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Relationship between computational science and money
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< CFD model - Governing equations >
-Continuity equation

pV -u(x, t) = S(x.t)

-Momentum equations

1. Manifold and channel regions

p (w + ulax, t) - Vu(;r.l}) = —VUp(x,t) + pAu(e,t) +VS(x,t)

2. Porous medium region
u

k p
-Mass source/sink function

S(a.t) =Y Q& (x—s])+ Y Q& (x—4])

= =]

Figure4. Governing equations
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~ Washington built to produce hydroelectric power and provide irrigation.

It was constructed between 1933 and 1942, originally with two power plants
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Mathematical modelling of disease

Perspective of History

Leahgrdf
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he outbreak and spread of disease has been
questioned and studied for many years. The

ability to make predictions about diseases could
enable scientists to evaluate inoculation or isolation plans

and may have a significant effect on the mortality rate of
a particular epidemic. The modeling of infectious diseases
is a tool which has been used to study the mechanisms by
which diseases spread, to predict the future course of an

outbreak and to evaluate strategies to control an epidemic.

The term epidemiology is derived from the Greek words
epi, which means “on or upon;” demos, which means “the
common people;” and logy, which means “study.” Putting
these pieces together yields the following definition of
epidemiology: “the study of that which falls upon the
common people.” Over the last century, many definitions
of epidemiology have been set forth. A more modern
definition of epidemiology is the science that studies
the patterns, causes, and effects of health and disease

conditions in defined populations.

This article highlights several historic figures and studies
that made significant contributions to the evolution of
epidemiologic thinking. These include Hippocrates, who
became known as the father of medicine and is often
regarded as the first epidemiologist; John Graunt, who
summarized the pattern of mortality in 17th-century
London; James Lind, who used an experimental study
to discover the cause and prevention of scurvy; John
Snow, who showed that cholera was transmitted by fecal

contamination of drinking water.

Hippocrates attempted to explain disease occurrence
from a rational rather than a supernatural viewpoint.
Hippocrates suggested that environmental and host factors
such as behaviors might influence the development of
disease. For example, he noticed that fat people die earlier
than those who are slender and different diseases occurred

in different locations. This led to the idea of predicting
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disease risks based on observations.

In the mid-1700s, James Lind(1716-1794) conducted
one of earliest experimental studies on the treatment of
scurvy, a common disease and cause of death at the time.
His astute observations led him to dismiss the popular
ideas that scurvy was a hereditary or infectious disease
and to propose that “the principal and main predisposing
cause” was moist air and that its “occasional cause” was
diet. He evaluated his hypothesis about diet by dividing
twelve men with scurvy into six groups and daily given
one of cider, sulfuric acid, vinegar, sea water, two
oranges and one lemon, and spicy paste and barley water.
He concluded that oranges and lemons were the most

effectual remedies for this distemper at sea. In 1975, he

used the results of this experiment to suggest a method

for preventing scurvy at sea by proposing that lemon and
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orange juice extract be carried on board because fresh
fruits were likely to spoil and was difficult to obtain in

certain ports and seasons.

Edward Jenner (1749-1823) noticed that dairymaids who

had had cowpox did not get smallpox. At the time, mild
doses of smallpox were used as inoculations, sometimes
fatally. In 1769, Jenner deliberately attempted to infect
an 8-year old boy with smallpox after he had been
inoculated with cowpox. The boy did not get smallpox and
“vaccination” became compulsory in Britain in 1853.

The miasma theory held that diseases such as cholera,
chlamydia or the Black Death were caused by a miasma,
a noxious form of "bad air", also known as "night air".
The theory held that the origin of epidemics was due to
a miasma, emanating from rotting organic matter. The
miasma theory prevailed for thousands of years but the
theory was eventually displaced in the 19th century by the
discovery the germ theory of disease, which shows that

micro-organisms exist and they causes diseases.

John Snow (1813-1858), was interested in the cause and
spread of cholera supporting an innovative hypothesis
that cholera was an infectious disease spread by fecal
contamination of drinking water. Snow was a sceptic of
the dominant miasma theory and since the germ theory of
disease had not yet been developed, he did not understand
the mechanism by which the disease was transmitted.

By talking to local residents, he identified the source of

the outbreak as the public water pump on Broad Street.

