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DASE-AG: Conditional-specific Differential
Alternative Splicing Events Estimation
Method for Around-gap Regions

Kouki YONEZAWA (Dept. of Inform. Eng.), et al.

In this paper, we propose the differential alternative splicing
events estimation method, applicable to non-model organisms
with more than two conditions, by focusing gaps and their
flanking regions, which we call around-gap regions. Our
method could give the conditional-specific splicing events
higher ranks, which was reported to have the splicing variants
under two different conditions.
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Material Design for Concrete Using
Low-Quality Recycled Aggregate in Vietnam
NGUYEN Anh Duc (Graduate School of Science

and Technology) , et al.
This study proposes a method to promote the use of
low-quality recycled aggregate for concrete in Vietnam. By
applying the relative quality index method for material design,

the manufacturing of recycled aggregate concrete with required

performance can be achieved.
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Study on the Utilization of Refuge Floor
in Four Asian Cities
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Kai XIANG (Dept. of Architecture) , et al.
This paper makes an in-depth study of the standard of
various countries on refuge floors and sky garden, and whether

the refuge floor can be used as sky garden.
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A Study on Side-Channel Analysis for Lightweight Block Ciphers
Yusuke NOZAKI"

Abstract
In internet of things era, lightweight block ciphers, which can be embedded by small circuit scale, low-power, and low-latency,
have been attracted attention. In the field of hardware security, the dreadful of side-channel analysis is pointed out. Therefore,

it is important issues to establish security evaluation methods of side-channel analysis for lightweight block ciphers. This study

introduces side-channel analysis methods for a lightweight block cipher SIMECK.
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DASE-AG: Conditional-specific Differential Alternative Splicing Events Estimation Method for
Around-gap Regions

Kouki Yonezawa!), Ryuhei Minei?, Atsushi Ogura?

Abstract
In this paper, we propose the differential alternative splicing events estimation method, applicable to non-model
organisms with more than two conditions, by focusing gaps and their flanking regions, which we call around-gap regions.
Our method could give the conditional-specific splicing events higher ranks, which was reported to have the splicing
DASE-AG is available at

variants under two different conditions.

https://github.com/koukiyonezawa/DASE-AG.

1. Introduction

Alternative splicing is a mechanism to generate more than
one mRNA isoforms from a single locus, and it increases the
genetic diversity during post-transcriptional gene regulation®.
Furthermore, alternative splicing is often differentially
regulated across tissues and during development. It suggests
that each splicing isoform may have specific spatial and
temporal roles in life system?®. Recent studies indicate that
tissue-specific alternative exons often encode structurally
disordered protein regions that are enriched in target sites for
post-translational modification and in binding motifs that
mediate protein-protein interactions, which increases the
functional versatility of the corresponding proteins®?.
Spatiotemporal control of splicing variants is known to be
regulated by splicing code inscribed in the neighbor regions of
target coding sequences”.

This mechanism is also known to be present in many species
from yeast to human®. In addition to the existence of
alternative splicing in organisms, but also the effect of
alternative splicing is deeply involved in life system. More than
90% of genes in human have been identified to have alternative
splicing variants with different functions in various tissues and

219 Currently, more than 17,000 research

developmental stages
articles for alternative splicing studies were identified using a
PubMed title/abstract search as of 2018. This rapid growth was
driven by recent developments in next-generation sequencing
technologies and high-throughput methods for genomic

analysis'. Recent advances in high-throughput technologies

have facilitated studies of genome-wide alternative splicing.

Trinity thoroughly reconstructs a significant fraction of the
transcripts present in the data, also reporting alternative splice
isoforms'?. A recent study compared four transcriptome
assembly methods, including a widely used de novo assembler,
two transcriptome re-assembly strategies utilizing proteomic
and genomic resources from closely related species and a
genome-guided assembler (Cufflinks)'.

We have developed the differential alternative splicing
variants estimation method, DASE and DASE2!9"9. DASE2
uses FPKMs or TPMs as expression quantities. FPKMs and
TPMs are read counts normalized with the lengths of
transcripts. However, DASE2 had three problems in finding
splicing events. First, splicing events involve gaps in some of
the transcripts but DASE2 also considered a series of
mismatched nucleotides as splicing events. Second, DASE2
tended to give consecutive gaps at 5’- and 3’-ends higher ranks
than those at internal positions. Third, expression quantities of
regions around gaps at internal positions are important for
detecting splicing events but DASE2 treated expression
quantities of whole transcripts. To find altemative splicing (AS)
events, for example, intron retention, exon skipping and
alternative splice sites, expression quantities of regions
including gaps in some of variants and nucleotides in the others
are required. We therefore developed DASE-AG for finding
series of gaps with their flanking regions with different trends
of expressions under the different condition as candidates of AS
events. Alternative 5°- and 3’-splice sites found in de novo
assembly tend to be more false-positive than skipped exons

(SE), retained introns (RI) and mutually exclusive exons

1) TERIFRL 2) Rl S ARFERFBE A A A =0 2R

1) Department of Information Engineering 2) Graduate School of Bioscience, Nagahama Institute of Bio-Science and Technology
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1. mix the all reads

datasets
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»

under different conditions

5. extract internal
around-gap regions
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-
A

2. de novo assembly

6. calculate expressions

3. multiple alignment

»

of around-gap regions
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4. filter variants

by MAFFT N

[Katoh et al., 2002] based on

the coverages

8. rank all
gap regions

7. calculate
distances

Fig. 1: Framework of DASE-AG

(MXE). Therefore, DASE-AG focuses only on series of gaps
and their flanking nucleotides, called around-gap regions, and
aims to comprehensively detect candidates of SE, RI and
MXE.

In this paper, we performed estimation of alternative splicing
in different conditions of mice'®. DASE-AG considered one of
the genes discussed in the paper to possibly have
conditional-specific splicing variants, which was validated to

have different expression tendencies of the variants under the

two  conditions using quantitative = RT-PCR  and
semiquantitative RT-PCR.
2. Methods

21 Framework
In the revised DASE method (DASE-AG), consecutive gaps
and their surrounding nucleotides are focused. The whole

framework is shown in Fig. 1.

2.2 Denovo assembly

De novo assembly is executed using Trinity'?. Here all the
reads are integrated into one file when the reads are
single-ended and otherwise all the reads are integrated into two
files. Trinity produces a FASTA file containing the variants.
The produced variants are grouped into clusters, being

considered as genes.

2.3  Calculation of Sequence Coverages

Under the different conditions, some genes have dramatic
changes of exon structures, such as exon-skipping and intron
retention'”, as well as their expression quantities. Therefore, the
sequence coverages over pairs of nucleotide sequences of

variants are taken into account.

All nucleotide sequences of variants from the same gene are
aligned using MAFFT'. For the purpose not to filter the
difference of a nucleotide at each site but to find blocks of
nucleotide sequences that would be considered as exons, a
default gap penalty for MAFFT is set to 10.0, which is much
larger than the default of MAFFT, 1.53.

After the multiple alignment, sequence coverages over all
pairs of variant sequences are calculated as follows. Let s,

and s, be the aligned nucleotide sequences of pairs of

variants from a gene, and s, ; denotes the j -th site of

sequence s,, where i=1,2. Also let ¢ :|s,.| . Focusing on

one site in a block, each nucleotide at that site should not be a

gap. Suppose that the number of such the sitesis £ .. £,

denotes the number of sites that s, ; is a gap but s, ; is not
or vice versa. (., denotes the number of sites that under the
same situation as above, both s, and s, are gaps. It

happens that ¢ >0 since MAFFT does the multiple

neg

alignment, not the pairwise alignment, all over the variant

sequences due to the computation time. It should be noted that

e T gy g = € . Then the sequence coverage for variants

nuc

v, and v, with sequences s, and s, , respectively, is

L
nuc 0.1].
Ay € [ 4 ]

neg

calculated as sc(v,,v,) =

Sequence coverages are used to filter out variants that are

relatively short to others considered to be produced from the

10



DASE-AG: Conditional-specific Differential Alternative Splicing Events Estimation Method for Around-gap Regions

same gene. Let ¥ ={w,v,,---,v,} denote a set of variants

considered to be from a gene. Given the threshold for

coverages 7, , a subset of ¥, V'={v,...,v,} , where

m

m < n , is filtered in which all of the pairs of the variants have

the coverages at least ¢, .

24  Exhaustive Finding of Around-gap Regions
DASE-AG aims to find splicing events and considers series
of gaps in a multiple alignment as candidates of the splicing

events. For a set of variants V' considered to be from a gene,
interval Rz[k,k'] is called a series of gaps if there are
variant v, € /' whose site at any position je R is a gap
and another variant v, € V'’ (i #i') whose j -thsite isnota

gap. DASE-AG exhaustively finds series of gaps having length
no less than a given threshold (8 as a default), and not at either
5’- or 3’-end. DASE-AG adds flanking sites on both sides of
each series of gaps with the lengths the same as the read length.
In this paper each series of gaps with flanking sites is called an
around-gap (AG) region. When two or more AG regions
overlap, DASE-AG treats them as one AG region.

25 Calculation of Expression Quantities of
Around-gap Regions

For each around-gap region DASE-AG employs RSEM' to

compute their transcripts per kilobase million (TPM) for all

conditions. The achieved TPMs for the AG regions are used to

find the differences of expressions under different conditions.

26  Calculation of Distances in an
Expression-Coordinate System

Since the around-gap regions with too small expression

quantities are quite difficult to detect in wet experiments, those

with small expression quantities less than a given threshold are
neglected. More precisely, let (el,ez,. . .,eq) be the tuple of
expressions of AG regions under ¢ different conditions.

Then the AG regions that have the sum of the log expression

zﬂ,log2 (e,+1) is smaller than a given threshold (default is

2) are neglected. In the following process, an expression vector

HIRREE B T2 788 No.61 2021

of an AG region is given as a tuple of log of expression
quantities plus one, i.e., 7= (log2 (e +1),....log, (eq +1)) .

Once the AG regions with enough expression are derived,
each AG region has a tuple of logarithm of expression
quantities whose length is the same as the number of different
conditions ¢ . For each pair of AG regions, angle & in
geometric space G with ¢ dimensions can be calculated.
Intuitively, larger 6 implies that the pair of AG regions have
quite different trend of expressions. More precisely, let 7 and
r, be the tuples of log expressions of the pair of AG regions,
respectively. Then angle 6 for AG regions R, and R, is
calculated as the following formula:
hen
rills]

where 77" denotes the inner product of vectors » and r'.

O(R,,R,) = arccos

Moreover, since each element of » is non-negative, it holds
that 6(R,R,)<€[0,7/2].

In the case that the expression level of each AG region is
important, the length of the arc drawn from two vectors #

and r, is used for the measure instead of &(R,R,). The
length of the arc, L(R,R,) , is defined as

L(R,,R,)=max(|5|.|5])0(R.R,) . Tn the following,

DASE-AG with @(R,,R,) as the measure is called the

cosine mode and that with L (Rl ,R,) is called the longer arc

mode.

2.7  Ranking Around-gap Regions according to Their
Mean Distances

To filter around-gap regions each of which has a different

trend of expressions from other AG regions, each AG region is

ranked according to the average distance over all other AG

regions. More precisely, consider AG region R . Let

R,...,R | be the filtered AG regions from the same gene as

R and R#R; for j=1, ..., m—1.The average distance

of R, «9(R) , in the cosine mode is calculated as

11
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1 m—1

average distance of R , L (R) , is defined as

Z(R):ﬁfL(R,R;).

=

After the calculation of the average distances, all the AG

regions are ranked due to the average distances 0 (R) or

L(R).

3.  Experimental Results

31 Datasets

To assess applicability of our method using RNA-sequence
data for estimation of conditional-specific alternative events,
we used the RNA-seq dataset of the mouse model of Rett
syndrome'®. In the paper, methyl-CpG-binding protein 2
(MeCP2)-null mice were produced and the RNA sequencing
results of MeCP2-null mice and those of MeCP2-null mice
with kainic acid (KA) treatment 68 minutes before were
compared. Illumina HiSeq 2500 was used for the paired-end
RNA sequencing with read length 125. The number of reads
per sample was about 60 million and there were three samples
under each condition. In the analysis of the paper, the authors
estimated 560 differential alternative splicing events in the
mutant mice upon KA treatment, and they validated alternative
splicing events by RT-PCR. In our analysis, we compared the
estimated and validated alternative splicing events with our de
novo estimation by DASE-AG method.

3.2 Denovo Assembly and Quantification
Trinity v2.85 was used for de novo assembly.

Trimmomatic®”

was employed to trim and crop the RNA-seq
data. 854190 genes with 991926 transcripts were achieved as
the de novo assembly result.

DASE employed MAFFT v7.310 for multiple alignment.
RSEM v1.3.1 was employed for expression quantification of
variants and for expression quantification of around-gap
regions in DASE-AG. Variants that had TPMs less than a
threshold 0.5 in both conditions were filtered out.

The 250 alternative splicing events with increased inclusion
and the 300 AS events with increased exclusion. Among the

AS events, the alternative first exon and the alternative last

HIRREE B T2 788 No.61 2021

exon events were filtered since DASE-AG cannot detect them.
The remaining 114 AS events with increased inclusion and 65
with increased exclusion were considered as the reported AS
events.

BLASTN to the genes with the abovementioned AS events
was employed for annotation to the de novo assembly result.
The gene sequences were acquired from Ensembl Genome

database.

