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Abstract

This work aimed to present high spectrum efficiency of single carrier frequency division
multiplexing (SC-FDM) together with multiple-input multiple-output (MIMO) for optical
wireless communication (OWC) systems. In order to improve signal to noise ratio (SNR),
maximum ratio combining (MRC) with frequency diversity was employed. It was compared
with the zero forcing detection in higher order MIMO system. Additionally, at the receiver
end, due to small diameter size of the avalanche photodetector (APD), the numbers of
receiver up to 100 elements were therefore practically applicable. To analyze the proposed
systems over OWC channel, the numerical simulation method was used and multi-path
indoor environment was assumed. By applying the proposed diversity method, the results
clearly showed that the SNR was significantly improved and the high order M-ary QAM
(quadrature amplitude modulation) can also be achieved. Furthermore, for 256-QAM,
the error free transmission can be achieved with SNR of only 30 dB with 6 number of
antennas. In zero forcing detection, the transmission speed was higher than the MRC system

when compared with the same bit per symbol. However, it gave higher BER.

Keywords: Multiple-Input Multiple-Output; Single Carrier Frequency Division Multiplexing;
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2 High Spectrum Efficiency of MIMO-SC-FDMA for Optical Wireless Communication Systems

Introduction

Optical wireless communication (OWC) is very attractive to study and develop. OWC has
many advantages, such as high bandwidth and no interference from radio frequency (RF)
signals [1] - [2], and it is very secure in communication systems. Therefore, many
applications including both free space [1] - [2] and underwater [3] are investigated for the
possibility to implement it. In wireless systems using RF, diversity techniques are usually
used to speed up data rate and/or gain the signal to noise ratio (SNR). There are many
diversity techniques proposed in literature, e.g., maximal ratio combining (MRC), equal gain
combining (EGC), selected combining (SC) or space-time block coding (STBC) [4]. Due
to a promising performance, it is worth mentioning that the combination between diversity
techniques and advance modulation format together, such as orthogonal frequency division
multiplexing (OFDM) could be an emerging technology in the future [5].

OFDM is a multicarrier communication system which has many advantages when
compared to a single carrier. Moreover, the intersymbol interference (ISI) can be solved
by adding a cyclic prefix (CP) in the front of each OFDM symbol. Therefore, it can provide
very high spectrum efficiency. OFDM also makes communication systems simple to
implement in hardware. However, its major disadvantage is a high peak to average power
ratio (PAPR) [4], which causes nonlinearity when passing the signal to the amplifier.
To reduce the PAPR, the single carrier frequency division multiplexing (SC-FDM) is replaced
and at least 3dB lower PAPR can be obtained over conventional OFDM. Therefore, it is very
attractive to investigate and it already becomes a standard for Long Term Evolution
(LTE) [6]. However, in OWC system, only a few SC-FDM works are investigated.

SC-FDM for OWC has been first experimentally investigated by Puntsri, K. [7].
The experimental results demonstiated that SC-FDM with 128-QAM can be practically
implemented to attain a very spectrum efficiency at rate 4.56 b/s/Hz. However,
multiple-input multiple-output (MIMO) combined with SC-FDM (MIMO-SC-FDM) for
OWC is not yet examined in the literature review. Only MIMO-SC-FDM in wireless
systems is shown. MIMO is a multiple transmitter antennas and receiver antennas
communication systems and it is one of the best ways to gain up diversity and SNR.
Especially, the joint design of large/massive MIMO and advance modulation format will
be an emerging technology in the future.

MIMO for OWC has been investigated by only a few researchers. Berenguer, P. W.
el al. [8] has presented a field trial of OWC for a robotic manufacturing environment. It has
been shown that moderate data rates, high reliability, and low latency can be achieved.
The channel measurements and transmission were also done in this work. The MIMO size

Kidsanapong Puntsri and Puripong Suttisopapan
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 3, September - December 2019 3

of 8 x 6 was considered and the results showed that the SNR is acceptable if a line-of-sight
(LOS) is available. However, when an LOS is obstructed by small movements and rotations,
it would lead to sudden fades of 10 - 20 dB power. From the results, it can be concluded
that MIMO OWC is suitable for industrial wireless applications.

Ntogari, G. et al. [9] conducted a comparison between STBC systems with two
transmitted antennas and single-input single-output (SISO) systems, where the same total
optical transmit power was considered, in coherent OWC systems. STBC improves the
capacity coverage area and requires less transmitting power. Additionally, MIMO for visible
light communication (VLC) application was shown by Chen, C. et al. [10]. The non-Hermitian
symmetry (NHS-OFDM) modulation method and an imaging angle diversity receiver were
proposed. The results showed that MIMO system is very useful and it has a lot of benefit
for high speed communication systems in indoor wireless communications. Navidpour, S. M.
et al. [11] has proposed the system design and the performance analysis of MIMO method
for coherent OWC. The mitigated atmospheric turbulence effects were considered.
The phase noise impairment was compensated in electrical domain. Furthermore, many
diversity combining methods were employed and compared, where the gamma-gamma
turbulence, K-distributed turbulence, and negative exponential turbulence were adopted
for free space channels.

From the literature reviews, in this work, the large MIMO with high spectrum
efficiency for SC-FDM is studied and analyzed, where the MRC and frequency diversity
for SC-FDM in OWC systems is proposed. In order to conduct numerical simulation,
a multi-paths OWC channel is assumed and the number of more than 50 receiver antennas is
considered. The system performance is measured in terms of bit error rate (BER) against
signal to SNR. Additionally, the Reed-Solomon (RS) code with hard decision is also
employed to reduce BER of system performance. The results showed that the system
performance is significantly improved and a very large M-ary QAM order can be offered.
Moreover, bit error free transmission can be achieved at only a few receiver antennas
and SNR for MRC scheme.

https://www.tci-thaijo.org/index.php/rmutijo/index
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ce |1 |2 lst)
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Figure 1 System model used for massive SIMO-SC-FDM in OWC Systems
SC-FDM with MIMO in OWC systems

The detailed of SC-FDM system with MIMO for OWC systems is shown in Figure 1.
As can be seen, the SC-FDM system is similar to OFDM, only additional FFT and IFFT
computation are required for the transmitter and receiver, respectively. First, the bit streaming
is fed in to QAM-mapping unit to group the number of bits into a symbol, which is denoted
by x(m). The mapped symbol is converted to frequency domain using fast Furrier transform
(FFT) processing, defined by X(k), with the size of N, and k=0..Ng —1. Ng,as the
number of sub band. Next, the subcarrier mapping is followed to setup the input to the
invert FFT (IFFT) with the size of N.. In this work, the interleaved FDM was used,
where it gave the lowest PAPR, as reported in [7]. Additionally, for OWC, the intensity
modulation/direct detection (IM/DD) was needed. Therefore, the Hermitian symmetry was
adapted to obtain the SC-FDM, which only had real (or only imaginary) component.
The subcarrier mapping established the Hermitian symmetry input for IFFT, where the

mapped subcarrier is given by equation (1)

X =[0X(0)..0 X(N, -1)0 0 X" (N,, -1)0..x"(0)],

Xp Xaw

(1)

hence, X is subcarrier mapped vector with length of / =0..N. -1. X . 18 the vector
of the first haft and X, is the vector of the second haft of X , respectively. As can be seen,

X, =X .» » where the index of X, is reversed order of X -

Kidsanapong Puntsri and Puripong Suttisopapan
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Then, a cyclic prefix (CP) is added to prevent the ISI due to the dispersive free space
channel. Finally, the transmitted signal, which included CP, is denoted by s(n). For more
than one antennas, s,(n) denoted for the transmitted signal with i element, where i =1...nTx
and nTx is the number transmitted antenna.

At the receiver, the received signal at the r th antennas is denoted by y, (), which

is expressed by

v, (n)=s5,(n)® h,(n)+ z,(n), 2

where r=1..nRx and nRx is the number of received antenna. k,(n) is free space

channel and z,(r) is the noise component, which is modeled by additive white Gaussian
2

noise (AWGN) with zero mean and the variantis o, . ® is convolution operator. » =1...nRx
and nRx is the number of receive antennas.
From equation (2), the CP is removed and y, (r) which are only the useful samples

remain and are fed in to the FFT. The signal after taking FFT is given by equation (3):
R nTx nRx -
20)-3 S %0)-1,0+2,0) ®

i=1 r=l1

hence, H, (/) is the free space channel and Z, (/) is AWGN noise.

MRC receiver

Now, MRC is detailed, where only one transmitted antenna is employed and the combination

receiver of all received branches is expressed by equation (4)

x(1)

i(z)'"zfﬂ,.(nﬂ:(mﬁz,u)fz:(z)

nRx - ' )
22,08 0)

_ ()42

nRx

2. 1.0y

Next, subcarrier demapping is done in the following, where it strips out all zeros

and only the useful information data symbol remains. Here, because of Hermitian symmetry

https://www.tci-thaijo.org/index.php/rmutijo/index



6 High Spectrum Efficiency of MIMO-SC-FDMA for Optical Wireless Communication Systems

input setup likes equation (1), the second half conjugated one of the first half, which are
denoted by )?up and X, for the first and the second, respectively. Therefore, if we
conjugate X, (k) the, the frequency diversity can be done easily by equation (5):

X=—t_—, )

where X is the signal vector after formulating frequency diversity with the length
of N, and the noise component reduced by divided by two. Next, X is fed in to IFFT and
QAM demapping to map a QAM symbol in to bit streaming in the finally process.

Zero forcing receiver

In this section, the zero forcing receiver is detailed. In this work, the system consisted of two
transmitters with two and four receivers. The zero forcing equalization must satisfy condition
that WH =1, where W is the weight gain equalization and it is given by W = (H "H )AH .

Therefore the zero forcing equalization is expressed by (equation (6)) [4]

Xy =Wy
(6)
—(H"H) HHY + 2
X is the estimated received signal using zero forcing equalization. ¥ = FFT(y(n))
and y(n) is equation (2). Additionally, this is no diversity but, full rate of communication

systems can be achieved.
Simulation model

The system considered for this work is shown in Figure 1. There is one n7x SC-FDM
transmitter and nRx receivers. The MIMO free space channel impulse response from the

transmitter to the receiver », where r =1...nRx, is modeled by equation (7) [11] - [12]

6a°

hy(n)=n, —— ()

" (n+a)”

hence, #,(r) is the OWC channel response. a, =124/11/13 -7 is the normalized

rms,r

factor of the root mean square channel delay spread which is denoted by 7 n, is the

rms,r *

ling-of-sight links, which is expressed by equation (8):

Kidsanapong Puntsri and Puripong Suttisopapan
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(m+1)4

@ Jeos(5,) ®)

", =

T T T T . .
Hence, ey <. < B} and ) <p,. < 5 Unless, #, will be equaled zeros. A4 is the

active area of the avalancephoto detector (APD) and the order of Lambertian emission,

denoted by m, is given by equation (9)

~1n(2)
ln(cos((pl/z )) ,

m= )
where ¢,,, is the semiangle at half-power of transmit power.

In this work, N.=1024, N, = N../4 =256 and the number for CP is 128 (= N../8)
were assumed. The number of M-QAM and number of receiver antenna were investigated.
Additionally, the simulated parameters are as follows: ¢,,, =60°, then m=1, 4=15mm*,
d,=2m ,90" and S, =90°.

Simulation Results

The numerical simulations using Matlab are discussed in this section. The system performance
was analyzed in terms of BER and the system design parameters were examined.

Firstly, the single input multiple output (SIMO) with diversity schemes including
MRC and frequency diversity was investigated. The number of receive antenna of 50 elements
was assumed, (nRx = 50). 256-QAM was used and the BER result is shown in Figure 2.
As can be seen, the proposed MRC with frequency diversity gave the lowest BER and
the SNR gained a lot when compared with the case of no diversity. It can clearly be seen that

the system performance was significantly improved.

https://www.tci-thaijo.org/index.php/rmutijo/index
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BER

10 F |=®—No diversity N
—&—Only MRC k
—+=—MRC + Frequency diversity

-5 " "
10 20 25 30 35

SNR (dB)

Figure 2 BER performance versus SNR for 256-QAM with various diversity schemes

3l
5 10 D
m
104}
> SNR=20dB
6% | —e— SNR=30dB
—%— SNR=35dB
16°

0 10 20 30 40 S0 60 70 8 9 100
Nomber of antennas (nRx)
Figure 3 BER performance against the number of antennas (#nRx ) for 256-QAM with the
SNR of 20 dB 30 dB and 35 dB

Figure 3 plots the BER against the number of antennas in which this value was
varied from 2 to 100 elements and 256-QAM was adopted. The BER for the SNR of 20 dB
30 dB and 35 dB were compared. The results showed that when the number of antenna was
increased, the BER reduced. This is because the SNR gain was enhanced. Especially, for the
SNR of 35 dB at 60 elements of antennas, the BER free can be achieved.

Figure 4 depicts the comparison of BER performance with SNR for various modulation
orders of M ary QAM. The number of antennas for 60 elements was assumed. As can be seen,
if the SNR increased, the BER reduced for all M-QAM. To achieve error free, the SNR of

Kidsanapong Puntsri and Puripong Suttisopapan
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more than 21 dB, 27 dB and 33 dB were required for 16-QAM, 64-QAM and 256-QAM,

respectively. Additionally, to reduce the number of antennas, a coding method would be

required. For this work, the Reed—Solomon (RS) error correction code with hard decision
decoding was adopted. In this test, 256-QAM with SNR=30 dB was assumed.

Figure 4

Figure 5

109

- 16-QAM

—e— 64-QAM :
—a— 256-QAM
5 10 15 20 25 30 35

SNR (dB)

BER performance versus M-QAM with nRx = 60

4 6 8 10 12 14 16 18 20
Nomber of antennas (nRx)

BER performance against SNR for 256-QAM with various coding gain (R )

From figure 5, by using the RS code of rate 0.7 and 0.8 and as can be seen, when the

coding gain is reduced, the BER decreased. Additionally, by referring to Figure 3, the nRx

could be reduced more by using less coding gain; however, the complexity processing would

be high when compared with only the MRC and frequency diversity were used. The other
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way around, if the nRx could be decreased, the receiver size would be more compact. It is
a trade-off and it depends on the design needed.

Second, MIMO scenario with zero forcing detection was investigated. The 2 x 2 MIMO
and 4 x 4 MIMO were presented and the result is shown in Figure 6(a) and 6(b), respectively.
16-QAM was used in this case.

10

BER

0 5 1I0 15 ZIO 2‘5 30 35 40 45 50
SNR (dB)

(a) 2 x 2 MIMO with various coding gain (R)

10

BER

0 S 10 15 20 25 30 35 40 45 50

SNR (dB)

(b) 4 x 4 MIMO with coding gain of 0.5
Figure 6 BER performance versus SNR for 16-QAM

From Figure 6, it can be seen that the BER reduced when the SNR increased for
both 2 x 2 and 4 x 4 MIMO. Additionally, for uncode, the BER was higher than the coded.
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Especially, 4 x 4 MIMO had very strong BER sensitivity. Moreover, the higher code rate,
the lower BER. However, when comparison were made between the zero forcing method
with the MRC systems from Figure 3, 5 and 6, the BER of zero forcing was higher

than MRC. However, the zero forcing receivers gave higher communication speed.
Conclusions

An enhancement of system performance for OWC using MIMO SC-FDM was proposed in
this work. MRC together with frequency diversity was employed to recover the information
data and can be used to gain up the SNR. A huge M-QAM and large antennas order were also
considered. To verify the system performance, the numerical simulation method was used.
The results showed that the BER decreased when the number of antenna was increased.
Additionally, at a higher SNR, the number of antenna requirement to get error free was reduced.
Especially, when the RS-code was applied, the SNR was exponentially gained. For the coding
gain of 0.7, the antennas of only 6 elements were required to obtain error free for 256-QAM.
For zero forcing detection, it gave higher BER; however, the transmission rate was more

than the MRC system, when compared at the same bit per symbol.
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Abstract

The objective of this study was to investigate the antibacterial activity of ethanolic extracts
of 15 local Thai herbs against twelve different species of bacteria. The ethanolic extracts of
Schinus terebinthifolius, Spondias pinnata (L.f.) Kurz and Garcinia mangostana Linn had a
greater potential as antimicrobial agents against Gram positive and Gram negative bacterias
and Spondias pinnata (L.f.) Kurz showed the most effective activity against all dominant
floras. This study also evaluated the impact of high hydrostatic pressure processing (HHP
at 200 and 300 MPa) in combination with crude bacteriocins (B), Spondias pinnata (L.f.,
Kurz (E1) or Schinus terebinthifolius (E3) on the microbial, physicochemical quality and
shelf life of vacuum packed pork loins, stored at 4 °C for 9 days. At 200 MPa, total plate
count (TPCs) of samples from all treatments in day 0, 6 and 9 were not different. However,
the HHP samples had a different count from the others on day 3. At 200 MPa, the TPCs of
HHP + E1 sample was higher (p < 0.05) than those of HHP + E3 and HHP + B. Increasing
pressure for HHP had no impact on the pH, a,, and weight loss (%) of the pork samples for
all treatments. L* and a* values of all treated samples increased while the b* value decreased

slightly and then remained constant. Pork samples from all treatments became tender (p < 0.05)
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as storage time progressed each day. This finding suggested that HHP in combination with
herb extracts could improve the microbiological quality and tenderness of fresh pork during

storage and had a minimal effect on the color of the fresh pork.

Keywords: Thai Herb Extracts; High Hydrostatic Pressure (HHP); Microbial and Physicochemical
Quality; Fresh Pork

Introduction

Pork is currently the most widely consumed meat in the world followed by poultry, beef,
and mutton [1] and the global demand for pork meat continues to rise [2]. Pork meat offers
a rich nutrient matrix that provides a suitable environment for the proliferation of pork meat
spoilage microorganisms and common foodborne pathogens. Therefore, adequate preservation
technologies must be applied in order to preserve its safety and quality. Food safety is the top
priority for authorities and consumers worldwide. Consumers demand high quality, convenient,
innovative, regular and safe pork meat products with natural flavors and tastes and an
extended shelf life.

High pressure processing (HPP), a non - thermal technology, is being increasingly
used in the meat industry to extend the shelf life of its products and to improve its quality
characteristics [3] - [5]. High hydrostatic pressure (HHP) processing is carried out with
intense pressure in the range of 100 - 1000 MPa, with or without heat, allowing most foods
to be preserved with minimal effect on taste, texture or nutritional characteristics. The main
advantage of HHP processing, compared with thermal sterilization and pasteurization,
is the maintenance of the sensory and nutritional characteristics of the treated food
products [6]. HHP technology has been successfully applied to the processing of cured meat
products - cooked or dried and cooked ready to - eat meats [7]. However, it has been reported
that HHP can impact structural, physiochemical, morphological and textural characteristics
of the meat, and can cause partial discoloration of fresh red meat [8] - [9]. Thus, the
physicochemical properties of HHP treated meat should be evaluated. High pressure
processing may be combined with other preservation methods to increase its efficacy and
commercial feasibility. Current and potential food additives, such as bacteriocins, have
been tested in combination with high pressure processing. Combining phenolic compounds,
which are hydrophobic, with high pressure may be useful in controlling pathogens,
particularly in fat - rich food such as salad dressings and sausage [10]. To further increase
the shelf life and safety of pressurized products, HHP has been investigated in combination
with other technologies such as bacteriocins or other natural antimicrobials [11].
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For a long time, plants have been an important source of natural products for
human health. The antimicrobial properties of plants have been investigated by a number of
studies worldwide and many of them have been used as therapeutic alternatives because of
their antimicrobial properties [12]. Some herb extracts have been reported as antimicrobial
such as Momordica charantia L. [13], Sauropus androgynus (L.) Merr. [14], Schinus
terebinthifolius [15], Anacardium occidentale [16], Centella asiatica [17], Spondias pinnata
(Linn. F.) kurz [18], Garcinia mangostana Linn [19], Senna siamea Lam. [20], and
Barringtonia acutangula (L.) Gaertn [21]. Thai plants have been used as medicines for
many centuries because they contain active phytochemicals including phenolic compounds.
These components function as antibiotics, help to make cell walls impermeable to gas and
water, act as structural materials to give plants stability and provide protection against
ultraviolet (UV) light. Hence, plants in the tropical zone including Thailand contain a high
concentration of phenolic compounds formed as secondary metabolites in plants [22].

Therefore, the objectives of this study were to evaluate and screen antimicrobial
efficiency of 15 local Thai herbs ethanolic extracts with 12 pathogenic and dominant spoilage
bacteria isolated from fresh pork by the paper disc diffusion technique. The objectives also
included an investigation of the effectiveness of HHP in combination with the most active
antibacterial herb extract or bacteriocins on inhibition growth of normal bacterial flora on
fresh pork, and to evaluate physicochemical properties of treated pork packed under vacuum

conditions and stored at 4 °C.

Materials and Methods

1. Preparation of Herb Extracts

The fifteen indigenous herbs used for this study as shown in Table 1 were
purchased from local markets in Sakon Nakhon Province and the Thai herbs collection
division of the Sakon Nakhon Campus of Rajamangala University of Technology Isan in
July 2010. The herbs were cut into small pieces, freeze dried (Heto FD8 Thermo Electron
Corporation, USA) and finely ground (IKA-Werke GmbH & Co., Germany) and stored
at -20 °C for further application. For the ethanolic extracts, the dried herbs were mixed at
50 g each of dried herbs with 400 ml of 95 % (v/v) ethanol and constantly shaken at 100 rpm
for 12 h (New Brunswick Scientific, UK). The mixture was filtered through a Whatman
No. 1. The residue was re-extracted with 200 ml of 95 % cthanol, the filtrates combined
and concentrated on a rotary evaporator (Rotary evaporator rotavapor R-114, Buchi,
Switzerland) at 40 °C. The extract was freeze dried (Heto FD8, Thermo Electron Corporation,
USA), stored in a sealed bottle and kept at -20 °C until use. The dried herb powder was
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solubilized with 1 % Dimethyl sulfoxide to prepare a herb solution at concentrations of

Effects of Thai Herb Extracts in Combination with High Pressure Treatment on the Microbial and

Physicochemical Quality of Fresh Pork

20, 60 and 100 ppm for testing antimicrobial activity against the indicator bacteria.

