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Fig. 1 Location of Chinese plateau (by administrative division) and distribution of meteorological stations. (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 (2019)

1673. The base map remains unaltered)
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(a) Clustering results of large temperature fluctuations based on K-means clustering algorithm
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(b) Zonation of large temperature fluctuations (Provinces with black outlines are the main regions where the Chinese plateau is located)
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Fig. 2 Clustering and zonation of large temperature fluctuations. (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 (2019)1673. The base map remains unaltered)
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Fig. 3 Distribution of cumulative monthly mean daily temperature difference for the major month. (Provinces with black outlines

are the main regions where the Chinese plateau is located.) (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 (2019)1673. The base map
remains unaltered)
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RSS is residual sum of squares. Q-Q is quantile-quantile. CDF is cumulative density function. PDF is probability density function.
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Fig. 4 Determination of PDF and representative values of daily temperature difference (Taking Urumgi as an example)
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Table 1 Probability density distribution of daily temperature difference for the major month in representative cities

Representative city Optimal PDF Parameters of PDF RSS P value
Hohhot Beta (4.00, 3.38, 1.56, 23.24) 0.001 6 0.35
Nagqu Log-gamma (0.90, 20.25, 3.34) 0.0014 0.45
Jiuguan Beta (8.30, 6.82, -0.94, 28.29) 0.0012 0.52
Xining Beta (3.73, 2.66, -0.24, 29.11) 0.0009 0.09
Yinchuan Beta (3.32,3.44, 2.78, 22.92) 0.000 8 0.49
Urumai Log-gamma (5.14, 1.86, 6.21) 0.002 5 0.54

Note: In the column Parameters of PDF (shape, loc, scale), loc, scale, and shape refer to the location, scale, and shape parameters (some functions have two

shape parameters), respectively.
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Table 2 Representative values of daily temperature difference for major months in representative cities

Representative city Frequent occurrence value/C

Medium occurrence value/'C Rare occurrence value/C

Hohhot 12.79
Nagqu 17.10
Jiuguan 13.43
Xining 15.05
Yinchuan 12.53
Urumgi 10.66

19.42 21.71
22.79 24.63
19.14 21.44
23.59 26.19
19.57 22.10
14.92 16.63

2.2 HRumTLE

IREEUE T 2 5] RS TR A L AR AT SR 1) B R
BioHz —. WREL RN AR KRR EEGR TR
kLA UA TR BOK YR B KA FE R, e T [X VR
B AIRTR I B IR BRI RS, DR
TREEE PO TR . P RRBUREE L,
I IR IIE S B B R R AL E, MR B E I
HJ5E, TR )RR BEBE 2 2 BRI F= AR 5K,
B 2438 B T T 2RI bR P2, R gk
2 e IR AMRIR S SS HRF T, &
JER i X YR IR BE AT S S RETE 22, I IR B
T FLaE ) AR S e, IREE BTt
RE R PR .
221 EETEEEEXESG T @ ETHY 687
ARG 20 H . A B EPRAXE S

Cumulative monthly %

mean daily humidity/%
B 7-30
30-40
40-50
50-70
-5

I AR, KA 52 fE T i 3, HR
AR ERNE. XCEESH R s &
71 S AR A #8 2  DX PA BE  TBRAR E

LA H 4y 38 7 S8R 0 8 R i MBI AE A
P AR iz X 1 i T4 A 47, SR A I Kriging
W R B 2] 7 B 5T A oy 8] A M
MR ATE, Wik s frs. mE S, #A
P2 RE R BE AT 30% A ML X K 22 A7 T o [ 7
Al R, WURTEE . P, HORN . AR AE
WEo UEAh, R T EY AN R B 2 IR R U I 1
VUG P o R T 3 R e, R o v D X (1 2R
PR BE /N T 40% . J5 b DXRI S JE 3 X
FEARRI IR L 70 A BRI R AN F B R AE, B E
SHTER R )7 A LA ST 2% e S5 R Y
FAE

>z

500 km

K5 I 3 3R P B RHT I R 73 A1 (P 2 B Bl DX s oAy v Tt X ) (A 0 5T 00 2 = e e 1 I 95 1) e 4 N B [ 3 4]

T4, EALHES: GS(2019)1673, R AZES)

Fig. 5 Distribution of cumulative monthly mean relative humidity for the major month (Provinces with black outlines are the main
regions where the Chinese plateau is located.) (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 (2019) 1673. The base map remains

unaltered.)
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*3 KEWHEERGENEEMEREN

Table 3 Probability density distribution of relative humidity for the major month in representative cities

Representative city Optimal PDF Parameters of PDF RSS P value
Hohhot Log-normal (0.54, 4.20, 24.18) 0.0001 0.74
Nagqu Gamma (2.41, 8.68, 9.80) 0.0001 0.02
Jiuguan Generalized extreme value (-0.14, 24.57, 9.80) 0.0003 0.43
Xining Beta (2.29, 3.86, 13.91, 80.72) 0.0001 0.15

Yinchuan Generalized extreme value (-0.14, 26.44, 10.01) 0.0003 0.10
Urumgi Beta (3.72, 4.66, 14.78, 94.83) 0.0001 0.38