3.3  Finding Better Parameters of DASE-AG
DASE-AG has three parameters, a gap open penalty for
MAFFT, a TPM threshold, and a coverage threshold. We set

ranges for a gap open penalty as {1.0,2.0,...,15.0} , a TPM
threshold as {1.0,2.0,...,15.0} , and a coverage threshold for

{0.4,05,...,0.9} and executed DASE-AG against the

dataset with all combinations of the values of the three
parameters. We found that only a TPM threshold effected the
ranking by DASE-AG

34  Comparing with the result by the previous version
of DASE
To compare the result given by DASE2 and DASE-AG, we
first verified how many genes or transcripts were filtered.
DASE? filtered 55939 genes (6.5%) with 193657 transcripts
(19.5%) and DASE-AG filtered 7069 genes (0.8%) with 18079
transcripts (1.8%).
We further verified how many alternative splicing events
reported in the paper could be detected. DASE-AG found such
the events. For example, DASE-AG with a TPM threshold 7.0,
a gap open penalty 3.0, and a coverage threshold 0.5 detected
28 events up to the 500 ranks. On the other hand, DASE2
could not detect such the events with any combination of the

parameters.
4.  Discussion

Neglecting of mismatches and 5°- or 3’- gaps drastically
changed the DASE-AG rankings. It is possible that these kinds
of splicing events actually happened, but it is difficult to
distinguish assembly errors and actual alternative splicing on
5’- or 3’-regions. To see the reason that DASE-AG worked

12
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better than the previous version, we investigated how many
genes computed by Trinity had AG regions. Among 55939
genes, 7069 (12.7%) had one or more AG regions in this
experiment. In more than a half of the genes, there were
variants having different nucleotides at some sites from the
others or those having series of gaps at 5’- and/or 3’-end.

TPM thresholds for DASE-AG significantly affected the
rankings. The AG regions of variants filtered by exhaustive
extraction had relatively large TPMs. TPMs of AG regions tend
to be higher than those of whole sequences and AG regions
with small TPMs may be untrustworthy.

We investigated why DASE-AG filtered significant AG
regions. In the case of Ranbp2, which was one of the deeply
discussed genes, the TPMs under the both conditions with the
whole sequences had quite small quantities. On the other hand,
the TPMs of the AG region had the large difference under the

two conditions.

5. Conclusion

DASE-AG could detect candidates of splicing events
without reference genomes. DASE-AG would have the ability
to enlarge the evolutionary landscape of AS in non-model
organisms. Now we plan to apply DASE-AG to other
RNA-seq datasets of non-model organisms and to employ

rnaSPAdes?! for de novo assembly.
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3U #% CubeSat TRICOM-1R OEGEEF35 L Ol |7 — & ZE4f
FHR LS & BT £ 7 V3T A —Z OIalR[E E
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Thermal Design and On-orbit Data Evaluation of the 3U-class CubeSat TRICOM-1R
Analysis using Correlation between Attitude and Thermal Measurement

Kikuko MIYATAD

Abstract
This paper describes the thermal design and on-orbit evaluation of the 3U CubeSat-class nanosatellite TRICOM-1R that
was launched by the SS-520-5 sounding rocket and operated for half a year. The satellite had difficulties in the evaluation
of thermal mathematical model calibration, and attitude determination. It only has low quality pre-launch thermal design
model because the project skipped the thermal vacuum test of the exact flight model to shorten the development period.
Moreover, the satellite has attitude determination uncertainties because it only equips low-quality attitude sensors, despite
the inserted orbit has high eccentricity and atmospheric drag affected the orbit and attitude profile. This paper proposes the
simultaneous calibration sequence of the thermal-mathematical model and attitude using on-orbit measurement data. First,
the overview of the satellite and its pre-launch thermal mathematical model establishment are explained. Then, the model
is calibrated by the proposed sequence using on-orbit measurement data. Usually, attitude data are fixed in the calibration
sequence, but herein, attitude estimation data are also updated during the calibration of the thermal properties with the help

of thermal measurement data. The analysis results with the established model show acceptable differences from on-orbit

measurement data.

1. [FL&IZ

ITHE, CubeSat &\ 9 72 B O IR 72129% &
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WA < & HER - SIS AN TH 2
AREL 7R o TETWD., ZAUC L v BRI AR L L
FHBEICHBS AT 2 RECEZ DML TS .
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IR B AR O A CRERR TR LB SR 2 AR
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(2 & 0 FUIARICR O C ORI OB
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Table 1. Operational modes and its power consumption

Operational Mode consf;‘:;fm W M}?g“e“;mrq;er U}[Fi}[FUHF_T COMM ADC Magnetometer MOBC GNSSR S&F SubCAM MainCAM PCU RW
0 UVC (Under Voltage Control) 025 x x x o x x x x x x x x X o X
1 Safe 124 x x x o A o X X x x X X X o X
2 Initial 235  x X X o A o X x o X X X X o X
3 Standby 235 x x x o A o x x o X X X X o X
4 Normal 527 A A A o A o o o o o x X X o X
5 Mission/Downlink 1046 A A A o o o o o o o x x x o X
6 S&F mission 568 A A A o A o o o o o o x x o X
7 CAM mission 1068 A A A o A o o o o o o X o o x
+ Power consumption shows the mean value for each mode, O: ON x: OFF A: Intermittent operation
5i T CORMBE EHiE T 2016 AEHICHEME L7 2218, BFE— FOERLIMEAENEZR 1ITRT.

TRICOM-1 OB GL2 FV N THEEE L 72 B E 7 L %
FOEEHNZETHD.

TRICOM-IR (¥E#:32 kg, SR\ 7=~k 116 x
116 x 346 mm @ 3UCubeSat #k D/ INUN THE TH 5.
SMEL - RS ERE A X 1 1R T, 8S-520 147 RO
TH BB CTH Y 9, FARE T E R
931 FE, ITHLER 180 km x 1EHI5#T 2010 km D EAEH
E, BEWLESMIT30 BLLETHD. vy NET
A FHEH SN TR0, HIRIT 1.6 Hz FREE O
e A U RAE TS D,

fogS L | N
Fig. 1 Overview and axis definition of TRICOM-1R

T v a HATRBEERRT A 2% W Store &
Forward (S&F)V# LA DT « ElIH A 7 (Main and
Sub CAMs)IZ L D HIERIRIE T D, AR & LTI
BRI 7HE - BEROT- I FEHi#E CPU (MOBC: main
on-board computer) & 15 - FEIEHIEH CPU (COMM:
communication and power control computer)? 2 #4¢> CPU %
LTS, FEIIE 4 IR SR T 4~
¥ MR Lo TITY, UF U LA 4%
BAT)Z &\ & UTHIT 5. £/, HFHOFME]
1 « BB 9FEPCU: power control unit) HIEH 5. K2
RTE - SR & L CITHImER - ¥ v A = - I
H, GNSS 52{5#(GNSSR: global navigation satellite system
receiver) & ZETE R CPU (ADC: attitude determination
computer), 7 A~ F 1 878 A —/L(RW: reaction wheel),

3 HORER, /177 (Magnetic Torquer) 245 L T\ 5. kb
A DFEERERT— A > MIBEET02Y 02 Amd, 720 2
#7503 Am* Th 5. i 1J7) & DIB(F1213 UHF 0k
EFS(UHE-T/-R)Z M H LT\ 5 2. RN TOMRAGE

Fio, R 2 BRI RRERM 2R, 22 TEE
PEOTRPERIVHI TR RS, Sy 7 U — IR EERIPH
THE L OMRERBR DRRE L TR Y, Moo
T AT LA HA TN L7 e caff:
IRES NIRRT 2.

MOEBC
SubCAM

Torquer

BAT

PCU

TUHF-T/-E.
UHF-T/-R. antenna

Fig. 2 Configuration of TRICOM-1R

Table 2. Operational temperature ranges for each component

Maximum, °C Minimum, °C

MainCAM 50 -10
SubCAM 50 -10
BAT 40 0

PCU 60 -10
COMM 60 -10
MOBC 60 -10
UHF-T/-R 50 40
S&F 50 -20

AT B0 & LTI, EEsasotE Hig
*@E’J?ﬁt&%‘ﬁﬁl D LN WS E AT A A -
~HE - BTN OEGHEDOFEENEE LU L D FRED
FEL. Fio, BT 28R E LT, 2
HIRNZF1T DR O AR R RRF OB EER D
fizd, vl MTH R ORBREINTEOHETRESR D
U, ) —Ra— U BHEERTD ) — X m— s b DR,
3&@%~&ﬂ%ﬁ%@,ﬁ%ﬁ?@/wf:wyﬁﬁ
(2L % BHED TR & D 22BN Dt S s L
7-.

3. BPETIVEE (TRICOM-1)

TRICOM-1 #TH_EF RS L 7= AE 7 /UBELC
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FEERIRIE 7 0 7 7 A NV ER LT,
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& LTE2016 4F 11 AIZ, Hemds K UMRIRIRELSFIIS
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B LT, iR LTI/ R L — R,
FARIRES R LTI E—7F— FH) & L, F0RER
FIFTEERSEET NV OV TRE Sz,

31 HREEME

AERICHAW TR Y R 2 L— X OB A X 3 (TR
I EEIEZE, i, IS KON PC A
DAY, 10* Pa FRE F CUE L7- E2HEN O BRERRE %
193 K (-80 °C)7>% 353.15 K (+80 °C) F CTORapH Cillfi
TRETCTH D, PEBICIZPE$S590 mm, £ #9650 mm O
MfFEDY 27 7 RO E TRIE S, £ OIEHIC
400 mm x 475 mm ORI OEEIHIE S TND. &
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% 19315 K IZF%E Lz,

Fig. 3 Overview of the experimental environment
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=T VNI Lo TEE LT, b— 2 —EA NI E
B ET D OROTWGE PR - SARIRE RO
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2y 30
27 *29
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Inside of the satellite
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Fig. 4 Heater and measurement setup

Thermocouples
connector

PTFE insulator

Fig. 5 Experimental setup
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Table 3. 30-min average temperature measurement Table 6. Summary of the experimental and analytical results

HOT.°C_COLD, °C HOT.°C_COLD.C HOT, °C COLD,C
CHI_MainCAM 30.1 302 CHI16 -Y[Down] — — Exp. Anal A Exp Amal A
CH2 MOBCI(center) 63.6 -21.4 CHI7 +Y[Up] 28.1 -31.8 CH1 MainCAM 30.1 379 7.8 -30.2 -30.0 02
CH3 MOBC2(side) 52.5 -24.5 CHI8 +Y[Middle] — — CH2 MOBCl(center) 63.6 654 1.8 214 -164 5.0
EE‘S‘ EgﬁA—m “;‘1“‘”‘ z;; Bg gg; *z%ﬁjic] zg; ;gz CH3 MOBC2(side) 525 6l.4 89 245 212 33
e BATJ—” ) oty iY{D ‘]] T CH4_COMM (center) 577 642 65 -13.6 105 3.1
. -17. own 3. 28, n
7 UHFTDOBC 09 224 CH X U] T 00 CHS_COMM(side) 568 622 54 -143 109 34
CHS_UHF-T/R 5.1 216 CH23 +X[Middie] — — CH6 BAT 479 523 44 -178 -160 1.8
o RW Bl 292 CH24 X[ Middle] 7 YY) CH7_UHF-T DCDC 409 514 105 -224 -169 55
CH10 Torquer Blacket 22 29.0 CH25 +X[Middle 300 316 CH8 UHF-T/R 451 517 6.6 -21.6 -163 5.3
quer Blacke [ 1
CHI1 -X[Up] 311 -30.0 CH26 +X[Down] 30.5 -29.4 CH9 RW 431 511 80 -292 -27.3 1.9
CH12 X[Middie] 207 353 CH27 +Z[center] 154 356 CH10 Torquer Blacket 422 409 -13 -290 274 16
CH13 X[Down] 350 271 CH28 +Z[edge] — — CHI1 -X[Up] 311 316 05 -300 327 27
CH14 -Y[Up]| 3.6 29.6 CH29 Z[center] 27 325 CH12 -X[Middie] 207 39.5 188 -353 -268 85
CHI5 -Y[Middle] 322 -29.3 CH30 -Z[edge] 19.5 -33.5 CHI3 -X[Down] 350 383 33 -27.1 -27.2 -0.1
CH14 -Y[Up] 3.6 389 63 29.6 279 17
CHIS -Y[Middie] 322 402 80 -293 272 2.1
\ - CHI6 -Y[Down]
% - - - ° AR
I EEALT-. 22T, Ml SRUET VI A4RITH CHI7 +Y[Up] 281 315 34 318 327 -09
CHI8 +Y[Middle]
- — o2 1 S i
D2, b—H— ATNI RV EmEITIE S D & CH19 +Y[Middie] 303 399 96 -30.9 270 39
. . N CH20 +Y[Middle] 223 400 177 -342 271 7.1
RTE LTz, 3 4 ICB MRS O TEE & Rk, #£ CH21 +Y[Down] 327 383 56 284 271 13
CH22 +X [Up] 3.8 282 3.6 -30.0 27.6 24
) — N - !
S | OB A7, FIIE S LTIk = Cib (i
CH24 +X[Middle] 217 294 77 -344 272 72
A =0 SEE > 3 “H25 +X[Mi . .6 0.4 -31.6 -27. .
EBIRL, SR ORGEE T B L 5 1A Cos okl %0 95 44 sls 70 4
CH27 +Z[center] 154 150 -04 -356 -32.7 29

& DOBNIEE, s & RO OBREMEDT, BN O

CH28 +Z[edge]
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TV CORNTREF L SRR A LT LI b 0%
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fELT= 75 L3095, RW EREE Vi
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T L HEESND. £, TOMOEREZRIZONT
HREARATAE R I TERAE R & — B LT D.