Table 1

List of collected Thai indigenous herbs used for the study

Common name/Thai name

Scientific name

Parts of herbs used

Bitter cucumber/ma ra khee nok

Momordica charantia

Leaves / branches

2. Horse tamarind/gra tin Leucaena leucocephala (Lamk.) de Wit Leaves / branches
3. Cassod tree/khee lek Senna siamea Lam Leaves / branches
Sweet vegetable/phuk-wan Sauropus androgynus Leaves / branches
5. Brazillian pepper tree/ma toom khaek Schinus terebinthifolius Leaves / branches
6. Horse radish tree/ma room Moringa oleifera Lam Leaves / branches
7. Cashew nut tree/ma maung himmapaan  Anacardium occidentale Leaves / branches
8. Asiatic pennywort/bua bok Centella asiatica Leaves / branches
9. Wood apple/ma sung Feroniella lucida (Scheff.) Leaves / branches
10. Hog plum/ma gok paa Spondias pinnata (L.f.) Kurz Leaves / branches
11. Mangosteen/mungkoot Garcinia mangostana Linn Peel or pericarp
12. Tummy-wood, Patana oak Careya sphaerica Roxb. Leaves / branches
13. Sea holly/ngeak pla mhoo Acanthus ebracteatus Vahl Leaves / branches
14, Phuk mek Syzygium gratum (Wight) S.N.Mitra var. Leaves / branches
gratum
15. Sesban/khae baan Sesban sesbania Leaves / branches

2. Determination of Antimicrobial Activity: Paper Disk Diffusion Assay

The selected indicator bacteria obtained from the Thailand Institute of Scientific
and Technological Research (TISTR) were used for testing antibacterial activity of herb
extracts. Twelve bacterial strains, namely Pseudomonas fluorescens TISTR 358,
Staphylococcus aureus TISTR 029, Escherichia coli TISTR 887, Acinetobacter calcoaceticus
TISTR 1264, Enterobacter aerogenes TISTR 1540, Enterococcus faecalis TISTR 379,
Micrococcus luteus TISTR74S5, Listeria monocytogenes TISTR17303 and dominant spoilage
bacteria isolated from fresh pork; PM20 (96.0 % similar to Serratia liquefaciens), MT35
(74 % similar to Klebsiella oxytoca), PM23 (99.0 % similar to Enterobacter sp.) and MT4
(99.9 % similar to Hafnia alvei) were used for antibacterial testing. Stock bacterial cultures
were maintained at 4 °C on agar slant. The cultivation/assay medium for L. monocytogenes
and S. aureus was tryptone soy broth or agar (TSB, TSA, Oxoid, Hampshire, UK), for other
strains nutrient broth or agar (Muller Hilton) were used. Active culture for the experiment
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was prepared by streaking a loop full of bacterial culture on agar petri dishes and then
incubating them at 30 or 37 °C for 24 h. The antibacterial action of the extract was tested
on different bacterial strains using the paper disk diffusion method [23]. For the cultivation/
assay, the medium used was the same as above. The bacterial cultures for antimicrobial
testing were prepared by picking a colony from 24-h-old TSA/NA plates and suspended
in an appropriate medium. The cultures were grown aerobically for 18 - 20 h and
continuously centrifuged at 9,000 rpm at 4 °C. The bacterial suspension was adjusted by
diluting the inoculated bacteria with sterile 0.85 % NaCl until it reached the desirable
level of about 10° - 10¥ CFU/ml. The cultures were subsequently transferred into a flask
containing 25 ml of sterile nutrient agar at 43 - 45 °C, and poured into a Petri dish plate
(8 cm diameter). Ten sterile paper disks (6 mm in diameter; Becton, Dickinson & Co.)
were impregnated with known amounts of the test substances. Then, the disks containing
the test materials were placed onto the surface of each plate uniformly seeded with the test
microorganisms. The plates were incubated at 37 °C for 24 h. The paper disks impregnated
with 1 % DMSO were used as a negative control and a disk with 200 ppm of nisin served
as a positive control. Experiments were performed in triplicate. The inhibition zone
diameter was measured (including the filter paper disk, 6 mm in diameter) using vernier
caliper and expressed a clear zone in millimetres.
3. Preparation of Herb Extracts and Bacteriocins for High Pressure Processing
Two Thai herbs; Spondias pinnata (L.f.) Kurz (E1) and Schinus terebinthifolius
(E3) were screened and selected from 15 local Thai herbs according to their ability to inhibit
growth of indicator bacteria and predominant bacteria obtained from fresh pork samples.
The herb extract powder was resolubilized in 1 % DMSO at concentration of 1 % wi/v.
Then, the extract solution was shaken at 150 rpm, 20 min, 40 °C, centrifuged at 9,000 rpm,
at 4 °C for 15 min then filtered through a Whatman No 1 filter paper. The filtrate was again
filtered through a sterile cellulose acetate filter (0.45 micron) and the final filtrate was kept
at 4 °C before use. The freeze-dried powder of crude bacteriocins (B) was prepared from the
fermentation of Lactococcus lactis TISTR 1401 according the method of Intarapichet, K.
and Gosaarak, S. [24].
4. Sample Preparation and High Pressure Processing
Fresh postmortem pork loins (Longissimus dorsi) were obtained from the Max
Rubner-Institute, Kulmbach, Germany. Visible fat was trimmed off the loin and then they
were transversally cut at about 2.54 cm thick per slice. The pork slices were randomly dipped
in 0.2 % crude bacteriocins or 1.0 % of each extract solution, then vacuum packaged
in plastic bags (PA/PE:O, 30 cm?® per m? and CO, 150 cm?®) and kept in a freezing room
before being pressurized at 200 or 300 MPa at 10 °C for 10 min. The HHP treatment
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was carried out in an industrial hydrostatic pressurization unit (EPSI N.V. Belgium).
The treated pork samples were stored at 4+1 °C for 9 days and sampled for aerobic plate
counts, weight loss, tenderness, pH, a,, and color measurement every 3 days.
4.1 Microbial Enumeration
At each selected time, a piece of meat was extracted aseptically using
a sterilized template and placed in a sterile plastic bag with 1 ml of sterile 0.85 % NaCl
solution and finally diluted with 9 ml of 0.85 % NaCl solution. After homogenization
for 90 s in a Stomacher blender dilutions were made to determine the microbial count
using the CFU (colony forming unit) method. All counts were evaluated by pour plate
technique with 1 ml of appropriate dilutions. Aerobic mesophilic counts were determined
on plate count agar (PCA, Biokar) incubated at 30 °C for 72 h. The plates were prepared
in duplicate for each dilution. The detection limit was 5 CFU/g for meat, and the results
are expressed in log CFU/cm? Microbial enumeration was performed every 3 days during
storage at 4 °C (9 days total).
4.2  Physical Quality
The weight loss percentage was determined by calculating the weight
difference of the pork sample before and after cooking to an internal temperature of 72 °C.
The color of sample was measured in terms of CIE L*, a*, b* values using
a colorimeter with the Minolta Chromameter CR 300 (Konica Minolta, Munich, Germany).
The texture of the sample was measured in Hardness, the Warner-Bratzler
shear force value was determined using a texture analyzer (3369 Instron, Pfungstadt,
Germany).
The pH values were determined by Knick Portamess 912 pH; Electrode
SE 104 C (Knick Elektronische Messgerite GmbH & Co. KG, Berlin, Germany).
Water activity was measured using the following device: A Type SE a,
Lab (company: SE-Schulz Electronic, Hohenkirchen, Germany). A high pressure food
processor EPSI N.V. (Belgium): Meat temp = 0 °C, Temperature medium = -5 - -10 °C,
Pressure medium : H,O : Glycol 50 : 50, Finish temp = 10 °C
5. Statistical analysis
A statistical analysis was evaluated by a randomized complete block design.
The variance was analyzed and a comparison of means was done using Duncan’s Multiple

Range Test. The significant difference was defined at p < 0.05.
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Results and Discussion

1. Inhibition of Selected Herbs Extracts against Indicator Bacteria

Preliminary screening of the antimicrobial activity of the fifteen local Thai herbs
against 12 pathogens microorganisms using the filter paper disk agar diffusion technique
is shown in Table 2. The testing capability of the antimicrobial efficacy for the selected
Thai herb extracts tested against indicators are shown in Table 2. The results from the
clear zone showed that only Spondias pinnata (L.f.) Kurz extract could inhibit all of
12 indicator bacteria while Momordica charantia, Leucaena leucocephala (Lamk.) de Wit,
Sauropus androgynus, Moringa oleifera Lam, Centella asiatica, Feroniella lucida (Scheft.),
Acanthus ebracteatus Vahl and Sesban sesbania showed no inhibition. Four ethanolic
extracts from Senna siamea Lam, Schinus terebinthifolius, Anacardium occidentale and
Garcinia mangostana Linn could inhibit the same species of bacteria both Gram - positive
and Gram - negative. At a high concentration of ethanolic extract from Careya sphaerica
Roxb. and Syzygium gratum (Wight) S.N.Mitra var. gratum, the extract could inhibit the
same species of bacteria and the same gram strain too. The ethanolic extracts of Schinus
terebinthifolius, Spondias pinnata (L.f.) Kurz and Garcinia mangostana Linn had a greater
potential as an antimicrobial agent against Gram positive and Gram negative bacterias.
The results in antibacterial activity of some Thai local herbs are in agreement with the
results of some earlier studies. Bukar, A. et al. reported the ethanolic extract of Senna siamea
Lam against Pseudomonas aeruginosa at high concentration levels of 500 pg/disk and
1,000 pg/disk had zones of inhibition of 10 mm and 16 mm, respectively [20]. Torrungruang, K.
et al. reported the antibacterial activity of mangosteen pericarp extract against cariogenic
Streptococcus mutans [25]. The studies of De Lima, M. R. F. et al. using extracts of Schinus
terebinfolius showed activity against S. aureus but were not active against Escherichia
coli [26]. These activities may be attributed to the presence of m-cymene, 1-8-pinene,
o-pinene, o-terpinene, y-terpinene and camphene found in S. ferebinthifolius essential oil.
It has been demonstrated that a-pinene and B-pinene are able to destroy cellular integrity
and thereby inhibit the respiration and ion transport processes. They also increase the
membrane permeability in yeast cells and in isolated mitochondria [27]. Our results are in
agreement with the findings of Mayachiew, P. and Devahastin, S. [28] who reported good
antimicrobial activity for local Thai herbs and spices (Phyllanthus emblica Linn (Makham
Pom) and Alpinia galangal (Kha)). The main reason for the differences in bacterial
susceptibility could be the outer membrane surrounding the cell wall in gram - negative
bacteria, which restricts the diffusion of compounds through its lipopolysaccharide covering
[29]. In addition, the periplasmatic space contains enzymes which are capable of breaking
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down foreign molecules introduced from the outside [29]. Our results showed remarkable
antimicrobial activity for the ethanol extract of Spondias pinnata (L.f.) Kurz against all
microorganisms tested, both Gram positive and Gram negative bacteria, followed by
Schinus terebinthifolius. Therefore, the ethanol extract of these two Thai herb extracts were
selected to study the effectiveness of HHP in combination with these two Thai herb extracts

on the growth inhibition for normal bacterial flora on fresh pork.

Table 2  Antimicrobial activity of local Thai herbs extracts by paper disc diffusion test

Zone of inhibitions (mm)

e
m S
Ethanolic g 2 . g E i ? ‘5 S
Local Thai herbs ~ Extract  §  § 3 % 3 ¥ s 7 2 3% '§ S
(ppm) g N g 3 g S ,§ U E 3 g
PSS T8 P 3£ 3 @
$od & g o § 0% § % o§fE %
& e W g v & f 3 2
- 5 TS 8§ <3 0%
~ < ]
X
20 - - - - - - - - - -
Momordi
omor: z.ca 60 ) ) ) ) ] ) ] ] ] ] _ ]
charantia
100 - - - - - - - - . . - .
Nisin 200 - + - - + - - - + + - ++
20 - - - - - - - - - - - -
Leucaena
leucocephala 60 - - - - - - - .. - - -
Lamk.) de Wit
(Lamk.) de Wi 100 o ) ) S o
Nisin 200 - + - - + - - -+t -+t
20 - - - - - - - - - - - -
Senna siamea Lam 60 - - - - - - - - - _ - .
100 + - - + o+ - - - - - - -
Nisin 200 -1 - - + - - -+t -
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Table 2  Antimicrobial activity of local Thai herbs extracts by paper disc diffusion test (Cont.)

Zone of inhibitions (mm)

e
. % § l’{? 3 » ~
Ethanolic 2 2 . g 2 g ? g ;
Local Thai herbs  Extract §o § § '?;) § §° S E‘ 3 3 g '§ S
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Moringa oleifera 60
Lam
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occidentale 60 i L i i ) i i ) ) ) ) )
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Centella asiatica 60 - - - - - - . - - . - _
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Nisin 200 -+ - - + - - -+t -+t
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Table 2  Antimicrobial activity of local Thai herbs extracts by paper disc diffusion test (Cont.)

Zone of inhibitions (mm)

% S‘ l”? 3 » ~
Ethanolic 2 2 . g E e & I
o~ N o~
Local Thai herbs ~ Extract  § % § % § ¥ S ‘g’ > 3 g § =
20 < - - =7 &)
em § § 5§ § £ ¢ 5 § 3 3% 3
S o4 & S 8 § W g § &< 2
S48 g = 8 3 §-F %
o X g s § 3 3 5
s = S <3 ~ E
N g X
4
20 - - - - - - - - - - - -
Feroniella lucida 60
(Scheff.)
100 - - - - - - - o - - .
Nisin 200 - + - - + - - -+ o+ -+t
20 - H - + - - - - + - -
Spondias pinnata
60 + O H A -+ -
(L.f.) Kurz
100 o & S & = S R S o o N o o o
Nisin 200 - + - - + - - - + + - ++
- 20 -+ - S = - - -
Garcinia
mangostana Linn. 60 T = T = - - -
100 T & A A S - - -
Nisin 200 -+ - - + - - -+t -+t
20 - - - - - T - - -
Careya sphaerica
Roxb. 60 - - e e
100 -+ - S . - - .
Nisin 200 -+ - - + - - -+t -+t
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Table 2  Antimicrobial activity of local Thai herbs extracts by paper disc diffusion test (Cont.)

Zone of inhibitions (mm)

e
Ethanolic 4 § g @ Y <IN
$ » § 2 » Y &‘, E N S =
Local Thai herbs Extract §o § S § 3 §° 3 3z g ,3 g § s
9 - -~
LI N O A S
S 4] g = 3§ § £ §-%F %
o v g I8 F 3 X
N § & S
4
20 - - - - - _
Acanthus 60
ebracteatus Vahl
100 - - - - - - - - . . - .
Nisin 200 - + - - + - - - + + - S+t
20 - - - - - - - - - - - -
Syzygium gratum
(Wight) S.N.Mitra 60 Tt s
var. gratum 100 ) ] ) o ] ) ] _ _ ]
Nisin 200 - + - - + - - - + + - ++

Note; -, No inhibition; +, <10 mm.; ++, 10-15 mm.; +++, >15 mm.; Nisin 200 ppm for

positive control; DMSO 1 % for negative control

2. Total Plate Counts of Vacuum Packed Pork

Total plate counts of pork chops in vacuum packed treated by HHP at 200 MPa
and in combination with herb extracts and crude bacteriocins and control samples (without
HHP) are shown in Figure 1. Compared with a control without high pressure at the beginning,
it was observed that only HHP could reduce total counts of 0.74 log CFU/cm? which is
better than all combined treatments. From day 3 to 6, HHP combined with B and with E1
and E3 gave the same results for a total count reduction (0.37 - 0.95 log CFU/cm?). For the
last day of storage, HHP, HHP combined with E1 and E3 gave no difference in TPCs (1.53,
1.39, 1.26 log CFU/cm?, respectively) and a better reduction in TPC than the treatment of
HHP combined with B (0.5 log CFU/cm?). When compared with the combined treatments
at day 0, 6 and 9, there was no significant difference (p > 0.05) of TPCs except for day 3
when the treatment of HHP and HHP combined with E1 showed higher TPCs (p < 0.05)
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than the HHP combined with E3 and HHP combined with B. These results indicate that HHP,
HHP in combination with herb extract and bacteriocins can inhibit the growth of normal

bacterial flora on fresh pork.

—4—HHP

-&-HHP+B
—a—HHP+EI
=>~HHP+E2

—»=—fresh meat+Bact
—@—fresh meat+E1
——fresh meat+E2
—=—fresh meat+DMSO1%

logCFU/cm?

Day

Figure 1 Total plate count of vacuum packed pork chops treated by HHP at 200 MPa and

in combination with herb extracts (E1, E3), and crude bacteriocins (B) (n = 4).

3. Physical Quality of Vacuum Packed Pork
3.1 Color

Color is one of the most important factors that can influence consumers’
purchase preferences of fresh meat [30] - [31]. Regarding chromatic parameters (Table 3),
for samples treated at 200 MPa HHP, it could be seen that L* increased significantly
(p < 0.05) in HHP sample compared with other treated samples. On applying pressure at
300 MPa for all samples, it could be seen that L* increased in comparison with a lower
pressure. The increment of the L* value could be associated with globin denaturation
and/or with heme displacement at pressures above 300 MPa [32]. These results are in
agreement with those of Cheftel, J. C, and Culioli, J. [33] who reported an increase in L*
values or “whitening/brightening” effect of pressure which can be attributed to globin
denaturation, heme displacement or release, and ferrous ion oxidation. The increase in L*
values started from 200 MPa and become stabilized for pressures around 300 - 400 MPa,
as shown by Carlez, A. et al. in beef mince [32] and Shigehisa, T. et al. in pork slurries [34].
It was reported that there was an increase in L* value between treatments at 200 and
300 MPa, but no significant difference between 300 and 400 MPa [35]. In addition, Sun, S.
et al. found that 600 MPa HPP treated steaks were lighter than non-HPP treated steaks [31].
Additionally, Ledward reported that protein precipitation that could lead to loss of solubility

is the main reason for higher L* value of meat color [36].
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For the pressurization of pork at 200 MPa, the HHP and HHP+B treated
samples had a* value with significantly lower values (p < 0.05) than HHP+E1 and HHP+E3
treated ones throughout the storage time (Table 4). When the pressure at 300 MPa was used,
a*values of all treated samples remained almost constant but slightly higher than all
samples treated at 200 MPa. An increase in the redness of the pork samples correlated
with a lower accumulation of metmyoglobin during pressurized sample storage [37].
At pressures up to 300 MPa, with a liquid pressurization of 10 °C, the production of
metmyoglobin was decreased leading to an increase in a* value [38]. An increase in the
a* value is likely due to mechanism - alteration of the redox chemistry of myoglobin [31].

For modification of b* parameter (Table 5), pressurized at 200 and
300 MPa of HHP, HHP+E3 and HHP+E1 tended to stay constant while the HHP+B
gradually decreased with storage time. It could be seen that the application of higher
pressures led to a slight increase in b*. The increase in b* values could be due to

metmyoglobin formation initiated by HHP [32].

Table3  The color L* of pork chops in vacuum packed treated by combined HHP (200
and 300 MPa) with extracts (E1, E3), crude bacteriocins (B) (Mean &+ SD).

L* value
Pressure Day of storage
HHP HHP+B HHP+E1 HHP+E3
0 69.11+0.74 68.30+1.9beA 68.57+£2.0%4 66.12+0.2%8
3 67.39+1.28 71.70+4.02 67.64+4.28 62.34+6.828
200 MP
: 6 67.39+2.74 69.68+0.7°4 64.87+1.8B 56.70+4.1%¢
9 70.36+6.4% 66.68+2.0°8 66.70541.88 67.15+2.828
0 71.49+3 .18 74.76£2.5%4 73.36+0.33B 72.01+4.7%8
3 68.51+1.2%8 69.30+2.7°8 68.94+5.6"8 71.80+1.284
300 MPa
6 68.14+£1.4%  70.43+2.3% 66.13£1.0¢ 64.73+1.7°C
9 71.61£5.1%4  71.23+5.4% 63.29+3.4B 67.79+2.1%8

Upper case letters are significantly different in the same row (p < 0.05).

Lower case letters are significantly different in the same column (p < 0.05) (n = 20).
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Table 4  The color a* of vacuum packed pork chops treated by HHP (200 and 300 MPa) and
in combination with herb extracts (E1, E3), and crude bacteriocins (B) (Mean + SD).

a* value
Pressure Day of storage
HHP HHP+B HHP+E1 HHP+E3
0 7.80+0.7¢ 9.97+0.9%A 8.63+1.3BC 9.49+(.3%A8
3 8.48+0.38 9.92+0.934 9.52+1.2%4 9.23+1.6%A
200 MP
: 6 9.01+£1.58¢ 9.55+0.4%8 11.60+0.54 8.50+0.8C
9 7.93+1.3¢ 8.08+0.7°¢ 10.83+0.134 9.86+0.7%8
0 10.55+0.1%4 8.3540.3%C 9.56+1.1°B 9.87+0.88
3 12.62+1.5%4 11.08+0.58 11.39+0.9%B 11.10+0.78
300 MPa
6 10.39+1.4° 11.47+1.22 11.51£0.7° 11.11x0.7
9 10.82+0.2° 10.74+0.1* 12.55+0.7* 12.70+1.7

Upper case letters are significantly different in the same row (p < 0.05).

Lower case letters are significantly different in the same column (p < 0.05) (n = 20).

Table 5  The color b* of vacuum packed pork chops treated by HHP (200 and 300 MPa) and
in combination with herb extracts (E1, E3), and crude bacteriocins (B) (Mean + SD).

b* value
Pressure Day of storage
HHP HHP+B HHP+E1 HHP+E3
0 6.50+0.5%8 7.43+£0.724 7.22+1.24 5.630.7%¢
3 5.44+0.9%¢ 6.65+0.4bAB 7.06+0.34 4.50+2.2:¢
200 MP
a 6 5.30+1.2%8 5.88+0.5°B 7.28+0.54 3.17£1.1%¢
9 6.07+2.0%B 5.36+0.49€ 7.49+1.04 6.29+0.6*8
0 7.39+1.0%8 7.15+0.938¢ 8.1440.334 6.55+1.4%¢
3 6.19+0.9B 6.56+0.1%B 7.48+2.124 7.26+0.324
300 MPa
6 4.6140.5C 6.2240.5% 6.17+0.9%A 5.5440.58
9 6.53+1.6°8¢ 6.15+1.0%¢ 7.44+2.0%4 7.2141.7348

Upper case letters are significantly different in the same row (p < 0.05).

Lower case letters are significantly different in the same column (p < 0.05) (n = 20).
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3.2 Hardness, Weight Loss (%), Aw and pH

Consumer perception of hardness is considered the most important texture
attribute and dictates the commercial value of meat [39]. The hardness of pork samples for
all treatments pressurized at 200 MPa, HHP tended to be reduced except HHP+E1 during
storage (Table 6). In addition when compared among treatments on the same day of storage,
the hardness of HHP only was much higher than for the other treatments but not different
from HHP+B and HHP+E3 for day 0 of storage, and HHP+E1 for day 6 of storage. These
results suggest that HHP (at 200 MPa) in combination with two Thai herbs extracts could
improve the tenderness of meat. The application of pressure at 300 MPa HHP, HHP+B
and HHP+E3 led to an increase in the hardness of the pork samples at 3 days of storage
but was not significantly different at the end of storage while the hardness of HHP+E1 was
continuously reduced. This indicates that HHP (at 300 MPa) in combination with E1 could
improve the tenderness of meat during storage. Normally, for pressures ranging from 100
to 300 MPa, changes are normally reversible, whereas at higher pressures they are normally
non-reversible [11]. In addition, hardness increased at a relatively constant rate with
a high-pressure processing treatment between 0 and 400 MPa [40]. The hardness increased
as a result of high pressure processing at 200 and 400 MPa and during storage only minor
changes in the hardness occurred. Even the non-pressurised sample showed only a small
increase in the hardness during storage [41].

A combination of treatments of HHP with herb extracts and crude
bacteriocins did not make any significant differences (p > 0.05) in weight loss (%) except at
the pressure at 300 MPa which differed for the last day of storage (Table 7).

High pressure treatment of sliced pork loins at these medium pressure
levels of 200 and 300 MPas and with a combination of crude bacteriocins and both herb
extracts did not make any significant differences (p > 0.05) in a,, (95.9£0.1 - 97.4+0.5 %)
and pH (5.6+0.0 - 6.0+0.0) (data not shown).
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Table 6  The hardness of vacuum packed pork chops treated by HHP (200 and 300 MPa) and
in combination with herb extracts (E1, E3), and crude bacteriocins (B) (Mean + SD).

Hardness (N)
Pressure Day of storage
HHP HHP+B HHP+E1 HHP+E3
0 53.29+3.1%4 50.12+3.6% 39.89+2.8B 50.91£2.0%
3 52.68+5.6% 42.67+4.2%8 37.01£3.7¢ 41.93+4.20B¢
200 MP
: 6 40.22+£5.204 35.25+3.4%B 39.03+5.54 32.26+4.6°B
9 42.27+4.5%A 37.59+3.8%8 36.97+3.48 31.86+4.3°C
0 36.88+1.208C  34.08+2.6%C 51.70+4.274 38.99+4.6%8
3 48.81+£5.5° 46.214£3.7* 45.06+2.2° 43.17+3.0°
300 MPa
6 40.43+2.3% 31.48+5.2¢8 40.25+3.1°A 33.39+2.9B
9 41.19+6.5% 36.25+2.7°8 37.57+4.2°A8 35.35+3.45B

Upper case letters are significantly different in the same row (p < 0.05).

Lower case letters are significantly different in the same column (p < 0.05) (n = 20).

