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Â Definition

Frozen groundχ

Refers to various rocksor soil containing iceat 0  or 0  below. 

Permafrostχ

Is ground (soil or rock) that remains at or below 0C̄ for at least two years.
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Â Classification of frozen ground

According to the existence time, it can be divied into

Short-term frozen ground (< several days), Seasonal frozen ground(Ó1 month), 

Permafrost(Ó2 years) 

According to the degree of continuity of permafrost distributionχ

Continuous permafrost, Discontinuous permafrost (island permafrost), sporadic .
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Soil particles
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Â Components in Frozen ground

Frozen ground is a four-phase material composed of solid particles, ice , unfrozen water 

and gas.

01 Definition, Distribution and Change of 

Frozen Ground



Â Cryostructure

Frozenground (cryogenic) structure mainly includes integrated (uniform ice 

distribution), layered, network, vein, porphyritic and wrapped. 

The ice-bearing rate (ice content), shapeand conhesionwith mineralparticlesare 

different in different cryogenic structures, which directly affect the engineering properties 

of frozen soils.

Integrated structure Layered structure Network structure
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Â Formation of frozen ground

Frozen ground is formed in the process of heat and mass exchangein the 

lithosphere-soil-atmospheresystem.

Qg=K(dT/dz)

Qg is the heat enteredthe soil layer, K is the thermal conductivity of the soil, dT/dz is the temperature gradient.

The formation of seasonal frozen groundand permafrostis closely related to the 

surface energy balance.

Qn =̂Qi + Qs̃ ̂1 ïŬ̃ - Qe = LE + P + B

Qn is Ground radiation balance;

Qi and Qs  are direct solar radiation and scattered solar radiation respectively;

Ŭ is the ground reflectance; 

Qe  is ground long wave effective radiation; 

LE is the heat consumed in the total evaporation process (including soil water evaporation and plant evaporation);

P is heat consumed for the turbulent exchange between the surface and the atmosphere;

B is the heat flow through the ground
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Â Distribution of permafrost --- where does permafrost occur?

Global permafrost is primarily distributed in the Northern Hemisphere, with the area of continuous 

permafrost accounting for about 1/4 of the land area of the Northern Hemisphere, and seasonal frozen 

ground areas covering about 27%of the land area of the Northern Hemisphere.
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Permafrost in China is around 2.1 ɿ 106km2, 25%of the land territory.

Â Distribution of permafrost
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Â Major cold region engineerign projects
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Â Major engineerign projects along the belt and road in cold regions

China-Mongolia-Russia

Economic Corridor

Central Asia-West Asia 

Economic Corridor

China-Pakistan 

Economic Corridor

Eurasian Land Bridge 

Economic Corridor
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The trend of global warming is obvious!

The IPCC report states Global and continental temperature changes
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Å Recent results showed a reduction of the permafrost area by 37 ɾ
11% (representative concentration pathway (RCP)2.6), 51ɾ 13% 

(RCP4.5), 58 ɾ 13% (RCP6.0), and 81 ɾ 12% (RCP8.5) by 2080ï

2099, relative to the permafrost area during the period 1986ï2005 

(Slater and Lawrence, 2013). 

Å So degradation is still an enormous challenge facing in infrastructure 

design, construction, and maintenance in the permafrost regions.

Projected changes in (a, b) high-latitude and (c, d) high-altitude permafrost areas during the period from 1986 to 

2099(Donglin Guo & Huijun Wang, 2016)

Permafrost  

changes
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ALT generally increased from the highly continuous permafrost zone to the southern fringes of 

discontinuous, sporadic and isolated permafrost zones, showing more dramatic in warm 

permafrost regions than those in cold permafrost regions.

ÅSpatial distribution of changing rates of active layer thickness(ALT) (Luo, et al., 2016)
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Å Subsidence risk from thawing permafrost (Frederick E. Nelson, et al., 2001)

Permafrost hazard potential in the Northern Hemisphere.

Locations of existing settlements and transportation infrastructures: 

roads and trails (yellow), railroads (blue), airfields (red);
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ALT: 2.55~16.74cm/yr,

mean:8.7cm/yr

Warm permafrost̴ 12.4cm/yr

Cold permafrost̴ 4.0cm/yr

MAGT(6cm): 0.09~0.48 /yr,

mean:8.7cm/yr

Warm permafrost̴ 0.14 /yr          

Cold permafrost̴ 0.33 /yr 

Å The Qinghai-Tibet Engineering Corridor:
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Å Permafrost degradation prediction of the Qinghai-Tibet Plateau (QTP):

Prediction of the average permafrost 

areain 1950 ï2005̦ and the average 

permafrost area in 2006 - 2099 in four 

rcp scenarios.

The mean annual ground temperature 

(MAGT) variation and prediction 

simulation results over the QTP in four CO2 

Emission scenarios(RCP2.6, RCP4.5, 

RCP6.0 and RCP8.5) based on regional 

climate model (GFDL-ESM2M).
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Å The frozen soil in northern northeast China:

Zhongqiong, Z., Qingbai, et, al. (2019). Spatial distribution and changes of Xingôan permafrost in China over the past three decades. 

Quaternary International.

Å From the 1980s to the 1990s, the permafrost extensively degraded by 43.3%.

Å The area of predominantly continuous permafrost was 68 ɿ 103 km2 . Notably, 

high altitudeplayed an important role in delaying the degradation of permafrost.
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Å Mountain permafrost:

Permafrost of Altai Mountain̴permafrost area is about 110ɿ 103 km2̦
the low limit of permafrost is  2200 m, where the mean annual air temperature is -

6.8-5.4 .