Table 4. Main materials and surface characteristics of each component
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ZPRL7-, $ES S LT 2016 4 11 A 30 A 23
(UTCOIZ B CHIuE RN 31, FHASEHREE 68 JE, il
TERAR 7211 km, BEOSR 009 & L, 283 +Z mnsih
DFEM, Z fihia A e il LA B AREETH D K
ELz. F£, K77 v 27 A% 1366 Wi, 71X K
f2¥5% 035 & L, HERIBFEIE 250 K IZRE LTz, DB
DB TONEFREEZ K 7T 17T

Table 7. Power consumption conditions (on-orbit, worst case)

Inside Surface Power comsumption, W
MainCAM AL5052 Black alumite Hot case Cold case
Structure AL5052 AL5052 MainCAM 5(600 sec around the perigee) _
Internal structure supporter  Titanium Titanium SubCAM 3(600 sec around the perigee) -
GNSSR FR4 Kapton PCU 0.153(const.) 0.154(const.)
BAT Battery Black alumite COMM 0.5+0.32(const.) 0.5(const.)
S&F antenna Copper/Teflon/ Tin-plated copper _ Tin MOBC L11(const.) -
UHF antenna SK95-CSP Kapton UHT-R/-T -T:5.68(1600 sec around the perigee) -T:5.68(1601 sec around the perigee)
Torquer Copper Copper -R : 0.1(const.) -R : 0.2(const.)
PCU Ra Ra Torquer 0.85(x), 0.85(y), 0.75(z)(const.) -
COMM FR4 FR4
MOBC FR4 FR4 N S L ~ .
e Y v B LGB0 5 % M BRI R 0 T4
UHF-T/-R AL5052 Black alumite

IREORRBEOMTRE R A 6 IS LU 712, Z DR
DI BONIRIE % 3 8\ T KRS FIC T A 7,

Table 5. Thermal erties of mai terial . . e N ot Tl
oF PrOpertitn o7 Toin ™ ERLAE FIo Ty 7 U — & S E RO B R FERTH

Solar Emissivi Thermal conductivity Density =~ Heat — capacity

absorptivity Y Wine - K kg’ W(kg - K) iRz .
ALS052 008 015 38 2680 960 i o e
SAP 0651 085 20 5307 325 IRIREAH D F A Z O RGBSV TIE, 5534
Kapt 0.366 0.8 - - - S 1 ELET - <
T 08 o8 TR ) E— Nl 2 ES 02 & & L, FEEERFCIT
C 002002 386 8940 3845 SR A ELAAS L EEEAT - 3 T
e : - v ram—— e FEUIRIE COREENIAE L 2 L 2SRRI b eRs
Teflon 08 08 46 940 1890 T ORRIZAUE I TN LT, 72, 5%2(E
Black alumite 0.88 0.88 - - - o o N . .
Tin 005 005 ; - - K& T U — DR 64 DI R LT,
Titani 0.1 0.1 171 4500 520 o . e
Butery — 0 B LRI L OBSEMEARER SNV, TAUD 2 50
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Fig. 6 Analysis results (hot case)
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Fig. 7 Analysis results (cold case)
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Table 8. Highest and lowest temperature for each component and condition

Hot Cold

Max  Min  Max Min
MainCAM 1.5 -0.7 -1.7 -12.3
SubCAM 351 -11.1 9.3 -22.8
BAT 52.8 453 384 309
PCU 489 435 29.1 239
COMM 49.0 435 247 195
MOBC 50.0 42.6 11.8 52
UHF-R/-T 63.1 440 49.7 30.6
S&F 424 346 165 92
GNSSR 225 -11.3 105 -23.0
Torquer 21.7 -10.0 69 -22.8
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Fig. 8 On-orbit results (hot case)
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Fig. 9 On-orbit results (cold case)
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Fig. 17 Comparison of side panel temperatures (hot case)
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Fig. 18 Comparison of component temperatures (hot case)
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Fig. 19 Comparison of side panel temperatures (cold case)
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Fig. 20 Comparison of components temperatures (cold case)

ATEOFPA I FE D TR ATRE7R A/ IR L Tnvd
ZEND, BEFEORMEINNBIN TN, 2720
HEE /ST A —H OFSENRZ =0, IR Z55 £ T
OFFE A NI TH-T2

HE a2 MO =D D—oDFFE L LCIHEET
LEEOEET N RT A — 2 O R OFREE OB S 615
o, BIZIZARIOMEHFEGIOSA, BASMERE
W23 L CH R RIFTEKR/ T A—F ThHAWE
AR EORERPAY, SGREOME A FH SR
OFEROMERAR EIZ L > THAREDEICIMZ D Z L %
TREE L7z,

F£7o, VAT AORGEREARBTREORR b AR TT

KO—DTHD. SEIOFREL AT KOV
TlifiTe S4, PR & OBl fACIRE A HilE 5 = &%
HFICHEECH T, T, WEREER RO BN ED
BRBEAEOHR L 720 9 D728, FHEBEROMERE 72
HRHEHT D E DR AT MMERNLEEND. FRIATE
O HFICIE, TR EOE S ke E LA
7 SR WIT S ICRRE Sz PCU OBHMEEH AT 1%
< OBEROREIBIR % R L T2 &b, 2
D X D TeiaEPHOR HER OSSN IR E W EHER =
5.

6. F&&H

ARETIE, EHBERRHD S BBHE RSN R E <,
S HICHEEIRROBMREED S I 1T D ARHEFNED R E W
Te O 7R BT NV ORBEEHEE L\ & S VR
TR ORI DfRRD—>o & LT, #ul b
BGT — 2 DTS OBECTFET VR T A — 5 L LEh
DRHEE Z TG d 5 — 7 AR L=, -, 12
ZTF7E% 3U # CubeSat TRICOM-1R & 5 LR/ |Vl
g OEH T — 2\ CiEH L= fE R e wis L.

HHFHIOBADT-DIZ, ke L OReEET
IVBEEFIRIZOW T B A T o 72, R LICEY £
TININT A—5 L EEBDRIRFHEE S — 7 o A% VT
ST T M LD HEE SR IR R,
HE ECHYS SIVCIREERERRI R L+ 5 CCARHIIINE 5
BRARL, ETEOFIMI NS SN

SEXH

1) Spaceworks, 2020 Nano/Microsatellite Market Forecast,
https://www.spaceworks.aero/nano-microsatellite-forecast-1
Oth-edition-2020/

) FMNE S, ROARME, B E — : 3U-CubeSat
[TRICOM-1] 2/ SADBHFE, 55 61 [HIFHE N
AT, JSASS-2017-4189,2017.

3) HITKFET LAY U —A i Vil £ [TRICOM- 1R (7=
T2) ATH R - RAED A T2 X DG EE55k - Al
IRy 8L D B RE 52 FE K BR - S&F FE BRI AL D,
https://www.t.u-tokyo.ac.jp/shared/press/data/setnws 20180
2211351495770963444 207260.pdf, accessed 2018/08/01

4) Inatani, Y., Otsuka, H., SS-520 Nano satellite launcher and
its flight result, 32nd Annual AIAA/USU. Conference on
Small  Satellites,  SSC18-IX-03, URL:  https:/
digitalcommons.usu.edu/cgi/viewcontent.cgi?article=4120&

context=small sat

21



3U # CubeSat TRICOM-IR D#GKETB & OHE 17— FFHIRA S L AT ET VT A= S ORKRE ARSI LA gE S No.61 2021

5) A, #8/NVIERIZ 31T 5 Store and Forward X v ¥/
3 ORCR, BRFE R ASGER EFTI e RS,
2017/3/7

6) C&R technologies, Thermal Desktop user’s manual CAD
Based Thermal Analysis and Design Version 5.7 October
2014

7 IAXA, BEZERER N R 7, JERG-2-130-HB005B
URL: http://sma.jaxa.jp/TechDoc/Docs/JAXA-JERG-2-130
-HBO0O05B.pdf

8) Wiberg, A., Thermal Study on hardware with comparisons
between physical measurements and simulations, ABB
Automation Technologies AB, Tech. Rep., 2005

9) Zhanli, J., Joshi, S. C., Thermal Control Schemes for a
Micro-Satellite with All-Active and Selectively Active Solar
String Designs, Heat Transfer Engineering, 27:10, pp. 80-89,

2006
10) MatWeb, Online Materials Information Resource,
http://www.matweb.com/

11) Gilmore, D. G (Ed.), Spacecraft thermal control handbook,
2nd ed., Vol.1, Aerospace Press, El Segundo, 2002

12) KPS #m, FHBEOBGG, 4 TER RS,
2014

13) Space-Track.org  [online database], URL: https://
www.space-track.org/

14) Thébault, E., et al., International Geomagnetic Reference
Field: the 12th generation, Earth, Planets and Space, Vol. 67,
No. 1, pp. 79, 2015

(FR~HEH Sf2410A 1H)

22



BRI FA AR 2 B BE K LR~ 1 2 A DB 3§
Frfilas )

Development of Membrane-based Advanced Wastewater Treatment Process

Nobuyuki KATAGIRIY

Abstract
Recently, global water shortage and water pollution have become key environmental issues, prompting the development of
technologies for wastewater reclamation and reuse. Environmental problems related to industrial wastewater are becoming
more complex with the increasing diversity of industrial products. Dye wastewater, an industrial wastewater, contains
various polluting substances such as dyes, inorganic compounds, and textiles. Particularly, dyes are complex aromatic
compounds considered non-biodegradable and persistent. Thus, traditional biological treatment technologies are ineffective
for handling wastewater containing dyes. In this study, a novel enzymatic membrane reactor using the non-purified culture
supernatant of white-rot fungi was developed to perform continuous decolorization of dye wastewater. The culture
supernatant was periodically obtained from fungal cultures cultivated in cost-effective natural medium, which uses
blackstrap molasses typically present in food waste, by gravitational sedimentation. The supernatant exhibiting dye
decolorization activity and the dye wastewater were mixed in a continuous stirred tank membrane reactor with an
ultrafiltration membrane that permitted enzyme recycling in the reactor. The results obtained from the enzymatic
membrane bioreactor showed that approximately 80% of decolorization and approximately constant permeation resistance
were maintained for a few days of continuous treatment. Furthermore, a method was examined for effectively using excess
white-rot fungi discharged from the dye wastewater treatment process. In the dewatering of excess fungi by mechanical
expression, the moisture content of the compressed cake was significantly decreased by applying pressure over 5 MPa. The
moisture content was finally reduced to approximately 20 wt% under a pressure of 7 MPa. In addition, the physiological
activity of the liquid squeezed from the fungal body and compressed cake was tested. The squeezed liquid contained
substances with hypotensive and antioxidant effects, while A-glucan, which has antitumor activity, remained in the

compressed cake. The cake had very low moisture content, suggesting the possibility of its conversion to solid fuel.
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Fig. 1 Membrane-based advanced wastewater treatment process
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Fig. 2 Changes in dye decolorization activity of culture supematant
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Size Effect of Pile Cap
Toshikatsu ICHINOSE", Lucas A. LAUGHERY?, and Kazuhiko KASAT®

Abstract
Super-tall buildings are being constructed all around the world. With element sizes larger than what has been tested in the
laboratory and what has been built before, these buildings are pushing the boundaries of our engineering experience. This
paper discusses test results of heavily-reinforced pile caps failing in shear. The results showed a 10-15% reduction in unit

strength when effective depth increased from 250mm to 1000mm. The results also showed that increasing concrete

strength did not lead to a linear increase in strength.
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Fig. 1. Size effect factor for one-way shear in ACI 318-197
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Planf \Plan
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Fig. 3 Reinforcement of L3 specimens
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Fig. 5. Moving L specimen to loading apparatus
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Fig. 6. Comparison of load-deflection curves for S3a and L3b

4. HHOUVTHE

RERMRO TURARCIE, Fig 7 \ORINEEICOT Al —
DEUA LTz, L1 BRA DT EOT 2 BR % Fig. 8 IR

30



INANVF Xy T OIERR

T, TRTOEMIHROT S (FOHEH) LT Th-
72 PRIOERT (a,b) DOTHEENDSMA (d,e) L0 KX
WEWIENNIHBNDA, 6 MN LSOOI 1B
FRITFEEDOFRROFUIU L LTz, = OfhOIE, Fig. 9 @
AR (P=6Tcos30) MHELNZLDOTHS,
PRI 7 Y — NOJEE), BRMIERELO515E )
BRT, BN ELEOREIR TIREH EO T, Fig 9
DEIEDERSL L TN E 300D, MOFRERIA T [F
FRO—BR LGz,

PERRO FmilE, Fig 7 (ORTALEICONT B —
VEIRT Uiz, L1 B BRIAORTEOT H R % Fig 8 1TR
T TRTOEAIFROT A (FOHER) LLTFThHo
7=o WHIOERT (a,b) DOTHEDIME (d,e) L0 KX
W EWN I ENTABILD A, 6 MN LUBROfRE O AE
FRITFEEOBROBUTIL LTz, ZOfhORNE, Fig. 9 O
A (P=6Tcos30) MHELNZHLDOTHS,
HOMRNE a7 U — NOIEHES, BRI OB
R, BARWELBEOHRER TIREL O T, Fig 9
DEIEDRSL L TN E 300D, OB T [F
Bo—Hm .o,

/RN i
oy '

Vertical load P (MN)

[= T S e

STM Yield strain

0 1000 2000 3000
Straine (X 10°)

Fig. 8. Vertical load vs. steel strain of L1 specimen

ZOR AP T A2 TR JE Y No.61 2021

¥ r-3q

c C
25 Q=C.sin45

+ 2T.cos30 20 2T.cos30

(a) Side view -~ (b) Equilibrium

’/
C
l, é
k. 2T.cos30

\ s | Q=C.sin45

o )
(c)Topview | (d) Bottom node

Fig. 9. Equilibrium of forces
5. RN

L3H SR ORI A Fig. 10 (ORT. £z,
L3a s L ORBEEIRDL ONJIARDD V1A% % Fig. 11
(R, L 72 R RV A S BRI Tl T OO
D T 7208, BN IR TH - 72,
RBRAHEDORBIT RO N,

Fig. 11. Top view of L3H specimen after test

31




IRAIF vy T O ERR

FERIE T, XA VEL Ry X —TFg 120X 5
FRERIAZIET U7, DI IX Fig. 13 OFRWVREID X 512
L FHEOIIIRZFESOOEFFUZIR - 7o AW U388
EHTh-oTz, Fig. 13 O core™lE, FEpglcar 27V —h
SREE AR DT L= L CH v, N &R
BTH D, M3 BRBRIKICONT LY Z T 7223, Al
WIUIFRRTH T,

e

top plate . =]

botom plate

Fig. 13. Section of S3 specimen (courtesy of Dr. S. Mogili)
6. faEm

A E 250 mm 235 500 mm, 1000 mm £ T 3 Bt
WAL ST AN ¥ v T OFEEREI T T, KT
HEL, KE= 7 U — MESBHEO TINE 36% £ 0 /)
&L, 10~15%FRE Th 7o, BRROOTHEREND,
Fig. 9 \ R #IASAEDRAL L TV Z & DR T E T2,
Fig. 131274 X918, B FOMAIMREESOOERLE D
FTHUBEN S Th o7z,

HiEE

AWGENE, MR TIERE - SERIN SR TP R4
FHEEE - SHFIEITE O], SRS CTh D KYB,
WEFIEERR T — 7 Vo AT b, AARERERS, 7 UF 2
v, A VAT L W iThivE Uiz, #FEE

HIRREE B T2 788 No.61 2021

FIIZMEcd, HOAR SR DI, S0E
BRI ES R TR ATAXE Uiz, FHRClY, &8
R - W L, SO R R - BIriEE,
RERFUERGE - B2 L, o R TR T
B PRI, [RIRAE - R TR, EARKFUER
% - IMAEBI O T RS E L, S ERADOUINTT
1% Srinivas Mogili - EIZIHFRI/R Y £ L2, £, #
SRS SRR B S IHEZER) OBRN S
BEACERAZEE E L, Z2IUd0BEE R LET.