Table 7  Weight Loss (%) of vacuum packed pork chops treated by HHP (200 and 300 MPa)
in combination with herb extracts (E1, E3), and crude bacteriocins (B) (Mean = SD)

(n=4).
Weight loss (%)
Pressure Day of storage
HHP HHP+B HHP+E1 HHP+E3
0 27.1+1.8 32.1+3.1 29.3+2.8 31.1+0.2
3 28.7+£2.5 27.3+4.8 25.1+4.3 30.8+0.5
200 MPa
6 24.944.2 28.2+0.9 25.4+8.0 26.2+1.1
9 25.942.0 25.2+0.4 22.743.8 27.7+1.3
0 30.02+1.4* 31.09+1.7 28.35+4.1 30.6543.2
3 27.92+0.4* 30.05+2.1 29.65£1.6 29.77+£2.9
300 MPa
6 29.70+0.2° 29.36+3.9 25.29+2.3 25.67+£3.3
9 22.94+1.8° 25.25+0.5 26.84+4.4 24.18+4.0

Lower case letters are significantly different in the same column (p < 0.05).
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Conclusion

The ethanolic extracts of Schinus terebinthifolius, Spondias pinnata (L.f.) Kurz and
Garcinia mangostana Linn had greater potential as antimicrobial agent against Gram
positive and Gram negative bacteria and Spondias pinnata (L.f.) Kurz had the most effective
activity against all dominant floras. The moderate pressure of 200 MPa in combination with
herb extracts or bacteriocins did not ensure complete inactivation of bacteria growth.
However, it was obvious that it could allow for an improvement in the microbiological
quality and extended shelf life of sliced pork in the stage dependent on the level of initial
contamination of the raw material. HHP could affect the physicochemical qualities of fresh pork
meat, particularly depending on the pressure level applied, and thus the typical characteristics
associated with fresh meat, particularly texture and color, could be remarkably modified.
The HHP treatment caused a lighter color for pork meat products. In addition, the tenderness
of fresh pork was improved. This finding suggests that HHP (200 MPa) in combination with
herb extracts might be an effective technology in reducing microbial spoilage and extending
shelf-life of fresh pork meat. However, HHP may have a negative impact on sensory
characteristics. Further work should be conducted to evaluate sensory properties of fresh pork
treated by HHP.
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Abstract

Thiol-functionalized mesoporous silica nanospheres material was synthesized by
co-condensation method under biphasic system. Structural characterization comfirmed the
mesoporous structure and the content of adsorbents by transmission electron microscopy,
N, adsorption-desorption and Fourier transform inferred spectroscopy. The adsorbent were
nanosphere with particle diameter lower than 50 nm. A batch adsorption study was carried
out with variable pH, adsorption time, adsorbent dose, shaking rate, temperature and
adsorbate concentration. Methylene blue could be removed by 0.05 g of MSN and MSN-SH
at pH 10 and 30 min of adsorption time. The adsorption process followed pseudo-second-order
kinetics. The experimental adsorption isotherm was found to be best fitted with the

Langmuir model, which implied that the adsorption of MB as a monolayer.
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Introduction

Organic and inorganic substances in wastewater are a main source of environmental pollution.
Organic dyes are major pollutants of wastewater [1]. Many dyes and pigments have toxic as
well as carcinogenic, mutagenic and teratogenic effects on aquatic life and also on humans.
Dyes and pigments are widely used in textile, leather, paper, plastic and other industries
[2]. One of the highly consumed materials in the dye industry is methylene blue which
is used for cotton and silk painting [3]. Methylene blue has been studied as dye pollution
not only because of its toxicity but also because of us color its color. Methylene blue has
very wide applications which makes it one of the most common pollutants or constituent
of color effluents [4]. Different methods have been developed to remove colored pollutants
from wastewater such as coagulation, adsorption, chemical oxidation, biological treatment
and flotation. Adsorption has been found to be superior to other techniques for water
treatment in terms of initial cost, simplicity of design, ease of operation and insensitivity of
toxic substances. Adsorption technology is rapidly gaining prominence as a technique for
removing organic and inorganic micropollutants from aqueous effluent [5]. For analytical
purposes, functionalized silica particles with organic functional groups are commonly used
since the material silica provides many advantages such as good adsorption, easy to
prepare with chemical compound and particular impregnate medium to create several
modified silica surfaces, high mechanic and thermal stability [6]. Thiol-functionalized
mesoporous silica appears to be particularly promising due to large adsorption capacities
and high uptake rates for dyes. In this research, we reported an easy and simple method for
fabrication of silica in nanometer range via surfactant template assisted and functionalized
with thiol groups. In present study, the synthesis of thiol-functionalized mesoporous silica
nanospheres (MSN-SH) is demonstrated by co-condensation of precursor solution in
biphasic system. The MSN-SH was applied as a adsorbent for methylene blue removal
from aqueous solution under various conditions. The adsorption isotherm and kinetic studies

were conducted to evaluate the adsorption behaviors of MSN-SH

Materials and method

1. Materials
All chemicals were analytical grade. Tetraethyl orthosilicate (TEOS), 3-mercaptopropy!l
trimethoxysilane (MPTES) and I-arginine were supplied by Sigma Aldrich. Cetyltrimethylammonium
bromide (CTAB) was purchased from Unilab. Cyclohexane (CHX) and ethanol were provided
by Qrec. Methylene blue (MB) and glycerol were purchased from Carlo Erba.
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2. Preparation of MSN and MSN-SH
0.25 g of CTAB and 0.18 g of l-arginine were dissolved in 110 mL of deionized
water. Subsequently CHX phase was formed afloat on the aqueous phase by adding
drop-wise of CHX. The bi-phase layer was then heated to 60 °C for 30 min. A mixture
9.2 mL of TEOS and 4.4 mL MPTES was added drop-wise into CHX phase to start the
reaction which was allowed to proceed for 20 h. The reaction was terminated by quenching
the reaction vial in cooled water. CHX phase was decanted using a syringe prior to
centrifugation of the aqueous phase at 6,000 rpm to collect MSH-SH particles.
The MSN-SH particles were washed with water then dried in an oven. Finally, the extracted
MSN-SH particles were dried overnight at 60 °C. Mesoporous silica nanosphere (MSN)
without functionalization with thiol was also synthesized using the same method described
above except MPTES.
3. Characterization
The morphology and particle sizes of the synthesized particles were examined
with transmission electron microscopy (TEM) technique from FEI Tecnai G2 operated at an
accelerating voltage of 200 kV. Pore characteristic of the synthesized MSN and MSN-SH
was examined by Nitrogen adsorption-desorption method performed on Autosorb-1,
Quantachrome Instrument. Pore volume and specific surface area were determined according
to the standard Brunauer Emmett Teller (BET) method. Functionalization of MSN and
MSN-SH was confirmed by Fourier transform inferred spectroscopy (FT-IR) using Bruker
FT-IR Spectrometer, Tensor II.
4. Adsorption studies
Batch adsorption experiments were performed in a set of Erlenmeyer flask
(125 mL) each one containing 25 mL of different initial concentrations of MB (1 - 40 mgL™)
together with adsorbent (0.01 - 0.2 g). A magnetic stirrer was used at desired temperature
(30,45 and 60 °C) and pH (2 - 11). The different contact times (5 - 120 min) and shaking rate
(0 - 200 rpm) were studied. The mixture was centrifuged at 6,000 rpm for 10 min and finally
separated into liquid and solid. The solution was measured by the UV-Vis spectrophotometer
(T92 + PG instrument) with wavelength 665 nm to determine the concentration of MB.

The adsorbed amount of MB at equilibrium was calculated by the following equation (1) [7]:

ge=——xV (1)

where ¢, is the adsorbed amount of MB at equilibrium (mgg™'), C, and C, are the
initial and equilibrium MB concentrations (mgL") respectively, V is the volume of the used

solution containing the MB (L) and I is the weight of the used adsorbent (g).
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5. Adsorption isotherm
An adsorption isotherm describes the relationship between the amount of adsorbate
taken up by the adsorbent and the adsorbate concentration remaining in solution. Langmuir
isotherm determines the adsorption of MB on the surface of the adsorbent on the monolayer

and equivalent sites on the surface. The Langmuir adsorption is given below equation (2) [8]:

(R @)
q. (KLqm) Im

where ¢, represents the maximum adsorption capacity (mgg') and K, is the
Langmuir constant (Lmg™)
Freundlich isotherm is based on the multilayer adsorption with heterogeneous

surface and can be define as below equation (3) [9]:
1

logg, =logK, +—logC, 3)
n

where n represents the Freundlich exponent which is related to the adsorption
intensity and K is the Freundlich constant ((mgg')(Lmg™")"")
6. Adsorption kinetics
Two simplified kinetic models were adopted to examine the mechanism of the
adsorption process. First, the kinetics of adsorption were analyzed by the pseudo first order

equation given by [10] as equation (4) :

k ;
2.303

log(g, —¢,)=logq, - 4)
On the other hand, the pseudo second order equation based on equilibrium
adsorption [10] is expressed as equation (5) :
t 1 1

—= +—t 5)
a kq. 4.

where ¢, is the amount of adsorbate adsorbed at equilibrium (mgg™), ¢, is the
amount of adsorbate adsorbed at time (mgg™), t is the time (min), 4, is the rate constant of

pseudo first order equation (min™) and %, is the rate constant of pseudo second order equation

(g(mgmin)™).
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Results and Discussion

1. Characterization of MSN and MSN-SH
The morphologies and structural features of the supported material MSN and
MSN-SH can be observed directly through TEM in Figure 1. As can be noticed, both TEM
image revealed the porous structure with the pore size in meso range. MSN-SH possessed
spherical particles with an average 42.67 nm however some particle showed irregular shapes

due to particle agglutinate during the synthesis.

100 nm

(a) MSN (b) MSN-SH
Figure 1 TEM image of MSN and MSN-SH

In order to obtain the structure information about the MSN-SH on a nanoscopic
scale, N, adsorption-desorption was used to characterize the particles. The MSN-SH had
a specific surface area of 404.75 m?g!, pore volume of 0.99 cm’g"! and mean pore diameter
of 1.69 nm. Calculated results obtained from the adsorption-desorption isotherms are
summarized in Table 1.

Table 1  Textural properties of MSN and MSN-SH particles.

Average particle . Mean pore
Specific surface  Pore volume
Adsorbent diameter from diameter
area (m’g™") (cmgh)
TEM (nm) (nm)
MSN 33.93 509.80 1.40 2.10
MSN-SH 42.67 404.75 0.99 1.69
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Figure 2 Shows the FT-IR spectra of the synthesized MSN and MSN-SH samples.
Characteristic peaks of silica were observed for MSN at 1,063.35 cm™ and 801.43 cm’!
belonging to asymmetric vibrations and symmetric stretching of Si-O-Si. Surface modification
was verified by FT-IR spectroscopy as characteristic S-H functional group frequencies were
readily detected. The peak at around 2,500 cm™ corresponded to the thiol group. This confirmed
the presence of thiol functional group in MSN-SH particles.

MSN-SH _ e
SH R 801.43 em*
2,500 cmt 00T e e Si-0-Si
\
801.43 cm™
I Si-0-Si

wo /| |

MSN 1,063.59 cm™

% Transmittance

T

U J U 1 A T U T
4500 4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber (cm™)

Figure 2 FT-IR spectra of MSN and MSN-SH

2. Effect of variables on MSN and MSN-SH adsorption performance
2.1 Effect of solution pH on MB uptake

The effect of initial pH of the MB solution on the adsorbed amount at
equilibrium was studied by varying the initial pH in the range of 2 - 11 under constant parameter
(3 mgL! initial MB concentration, 0.05 g adsorbent dose and 30 min adsorption time).
The results are shown in Figure 3. The low adsorption efficient of MB on MSN and MSN-SH
observed in acidic solution was due, probably, to the positive charge of the surface, causing
ions (H") to compete effectively with dye cation causing a decrease in the adsorbed amount.
The increasing pH, the positive charge on the interface of the solution decreased and the
adsorbing surface appeared to be negatively charged [10] - [11]. Thus, more adsorption site

was exposed at higher pH value.
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Figure 3  Effect of pH on adsorbed amount of MB at equilibrium for MSN and MSN-SH

2.2 Effect of adsorption time

The equilibrium time is an important factor in an economical adsorption
system. Effect of contact time on adsorption of methylene blue by MSN and MSN-SH was
investigated by varing contact time from 5 to 120 min. Figure 4 shows the effects of contact
time on adsorption efficiency of methylene blue. The adsorption rate was observed increase
the adsorption efficiency of MB. The rates of MB removal for both adsorbents were instant
initially and became slower with a longer contact time until 9 constants was reached within
30 min. At the early stage of adsorption, the driving force of diffusion is large due to high
concentration gradient of MB between the bulk phase and the absorption site on absorbent
surface resulting in an initial fast absorption. As longer contact time, adsorption sites are

highly occupied from binding with MB thus slowing down the adsorption rate.

2.0
1.9
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1.6
157
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133
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Figure 4 Effect of pH on adsorbed amount of MB at equilibrium for MSN and MSN-SH
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2.3 Effect of adsorbent dose
To study the effect of MSN and MSN-SH dose on MB uptake, the amount of
adsorbent added was varied. Figure 5 shows the effect of adsorbent dose on the removal
efficiency of MB. It was observed that the removal efficiency of MB increased with the increase
in adsorbent dose up to 0.05 g then increased slowly with further increase in adsorbent dose

up to 0.20 g. Thus, the optimum adsorbent dose was used 0.05 g in the following experiments.

100 e
95 -

90

85 4
80
75 4
70 4

1 o— MSN-SH

60 -

Removal efficiency (%)

55

50 r v r . r v T . .
0.00 0.05 0.10 0.15 0.20
Adsorbent dose (g)

Figure 5 Effect of adsorbent dosage on adsorbed amount of MB at equilibrium for MSN
and MSN-SH

2.4 Effect of shaking rate
The increase in adsorption capacity at a higher shaking rate could be
explained in terms of the reduction of boundary layer thickness around the adsorbent
particles [12]. The effect of shaking rate on MB adsorption is shown in Figure 6. As the
shaking rate increased from 0 to 200 rpm, the absorption capacity remained constant.
2.5 Effect of temperature
Temperature had a pronounced effect on the process of adsorption. The
adsorption capacity of MB was studied as a function of temperature in the range of 30 to
60 °C. The results obtained are shown in Figure 7. The adsorption of MB by the MSN and
MSN-SH decreased with an increase in the temperature. Thus, the sorption reaction of the
system was exothermic [10].
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Figure 6 Effect of shaking rate on adsorbed amount of MB at equilibrium for MSN and
MSN-SH
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Figure 7 Effect of temperature on adsorbed amount of MB at equilibrium for MSN and
MSN-SH

2.6  Effect of initial concentration solution
The rate of adsorption is a function of the initial concentration of the
adsorbate, which makes it an important factor to be considered for effective adsorption.
Effect of initial MB concentration on adsorption by MSN and MSN-SH was investigated
by varying NB concentration from 1 to 40 mgL'. The results obtained are shown in
Figure 8. The adsorption capacity increased with the increase of initial concentration of

MB due to the surface of the adsorbent and MB solution increasing.
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Figure 8 Effect of MB concentration on absorption capacity for MSN and MSN-SH

3. Adsorption isotherms
Adsorption isotherm is important for determining the adsorption behavior of
the absorbent. Therefore, MB was selected as models to determine the adsorption isotherm

model of MSN and MSN-SH. Figure 9 shows the adsorption isotherm for MSN and
MSN-SH adsorbent.

35
5 4
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~ 2.0
3 31 2
B =
E E 15
224 y = 2.1057x+0.3475 &
= = 1.0
R?=10.9961 y = 0.874+0.2461
14 0.5 R* = 0.9968
0.0+
0 ¥ ¥ & L L T T T T T T T T
0.0 0.5 L0 15 2.0 00 05 10 15 20 25 30 35
concentration (mg/L) 1/Ce (mg/L)
(a) Langmuir model of MSN (b) Langmuir model of MSN-SH

Figure 9  Adsorption isotherm model
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Figure 9 Adsorption isotherm model (Cont.)

The isotherm curves demonstrate the adsorption as a function of the equilibrium
concentration of MB in solution. Both Langmuir and Freundlich adsorption isotherms were

used to normalize the adsorption data. The results are summarized in Table 2.

Table 2  Isotherm parameters for various adsorption isotherms for the adsorption of MB
onto MSN and MSN-SH

Langmuir isotherm model Freundlich isotherm model
Adsorbent m K K
1 -1 L-l R? I/n -1 ) -1)\1/n R?
(mgg”)  (Lmg?) ((mgg™)(Lmg™))
MSN 2.878 0.165 0.9961 0.388 1.65 0.9605
MSN-SH 4.063 0.282 0.9968 0.750 1.79 0.9510

The results show that Langmuir model fitted better than the Freundlich model,
demonstrating that the adsorption of MB onto MSN and MSN-SH adsorbent can be
considered to be a monolayer adsorption process.

4. Adsorption kinetics

The adsorption mechanism depended on the mass transport as well as the physical
or chemical characteristics of the adsorbent. The pseudo second order equation assumes the
adsorption of one MB molecule onto one active site on the adsorbent surface, while in the
pseudo second order model one MB molecule is adsorbed onto two active site [4]. Figure 10
shows the linear regression curves of the pseudo first order model and pseudo second order
model for the adsorption of MB onto MSN and MSN-SH. The results are summarized
in Table 3. Results showed that the pseudo second order kinetic model fitted better with
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adsorption experiment data of the MB adsorption by MSN and MSN-SH than the pseudo

first order kinetic model.
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Figure 10 Kinetic model by pseudo first order model and pseudo second order model

Table 3  Comparison of the pseudo first order model and pseudo second order model for
the adsorption of MB onto MSN and MSN-SH
pseudo first order model pseudo second order model
Adsorbent K, qe R: K, 4. R?
(min”)  (mgg™) (min") (mgg™)
MSN -0.00390 1.155 0.8334 0.388 1.341 0.9960
MSN-SH -0.00207 0.812 0.7080 1.382 1.539 0.9995
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Conclusion

Mesoporous silica nanospheres (MSN) and thiol-functionalized MSN (MSN-SH) were
synthesized by employing the biphasic system under weak basic condition of 1-arginine and
using CTAB as a template. Then surface modification was done by thiol functionalization.
This approach to synthesize the thiol-functionalized nanostructures is attractive because
thiol-functionalized have high dye loading capacity due to the density immobilized thiol
groups on the surface of them. The rate of adsorption followed pseudo second order rate
equation and Freundlich isotherms were found to be applicable for the adsorption

equilibrium data.
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Abstract

The study of the change of population structure is vital because there is continuous growth
of number of elderly both in the national and the international. The purpose of this research
is to study the effect of population change on the healthcare demand using nonhomogeneous
Markov models to estimate the number of population and inpatients in the next ten years
based on genders and age groups. The results show that 22 % of the population are likely
to become the elderly in 2025 and the number of inpatients are increasing. This leads to the
growing demand of long-term care and healthcare staff. This demand data can be used to
prepare budgets for managing the change of resource requirement for long-term care

management.
Keywords: Markov Model; Elderly; Population Aging; Healthcare Logistics; Nonhomogeneous Model
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(Live Alone - LA) w3oafizagnuasauni (Live with Family - LF)

MIILATEAIUIUANNABINITNTALAI B89 1M 39 a0suuLNaUAMS R
mumsnszaeuuy Uniform iesnnmsmadeyaneriuanuiullismiusosesAls:nou
yasAFISouuazszAumsiiom  dolddeyassiumsiisiisluedn  nmsdsradeyaluednain
Health Information System 11t w.f1. 2552 hipouiaasg ua:teyalull w.A. 2557 iveuauy
U1y N0IAYI NOVBBIATIIPUIIN Health Information System ldvoyall w.A. 2537
Wluveunas uazdeyall wa. 2557 iuveuwauy emdndiusesiadomanuasezen
S:AUBBINMIAUATZzENINTATBINAIIIUAZANNABINTYARINTUIAIAITUT 2
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Level of dependency Household
LA Selfcare /oau

No dependency —1—
H\é LF — Selfcare/Family/o&u.

Light dependency LA ——  odu./Homecare staff

-
[ q depend E:_ Family /o). /Homecare staff
eavy depen encydzg: o8u. /Homecare staff /Home visit
Family/edu. /Homecare staff /Home visit

LF

JUN 2 STAUBRINMIAUATIEZE1ILATAIINABINITUARING

N3N 2 sziumsguaszezelunddeiieBsnnsAumnasIunsAuaigIeY
mmualdnnmnsguassageai (1) dnnmsnuadgoegnmuadadmiiensaias
M55 (BaN.) AoRgIeNy 7 AuABdmIng 1 Au 2) srsMIguakgIeganuisfiodntias
U 2 uRsiefosnazAL 3 uazenAumiafesmaidming Home Care Staff 1 Au rafgoens 7 Au
3) STMIUARFInEANNTRSNNAY 3 wazdudmfesmamihmemsunmd Home
Visit Staff 1 AY AaKgIaIy 200 AL

NAINIURDITN Sensitivity Analysis #09A1NABINNT Home Care %39n19
AuaTitnu WesiuresamumsailuasiSeuiigonaresogamotuwilibuinmu 1 uaz 3 % el

WNANSANSE

1. anahaadusesmsiwaenudas (Markov Transition Probability)
a3Um9dmesvog Logit Function was Markov Transition Probability Tuguuuuy
wpnalaesivuds Wid suaudszansuasdidngy nageumulsiivenzanimeds F-Distribution
Test BRoUARzAGUDIGUAZUARZNAUTABULIROAIM 07 1 uaztunA1uIm Transition
Probability fesaumsi (6) uaz (7)
2. msnsaseuANNULTedia (Model Validation)
ieawSoudisulszAnsnneeskansmamsaidssuiufonsaseuanuiniode
PogmaFnamemMaSouiiousnuteyadssua:mImaAMsnilaald Mean Absolute Percent
Error (MAPE) feyatioundsililumsimmuuudneastonninenegs:nig w.e. 2550 - 2557
FotiumanarateuANugnABITasLUL RBsSBUTBUTayaonNATI WA, 2550 - 2559
waInMaisuifisy MAPE wuhimsmamsalzestszansianuuanmotessnndledisuiv
VOYNITI
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1
mM3wn 1 wWdwesves Logit Function smsuweAmsluwnazaan:luudazdieigy
5] 16591 X (D) ]
States | Gendet [Constant] pop | year |Constamt| pop | year |Comsiani] pop | year |Coustant] pop | year |Constant] pop | year
Male |-45758 | SE-05| 0220 | -1523 |1E-05 0 10284 | 0 -0.05 -3.07 0 0 0 0 0
Si—: | Female | 44326 | SE-05| 0213 [-11991| 0 0.0574 | 9441 0 005 |-146.64 0 0.071 0 0 0
Male |-20384| 0 0.098 | -15.71 | 1E-05 0 -2.95 |-2E-05 0 -0.11 | -8E-05 0 580.16 0 |-0.290
1—5 | Female | -186.79 0 0.089 -732 0 0 90.68 0 -0.05 | 12712 0 0065 | 041 |-IE04] 0
Male -1.38 |-1E-05 0 -68.48 0 0.032 | -2.81 0 0 -1.82 0 0 307.12 0 -0.153
S1»n | Female | 251 |-1E-05 0 -497 0 0 -2.84 0 0 -2.17 0 0 203.91 0 |-0.102
Male -1.77 | -1E-05 0 -72.38 0 0.034 | -2.72 0 0 -1.79 0 0 266.39 0 |-0.133
Si»u | Female | -240 |-1E-05 0 -431 0 0 -2.70 0 0 -1.91 0 0 204.98 0 |-0.103
Male 1.08 |-9E-06 0 -2.82 0 0 -0.79 |1E-05 0 -0.82 0 0 310.55 0 |-0.154
512 | Female | -51.18 0 0025 | 232 0 0 -036 |-1E-05 0 70.67 0 -0.04 | 25197 0 |-0125
Male |-268.16| 0 0.130 |-161.30 0 0077 | 453 0 0 -300.03 0 0.15 0 0 0
%14 | Female | -4.96 |-1E-05 0 -1.26 0 0 -3.71 0 -4.53 0 0 0 0 0
Male -3.25 |-1E-05 0 -1.26 0 0 -4.55 0 0 -4.12 0 0 0 0 0
Si—4 | Female | 420 |-1E-05 0 -7.13 0 0 -3.51 0 0 -4.10 0 0 0 0 0
Male | -68.75 0 0.032 -6.20 0 0 -2.42 -0 0 -3.03 0 0 0 0 0
i | Female | 4.83 0 0 -6.04 0 0 -1.94 0 0 106.19 0 -0.054 0 0 0
* S ={1="Pop(a), 2 =Pop(a+tl), 3 = Inp(k, a), 4 = Inp(k, at1), 5 = Death} si—j for
S=1{1,2,5},Si—>jk for S = {3, 4}, kP
3. 9nulszanns (Number of Population)

anmaasuuasanuiieziiuzes Markov Population gadnldlunisaiim

mannulszinsuazsugtheluluwsa:nguuazuaacdasengiusetusmnied w.e. 2550 - 2568

wamafnwuansInlsnsuazsughelumn 5 nuolguazuiand InessUnalszeng

FINWA UENNANDIEY AVIUN 3

91U (AN)
3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0

2550 2553 2558 2563 2568 3
W [0-15] W [1659] M[60-69]1 M [70-79] WM [80+]