18

Although Snow's examination did not conclusively prove
its danger, his studies of the pattern of the disease were
convincing enough to persuade the local council to disable
the well pump by removing its handle. This action has been
commonly credited as ending the outbreak. Snow later used
a dot map to illustrate the cluster of cholera cases around
the pump. He also used statistics to illustrate the connection
between the quality of the water source and cholera cases.
He showed that the Southwark and Vauxhall Waterworks
Company was taking water from sewage-polluted sections
of the Thames and delivering the water to homes, leading to
an increased incidence of cholera.

Mathematical models can project how infectious diseases
progress to show the likely outcome of an epidemic. To find
parameters for various infectious diseases and use those
parameters to calculate the effects of possible interventions,
we need a through understanding of mathematical
knowledge and skilled computational ability. Through this
process, we can predict the future course of an outbreak and

to evaluate strategies to control an epidemic.

Reference

[1] Mathematical Biology by Fred Brauer (publisher: Springer) [2] Essentials
of Epidemiology in Public Health by Ann Aschengrau and George R. Seage
iii (publisher: jones and bartlett) [3] Wikipedia: Epidemiology, Epidemiologic

Methods, Epidemic Model

2 ©|A %Y (CSE URP / o|gteidy otk 48hd)



2014 CSE News Letter

19



CSEZ Ag] W3

CSE Open Lab & Poster Exhibition

oh 5)F7) Zel od2)k

22152 SHaE

. =

£ 78 Eo)cH

H B BB BB N
3 'L. = 2.

Azl o] o] 9lct. CSES] ZAE TR

i I ST SR N Ol 51 [ART 2 A2
ek T olW o] CSE 28 LE3I|S S¥sh BEx
AL7? F4st AgLEe o B HE0] 74 =2
BE A BHATE Aut £ Hke 7)ol o]
ZAE HEIS AT £ Y= T2 P70 gk T8y
Auc} CSE PBES] & 2 ZAHE £ 4 3k 7157
= ZOS i=clalae = npiacs 7] 512 o=} s
B 2EIE o & & Fojot #Ho] BAA CSE9| gt
o] HAY Jd d7elo] Hglet= Foet 2 A7t AR
i AR o ofBE s Sh et
201491 94 124, CSERMAY= 9] A7 F7HE 3705k Z24H
TR A9 63004 It 20118 395H =) =H7[wh
o AFste] ojwio] WA oY WA ZAH TR 2, st
A= ofet 515 Q18 AFASE Aot ZAE LRI
£ 395H SFAe. I AT ESE A ¥ 5% CSE
T E=e ARG FHst w2 82 viEeR &
Ao F4 Fokoll H-gste] Lol A9 HAE TR
=7

CSEE= Al#A 22 Numerical Analysis, Computational
Fluid Dynamics, Medical Imaging, ©]27] Al E3=Z 1}
A Qo ZF Jofof] gt ZAEE0] 65 Bk 71x]dHs] 4
= AoH 42 A4l ZTAHE B
Aow RS flsf 7]oh L

HAANL =

2
1o
kl
ol

=
o L= SWT (o]
Rl Eemel il B

o]
AT

@5h)

= =i
st S-S

2 4 99 ol

3 2] 4sto] A1 UCLA2] John Kim4'd o2 o] &

i

AA FBE RE FRE o1 HIlo|FA Bt TR
T H&o] duht AERtA], Y82 Aty afFoE Ag
ShlER], ZAE O o] AHERMA], T ARYES M
24tk

nE HEIL 9EL 7HE7] EEQAT, B7H9YE 24d
=9 B7tet Z2H THEI o] Fofdt BE AFES FR
£ B4 $5F=ES A5kt Medical Imaging team
©] Tingting Zhang M 9] LAE|7} 29520 2 HA =]

i

©] Xiaomin Pan 49| ZAE7} 94

, Numerical Analysis team®] A% 8- 7} CFD team

2oz AR A,

Eg AW A7A9 §E4 (G styel T 2

d 4oz A4Eeh ol FAdHAAE He4al

Tingting Zhang SM4] EAE e} A" 942491 35 shAd

o EAH, 293 1 9 I AFAS) BAE e 150] 4
< Sojnt.