Note: In the column Parameters of PDF (shape, loc, scale), loc, scale, and shape refer to the location, scale, and shape parameters (some functions have two

shape parameters), respectively.
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Table 4 Representative values of relative humidity for major months in representative cities

Representative city Frequent occurrence value/%

Medium occurrence value/% Rare occurrence value/%

Hohhot 33.13
Nagqu 34.16
Jiuguan 32.64
Xining 48.33
Yinchuan 34.66
Urumgi 62.08

16.40 12.24
16.11 12.06
16.91 12.46
25.45 19.26
18.57 14.08
36.85 27.99
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Fig. 7 Distribution of cumulative annual mean number of freeze-thaw cycles (Provinces with black outlines are the main regions where
the Chinese plateau is located.) (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 (2019)1673. The base map remains unaltered)
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(a) Clustering results of freeze—thaw indicators based on K-means clustering algorithm
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(b) Zonation of freeze—thaw action level (Provinces with black outlines are the main regions where the Chinese plateau is located)
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Fig. 8 Zonation of freeze-thaw action levels. (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 (2019)1673. The base map remains unaltered)
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Table 5 Critical parameters for each freeze-thaw actions level

Zonation indicator (average annual

Freeze-thaw action level Station number Key parameters of each level

number of freeze-thaw cycles)

Nonfrozen zone <15 284

Sight freeze-thaw 15-40 78 (26, -3.2, 8.7)
Light freeze-thaw 40-60 118 (49, -6.6, 10.6)
Moderate freeze-thaw 60-80 111 (71,-8.0,12.3)
Severe freeze-thaw 80-120 58 (97,-8.8, 14.4)
Extreme freeze-thaw =120 38 (147,-10.4, 16.4)

Note: The last column (a, b, c) in this table is the center coordinate of each cluster, where a indicates the average annual number of freeze-thaw cycles at the
corresponding station, b represents the average daily minimum temperature during the primary freeze-thaw months at the corresponding station, and ¢ denotes
the average daily temperature difference during the primary freeze-thaw months at the corresponding station.

R P SR IR, RIS T B SR
PR KA A (RITIKIHR), SRR, 5
SR BB L R o AR, BRI 5]

24 KSRE
e S X R e, RN, KSR JIBE R
(Tt e A, SRR R A B



55 52 &4 11 1] sk B S5l DR BRI R BSOS R AT 5 XK .+ 3453 -

ARSI RRRI AR I 55, E AR IR R IR
SRR A TAEREREDY, I HAER SRR
B MREEL I ARG T AR I, AR
THERMAERAERY, Hedh, ARRIE S IRE %
MK > SEPRIZE K, I A K AR IER, 645
SHBREFIRE, - PRE T SRR,
A Al A 20 R L F L R
REEAR R BRI, KRR T I 2
BACKRE, AERFREE R R, AFERIK,

Cumulative annual mean
atmosphere pressure/h-Pa
I 580 - 600

600700

700 — 800

800 —-900
900 - 1016

EHEFRAE T RAUE 2B R, KA
I R RN SRR, (R PR, M, KRR
I BRI AR S, BT BiAh, AR
X R BB, Bl Ao
AR AT = AR AR BTN 2 I LR X
BENERR. B9 Jon 1 LUK I E v abn s
HRH ER R4 AR 9 AR, AU
oA 5 E DS AR L ZIUN BB . T ek St [X S,
JER AR, FfRR U /AN A2 600 hPa.

A

K9 REFEIY KAL) 7040 (2 G Bl X 30 vy SR X) (4 I 20 222 J o vt P e 55 D) i B N B [ e P A7 2211, 3t

EIHES . GS (2019) 1673, ik KA 5h)

Fig. 9 Distribution of cumulative annual mean atmosphere pressure. (Provinces with black outlines are the main regions where the
Chinese plateau is located.) (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 (2019) 1673. The base map remains unaltered)
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Fig. 10 Distribution of partially salt lakes and saline soils. (Provinces with black outlines are the main regions where the Chinese
plateau is located.) (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 (2019)1673. The base map remains unaltered)
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Table 6 Concentrations of major aggressive ions in representative salt lakes

Representative values of major aggressive ion

Representative concentrations/(g-L™)

value

Representative salt lake

Actual aggressive ion concentrations in salt lakes /(g-L™)

Magnesium Chloride Sulfate Magnesium Chloride Sulfate
95% 12.9 180.1 54.0 Jilantai Salt Lake 16.5 173.7 46.3
75% 11 49.2 13.2 Pengyancuo Salt Lake 0.1 45.6 8.0
50% 0.0 4.0 18 Haolaoba Salt Lake 0.0 42 14
Mean 23 37.6 10.9 Laguoercuo Salt Lake 14 33.8 13.2
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Fig. 11  Process of WeChat mini program development
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Analysis and Zonation of Spatiotemporal Characteristics for the Special
Service Environments of Concrete in the Chinese Plateau