(n) Total number of population

U3 Swudsznnsuaziugihelulaesauuenngueiysznited w.e. 2550 - 2568
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U (AY)
60,000

50,000

40,000

30,000

20,000

10,000 = 1

0
2550 2553 2558 2563 2568 1l
W 0-15] W [1659]1 M [60-691 M I70-79] M [80+]

(9) ACSC inpatients

AU (AN)

a4

70,000
60,000
50,000
40,000
30,000
20,000
10,000 3
0 " "

2550 2553 2558 2563 2568 1

M [0-15] W[1659] M [60-69]1 M [70-79] M [80+]

(m) Chronic inpatients

U (AN)
300,000

250,000

200,000

150,000

100,000

50,000

0

2550 2553 2558 2563 2568 L

W [0-15] W [16-59] W [60-69] M [70-79]1 | [80+]
(1) Non-chronic inpatients

Un 3 Swudsznnsuaziugihelulaesauuenngueiysznited w.e. 2550 - 2568 (Aa)
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Snulsznnslunguidnanaseain 559,903 au Tl w.a. 2550 Wy 410,825 AU
Tud w.A. 2568 nIpaRRIToER: 26.6 Uazd1WINUI NI lUNgUIBIIUaARIIN 1,680,263 AU
sl w.h. 2550 1ffu 1,623,318 Au lull w.A. 2568 n3oanas 3.39 % aehdlsamumsiasuulas
seolsznsonaAlungug IR oNARNELaIn 276,494 A il w.e. 2550 1 580,421 Au
Tl wA. 2568 wIaliudu 52.36 % maanassasUszmnsluisiouillisandiumsiions
S WidAuiun 49.77 % i w.e. 2550 1 61.06 % il w.A. 2568 mneAnuilszens
Afpamsmanuatisuauiiniy uazdnssiusesdgoengiinduain 10.98 % il w.e. 2550 1iu
22.20 % Wil w.A. 2568 doingdonnigoerguiniues Jhenomnslungy ACSC fuud i
91AT WA 2550 - 2568 Swaugielunguigoegnaulsn ACSC winduain 18,174 Au
Tt w.el. 2550 1T 34,259 A Tuil w.A. 2568 w3aindu 46.95 % SwaugthelsaiEesodgoey
WnBuIN 21,164 Au T A 2550 1 37,033 Au Tull n.A. 2568 niowiingu 42.85 % 1
ihegonguaznmliGesmnaeanasn 65,068 Au Wl . 2550 idu 56,876 Au Wil ne. 2568
wieanad 14.40 % easnnswaugihongulsaliesmdeiuulinanas

4. MNIUANUABINITUARININIIAURIZLZET

dmhiinusigoerensermainsmssmgs (esw.) AmutnlaeszAunnsgIubes
MIAUATLNINMNINATIIY oay. 1 AL Auakgeegld 7 au Aouandlugud 4(n) uwwaliuees
HgoengienAvegmusnaiuinduatonoiloonoudi we. 2558 - 2568 wualiuduifeaiu
dwsuAnudosmatesminiguauTy SuludgiotsfioduagmusouazAasmam o
AagUit 4(o) nauiliudgeengfiofuogmudwuazdosmsnnuiemislumsiiangsly
FAnUszd1iu (ADL) mnndmilsfiangsy 1InsgIunesmIguaguiumumInggIy sy, wie
pnmaiATHgoay (ond) lugn Home Care dnsau 1 AU AUANI0Iy 7 AU Msidoutiu
Tnedmihiimoemsunngnda Home Visit Wimsauadihelgunfivndgoegiienduatmuaing
wazresmIANutemaslumainfensaludinlszdriu (ADL) manimasianssy Taemly
muATINAITEEmnA Home Visit Midudmihimemsunndetiotion 1 audodgoeny
200 Au wialiBmasArfiasmaihsumsnseihulaedmihimemsunndiuTuRusnsFUR 4()
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Elderly [l All elderly === Care staff Staff
800,000 87898 100,000
700,000 05T 76,570

80,000
600,000 64,856

59,573
500,000 54570

60,000
400,000
300,000 40,000
200,000
20,000
100,000
0 0

2558 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 1

(M) WM Wd. 13D BEN. FIMTUNFIDIENINUA

Elderl .
Y B Live Alone elderly === Home Care Staff
15,000 2,000
12,500 1427488
L 195 1251 1308 1,367 1,500
1,142
10,000 905 1,042 1,091

949

7,500 1,000
5,000
2,500

2558 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568

(1) DMINN and. SIMTURGIRIYNTIAINIRouRzeAuRE a1

Elderly Bl LA,LF & Dep=3 === Home visit Staff
15,000 7y 80
68
12,500 63

58

54 60

10,000 46 0
3 39 2
7,500 40
5,000
2
2,500
0 0

2558 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 1

(A vIMIMageniulaeunng, Ne @ MSUREI01ENINIZNINITZADEY
U4 ANNABINTUARINIMIAUAIZEZ8 1T NS UK iDL
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5. Sensitivity Analysis zasAuAB9N1s Home Care

e Bascline - dem [ A+]1% eeee LA+3%

2558 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568

JUN5  anuseimsuARINIMIguaniny (Home Care) Wadns Live Alone woskgoeigimau
1uas3 %

WHeodnsHgeeIgneIAuagams (Live Alone - LA) fdumluniinzusel 1 ua: 3 %
TNV ANNABINIMIAUANTIY (Home Care) pageIdaiAsUaz Nt sngaiuuliy
Winguuansfsgun 5 Tapaztindnedounnlengregneidvegaioiiuaudel 3 %

mManUsIuNa

NI tAnwHaresmswasuwasntsznsred g helululssneraludiminuasadn
unskaralsTnnsKgeesaaulurenufaimMsMIAuas:aza Ml WA, 2550 - 2568
TAaNITANMIUNA Munguely 5 nauely laun aguan (0 - 15) nquiesineu (16 - 59)

1w

ARNRIDILTURL (60 - 69) NEURFIEEIUAR (70 - 79) AauAgIeIgsulaE (80 WIamnndn)
TnetheluluTsomenmafinsanuenmungalsn 3 Usaan Wud naulsazess nanlsalidess
uwaznaulsadsnmlameanzmaguauuulgunivdedineuen (ACSCs) uwilimuszansioin
manAnsuaeiiouanss widhwugiholunnusaandesiuntiudntes mawfouula
smandsanasmamgluiprnuiiswuldRouwdasnmin - sawdsanasmemdisluTavou
fuwliiuamanililsznnsimhoulassmiiunlibeen wanuhswuiiholulsaanliEess
funliiarasdndullmunnliBnaniunndeysluoin  wilthelungulsnizesoua: ACSCs
dodndudnies esnnnguisvnueyludegiinedouualindszmnslungueiyi
dewfoulufiogwioiniudomaliuu liumahedulsaesaiuiy - lusasivsnasige
funltbuiniunonauigeeaiui. tunas uastulae omAneuanAndadonavi iR
Usznsgeenglaesiaiadumnnaniesa: 11 Wl wea. 2550 Wufesa: 22.1 Tul w.A. 2568
fowanodruaugihelunalsaniun iidedy dssnasiohonuiianauazlssnnsgoey
figedusonanasnImsRofisraodgoegigein  uazilefa1sanANABINTNIAUATEIE
sesUsznnsigenennidesziuanusnsalumsisisnndeyaluofin - uazan:mIagefe
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WULOEMUEININIBOYNUATELATI WU TINAINABIN IO ININIATEN 1 TEDIR DN 1HIIAT
Aasoafiunliifiuiy  dmsudgeognanauuannlsnan  definsannauigeoigUsznn
fdwmionieslidosuaziomiesnesliliaeffiuuliuiiiniudonarennuioons
mavimamsguantuAfiuua linfiniuduiy  uaxidennadeuanudosmsmsauaiitnunsdii
Hasoafiordvegauidaiiniulla: 1 uaz 3 % Anudyaains Home Care Staff fAudioams
WinTUDE NN

ERLE

Foyannudasmayamnsiisautmmsnianlflumaeionoulsna dedamnineins
mashuidsaulisenadesiuanudesmsnddsuulasluemamiesessudamlunmsaua
Havogluszezennell uenvnieyadiheludldmmsailusafiuanusesmsmsliio
Tulsenenualumsansisely

Tunuideiseiitedidameiudeyailesnnlueddeiinsanissieionmsufsy
gouzzaslsznsnndoyadaulsznasluefnuazdnmiuAsuluniu  lunuidodely
msinsaniadememuganwiidonarogumndszansluudaznguengfioe iy 5260 BMI
sriunaisainesen umu saludsiladememudonndu ¢ du neldielidudoyalumsinm
nanUsziugamwanodgeengivnzan  wonanimsAnmrelumnsaiieyannusoms
itheluiuieyalumstsaiiuiuwisouazmlinemilulsommuadelulnsinn:inansnu
soamaiReuiidemolszmnsiidonaroiauisouazAtling samfrinnzinamautsuula
dletholsann ACSC anasnseaiindudoduiuisuazalisemeiuiu
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Mechanical Properties of Natural Rubber Reinforced with
Modified Silica by Admicellar Polymerization
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UNARED

woLEsnA (Carbon Black) @@mitliusutgefn (Unmodified Silica) ua:@anusulgofafie
waiiauenligaminedwelsieiu (Modified Silica) azgnlffumsinuraiioiuusvaoes
MRINA M INATURNTAMING MUARZGATMIHEN HamInATaUNUTMENTAMINaze e
MasuusaedamusulssimemaiauonlugamsneawelsiuAnitlunnm  odieudy
woshdmsedaminliusulgein  dmsuessTsumAteiuussmesdamusulssmemain
wenluramsneAwelsiduiidnsdiunau 40 phr (Parts Per Hundred of Rubber) Tngniu
masABugUn 160 AlansudemoeuAmns fomngd 145 sorieades Wuna 4 Wi
alidszansmwnmenafduaidugnzimmnzanigadmsuihllddugasaiidmsomawin
wanAMIRRe Y
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Abstract

Carbon Black (CB), Unmodified Silica (Si) and silica modified by admicellar polymerization
(MS) were applied as rubber reinforcement. Mechanical properties of these different rubber
formulae were subsequently tested. The results revealed that the mechanical properties of
rubber reinforced with silica modified by admicellar polymerization were superior to those
reinforced with carbon black or unmodified silica. As for the rubber reinforcement with
silica modified by admicellar polymerization at the 40 phr (Parts Per Hundred of Rubber)
mixture ratio with a compression mold at 160 kg/cm? at a 145 °C cure temperature for
4 minutes proved to be the best mechanical properties effective and the most optimal conditions

to be used as a rubber chemical formulae for production of inner rubber tube products.
Keywords: Rubber; Silica; Admicellar Polymerization; Inner Rubber Tube
VN

Tuilagiiuanusesmslindndmdisaanesiivinamaduagsroiioslnsm:gaamassy
MIHANLNROIDVUALRIAINIL WA 1T WA 2557 WUTIIIRDIAOUALNZIDINTVIULUA
fivFmnmmsligaiian fe 352,862 fiu Andusnndmuszmna 65 wWesidud vesudnmmsld
psssnmavesUszwalng [1] dowaldiimswmwmiuegoneenoionevauasingus:aA
mslfouiinmamemuanudesms  Tasuenmiennmananvfisudfdulymusnnsgiu
Taun AnumumMuLsefs (Tensile Strength) ANUMUMUMRnmA (Tear Strength) ANNEANEL
(Elongation) ANUAIUNIUADAITIAT (Abrasion Resistance) A1NSTURIUDINIY (Gas
Permeability) uazmanunumusnssdlalau (Ozone Aging Resistance) wasensfiAnigaws?
dusiihuszasAnsesmsianielilAnanAnsninunwioy  TnemaAuasauuss (Fillers)
TunaiailumauiulpauiAzesendlimn:audemailulis:lond  dilugnsmnsauenode
sapuAuazsadnsoueussiulngouldasiAnunonoioani (Carbon Black) iiedieuiiy
AauauTAluMsIEGusy  winseshmglismsailldauiavslsmsmuiifesms by
Anudiangu uazdognirineglundnduiseoduimuniy lisunsanananduaniEa
au 9 1 msldmsauindu q ilifidnseiiseu JofiunumaAnlumsiannnandngidsannil

#am (Silica) foilumainuAsdnufiantoitienlfmennlugnamnssuens wnzuenan
azilienefaniAdonanAduui defideAmumaiuanuinnguuaz I s aR AR
WiAlAEnme wAgRmiiterosfennuiugnugaitliinmsanduinisafisenad uazinu
sesdamisUszneulumenspadlgauen (Silanol) dssonalidamdmiunguimeuth (Hydrophilic)
yiliimsazansmiuniunaufousnalng (Agglomerate) Tunmziifvaseouuulsizeuth
(Hydrophobic) fewaiiilims@amzsmioiiufivesdanmuazenrouiulii  msdam:
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AlaiAtdowalioumavasiinuazenouwenoenaniu Amusnlafinuddesounisliusulgio
vavdanmlpelimadaiizaniuenlugsarinedwelsigiu  ildAafisuuULAITReEEM
WendszEnsammsBamzszniitresiamuazens [2] - [5] mafiafiSeniuenlugems
wodmlsiuiignuuninsousalae Wu, 1. H. etal. [2] 1uil a.A. 1987 wadiatidsznoulufme
4 tupeu lud sureumsgaduzesuenluaduuingam tuneumsazmezesleloniuveusies
Tuwenlugas  dureumainfidunedleloniumeludunenluesd uazmsmoiieddnms
anussAvAntulentosuenlugadenn liduiiauwedwesUnngiu duandluguil 1

ol

[
e ... Monomer - ... Radiation . Washing
@ ~@ Silica T Silica v Silica = == Silica
o’ ™ o’

el s e: a aa ¥ o a s
JUN 1 MsUsuiRsuiizesdanmmenszuiumsuenlugaaiineawelsiodu

111 A.A. 1996 Thammathadanukul, V. et al. [3] laldwmafinwenluwaasnefwelswiu
WeUSuUgsAIBaNNSonAv I iaNiAmenazese s lasNusafeTRM A UM sUS UL
TnemsuSeuifisuenos3uusemedamusuUgemild Organosilane Coupling Agent suziiniu
Ao Styrene-Butadiene um: Styrene-Isoprene Copolymers HamMsANHINUNNTZUIUMIUTUY 90
gesdanm 2 1iin Wensmsasgtoosens audAmsnudeussio MANNMUMUABMSAnIA
MANUMUMUMIRANTe wazmsaneannou seutluil A.f. 2005 Nontasorn, P. et al. [4]
IannanhUgASiuuunauseliios Continuous Stirred Tank Reactor (CSTR) dm3umsulSutlys
Amorphous Silica sheawaiiauenlugaaineawelsidusmsumsliiues demnmanSeuidiou
ssuumuuuuaedled  sunsanAnddmanumsusudssiouasilieofivs:@nsamiAdu
HofuAUTIUMIHUULLNS (Batch) Lﬁﬂﬂﬁﬂﬂ%ﬁﬂ?ﬁﬁhﬂﬂﬁﬂ%ﬂﬂﬁ:ﬁFJ’Jﬁnﬂﬂ‘JZU’Juﬂ’li CSTR
finuauiAnedosnh  lumendslafinguinideimsAnmmslissfidummienhaszoiumsli
Wuwadise Fodumadeniiniuanmslianudeuwuuiy  Tnemswilsahlianlgase
wodwelsiwiuiunedwesuinms 9 moud Poly (Diethyl Fumarate) to Poly (Methyl
Methacrylate) [6] - [11] 1ui p.f. 2010 Yooprasert, N. et al. [12] ¥imsilsaumaunstatniz
lolaw3unuitvesdimiusulgsiamuomainuenlueaaiinefwel siwdumilonimesed
fussuuanuden  nnamsAnsnuhmailauenluganinedwelseduimilenifes i
dasumanuiniuiimnzansiiiaduilseuuiddaniann  dedisuivsuuanuieu
Tud A.A. 2012 Pongprayoon, T. et al. [11] yiimsAnmnslddaamusuUgerIniumaiina
wenlugamswedwelswiuimionimesidiumsfnurdmivessssumd  uaalSouiioy
HRDDIRNUANINAYBIIBTTNNATLATUUIIAUE5TINI ARG NI 0B TaMA LS U070
wasBRMAUSUUSeAIAIE Si69 MaramsAnMwUTIAmENTAMINaT s uLT I8 TR
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Usulgeinmamaiiauenlgasinedwelneduinitlunnd dedeuiudamalisuugeio
wiedamisuleAame Sie9 dmsudanmusulysiameomaiiauenluganinedwelsiodu
fildsnsanusofioiia Cetyltrimethyl Ammonium Bromide (CTAB) azliiusz@nsamadian
Wedisuiv Dodecyltrimethyl Ammonium Bromide (DTAB) wa:z Tetradecyltrimethyl
Ammonium Bromide (TTAB) mesnlull A.f. 2016 Faklek, A. [13] vmsAnmuazusulye
fufdanmeomaiauoalueaminodwelaeiy  ielinmunduiifunasuusslugasnmsnin
nanAarensluTadnsIuLAzIAINTEILEUA NARAMIIAGOUNUT  BaliEIuLIIRIeTRM
Usutsinmemaiinuenligamineamelsiwiuiidnndin 30 phr WnaniAidnazosenainh
dafisuiuenafisSuusemedamiliusulsofs uazkoiasie
piiauenlugamsneawelsigiugnliifevsudssfidandmsuliduamsiasuuse
Tueneduetonorne oiviidumaiamsUsulppRadamndsinsam Tnewuh mauia
[HonazesenasssNAEsNLsafIedamnUsulseRafmemaiauenlueaasnedwelsiedu
Aaulunnan  maRasanimunmszesmaUSulsenmmnesssaunAaslsauine lun
34uil mnsauansmsdnutisUszianiaym (Classification Problem Diagram) Auuandluguii 2

- ANWUNIIM Elﬂ’mﬁhjlﬂi‘lﬂ‘i
S5 ITNYIN

o Usudqememsmsiinung
ULARLTBNAITUBLURN

axglifloneanlyn l |

wuleezsiin 2 T . PN
. uq WL a@am
wluaad
B
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MU Famlaisuigean
wonluamsnoawelsioiu lalnslada aTmnofwelsiodu
Tulasan Sod ANNTaU

JUN 2  wRuMnLEAIMIIRLUUIzAndam

AanuaAdeiidodumsfnsiiessenannnuideinaaniosin - Taemslddam
UsulgemmeamaiiawenlugaaiinedwelswiulnelinnusoudumsAnunssmiue s 358 n
WAz ANENTANINATDIEsIINIATETIUTY  InawazasautAMInaluesssumid
iWsuusamsTAmmISupRmemaiauenlugemneRwelswiu axgniSeuiisuiuenosssumi
MisEuussmneRoEhmua RS IR Wemaanzimnzauigadmsnhlulidugasad
§MIUMINRANRNA NI
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1. ssnduaczgunynl
819553021A (STR10-CV50) 910 Bangkok Rubber Co., Ltd. Uszndlne woroiian
(Carbon Black; N660) 911 Behn Meyer Specialty Chemical UszinaAniaide a8 (Hi-Sil*255)
910 Tokuyama Siam Silica Co., Ltd. Usznelne MsanussasIlumddeiine winlnswia
wonluiionluslun (Cetyltrimethyl Ammonium Bromide) [CH3(CH2)15N(CH3)3Br wso CTAB
(98 %) 910 Fluka 8WWuSE1519035100301
2. uanluassnodwelsiotiu
ihasanaussRsiRalasmiauenbuienlslug (Cetyltrimethyl Ammonium Bromide;
CTAB) U5mm 7291 a5 segluwhnau 8 §as uazusumansdunsamozesmsasaiasme
Todedlonsenlofaumsszmeimanuiiunsasosniu 8 musmsamereioniunm 1 Filu
unziinddnoulnesnlodasluasazaie 400 asu muasa:medeilenduna 2 Falue
PnTuRmensIuen 50099 fadans Inunadeuiesdama 10.80 n3u waclelondu 40 fndans
Tnelsmaesssiliidumivinzay  nnoddemsinsmazesdnsnlumamileniliRniiau
mumaliatenluwamsnedwelsirdulavlinnuion NuasdsavasnsfnmmMainiauegly
sidtrooAnide Yooprasert, N. et al. [12] Aniuazlizeasineth mussazmeroiioaduam
2 thlu nshssazmeildlUlianuseuiigamai 70 ssrmgaides uom 2 Hlw Weminh
TianRsemeawelswiu densummunnanivmeneiamlunseouaimeimehnaunais q ASo
werdnmsanussisiaimasuacloloniuiluliinufiseeensunun  wassndmihmes
gamilaloulugoulwinigamad 40 asmwades Whina 3 Tu AewhmsAnmnmdnyas
3. MIASBNYI MINENLAzASNLARI9AISY
WIBNe19555021A (Natural Rubber; STR10-CV50) 300 51 vinmsuanlaaldizn
LASBONRNENIUUD 2 @ﬂﬂé\i (Two-Roll Mill) 91nu3#% Yi Tzung Co., Ltd., Uszmelaniu
Wuna 10 Wi wessauibuilddunaniazraumugnsenofimuamumaei 1 o 9
TreisunnnInatiesn (Stearic Acid) Bemox-L uzesmAuia5uuss (Reinforcing Filler)
MNUSINAIMUAMNATONLULMINATEY MUY WInsAaUszanm 24 Wil Nty
PEG4000 Okerrin CaCO, ua: PVI smuSanadiiimun 9ntufudinszqumsinjazen
Fufoonlen ZnO, uazAaasUfisen Mercapto Benzothiazyl Disulfide (MBTS) musiAu
wineafelszIa 7 wifl ndudn Sulfur dadussdiesanatlumsasguzesenoudirins
wingsre i unsinIuUsanm 2 Wi Inhlunageumsaegusesealagliiniesilefines
WUUIUKNI Moving Die Rheometer; MDR g1 M-3000A 97nu3#m Gotech Testing Machines inc.
UszmAliviu WemszezinarlumstugUaniuiensludadugufiie Compression Molding
74 Wabach Genesis Press, Model G30H15GX ﬂizmﬂﬂm%ﬁam%ﬂﬁ'] 160 AlaNINADMINITUANAT
anumail 160 esrnadus (mowsie) uaziigandl 145 ssrieades @Rmua:ERmUsDL5)
foendliinndaduna 24 Filue AewnmsnageuaTAMng
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MIWN 1 gasusuaaslumsmIsunanamneg

suiszneu | Natural | Stearic Carbon | _.,. | Modified .
(phr) Rubber Acid Bemox-L black Silica silica Okerrin [CaCO;| PVI | PEG4000 | ZnO, | MBTS |Sulphur
Carbon 100 2 1 2050 | - . 1 25 | 025 15 5 0.75 1.8
Black
Silica 100 2 1 - 25%' - 1 25 | 025 15 5 0.75 1.8
Modified | ) 2 1 - - | 20-50 1 25 | 025 15 5 0.75 1.8
silica

4. VAFBUENUALY

AnumBasitetsgninlaelinesidesmaduesie Mitutoyo 5u HFW960
Usznediu manIanmionsesld Cutting Board ua: Machine 8% PVI qu PS-01 Flexo
Meter UszmAanigownidm nageumanumiiayuiiendld Mooney Viscometer; MV g1 MV-3000
9nu3eNn Gotech Testing Machines inc. Usznelaniu menAdeUsNTAMInazase0a:liiasen
Universal Testing Machine 31 AI-7000S 911038 Gotech Testing Machines inc. U3:tnel
Iiviufianausmageu 500 dadwnsrewdi manateuANNLiszossesliiAies Durometer
wuy Shore A 91nu3uN Taclock Uizmﬂfﬁﬂu UATMIANHINIBANL TN ITRMAVLIISTINTIA
a:ldnaeoganssAlBlennseuLUUsBInTIALUY Field Emission Scanning Electron Microscopy
(FESEM) uaz3zuu Focus Ion Beam (Focus lon Beam: FIB) 910 FEI (Model Helios Nanolab
G3 CX)