54 olAE EAH AASE oA RAGH, oW FEol

Fo|=A] gotrolgl 3522 = 16GB USB w22 21
2592+ Mechanic LED keyboard 29, 15 3E=2 Boss

AE2

ol
|

Headseto] 31

]
G G

Ak Alo] F 4 gleH







2014 CSE News Letter

Electrical impedance spectroscopy-based nondestructive testing
for imaging defects in concrete structures

Tingting Zhang

As a number of concrete structures currently in service
reach the end of their expected serviceable life,
nondestructive testing (NDT) methods to evaluate their
durability, and thus to ensure their structural integrity,
have received gradually increasing attention. Concrete
often degrades by the corrosion of the embedded
reinforcing bars, which can lead to internal stress and thus
to structurally disruptive cracks. Various NDT techniques
are currently used to monitor the reliability and condition
of reinforced concrete structures without causing damage.
They include impact-echo, half-cell potential, electrical
resistivity testing, ground penetrating radar, ultrasonic
testing, infrared thermographic techniques, and related
tomographic imaging techniques. Electric methods such
as electrical resistivity tomography (ERT) and electrical
capacitance tomography (ECT) have been used to image
cracks and steel reinforcing bars, which show clear
electrical contrast from the background concrete. These
electric methods can be used to complement acoustic
methods by assessing different characteristics. They
operate at low cost over long time periods. ERT and ECT
employ multiple current sources to inject currents, and
boundary voltages are then measured using voltmeters
connected to multiple surface electrodes on the boundary
of the imaging subject. These methods use the relationship
between the applied current and the measured boundary
voltage to invert the image of cracks and reinforcing
bars. These methods suffer from a low defect location
accuracy due to the ill-posedness of the corresponding
inverse problem. In fact, the boundary current-voltage

measurement alone may not be sufficient for robust
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identification of defects. Most of research outcomes had
cooperated with some form of a prior information to
deal with ill-posedness. Most of the previous methods
can detect cracks and reinforcing bars when either only
the crack or the bar exists in the concrete samples. The
main purpose of this work is to show that multi-frequency
impedance measurements can be used to visualize both
cracks and bars in concrete structures. For simplicity,
cracks are idealized as linear segments. The numerical
simulations use a conventional 16-channel EIT system,
with the electrical current applied between two adjacent
electrodes at different frequencies. The boundary voltage
data are then measured between two adjacent electrodes
attached on the surface. Frequency-difference EIT
reconstruction allows the detection of both the cracks
and the reinforcing bars within the concrete structures.
A variety of numerical experiments is presented here to
illustrate the main findings.

The reinforcing bars are highly conductive and concrete
cracks are insulating because inside of concrete crack is
filled with air. When a sinusoidal current is applied to the
boundary of concrete structures, the frequency-dependent
behavior of thin insulating cracks is like this: low-
frequency electrical currents are blocked by insulating
cracks, whereas high-frequency currents can pass through
the conducting bars without being blocked by thin
cracks. The goal of this work is to image the concrete
cracks and reinforcing bars by using electrical impedance
spectroscopy-based nondestructive testing (NDT) method.
Note that since crack is highly insulating with very thin

thickness, there is a noticeable potential jump along two



sidewalls of concrete cracks and the jump changes with
frequency. By direct computation, the potential jump

along crack can be expressed as below. (Figure 1)
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expansion, we derived a formula for identifications of
cracks and reinforcing bars. The formula could exactly

give the endpoints of cracks and center of reinforcing bars

(x — Okvz)|+

(a)

(b)

Figurel. Electrical current flux for a concrete model with reinforcing bars (white) and cracks: (a) at low frequencies; (b) at high frequencies.

The jump of the potential across the cracks depends
on angular frequency as well as the thickness. At low
frequencies, It is very close to zero and the potential
jump is very high for a fixed thickness. While at high
frequencies, 1is a parameter which is away from zero
and as thickness goes to zero the current flux will
behave like that there is no concrete crack inside. Based
on this, the original problem can be separated as two
cases: high frequency and low frequency. We developed
corresponding asymptotic expansion formulas for
mathematically analyzing the relation between boundary
measured voltage data and cracks and reinforcing bars.

