.,



38 TR K FFHR %41 %

1.5 days. The tensile load is applied for some time then unloaded and at 28 days age the test of prism
specimens’ axial compressive strength is carried out. The results show that the ratio of axial tension and
continuous time of load have some effects on concrete’s axial compressive properties in later days. When
loaded time of is 7 days, there is no obvious influence on concrete’s axial compressive properties no matter
what the ratio of axial tension is 0.15 or 0.3. However, when the ratio of axial tension is 0.5, prism
specimens’ damage is irreversible, with its initial elastic modulus, peak compressive strength decreasing
and peak strain increasing. When loaded time is 14 days, the properties of the prism specimens whose axial
tension ratio is 0.3 deteriorate. The lower the strength grade of concrete, the larger the early age
continuous tension influence on elastic modulus., but the influences on peak stress and peak strain is
relatively small. The least square method is used to get the influence coefficient, which bases on loaded
time and loading conditions’ effect on concrete’s initial elastic modulus, peak stress and peak strain. Based
on the stress-strain formula of ordinary concrete, the stress-strain formula of concrete that bear continuous
loading at early ages are proposed.

Keywords: early-age concrete; ratio of axial tension; loaded time; axial compressive properties;

influence coefficient
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Table 1 Mix ratio of concrete kg/m?®
o Kok fib ral K K IR
C20 333 777 1165 233 0.025 37.0
C30 330 726 1088 202 1.550 36.5

C40 366 709 1063 220 0.400 40.7
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Table 2 The parameters of early age continuous tension specimens

B AP 4 MPIE ke FEMATE] D N /kN Ni1/kN S euns
€20-0.3T-1.5-7 0.3 7 20.7 6.2 22.9
C20-0.5T-1.5-7 0.5 7 21.57 10.8 23.2
€30-0.15T-1.5-7 0.15 7 21.9 3.3 32.1
C30-0.3T-1.5-7 0.3 7 20.8 6.5 31.4
€30-0.5T-1.5-7 0.5 7 22.18 11 31.3
C30-0.3T-1.5-14 0.3 14 18.9 5.7 30.6
C40-0.5T-1.5-7 0.5 7 20.18 10 38.5
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Fig.1 Uniaxial continuous tensioning device of pris specimens

WEH

L

(a) BHitksh. EHSEEF (b) E B R
B2 REFIETEMGE

Fig.2 The embedded parts of continuous tensile prism specimens
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Fig.3 Uniaxial compression stress-strain test
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Table 3 Typical characteristic parameters of each series of specimens

krF s D E. E »
Y T L S Sel ' S o
kN d MPa MPa SEIE/MPa 3 {E /MPa S (E
C20-1-1 22 472 20.92 2 528
— — 28 921 20.53 2235
C20-T-2 35370  20.14 1942
C20-1  C20-0.5T-1.5-7-1 19 653 19.13 2584
C20-0.5T-1.5-7-2  10.76 7 15673 18.12 2 823 19 316 19.21 2 643
€20-0.5T-1.5-7-3 22 624 20.38 2 523
C20-11-1 19183 18.67 2583
— — 20 181 18.55 2 368
C20-T-2 21179 18.43 2152
C20-11  C20-0.3T-1.5-7-1 19 330 18.35 2 969
C20-0.3T-1.5-7-2 6.2 7 19 729  18.2 2 449 19 950 18.35 2 540
C20-0.3T-1.5-7-3 20 792 18.51 2 202
C30-1-1 35 840 28.54 2108
— — 33 132 26.71 2028
C30-1-2 30 424 24.89 1 949
C30-1  €30-0.5T-1.5-7-1 28 095 24.42 2 551
C30-0.5T-1.5-7-2 11 7 27 467  25.74 2 844 28 537 25.09 2 652
€30-0.5T-1.5-7-3 30051 25.12 2561
C30-T-1 25592  24.7 2328
— — 25 604 24.10 2283
C30-T-2 25615 23.5 2237
C30-T  €30-0.15T-1.5-7-1 25917  25.2 2497
C30-0.15T-1.5-7-2  3.28 7 25582 24.8 2430 25 420 25.40 2 502
C30-0.15T-1.5-7-3 24 762 26.2 2579
C30-1M-1 30 743 28.3 2733
— — 30 720 28.50 2 557
C30-1M-2 30 697  28.7 2 380
C30-1  C€30-0.3T-1.5-7-1 29545 28.1 2761
C30-0.3T-1.5-7-2  6.51 7 30 434 28.7 2 465 29 852 28.43 2 660