WANMIANBILLAZDAUTIONE

1. wamsnasaumuliveutsesdamadumsUiulgein
FamarumsUsudgeinmemaiiauenliaminedwelaedy  s:uansnmENTA
filsigeuth (Hydrophobicity) azvhmsnageulaemstne@anuazmedamiHiumsusulsoio
atnon: 1 n3u ldadlufnnes (Beaker) ussgthazoin 200 fadans Wuom 5 Wil wamanatey
WU HIBRMARIUMIUSUUsRI9:Roseg Wil nRoAszuzan 5 Wil saudaniflin
matsuilqeinazanasgiuinnesnomuaiuiiduanslugua 3

—
(M) FAMNAIUNMIUTVY R (9) FamanluniumsUsulgona
meamAila wonluamsnedwelsigdu

JUN 3 wamInaseuaNNlizevIBITAM
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2. WANANBUNNDANIINATOIE 5 ISNINALNINLIIMIUESIEINLSITTAMY 9

1B IINIATIS NS IMBNaInA  Familiusulsoin  wazdamusudseiafe
waiiauenluzaninefwelagiufidnndunanmawiuuss 30 phr xganaseuaUAMIS
MnoAdeimsAnmfinuangos Faklek, A. [13] lull A.A. 2016 MimsAnwuazUsuls
Nufhdammemaiauonlugaminedwelseiu  ielinaududifusiuusdugnasnswin
nAnANTATeelUIIINIIILUATIIINIIIUENA  MINRAMINAREUNY TS ITETLLTIAIBERM
Usupimmemaiiauenlugamsnedwelsisduiionaiu 30 phr WimauiAdnazesenin
HamInARaUFLTAMenaAuaAslugUa 4 -8

Cure Time (Sec)
(98]
S
()

Carbon Black (CB) Silica (Si) Modified Silica (MS)

JUN 4 WaPesININIIANIUDRIEIIFTINIIANTNTISIEINLTIZHAMY 1

8105 35NIATLETNUTIMIBERNAHIUATUS DY sRImBmATiatenlugaa§
wodwelaiwdu wailldfe s:pzmmInsgUzastfiruniuilofisuiuessTIunATING IS
fpmaianm uazBanAlivslein uanedsgUi 4 naraiuansliiuhuasAvsT L0
1053 INATES NN OMEFANMUS U mewaiiauenlugamnedwelswiuAty osan
maUsulssia@aminemsndeufmeilsunedlolandudsllananuiunsauuindanild vhli
dAamstivgemaiamluduasililfnamsaegudesanduiu nnuideimsanminiumn
w89 Yooprasert, N. et al. [12] Wil a.A. 2010 wams3dowud1 Famusvugeiniiiuailizeuh
(Hydrophobic) snanihd@amiliusulgein deiiufanldveuhiasilfdnanummsalums
Bam:zsheizesesaTINALR:ERMUS IRl ARn I ERMTUSUU9 uenaniimainsz
anmamaduginenAlinaisennfosiy nanAe nm SEM axdulfdahdamlisunsein
fimsnsznemluileaosssumanlid winhddmusudssinaziimsnsznediluilososssumi

TaRnm
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20

15

10

Tensile Strength (MPa)

Carbon Black (CB) Silica (Si) Modified Silica (MS)

JUN5  WABBIAIANINAIUINMIUABNIIAIZOIBISITUIANTNESLESULSITHAMA

13U 5 asdiulddauiessTanmAwiuuseiedimusulysiimemain
wenlugamswedmelsefufimanumumudonsATgInTIE IS INIRAESHLIIFIEHLEM A
wazAambivsulgin  iflosnndamiusudsinagaindeviafmsiiduwedloTaniudonali
msBmnzAviles1ssssumANANT ﬁﬂ‘lfuﬂ”liLﬂ%ﬂJLLiﬂﬁ’Jﬂ{laﬂTﬁ'U%’Uﬂﬁ;ﬂﬁ:ﬁﬂﬂ”llﬂiﬂﬁﬂﬁ
AMATNMUMUABMIAsTRIE 5T THT AN UL

300% Modulus (MPa)

Carbon Black (CB) Silica (Si) Modified Silica (MS)
JUN 6 wWapeeA1 300 % Modulus B8I8N0BIIHNANTNATRINLIITTAMY 9
91n3UN 6 VsENzAeIldusIRIE9sITNTIANININIIINIBTAMUTVUJIRINgINI
Wehuuiue 1953 INIAEINLIIMBNIIIMUR:EaMlNUSuUR - deaznasldusonganinivefs

AreeulRgAIINTUN 300 % MNANNEIAN DodumstududnaiomsUsulsssnoAnmnga
VBIYIIFIINDIAMTANINUDTIUTITUMIBTAMUTUY JINUA?
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~ 700

>

= 600

S

& 500

T 400

5

ucgn 300

£ 200

m

~ 100
0

Carbon Black (CB) Silica (Si) Modified Silica (MS)

JUN7  WRRIAITIEcEAIUNIINIYIADBIE IS TINTIANTNEISIEINLTITTAM 1

NATBININARDUIEIAIUNTINALEASAIUR 7 wuhszazBnaunsiomnoes
N0 ITHINANEENLTIETRMUS R dulimTigenhensssunesuusamegamliusulein
BN BRI ST AN IUSUUTIRIURZ NI T INATIANT  URZANNEINNTD
sduiladerivessssnmaneuieivesdami iivsougeiad mlviilonmafazuenda
nniilensld mafnteshesrheiuizesmsBam:iidunaliisze:dnauns:iomaveseglsid

Tear Strength (MPa)

Carbon Black (CB) Silica (Si) Modified Silica (MS)

JUN 8 WRTBIAIANNMUNMUABNIIRNTIATDIIISITHIIANENEIILEITNLIITRAN

NATBINIINARDUAMANNMUMUADNITANTIA  WEASAITUA 8 WUTEIBIINIA
MaEuusefedanUsulsRafiAmANLMUMUAB SN IATGINTIE195 T TNTESHUT I8
wotpaAua:gamllUsUlgoAY - nRamInasaumMANNMUMURBMIAnIAuMsEudu
maUSulssautAinenazese s INTATEIILI I TRMUS U RIRTY

3. WAVARDUANTATNINATEIL ST INNAESNUSIMBTRMUSIUPRMTSRT UMY 9

MINATREUTANINABO L1953 TN ATSNUIIMBTANUS VYIRS AT IEIL

A1 9 (20 -50 phr) Auwanlaluguin 9-11 91n3UN 9 uaRANNENRUFI NIz IAIT
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YOI MNTUAUUSINAEEM  MannsmiinanAnuessimpestamiszneulume  nauves
Za1mea (Silanol) Fssunsagadumsaeanyiuinsen AemalyilinsAszoessssInga
ldvammau Asuaaslugun 9

—6—Tensile Strength —>¢ Cure Time

145

Tensile Strength (MPa)
o
W
Cure Time (Sec)

Modifiled Silica Ratio (phr)

JUN 9 WaTBINAINITAIIUIBILIILAZAIAINAIUNILABNISAITBINIISTINTIANIEINUTINIE
FaMUSVURINGNEINTANIAG

Tudhousnandamsnursussiseninduiudngiuduimadam lesnndami
USulssinazgninfevinfmeflaunedlelandudonalinsdamnziuilosssssnmaiaz
uAVRIINT 40 phr BesRRTIUEAMMAzABy 1 anas susaesueldhmBmnseam
Usulgeinduiuinseseslifidleysmadaniiniy definnudululindansoussianzuen
ponaniiuiizeseslilasie

—<300% Modulus —&— Tear Strength

300% Modulus (MPa)
Tear Strength (MPa)

Modifiled Silica Ratio (phr)

UM 10 wazeasA1 300 % Modulus URZAINATUMIUABNITANDIATBILIIBIINTIANININLSY
AIBTAMUSUUIAINanEINTRMAI 1
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91307 10 uanonapeda1 300 % Modulus UazAINAIUMUABNITANDIANNDY
WoUSadRnINNIUMBWNaUAY WANR91AN 40 phr DOIEASIUTAN A19:ABY 9 AAAY
ZoidulyTudAmoiAennuaumanumMumMuAsnIsAY

—¢ Elongation at Break =~ —e— Hardness Shore A

60

Elongation (%)
Hardness Shore A

Modifiled Silica Ratio (phr)

UM 11 wazessozdnaunszmimauazmMANLBe (Hardness Shore A) w0u8d535uANEENLTS
AIBTRNTUUsAINTRTINERNA 9

1uwmmaﬁu§m§ﬂﬁ 11 uandiiunazosszezinunsziomn (Elongation at Break)
fanaumusandndamiisduilesnnmsdamzsmiedanmusulsindviiuiisesenslsd
deUSmadaniintuuazmnnuuds (Hardness Shore A) Miiusuidudndududanfiiniu
Wiy wamsfnwiidefinusenndesivouidefiniugioes Pongprayoon, T. et al. [11] 1ud
A.A. 2012 AvmsAnmmsliganmusulsinmemainuenliganinefwelswiuiimioai
mesifidumadnunsdmsueesssumAnu1 MmaniAnenazesesiaIuusoiiedanm
Livsudgefniiensidiu 40 phr Andilunnm dstulunuideiiezimundadiuddni 40 phr
Fodetniuannzinngadmsvenesssunanasuussfedamiliysuygein

Aodunnoideiienadmddnsudgeaai 40 phr Jededuiudandiunanin
fgndmsuegssInmATEIILsImedamUsulsidmsuiluliidugrsnidmsunswin
WANAMNNADEI 11

4. MIANINSINEAASIITRNAULII5IINAMUNNOITANIIALBINNATOULULADINT 1A

m‘ﬁLﬂswzﬁmiﬁﬂLmzizmhaﬁuﬁmmmaﬁssumﬁLL@:%ﬂﬁﬂ%ﬁﬂqaﬁaﬁamwﬂﬂﬂ
wonlugamneamelawi 9 AnnihendeganssATBENATEULULRBINTIA  To9uanaN N
FTAUYNNIATOIBIIBTINTIALEINUIIAIBTANLNUT VYA uazdan)sudgeRiniomaiia
werlugaarinedwelsioiu deuuamdmaseuauAMInaions1dLdan 40 phr uaziimas
2818 5,000 1911 Ltﬁﬂaﬁﬂgﬂﬁ 12 uaz 13
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() BamusvlRImemaiiauenlugaaswedmelsiodu
JUN 12 MNIZAVINNIADBILIIBIINGIA (IDUNANDUNNUANIING) LEINUTIAIY

93U 12(0) uanslidiufsdesieifalusnieiiufazeseos TN AUR:EAN
Livsudgein snsaesmeldnniiufitsesdimbivsulseinfianmiuiy wieduwuugeuih
sauziiufAIrasssssnnAlifianuiuimseduwuulivenih Memaidsdonalinsdam:
sl lumonseiuimenosssunAnaSuussmefamuslsRmemaiiauenluidams
woAwelswduguil 12(2) lddsngdesiesndeiuissesenesssnniuazdanmusulgein
suillesinandamazgaindoviamefidunedlaloniu AniumsBamzeesdamusuuseaiiy
e19sIsuTIAIMzAUlAAn RN UUS VY J0R7
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5.00kV 86pA TLD SE  27.6ym 4.0

() BamusvlRImemaiiauenlugaaswedmelsiodu
A s a s e a L
UM 13 MINTEAUIANATBIBIIBITNYIA (MRINANBUFNTANIINR) LEINUITIAL

nRsmanAsuRNTAMInae:linfossanssAmiBiEnAsouLUUFInTIA Hoazusgnomn
szﬁuqamﬂ'zjaaﬁaaehawﬂﬂauLﬁﬂimiw:ﬁﬁuﬁmﬁﬂgﬂujﬂﬂszv‘hmeﬁﬂgﬂﬁ 13 :J‘]J‘i?'l 13(n) wiula
dauIAnmIusneenniurasBamMAiems  winhisUi 13() densBameiusisoymea
Famauilesamendsmnagevauiinene anmwidndumsiudunsidaauimstam:
ST IHNALAERMUS IS U e lRABUlFInMsUSuleRIBesERmfmemaiia
wanluraasnedwalsiedu
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N3UNR

FamnsudssinmemaiauenlugaminefwelsiugnlidumsiAnuddlueossaned
FoazgninzRaNiAMINaTeI s TINIATES L TIMEERMS U s mamaTiauealigaan3
woAwe lsirduuasSouisuAUE195 I INTIAEINLIIMBRIINAMLR:aaMINUSUURY 910w
manageuNUImENTATnaTeselEIHLsIfeTAMUsu sRImemaiiawenlugaars
wedRwelswduAnilunnd Wedsuivnsmsiimuseddimalivsudsia dmsuessssnmi
fisuusomedamusuugeiamemaiauenludamsnefmelsigduiiensidiunas 40 phr
(Parts Per Hundred of Rubber) Tnariumssniuguil 160 Alansusemaoigufiuing figmnni
145 sornaidea Wuom 4 i liusAnsmwmonaifuaaduanimmnzanigadmso
ihlUlddugnaplidmiumsnannandunaossly

ARANIINUIZMIA

AMZHITIDDTOUNIIAMNITENUAYUNIINITINIINNaNITu sz ldaUuniuna:ladanng
wmneRpzeuuny Uszmdlne uazlasuanuewasiasall uazgUnsnisInfonsoinagaues
NUITEN VINBANAIINBLABS 1R
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Abstract

This research presents experimental study on heat transfer enhancement in a constant heat
fluxed tube inserted with sinusoidal baffle vortex generator. Several sinusoidal baffle parameters
were introduced such as pitch ratio (p/D = PR =2, 3, and 4) and blockage ratio (¢/D=AR =0.1,
0.2, 0.3, and 0.4). Various relative baffle heights and pitches were tested to investigate the
effect of the sinusoidal baffles at on heat transfer and pressure loss. The study was conducted
by varying the airflow rate through the tested tube for Reynolds number (Re) from 4,500 - 29,200.
Heat transfer and pressure loss were presented in terms of Nusselt number (Nu) and friction
factor (f) respectively. The results have shown that the tube with sinusoidal baffle provides
a considerable increase in heat transfer and pressure loss in comparison with the smooth
tube in the range of 52 - 84 % and 81 - 99 % respectively. The highest Nu/Nu, and f/f, were
observed at PR = 0.2 and AR = 0.4 in the range of 6.0 - 6.5 times and 82.7 - 95.1 times
respectively, whereas the maximum thermal enhancement factor (7 ) was at PR = 0.2 and
AR = 0.2 of about 1.71 at Re = 4,500.

Keywords: Sinusoidal Baffle; Heat Exchanger; Heat Transfer; Friction Factor; Vortex Generator
VN
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Abstract

This research is a development of the thermoelectric pan which is capable of both heating
and chilling on a single pan. This thermoelectric pan is composed of six thermoelectric
modules as a source of hot and cold temperature. A heat exchanger is installed on one side
of each thermoelectric module, whereas a steel plate attaches to the other side working as
a heat/cold pan. The dimension of the pan is 30 x 40 x 0.8 ¢cm approximately. The heat
exchanger receives heat from thermoelectric modules and transfers it to water in the
system, then the water circulates through a radiator passing heat to surroundings with a
fan in order to increase its efficiency. The main control system consists of microcontroller
circuits to manage relays to turn on/off or to switch the terminals of power supplies.
The thermoelectric pan have three modes of operation; 1) Hot mode, the thermoelectric pan
can reach maximum temperature at 107 °C by consuming 360 W maximum power, 2) Warm
mode, the thermoelectric pan can generate temperature at 79 °C for 250 W power consumption
and 3) Cold mode, the thermoelectric pan can lower temperature to minimum at 14 °C taking

300 W operating power.
Keywords: Thermoelectric; Heat Exchanger; Radiator; Microcontroller
VN
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A Study Effect of Hot Air Recirculating Ratio on Drying
Behavior of Tilapia by Using a Hot Air Dryer Installed with
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Abstract

This research aimed to study the effect of hot air recirculating ratio on behavior of tilapia
drying by using a hot air dryer by installed with stainless wire mesh porous material.
A present dryer was modified by co-operation of recirculating hot air and porous material
at the inlet of drying chamber. In experiment, hot air temperature and velocity were
maintained at 70 °C and 2 m/s respectively. Hot air recirculating ratio (C,;,) was varied
by 0, 40, 60, and 80 %. Tilapia sliced was used as a drying product and mass of tilapia was
recorded at interval 20 min during drying process until saturated mass condition. In this study,
parameters considered of investigate the drying behavior were: dry basis moisture content (M,),
moisture ratio (MR), drying rate (DR) and specific energy consumption (SEC). Thin layer
drying models were also discussed in order to predict the drying behavior. From experimental
result it was found that DR and My were decreased as increasing drying time. DR was
increased with C,;, and M. Drying time was varied between 420 - 440 min and the highest
DR become 0.22 kg,../min. SEC was decreased as C,; increased. The maximum reduction
of SEC being 49.60 % was obtained at C,;, = 80 %. The minimum SEC gave 3.14 MJ/Kgyuer evaporated
at C,;, = 80 %. For a study on thin layer drying models, the Modified Midilli model was most

agreement with experimental result which R? was more than 0.9964.

Keywords: Drying Behavior; Hot Air Recirculating; Thin Layer Drying Model; Stainless Wire Mesh

Porous Material; Specific Energy Consumption;
N
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Uadeu Uaan amiviin uazUmane [1] dsfiaduidnsaadufe ssnsamaiesliludiou
yngiimazeslan winmulnsus:dilymGestsaties dagiuanuissmauilnataiialunmnalan
Tnewmslulszmainmuniiua lhnfingeiy - dunisiudesnanmiiadulanidenn
Foduidesmslunduzesiuilaanldlalugenw UssneviuileUmiiaiisanin sunsadnula
TuiuingAuilisznevemssemmae | @i fnmgndiedsuiudanionuiindu q Jawn:
pomathiniduingAuuashmulsgieaogamin Mowattsimsusguiaialugiuome 1
Wemafiusnmfienuuiu azmndemsuilaa Tnemeviwisumiadudnismeiloniield
TumswdsUmfiaduiy - dmsumsiwiomdanamomsinsnsiy Isnssnsudnlnaiesld
AamsmnuwisTaeldugounn  mazamuiesudreliszeznalumsmnuwisunuilosnnisns
mavhwiei wandmdmawisliszen dnivSeunannsuniu deamwermalidesiue
alisananvimamauiold uasludegiuildfinslifoseuuionuuaniownndu  ieliiens
myeuwioash sansneuwislinaene wazdsssnsailosiumstudlenls Taglud A 2012
Toomthong, P. et al. [2] IAARM BT IAA AL D ULAIMENMSMTOUW ITUL 87
wanzandmsuBIsunarmansMseuwislaiia  TnemenaaeseuwismelAdeulafinnmsa
andeu 1.0 1.5 ua: 2.0 m/s uazgam)iovus 50 60 ua: 70 °C WUl 6n9INII0UURILAS
AuFuRemAsuiIzaninty  Woinanudianieaamniouwis  Tnesnsimseuwi
ﬁlzqaﬁqmﬁqmmﬁ 70 °C umzANULTINUTOU 2.0 m/s
dwsudamalneluszdugasmnssumssuwisdilnaje:liinTeseuuiowuuaniou
féidemdsmdsdiduunaslinnuiaudvaaninanuseuuazmawlndandomasuianse
Funadlunan deiimsaunaeswasouesiomn Tnenuddeves Kesai, S. et al. [3] 14vms
auwisiuRs AL s M limuisuuudursnsn  sansneuwisiudsouuldnsoe: 50 ke
fideuluAmnutuEui 650 %dry basis euwiauiinnutugaine 127 %dry basis ATEISIAN
meluviesouuii 0.5 m/s wamsnARaswUAgMNAS 50 60 waz 70 °C ldnarlumssuwiis
545 uaz 4 1lug SRIMIBUWTIRAY 7.75 8.50 WAz 947 Kgyuo/hr uazmsdunfeondsoy
ﬁhL'm:Lﬁﬁaa:ﬁmgaﬁuﬁlaqmmmumia‘uLLﬁaLﬁmfgu D 3.46 3.81 Uz 6.67 MI/KZyuerevap MNEIAL
Tneilagiumsanmsiufemasnulunszuiumsesuwisidnduiiienfnsiieliinnsld
Wﬁﬂmuiﬁﬁmhmﬂﬁﬁjﬂ wulusuIdwees Duangjun, W. et al. [4] uaz Luampon, R. and
Krittacom, B. [5] lafnwmmsauwiy dadianiansldiannguadamiosnuiagu1inesdg
msluavesanfeuieanmstuemdanunuh  Taanquillismnsoanmsaun/foowasnuasld
fimAnudufeonasoudums: (Specific Energy Consumption, SEC) vesniimssuuis
flunasiaany  desnniaangusdnmieaALETE N TanIAUNG 1AL ouLR:
dednsGumaunsoaauseultlugesiicme (6] Tosansnedelin  Aamousnidumsunsod
anuSeunavliimssunmanlvaienlifioanafigeiy  wazdnfiamonilsTaanguasiimg
wisoianuseuludvieseuuisiodonalinalamseuwisazlifiiesusmsmanuSeuwiniu - [5]
wi3aseuwisuuuildefivs@nsammslindsousnh  Wesnnbifimahanuieuseserme
feennATeseuusnaunililng (Heat Recovery) 3ulifamssudomasouiuetonn [7]
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msAnmeddeifeitesiunisiianuSeumieiseinnszviunsevuionavanllng
Tippayawong, N. et al. [8] wud1 msUsudgulsz@nsmwmslinasouazmsanalias
TumseuwisuuuanieudisnismanuieunvudeAviinislieniaseulnaiounay
Uszansmwlumslindonuasiainiy 29 % sunsoanmsauiiendoindounzalideli
45 % ez 27 % muaay wnsideasnatd [8] delusimsiiganguanldnusiuaunseuui
MewatiaaiiATesfiunAni:AnmuasiaeIoseuwsuuUau Soul A s:AmEn LTy
Taemsanaoneanseuliinislieimaseulnaisunduiieliinnslindsnuniuion
otz @NsnwAsIUITaves Tippayawong, N. et al. ansmnumslddenvesianwyuain
mMEesAuEaEs lainmsanslunuisees Luampon, R. and Krittacom, B. won9nil
mafnmEIMIoLLHILULTULsIzgMitaueielFlumsasengAnssumsuwioie Foiu
Lﬂ%:aﬂa‘ULLﬁﬂﬂﬁJ%’au‘ﬁﬁﬂﬁ?\]’?ﬂﬂWiuﬂ‘aﬂﬁn“ii”lﬂﬂmumﬂ%gﬂﬁﬂ‘]:ﬂLﬁJJLI?IJJﬁnﬂmu?H‘]’EIf‘iﬂuﬁﬁ?
Fodluvesamziusaiusion [51 TeluonanuiazdodiuluimsAnmansnasesdndiuauou
InadeunauilvamuiaanusiammesmundronginssumasuwinieUmiadunan

Ny EHNLNLIvY

1. MFAATERMIOULLAY
1umuiﬁﬂfzmﬁl.ﬂswzﬁwq[?mﬁumsauLLﬁﬂiﬁﬂ%mmmmﬁummigmuﬁa (Dry Basis
Moisture Content, M,) ansEIuANNTY (Moisture Ratio, MR) uazan91n190ulits (Drying
Rate, DR) @vilsumslumsemasouandlugumsi (1) - 3) [9]

