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Development of Thermomechanical Coupled Numerical Model
for Energy Slab
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Abstract

In this study, a thermomechanical numerical model was developed to evaluate the stability of energy slabs. First,
a wall-type energy slab was installed in a residential underground parking lot, and thermal performance tests were
conducted. Based on the tests, a numerical thermohydraulics model of the energy slab was developed to accurately simulate
the thermal behavior in thermal performance tests. Finally, utilizing the temperature data acquired using the developed
model, a thermomechanical numerical model of the energy slab was established. The thermomechanical model was then
used to simulate the thermal stresses induced by operating the energy slab. The results demonstrated a maximum thermal
stress of 5,300 kPa, which highlights the need to utilize cement mortar with sufficient tensile strength to realize stable

operation of the energy slab.
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Fig. 1. Schematic diagram of constructed energy slab
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Fig. 2. Schematics and overview of thermal performance test for energy slab
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58 E=XIBtSSel=E2d A40A M=



9] ol L do|g AmBHFL 164TW/mE, FARE
F2E 7H= 718 A9 ovA] &2 B(5.05W/m)]
ulsf oF 338 =2 dAdFS Hole AR Uehytt
(Lee et al,, 2018). o]= o[|%] & EF 2|5} FAA
AAste] 97|29 JkS A Fit Abdsalr] of
2ot} wheba, 2 X} Fo| 7|2 =7) AdE

fex ]
=

b

Y
oo
A
o
N
Qﬂ
I
o
2
2
v
N
-
o)
T
i

%
N
P,l'.
3
oL

3. O] ZefE E-oiEtA SR[EHA B i

3.1 g-g|st

it

LEIsHA Y S

N

2 AtollAl= A8 RRkaslA|(Finite element method,
FEM) Z=2713¢Q1 COMSOL Multiphysics& 2-8-5}¢]
H-pefoha] mely) A-osha] wdls JdskQict A
H-efeha] Mdlof AR ook Aok = miE(da
g uolz, 2 E Bl A|Hh Afo]o] A diF B Ao
ofsfl fresl o] % AsF HEof gt AJulf WAL
A (2)9} Zrch(Park et al., 2017; COMSOL, 2018).

pA(jaa—erpAOuv T=v Akv T+fd% lul® + Q+ Quu
h
(2)

Ground formation

\

(a) Geometry

1714, A Augt vpo| o] GH(m’), T 3
GO ZE(K), v FAEE(m/s), k= =82 94
Zx(u(Wm « K), f= <8452 Darcy ubEAS, d,
= Bt YA M), Q= GYOoERE FaEE 9%
(W), 223 Q= T AT =2 Alolof] gk
= UEh= E93H(m)e YERd:

old, Q= TES YA o w4 3)& ol&
slo] A4 4= JItHCOMSOL, 2018).

Qwall = hZ( T

ext

7) 3)

o
S
3[\7
3

o714, bz Aagh To|xze] AT
7= sk vo|xze] Edm), 121 7,
ol 9io] LE(K)E Lrehick

xt

mdlof] Azt e o' YA B, AR 7F 7|4

o7 F7ste] sj4] Alzto] F7HE Aol

c}. b & 9Atef A= COMSOL Multiphysicsol] U]

A= o] Q= Tho]i W& (Pipe flow module)S &-8-3}
A3} go|ZE Mo wmAlslgth THo|Z mE
L 22 9 g2 32 R%E 949 v)HE &4,
2 b A

e A = AR S =

]

S
i

!

T
ST N

RV

DV AN

S
g e
R
foy

-
oLy

(b) Mesh configuration

Fig. 4. Geometry and mesh configuration of thermal—hydraulic numerical model for energy slab
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Fig. 5. Comparison between field test and numerical model

Table 1. Applied properties in thermal—hydraulic model for energy slab

Thermal properties (Eliegr;rs:;; Specifiij/iega? E;’apacity Therrrzs\ll/;or.w%ctivity
Cement mortar 2,300 800 1.9
Ground formation 2,100 1,300 1.206
Aerogel 150 1,800 0.018
Heat exchange pipe (HDPE) - 2,302 0.4
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Table 2. Applied properties in thermal-mechanical model for energy slab

Type Coefficient of thermal expansion Young's modulus Poisson’s ratio
(1/K) (MPa)
Cement mortar 1.0x107° 25,000 0.2
Ground formation 20x107° 30 0.3
Aerogel 1.2x1077 3 0.2
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Fig. 8. Thermal strain distribution of thermal-mechanical numerical model
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