
Distribution of temperature in culverts in cold climate 
 

Karina Tommik1, Jan Laue1, Sven Knutsson1, Nina Lintzén1  
1Departament of Civil, Environmental and Natural resources Engineering, Luleå,University of Technology, Sweden 

Keywords: Culvert, frost heave, cold climate, convective heat transfer 

 

1 INTRODUCTION 

Frost heave and thaw settlement in roads and 

railways is a persistent problem in cold climates 

leading to degradation of the road structure over 

time. The presence of a culvert in the road structure 

changes the temperature distribution in that 

particular area considerably, as cold air is allowed 

passes through the structure. Therefore the frost 

depth around the culvert is increased compared to 

the rest of the road. If frost susceptible soil is present 

under the road or railway structure this might lead 

to a larger frost heave in areas of culverts. 

The temperature inside the culvert usually is 

either considered equal to the ambient outside 

temperature or a function of it (Hua et al. 2014). 

There are no studies incorporating temperature 

change along the axis of the culvert or the 

distribution inside the culvert and the factors 

affecting it.  

Considering the placement of the culvert in the 

embankment, it is reasonable to assume that there 

will be airflow through the culvert if the ends are 

unobstructed. There are two factors contributing to 

the air flow. Firstly stack effect that causes air to 

flow from higher pressure area to lower pressure 

area. Stack effect will be present if the culvert is 

inclined and there is a temperature difference 

between the ends of the culvert. Secondly, air flow 

inside the culvert will be caused by wind (Zeng et 

al. 2017). Increased cooling effect due to air flow 

has previously been studied in relation to road 

construction on permafrost, where it has been noted 

that frost depth under air ducts placed in road 

embankments increases during cold periods 

(Coulombe et al. 2012). 

Presence of air flow inside the culvert indicates 

that the heat transfer mechanism is convection. 

Therefore, heat transfer between the culvert and the 

soil will be governed by temperature and air 

velocity inside the culvert as well as the thermal 

properties of soil. Additional factors contributing to 

the temperature distribution are solar radiation, 

snow cover, geometry and material of the culvert. 

Developing a model that describes temperature 

distribution inside a culvert accurately will result in 

a higher degree of precision when estimating frost 

depth and consequently predicting road damages 

that occur around culverts. 

 

2 METHOD 

As measurements in the field provide insight into 

the topic, it has to be studied in ideal conditions to 

investigate the various contributing parameters 

separately under defined conditions. Thus, 

laboratory investigations will be used to better 

understand the temperature distribution inside 

culverts.  

 

 
Figure 1. Schematic of the experiment setup 



In order to investigate the effect of air velocity and 

temperature on the temperature distribution inside 

the culvert, a simplified model is constructed. This 

first laboratory investigation allows control of 

environmental factors in order to focus on the 

convection process. 

A schematic setup of the experiment can be seen 

in Figure 1. The experiment setup is constructed 

inside an insulated pallet with dimensions of 

116x76x29 cm (length:width:height). Homogenous 

dry sand with known thermal properties is used as 

the soil surrounding a steel corrugated pipe with a 

diameter of 10cm. Homogeneity of the sand will 

allow for a simplified verification of the model 

using analytical methods. The steel pipe has a high 

thermal conductivity which will allow for faster 

heat transfer between air and soil. The corrugated 

surface of the pipe will introduce some turbulence 

to the model in order to compensate for the reduced 

diameter of the pipe compared to an actual outdoor 

culvert. A fan with adjustable rotation speed is used 

to push air through a radiator unit and further into 

the steel pipe. The air velocity can be regulated by 

altering the rotational speed of the fan. A radiator 

connected to a cryobath is used to cool the air. A 

large surface area of the radiator allows for rapid 

cooling of the air while cryobath allows for simple 

temperature adjustments. Thermocoples are 

embedded into the soil around the pipe as well as 

placed inside the pipe as it is arranged in the field. 

A thermal anemometer is placed at the inlet of the 

pipe to verify the air velocity at the entrance. The 

experiment is conducted in a temperature controlled 

room to maintain a constant temperature of the inlet 

air. 

Experiments will be performed with different air 

velocities and temperatures. Between each test soil 

and the pipe temperature will be allowed to return 

to initial conditions at room temperature. Recorded 

temperatures inside and around the pipe will be used 

to estimate the effect of air velocity on the 

temperature distribution inside the experiment setup 

in the direction of air flow. 

 

3 DISCUSSION 

Implementation of the experiment described above 

will aid in describing convective heat transfer in 

soil. The results of the experiment along with field 

measurements of actual culverts will be used as 

basis for developing of a numerical model 

describing the temperature distribution in full-scale 

culverts and subsequently the distribution in the 

surrounding soil. The purpose of the experiments is 

to identify to what extent the heat extraction rate 

will increase with increasing air velocity. The more 

heat extracted per unit of time, the greater the 

temperature change in the soil will be. A larger heat 

extraction rate in situ would lead to increased frost 

depth and thus possible frost heave. 

It is also of interest how the temperature 

distribution changes along the longitudinal axis of 

the pipe. Temperature differences along the axis of 

a culvert would lead to varying frost depth under the 

length of the culvert which in turn could lead to 

uneven frost heave in the perpendicular cross-

section of the road. 

Additional studies looking into thermal properties 

of potential culvert materials as well as insulating 

properties of snow cover and solar radiation will 

have to be performed and taken into account when 

addressing temperature distribution in culverts. 

The initial laboratory experiment described above 

will serve as initial basis for development of a 

numerical study and future field tests. The 

experiment will determine the effect of air velocity 

on heat transfer within culverts thus aiding in 

estimation of frost depth around culverts. 
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