M, = (1)
d
MR:ZZ :A[Z @
DR=2Y W =Wt 3)
ot At
Tnedi
M, = ﬂ%mmmmﬁummgmuﬁa (kg/KE4ry basis)
M, = Aanuususu (kg/Kary basis)
M, = mmﬁuﬂma (kg/Kdry basis)
MR = sassiuanuiu
DR = 9ATIMIOUUAY (KZyue/min)
w, = waveskaRdaseuwisine ¢ 1 q (ke)
d = WRAITRINARA Mo (k)
At = anmlumsinudeys (min)
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2. mpnuEuaeswaseua iz (Specific Energy Consumption, SEC)
MANUFUURDINA 0 IUI UM (Specific Energy Consumption, SEC) fuaala
AN (4) waz (5) [10]

Eﬁm + Egas
SEC =— 4)
mwater,evap
E g = (LHV )3, ) (1) )
Tneil
SEC = ANNFUURDINAIUTUNE (MI/KE,aer evaporatea)

Mygrerengy = UINANINOONNINWANAUNOUUAY (KEyater evaporated)

Ejun = AnuEwaeswasuBesiAaN (MJ)
E,, - AnuEuReswRILUA (M)

LHV = mensSoumumzeoudis = 46.607 MI/kg
Mg = onyimalnazoouna (kg/s)

t = IADUURI (s)

3. ANATBULTILLUTULY
Tunsevwiowuutuuisimsuszenaliuuudineoniondnmansiieosuie
ﬂﬁﬂgmszﬁwaammﬁuﬁuéi:mdmﬁmﬁﬁhummﬁuﬂaﬁwamﬁmﬁﬁm:ﬂ:nmmiauuﬁo
Tumaregyameiy wu auns Two-Term Model aunswes Henderson wa: Pabis model %30
aumszos Lewis Model flusu Tnsdnndmanuiusesnindamsnsamldannsumsi )
AoiunsmuanesndiuAnuiurosnandadouuioazianyazuandaiusenludusgiv

suuuDzRENMIATUEAdlum T 1

MIWN 1 JULDUENNTMTBUURIUUUTULS

Name Models References
1. Lewis MR = exp(-kt) Bruce, D. M. [11]
2. Page MR = exp(-kt") Page, G. E. [12]
3. Modified Page MR = exp(-kt)" White, G. M. et al. [13]
) Henderson, S. M. and
4. Henderson and Pabis MR = a exp(-kt) )
Pabis, S. [14]
o Togrul, I. T. and
5. Logarithmic MR = a exp(-kt) + ¢

Pehlivan, D. [15]
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MmN 1 JULUURNNIINITODULRILUDTUDS (A0)

Name Models References
6. Two-Term Model MR = a exp(-kot) + b exp(-k;t) Henderson, S. M. [16]
7. Approximation of Diffusion MR = a exp(-kt) + (I-a)exp(-k a t) Yaldiz, O. et al. [17]
) Wang, C. Y. and
8. Wang and Singh MR =1 + at + b¥? .
Singh, R. P. [18]
L . . Diamante, L. M. and
9. Simplified Fick’s Diffusion MR = a exp(-c(t/L?))
Munro, P. A. [19]
10. Modified Page Equation-II MR = exp(-c(t/L?)") Diamante, L. M. and
. Modified Page Equation- = exp(-c(t/L?)"
e P Munro, P, A. [19]
11. Midilli MR = a exp(-kt") + bt Midilli, A. et al. [20]
) o Charmongkolpradit, S.
12. Modified Midilli MR = a exp(-kt) + bt +c

and Luampon, R. [21]

fmsumsmanmseuwisuuuduuy  lusunsumsnaseeasimMsauwisau
wazesiaApUWiIAN Asiudsimualimanuiusunadimundugud [22] mslnazideya
emaunIMIouuiouuUTuU19e:1§35M 53R 1%uuy  Non-linear Regression uaztiif1
snssuanuiuivnnelfresusarsumsliSeuiumammasss  Inglimanusuiusmosan
WutnmalumsiaensunsiinunandIns U siIuIenseuws sun1sfsia1 Correlation
Coefficient (R?) mnﬁqm A Reduced chi-square (Z 2) itwz Root Mean Square Error (RMSE)
fowfign Asaumsii ©) - ©) wsiusumsfivenzandmsuhllhmemseuwioll mATERLS
mosdan flunuideiivszneulfe

1. Correlation Coefficient (R?)

2

N
S0 Vot ]

R? = (6)
- N N
Z (Mchp,i - MRavg,cxp )2 z (MRpre,i - MRavg,pre )2
i=1 i=1
2. Reduced Chi-Square (Z 2)
N
Z (Mchp,i - MRpre,i )2 (7)

2 i=1

l:

N-z
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3. Root Mean Square Error (RMSE)

N
RMSE = \/%Z(MRWJ ~MR,,,} ®)
i=1
Tnedi

i - suosAl MR fifia1san

N = dnouteysnlflumsduim

z = SuzesmAsivesuARZENMT

MR,, = @amiduanuiuannansnaaes

MR = ansuAnuTunnRanIsTuIY

pre
MRy = BNNHIUANNTURDREIINHANITNARDY

MR DATFIUANNIURALIIANRNITINIUIE

avg,pre

aunsnluazIsnImnasg

1. gunsalmInAaeg

lumsnasesldasioniesouuisiimanuiudon:iuiisauiuiuanusou
fimnAnTo 25 cm 817 150 cm uazge 25 cm ANuSeauildmanmswnlniidemduianam
apnnuliualdinauduginsalunsuhemadeulilnarmuisanuadamieanuies
i3 304 MizAANAMTL 8 PPI (Pore Per Inch) §1uau 6 wi (Uil 1 wineias 13) ieliiin
mspAduAnuSeuLRzSEReuTeInainlUfeseuusimusonue s I se LU ID AN TU
TemeAlnadisunduliomoin (Ui 1 mnews 2) WeliAamsusnidounnusouduenmeailng
i Taeldsinautislumsgromanduuaslindiinddomuaulmamslnasesernma
(Uil 1 manewan 6) dwsumsimuadaduemdlmadeundualimsinnnguasaiineusuniin
Hot Wire ufahmsfmuiasanmslnadonadioilildusdndmemealnaisundusmi
funteveansoulnadaunduiisuduiunismeesnzanaiaseuuis doezAruAudagIu
mslnandulremsdatanaiinfdelilidndumuimuali - meluieseuwiezuszneuluime
mApuwRIIAMMBEAuEE uazAeiniuinanead (Load Cell) tieynmsinuiazes
WanAu s enszuIuM Ui Tasazmstufinuaaitinlann 20 wiidluds Data Logger
uwashfeyanlAlinnzinemsnasesdoly gunsallumsnaaesusnslimogud 1 douszneuluie
1) vinaw 2) vieanSoulnandy 3) waniulw 4) naned 5 WiesouumssdmdeuiumzwIA
1919 25 cm 812 150 cm §9 25 cm 6) NaNUAUAa1MA 7) Data Logger 8) Auasussaulvih
9) gaUsuANIEIaN 10) aUsudnIMslvazoouia 11) anseonandime 12) in3osiotimiin
uaz 13) INANIUIdAMIIBNNIENEINIA 304

Ratinun Luampon, Sungwan Bunchan, Kompet Inla, and Bundit Krittakom
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 3, September - December 2019 117

£ BEPL
HI// 7%

; S
Tt ol N
AN ANANERN
' bLooo o ®

Un 1 guasaimnaasy

2. 35mMInAaeg

manAsesilazAuaNaninmasauuazamIanlinsfideuiazlnaiigie
oUW AD 9Nl 70 °C UazAINLED 2 m/s [2] dnsuzesermAn lnaiounay (C,,) ey
ViosaUUiIHIUoNINEImY 2 AIUANYIIIAMSINaeINMARIBNAIAIUANNINEERY 6 Tudndiu
0 % (Lhiffimmdlnadoundu) 40 60 uaz 80 % wanAmwnlFlumMsouwiafe Wolmia Tash
dotmfiauvilildauaniie 3 cm 817 3 om uazw 1 cm WegmnaiuazanusIansou
Imuanzideamsazinioumiaiumdealineuunneuwis Taelilfideumiadeuiuiu
FosunsumseuwinazeaiieUaiinazgniuiindnliluy Data Logger Wdviamn 20 i
AuNTIRLzAITsRUgANSUIUMTEUWRY Fayaitudinldesilinninammasesdely

WAN1INANDY

1. dnsnazesdasiuemAlnaisunsuiisonanonginssunsouwis

namsnAapsasiumsnSeuiouswhemssuuisilifiemealwadounsy (C,, = 0 %)
wasiiomeluaiioundy (C,;) Tisinsau 40 60 uaz 80 % qmmﬁau%@uﬂﬂﬁ 70 °C A Iausaunsi
2 m/s MAmMsnAReINLI Mmysuwislaeiiomalnaiounsueasiuanuiuazaansinii
hjﬁmmﬂlmﬁﬂuﬂﬁu TauAn C,, tinannduazinliensimsauwsio (Drying Rate, DR) f\m%u
LLa“aﬂimauﬂmaJ?Iu (Moisture Ratio, MR) azamag DR am‘nmsammaﬁ] ﬂaﬂmm C,;, MU 80 %
uae DR 32 ﬂﬂmaﬂimmmmﬂu M) mﬂiuwamﬂmmammﬂm Luaamﬂmmmsm"maaaﬂm
IFSanaiisnnuazsamsin LLazmmﬂMwanﬂuﬂauuﬂﬂgmmﬂmm‘saumuwuﬂlﬂi:mm
mysuwhanASIiUS AN aunRumAesaNes uaziolvadounduandoieseune WaRi
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mapuwiadogedu yliSmaanuiulundndassmnsoanadieiornds Tasedulibnlue
150 wiusnzesmaouwhouandlifag 2 uazemafilnadeundumndamnuSmuamEunaumime
suniourliforaresezimmseuwiniiosnnanusiomeanlflumssuwisgouazdumssuuio
wwuszvuidlaffeimannmeueninaauneufieznadiigiesouuis  JoilAuTmnmnnuiu
S1150018NBNNABIBLLNILAEAIN
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(M) ANUFUNUSITZHINIONTINTOVUAINY (1) ANUFUWUTTZNINIOATINMTOULHAIAD
USuaanudu LIRIDUIAY

JUn2  andnazesdndiuemAlnadounauNEIHaREINIMIBULAI USINMANTY UazIABUWY

nnamanasadluzlil 3 uaassnnduAnutuiumMIauwis nuhdasusa
amAlnaeunay C,, AU 0 % MEaauwi 440 Wi waz C, NU 80 % LUIaauwig
420 Wit FenndeyseuuiiudiszazIaazuAnmeiwdnes osnndadeiidonaneszeziom
mMsouwisnnfignfie  aamgiazAnmiioma  dslumsmasesildmmualigmngiuazas,
mAnsivhAunnmanAaes Asuudssansaasulailumsnasesidndiuomalradoundy
RHIHAADDATINMITOULRILINAN Tz zIRIMToUWAY (Drying Time)
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SEC (MJ/kgwater evaporated)
SO = N W b U N ©

S

20 40 60 80 100
Air recirculation ratio (%)

JUN4  AANUFUURDINAINUIUNIZTBINITOUUNS

m3sfnwm SEC wamsnasesasiumswioudiousswiemseuusion lufieae
TnadeunaunaziomAlnaIsunay NARANTNARBINUIINMTOULATLDUIDIMAlRaI8UNRY
fim SEC sntuuuldfomealwaiounsy Tnedndiusesermelnadisunauiiuduyilsia
SEC ansag fnamsnaseefol msauwich C,, nAv 0 40 60 uaz 80 % Am SEC whiu
742 526 512 U8z 3.14 MI/KEuuer cvaporaea ANEIAD Ltaﬂﬂlﬁﬁﬂgﬂ‘ﬁ 4 Feamiulaindienms
ouwnslaeldomedlnadsundy C,, wndu 80 % azanunsadsznganaonuaalagon 49.60 %
dlesnndlenmaseulnaindoieseuuisdnase emAdoanmiendsnuanuiousy
FnAnmsuandsundsnuanuioudvermailnadanlniilie malntfiaungfigedu
(Pre-Heat) 3uilsimsaui/aoonasnuanasld
2. MFIATERFUMTOULRILUUTULY
diothwainldanmanaasslumaumsmssuwionuudune Tnelisumslumsish 1
WIATITR AT INATNDY (MR) funmmssuwis © 1nel#33 Non-Linear Regression
uasthemsansuauiuinnelfresusazsumsluSouiunamsnases  Tngldmanuduing
mesaRiunamlumsRonsumsTImzaNs M UM TIemMssuwish sndmhaaildluGounsm
WeiSouidinuiumanaaests Tnesumsfiim Correlation Coefficient (R?) snnfign m Reduced
Chi-Square (#*) uaz Root Mean Square Error (RMSE) tlosiignaziiusumsiionzausmsuiily
vimwwq?mssumiauuﬁﬂﬁ [6] nafliugndlumaon 2 wuhaums Modified Midilli Wisgums
fumnzaudmsnhlulihumenginssumsouuisisnniign esaniim R> 2> uaz RMSE fifign
Taagim R* tniiu 0.99780-0.99860 z* tmiiu 0.00002-0.00014 ua: RMSE umdu 0.00370-0.01075
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MSWN 2 AANURUNUSNMINDATDIFNNTOUUAILUDTUDY

Air Recirculation Ratios (Cair)

Models Correlations 0% 40 % 60 % 80 %

R? 0.98240 0.98640 0.99160 0.99480

Lewis r 0.00219 0.00111 0.00070 0.00055
RMSE 0.04577 0.03252 0.02581 0.02288

R? 0.98800 0.98760 0.99190 0.99460

Page . 0.00112 0.00012 0.00003 0.00005
RMSE 0.03204 0.01036 0.00482 0.00685

R? 0.98240 0.98640 0.99160 0.99480

Modified Page . 0.00112 0.00012 0.00003 0.00005
RMSE 0.03204 0.01036 0.00482 0.00685

R? 0.97990 0.98730 0.99230 0.99450

Henderson and Pabis . 0.00015 0.00011 0.00005 0.00001
RMSE 0.01182 0.00996 0.00681 0.00298

R? 0.99780 0.98900 0.99430 0.99700

Logarithmic . 0.00204 0.00019 0.00023 0.00033
RMSE 0.04208 0.01286 0.01425 0.01682

R? 0.99020 0.98920 0.99300 0.99450

Two-term model . 0.00073 0.00051 0.00040 0.00031
RMSE 0.02455 0.02059 0.01815 0.01600

R? 0.98240 0.98910 0.99300 0.99480

Approximation of diffusion 12 0.00102 0.00001 0.00000 0.00002
RMSE 0.03048 0.00296 0.00108 0.00403

R? 0.99640 0.97050 0.97820 0.98360

Wang and Singh x> 0.00251 0.00280 0.00242 0.00219
RMSE 0.04784 0.05059 0.04697 0.04471

R? 0.97990 0.98730 0.99230 0.99450

Simplified Fick’s diffusion x> 0.00213 0.00227 0.00222 0.00216
RMSE 0.04307 0.04443 0.04393 0.04338

R? 0.98800 0.98760 0.99190 0.99460

Modified Page equation-II . 0.00075 0.00048 0.00013 0.00033
RMSE 0.02554 0.03820 0.00908 0.00541

R? 0.99790 0.99640 0.99840 0.99810

Midilli . 0.00114 0.00079 0.00063 0.00037
RMSE 0.03066 0.02549 0.02274 0.01759

R? 0.99780 0.99830 0.99860 0.99830

Modified Midilli x> 0.00002 0.00014 0.00007 0.00002
RMSE 0.00370 0.01075 0.00782 0.00434

diothmeandiuanuduilanmsimevessums Modified Midilli Tod@eauula
mIoUWisieSouieum AT IuANNTURLANMINARD Y (MR ¢yperiment) Aumiwimngld
naunIpoy Modified Midilli MR yodiied Miditi) mmimmmlﬁﬁﬂgﬂﬁ 5 mﬂﬁuﬁlzﬁﬂgmmwaﬂ
gums Modified Midilli dousnoumemanyssaina a b ¢ uas k Aouanclumsei 3 wade
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aumaveldlumsinemdnndanudunedlugloeniuds C,, ua: t TaaldidnmsAim

wuuanaeuny (Multiple Regression) wanlaainmsamuinasdugunsouuisuuutuuoaInsy

TgFmwmmmannduanuznlumssuwiieUaiiangamail 70 °C ANUTIDINA 2 m/s uaz

M Cy; MU 0-80 % Tasguuuuzasaumsua:maulssansnlaauouusanslansaumsi 9) - (13)

M3N 3 AMENUIszENSMIauuRsasaNms Modified Midilli

C.ir (%) a k b c
0 0.96140 0.00415 -0.00044 0.01809
40 0.52540 0.01571 -0.00113 0.46736
60 0.54740 0.01549 -0.00102 0.43613
80 0.72940 0.01127 -0.00061 0.23432
1.0
EXP  Modified Midilli
08 F 0% 8o
o 0% o st

o
=)

60 %

80% o _—

Moisture ratio
f=)
o

o
)

0'0 ' 1 1
0 100 200 300 400
Drying time (min)

500

JUN 5 MAUFBUHBUMIAIEANFIUANINTUNTATINMINAREY (MR perimen) TUANINIIYLA

naunsoy Modified Midilli MR yedified midgini)
MR=a exp(— kt)+ bt+c
a=2x10"C2 -1.89x107°C,, +0.9614

b=3.77x107C2 -3.22x107°C,, —4.42x107*

c=2.13x10"C2, ~-1.97x107°C,, —1.81x107

k=5x10"°C2 -4.89x10C,, —1.46x107°

air

€)

(10)

(11)

(12)
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nAnAsIEANUTIAMTIETIAUEE

diehaums Modified Midilli ﬁagﬂugﬂwm C,. Uas t INFUMTH (9) - (13) WIUNY
fpA C,, Milumsnaaesads Ao C,, WNAD 0 40 60 ua: 80 % tiloudnsANuutuelums
ynemsasnsuanuiuisumssnsamuwals TnohliSouieuiusamsnasosasoua:
LA AN US T IHAMTNIBUAZHA M ITNARBIEINTOURAIANNFURUSIFRIUR 6
TnegUuuzasanms Modified Midilli fin5hstudien R* snnnd 0.9964 diaifisuiunamsnaass

1.0
L
08 . 2
L
= ndhd%
206k o
: .
5 04 F 2
& w3t
= oy
02 F “u’
-‘.A’)'
3e*
0‘0 ‘. ....... L A4 da LA a4 4 i) Lot i d a4 1) TR % W )
0.0 0.2 0.4 0.6 0.8 1.0

MR, perdicted

un 6  mswSsuiisumdnndiuanuunlaainguns Modified Midilli (sumsh 9) - (13))
UAHANIINARDY

83Unan1INAfDY

msfinwdndnazesdadineimalnaisunduiisonarenginssumssvuioiievaianie
indaseuwisanSeuiinnnsisanguainmaesauasnud mssuwiskuufiomalvadoundy
Wlisasduanudn (MR) szanansiniwuuldiomalwadounsy Tnadagiuerne
Inadounau (C,,) tnmnauazsiliensimseuusis (DR) qa’??uu,a: MR 2zaAad waz DR
azqaﬁqmﬂa‘lﬁ C,i \1U 80 % TﬂUwmﬁlﬁ‘lumiauLtﬁﬂﬁl:af,jizmm 420 - 440 W% wazd DR
fgaﬁﬁ;ﬂwhﬁu 0.22 Kgue/min lumsinsimumsauaeomasnunui mssuunswuuld
omelnaiounaueziimanuauismasudmn: (SEC) mnnuuulildermealnadiounsy
uasiter C,; wnzwilien SEC fimsmas Tneiinamsnaseodod C,, i 040 60 ua: 80 %
1M SEC 1My 7.42 5.26 5.12 uaz 3.14 MJI/KEyuer evaporaca AHEI Fonudn C,, vnAv 80 %
a:mmiﬂﬂi:wﬁﬂwﬁamuvlﬁﬁgaﬁ@whﬁn 49.60 % eweviulaildomealnadiounau (C,, = 0 %)
foi'mi"‘umﬁLﬂﬁzﬁﬁmmiauLLﬁmmufT’umﬂ wunEums Modified Midilli ugumsiimanzsy
dwsuilfimengAnssumseuuisimnniian TasgUuuueessums Modified Midilli
fasoduiim R 1ani 0.9964 isifiguiuknamsnages
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UNARED

unAnnszaAieUsdiumassuiminussn Tneldignsmsnenanin 4 gas Wun Hiley's
Formula, Engineering News Formula, Danish Formula uaz Janbu’'s Formula sni/Suuien
uazaSIANNRNRUSfURaMIAReUMAssUhminussnATe s AN TImAsRinsaniansidiu
Unendeimanzanlaedsnamans Golnainalaenszuiums Case Pile Wave Analysis
Program (CAPWAP) wamiﬁﬂmwuiw@mmsmﬂLmL%Mﬁiﬁﬂ@lﬂ&lﬁﬂﬂﬁﬂwamswﬂﬂaumﬁmﬁﬂ
Uiinﬂﬂi:ﬁﬂimﬁgwaﬂmﬂ%mﬂﬁf\;ﬂvlﬁuﬁ Hiley’s Formula, Engineering News Formula, Danish
Formula ua: Janbu's Formula mshéiu Tned Hiley’s Formula Winanaseulnfifoous:iiede
anflgn (R® = 0.831) s Danish Formula ua: Janbu’s Formula filamaitamaitly1fou
mslignnsutaendsiuuzihlne 2.an. Weanmassuhminussmnzenaniismli
LLﬁia:QmWU’jMﬂQmﬁmmﬂaﬂﬂff&l gm3voy Hiley’s Formula, Engineering News Formula
Tt sifliaenduanaudrldselumsiossesingedu uazgidolimsnnadulaendis
1‘71'mm:amaaLwia:qmﬁalﬁwaﬁoﬁ Hiley’s Formula, Engineering News Formula, Danish
Formula us: Janbu’s Formula fiAau 2.5499 2.2555 3.7095 ua: 4.2525 ANRIAY
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Abstract

The objective of this research in to evaluate the bearing capacity of pile by using pile driving
formulas such as Hiley’s Formula, Engineering News Formula, Danish Formula, and Janbu’s
Formula to compare, relationship between and the optimum factor of safety with Dynamic
Load Test results. The ultimate load of a pile was calculated process by Case Pile Wave
Analysis Program (CAPWAP). The Results showed that the pile driving formulas that was
similar of ultimate bearing capacity by Dynamic Load Test was Hiley’s Formula, Engineering
News Formula, Danish Formula and Janbu’s Formula, respectively. Whereas the Hiley’s
Formula provides the most reliable and close test results (R?> = 0.831), Danish Formula and
Janbu’s Formula have a chance to fail if used.

Furthermore, by using the factor of safety recommended by E.L.T. to reduce load
carrying capacity from each all of pile driving formulas are safe, Hiley’s Formula and
Engineering New Formula is lower load, making it very safe but the construction costs will
increase. The researcher found the appropriate safety factor of each formulas as follows
Hiley’s Formula, Engineering News Formula, Danish Formula, and Janbu’s Formula are
equal to 2.5499, 2.2555, 3.7095, and 4.2525 respectively.

