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Fig. 2 Temperature and humidity distribution maps of China in 2020 and 2050 (Based on a map of the People’s Republic of China
by the State Bureau of Surveying and Mapping Standard Map Service Website, Map Approval Number: GS (2016)1595. The
base map remains unaltered)
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Table 1 Comparison of temperature and humidity at different times and seasons

Time Area Temperature Relative humility
2020.01 North 250270 K (-23--3C) <50%
South 275-290 K (2-17C) High
2050.01 North Areas’<40% increased
Generally rise 2—5 K than 2020
South Increased than 2020
2020.07 North 290-300 K (1727 C) <50%
South >300K (>27 C) High
2050.07 North and South Rise, some’ > 305K (above 32 C) Dry areas expanded
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Table 2 Correlation analysis of temperature and humidity
evolution

Statistical Tool =~ North of 45°N Central and Southern ~ Description

Pearson Strong negative

. -0.9 -0.6 —-0.7 .

correlation correlation
Spearman Strong negative

P X -0.9 -0.6 —-0.7 € ‘g

correlation correlation
Mutual Very stron,

. . 0.9 0.6-0.7 i &

information dependency
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Fig. 3 Spatial and temporal distribution of surface pressure in
China (Based on a map of the People’s Republic of
China by the State Bureau of Surveying and Mapping
Standard Map Service Website, Map Approval Number:
GS (2016)1595. The base map remains unaltered)

AR FIIME K EB 73 I A 4EHFAE 50~100 kPa VG
W, HEF AR A B s
R X R 3 =, SRR A YERFE 50~60 kPa
X ). oAb 52 X (Can 3 BOK 725 #th ) SOR B A2 8 78
75~85 kPa, 5ZREBIFIFHLIX (85~100 kPa)JE pi fif H
PG AEBRALIRE N T 5%, RIS %
BRI BEREEWA R L0 A0 R O
ZRIETHIE S Sk RERFEGIER, Fils5EE
N BRI R X, RREER IR Gy
PE A5 DX 32 2P R S TR R, R s
SEI R SR s ARV BT ) 2 e B0
BRI AT o KA SRAE H [ i X I H v 2%
[F) 73 e AR [R] 3 B 1 IR RRAGE

2 g A Kt

2.1 fEEINTEE

FE e S X — MR s T b X, MR TR
KA BTHE A R S g VR B E AR
A e & s ) S B TS0 = 56 I — %
VR % o R AR v U N P BA R IR B s, AETI
W5 A b X =y i 7 S VR B () A B A AT D )
FERENMZE . NEERHEAZA S R RE
RN e NAS, ARG SR IE N . AR
R RS DR R R . E BLAT B 4 TN B R o
CEB-FIP 2010P¥4H%: T ACI209%%, RILEM B3],
GL2000 1A AASHTO 25 gk AL, 2 F-7E i
Hrp R LN R, R 3 PR, X
FUEFAE VPl AS IR 2 4 T R Bt S 4 R BEIN 26
AR, JUHOE A T WE IR AR A M G TR e+
BN s, BRI, AT YO AR R 3l R
AR PERE T fERC M, A S o TR A 5
AR AR T RE = i3t — 2 I RIVR & 7K 73 28k 51
MALBRIEAS, 2 U 1T N

FEMAT CEB-FIP 2010 B b, Ui 45 K R ik 2
B ()38 % W B E N E A 0.5, SR, XPE
L E FF AR 7843 75 FE TR Bt LA R AR 4k, o3
FEAE R LR B A, W FE P R EE )
em R — 2 ARk &l 4a BRI KRR %
HRE RO R, 1B Bazant A
TR0 B 2 LA R 4 e iR A 158 VR gt e 4 56 2K
PO, Ll a(fm)BL 0.5 A E R IEEE A6 AR R
B . A, ME 4b Fos S TR Bt
LB ALK, B T 2 i VR R0 A
PEIFIN, a FVREE L5 98 E (fom) Z [R1 I H B 2



554 5 2 BATERS A AABRAR AT 5T Akt DX YR BB WS A P 285 3 XU 43 B 5 X ) .+ 705
R3I WHEEENSHIIE
Table 3 Comparison of the parameters of the contraction model
Condition Influencing factors CEB-FIP 2010 ACI209 RILEM B3 GL 2000 AASHTO
Internal Type of cement
Aggregate-cement ratio
Content of cement v
Density of concrete
Fine aggregate
Content of air ~
Water consumption N
Degree of slump R
Component shape \ \ \ \ \
External Age of loading
Age of drying \/ \
Age of contraction v \/ R R v
Loading stress level
Loaded strength \ \
28 days strength \ v
Thickness \ \/ \ \/
Modulus of elasticity
Relative humidity v \ R v \/
Ambient temperature \
4
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Note: a(f.m) is the development rate parameter of shrinkage; fcr, is compressive strength of concrete.
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Fig. 4 Analysis of the test data set and the existing CEB-FIP 2010 model
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Fig. 9 Results of finite element simulation of concrete shrinkage (Based on a map of the People’s Republic of China by the State
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Risk Analysis and Zonation of Concrete Shrinkage Cracking
in Extreme-Arid Regions under Climate Change

