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Thermal Conductivity

▪ Thermal conductivity (k): ability of a 

material to conduct heat and is defined as 

the constant of proportionality between 

heat flux and temperature gradient

▪ Relevant to numerous applications of 

concrete:

➢ Low k for thermal insulation like radiation 

shield in nuclear power stations

➢High k for floors and driveways with 

embedded heaters and for heated 

pavements

➢ The knowledge of k is essential in 

predicting the temperature profile and heat 

flow through mass concrete

Nuclear power station

Mass concrete

Heated driveways
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Experimental Measurement
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Part I: Experimental Measurement

Experiment details

➢ Objective: To analyze the effect of various modern concrete materials on thermal conductivity

➢ Parameters: w/b, age, aggregate type (NA, LWA, RCA), SCMs (FA, Slag), fibers (Steel, PP)

➢ Test Method:

Core top 

S1, S2, S3 

Heater

Core bottom

S4, S5

Test developed at ASU (Carlson et al 2010)

Sample preparation Assembling setup Test setup
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Conductivity (k) calculation

Where:  

k = thermal conductivity, W/m-K

VI = power input to the heater, W

r2 = inner radius, m

r1 = outer radius, m

L = length of the specimen, m

T1 = average temperature in the 

core of the specimen, K 

T2 = average temperature on the     

surface of the specimen, K
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Results: Effect of w/b 

Observation:

An increase in w/b results in 

a decrease in k of concrete; 

attributed to increase in 

porosity
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Results: Effect of SCMs

Observation:

With an increase in 

replacement %, k of concrete 

decreases; attributed to 

decrease in k of slag ad fly ash
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Results: Effect of Age

Observation:

K of concrete decreased from 

3 to 7 days, then increased 

from 7 to 28 days and became 

almost constant after that 
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Results: Effect of fibers

Observation:

Steel fiber (0.25 to 2% 

volume fraction) increased 

k whereas Polypropylene 

(PP) fiber had little effect
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Results: Effect of aggregates

0.4

0.6

0.8

1.0

1.2

1.4

0 25 50 75 100 125

k
 (

W
/m

-K
)

LWCA 
(Repl. % by vol. of coarse aggregate) 

0.4

0.6

0.8

1.0

1.2

1.4

0 25 50 75 100 125

k
 (

W
/m

-K
)

RCA 
(Repl. % by vol. of coarse aggregate)

10



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Summary
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Prediction Modeling
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Part II: Prediction Modeling

➢ Background: Empirical models 

developed using smaller datasets and 

not including modern materials
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k = 0.5e0.02d 

k = 0.0236e0.0023d 

k = 0.0003d -0.0140

k = 0.0625e0.0015d 

➢ Objective: Use ML algorithms to 

develop prediction model for k of 

concrete

Data pre-processing

(Processing of 

missing data and 

data normalization)

Development of 

database

(Training and 

independent test set)

Setting performance 

measures

(R2, MAE, RMSE)
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Feature selection

(Removing 

redundant features)

Model testing

(On an independent 

dataset)

Model selection and 

further development

(Selection of best-

performing models)
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Database

14

Training set

➢ Developed from published articles, 213 data points, 

13 variables

➢ Mix variables: w/b, %SCM, %wt. of FA, CA, fiber 

➢ Test variables: density, age, strength, temp.

➢ Categorical variables: moisture condition, type of FA, 

CA, fiber

Independent test set

➢ From previous lab study
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Variable Selection

Variable set
Variable 

category (No.)
Variables

I-all All (13)
w/b, SCM, wFA, wCA, wfiber, density, temperature, age, 

strength, moisture, fiber type, FA type, CA type

II-mix
Only mix 

proportion (8)
w/b, SCM, wFA, wCA, wfiber, fiber type, FA type, CA type

III-non-mix
Non-mix 

proportion (5)
density, temperature, age, strength, moisture

IV-MDI
Selected from 

MDI (9)

w/b, wFA, wCA, density, temperature, strength, moisture, 

FA type, CA type

V-CFS
Selected from 

CFS (6)
w/b, SCM, wCA, density, temperature, age

VI- PCA +ve

Positive 

direction from 

PCA (3)

w/b, moisture, CA type

VII-PCA -ve

Negative 

direction from 

PCA (10)

SCM, wFA, wCA, wfiber, density, temperature, age, 

strength, fiber type, FA type
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Variable Selection
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Developed Model Performance
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Case study: Mass Concrete
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Conclusions and Future Work

Experimental Measurement 

• Simple method of measuring thermal conductivity

• Increase in w/b, and replacement levels of SCM, LWA, RCA reduces k of concrete

• Increase in steel fiber volume (beyond a threshold) increases k of concrete

Prediction Model

• ML based prediction model for k developed

• Missing data imputation method also presented

• Low MAE of 0.07, 0.14, and 0.10 for training, validation, and test set

• Case study in mass concrete proves the applicability of model
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Thank you for your attention!!

Yogiraj Sargam, Ph.D.

CarbonCure Technologies (Work done at Iowa State University)

ysargam@carboncure.com
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