SEHR

1) ACI 318-19 “Building Code Requirements for Structural
Concrete”, American Concrete Institute, 2019.

2) TSR av ) — MEERGE [EGEHR] 2012.

NS E, NED 2 Fag A a5 7 —F 7
DOFHENAR,  AAEL A2 B SCITE R 54, pp.
161-173,2020.2

(Ffaz¥ A SM2410H 1 H)

32



DA HE R =H— K e NASCBE BANEIC R S B B2

HO

A Survey Study of Jamaican and Trinidadian and Tobagonian Attitudes Toward Foreign

Countries
Mai MORIGUCHI2

Abstract

This study examined a survey conducted on the attitudes of Jamaican and Trinidadian and Tobagonian people toward foreign

countries. These two countries are the biggest ones of English-speaking Caribbean countries thus these have been expected to

be leaders of regional integration. However, it still has not made much progress due to a variety of factors. Some researchers

say that having more friendly relationship and trust could promote and help regional integration. This survey shows that

Jamaican and Trinidadian and Tobagonian people dislike each other much more than like. It could be one of obstacles to the

integration. The survey also shows some other meaningful implications about attitudes and cognitions of the two countries’

people toward other foreign countries, regions, the world, people and the regional identity.

LIXC®IZ

AN FEE AR Y TN D TNS 22 E A D
RO TH D, Pz, FFNBENLOTZD, HDHU
I FERERMYE” AR D720 b, SR A IR S
IZKRE 7 BIECh -7, BIEIEL CARICOM (7Y 7 4[]
1K) OPEHAE CHERHERER 138 L TiInod b
DD, FAFOMIEGHA DR A, 20 ff=1Z0rE A
vREFEISZEAE D . T LI EL Do TWNA &R
SWERO, Z OZERIZEET DRI, [ERRBIR
72 ERR A TR DRI TOI TV DY, DR TL
XU S 00, M7 A 77 47 4 DFFET
H5b, ZLOWFEEN, Y THOEEME I =T
4®V/Tw@%®m®%ﬁ%§ﬁb\%&é@é:k
DOEEMEZGH T TD,

71V TV R NOFESEAEE SRR A 7 s © %

0. BHOANZIZHET D &, ENTNOESEEZ X -
(B0 7] LN EC, ZIUTHT BEE > T
HEWHZ L TTUT AV, KN E NS TEDOMD
<LKV, HOWVTFE MR, JedFH & Vo To ALY
By BT EN D HUBI IR D IRBR RN LN RT
Bivd, 7253, ZAUIEEOEEAFF X 277 AT T
4T A4ENVDIENG, BT AT T 4T 4 DEYA
JTHBHEND, S

AHETIE, D &) RlEER RO &, A v
FEREZBRS B U 7 OE A O TR KETH H Y
vYvABE RN =H— R INTEEHNZ, A2 03O
FESCHIUE Coef 9~ 2 SR ECRak A i 5 Z L By & LTIT

DI ERARE DR E BT LD TH D,

25555 E A

AERGEIT Y~ A KON =F— R« foRID
18 LA EOTHE 1114 44, WA v RREEET -« Fr o3
A (P~ AT) RO A —TAT 4 ey
XA (KU ==K« m33) (IZBWCGRRR L OWITEE
O I%T B HHREO T CHROSAET- Bz k> T
SHA 21T o7, ¥ ~A DITHVT 2 ClI i
DHFIRTREN ST DT FEDRE N EF o T A N
TNDOIHDENEE 720 | E7-EEEOERD 20 UE TIZ
B> CTND T2, Px~A DRI 25 L

I 072 o TG L TN R R, Lo T
Ty~ A DOPFEICBE LU TUL, 18 WD 29 YT
NDBFEN, HHF L T A N OEE R T 5
LT D, 1208, ALTFTIEZINEEBL, Px~Ah
DIED DWIRRE " Vv~ A DNEFHR LTV, ©

T~ A T OFETIIEEE 698 4. £ D O B R
BROFTNEIELL 480 4 68.8% (— DI H DA DMZH[H]
EaHRL) . B =F— R RS OREICRBOTIERE
#6344, ZD D HARNEIEIL 622 44 98.1% (D
HOALDOENEZFRS) Tholz, FEHDEMEER
T e Vv~ A TR 21.47 % (FEHERZE2.76)
VN 43.41%, LPEDN 5534%, FY =F— R« o
TIPS 43.59 7% (BRYE(RZE 15.50) 4475 51.84%,
ZMEDS 48.15% L 72> TN D,

AL, e ~A I TIL 2018 4E 8 Hve 9 A,
)= — R« hNITIE201949 ANnG 11 A, G

33



VA AL M) ZF—F - PNTIZBTBAENT B ERAE DO E 5

AECRANIC L VIS SEE L7, FEEEE. 1.
JEYECBIT 22 & (. PRI, WEE, BT |
ﬁU?%E@¢TEE%%PT%%@I&U%VEH\
ZLCEOHEMB, 3. 7707 AV REETHEZR,
T 72E RO RE, 2 L CEOBH, 4. i
Elx THEZBRO T E RE R OO ZRE, 2L TED
B, Tho, ETEHRWEE, FlI3Em4, g
7o EITEEAEIE L LTSN, A ) IR A AN
BIXEN O R T 2RRINOE 2 & 3RIEOFE S L TR
RS IVTD DR E B X T 2 TIIARIEE S L
T&ofwéo%ﬁiﬁ*ﬁ%:ﬁ%#é’&%ﬁﬁﬁ

CEHILTEY., BEE Lo TCIIUCHRBEEREZEH
&Ltc

3AEFR LB

FP, Vv~ AH, b =F— K- bIlEIRIC
HVT TTTAYA, WRENS =0T T —
(21T DL EFUIF& 7R ER R EN T, AR & Al (B
=K —K - bRIDRH) MR & OFEFHBIRIRIX
2o T, TS 2 — S DAT + FERERIE & MO FHE
72 BN ORI SL L ZEN OB WEIEB X~ 7208,
¥ ~A BN, N =H =R AT AOAENKTT D
i BEEIEIIMEREREIC L D N E L, L DI
HCRAMMERTH D 2 Ei¥bhoTz o LT, B
AR TCNETLY,

XA AN Y THEETHOREE, Y =4 —
R« RAIRZEH LTS, FaRoi@ v MRk & Df
BRSO NZ, M=K =R hRIARHY
THETHROREIL, U~ A AR, HERIETC oL
TAY—T Ry 77EN, WEENT Y ~A B Eb-T
WHEN, V¥ ~vABAD Y =H— K- hoxT NTxt
T HEENE L 13RI 5T D, AR ED D HWO
RAEOEIGIL373% (¥~ A BANCBTL R =4
— Ko "I EHNET DA 229% (FY =4 —K -
IRINIZBTD Vv~ A BN ET 5 Tho
7oo FERETHHE i Th %< OEEHE TS D
DO, BUZHWNT & o THHEED B2 OB R ET
HANLEIRSTND, WD ClidZevy, B ) 7REE
THZRETIN) ==K« hMRINEITvY~A D%
2 BTV —I2E->TUE3 M) L LTRY, RE
WIS RAN T ¥~ A BETEH LTS, VX ~AH
NIRY=F—R INRIANE L (B7TV—IC
Tik2fn) &L Tn52, ERTRTHEHXITARIRE
D 209%., BRNTLFEOK) 178 5L HEREEDTRY
) =F—F -« hRIDEAIT 1455 TH D,

KRBT AT 7 S No.61 2021

BONTET O EHICIE, vy~ A TAB R =4
— R NI AZHEOHEBEL UL RV =X —FK- k
NI NFF A o T0D) TRFL TS TAFETSE
HTHD| MEN ST, RU=F =R« hATART ¥
~ A INEBEOBHRICIE, RROES, &7, JLROZ
S B ORVEIR RIS L [V v~ A B NFFHR A
o TnDd ] 1T Biiofe, BV, THEFENES
T bEfE> TOD G| M) ERBEROUE D Lo
TUND DS HHBRR N,

LU 6, Wi & SIS Y 7 & 5 el 21343
TEDIRNZ EDVREN TN D, A Y T HEETH e E D
T RS M TE <, AR ThFE 2EICBT S
IEEED 3.6 15 (Pv~AH), 1458f% (FY =4 —F
X)) o TRV, BRICE [ ) 7 OEIZE T
) LWVIETHL o7, AR LT iﬂ@ﬁ?
Y=L LT, ﬁ%k%ﬁ)7%@ (EvERR Ay
BUEE L0 BIERITIRON DO TH D,

T T AV IREE TR ERETIR, W bITT T
DILNEH LT e >TW 5, BERICIT® LT,
T ==L T — Lo T b R FARROETR,
ELWLMER ENRAN > THETON TS, T7 07 A
U AHEOHT ) —TlE, ZOMIZF2—NZHERL
720 P~ A B DA TIEF 22— SOLFERS & I
TEIXE, ERETH Y THETCIT 4N, TT7 0T A
U CIHHEIE T3 L& 72 o TR Y | IHEE S ERAE O
FNENR 4 (525936 (F2DIED, R =F—F- |
NI TEF 22—~ OUFEFIT 2 AUF ETR< IR ST
BOLT, BV THT IV —TIIEEERN 1.77% (FX)
2.09% (V) L7 FICEERIE D o NI %
ERl>Tng, UL, 7T AV 73 —TlE
& T 32 8.94%, BN G 3NL7EAHY 5.81% Thf-& 134
D154 5L 725>TND,

Fa—NF, VA ETT T AV BT EEND,
T~ A DOFTEZBNTX 22— NFTA VT DH T3
—TIT7Y 7 AV ALV EEGETHNADIZH LT, MY
=X — K« pNIOFEICBNTUIA Y T LT
T AU T IV —THENRL, Uy~ BT, #
HPC BT BEE B EVEL a2 — " E AT D E
CHYTOETHD EFBHRL TND I ENRFNTND E
Wz ko,

oD EALDE % TR T AR =Y REREL W o - T
FPHBIZHE Y RONRNN D, WEEIF 2 —N

T D AT Z 0 & O ICHgE & RIS
L ERn, BRE, HEHIE, HET R ST A BRI
S KAHHICEIE e A2 BU, SRb. FEEE WD AR
2L T BTN D, BOZRERRIZITmE & HETRAH|

34



VA AL M) ZF—F - PNTIZBTBAENT B ERAE DO E 5

SHFETFFRE WO AIENAND, Vy~A L N =F
— N« "I EETeRGERED V) THEEILA U AROE
TGHIEZ RS, HPER—RHI O 2 — NIFRE L 3
%, CARICOM IZHIEMETH Y . Mk CILNZ LT\ 5
E LT UITIBREN D03, A% OUPEEIEE N 2
EMRTENDDTH S, SHOOEBICEIGNZ L HIF
LITWB, — 7, iFEOHEME LThH, 1959 4EDF
a—/NEy BEAEGE, DA Maiss, Fx - FRT
PO &> -BORIZBET 2 b o b LS A,

X o —/ N JHLAE, FRCHE & RSBV T, TR
BN A ) TREEASOIRZT > CE T, THERERIL, %
2= NOEARI T D EN A E LORIEE b2
O LIEAMREEZ RE L TVD, BRIV vy ~A I TlEF =
—NEHIBRZRUT S0, JEHIOIC ., SikTIchoThH
AT U —BHERF O AR S o T e E3,
IFRAE ORI H D AR B D725 9,

Xa2—OBITIE, AV TETToT AV AELBIT
ERZVDINT v~ A T E N = =R - hRITRE
{E7poTWER, bt Eogilzn ) 7L /et
D, EDHFIN OUAHET D, REGEHERCA X =
RORRKAZT DOl EaEioRA Y 7 LWV o &
D HELHIUL, ZNEEERNEOR0, SHEEITOIT S
Ex T bbb, BIIIAY TOHRT, WHAYTRT T

S —NFEREVIL LKV L DD, [TV T L) ZDOH
WICEERT AT T AT 4 BFfo QN2 LThH, &

ZICEMRNTRBESIND Y TDA =L, T LD
58 L COZR W AREMEIEE O D TH D,

BIZIE, BRI R ==« hARIIVv~A T
AT U 7 e & BRI RIS BTV,
BV T THEREICED LI ) TREEIL, U ~Ah
8.3% (40 Z5) |Zxf LC, F Y =& — R+ k33Tl 30.23%
(188 Z5) L7p o> TN, BNTIEY v~ A 77 3.11% (15
), h)=F—F- h32789% 49 H) Thoiz,
FE, HNELLH0ED N =4 — K« hoXIOHMN
TV~ AR L TR, T Y THIEOHEEOE
S IPDZDH, FHAHEIEIX Y v~ A DR 3.6 155
ETEEIEOR 25 F L0 b RERENET WD, T
5OE A X RBRRICIE, FEMEA TN, 1172
ZEMBHDENSTZAE S B, WOV S DML
ICENRSTWNAEZELIDNZD,

