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= 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 kis essential in
predicting the temperature profile and heat
flow through mass concrete
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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:

Sample preparation Assembling setup | Test setup

Core top

Heater

S4. S5 S1, 2, S3

Test developed at ASU (Carlson et al 2010)
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Where:

k = thermal conductivity, W/m-K
VI = power input to the heater, W
r, = inner radius, m

r, = outer radius, m

L = length of the specimen, m

T, = average temperature in the
core of the specimen, K

T, = average temperature on the
surface of the specimen, K
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0.60

Dry density  95% Cl for

w/b (Kg/m?) mean 'k’
(Wim-K)
0.35 211219 (0.98,0.99)
0.45 208721 (0.88,0.89)
0.50 207535 (0.76,0.77)
0.55 2069.91  (0.69,0.70)
Observation:

An increase in w/b results in
a decrease in k of concrete;
attributed to increase in
porosity

e
(ACi® cONCRETE 5
3 CONVENTION




1.4

Legend SCM Dry density  95% CI for mean
replacement (%)  (Kg/m®) K (Wim-K)

e - A 0 228103 (122,129
------ &__ o o 20FA 07862 (118,1.22)

B “‘g O 20FA+20Slag 227798 (116,119

10 4 - 45FA 207462 (1.10,1.15)
¥ 20FA*30Slag 227055  (1.06,1.12)

k (W/m-K)

0.8 - _
Observation:

With an increase in

06 4 replacement %, k of concrete
decreases; attributed to
decrease in k of slag ad fly ash

04 T T T T T ’
0 10 20 30 40 50 60
fly ash and slag replacement
(% by wt. of cement) (\
HA )
) dCl” CONCRETE
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k (W/m-K)
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b dmad

=20%FA+20%Slag

——-45%FA

—4-20%FA+30%Slag

7 14

21

28 35 42

Age (Days)

49

56

63

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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k (W/m-K)

1.4

Fiber  95% Cl for mean k' (W/m-K)
VF (%)  Steel fiber PP fiber
0 (1.03,1.08)  (1.03,1.08)
1.2 4 DN 025 (104,108  (1.04 1.07)
A/e//e/ 050  (1.08,110)  (1.05 1.07)
o o A A A 1 (1.10,1.15)  (1.06,1.08)
1.0 - 2 (1.16,1.19)  (1.06, 1.08)
Observation:
0.8 - Steel fiber (0.25 to 2%
volume fraction) increased
k whereas Polypropylene
0.6 - ~o-Steel fiber (PP) fiber had little effect
——PP fiber
0.4 . . . .
0.0 0.5 1.0 1.5 2.0 2.5

Fiber Volume Fraction (%)
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k (W/m-K)

1.4

1.2

1.0

0.8

0.6

0.4

LWA Dry density ~ 95% Cl for
replacement  (Kg/m?) mean 'k’
i (%) (Wim-K)
0 222593 (1.03,1.08)
50 189231 (0.98,1.02)
% ------------ ﬁ 100 1626.19  (0.74,0.80)
. \\\A
A
0 25 50 75 100
LWCA

(Repl. % by vol. of coarse aggregate)
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k (W/m-K)

1.4

1.2
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4
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. o
7 RCA Dry density  95% CI for mean
replacement  (Kg/m?®) & (Wim-K)
(%)
0 2279.26 (1.19,1.21)
} 30 225075 (1.05, 1.09)
50 215283 (0.95,0.99)
100 205565 (0.80,0.92)
0 25 50 75 100 125
RCA

(Repl. % by vol. of coarse aggregate)

(ACi® cONCRETE ;
M CONVENTION




7d  3d 28d
Age L N
(3-7-28d) K1 A
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ber
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k of concrete (W/m-K)
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w/b=0.43;NWA

w/b=0.43;NWA

w/b=0.43;NWA

w/b=0.40;NWA

w/b=0.40;LWA

w/b=0.45;RCA

w/b=0.35-0.55;RCA
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Prediction Modeling
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» Background: Empirical models
developed using smaller datasets and
not including modern materials

k = 0.5g0.02

k = 0.0003d -0.0140

Development of
database
(Training and
independent test set)

=

k = 0.0236¢0-0023d

k = 0.0625¢g0-0015d

ke = kier[0.293 + 1.01 AG]

< [0.8(1.62 — 1.54(W/C)) + 0.2Ry]

% [1.05 — 0.002571[0.86 + 0.0036(S/A)]

Data pre-processing
(Processing of
missing data and
data normalization)

» Objective: Use ML algorithms to
develop prediction model for k of

concrete

Model testing
(On an independent
dataset)

-

Feature selection
(Removing
redundant features)

Setting performance
measures
(R?, MAE, RMSE)

=
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Model selection and
further development
(Selection of best-
performing models)
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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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Abbreviations
FA type
LW |lightweight
NRS |natural+recycled
QS |quartz sand
RS |recycled
SS  |[silica sand
CA type
BA [basalt
CA |carbonate
CS |crushed stone
GG |granitic gneiss
GR [gravel
LI limestone
LW |lightweight
NRS |natural+recycled
QA [quartzite
RS [recycled
SC |[siliceous
siltstone




Function-based

1.00
OLR BGPR WANN BSVR
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Tree-based
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Variable set

Il-mix

I1l-non-mix

IV-MDI

V-CFS

VI- PCA +ve

VII-PCA -ve
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Variable Variables
category (No.)

All (13)

Only mix
proportion (8)

Non-mix
proportion (5)
Selected from
MDI (9)
Selected from
CFS (6)

Positive
direction from
PCA (3)

Negative
direction from
PCA (10)

w/b, SCM, Wga, Wea, Wipe, density, temperature, age,
strength, moisture, fiber type, FA type, CA type

w/b, SCM, Wga, Wea, Wiipe,» fiDer type, FA type, CA type

density, temperature, age, strength, moisture

w/b, Wra, Wea, density, temperature, strength, moisture,
FA type, CA type

w/b, SCM, w¢,, density, temperature, age

w/b, moisture, CA type

SCM, Wga, Wea, Wiper, density, temperature, age,
strength, fiber type, FA type

Fiber type
Age
Fiber wt.
SCM
CA type
Temp.
Strength
Moisture
FA wt.
w/b

CA wt.
FA type
Density

A

o]

]
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A R A A At
B e e o s
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P
A 2
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0 2 4 6 8 10 12 14
Relative importance (%)
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Predicted & (W/m-K)

~
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RMSE  0.1170 4 [RMS 0.2151
|R2 09640 . o |R2 0.8938
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——LW+RS
—*— QS+LW
—+— QS+RS
—+— LW+QA
—«— LW+SS
—— QS+QA
—— QS+SS

Increasing k
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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!!

Yogira] Sargam, Ph.D.
CarbonCure Technologies (Work done at lowa State University)
ysargam@carboncure.com
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