Tianshan permafrost̴ permafrost area is about 63ɿ 103 km2̦The  mean 

annual air temperature near the permafrost lower limit is about -2.0~-3.0ʡC. The 

maximum observed thickness of  permafrost is 174 m. 

Permafrost in Qilian Mountains̴permafrost area is about 95ɿ 103 km2̦The 

elevation of the permafrost low limit in the north-south slope is different, the 

north slope is 3,400-3,740m, the south slope is 3,700-3,950m. The  mean annual 

air temperature near the lower limit is about -2.0~-3.0ʡC. The maximum 

observed thickness of  permafrost is 139 m. 

Huijun Jin, et al. "Impacts of Climatic Change on Permafrost and Cold Regions Environments in China."Acta  Geographica  Sinica 

67.2(2000):161-173.

01 Definition, Distribution and Change of 

Frozen Ground



Å The permafrost changes in the TianShan 

Mountains:

Annual mean air temperatures (AMATs) (a) and annual 

precipitation(AP) (b) observed by Daxigou Weather Station 

(DXG-st, 3540 m a.s.l.) from 1959 to 2011

Active-layer thicknesses at the borehole China09

Liu, Guangyue , et al. "Permafrost Warming in the Context of 

Step-wise Climate Change in the Tien Shan Mountains, China." 

Permafrost and Periglacial Processes (2015):n/a-n/a.
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Å The permafrost changes in Qilian Mountain :

Themean annual ground temperature and the table depth 

of the permafrostshows an upward trend.
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Â Frost heave

Segregated

ice

Positive Temperature

Negative Temperature

Water

Freezing front

02 Impacts of Frozen Ground

The causes of frost heave include the expansion (by 8 percent in volume) of the 

original water in soil when it freezes; it also includes the migration of water in  lower 

unfrozen soil during the soil freezing process and its accumulation on the frozen surface.



Â Frost heave

There are three basic factors for significant frost heave in soil, which are frost 

heave-sensitive soil, water supply and negative temperature.

Frost heave rate:

ȹzððSurfaceFrostHeaveAmount(mm)

zd ððDesignFrostDepth(mm)

hǋððFrozenLayerThickness(mm)
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Normal frost heaving force: The upper part of the soil acts to the 

foundation when freezing, and the frost heave is limited, and the lifting force 

acting on the bottom of the foundation will be generated between ground and the 

foundation.

Tangential frost heaving force: The lifting forceacting on the surface of 

the foundation side upward.

Horizontal frost heaving force:

The frost heave force is along the direction 

of soil frost heave, parallel to the surface 

and perpendicular to the foundation surface.

Â Frost heave force
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Â Frost heave

ü Engineering problems caused by frost heave

Uneven Frost Heave in Bridges

Frost Heave Damage in Oil pipeline Frost Heave Damage in Culvert

Frost Heave Damage in Channel Lining
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Â Frost heave and icing
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Â Thaw settlement

Thawed soil

Frozen soil

Settlement

Thawing
Thawed soil

Frozen soil

Before thawing After thawing

When frozen soil thaws, the volume of the ice turns into water and decreases by 8 percent, 

resulting in thawsettlement of the soil. If drainage and consolidation occur in the thawing 

area at the same time, it will cause compaction settlement of the soil layer.
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Â Thaw settlement

Thaw Settlement Coefficient:

h1 e1ððHeight (mm) and porosity ratio of frozen soil sample before thawing;

h2 e2ððHeight (mm) and porosity ratio of frozen soil sample after thawing

Mean thaw settlement 

coefficient ŭ0 (%)
Thaw settlement 

degree (level)

Thaw settlement 

class

ŭ0Ò 1 Unthawing

1< ŭ0Ò 3 Weak thawing

3< ŭ0Ò 10 Thawing 

10< ŭ0Ò 25 Strong thawing

ŭ0 > 25 Thaw collapse

Classification of permafrost thaw settlement
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Â Thaw settlement

ü Engineering problems caused by thaw settlement

Uneven Thaw settlement in Highway

Thaw settlement in Buildings Thaw settlement in Culvert

Uneven Thaw settlement in Railway
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Â Thaw settlement

 

̂ã ̂b̃ 
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Thawing settlement and crack damages to transportation infrastructures

Photos photo by ɽ.ɸ. ʂʦzireva, from lectures by Valentin

Kondratiev in Lanzhou,2007 

Photos from lectures by Valentin Kondratiev in Lanzhou,2007 
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Å Freeze-thawing weather
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Â Engineering design of cold areas

Breaking Through Traditional Design Principles

Permafrost Protection Design Principles

Permissive Thawing Design Principles

Pre-Thawing Design Principles

Design Principles for Cooling 

Roadbeds and Lowering Permafrost 

Temperature

ü In permafrost areas
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üThe 1,956 kilometer-long Qinghai-Tibet Railway is the worldôs 

highest-altitude railroad. The Golmud-Lhasa section zigzags for 

1,142 kilometers across the Kunlun and Tanggulamountain ranges. 

With the elevation mostly above 3,000 meters, 965 kilometers' 

tracks of the railwayare laid at more than 4,000 meters above sea 

level, the highest point being 5,072 meters.
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03 Qinghai-Tibet Railway

Å Average altitude greater than 4,000 m 

(high)

Å Annual average ground temperature less 

than -4 ºC ( cold)

Å Annual average rainfall between 50 - 400 

mm (dry)

Å Single vegetation type, fragile ecological 

environment (fragile)

Å Permafrost degradation leads to the 

development of thawing disasters and 

environmental deterioration ( thawing 

disasters)

Characteristics of the permafrost 

environment on the Qinghai-Tibet 

Plateau:

The main design principle adopted in 

the construction of the Qinghai-Tibet 

Railway project is to protect permafrost.