WO 7 TV —% L THI, WE A&7
[ECIKIE, & BEED 1D 34 5o TR,
BN ECIIME &b, MEEEABRITIKEDEER T
BD, HFETHHNTHIFFICEZ DEEGTEY | 17
ORI N D DB Z D0, Wi & b ENENFZ Zhf
WK E L EA->TWD, Vv ~A I AT D&

KRBT AT 7 S No.61 2021

DFI1TE, B =F— R« hRIATIIN2ETH S,
PROZET SIZERHICIE, AMEA~DOIABER 72 EDME
BCThHs, NEZER], 77 KeesE 48, U7 A
ZEI L TR E NS T2 b DD S )N T2,

& ZRETCIESREN T ¥ ~ A 73 2400 12.39% (57 Z8) |
N =& — R« hRITEIN7.61% 44 ) Thoiz,
BRNRETIE Y Y~ A B8 146% (1 5), b Y =& — K-
hN=72333% Q0 Z) (28 EFE-TnD, DFED, il
FIZ L > TIARFEETH 2 REDO A ERIL, BHEORS
REWIEE L COEREETH L KESH T XIS, B
< B BN NSV, HEZ A& 2B
YERFERE LA 7 7 BRI KEOFm S Lo
ToIAVEANS < | IR R B AR S - a7 &
OIEDES, NHERINZE Th -7,

FEDOTFHEES SIFERE L 2N LTz, A K
T 7V E VST EREEON— L) RE[E -
ORI T/ hE, MU =4 —FR - hT
TOPFEICBNWTIT A= T  ZERICEDTOD A,
TA=TT 4 OERIGERIF Tl < AlRtl & Lz
72, RSO TEARR LD L 720 | AR D X

NCHT AV 31T % Lic L CTOord 5 Z LR ATREE
ol VDD, BB T D D TIE
HHEN, BEETIIEM L TRBEZY, TA=VT 41T
AL RHDNIA » REETeRIN &5 Z T2 [BPEE BT
B MROGFZ I2ETA o KW [AEN 5D 5EIA T
) 17%, FRNREERIZBT D1 2 R eV [EEITR
13%., £/o, TA=UT 4 TA U REEDTORVEE
FNCBT D4 > REAFE2EE LIZFEIL 1.0% TH D
720, A2 REHLDL—YHHNIIL—YDOE DT
b2 EFRIRL TV A RIEFIZIIT DRI T DNIZ Y,
PN LW [ TIE, A > FRTIEK 04%IkF LT, FE
A v RR T 1.0%, 2T 07%Thd, = DOkKiH
Tl A 2 RRD A& FA o RIS B IHdE 300w
Wz b,

T 7V ARTHRERICETAL S, 4FEE, dooze
ENZBTHT7 7V & BEEIE, [EHA TR
AL LCWAN, ZZTET 7Y H &0 [
ICEOTHAELTWD, 77V AHLINNEIT 7Y hiE
TR & 28 2 = [RPE# SR DR OG& 72E T 7 Y
HHDHNNIT 7V AOEE D EPEIE, 3.5%, AZhEE
PIRIZBITHA > RV EEEIFHRI29%, £7-, ==
T TT 7V B EEOTORWEEEICBIT A7 7
A ahFE REE LI 2.6% THH720,. 2 b5 Hhb
FTIMNIZ, BNEWIEEETIE, 77 Y IROF Tl
#11.7%, IET 7 U BFHRTIEL 24%, BETITHI 2.1% &7
STWD, ZORERLA v RREFRKZ, 77U BRD

35



VA AL M) ZF—F - PNTIZBTBAENT B ERAE DO E 5

A& DT 7V J18 HUNEEDE X IR HEHEREITEN
PSND N L0 B0 F @, 7272 L, EMih T
BThy, £ Bibomy g mEEOAT I —%
BETE TR 720, ZIhHELNARRI, H<
FTCHLDZA=LT 4 %AV RRT 7V I EFGER LT
WA RV ==K hATANZESTHZENDL—Y D
TFHEEDIEFINSNE NS Z LI E S Ll-> Tl &
720,

JESEAZ A Y 712N T b Ak & LIk, 77U
HRDH VT NIZHDOT 7 U A~DIfg & 9 FBAEH
s, EROIEFCE ) DORE SITE bbb, fHEL
T& 7z, BIEL CARICOM <24 VU 7 OFIHIE O— A HE
HET RN LA BN D TR & iHE AR 2388 24
wT%EE&@E@U&O&LT?7Uﬁ@lem®

18] EHERE L TED, FAUTKIT 24BN e S
A%teﬁszéo”&_%ﬂ\_@%ﬁﬁﬁ@ﬁ%
NHIE, 29 L EARCHEE N E RO B & 13w L
WA AREMEZRR L CE Lz X 9,

PLED L ST, EEOFER RO S 255,
T7VAFHESC, M) =F =R "RIDOEET U

WA A > ReWo 2 [mEITEE & LTI TH72R0,

DFY | ERONL—Y LS RE[E 2 ORI
SOHEREIL, Z OFEIZB WO IR IR SR ORSR
Llpote, HERENET HN-BRH CRAZE o7
X, HEERR ESA T T ORE, B - AR
KEDES &, AR—YRER e EOYLTH-oT-, =
FUTH U THRO BN T BB Tl A /KIED
IR ERORLERR IREDES I ENEND, 1272 L
HROED 7 TV —Tilig & bEOD 1AL L 2o 7K
BN CH Y | fDSEEEEIC LTI o & 5 e EE %
<IF7Rvy, FlAIE, KE & FEICROCHeEE T A5
TWDDIEY ¥ <A I OFEIZBNTIE RA YD 2.1%
Q=) PV=F—F-+ MIOFEIZBNTIFA XV
T EHADEDT D 083% (5 H) Thot, RAVE
AZ VTR, BIHRICIEY 7 VA LORES, AfE
FERERPFT DN TS, BARTIE, EEOYRICK
JD. NHIEE BREEYR ERRT BTV D, 24
BEBL T, A% ITENCTLE LIAERICRE ., &
U < NEEE S THEREE 240 T D ODFH-IT T
Do BNRIEREII LT, EAUNERR R A TEEOR
FETHDLEVSTEEIE LY b, e EiFE Ly RS
ﬁﬁ@n’&zﬁfémxw\é

Flo, BT N AR, ANEERE WD
PR AR Z 8 L CHVO OHIFIC R LTS LT B
TNHZ EHIERIZET S, 24U, Yv~A &Y
S R e RSN ENT BB OFHIC S O

KRBT AT 7 S No.61 2021

BECTHD, MEDAXIZE ST, AFZER, AfEFHR
IR BETeRE TR THD Z LN RN TS,
BEHCBRAZ@Y | A&7, B eEoRIEL, H
W72 &L ETIFARWEE, KO 7077 07
AV AOHT I —TH72 HHIROENZET L= 5HE
I L LTV D, LasL, ZoMEEE o il
WA MBI B > T2 728D BRI Z AUl TR & 720y,
DREBEL T, EUSNDRER ST I —0fd 0 (3072
Igol=b DD, AL TENSTZHEHRIEN, 77
YT AV BFEEOHT ) =TI = v DEL,
AX Y AERS A Y TOIRFEE, AL T T A,
BRIV N HNVIRET N EWND DO THoTz, ZHUTEF
WY =F =R "IOFERTHE CThoTe, Vv~
A DOFEIZRBT DT 7 7 AV IFGEETH-X 72 E 5
Foinica—a v OEKAIE. 2RD 2.48%., B 7elE
T 1.03%., AT D o 72 18 /D 29 LIS DAE
b DD LhFE72E 3.5%, BORE 1.37%1278 5, b
U =& — R« hRTOFE LI & 72E Tl 10.54%, B
UWRET 2.63%I28 15, Ziud, ol 3V —iz
D EEEIA R L U CHIERIC S < BHEAR D
SCORBGERHRI RS T[S % Lo b DD B TH H L 1X
Bz, B, Vy~vABE R =H— K hNT
D N& DA T3 2 QD ATREME SRR T
AIAXV AL TUX, 7T AV AHTTY—T
DOREEIIHE GO (ol LA SN2 722
EMBY, ZOEIRIEILT T T AV A& HiEkic
T Dk, HDOWNEZNHA XU R &R BRINGEEIC
T DFGRNRKEL RO TWNWDH LB THEEZD
N2, 7707 AV AHT ) —TiE, EEE (NA)
DN, 47 RN REE 2T DIZ EH B0 L
IR IR SN EHINERL TS ENZ
X9, ZHITH LT, Y THT IV BT 5 A
BIXFEI D72 B YT %Lf@ﬁbmmﬁ%ff
JEORE ZMIDWZDRERE IpoTz, 1V 7HEEIC
STIFT U7 AV BFEENE, HEZIEIC ’675)73:7}3
P B Y TREE & A CRVFEE TR RN E LIEL
BRSNS, B— FAC kUL, BEERICE (BH0
IARMNIOR) OB 0 e Birsn iz, HFE
LTI LTV T T o T AU ik LiREEEZ BT
LLIEEETHDER) Z & MO EEHED
T TNDZ & Y T DR % DR 20 Hfdf% -3 TRk
INTARAE LU= 72 O CHIUB B R A S U < Do 72 2
R EMDL, TT T A IFEE L OYLOHET COEEN
0D ST, MEHITZE L OB ) TREEDCKENRRG
BRI E L TRAINEIEL TND ENZ HHDD,
BZF7o 7 A0 EOBHRITE 9O R Lo>oH DB

36



TrANE P 2T K - bATIZB B AR B S0 B

PeioD T 5, CASRIOFHEICL, FH LAV TET
TUT AU HOEREREN TS E B EZBNE D,

17

45800\

AL, R ETFETRAZ@Y |, Yy ~A D
WZBWTIEHIRO & 2 FCHElE Liz72, 55zt
IRERZR D L7 5H SD 55Tz, LinLRni S
ZOHFTH, WObDFEFRINRPGFONTZ, LIT
IZRELZIR D IR D 720,

FTP Vv~ A D E NI =F—R e IRTTAEVOE
RUCHAERIIR Z VDS, FRCERAE R, F2, AW
12 TFEFED BT BICEEIE 240 O TN D 2> B TE |
EWVIHEIHMNEN > TEY  EL LA E LB,
BRI AR R T 2 BSOS RO S 2D,

F o — B LTI & b B AOAHRE & OFA(E
RBUTEVA, v ~A B TRIY T ATV —T, K
=H— R MR TITT T AV B AT ) —TDE
N, Fa— "\ ED X IR TODNOENDE
nTna,

MENC & o T, BIERH SR T C ORI D v K
L RTAEEED EOD, A K0 bR D
BEVY,  ZAUTZE OO FHEEI TR U CIAHEdE ARy VB
&R U TN TH D, IHEEETHLEETD,
SRS L0 B AP D EFIRIZER

TEMN, BEENT RS2 G | B & e 5 L IEH
IZEWH DD, FHIZR A PRI & &3S 278
W, o, T7UVIRA U REVoTz, LDV~ A
HRRNE Y =H— R« hATFRONL—Y L) RE[EH
SCHUROAFAERI IO TR H DIz & EE - Tna,

ALONL—YOFLID S, Vry~vA e M) =4—
Ko hANTOARIZE > TERESINAMHEICH A FX -
BEOOFRHIT, FHEIEICRB O UIAR— YR L V-
73l EOEOFE LIS END, JAUIK LT
BEEIEICRBWO T, B RLES, AN, ZL
THTH, AR« ANEEFRAZEH LTS A B,
IR ABE R =H =R hRIDAXITES
TUODNCEHEBERER TH D DR S,

Flo, BTFIV—IFEHTHE, ) THEOL X -
PN TIFIZARIE D D720, B e El I3 UERIE 3%
WD D F DHRNRENWEEE L ST E Bbins,
& T ) TN DAL - AR DE S D DI Z D —
F TTUT AN TGS, BHEEnEn (7
T A T QERCHIERZ TE L < g L TORWnErEEE s
DIl I EEDIND) | AFE RN ED BTN T H

HIRREE B T2 788 No.61 2021

FEENZ, BT TESHBR0 ) a X b
BRSNDE, FikbBLAbL, B 7 Ld 2 LiH
BN LD 2D,

ZL T, ZNHOBAEFER (Y =#— K- h32)
oM (W) OFBEEIRITAE Tl . ARI7H
[ ChoT,

HVTO_REESNE YA TE R =H—
R« hRIDAx OINENZKIT DB AL LD X5 12
BT DT &0 DOITHHEOHT~OBEEORS %
U E LT, MEPHUECHRAA~ORE, Z L TZD
FERED—IHRHA B L 25T,

37



VA AE M) == - AT BT BHMENT S Bk A 0 E % PR BT 2R 8 S No.61 2021

HMEDOHE T AR TITHEOTHIZAERIZEM L, SEMIE 2RI E LALOZET 5,

01. h ) JHETHSLREE? (Ov<Mh)
ry= ToT
H— ' Z0ith
INE VAN VAVIZAN *a— TAR | Trnv— | EVR DRE
= VAVAY-4 rFX N N/A e )—45 WIT R =
100 98 88 67 37 23 9 9 43 479
Fig.1
02. ) THETEWNVEEIL? (O¥y<I(h)
kU=
G Z 0t
NN VAV AN Fa— DEE
=i N/A INMF Kz AN 7 &it
179 133 79 23 17 49 480

Fig2
. ZTIT7A) hFEETIHELEERIE? (Pv<(h)
ZDAth
752 AxT *a— JI)L TILE aR4 aay RARX DHE
) N/A a N 1= =] DFY A E7 I35 R &it
115 78 62 54 20 19 17 17 14 " 61 468

Fig.3
04 STUT7A) WEETHEWNEEIEX? (v AA)
Z At
I35 | A%y | oy | FILE | ARX *a— | DEE
N/A L = E7 UFY =5 IMTF A R At

238 40 33 33 21 23 22 15 46 471

Fig4
Q5. HRTIHELE T ? (Pv<1H)
77 F— 0
P A+ /L 1>
hr 73 15 RE S AR 73 Fa Dz HE
5 HE KE R N/A ZE: U7 EH 7 L% 2L FE —\ — R aF
66 57 53 45 36 35 16 12 1 10 9 7 7 6 74 468

