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Introduction: Why Bridges
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Introduction: Bridge Maintenance Issues in Cold Region
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Introduction: Geothermal Bridge Deck Deicing

Geothermal bridge deck deicing systems
transfer energy from the ground to concrete
bridge decks through heat exchanger pipes

Sidewalk heating in operation (Eugster, 2007)

Weather forecast

Conceptual diagram of the geothermal heat
pump de-icing system (GHDS).
Habibzadeh-Bigdarvish et al. 2019
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Motivation and Objective: Weather in Montana
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Motivation and Objective: Weather in Montana
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Motivation and Objective: Ground Temperature in Montana
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Motivation and Objective

Feasibility of the use of a Ground Source Heat
Pump (GSHP) system

Corrosion due to Concrete bridge . Early-age
De-icing salts deterioration Frost Action cracking
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Geothermal Bridge Deck Deicing: Research Methodology
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Research Methodology: Model Scale Experiments in SRL
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Research Methodology: Model Scale Experiments in SRL

Ground Source
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Research Methodology: Model Scale Experiments in SRL
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Research Methodology: Model Scale Experiments in SRL
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Research Methodology: Model Scale Experiments in SRL
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Research Methodology: Model Scale Experiments in SRL
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Research Methodology: Model Scale Experiments in SRL

Ground Source
Heat Pump

(GSHP) system for
Bridge Deck

Deicing

Temperature, °C

-
o

(6]

(=]

\
[§)]

Model Scale
Experiments in SRL

g
2 > @ »<

Outlet

1.8 mm

Inner Diameter= 12.7 mm

Tube Thickness=

“» o <
5

5cm
R=10cm
20

Early-age cracking

—— W/o System
——- W/System

Time, hrs

28

Time, days

Inlet



<
t Wee
5\ =
r Q
O
< > . 9
S& s&
gL 8+
S 8
c = —
S+ 33
o)
v S|
8
<
o 8L
B~ RG
_ W

4
ext

eo (T,
Conduction
—kVT

Incident solar Radliation
radiation

::eé
|/ b<><>0<Ad
5vu§ Wy N

‘mw.ﬂv

(|

Wi vﬂzvﬁb
KD

qn VA Fov

A

KA

QA
9%5.«%&&. «»4»4» A\ &

O ) 4

AP

KR
PRI
PR

VWANVY

9
YA
K\ 27727
7 7
Vs
A7

(|

Numerical Model Development and Validation

Development and Validation

Numerical Model

system for
Bridge Deck
Deicing

o
S g
O 3
“ g
.mt
S o
mH
Q)

Research Methodology
(GSHP)




Research Methodology: Numerical Model Development and Validation
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Research Methodology: Parametric Study and Sensitivity Analysis
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Research Methodology: Parametric Study and Sensitivity Analysis
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Research Methodology: Parametric Study and Sensitivity Analysis
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Research Methodology: Parametric Study and Sensitivity Analysis
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Research Methodology: Surface Prediction and Feasibility Analysis
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Research Methodology: Surface Prediction and Feasibility Analysis

@ TASK 04-01
Data Collection and Preprocessing
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Surface Prediction and Feasibility Analysis

Research Methodology
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Research Methodology: Surface Prediction and Feasibility Analysis

@ TASK 04-02
Machine Learning Model Development
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Research Methodology: Surface Prediction and Feasibility Analysis
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What’s Next: Life-Cycle Cost-Benefit Analysis
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What’s Next: Possible Field Implementation
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Thank You!



Feasibility Analysis: Data Collection and Preprocessing

Without Tubing LA Value
Range Values
Ambient Temperature, °C 0to-20 0, -5, -10, -15, -20
Initial Temperature, °C 1 -10 to +20 of Ambient 1 -10,-5,0,5, 10, 20 of
: Temperature : Ambient Temperature
I I
Wind Speed, km/h H 0to 40 I 0. 5, 10, 20, 30, 40
_______________________________ S R D,
Solar Radiation, W/m? \ 0 to 490 : 0, 160, 260, 360, 490
_______________________________ RS
Bridge Length, m jl_ 1.6to0 4.8 JI_ 1.6,3.2,4.8
Total Number of Models : 555
Ground Source I L EEl b oo
Heat Pump
(GSHP) system for With Tubing Parameter Value
H Range Values
Bridge Deck :
1T Ambient Temperature, °C 0to -20 0, -5,-10, -15, -20
Deicing /i peratue, Ll e e
Initial Temperature, °C f -10 to +20 of Ambient y -10, -5, 0, 5, 10, 20 of Ambient
: Temperature : Temperature
] 1
Wind Speed, km/h H 0 to 40 H 0. 5. 10. 20, 30, 40
_______________________________ T
Solar Radiation, W/m? : 0 to 490 : 0, 160, 260, 360, 490
''''' Inlet Temperature, °C_ 1 8tso 1 81050
______________________________ R R
Fluid Flowrate, L/min : 5to 25 : 5,10,25
''''' Tube Spacing, cm 1 201030 1 2030
_______________________________ R
Bridge Length, m . 1.6 to 4.8 | 1.6,3.2,4.8
''''' Total Number of Models 1 186 777
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