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Compensative effect of MgO micro-expansive concrete on thermal stress

SI Zheng, LI Shou-yi, HUANG Ling-zhi, SONG Zhi-qiang

(Institute o f Water Resources and Hydro-electric Engineering , Xi'an University of Technology s Xi'an y Shaanzi 710048 ,China)

Abstract: [Objective] This research studied the compensation characteristics of MgO micro-expansive
concrete to simplify temperature control measures for crack prevention. [Method]) Based on full study of
thermal stress compensation method and autogenous volume deformation characteristics of MgO micro-ex-
pansive concrete,and considering the variation of concrete mechanical parameters with time and impacts on
thermal stress of concrete pouring process,the temperature field and stress field of a roller compacted con-
crete gravity dam were analyzed with two contrast schemes by a temperature field and thermal stress field
simulation program developed on ANSYS platform. [Result] The results showed that concrete of the whole
RCC dam mixed with MgO had a micro-expansive volume at the end of construction with a maximum ex-
pansive deformation of higher than 70. 0 X 10~ °, Stress state of central part of dam foundation restraint area
was significantly improved using MgO micro-expansive concrete with a maximum tensile stress decreases of
about 1. 0 MPa,but the improvement of dam concrete out of restraint area was limited. [Conclusion] Using
MgO micro-expansive concrete in dam restraint area can predigest temperature control measures, which
would achieve the purpose of reducing constructing cost and expediting construction.
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Fig. 1

Effect of MgO mixed at different curing temperatures on concrete autogenous

volume deformation of a high RCC gravity dam
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dam section of a hydraulic project
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Table 1 Thermodynamic parameters of roller compacted concrete and bedrock

e i H TR R T — % O BR R E 1 A

Serial number Ttem Two-graded RCC Three-graded RCC Bedrock

1 SMERE/(kJ e m~ '« h™ !« C 1) Thermal conductivity 10. 105 10. 223 6. 87

2 S ZEE/(m? « h™!) Thermal diffusivity 0.004 4 0.004 5 0.003 6

3 Ho#h/(kJ « kg™! + “C~1) Specific heat 0.943 0.952 0.716

4 e Ak 280/ (X106 « °C 1) Linear expansion coefficient 8.825 8. 746 7.0

5 AR/ (k] »m 2+« h '« C 1) Heat transfer coefficient 67.0 67.0 67.0

6 2iH /(kN » m~?*) Bulk density 24,37 24.10 26. 66

7 A5 e Poisson's ratio 0.167 0.167 0.23

x2 NMERERRINBTESHE

Table 2 Creep parameters of the roller compacted concrete

MEIRBEE T+ Roller compacted concrete Ay B, C D, A, B, C, D,

— R ERTIREE - Two-graded RCC 0. 06 100 0.5 0.5 0 99. 84 0.45 0.075

=R IREE+  Three-graded RCC 4.56 100 0.31 0.5 0 100 0.33 0.1
120 120

100

o
(=]

(=)
(=]

sy
(=]

7 /m Dam height

20

0
0 10 20 30 40 50 60 70 80 90
J&& %/m Dam base width

Pl 3 it T 40 R AR e s ) i B AR A R I (B . TO)
Fig.3 Temperature contour map at
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piE e < I L N C AN 4 B S s el () O = A ]
(0. 2 HK - 1) Ao o5, L 3E 20 30 XA 3 7K 7 4 iml
(0. THK-FTH D a0 s Ay U IR JBE 1 g 43 #7114 i
RIS A A S R — R RN R R E
(2 3) F i vy 1 Dy Bt il 26 (& 5) 5 KA #r A5 1 Ak
B TN T TR B - X)L BE I ) R AMEE RN, . LA R
- GRS S AT I8 B B S K 1] (Y Ja])
MR K, L Y 1 B K. KRB AR
O E—) W L1 ot 23 Y ) iR R ) e RAE A
2. 88 MPa, B A MEE 5 (O 48 =) IR BE N 108/
1. 96 MPa, i JJ{EB /N T 0. 92 MPa, %M 3R 4

100

80

60

40

M /m Dam height

20

0
0 10 20 30 40 S0 60 70 80 90

J& %/m Dam base width
E3 I IR 2 ST RN R R W TR0 e il = A R A
IR HEMHLER(X10°)

Fig. 4 Autogenous volume deformation contour

map at the end of construction stage
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Table 3 The maximum thermal stress of the dam typical points MPa
AL P g 0. 2 H 7K -1 510 1 0. 7H 7K -1 H 0 i
ES Center point of dam foundation Center point of 0. 2H horizontal section Center point of 0. 7H horizontal section
Scheme
oX oy o7 oX oy (4 oXx oy oz
1 0. 34 2.88 1.18 0.15 2.12 0.82 0.23 1.28 0.63
2 0.16 1.96 0.76 0.07 1.61 0.59 0.15 1.14 0.52
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Fig.5 Thermal stress history curve of the dam typical points
a. Scheme 1 thermal stress history curve of dam foundation center point;b. Scheme 2 thermal stress history curve
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d. Scheme 2 thermal stress history curve of 0. 2H horizontal section center point;e. Scheme 1 thermal stress history
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