Keywords: Dynamic Load Test; Factor of Safety; Pile
VN

gumminduesAdszneviiddypesislgnasis weldsuiminsesesdenms doluilagiu
amsianugouaniminlassaolinnduilasnndedAnmuiud IMPAY uazANNLEDR
paoguauifion Massuihminussnneespunnaudslifisswedmsunsnesss g1usnan
wiagmunidndssududmsvlflumsmsihminsesiemsasgiuauan
TuilagiuiAnsgauaunuisulfaumsmanonaiiuiioniuauaan ez sz
Mdssuhminusmaenanidluieo  HesnndzAINaISaRINANGANTIHTBIEENTIAA T
Tuszndiumseenld  egslsimumdssuihmindlinnsumsmssensduiinnuiiiedes
wnsdiadenaedszmaiifsdoslumsUszdiuidssuihmin wu nasmuilflunseen uiia
uwazpwInTeE N AuENTATEsIERTeTE YN urelimmateumdssuimiinlneisau
iensIaeumassuhmindisansulAedosneuas
Tpomlumsnaseusndnlusunisilinafiuduggalumsiuduiasesaninie
M3 Static Pile Load Test uaisusimlifanouiogouazdasliiamageun doluiagiu
fimslimsmaseuuuy Dynamic Pile Load Test iumaienis:vdn via51 ualdiuiniosnd [1]
uaznamanAteuSeufisuresisnadeumassuthminus i neIanaran3  (Dynamic
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Load Test) fhAsnilofifionlinnseunenmilennisainemans (Static Load Test) tiooanli
gunsaizmmdn wndeuieldazain nageulisanss naldune wazmaseuldnedueauaen
Wil demamaseulngisnamansildimmaseunSeuiisuiumanaseuTneisaanemans
wuhinalnffesiunn [2] manageumssuiminvenaniuimeiSuuunamans hiidusaiuna
mssuiminzensnduiAiznis Tnepnuduiuss:niwamsnagoumssuiminpeoau
wwuwaAmEnifuisnaseuuuuainemansluAungomniianuiniedie [3] waziswamans
sunsanTREeumANNENysTiTaasEmdoei mmdssuihminussynrenanin manaze
miousadoamuzenaniy massuihminussnaivmedy anuduiussniemssuimin
UIINAUAZMINTART  AMIIBLIOALEAURUIIAUAITIARTUSNIIMINAGOL  WazNTILd
Uszindmmoesiiudunenisiiu
nuIdeaiulngazAnsnlsouisugnsmanenimnaunuisainemans [4] - [7] uaz
WisuifsurnamIanaseunuusinemansiunamans 2] - [3] AoiulumsAnmaioizonihnans
fwailinngnsmarenaiinliSoudisuiumnageumeisnamans  Tnsa:nageuLLY
Restrike Drive Test (RDT) iflumsnageundomsanaosnidaluud 7 - 10 Ju dielifusey 1
widinmssadmmervilimdosensiduiiduinge [8] - 9] sensamilsaiuanuusiue
PosENMIMInenELTung 4 sums laun Hiley’s Formula, Engineering News Formula,
Danish Formula waz Janbu's Formula ifieus:iiumensdimuaenieinzay uazaansn
ﬁﬂﬂﬂizqﬂﬁl,ﬁaﬂi"uﬂqaaumimimaﬂLml,ﬁsfl,é’ﬂuamﬂm

NNl lumsanm

1. gasnsmania@ndy (Pile Driving Formulas)

qmm'ﬁmamanﬁu (Pile Driving Formulas) Vl,ﬁmﬂﬁmﬁﬂmiﬁugmwaaﬂgmsLﬂﬁau‘ﬁ
poItIAU nandau (Work) uazwavau (Energy) mﬂizqnm"lﬁﬂumaﬂs:mmﬁwﬁﬂ%uﬁmﬁﬂwan
wuanlupniimssen Taslddeyannmanenands laud dminoesiu Anugsfien ua:
sruzndnanadionan Jagsasisudy lumahnueinse:iaiduaaniionaniuas
winhmmwasiommaauirensrennionss  msldaumsmanenisinezlilumsaiuay
manensdn elidunasilumsmuaumanensndn wazlimuaumsnenliliniiauss
Tusidugeaunsnosindiza [4]

ﬁ:;LLﬂiﬁalﬂﬂaagm'iﬂﬁmaﬂLﬁmﬁu

0, = 1}1wﬁﬂUiinﬂﬂszﬁﬂﬂaﬂLﬂ1Lﬁu (Ultimate Bearing Capacity) (A1)
W = dhmingesgnau (i)

h = 9:8:0ngnANgIINTLEILIN (LOUALNAT)

P = dhwminzessndy (i)

e = dszEnsmwmanen = (W+Pr?)/W+P

S = smzieinan TneAnwasanmsnen 10 ﬂ%v'oqﬂﬁw (lUALIAT)
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L = ANNYNENIN (LUAT)
A = NUNNIAADDILE DN (MFILTUALLAT)
E = Tupaadangueoidiin = 282.84 AUABAITIILIUALIAT

1) Engineering News Formula (2.60.%. [10] uuziilald F.S. = 4) Aosumsi (D

WhY
= (1)
s +2.54C
Tneii
C = 0.9 dwmsugnAuiase (Drop Hammer)
C = 1.0 dmFugnAuuuudu
2) Hiley’s Formula (2.6.1. [10] uuzitlild ES. = 4) Asaumsn )
eWhz
Q=""7¢ )
S+—
2
T C=C +C,+C,
1.80 L
C] — 8Qu 2
A
720 L
¢, %720,
A
¢ - 360,
A
L, = ANUBLIZRINT HEDUITOIRAENTN (WUAT)

r

Coefficient of Restitution = 0.25 lunsdinedunauningnaen
AMugNANUEBIBIAIENIT DY

3) Janbuw’s Formula (2.8.91. [10] unztil#l# ES. = 4) sosuman (3)

0,=—= 3)

_ WhL

Tneh A= 2
AES

C,=0.75+0.15L
%
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K,=C, 1+ 1+i
C

d
4) Danish Formula (2.8.9. [10] unzsiil#l# ES. = 3 -6) Aoqumsh @)

eWh.
4
g4 eWhL 4)
2AF

0,=

Tnen
e = Uszandmwoesduau =0.7

2. mimﬂauﬁmﬁﬂmivgﬂﬂaoLmtﬁﬂﬂﬁ%’wamﬂm’ (Dynamic Pile Load Test)

Seubsai, S. [11] na1171 ManaAdeulELdulAeISNameans (High-Strain Dynamic
Load Test: DLT) iihi¥smsnnageuisnidudnguuuunils dosnmnsavnmanaseuliiuaninnounin
(anBupeAuAzELdma:) Widuman uasandnld dumsnageuiemmasussnavecsGy
(Pile Bearing Capacity) A1n13n3AAIzaataLan (Displacement) A1AMNLALER (Compressive
Stress) uazAULAUAY (Tensile Stress) ARl NehMInAtey wasilimuAss:imsam
woaihudu (Hammer Performance) Mllumsnonisidy 5aumonsI9seuANNuYysaiuo oLy
(Pile Integrity) TmameuMiANuFemeniodounnsomdell uwalifeyalumsmnunnnsgiu
smsumsmene iy (Driving Criteria) swiulasemsla smsumsnadgoudninlne swamans
02 anuoe Ao

1) msnasouazmMInonendn nitial Driving Test IDT) himsnasounazinms
pondy Tnemludumsnaseuitemauezesady (Minimum Pile Tip Elevation)
dmsulassmauazareseudszandmmeeiuduilflumsnen (Hammer Efficiency) 3mioms
MnuANIAsFIUMIAoAEILEN (Driving Criteria) smsulasemsiu 9

2) mInAsUVRINMIARANEIEN Restrike Drive Test (RDT) umsnagoundoms
Annaidaluuialusezoamils  Tnemlddumsnaseudfieduduanummsalumssuimin
ussaEndn (Pile Bearing Capacity) Jufulumudedmuniiosnuuuniela siusoanin
AnuENystieaE iy TasansammsnageulioEiunenuazs L ane:

dnvazmanageudulagisnamans  azldandnhminusesnszunniivasidy

Werlianduimanieusd MausonszunnzesgnaNULiEENtualiARARUALAY
(Stress Wave) aslUnaanA11ue1209A L& ILon UWRARUANILAUAINE IRz TEUARLTUIN
yilimsuAsussmumuiiymesduuazmuinsenandn  AuaniAnamonwsessdy
summaudeyamaAsuulasiinunAzesiuinhAnaidsinasey  doAauANmALRING
azgnuuinlagldmulsdmaim (Transducers) FoUsznoumemnsanuAsen (Strain Gauge)
URZNATANLSY (Accelerometers) anRuuSAladAUTIEEY ﬁfyfynmﬁlﬁﬁmzmiwﬂaan
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sxgnuiaslieglugivosmianss (Force) uazanusa (Velocity) dwsnansahldainszimmay
usInTeIEIINIMndouaely Jodeyams 9 s:udasluaIesdnszinsnonddy (Pile
Driving Analyzer: PDA) [11] Au3u# 1

SUN 1 1ATBOIATIZHLAZMTAAAINIATANNLATEANUNIATAINLTY

MINAROUELINTALITNAAINNS URZMITANAININTAINTILAZIATANINATEA
fidunageumuaAy  lumsnageunnAseidudunenasuuiEin in3eomaTeUE DY
suAoudyanmemden (Analog) MnmasANSIRzNAsANNASn IWiluusouazansy
TuszuuAana (Digital) Wouiuaaua LLR:‘IJ?’]ﬂg]‘U‘LlﬁlE]Lﬂ%ﬂﬂ%Lﬂi’l:ﬁﬂ’liﬂﬂﬂLﬂ’]LﬁQJ pousi
MasmenEIINTaNANOUEILEN MIIMNIIUTayamsnagaunaaanal @nsaldlunsine
ihminussnnzoaEdy ﬂmﬂuﬂizﬁw%mwm\iﬁuﬁ (Hammer Performance) Tunmsaome
Waou (Energy Transfer) wazaansninusafiuiiinginmsnenendy (Driving Stress) waz
Jnnilsaiiupnudemeneoaiu (Pile Integrity) sumndudeyadmsumsmuinaums
MoARUEIMSUMIABNLE LN [11]

M3IATzAme CAPWAP (Case Pile Wave Analysis Program) (u3smsinszi
fusmedeyamenamansiinldlumsmaseuimaSsudsuivusodeanmsalianms
Ainnzilagliaumsmersulumahuwemasussynmesnemansoeaaniy (Pile Static Bearing
Capacity) 35m3svas CAPWAP slnifnssnuisansiasounannsoos Case Method 1a
FofdoussnnUszduzenandy (Ultimate Pile Bearing Capacity) 7l#91n CAPWAP 4zd]
AulnaRgsnumMaIUITINNGogaTaIta LN Iainafans (Static Failure Load) [11]

manaseumeisnamansiaamsliiniesiinnzimsnensndy ua: CAPWAP
danuszmnuazaaasninlilimasssair lldlulasomsneasoas 9 Inedszlogu
amnmslimsnageumeisnamans fe vilidmnsgesnuuunaudeyams 9 lAmndodu
daelumIsenuuuuazmuANMIReMEIdY  diothieyanlfniinsanyszneuiuamsndiu
anutsendouaziminussnneenuuy nlfandamlumsiesouszmnessogusn i
UsAnsmmmanuity annauaslsndaalide [11]
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AMIUMSANE

mddeisioiui:Aing esenSeuiion manTdLURA BTIAINEN  URINMIANLRNTLS
Nnwazasmssuhminussnnuenauiuinelnegnsmsnenain 4 gasfie Hiley's Formula,
Engineering News Formula, Danish Formula ua: Janbu’s Formula t3suinauiunanagay
Dynamic Load Test Mszanamanaseulaelusunsu Case Pile Wave Analysis Program
(CAPWAP) TngrhmsnageuilSeuifisuivisninnenluiuinan: usenioomite Usanelne
WBRInARBUIINANTARRWRBNIRIEAILA 026 030 035 ua: 040 m. ANuENNETY
6-14 m. 1431 32 Ay M3nAgeu Dynamic Pile Load Test ifumsnaseunasmsinAoueiis
Restrike Drive Test (RDT) fiszoziam1 7 - 10 3u wasanaensmduaiaiielimginssuiu
MasBo oL BNRNTY

NANSANE

andeymandy 32 fu Whuwihmsiensideya Muwmmmassuiminusmals:auaes
EIBNINGATMIABAM Tﬂtﬂﬁwaﬂaﬂm‘nqﬂﬁumﬁﬂmﬂmﬁmaﬂ 10 ﬂ%v'ﬂi\gﬂﬁm (Last 10 Blows)
wWisuifisuiuaniminussnnuszaeanmanaseulasdsnamansiusananalasTusunsy
CAPWAP

1. wamsvagaumdssuIMinusInUTRBIngRsmMIrenELiuAuNanITNARDY
TaeSnamans

Uil 2 wuhmassuhninussnnussdeifuanilian Hiley's Formula fidniszanm

fnsAssiunamsnageulnedsnamaniiniian daunamamuimlag Engineering News
Formula a:5immassuthniinussnnus:aetiosnhimaeulneisnamansifiousionun du Janbu's
Formula ua: Danish Formula a:Winamseuammassuiminussangeniwanldnnlusunsy
CAPWAP dsainwamsnaseuimasain Hiley’s Formula &z Engineering News Formula
fifnAnuaends dauaildan Janbu's Formula ua: Danish Formula filamafinms3ta
wnfign AnihminussUs:Rbzns Nl 23 - 32 Aldnngasmsrensdnlimaigonn
dosnnidusidusunamingn 040 x 040 m. Foonuuulfimuammaniminussmnusendalin
60 -80 AuroAl ARAUANIUNENEINAUANM B LEullAs:o: Last 10 Blows Tnamnun
SLUZENYBIANADNTWIA 5.0 - 5.5 AU A1sz8z 100 - 130 cm. unalimmassuihminussnn
Uszauiiagy
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SO T T T T T T T T T T T T T T T

| |"~®-Hiley’s Formula
-=&:=Danish Formula

'-@ - Engineering News Formula}

400 = [.<@--Janbu’s Formula

e Dynamic Pile Load Test

300

200

Ultimate Pile Load (Ton)

100
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e
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Ny .
-
[ ==
Y
oo b=
O =

Number of Pile
Un 2 mdassudminussnalsrapngasmnenmiiniunansnageulaeisnamans

1011 1213 141516 17 18 19 20 21 22 23 242526 27 28 29 30 31 32 33 34 35

3UN 3 wanIHaTaINIINANNENNSALA el nansAuIMNIAIIzANI0n00Y

Wordy  iomANNENIIS B NNNINUIINNGIFATOILENINIINTUN TN IADNIN LINLARENNS

Aumnlannwanaseulaediswamans lngliismavaosiosign (Least Square Method) nuilla

Amunlidunsw@Iugg (0, 0)

0119 QUpregir AB MRITVUMTLNUIINNGoFANAIIULAINGATNIIABALEIDUAG
uaz Qupyr A MassuhutnussnngegnnAuinlngdd CAPWAP alannusduiisoeouaa:anms

Ao (5) - (8)
Hiley’s Formula :

Oup, o4ii=1.0377 Qup,; 1

Engineering News Formula :
Outp, oie=0.90222 Quy, 1

Janbu’s Formula :

Qup, i = 17011 Quy, 15

Danish Formula :

Oup, pyii=1.4838 Quy, 15
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PNANRANUFUALST LA HNUT Hiley’s Formula ua: Engineering News Formula
T ldullumaieriu fie manudusesduasmiimsanadiladnis dumneanu
mlafianulaendolumsiil1d & Janbu's Formula iy Danish Formula manuiuzes
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Dynamic Plie Load Test (Ton)
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Uil 4 dlethénndutaended .80, wuziilildunihmsmuraninszims
anaeoidaay Taeladmualidunswwiugn (0, 0) 8119 Qapege A ﬁwé’a%’uﬁmﬁﬂminﬂ
ﬂaarﬂﬁﬂﬁfhmmlﬁmﬂqmmiﬂamm[,ﬁwho 9 Uz Qap;r AD ﬁwﬁo%’uﬁmﬁﬂmmﬂﬂaaﬂﬁﬂﬁ
fuwnlaellsunsy CAPWAP fifmunsansulaensouniu 2.5 asldanudunusseounas
quMs AoEumMIn (9) - (12)
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Hiley’s Formula

F.S. =2.5499 ; R*=0.831
Engineering News Formula

F.S.=2.2555; R*=0.751
Janbu’s Formula

F.S.=4.2525; R*=0.785
Danish Formula

F.S.=3.7095; R*=0.769

PNANRANUTUAUSN AL WUERTEINIREANSINZENLUNAUANAIINN 289,
wuzihlagignsves Hiley’s Formula, Engineering News Formula wa: Danish Formula 3imennm
N 289, wuhegn 36.3 43.6 ua: 7.3 % musay §3uped Janbu's Formula Imunnmusg 6.3 %

f3Unamsfinm

sqUramaSouidfisumassuihminussnniisnadulaendoms 9 TesuARzgRIMIABAELEN
warmanaseulaiinamans deinainalaunszuaums Case Pile Wave Analysis Program
(CAPWAP) Qﬂim’iﬂamﬂuﬁu 4 gns laun Hiley’s Formula, Engineering News Formula,
Danish Formula uaz Janbu’s Formula ai3ouiiguua:as1AnuaunusiunanIsnatoy
Mdssuiminussmnzenandy Smdsfinsaniserndiulaeadoimnzan wuhgasmanen
wnduilinalndiAssiunamamagouniminusmalszaelasisnamansniign  laud
Hiley’s Formula, Engineering News Formula, Danish Formula uaz Janbu’s Formula musau
Taedi Hiley’s Formula linanasevlndidssuaziniefiosniign (R® = 0.831) §9u Danish
Formula uaz Janbu’s Formula flamauamniinlyldou

msldonsdiulaonns (Factor of Safety) fuusilag 269, eanfdssuimin
vssnzenEiNRfmwIAlAuAasgnTnuImgRsinnuUaends  gaspes Hiley’s Formula
ua: Engineering News Formula i siililaendssnnuadiliselumsnoasoeiingsm
uwaziNdlimenduURendefian:auvaousnzgnstlfinadoll Hiley's Formula, Engineering
News Formula, Danish Formula uaz Janbu’s Formula 8awmau 2.5499 2.2555 3.7095 uas
42525 musAy Gefianuuandendandulaenden .80, uizi Tnefigasees Hiley's
Formula, Engineering News Formula, Danish Formula wa: Janbu’s Formula fimend

N 2689, wueen 36.3 43.6 ua: 7.3 % muaau §3uzes Janbu's Formula dimunnmaeg 6.3 %
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Abstract

To drive aviation and logistics in Thailand 4.0, it is necessary to use a fast, safe and reliable
technology. Radio Frequency Identification (RFID) has adopted into the transportation
system in order to identify and authenticate the passengers, vehicles and goods. However,
The RFID in transport application still has some problem about the security of ID data.
This article presents a method for increasing security in applying RFID to be used in
electronic toll collection system. By design and create a security code called Meta ID and
authentication protocol of the RFID reader and tag. Simulate an electronic toll collection
system that uses the Meta ID code and proposed protocol, compared with the original
system that uses the fix security code, in the case of 10,000, 100,000 and 1,000,000 user’s
tags. The simulation results show that the proposed system has a lower probability of
hacking success than the original system in all 3 cases. Therefore, concluded that the

proposed system has the security performance better than original system.
Keywords: RFID; Pseudo Random Number; Electronic Toll Collection System: ETC; Logistics
VN

Wil w.a. 2558 Ssunalneldimunidermidoulomeiidend Usandlne 4.0 (Thailand 4.0)
iormuATEgiaresanAlUgaNuuAg Sofs uRzdoiiu MemsiamAEmATIN 10 Ny
niloluiudsioifinnudiAnAgrannssumsiuuazladaind (Aviation and Logistics)
aaladAnlumstuirfeugarmnssunguife mazudouazuImsmulaIaRnaNAEIMANNTING
Unendt uazfinTanhidedogs MMsAMNALIMIDIMA wazmANAL mMethmaluladdeniam
UsuldlunszuiumsnsrameuuazduguaanulunIsHIume MININAIY LazN1SoURIdUA"
Jofondniueds Jegtulszmalneimummsanaususollgsuudaluia iesessy
USinauUs:inng s uwasmssudeiumiiini mausiniesiyendnualingiieniu
ANuAINY (Radio Frequency Identification) i3undu 4 91 e15towled (RFID) luwmalulad
dwsumsustlendnuniinguiefszasmeniuanuiingiionstudumnuues ingniefovaotiy
(Identification and Authentication) Dagiiulagniliszgnaldetionssnslufamsauun
pusouazladsang [1] - [2]

madszennldosienledlufismsanmanoudouazladanngd ae10in STUUHILNOURS
mlnomsdiannseding (E-ticket) dufiflymmumszuiuvasdoya (Collision) TImdsmssnm
Anuaendtrastoya (Security) lunssuiumstuduminy Wy msnenuuunielaauilosia
w3etinstheifieliidh (Cloning Problem) msAndusvisuazdoyaaus:niemssudilunszuiums
As19soUIE (Tracking Problem) iluAu fiunAnwidsvmsunanulamuemsnamoisionlod
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Thiinnuuaondvzesdoyaioil | dlunudume 9 enfegodu [3] Iiauemsinn:i
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mwanUsinsmweasszuueniewlelaglimsesnsuuy Frame ALOHA [8] lfisueTnstnaea
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atnalsfimn nsnpeafifinnaaendegudoniinnuasududeunazfosmaninennags
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mﬂmif\iﬂéffgmwmaﬁummﬁiwqﬁmauﬁuwmLﬂ?laﬂa'm (Reader) nuthe (Tag) ﬁusiﬁ;iﬁaﬁu
(Code) MHlumsnsmevua:ziuiuimmuzosiufmiedsans 2) thearsienleAdsoslumaum
wIeusieluimssudaiumsesen Lifesueomiu mﬁﬂmif\iaﬁfyfmmﬂﬁ'ummﬁiqumﬂﬂa
woUszum MANANUNUMULRZARNDIAINIITIULIAN §1N15081U518NTRUA IUlnAINTD
FoudgsdumlalaelisniufesmeniuissomIedufmiu 9 meomail o1sewloAiaduiien
danlflufemsms 9 Presmsanusiuaslaendy donislutiufe sruuAumrmumeie
8nTusiA (Electronic Toll Collection System: ETC) sousadlugud 1 dagiumsmafiauui
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Uszwalnglfiszuufummumeiiassaluifulflunmedumsluiufingommamuasua:
USumma iy @umofABanesY IWumMoRiAsUNE-goRTaA Wumeysm3a wWume
NOMBSEIW-UNIUSzAY wazdu q MofliiofulssAnSMnMSIAAUAHINMG WazaAA
Tuuamsona (Queue) 50IMUAHIUNIY

Rfid Reader Database &

IPORT™ External
Frame Grabber

SUN T STUVNUAINIUMINLAYO R LUIR

aofsznavzesersewlenlussufummumeitassTusiRs 3 sundAguans
fogUin 1 fa (1) Theanitewlef (RFID Tag) usifusviavdomneas 1D Alddmsumsnsiasou
wazBuduinu Tremlduditheersenleduvsesniu 2 Usaanie thewa@n (Passive Tag)
dutheildfuumneilufies moulaserdenasnunnmamisniauuwimanlniian
idaenu Mdemssudotoyaszezdu q Mdivdesmedieiuan uazihouwsniin (Active Tag)
dutheifiuumnedludues  houlpserdendsnuuumnoIuaznasnulwihonmsmiloni
suwuwimanlihaniasesemioys demssudeteyais:elae sunsoAnAunmnIzanmh
eumnusld (2) n3esemdeya (RFID Reader) Us:noudie 2sasiudiasumimusimanlilih
2wassudeteyauazsusianionneas ID Mnihefiialuideins indosemieyaazinm
UTNAMOLTIdooRIuNIIanlula ue: (3) sruugiudoyauazn1sionnuiy (Database and
Billing System) viwthifivdoyazesilinunsaasiadmsumstuduin senduluiind
mamummauMLa:MIAnsontydenTuii  sruugudoyaazAnadluemsdninnuauny
murume wazidenserulassmedossluduieyanmaiieusmsnseuasulimaediums

2. BONLUULAIEI IR NIANNLRANY

nuasiEiiomssnmANueends fe svsaudeyaililunszuiumstududinu
vasesienled duasfeoiniofiedluszun (Uniqueness) swafia:gnimunduiietsventoya
wwzAdlunszuInmInsIsenansaiuazn1siuduau  (Identification and Authentication)
insesemazhmsAnreduiheeniionled WewnSesemsnsneuieyasisaniheuazSoudioy
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s IuieyasTEl  nsasemazBuiumaurasthevdednionisfeduduiliiues aendlsimu
Fayasiaiazreaduanudusriaaissemuazihetdwiniu neiiieilosiumsunsnugs wie
mafeteyn viomslanAieaiosia (Hacking) 91nlas:aoAd
unANuilhEueIsmassvEaLNMIsBEnMseiindgiiend Maximum Length
Sequence Pseudo-Random Noise Generation L%Uﬂfiiy'u 9 M3%s PN [12] LLaﬂﬂelug‘lJﬁ 2