(C30-0.3T-1.5-7-3 29 577  28.5 2754
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gR3
%ﬁﬂ% L:Ltﬁ:éﬁ% k']‘f‘l.ax/ D/ Iio/ _/c[)/ ., E, _/Cp ecp
kN d MPa MPa EH{E/MPa 1)1/ MPa S
C30-IV-1 29 761 25 2 704
— — 29 287 24.10 2 570
C30-1V-2 28 813 23.2 2 435
C30-IV  C30-0.3T-1.5-14-1 26 204 22 2 665
C30-0.3T-1.5-14-2 5.67 14 27 095 20.7 2 385 26 793 21.60 2512
C30-0.3T-1.5-14-3 27 079 22.1 2 487
C40-1-1 30 370  31.18 2 561
— — 31 605 30.17 2 283
C40-1-2 32 841 29.16 2 006
C40-1  C40-0.5T-1.5-7-1 28 365  27.22 2619
C40-0.5T-1.5-7-2 10 7 27 428  24.65 2 960 28 660 26.18 2 705
C40-0.5T-1.5-7-3 30 188  26.67 2 536
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Fig.4 The curve diagram of constitutive relationship between test specimens and contrast test specimens
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Zehr I3 Eo AR H I Eo 09 WA s S R 08 06 4 Se 1A 1 f o, S AR R R £,
FEAR B A S8 S0t T+ S 07 1A 1) e o, 5 ARG B IR e UM b, S O W (B ) o, 5 (A
NiAE e, TR 3 Fin ., R 4 N R IR A1 01 ar e AR,

it T3 A 2% — M 2.5 kN/m” 25 J8 L FEAT IS (] — /N F 14 d. 7RIS A SR A L BT X R R B A /D
T 0.5 FHFfF ] D /T 14 d IS B R B/ ZRIEXT .81 var Lo SR BT[] D FEER IR £+ B E R
AT LG A =t (2) ~ =0 (D) FR

M k+<20.3, H D<14 i} .

or=1,
ar=1, (2)
r=1,

M 0.3k +<<0.5, H D<<7 i} .
0+ =[1—0.7X (k+ —0.3)],
ar =[1—0.25 X (k+ —0.3)], (3)
+=[1+1.58 X (ky —0.3)],
24 0.3<<k+<<0.5, H 7<<D<C14 i} .
8r=[1—0.7X (ky —0.3)] X [1—0.01 X (D—0.7)],
ar =[1—0.25 X (bt —0.3)] X [1—0.014 X (D —0.7)], €Y
r=[1+1.58X (bt —0.3)] X [140.02X (D—0.7)],
R4 BERGBMES 6.0

Table 4 Influence coefficient of 6y, ay, fiv

i 45 {8 A A /5 (B
FENLE TR
Or ar Br or ar Br or ar Br
C20-0.3T-1.5-7-1 0.96 1.00 0.99 1.042 1.000 1.010
C20-0.3T-1.5-7-2 0.98 0.99 1.08 1 1 1 1.020 1.010 0.926
C20-0.3T-1.5-7-3 1.03 1.01 0.97 0.971 0.990 1.031
C20-0.5T-1.5-7-1 0.68 0.93 1.16 1.265 1.022 1.138
C20-0.5T-1.5-7-2 0.54 0.88 1.26 0.86 0.95 1.32 1.593 1.080 1.048
C20-0.5T-1.5-7-3 0.78 0.99 1.13 1.103 0.960 1.168
C30-0.15T-1.5-7-1 1.01 1.01 1.02 0.990 0.990 0.980
C30-0.15T-1.5-7-2 1.00 0.99 0.99 1 1 1 1.000 1.010 1.010
C30-0.15T-1.5-7-3 0.97 1.05 1.05 1.031 0.952 0.952
C30-0.3T-1.5-7-1 0.96 0.99 1.08 1.042 1.010 0.926
C30-0.3T-1.5-7-2 0.99 1.01 0.96 1 1 1 1.010 0.990 1.042