ZHANG Ming, ZOU Dujian, LIU Tiejun, ZHOU Ao, LI Ye
(School of Civil and Environmental Engineering, Harbin Institute of Technology, Shenzhen, Shenzhen 518055, Guangdong, China)

Extended Abstract

Introduction With the implementation of national policies like the ‘Belt and Road Initiative’, major infrastructure projects are
rapidly advancing into the western plateau regions. These regions, nestled deep inland, exhibit typical plateau environmental
characteristics, including frequent temperature fluctuations, low precipitation, strong winds with high velocities, low atmospheric
pressure, limited oxygen levels, and widespread saline soil/salt lakes, which pose serious challenges to the long-term serviceability of
major infrastructure. Determining the service environment is a prerequisite for conducting durability analysis and design of concrete
structures. However, compared to the increasingly mature research on extreme loads such as earthquakes and typhoons, research on
the long-term environmental actions suffered by concrete is still in its infancy. Most existing studies analyzed environmental factors
from the ‘environmental’ rather than the ‘engineering’ perspective, lacking suitable environmental analysis tools for actual
engineering applications. Furthermore, although extensive experimental research has been conducted on concrete durability, the
inconsistency between the actual service environment and laboratory accelerated tests can lead to significant discrepancies in concrete
deterioration rates and damage mechanisms. Using performance indicators obtained under laboratory accelerated conditions to design
the expected service life of concrete in actual engineering projects will result in significant errors. The absence of a long-term
environmental action model for concrete is a key challenge to the quantitative design of concrete durability.

Methods Based on 21 years of meteorological data from 687 weather stations and chemical composition data from 396 salt lakes,
using ordinary kriging (OK) interpolation method, with the geographic coordinate system as World Geodetic System 1984 and the
projected coordinate system as Albers, regional distribution maps of key environmental parameters were created. Python's distfit
library was used to fit the best probability density function (PDF) of environmental data. The Kolmogorov—Smirnov (K-S) test, a
non-parametric statistical method, was employed to determine if the sample data sets conformed to the theoretical PDF.
Environmental data were categorized using the unsupervised learning method K-means clustering. An intelligent and efficient
WeChat mini program was developed to provide technical support for durability analysis and longevity design of engineering
structures under special environmental action in the Chinese plateau regions.

Results and discussion The action levels of temperature differences in China were divided into six zones, closely related to the
terrain. The temperature differences in the western plateau regions were significantly greater than that in the eastern plain regions. In
cities such as Xizang, Xinjiang, Sichuan, Qinghai, and Heilongjiang, the maximum cumulative monthly average temperature
difference reached 23 °‘C. The cumulative monthly average relative humidity gradually decreased from the southeast coast to the
northwest inland, with most Chinese plateau regions having an average relative humidity of less than 40%. The frequency of
freeze-thaw cycles differed significantly between the Chinese plateau and plain regions, with Xizang experiencing the highest annual
average of up to 188 times. Taking freeze-thaw (F-T) temperature amplitude, the lowest freezing temperature and the annual
freeze-thaw cycles as indicators, the F-T action levels in China were divided into six zones, nonfrozen zone, slight F-T zone, light
F-T zone, moderate F-T zone, severe F-T zone, and extreme F-T zone, each showing significant differences in annual average
freeze-thaw cycles. The variability of annual average atmospheric pressure was relatively small across regions, exhibiting a step-like
pattern similar to China's terrain.

For regions with large temperature differences and strong aridity, the month with the most severe environmental action was
considered the primary month, and representative values such as frequent occurrence, moderate occurrence, and rare occurrence were
provided. For high-frequency freeze-thaw cycles, basic environmental parameters and key design parameters for different regions
were provided. Given the relatively small variability of annual average atmospheric pressure across different regions, the mean value
of each region was recommended. For hypersaline attack, representative values such as the 95th percentile, third quartile, median, and
mean were provided, and it was suggested to set concentration gradients according to representative values.

Conclusions The main conclusions of this paper are summarized as follows. Special service environments affecting concrete
durability, such as large temperature fluctuation, strong dryness, high-frequency freeze-thaw cycles, and low atmospheric pressure,
have the most severe impact in the Qinghai-Xizang Plateau. There are significant differences in environmental actions across different
regions of China, and even within the same province, it is not appropriate to summarize different cities in one group. Indicators
characterizing the action level of freeze-thaw cycles include freeze-thaw temperature amplitude, lowest freezing temperature, and
annual freeze-thaw cycles. There are distinct differences in freeze-thaw action levels in different regions of China, especially evident
in the clear gradient differences in annual average freeze-thaw cycles. The formation and distribution of saline-alkali soils and salt
lakes are closely related. A comprehensive analysis of aggressive ion concentrations in different salt lakes reveals strong variability,
suggesting the setting of concentration gradients based on statistical results. A rapid query mini program for special environments has
been developed on the WeChat platform, integrating meteorological data query, freeze-thaw action analysis, and environmental
parameter zonation, offering technical support for improving the efficiency of obtaining real-time information on the special
environment near the project location.

Keywords concrete durability; Chinese plateau; environmental actions; zonation; spatiotemporal characteristics