Sunn Sudu
R
g

.
\\%h

. 915 PN
Ay rmunRm I I T T T

JUN 2 wasEIiEeguiunuuy Maximum Length Sequence Pseudorandom Noise [12]

siig PN ilusvisfiasnduansesdidnnseindnvszneudie indsdames (Shift
Register) Snaunisinedoniuuuueunsuiierminfiduesfs:neumsuszis (Delay Element)
uaziimsilounauvessanunndnasIsnes (Feedback Loop) athsios 2 munusnaulugomusmu
inesiAIsmeimusn gneesisnnsasimAuALEIgIgn (Maximum-Sequence W30
M-Sequence) liwhdu 2" —1 e n fe swiuzesinAsiamesilinomun egislsinmu
mslilfndssianfinnuuanmoiuiuiuogiuAiaudusas Delay Element uaziunsiouwii
(Taps) w8y Feedback Loop faguit 2 dnidsueglusunaludfiealddsaumsi (1)

X"+, + X+ X+ X X +1 (1)

X" fAe  MunuogesinAsIsmeInimsunldayaianemunieen
atnatios 2 suvidsimhinsanimunguenla 2 (Modulo2)
unuAlaAzosniny @ lugun 2

dlethsiia PN fleenuuuuazaswiulusiuuuusenla 2 Audeyaade e:ldsviadud
Sonh Meta ID Fofusiafaihludeusmineanusilululasinsesihoersienled auadu
fudeundennuennlumsufisise:duegiuniseenuuy Feedback Loop sanfsdeyafnsuiu
lu Delay Element #imuunalaiai fmotodu feysasirasmatuiinluihefe 2135567AAC
wanihimoguseosanilusmivsia PN fisswiu snduulaokadnsiaoguseniugmiunn
a:fs7 Meta ID fazidouasmbeanudilululasinoesthedagud 3

Prach Asavanarakul and Amnoiy Ruengwaree
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 3, September - December 2019 143

ﬁaPN 1110 0010 0101 1100 1011 1001 0111 0010 1110 O(m
D DDDDDD DD

goysass 0010 0001 0011 0101 0101 0110 0111 1010 1010 1100

BEEEEEEIEE

WORWS 1100 0011 0110 1001 1110 1111 0000 1000 0100 1101

VY Y Y Yy Yy oV
@taﬁID 0C 03 06 09 OE OF 00 08 04 oy

UN 3 wasmuuuvenla 2 vassia PN Audeyaddv

3. sanuuulnslnpeasisienlen

sAvtureuuazdommuAlunszuIuMsAnAefomsiusaATose MTNR (397
giueyn) AuiheSond nslnaea (Protocol) finszuaumslaesinde ietheimnluide
ymszeoiAIesen  n3oseuasimsinAteniheietesiumssuiusesdoyn nsdiithe
USnmnn 9 eglAdenmsenadesen deazdonalimstuduauinanuianan Tnamm:
mstuguaurasthetinslasans wIensaimsts:gnaliduiumeguumemudisomIaaum
fussgludneumuuesindouil utnmuideilimhnsinresilosiumsnuiusesdoyamnuszansli
enaseuiuiheerstenledziia 13.56 MHz ISM Band Class 1 Radio Frequency Identification
Tag Interface Standard [13] nnwihmsesnuuulnslnaeamsiessuazmsiuduinuzas
ansenlefsmsuszuuivmimumoiiAsenluianlisrasnmausendoinieue  sunsums 9
sInIuaneAegUR 4

13Ul 4 Aszaumsindedieanssmhoaieseuuaztheensienlofazimmsin
sisduiesnmANNUReAdssnUTIBRUAE LM usAnen lUuazandy - siaauRld
Annodeaseas9nnaduAiedsasdidnnsefindfisani1 Maximum Length Sequence
Pseudo-Random Noise Generator asusadluiife 2. siaauAsnanimmzadasemivihe
fmdsAndeRemaumuasin  BnmssvimaunliRnreiossluwiaznsognaotudie fifiesasodie
Fodumseniazinmuunzsesdoyasdoldlunmsudu  dolumsindedemsunazasoasld
panfiesliATadIniohTu [3]

4. Fmesdaunsal

M391RDINAIUNIAITVUALA WIS ABEALUGRA  ludiugesmsoanuuuuas
§5109%8 Meta_ID ROLAMINT109%s PN mi'nmmuua@h 2 MIUURuRDgIN LasnIiudu
mnuzasihe (MaIfe 00AINN UNZATIVNBUINETONR) Isriiiumoguuisuws (Firmware)
fdausumeTUsunsy Microsoft Visual Studio shumsindefiosssznionIesen/ douteys
futheenfiewlo azvhmsidieusaru RFID 13.56 MHZ Read/Write Mifare Module #aiihily
MuUTOMNUANIAGEIL 13.56 MHz ISM Band Class 1 Radio Frequency Identification Tag
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Interface Standard swiumssmasmsnasaumsnusaserfievleAsiinsunusmitliluszoy
dAuAHumefiAsAlugAmmsousneAogUil 5 dodsznoudie 3 daunan WHud daudivisie
Tsunsuildass nsramey wazdududmiauasyinusguuszuupeniinnes diuiieie
inesen/deusiaienldfmiisumiuaiesemuingiiuig /oensosmuiunofitiy ua:
dmgamede TheorsiewleAenlduuuiAeinuinsHiumeniAsanludd  w1simeSdmsu
madresaaumsaimnualifan e 1

< )

@ inseueudsnausimanl iy Wake up
@ hefiingsze:msemiemefn (Queue)
@ wSeoednmn uasdnardu PN, lithefisesme
thesdwwia Meta ID andeysddoivaesn PN,
uazeho Meta_ID unziansu PN, luiine3osem
@ inSaueunansia Meta ID fuiazdu PN, litaya
930 (mneiaw) milarsseuivguioys diliny
toyav:zuanudend i Unidentified dmudeyas:
usnutennu Identified uansmstudummuvesihe
wazdomsrolufoszuu Billing  waziniugums
ln/Ualiiiuno in3esewinmsguioyaiulnsian
Poyaln MnsnsIsNeudeyalniiugudeya a1l
drivteyaiifiogeihmasuianguieyaeioyalni
(rihazihmadulng) ia3aseuaioaid Meta 1D
ingeyalninumzgu PN, dulvihe

theaensiis Meta ID Auavga PN, lidoyatse
Tmituiinlumeanud hedngnn: halt uszdn

MsnARAD

un4  Inslnpeamsieasuazuduninusznilnsasendeyanviheeisenlen

WunsuaNouaznsIass =—) a5p907U/ 1 Dousa = 4mssm {j7g RFID

WSHITUUTVUABNNIADS LATBIDIULATHIUNY UATHIUMIDALUIIA

JUN 5  mydmesdaumanisid Meta ID  dwsvarsienlefsinaunumlussuuauamadumeg
AN IR

Prach Asavanarakul and Amnoiy Ruengwaree
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 3, September - December 2019 145

MIWN T WISIHMDITIMSUMITIIRBIFIINAIT

WNdnes eNLDYA
Standard ISO/IEC 14443 Type A
Device RFID 13.56 MHz Read/Write Mifare Module
Meta_ID length (HEX) 10 im
Delay element 64
PN maximum length 18446744073709551615

WAN15IBURZMIDAUTIBRA

mmanageullsunsusyia (wa ID) Aees 7D 74 DB 66 9A avluitheersienleAvesyldou
meTusunsuiiliasiosvia Meta ID wazInslnaeafiinaueusitilvguuazdusudinumu
soumstifneslugun 5 dwau 5 s Wnademd 2 wohieysfeulfimaseiugudes
wasimwAsulunaseunse desnndmsstinnsidlminnaseilsaunaduse anuzpe
msbuduiauAe Identified wxnodomsBuduinudusas mnduhiheersionleAdeiudl
wnlUsunsusviaietns 7D 74 DB 66 9A 8nass udnhluemmensesemensionlefuuumoin
I@nanumsefl 3 nud nIeserinmseudenadmaisnse undeyaiewldlinssiusis
M) Tugudeys dmuzpesmstudumnufe Unidentified usnofomstiudumeaulisgnsa

MSN 2 WamsiudumInuansihamenIasauarsienleanlilnsinaeantiague

s 4 doyasvia (1ny ID) 7 toyafe A faue
e Weuasithouazguteya anstovlofmiaue (Status)
1 7D 74 DB 66 9A 7D 74 DB 66 9A Identified
2 1A2612C170 1A2612C170 Identified
3 D840 E9 91 26 D840 E9 91 26 Identified
4 08 7A 52 64 12 08 7A 52 64 12 Identified
5 8736 3C DA 60 8736 3C DA 60 Identified

wamsnasaulumaen 2 wandlidiuh madeu/sdeysluiheanielefmeniose
filiisvia Meta ID malnsInpeaiminauesnsadusumauzesiheldiesa: 100 daumsed 3
waaliiiun  iedesemenstevlefuuunoinlisansaemuaiuduinuihvenseledildsia
Meta_ID mulwsInpeauuulndiivhseld
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MSN 3 WaMsiuduAIAuaBihamenIasauosenlaAuuunsAN

toyasiia (1av ID) tayanenlalavmieiu s

ﬂ%,\jﬁ ~ (4 v I3 = & a
weunotheuazguteys a15tenloAuuuAsLAN (Status)

FF FF E8 13 9E 26 AF C5 72 44 BC 6D 78
1 7D 74 DB 66 9A 50 66 2F 66 8F 95 67 45 40 35 DF 54 56 Unidentified
7D 1D A0 10 8F BE 40 0B FF FF

FF FF 8E 4F A0 34 03 7C 7220 46 12 BD
2 7D 74 DB 66 9A 7B 74 BE F7 38 F3 3B 7B 52 99 66 54 32 Unidentified
87 62 65 3B 9D 2F D1 BC FF FF

FF FF 11 9D E6 03 8B 4F CC 42 16 A7 DO
3 7D 74 DB 66 9A 8D 9B 7D 9E 10 6C E9 3D 65 11 55 EA50  Unidentified
D7 D708 CD 72 EC B8 94 FF FF

FF FF 36 9D 383576 31 A3 23 5474 1E
4 7D 74 DB 66 9A Cl1 16 D3 18 59 4B E9 E3 53 EC 2B 85 31 Unidentified
95 04 C6 81 FF 42 3E DD FF FF

FF FF FB DF 2A 7B E4 2B 0D D3 A0 B2 OF
5 7D 74 DB 66 9A 9AE9 7TECS80E 8 ABF1 1D 7E 31 2B Cl1  Unidentified
61 C2 D7 DA 00 EF EE

MIIATimmlaeAduzeeszuuiiEennmmdienmmualunsi 1 the
orsieonleanliduuuy Mifare Classic 1K mmmﬁuﬁﬂﬁmﬂa%ﬂﬁ 100,000 A% VUNINIFIU
ISO/IEC 14443 Type A luthuersiewleAnfisunusmiinnuenisessiasiu 10 Tn (HEX)
Tneluniissuusnnsomuunsid ae ID) Rladauldnimun 16° = 1,099,511627,776 %30
Uszana 1 dhuiusvis feunnsmozesszuuihsueius:uunainfe suummudiornmslusunsy
s (o ID) adluihevesilinula q wiedlisansabhanlialitn s ae ID) Wanms
guienuazdeuadlumbeanudwesihededaliny  anmhaniusesanudnsalumsiaosia
(Probability of Hacking Success: p(N,) azdusgivimauglilus:uy uazdwauniones
anuneneulanfiiodiosia (Number of Attraction) Aamthazduzasanudisalumsais
SHEMAUARIRNNISN (2)

_NA'NL

16" @

p(NA)
Toad
N, fa  dwupsennesulaum
N, fe  dwugliniethe
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Tuunamaiifmunesfsznoumsuszie (Delay Element) 411U 64 f1 §as0aao9vis
AfiANuETEUINAY 2% - 1 = 18,446,744,073,709,551,615 w3auszana 18 x 10® Iw szuue:
yhmsguAnsTnsoa: 40 Innnnauaiiesaniutoyatde (me ID zasthe) 10 wanuuuuagla 2
mavaiuuuuianedn wenmnilszuuiimsmiiumsstnnsidlninnasimsbudumnuanse
simaunliAnfedemsiluansntun wazfeunnasimhmstossmmlluszanaumuinsinaea
minaueluide 3. mlirnuhaduresanudusalumsdosiseniuludn amnauhaadu
gasAnuanSalumsdssiadana s safnuadauMsi (3)

N,-N,

P(NA)=m

3)

msansissusuanuiasiiusesnnudisalunsaiosiassnineszuuy
ArumefiAssn luiAuuuanAniliorsenleAnlusunsusia (ae ID) adluthezesdliou
woumeddedaldnuisuufummumofirsenTuiAnlisig Meta ID uazdUinnsiannass
Adnuuaziimsiuduinudnsomulnsinaosiinauedoguil 5 wamsinnziioudiou
usnuAIUR 6

angU 6 WamshmosTUMIEMAA TS UURUAIUAEEA TRl RFID
wwuaAndliorsienleAnTusunsusisasuuihezesildnuuuumens uiufedudnsal 0)
Wouiuuuulntiildss Meta ID uazdlnnsiannasonlinuuaziinsudumaudniany
TnstnAoafinaue (wumedudneal O lusmumsaiiswuthendedlithelusuy 3 nsdl
Ao 10,000 100,000 wa:z 1,000,000 the/Kld uazldanumeeuleniionissvasiuau 1
100 200 300 400 500 600 700 800 900 ﬂ‘?\] nunaanuhazduresaNnussalums
FvaiapasuuLitiaueiimmMnuLUUANANNANTE]

10° T T T T T T T T

T

BEC N

v
-
O

o

PO
1
:
'
®
'
'
'
&
'
,
'
SO

L
PSR- SR SRR - EEEEY - i
-0

Prob. of hacking success

10"

= 3:uvsaiAn 1000000 the
=8 s:uviiaue 1,000,000 thy
I I I ! I I ! T T

0 100 200 300 400 500 600 700 800 900 1000
Number of attraction

quUn 6 wamsiSaumeuanuineluresn NN lUMIRIIRRT NI STUUAUMHILMNONLAY

anludanldorsienlofuvuaoAniuuuundiaue
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Rt

unAdeiilfEue s mauilummssnmanulsendalumahorsienledulflusuufumemu
mefAsdnluiA Tnemssenuuusiasnmanulsendoiiioni Meta ID iieuszgndindu
TnsnneatuiumnuenasoseuuaztheaniiolefvassuufivAmrmumsfiruentuii msaos
amumizﬁﬁaoi:wLﬁ'uFhmumﬂﬁLﬂwﬁﬂTuﬁﬁﬁﬁﬁﬁmuﬁmﬁaﬁ:flﬁﬂ1ﬂius:uu 3 asmAe 10,000
100,000 uaz 1,000,000 the/{ld WUNTTUURUMEUM LAY TS TAT s Meta ID uazdiinn
siiannAseflioumunsinpeaminauefidmanuhaniuesanuduialumsiosiamni
ssuuaoAnilioSiewlefntusunsusvimasuuthezesilinuuuumesn 3 nsdl andeyafanan
sansatudulihsuuihsueiianssauzmumssnmanuduniernulaeaduin sz uuAAy
5% Meta_ID fimenuuuuazassuammsalsunsuaslululasinsasihoersienlefuiinsunusm
Midunsmumeiesld agslsfimy mabllinulusmumsaiasoressusediuwnses
indaseuuazifoueysvessuuiAniusuuiinaueluunanui

ARANIINUIMA

VOVDUAMHNIIANIANFATINIOUNIIAMMENTUUNANIITN LAz DOUANIANIAINIINFAINAS
wiIneasmalulatiyouspasys NaduayumITelidIsIga0Msa
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Abstract

Lichen at swamp forest in Plant Genetic Conservation Project under the Royal Initiative of
Her Royal Highness Maha Chakri Sirindhorn, Rambhai Barni Rajabhat University were
surveyed in January - October 2018. The lichens were collected on both sides of the nature
trail of swamp forest (about 220 meters), together with environmental data collection.
Total of 53 samples were examined the morphology, taxonomy and chemical composition
by spot test in laboratory. The predominance of taxa belonging to the crustose lichen
(96.23 %) and only 2 samples were foliose lichen (3.77 %). The lichen samples were
identified into 10 family, 16 genus and 27 species. The third largest family of lichen were
Graphidaceae (7 genus, 11 species and non-identify 1 species, 26 samples), followed by
Pyrenulaceae (1 genus, 3 species and non-identify 1 species, 8 samples) and Malmideaceae
(1 genus, 1 species and non-identify 1 species, 6 samples), representing 49.06, 15.09 and
11.32, respectively. In which, these three lichens are usually grow in humid and shady

environments.
Keywords: Lichen; Swamp Forest; Rambhai Barni Rajabhat University
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Graphidaceae 9f Pyrenulaceae uaz2sA Malmideaceae tdulRgInumMsAn®IluUSIALEUNY
AnwsssumAvasiiuiiuniniugnssuiis wninedesagslewssdl [4] deonguuuy
mswsawedlanuns 3 wd Sanuwsaluiuintanutueaiisum sansawsaliadtenld
RIGBUURCRI23D9 TIuDsdinunumudenadiy [5] - [6] wiiod Graphidaceae AN
Tumsasalugmmundesimanaelufiuiioadeuty wiguuingoidulinmeguuy Wy
waenld fewdin Wl udu Femmsadisrmularusdilimnanineddy wWwfeady
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mywn 2 giaveslamuinuusnaduneAnmsssualunundndniugnssuiios

20f (Family) #na (Genus) oiin (Species) UMDY
Arthopyreniaceae  Arthopyrenia alboatra (Krempelh.) Mull. Arg. 3
Coenogoniaceae  Coenogonium luteum (Dicks.) Kalb & Liicking 1
Graphidaceae Chapsa sp. 1
Glyphis scyphulifera (Ach.) Staiger 1
caesiocarpa Redinger 1
Graphis dracenae Vain. 1
sp. 3
Hemithecium implicatum (Fée) Staiger 4
Ocellularia diacida Hale. 2
papillata (Leight.) Zahlbr. 4
brasiliensis (A.Massal.) Kalb & 3
Matthes-Leicht
Phaeographis intricans (Nyl.) Staiger 2
sp. 1
Sarcographa labyrinthica (Ach.) Miill. Arg. 3
) inflata Kalb. 2
Malmideaceae Malmidea
sp. 4
Monoblastiaceae  Anthracothecium ¥ oly carpum (Mall. Arg) R. C. 1
Harris
) sp.1 1
Porinaceae Porina
sp.2 1
anomala (Ach.) A. Massal. 2
aspistea (Afzel. ex Ach.) Ach 4
Pyrenulaceae Pyrenula : -
kurzii A. Sing & Upreti 1
sp. 1
Monoblastiaceae  Anisomeridium poly carpum (Mull. Arg) R. C. 2
Harris
. sp.1 1
Ramalinaceae Phyllopsora
sp.2 1
Xylariaceae Annulohypoxylon  sp. 2
10 20f 16 aina 27 4iin 53 st
wnewn  sp. fe alddeeslanuidlisansasysialduiveu
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Tuthoussfireninone (942 - 5,701 an%) sosasuniulawuluasd Pyrenulaceae (235 - 1,441 dnd)
un:29A Malmideaceae (316 - 802 and) musAy LiReNAUMsAnsaes Licking, R. et al. [11]
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nsznelufothAvudouaztmy  daulnanunsdonliiisuolyaudoiuil swadniil
ammwInRaNuANmAiY Gomsfinmues Lange, O. T. et al. [12] nanfuasidninaromsegsen
wazmaiivlaeslanunn Tnedonafioanmall ANUTULLUIIEMA UAzMITANBTaNNTINUNARE
Fodowaneiosisonmasaaszimeusouazmamela  seinlinularwesaluiunius
launnsanu

msnsznwzaslaauasd Pyrenulaceae Tungiuaamih [13] wohamwihdanwas
TWsmmSemuneihiifiuvadecisaiuunsserdeiAveslanunguil  Tnenulanuaiaim
Pyrenula kurzii fimsnszarelinovwnizludsenlneuazdunsivesaldfvuduliiwien
fimseuluhifivenluseaudothavuds ualinvluthmowy wasnulamusiiaeu P aspistae
ua: P microcarpa sovann Tnpwumuwdenliinianuuouazaoniluthifinnuduusios
Wy thavduuasthivude Tuiu Geonenddeiing P aspistae snnnh P kurzii eradululin
anmiuizestmsluthuniniusnssuiins fanuduusoiosiidnuasideremsasyran
P. aspistae 3nnin Gosenaseoiy [13] anvilaunguiidvialddvuanddenliaiiGey
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daulaiauiod Malmideaceae iiulamudnnauifinnumainvaiesessfindiuauan
uwazimsunsnszawedenieang denmmsdam [14] nodlamuuuuwiuaunulfiiou
s mihfiszAuAmNgoRouA 400 - 1,500 wastuly Fadululinlamilunguimmsaniumuln
nrznellflunmeiuivilinodunguauluudnahmseesthuniniusnssufins 16 dulanu
fssanuluiuihngusnaiianudugeiign 1iun Porina sp2 (30A Porinaceae) fisana:
ANNTUINAY 91.5 seoananie Malmidea inflata Kalb. (30F Malmideaceae) fnnuduumiy
Soun: 84.2 Malmidea sp. (39fi Malmideaceae) un: Ocelluria sp. (3¢ Graphidaceae) finaitu
unAUSewa: 81.6 ua: Pyrenula sp. (30F Pyrenulaceae) finnududuiasar 79.9 musau

A3UHAN I

TaAufinuduau 10 20f 1dun 206 Arthopyreniaceae, Coenogoniaceae, Graphidaceae,
Malmideaceae, Monoblastiaceae, Porinaceae, Pyrenulaceae, Monoblastiaceae, Ramalinaceae
ua: Xylariaceae WUANNWAIANRILNAEA 3 BUALLIA TRBTILUNMNTILINENALAz TR
lAun 29A Graphidaceae (7 @na 11 #iia uazszyrialila 1 98n §19u590 26 AreE1) A
Pyrenulaceae (1 dna 3 #ia ua:szypialila 1 giin 91w 8 fMeehs) uazaud Malmideaceae
(1 ana 1 #iia wazszysdalila 1 98n w9090 6 feee) Andusosas 49.06 15.09 ua:
11.32 muau (Ui 4) Gennumannassaslaauiinuiusddvilademosamuinienua:
amwoesiuiivnilniusnssuiin Afansazieuiy fussdesiothadnies liAesfiauin
firnugennszavihmzaiiood 20 wes silinolanudnlngduouasalalanu wazod
anuiduziiawu 1iun 206 Graphidaceae 29F Pyrenulaceae uaz29f Malmideaceae musAL
Fdehfinamanumeneslanufeuiiotios deweuduiuiniauginnsziuimaainnnd
600 w3 TazvulWaledlawmuauninguasalag [15] e ezessULILNSIa3Y
saslapuwnnnhiuiivaiiniusnssufisnfinnugenhszavihmzafisndnios

Xylariaceae, 3.77 % Arthopyreniaceae, 5.66 %

Ramalinaceae, 3.77 %

Monoblastiaceae, 3.77 %. | il
~_
Pyrenulaceae, 15.09 %.

7 Graphidaceae, 49.06 %

Monoblastiaceae, 1.89 %/

Malmideaceae, 11.32 %/

qUn 4 dadrularrunnulununihuadniugnssuies vvmhng

Coenogoniaceae, 1.89 %

Porinaceae, 3.77 %.
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Abstract

This research investigated the possibility of using Global Precipitation Measurement Data
(GPM) for early warning of Nong Han level fluctuations. The simple correlations between
the input variables (such as the current lake level, the outflow rate, the evaporation rate,
the daily precipitation, and the GPM data) and a target variable (the early-warning index of
Nong Han lake level-fluctuations) were examined. Moreover, the early-warning model of
level fluctuations hazard was developed, using GMDH-type neural networks. The results
indicated that the correlations between of Nong Han level fluctuations with the current lake
level and the outflow rate are high; and, the interrelationship between evaporation rate,
the daily precipitation, and the GPM data is medium-low. The model evaluation, which uses
blind data show the high ability of model with 90.5 % accuracy. The GPM data, thus,

represents a helpful tool for early warning of lake level fluctuations.
Keywords: Remote Sensing; Natural Resources; Global Change; Disaster; GMDH
N
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