(C30-0.3T-1.5-7-3 0.96 1 1.08 1.042 1.000 0.926
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gk 4
R RGeS R /5
M5
Ot ar Br Ot ar Br Ot ar Br
C30-0.5T-1.5-7-1  0.85 0.91 1.26 1.012 1.044 1.048
C30-0.5T-1.5-7-2  0.83 0.96 1.40 0.86 0.95 1.32 1.036 0.990 0.943
C30-0.5T-1.5-7-3  0.91 0.94 1.26 0.945 1.011 1.048
(30-0.3T-1.5-14-1  0.89 0.91 1.15 1.045 0.989 0.991
(30-0.3T-1.5-14-2  0.93 0.86 1.12 0.93 0.9 1.14 1.000 1.047 1.018
(30-0.3T-1.5-14-3  0.92 0.92 1.08 1.011 0.978 1.056
C40-0.5T-1.5-7-1  0.90 0.90 1.15 0.956 1.056 1.148
C40-0.5T-1.5-7-2  0.87 0.82 1.30 0.86 0.95 1.32 0.989 1.159 1.015
C40-0.5T-1.5-7-3  0.96 0.88 1.11 0.896 1.080 1.189
THRAE 5 Z i BE 1.047 1.017 0.047
HHAE 590 (22 i 2 2% 0.143 0.047 0.079

i3 3 (2) ~ 2O T E A5 B 10 5 M AT ek ) R B O o W (L NN T R W) R e DA A B A 5 0 R B B A
FaPiw, Koo .aqr fr MAAXTHE S KK H A TR 1.047.1.017 1 1.029, ¥ )7 22 40,143
0.047 F10.079, & F2 B 447

F R TR B 52 TR H—I0 A8 6 R ITE A £, SCHR 11 138 i i 2 Be X 07 Sy — R 728 56 2, 2 BRLAT IR 6k £ 4%
FBET B B R AT 2K MR G 7 8 300 5 S P g o VRV - )i S0 06 L 7 o R 06 A 7 AF L A 5 i S Sk [ 11 ]
R IR AR S R b TR B EAT B OE B T R 0T 22 B R S ) IR BE A R - AR E &R L sk (5)
BiR

B
y=ax + @ —2a)x" + (a —2)x°, (5)
. € -
itEF': X _E;y —anc °

S8 25T B 2 S 2 0 E L 4 TR L T R 5 R 0 R A B
4 #& i

1) AH [l r b R a7 Bof 1) P9 AR VR 368 - /KO B, B M0 i B R R 3 Ol G248, 10 o 32 380 19 52 B il
L L AE XA PRI 3 P A AR L s 5 B VR R . 2 PR (R R T PR T 2 R LA R S e, T R
2 BORHAS B U B RORE 50 K S TDRY 45 9 3 A I 52 0 L 45 o B TR RE A R )l R Ll R A R SR R
{7 7 P 88 AR R0 0 7 22 1) 1 00 ) 1 85 O AN B B,

2) F 7 A7 EU R Ao s ) XoF S5 300 YR B 00 O U R BB — S M RE R, R fr 5 ) DR 7 d B BT L R
0.15 F1 0.3 B34 J5 1l OB MR S A WA 45 4k il L o 0.5 B IRKE ™ AR T SR B @R 05, 0 4G o
PR A T 1426 ~33 06 Vil WG {E R JTREAIR T 6 %0 ~ 1300 W {E I A8 3 KT 18% ~31% . Bl % 45 fif B [1]
3G ) 14 d BRI S 0.3 Rt R AR TR R A A R A3 0 B s AR R R A T 9 Do Tl R U A I )
KT 10%.,

3) MR 3 05 245 SR B 45 DR 2808 52 A /N o 3 gk >R FH i /0N 38 3k [l U Dy 9 A B T R AR A B I R i I
Xof TR R - WA (L g 5 DR L ) 2 M) R 280, U0 Y S ) R B0 S IR A R W 5 B o TR R TR BE A N -
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