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Temporal Multi-scale Environmental Actions
for Concrete Structures

GU Xianglin, XU Ning, HUANG Qinghua, ZHANG Weiping
(Department of Building Engineering, Tongji University, Shanghai
200092, China )

Abstract; Without considering the correlation in time and
space for environmental actions, the features of time of
environmental actions such as temperature and relative
humidity were analyzed in detail on the basis of the
characteristics of the “time calculation scale” for the
representative value of environmental actions and the
variation of environmental actions with time as well as an
example about the carbonation of concrete due to the main
environmental actions. It was found that the mean annual
value and the adjusted mean annual value can be regarded as
the representative value of environmental actions for the
calculation of carbonation of concrete, and the Holt-Winters
method can be used to describe the wvariation of the
environmental actions well. Determining the appropriate
“time calculation scale” and the variation of environmental
of concrete

actions with time, the carbonation depth
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structures can be predicted easily and precisely.

Key words: concrete structure; temporal multi-scale;
environmental action; carbonation of concrete; temperature;

relative humidity
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Fig. 1 Spatial-temporal variation of

environmental actions
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Fig.2 Temporal multi-scale model of

environmental actions
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Fig.3 Mean daily temperatures in
Changchun in 2009
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Fig.4 Mean monthly temperatures in

Changchun in 2009
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Tab.1 Annual mean CO: concentration in

Waliguan 10°¢
F£H FHE iy FHE F oy FHE
1993 357. 4 1997 363.8 2001 371. 3
1994 359.2 1998 365. 7 2002 372.7
1995 360. 6 1999 368, 2 2003 376. 2
1996 362. 2 2000 370. 3 2004 378.2
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Tab.2 Comparison of carbonation depth in four typical cities in China

B AT AR R B B AR 1R 22 T<O°CH XA IR R B R B IE
T, Ru ﬁifﬁgqu%%ﬁﬁﬂ% & T<0C.
W R Xe/mm 7/ %D Py P —— 4 T=0C,365d
K G IS & RS )
PR IEIRREL 365 d
t; X Xon Xen
(A S S I S A SO O A
2005 2.33 2.30 2.06 1.28 —1.29 —11.59 —45.06 232  2.86 22.75 3.59 54.08 1.93 —17.17
2006 2.62 2.53 2.29 1.60 —3.44 —12.60 —38.93 240 3.00 14.50 3.70 41.22 1.91 —27.10
€& 2007 275 279 2.95 1.92 1.45 7.27 —30.18 240 3.25 18.18 4.0l 45.82 1.87 —32.00
2008 2.43 2.55 2.30 1.75 4.94 —5.35 —27.98 249 3.00 23.46 3.64 49.79 2.09 —13.99
2009 260 2.63 2.28 1.44 0.44 —12.31 —44.62 228 3.08 18.46 3.90 50.00 1.81 —30.38
2005 2.65 2.86 2.95 1.96 7.92  11.32 —26.04 250 2.95 11.32 3.57 34.72 1.67 —36.98
- 2006 2.49 2.69 2.76 2.3l 8.03 10.84 —7.23 254 2.93 17.67 3.51 40.96 1.70 —31.73
;IGE? 2007 2.81 3.10 3.03 2.23 10.32 7.83 —20.64 246 3.06 890 3.73 32.74 1.69 —39.86
2008 258 2.73 2.76 2.21 5. 81 6.98 —14.34 257 2.87 11.24 3.42 32.56 1.70 —34.11
2009  2.62 2.80 2.69 2.10 6. 87 2.67 —19.85 241  2.92 11.45 3.59 37.02 1.56 —40.46
2005  2.30 2.49 2.62 1.95 8.26 13.91 —15.22 333 2.10 —870 2.20 —4.35 1.83 —20.43
2006  2.31 2.44 2.32 1.66 5.63 0.43 —28.14 347 1.74 —24.68 1.78 —22.94 1.61 —30.30
HigE 2007 2.23  2.46 2.36 1.63  10.31 5.83 —26.91 339 1.73 —22.42 1.80 —19.28 1.55 —30.49
2008 2.25 2.44 2.46 1.67 8. 44 9.33 —25.78 334 1.83 —18.67 1.91 —15.11 1.60 —28.89
2009 2,20 2.34 2.24 1.56 6. 36 1.82 —29.09 337 1.68 —23.64 1.75 —20.45 1.49 —32.27
2005 3.37 3.15 3.11 3.07 —6.53 —7.72 —8.90
2006 3.54 3.29 3.22 3.10 —7.06 —9.04 —12.43
wWO 2007 2.98 2.70 2.71 2.65 —9.40 —9.06 —11.07
2008 2.99 2.79 2.78 2.72 —6.69 —7.02 —9.03
2009 2.73 2.50 2.53 2.53 —8.42 —7.33 —7.33
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Fig.6 The measured and predicted values
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Tab.3 Comparison of predicted value with the measured value of annual temperature and relative humidity

2006 £ 2007 4E 2008 4F 2009 4F
iy
g% Sl Holt — Winters S Holt — Winters S Holt — Winters S Hol — Winters
Ty Ruy Ty Ruy Ty Ry Ty Ry Ty Ruy Ty Ruy Ty Ruy Ty Ruy
KH 6.6 59 6.4 60. 4 7.7 58 7.1 58.1 7.2 59 7.3 58. 4 6.1 60 7.2 57.7
BEKRF 8.6 55 7.6 56.4 8.5 56 8.2 56. 8 8.7 52 7.8 58.1 8.0 56 7.7 59.3
PrjE 9.7 35 9.0 43. 9 9.8 34 8.7 44,1 9.0 38 9.1 44.6  10.3 31 9.3 43.7
pau| 25.4 78 25.1 78.9 24.1 80 25.2 79.1 23.4 79 25.2 78,8 24.3 81 25.1 78.9
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