Fig.5
06. HATHVVEEIZ? (Pv¥<14Hh)
ZDits
DEE
XE N/A e | 450 av7 E IMTF Py EE R =1
142 124 45 25 16 15 15 10 8 79 479
Fig.6
Q1. 7)) TEREOHTHFELEE (F)=F—F - b/33)
Zoft
VAVI7ANN 24 ok gL DEE
%S 1h W7 E AASS N/A R a5

218 97 93 38 34 12 130 622

Fig.7

38



VA AL M) ZF—F - PNTIZBTBAENT B ERAE DO E 5

02. ') THREDHTHRVVEEE () =F—F - kD)

Z0its
P2 HAT NWN | Fa— | AEE
N/A 15 + IMTF KX A = &%
172 142 84 13 39 13 98 621
Fig.8
B. STUT7AYHHEEDOHTHELEE (F)=F—F - k/3\0)
Z it
I3T | AFY | Fa— oAy | RRX L
L =] A N/A E7 I35 INFR R =
112 57 47 44 41 39 28 180 548
Fig9
WM. STo7A)WFEEOFTHEWNVEEE () =F—FK - kD)
ZOith
RAEZ == b7 Fa— I3 | A% | SHE
I35 N/A E7 A L = i A%
201 176 39 33 27 24 102 602
Fig.10
Q5. HRDHFTHFELGEIE (F)=4—F - b/\T)
Z it
151 DHE
h5 KE XE BE 7 N/A =R =5
81 12 43 38 31 31 282 578
Fig.11
06. HADHFTHUVEEIE (FJ=4—F - b/\T)
Z At
D¥E
KE N/A e HPE U7 R &E
150 144 63 27 20 206 610
Fig.12

HIRREE B T2 788 No.61 2021

39



VA AL M) ZF—F - PNTIZBTBAENT B ERAE DO E 5

D BB

2 General Education

3 Demas, William. “Critical Issues in Caribbean
Development.” in Hall and Chuck-A-Sang (eds). Regional
Integration Key to Caribbean Survival and Prosperity. Florid:
University Press of Florida. 20122,

4 Boxill, Ian. Ideology and Caribbean Integration. Kingston:
Canoe Press University of the West Indies. 1997.; Owen,
Arthur. “The Caribbean Single Market and Economy: The
Way Forward.” in Hall and Chuck-A-Sang (eds). Regional
Integration Key to Caribbean Survival and Prosperity. Florid:
University Press of Florida. 2012.; Patterson, P. J.

“CARICOM Beyond Thirty : Charting New Directions.”  in
Hall and Chuck-A-Sang (eds). Regional Integration Key to
Caribbean Survival and Prosperity. Florid: University Press of
Florida. 2012. ;Collins, Rudolph A.. “Strengthening the
Caribbean Community: a Comment on the Role of Functional
Cooperation.” in Hall and Chuck-A-Sang (eds). Regional
Integration Key to Caribbean Survival and Prosperity. Florid:
University Press of Florida. 2012.72 &,

5 Bolland, O. Nigel(ed). The Birth of Caribbean Civilization.
Kingston: lan Randle Publishers. 2004. 21,
b Dy~ A W HFHAITHIFE Moriguchi, Mai.

“Jamaican Attitudes Toward Foreign Countries: A Survey
Study.”  [¥ESmtE] . 80: 1-16. 201812V THIZFEL <
LTV D,

7 ST, IBM #ERE SPSS 27 OfEEHIENTY 7 A
YN
8 Lopez Oceguera, Rosa. “El impacto de la Revolucion cubana
en el Gran Caribe:unavision cincuenta afos después”, in
Martinez, Milagros and Laguardia, Jackelineceds. £/ Caribe a
Los 50 Afios de La Revolucion Cubana. La Habama:Editorial
de Ciencias Sociales. 154-171.2011.
% Cotman, John Walton. “Caribbean Convergence:
Comtemporary Cuba- CARICOM Relations”, in Erisman, H.
Michael and M. Kirk, John (eds). Redifining Cuban Foreign
Policy- The Impacto of the “Special Period”. Florida:
University Press of Florida: 121-149. 2006.; Cotman, John
Walton.  “The Havana Consensus: Cuba’s Ties with Five
CARICOM States”, in Hall, Kenneth O. and Chuck-A-Sang,
Myrtle (eds). Coping with the Collapse of the Old Order:
Caricoms New External Agenda. Kingston: The
Integrationalist. 200-217. 2013.73 X 2 £ R,
0 AR TT7 VAR RILE DS TZEE S HIUE,
FIFER DRSS, (77T LW D A v Rz
BT o, TNLSOT T EET ORI E 72<
<V TOEES R b, IRMLOSE, R4 5T
DOYPOFLROFI 2N D o7z, FiiE, M) =47
AT WA R AV ET Vol mllE S Bbh,
ZOBETERTNDA » FREE, W) TEE®T D
WAV RERE 4R 253 0REEL 2 TANEHD
ThD, 7V7 LN AETED TR,

BIZIET 7V A EVS T TY —RUREL OEEE
eloth, A& REEHORETENENROT 7 Y D
EAZETREEBNDR, TR Tb 7770
ELTHT LTS,

R IAR AR T ) TREENCISUT D Gk & AR SE

HIRREE B T2 788 No.61 2021

AL Z5e9~ 2 RSB | [RPRRBHER RS 21 HERCATFSE]

8. 21 AR AIITEE v & —. 2743.2017. 2 B0,
2L, ZINHOEHIFA 1 ETholz, ML Tk
<&, KEAERIBEETE W) FHFDTH T ZITHA
D ERSTODH, HFE TN D 78 1% 395 %1%
TWD, /o, ZOMIFHERETITEES 5 FeFTnsd
23, B OFLR) HrEE (South Korea) & AbsHftE (North
Korea) Z-{R[F] L7z RIREMEDS 1 & DI D RV D MRS
F TN,
BHIZE bY=F— R hFIOFEICRNT, Y
TAT ) = TETOEYRELEF L TS 2ET
2.0%, HeNRET22% Th -7,
W7, MU= — R« IR E > TTbd R
1 O B T BRE T 5~ A 7 [ THIBAI S
NSO EERHETH Y, HTUIELRY, ZOX DI
Z7 7 AV AOPTHREDEDFAERTE N LD
T ATER BB D,
15 Clive, Thomas. “Global Economic Crisis: CARICOM
Impacts and Responses.” in Hall and Chuck-A-Sang (eds).
Regional Integration Key to Caribbean Survival and
Prosperity. Florid: University Press of Florida. 20122,
16 Jessen, Anneke and Rodriguez, Ennio. The Caribbean
Community: Facing the challenges of Regional and Global
Integration. Buenos Aires: Inter-American Development Bank.
1999 2,
17 Kirton, Mark. “La comunidad caribefia en el hemisferio:
caminos alternativos hacia la integracion regional” in Martinez,
Milagros and Laguardia, Jackeline (eds). £/ Caribe en el siglo

XXI. La Habana: Editorial de Ciencias Sociales. 83-96.2011.
S,

(a3 SM2410H 1 H)

40



NS BRELR BB T D 4F5E

i E Y

Research on Man and His Environment System

Naoshi KAKITSUBA"Y

Abstract

Domain of the man and his environment system is widely varied as related to human activity. I have studied on seven different
categories; evaluation of urban climate, building maintenance, thermal environment in a hyperbaric atmosphere, evaluation of

sleep environment, science of clothing, lighting environment, and thermal physiology. All the categories share two keywords;

seasonal change and psychological/physiological responses. In this paper, five categories are briefly introduced.
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Fig. 4 Experimental set-up for detecting respiratory gas diffusion

through the human skin
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Examination of the validity of the local model to be used for clarifying
the cause of fatigue cracks occurred in steel bridges

Kento Asano ", Hanbin Ge ", Norihiko Hayakawa', Narumi Aoki"

Abstract

Although steel plate girder bridges are often used, fatigue cracks are likely to occur and care must be taken in maintenance.

In particular, fatigue cracks generated at the weld between the bracket retainer and the diaphragm are peculiar to the target

bridge, and it is considered that the cause is significant stress concentration due to out-of-plane deformation of the diaphragm.

Furthermore, out-of-plane deformation has been confirmed in many diaphragms of the target bridge, and fatigue cracks may

increase. Thus it is necessary to clarify the cause and take countermeasures. In this study, a whole-bridge model and a local

model of the target bridge using FEM analysis were created, and the validity of the local model was verified through the

comparison.
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Fig.1 Overall madel diagram of the target bridge

Table 1 Boundary conditions of the target bridge
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Fig.3 Fatigue crack occurrence location diagram
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Table 5 Comparison of von-Mises stress values in each analytical model
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Analytical Study on Developing A New Type of Steel Damper with Shear Fuses

Miki TAGUCHI", Hanbin GE?

Abstract

In this study, a new type of steel damper with shear fuses (hereafter named as SDSF) which is composed of two plates with

shear fuses was developed by improving the conventional structural control damper. As a result, effects of different

structural parameters on the deformation performance were verified. Compared with the conventional structural control

damper, the improvement of the deformation performance of the SDSF was confirmed.
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Fig.1 SDSF ftaAfActs

Table 1 fifHT/ 37 A —%

RECE

No. Bratps, NoLB L H LR e | R e

(0] | (] | from] | from] | o] | o] | i) 2 DA
1 SDSF-N16B20H40 20 40 340 190 04 0.34 120
2 | SDSF-N16B20H60 20 60 340 230 0.29 0.52 120
3 | SDSF -N16B20H80 16 20 80 340 5 10 0.22 0.77 100
4 | SDSF-N16B15H80 15 80 300 270 0.17 0.95 90
5 | SDSF -N16B25H80 25 80 380 0.28 0.67 100
6 | SDSF-N16B30H80 30 80 420 0.33 0.62 100
7 | SDSF -N16B20H70 20 70 340 5 0.25 0.64 100
8 | SDSF -N16B20H90 20 90 300 0.2 0.92 100
9 | SDSF -N16B20H80R2.5 16 20 80 310 25 0.24 0.68 100
10 | SDSF -N16B20H80R 10 20 80 400 270 10 10 0.2 0.93 100
11 | SDSF -N16B10H40R2.5 10 40 230 2.5 0.22 0.39 100
12 | SDSF -N16B25H40R5 25 40 380 0.5 0.33 100
13 | SDSF-N8B20HS80 8 20 80 340 . 0.22 0.77 100
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A Consideration of Mechanical Similarity Condition of Embankment Model Test
and Drainage in the Slope Toe

Hiroki NAKAMURAY, Takeshi KODAKA?

Abstract

In our research group, we have conducted embankment model test with high permeable foundation ground and investigated the

effects and mechanisms of leakage from foundation ground on embankment deformation. As a result, it was confirmed that the

slip failure near the slope, and the piping that develops triggered by the sand boil and the fountain due to the concentration of

the hydraulic gradient toe. In this study, in order to examine the practical applicability of embankment model test we have

conducted, we consider the mechanical similarity with the actual river embankment using the Levee Vulnerability Index

proposed by Fukuoka et al (2017). Furthermore, regarding the drainage to be installed in the slope toe, which is effective in

suppressing infiltration slip fracture, the size and the position, and the effect of permeability of the upper foundation ground will

be examined.
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Mechanical Characteristics of Structural Soils.

Kaoru FUJITAY, Takeshi KODAKA ?

Abstract

Since the structure of soil affects mechanical behavior such as shear resistance, it is important to understand it. The authors

found that different structures can be formed in sandy soil containing fine particles by changing the initial water content at the

time of specimen preparation. It was also clarified that specimens with significantly different shear strength can be prepared

even with the same void ratio. In this paper, a specimen of sandy soil with a different structure (named to as structural sandy

soil here) was prepared by the same method, and a triaxial compression test and a simple shear test were performed. In recent

years, there have been reports of large-scale slips failures caused by rainfall and floods in embankment soil, which has fine

particles content and is considered to be cohesive soil in terms of engineering classification. In this paper, quasi-clayey soil

specimen with a fine particle content of 50% was prepared using the same method as for structural sandy soil. The results of

examining the effects of skeletal structure and shear mode on the mechanical behavior of the ground material in which fine

particles are also shown.
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Material Design for Concrete Using Low-Quality Recycled Aggregate in Vietnam
Anh Duc NGUYENDY, Yasuhiro DOSHO?

Abstract
Vietnam is a developing country in Southeast Asia. Since the 21* century, Vietnam has achieved great economic and social
progress. Along with this, the country’s infrastructure has been quickly constructed to satisfy the demands of development.
In Vietnam, concrete is still the most popular construction material because of its more reliable workability, greater
durability, and lower cost compared with other construction materials. However, because of its durability, demolishing or
renovating old structures generates huge amounts of concrete waste, which is very difficult to recycle effectively.
Therefore, a measurement for discriminating the use of recycled aggregate concrete is a very necessary and pressing
requirement for Vietnam. This study compared the Vietnamese and Japanese standard systems to choose a suitable
material that has been studied in Japan. It focuses on the material design of concrete using low-quality recycled aggregates
prepared by an aggregate replacement method. To evaluate the quality of the aggregates in recycled aggregate concrete,
experiments were conducted using specimen groups characterized by various mix proportions. Accordingly, when

low-quality recycled aggregate is used, by employing the relative quality index method for material design, the

manufacturing of recycled aggregate concrete with required performance can be achieved.

1.  Introduction

Vietnam is a developing country located in Southeast Asia.
In the 21% century, Vietnam has achieved great economic and
social progress. Simultaneously, the infrastructure has been
quickly constructed to satisfy the demands of development.
Concrete is still the most popular construction material owing
to its more reliable workability, greater durability, and lower
cost compared to other construction materials. However, owing
to its durability, demolishing or renovating old structures
generates the huge amounts of concrete waste, which is very
difficult to recycle effectively. Therefore, a measurement for
discriminating the use of recycled aggregate concrete is a very
necessary and pressing requirement for Vietnam.