Asymptotic expansion at high frequencies shows that
the measured boundary data are influenced by cracks
and reinforcing bars since the first term on right-side
of formula is only related with concrete cracks while
the second term is only related with reinforcing bars.
Depending on the magnitude of frequency and size of
reinforcing bar , the dominative term on right-side of

formula may be alternative. Based on the asymptotic

based on the assumption that cracks are all segments and
reinforcing bars are all disks.

Speaking of the low current frequency, since there is a
high potential jump along cracks the potential on the
boundary is highly influenced by the insulating concrete
cracks and that is why at low frequency range only
concrete cracks are visible in the reconstructed images
of three numerical simulation models. As frequency
goes up, the concrete cracks are gradually penctrated by
current flux and reinforcing bars become visible in the
reconstructed images. Consider the highest frequency
800kHz in the numerical simulations, the concrete cracks
become invisible because high frequency currents could
pass the concrete cracks without blocking. Multiple
frequencies help handle the spectroscopy behavior of the
current-voltage data with respect to cracks and reinforcing

bars.
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1. L. I. RUDIN, S. OSHER, AND E. FATEMI, Nonlinear total
variation based noise removal algo— rithms,Phys. D, 60 (1992), pp.
259-268.
2. C. R. VOGEL AND M. E. OMAN, Iterative methodsfor total
variation denoising,STAM J. Sci. Comput., 17 (1996), pp. 227-238.
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Denoised image

(A=0.1,3=0.01 case)
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[1] Improvement of the K—Profile model for the planetary
boundary layer based on Large eddy simulation data, Y. Noh, W.
G. Cheon, S. Y. Hong and S. Raasch (2003 )
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——— Nanolnterface: multi-scale coupling ——————

FEM: finite el

Qm: quamum mechanics MD: molecular dy
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Material Property, Reaction Rate, Sticking Coefficient, ...

Thickness Uniformity, Gap Fill, Etching Profile, ...
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Plate
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[ A ]

CSE 4 47

Numerical Analysis, Computational Fluid Dynamics, Medical Imaging

Three Laboratory in CSE
Numerical Analysis and Scientific Computing
Computational & Theoretical Fluid Dynamics

Medical Imaging
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2|9l (Numerical Analysis) -4
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FE methodZ& A35ta &t} Tt Al Hol= PDEs,

Least—squares, FEM, Regularities, Singularities in

1.5+
domain, Weighted norm Yt}
A&7 A= A¥EY 5 spatial model FHF-5k1L 9lo™
Ay FES A 712 FHES 5ol 5, vlashe] #dst
A 71 thAdell B A FEEst] HE-g 43} st Wt
faf A5t YT
5 2 Hu)E9-g A (Numerical Partial Differential

Equation) EoFollAl §A¢] 555 Yetd Burger’s
equation& H-(div) conforming least—square finite
element method& Zojyl= Ao WAL 7HA] 1 FHSIL

e,

Lina Zhao My research topic is “a Posteriori error

estimates for Staggered discontinuous Galerkin method”
0.8-

and I'm interested in FEM, staggered DG method, a
0.6+

posteriori error estimates, PDEs.
0.4-

0.2+
Shijie Dong T'm interested in finite element method and

analysis. :
04 o8

0.8 0

interior layer =4 2] approximate solution

numerical solution

11 Schematic for Global
Atmospheric Model

| Horizontal Grid (Latitude-Longitude)

http://en.wikipedia.

| Vertical Grid (Height or Pressure)

org/wiki/Global climate

model
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o294 (Medical Imaging) LAl
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resonance imaging), x A& ©]-85l= CT (computed tomography), 121 31t
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Figure 6

=50 99 CT image 9] artifact

Metal image can be extracted via the following formula:
V‘.!”'::rf ;I(V'l[‘:;nﬁ) in [)U ] J i
“;,"r . [":.'JI' on (‘)DH. ‘r;

where n is an operator suitably chosen to keep the boundary information of teeth in metal

Il

4
region D while eliminating the influence of metal.
£ 3 EoTIELT )
Metal E; ".‘
T S

(a) Phantom (b) Pe(x) (c) uyx) (d) wix)

<Phantom experiment: Decomposition of X-ray data (b)/~_(x) into (c)u_(x) and (d) w(x), generated
at 70 keV and 15mA, shown with a display window [0 4000].>
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