HU Qiaosong, ZOU Dujian, YANG Jiazhi, QUE Zichao, ZHANG Ming, LIU Tiejun
(College of Artificial Intelligence, Harbin Institute of Technology, Shenzhen, Shenzhen 518055, Guangdong, China)

Extended Abstract

Introduction The shrinkage cracking of concrete structures in arid regions such as plateaus becomes increasingly complex under
the context of global climate change. This study utilized climate simulation data to analyze the coupled evolution characteristics of
temperature, humidity, and atmospheric pressure across China. Based on a comprehensive analysis of 4662 sets of concrete shrinkage
test data, the influence of atmospheric pressure on humidity was introduced and a modified CEB-FIP 2010 concrete shrinkage model
was proposed that incorporated temperature-humidity-pressure coupling effects. The spatiotemporal evolution patterns of concrete
shrinkage deformation nationwide were investigated. For a bridge pier concrete, the strain-stress-damage evolution process was
simulated, and spatiotemporal dynamic zoning maps for shrinkage-induced cracking damage risks were developed. A risk of concrete
shrinkage cracking damage by 2050 was projected to intensify significantly, with medium- to high-risk zones expanding by over 15%
compared to current levels with increasing temperatures and decreasing humidity in arid regions.

Methods The CMIP6 climate model was used to predict future temperature and humidity trends, with data spatially smoothed using
cubic interpolation and the Gaussian filtering. The coupling relationship between temperature and humidity was analyzed by the
Pearson correlation coefficients, Spearman correlation coefficients, and mutual information. The CEB-FIP 2010 model was improved
via introducing a linear relationship between concrete strength and shrinkage development rate, combined with a barometric
correction factor. The FEniCS finite element library was used to simulate stress and crack propagation in typical concrete components
under different shrinkage strains, thus establishing a risk zonation framework for climate change scenarios.

Results and discussion According to the CMIP6 climate model predictions, the average temperature in northwest China will rise
significantly over the next 30 a, especially in summer, with some areas exceeding 305 K (i.e., 32 ‘C). Simultaneously, the relative
humidity will decrease markedly, with some regions of humidity below 40% increasing in the north. These trends will intensify
concrete drying shrinkage, particularly in arid regions. The analysis using the Pearson and Spearman correlation coefficients and
mutual information reveals a negative correlation between temperature and humidity. In the north of 45°N, the correlation coefficients
both approach —0.9, and the mutual information values approach 0.9, indicating a negative linear and monotonic relationship. This
coupling will exacerbate concrete shrinkage effects.
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Based on 4662 sets of concrete shrinkage experimental data, the CEB-FIP 2010 model is refined via introducing a linear
relationship between concrete strength and shrinkage development rate, along with a barometric correction factor. The improved
model shows an enhanced prediction accuracy, with a nearly 1:1 ratio of overestimation to underestimation, particularly in
high-temperature and high-strength concrete scenarios. The results of finite element simulations using the FEniCS library show that
concrete cracking initiates at a shrinkage strain of 5.5 ¢ x107*, with stress concentration at nodes at 7.5 ¢ x10™, stable surface crack
development at 9.0 ¢ x10™, and widespread crack propagation at 1.1 ¢ x107. Based on climate change scenarios, China is divided
into five risk zones for concrete shrinkage and cracking damage. From year 2020 to year 2050, medium- and high-risk areas centered
on arid regions show a significant outward expansion. By year 2050, the medium- and high-risk zones in the northwest plateau region
are notably larger than in year 2020, more than 15%, demanding priority crack-resistant measures to ensure a long-term concrete
structural stability.

Conclusions Future temperature in arid regions could increase, while relative humidity decreased significantly, with highly coupled
temperature and humidity changes that would an exacerbate concrete shrinkage. Atmospheric pressure changes nationwide could be
relatively stable, but the low-pressure environment in northwest arid regions could further increase a concrete shrinkage. The
improved shrinkage model showed a significant enhancement in prediction accuracy, with a more uniform distribution of shrinkage
values and a nearly 1:1 ratio of overestimation to underestimation. Concrete cracking occurred at a shrinkage strain of 5.5 ¢ x107%,
with stress concentration at nodes at 7.5 ¢ x107, stable surface crack development at 9.0 ¢ x10™, and widespread crack propagation
at 1.1 £ x107. China, could be divided into five risk zones, with medium- and high-risk areas centered on arid regions significantly
expanding more than 15% outward from year 2020 to year 2050.

Keywords climate change; concrete shrinkage; durability; extreme-arid region; risk zoning