This study compared the Vietnamese and Japanese standard
systems to choose a suitable material that has been studied in
Japan. It focuses on material design with concrete using
low-quality recycled aggregates prepared by an aggregate
replacement method. To evaluate the quality of the aggregates
in recycled aggregate concrete, experiments were conducted
using specimen groups characterized by various mix
proportions. Accordingly, when low-quality recycled aggregate
is used, by employing the relative quality index method for

material design, the manufacturing of recycled aggregate

concrete with required performance can be achieved.

2.  Condition of Concrete Waste in Vietnam

2.1 Construction waste in Vietnam

As specified in Vietmam National Standard TCVN
6705:2009, construction wastes are those generated from the
demolition, rehabilitation, or new construction of buildings,
roads, and bridges. They include brick, mortar, concrete,
gypsum, and other materials. Of these, 23% of the construction
waste is concrete waste.

In Hanoi, the capital of Vietnam, it is forecasted that the
amount of construction waste generated will reach (in tons per
day) 2,100 in 2020, 3,400 in 2030, and 4,800 in 2050
according to forecast. This amount of concrete waste is very
large, and it is not effectively recycled, which can adversely
affect the environment. Therefore, a measurement to promote

the recycling of concrete waste is very necessary.

22 Characteristics of construction waste in Vietnam
In Vietnam, brick is widely used in construction. Therefore,
the construction waste generated from rehabilitation and

demolition includes a large amount of brick and concrete. For

1) Graduate School of Science and Technology, Meijo University ~ 2) Prof. Dept. of Environmental Technology, Meijo University
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the purpose of recycling as a filler material or raw material for
non-fired brick, concrete waste and brick waste are crushed
together without classification, as shown in Fig. 1. The
crushing technology is the same as that used in Japan.

For the purpose of recycling waste as recycled aggregate for
concrete, the manufacturer can classify the construction waste
before crushing. Therefore, the recycled aggregate can be
generated from concrete waste only. The actual appearance of

recycled coarse aggregate in Vietnam is shown in Fig. 2.

23 Application of recycled construction waste

The application of recycled construction waste in Vietnam is
mostly as a filler material or as a raw material for the
manufacture of non-fired brick. As the Decision No.
576/QD-TTg, issued by Vietnam’s Ministry of Construction in
2010, a policy to promote the use of non-fired brick was
established”. The raw materials for manufacturing non-fired
brick, such as brick waste and concrete waste, can be taken
from construction waste. As a forecast of Vietnam’s Ministry of
Construction Decision No. 576/QD-TTg, the use of non-fired
brick could reach 30%-40% by 2020. But according to the
2019 statistical data from this agency, the use of non-fired brick
reached 25% and the increasing rate did not reach the expected
target. The reasons were the high cost compared with normal
brick and the high absorption of this material, which adversely
affects construction quality.

For the application as recycled aggregate concrete, there are
some enterprises that are now producing precast concrete and
normal-weight concrete from recycled aggregate, but the
amount is very low compared with the total amount of
construction waste. Furthermore, the application measures are
in the research stage but the development of both research and
practical applications is at a low rate.

In fact, the dissemination of recycled aggregate concrete in
Vietnam is still encountered difficulties owing to the shortage
of development funds, limitations of the technology, and the
policy of the Government. Therefore, to promote the use of
recycled aggregate concrete, the Government of Vietnam
should increase research on the recycling technology and issue
a policy that encourages people and enterprises who

manufacture and use recycled aggregate concrete.

24 Management system for recycled aggregate
concrete in Vietnam

Regarding management and quality control, Vietnam

National Stand (TCVN) is used. As specified in TCVN

HIRREE B T2 788 No.61 2021

Concrete waste only

Concrete waste and brick waste

Fig. 2 Recycled coarse aggregate in Vietnam

9340:2012 Ready-mixed concrete - Specification and
Acceptance, ready-mixed concrete is classified into three
groups according to workability as very stiff (SC), stiff (C), and
plastic (D) using the Vebe, slump, and flow tests®.

Regarding compressive strength, the type and category are
defined equivalent to the nominal strength in JIS A 5308,
Ready-Mixed Concrete. Compared with the value of
compressive strength of normal-weight concrete in JIS A 5308,
the range of low compressive strength, which is less than 18
N/mm?, is more detailed in the Vietnamese standard®.

For recycled aggregate concrete, there is only a standard for
recycled coarse aggregate. The standard for recycled fine
aggregate has not yet been issued. As specified in TCVN
11969:2018, recycled coarse aggregate for concrete is divided
into two types: Type I and Type II. Of these, Type I is
equivalent to the recycled aggregate class M in JIS A 5022
Annex A, Recycled aggregate concrete-Class M with an
absorption of <5% and a density in the oven-dry condition of >
2.3 glen?’.

Furthermore, the replacement ratio of recycled coarse
aggregate is not regulated in TCVN 11969:2018. Meanwhile,
JIS A 5022, Recycled aggregate concrete-Class M is divided
into two types: Recycled aggregate concrete-Class M1 and
Recycled aggregate concrete-Class M2. As in Japanese
architectural standard specification JASS 5 Reinforce concrete
work (2018)", the replacement ratio and absorption of recycled
aggregate for recycled aggregate concrete-Class M is clearly
regulated for recycled coarse aggregate class M (RMG), class
L (RLG), and recycled fine aggregate class M (RMS) and class
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Table 1. Comparison of Japanese standard and Vietnamese standard on replacement ratio and absorption of recycled aggregate concrete

Replacement ratio (%) Absorption (%)
Type Standard Recycled coarse | Recycled fine Recycled coarse Recycled fine
aggregate aggregate aggregate aggregate
RMG | RLG | RMS | RLS |RMG RLG RMS RLS
Recycled <100 | - - <5 - - -
aggregate JIS A 5022
concrete-Class ~ JASS 5(2018)Y - <50 - - <7 - -
Ml
Japanese <100 | - <100 |- <5 - <I -
standard  [Recycled - - <30 <5 - - <13
aggregate JIS A 5022 ) <50 <100 |- - <1 <i -
concrete-Class ~ JASS 5(2018)Y - - <30 - <7 - <13
M2 ) <100 |- - - <i -
- <30 - - - <13
Vietnamese Recycled coarse . <5 <20
standard _|aggregate TCVN 11969:2018 | - - (TypeD) | (Typell) |~
Table 2. Quality of recycled coarse aggregate in Vietnam Table 3. Quality of aggregate
RG2 Test * * " o
Item RGI (Mixed concrete waste Item method NS €S¥ NG® | RLS |RLG™
(concrete waste only) X _
- and brick waste) Density in JISA
Density in oven-dry oven-dry 1109 2.602.602.522.612.612.14 2.06 2.272.22
% 3 2.30 225 <
condltlop (g/em’) condition (g/cm®)| JIS A
Absorption (%) 5.81 6.46 Absorption (%) | 1110 [1.46]1.44]1.60/1.171.218.4510.255.666.84
Solid content (%) 59.8 59.5 Fineness JISA
Amount of contained 03 ] modulus (FM.) | 1102 2.5512.742.636.606.573.37 3.096.576.46
impurities (mass %) Materials finer IS A
than 75-um sieve 1103 19/1.6/45/1.1/1.7|55] 7.0 |03]0.6
(o)
L(RLS) in eight cases as shown in Table I, Solid content (%) JIIISO‘: 62.8/64.867.1160.6/58.665.2 69.8 61.061.6
Solid content in JISA
3. Outline of Experiment aggregate (%) | 5005 P8.259.858.360.3 66.1139.963.2
A 0/ 0 |03]0.1
B 0/ 0]0]0
According to the experiment results from the University of Amount of C 0/0]0]0
PSS : contained | D | JISA 0] 0]0]O0
Transport and Communications in Vietnam, which are shown impurities’s E | 5023 oo Tolo
in Table 2, the absorption of recycled coarse aggregate (mass%) | F 0] 00O
: G 0] 0 /0]0
fr 1 te onl 1 81%.
manufactured from concrete waste only (RGI1) is 5.81% Total o0 To3lol

Meanwhile, the absorption of recycled coarse aggregate
manufactured from concrete waste and brick waste (RG2) is
6.46%. The density in oven-dry condition of RG1 and RG2 is
230 g/em?® and 2.25 g/cm?, respectively. Also, the amount of
contained impurities of RG1 is 1.03%. Therefore, recycled
coarse aggregate in Vietnam is equivalent to the recycled
coarse aggregate class L in JIS A 5023.

In this study, Japanese materials such as cement, chemical
admixture, normal aggregate and recycled aggregate were used
in experiments. Regarding the standard system, Japanese
standards were applied to control the quality of the material and
also concrete performance. Furthermore, in Vietnam, only the
recycled coarse aggregate standard has been issued. Therefore,
recycled fine aggregate was used accordance with Japanese
standard.

*1 NS: Sand from Ibi river. *2 CS: Crushed sand from Shinshiro.
*3 NG: Crushed stone from Shinshiro. *4 RLG is mixed by
recycled coarse aggregate class L 1505 and recycled coarse
aggregate class L 2015 with the same weight. *5 Classification of
A~G according to JIS A 5023 Annex A.

3.1 Material

3.1.1
In this study, ordinary Portland cement (N) was used in
accordance with JIS R 5210.

Cement

312

The quality of aggregates used in the experiments is shown
in Table 3. River sand (NS) and crushed sand (CS) were used
as normal fine aggregates. Crushed stone 2005 (NG) was used

Aggregate

as a normal coarse aggregate. Recycled coarse aggregate class
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Table 4. Mix proportion

Mix proportion Unit weight (kg/m’) Ad?
. —
Specimen Cement %Lq’gfmmt ra“I‘{’L(g’) ‘g/{g (if) W | C | NS | CS |NG |RLS RLG | (Cx%)

NGNS-45 0 0 45 | 435 | 183 | 407 | 736 - 960 - - 1.00
NGRLS10045 0 100 45 | 435 | 183 | 407 - - 960 | 649 - 1.00
RLG50NS-45 50 0 45 | 435 | 183 | 407 | 736 - 480 - 436 1.00
RLGS50RLS30-45 50 30 45 | 453 | 183 | 407 - 523 | 464 | 199 | 417 1.00
RLG50RLS50-45 50 50 45 | 435 | 183 | 407 | 368 - 480 | 324 | 436 1.00
RLG100NS-45 100 0 45 | 435 | 183 | 407 | 736 - - - 872 1.00
NGCS-55 0 0 55 | 47.6 | 180 | 327 - 819 | 928 - - 1.00
NGNS-55 0 0 55 | 458 | 180 | 327 | 810 960 - - 1.00
NGRLS30-55 0 30 55 | 47.6 | 180 | 327 - 573 | 928 | 218 - 1.00
NGRLS50-55 0 50 55 | 45.8 | 180 | 327 | 405 - 960 | 357 - 1.00
NGRLS100-55 N 0 100 55 | 458 | 180 | 327 - - 960 | 714 - 1.00
RLG50CS-55 50 0 55 | 47.6 | 180 | 327 - 819 | 464 - 417 1.00
RLGS50NS-55 50 0 55 | 458 | 180 | 327 | 810 - 480 - 436 1.00
RLG50RLS30-55 50 30 55 | 47.6 | 180 | 327 - 573 | 464 | 218 | 417 1.00
RLGS50RLS50-55 50 50 55 | 45.8 | 180 | 327 | 405 - 480 | 357 | 436 1.00
RLG100NS-55 100 0 55 | 458 | 180 | 327 | 810 - - - 872 1.00
NGNS-65 0 0 65 | 474 | 177 | 272 | 863 - 960 - - 1.00
NGRLS100-65 0 100 65 | 474 | 177 | 272 - - 960 | 761 - 1.00
RLG50NS-65 50 0 65 | 474 | 177 | 272 | 863 - 480 - 436 | 1.00
RLG50RLS30-65 50 30 65 | 492 | 177 | 272 - 610 | 464 | 232 | 417 | 1.00
RLGS50RLS50-65 50 50 65 | 474 | 177 | 272 | 432 - | 480 | 381 | 436 | 1.00
RLG100NS-65 100 0 65 | 474 | 177 | 272 | 863 - 872 | 1.00

*1 RLG is mixed by recycled coarse aggregate class L 1505 and recycled coarse aggregate class L 2015 with the same weight. *2 Ad:
Air-entraining and water-reducing admixture.

Table 5. Experiment and test method

Type Experiment Test method | Remark
Slump JISA 1101
Air content JISA 1128 |
Fresh Density JISA 1116
concrete Temperature JISA 1156
k RLG 1505 1 1th" Chloride ion JIS A 5308 |Electrode current
— e - JASS 5 |method and Mohr
RLG 2015 10t/h’ content T-500  method
* Manufacturing efficiency Compressive IS A 1108 Standard curing
. . strength method
Fig. 3 Manufacturing of RLG and RLS Static modulus of 4 weeks, 13
s JISA 1149
clasticity weeks
L 2005 (RLG) and recycled fine aggregate class L (RLS) were Hardened i i JIS A
(RLG) y ZEreg (RLS) wi concrete Drying shrinkage 11293 At 26 weeks
produced from the concrete waste generated from a Accelerated
. . . carbonation depth TS A1IS3 |-
demolished foundation structure. The demolished concrete was :
, , Durability factor | JIS A 1148 EXperiment
crushed to a size of 040 mm, then it was used to manufacture method A

RLG and RLS at another plant, as shown in Fig. 3. This was
done by the crushing and classifying method. The quality of the
manufactured recycled aggregate satisfied JIS A 5023 Annex
A.

3.2

The mix proportions for the experiments are shown in Table

Mix proportions

groups were made. Furthermore, a target slump of 18.0 £ 2.5
cm and a target air content of 4.5 £ 1.5% were selected for all
of the specimen groups. In the cases of W/C ratios of 45%,
55%, and 65%, the unit water volume was 183 kg/m?, 180
kg/m’, and 177 kg/m®, respectively. For the chemical
admixture, air-entraining and water-reducing admixture was

used for all of the specimen groups with an amount of 1% of

4. The water—cement ratios (W/C) were 45%, 55%, and 65%. the cement weight.
For the RLG, it was used to replace normal coarse aggregate
with replacement ratios of 0%, 50%, and 100%. For the RLS, it 33 Experiments and test methods

was used to replace normal fine aggregate with replacement
ratios of 0%, 30%, 50%, and 100%. In total, 22 specimen

Experiments were implemented for the fresh and hardened

conditions of concrete in accordance with JIS, as shown in
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Table 5. In the case of the fresh condition, experiments were
implemented for slump, air content, density, temperature, and
chloride ion content. For the hardened condition, experiments
were implemented for compressive strength, static modulus of
elasticity, drying shrinkage, accelerated carbonation depth, and
durability factor.

4.  Experiment Results

4.1 Fresh concrete
Table 6 shows the experiment results of all specimen groups

of fresh concrete.

411 Slump and air content

All of the specimen groups satisfied the slump and air
content targets. Furthermore, in the case of the air content
experiment, the aggregate correction factor was higher when
the replacement ratio of the RLS increased. By application of
the aggregate correction factor, the actual air content presented

in the concrete could be accurately reflected.

412 Density

Compared with the specimen groups that used normal
aggregate, the density of recycled aggregate concrete tended to
decrease when the replacement ratios of the RLG and RLS
increased owing to the effect of adhered mortar and cement

paste on the recycled aggregate.

413 Temperature
All of the specimens were placed from August to December.
They all had temperatures below 35°C.

414 Chloride ion content

When the replacement ratios of the RLG and RLS increased,
an increasing trend of chloride ion content was observed. But
for all of the specimen groups, the chloride ion content still
satisfied the value of <0.30 kg/m®, which is regulated in JIS A
5308.

4.2 Hardened concrete

421 Compressive strength

As shown in Fig. 4, compared with the specimen groups that
used normal aggregate only, when the replacement ratio of the
RLG and/or RLS increased, the compressive strength was

lower at 4 and 13 weeks. This trend was clearly observed when

HIRREE B T2 788 No.61 2021

the replacement ratio of the RLS was > 50%. But an increasing

trend from 4 to 13 weeks of was still observed in all specimens.

422 Static modulus of elasticity

The static modulus of elasticity had the same trend with
compressive strength, as shown in Fig. 4. When the
replacement ratio of the RLG and/or RLS increased, the static
modulus of elasticity at 4 and 13 weeks was lower compared
with normal aggregate concrete. The increasing trend from 4 to

13 weeks was also observed.

Table 6. Experiment result of fresh concrete

Air . Chloride
Specimen S(lcmmI;p content ](?(egr/lf;‘;})fl"em(gzr;tture ion content
(%) (kg/nr’)?
NGNS-45 19.5 14.4(0.2)| 2299 28.0 0.03
NGRLS100-45 16.5 |3.9(1.6)| 2250 25.8 0.12
RLGS50NS-45 19.0 |4.2(0.3)| 2277 24.1 0.10
RLGS0RLS30-45 | 20.5 |3.5(04)] 2251 27.6 0.14
RLGS0RLS50-45 | 18.0 |4.4(0.6)| 2226 24.8 0.11
RLG100NS45 20.0 [5.0(0.5)| 2184 28.0 0.06
NGCS-55 18.5 |4.4(0.0)| 2318 26.0 0.04
NGNS-55 18.0 |4.1(0.2)| 2336 284 0.02
NGRLS30-55 20.0 [3.9(04)| 2274 28.7 0.12
NGRLS50-55 19.5 14.3(0.5) 2234 29.5 0.05
NGRLS100-55 19.0 |5.2(0.9)| 2084 30.1 0.09
RLGS50CS-55 17.0 |3.1(0.6)| 2282 28.8 0.12
RLG50NS-55 19.5 14.2(0.4)| 2256 284 0.09
RLGS50RLS30-55 | 20.0 [4.4(0.5)] 2206 26.1 0.12
RLGS50RLS50-55 | 19.5 14.1(0.3)| 2099 29.2 0.08
RLGI100NS-55 16.5 14.6(0.5)| 2208 27.7 0.09
NGNS-65 18.0 |4.6(0.2)| 2288 24.6 0.02
NGRLS100-65 18.0 |4.5(1.5)| 2142 22.8 0.12
RLG50NS-65 19.0 14.7(0.5)| 2221 23.6 0.12
RLGS50RLS30-65 | 20.0 [5.3(0.6)| 2172 243 0.11
RLGS50RLS50-65 | 18.0 [4.5(1.2)| 2163 235 0.11
RLG100NS-65 16.0 |4.2(0.5)[ 2189 22.0 0.10

*1 In () is the aggregate correction factor. *2 Refers to the
electrode current method and Mohr method. For normal-weight
concrete, refer to JIS A 5308.
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Fig. 4 Compressive strength and static modulus of elasticity
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423 Drying shrinkage

Compared with Vietham National Standard TCVN and
JASS 5 (2018)Y, the target quality threshold value for drying
shrinkage of <8 x 10~ was selected”.

In Fig. 5, the drying shrinkage tends to be higher when the
RLG and/or RLS were used at a > 50% replacement ratio. This
effect was due to the recycled aggregate’s high absorption.
However, most of the specimen groups had drying shrinkage
values that satisfied the value of < 8 x 107, which was set as

the target quality threshold value in this study.

424 Accelerated carbonation depth

After the comparison between Vietnamese and Japanese
standards, as a conservative measure, a target quality threshold
value for the accelerated carbonation depth of <25 mm was
selected”.

As shown in Fig. 6, compared with the specimens that used
normal aggregate, when the replacement ratio of the RLG
and/or RLS was > 50%, the carbonation depth increased.
However, almost all of the specimen groups were under the

25 mm target quality threshold value.

425 Durability factor

In Vietnam, because of the geology, there is no standard for
freezing-thawing. Therefore, the Japanese standard was used
to evaluate the durability factor.

In Fig. 7, when the specimen groups have as-mixed air
content after mixing in the range of 4% to 6%, regardless of the
replacement ratio of the RLG and RLS, the durability factor is
greater than 60.

4.3 Material design by relative quality index method
The relative quality index is calculated based on the
recycled aggregate replacement ratio and the aggregate
absorption or density”. In this study, absorption was used for
the evaluation. This method was used to evaluate the
correlations of concrete performance and the relative
absorption of aggregate. Equation (1) was obtained based on
the experiment results. The correlations of the relative
absorption and recycled aggregate concrete performance are
shown in Fig. 8. For recycled aggregate concrete-Class M1,
when 50% RLG or 100% RMG was used, the relative
absorption was 4.02%. For class M2, when 50% RLG and
30% RLS were used, the relative absorption was 5.46%, when
100% RMG and 100% RMS were used, the relative absorption
was 5.87%. Furthermore, the absorption upper limit of NG CS

Accelerated carbonation depth
at 26 weeks (mm)
s
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Fig. 7 Correlation of as-mixed air content and durability factor

were based on JIS A 5005, NS was based on JIS A 5308. For
recycled aggregate, the absorption upper limit of RMG and
RMS were based on JIS A 5022, and for RLG and RLS were
JIS A 5023.

OCvG*a + QCvSxb + QCrGxc + QCrSxd
a+bét+d

Where, QCt: Relative absorption (%)
QCvG: Absorption of normal coarse aggregate (%)

OCt= M

QCvS: Absorption of normal fine aggregate (%)
QCrG: Absorption of recycled coarse aggregate (%)
QOCrS: Absorption of recycled fine aggregate (%)
a, b, ¢, d: Absolute volume of aggregate (L/m’)
As shown in Fig. 8, when the relative absorption increased, a
decreasing trend of concrete performance is observed.

Compressive strength, static modulus of elasticity, drying
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shrinkage, and accelerated carbonation depth showed some
variations, but in general a clear relative correlation was
obtained.

Furthermore, in case relative absorption <4.02%, the target
quality threshold values were satisfied except the case of drying
shrinkage with the specimen groups used 100% RLG
Therefore, when normal aggregate was mixed with recycled
aggregate class L, based on the correlation of relative
absorption and recycled aggregate concrete performance,
suitable replacement ratio of recycled aggregate, and the use of
selected normal aggregate, the manufacturing of concrete with

required performance can be achieved.

5.  Conclusion

With the purpose of disseminating the concrete using
low-quality recycled aggregate in Vietham through the
application of material design, the following conclusions were
achieved:

(1) The generated construction waste in Vietham was
forecasted to rapidly increase to 4,800 tons per day by
2050. At present, the effectiveness of recycling for
construction material has not been achieved. To promote
the use of low-quality recycled aggregate for concrete,
Vietnam needs to significantly develop the recycling
technology for concrete waste and issue a suitable policy
for individuals and enterprises.

(2) In the Vietnam National Standard, recycled coarse
aggregate is divided into Type I and Type II. Of these, Type
1 is equivalent to recycled coarse aggregate class M in JIS
A 5022. Furthermore, the actual quality of recycled coarse
aggregate in Vietnam is equivalent to the recycled coarse
aggregate class L in JIS A 5023.

(3) Fresh concrete using low-quality recycled aggregate
satisfied the target values even when the replacement ratio
of recycled aggregate was large. This was performed by
applying a suitable amount of chemical admixture.

(4) For hardened concrete, when the replacement ratio of
recycled aggregate increased, the concrete performance
tended to be lower; however, most specimen groups
satisfied the target quality threshold values regulated in the
Japanese standards. Regarding the freezing-thawing
experiment, the replacement ratio of recycled aggregate did
not affect concrete performance, and by ensuring a suitable
as-mixed air content, recycled aggregate concrete could be

used for a short-term planned service period.
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Fig. 8 Correlation of relative absorption and concrete performance
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(5) By applying material design for recycled aggregate
concrete, when normal aggregate was mixed with
low-quality recycled aggregate, based on the correlation of
relative absorption and recycled aggregate concrete
performance, a suitable replacement ratio of recycled
aggregate, and the use of selected normal aggregate, the
manufacturing of concrete with required performance can
be achieved.

From the conclusions above, when using low-quality
recycled aggregate for concrete in Vietnam. By applying the
relative quality index method for material design, the
manufacturing of recycled aggregate concrete with required

performance can be achieved.
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Expanding the Use of Fly Ash as an Admixture in Concrete in Vietnam

Thi Phuong DAOY, Yasuhiro DOSHO?

Abstract

To bolster the drive for economic and social development in Vietnam, 31 coal-fired power plants were constructed to meet

the demand for electricity. According to the survey of the Vietnam Energy Association, coal ash of the order of

approximately 1.5 billion tons was generated in 2017. A part of the generated coal ash was recycled as landfill; however, the

rest lies unused or discarded, causing serious environmental pollution. Since fly ash (FA) forms a major component of coal

ash, it is necessary to establish methods for the safe, continuous, and effective use of FA. This study compared the

Vietnamese National Standards with the Japanese Industrial Standards from the perspective of using FA as an admixture in

concrete. Japanese FA was used in the experiments. Consequently, by using suitable amounts of chemical admixtures and

adjusting the ratio of FA as a cement replacement and as a fine aggregate replacement, structural concrete can be

manufactured, and the required quality can be assured.
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Performance Assessment of Roofing Materials by Environmental Aspects

Nahoko NISHIO P, Yasuhiro DOSHO ?

Abstract

CO: reduction is proposed in the Architectural Charter for the Global Environment by extending the life of building, and the

maintenance of various building elements becomes important to make the life of building longer. Therefore, selection of

appropriate materials for new building (Material design) is required. The purpose of this study was to investigate the effect of

roofing materials to the environment for the purpose of Material design for proper roofing materials. As the method of

examination, qualitative evaluation using evaluation criteria based on terms used in JIS Q 14021 and quantitative evaluation

based on the LCA of the building were performed. As a result, it was found that the material design for roofing materials that

considers resource circulation in relation to the long life of the building and the relationship with various environmental load

substances is effective in reducing the environmental load.
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Study on the Utilization of Refuge Floor in Four Asian Cities
Kai Xiang, Hiroyuki TAKAI

Abstract
The refuge floor is already a legally protected space in each country. Therefore, governments and construction departments of
each country have strict requirements on the refuge floor. In order to ensure the safety in case of disasters, residents are not
allowed to use this space in normal times. As for the space of refuge, it is the space to protect life. It has been the consensus of
all governments. Sky gardens are places that provide people with natural environment and spiritual relaxation. In fact, they are
also spaces that protect life. In the future, with the development of science and technology, there will be more and more solutions
for fire prevention, so the demand for sky gardens and roof gardens will be higher and higher. As a safe and comfortable
residence in the future, the space providing disaster protection for people's lives should be fully considered to be more closely

combined with the green space for long-term adjustment and protection.

1. Background and Purpose

High-rise housing originates from Western Europe. After
the End of the Second World War, due to the lack of housing
and the rapid increase of urban population, high-rise housing
was encouraged to be built in the 1950s and 1960s to case
the outward expansion of cities. With the development and
progress of building materials, structures and equipments. It

also provides material guarantee for the development of

buildings in the upper air. Since the second half of the 20th

Figure 1 Sky Habitat (SG) — swimming pool on RF

century, the Asian economy has developed and with the (Author’s photo)

rapid development of cities and the concentration of popu- 1.1 Roof Garden

lation, the demand for housing has expanded, and land in
urban centers has become increasingly scarce. Through
"vertical type" growth, super high-rise residential buildings
make efficient and intensive use of limited land, improve
scale efficiency, and create new space for urban develop-
ment. Therefore, it is of great significance to discuss and

study the super high-rise housing market.

The current residential density, in the residential planning
in the lack of enough communication space and green space,
so the form of "hanging garden" in the high-rise residential
buildings are widely used. The hanging garden is an organic
combination of natural ecological environment and artificial
building, which makes the residents get close to nature, have
communication space and get away from the closed and de-
pressive atmosphere inside. It has beautiful landscape de-
sign, broad vision and pleasant environment. Therefore, it is

widely used in high-rise residential buildings at present.

This kind of roof garden is often seen in life form, the typ-
ical model of roof garden development initial period, it is to
point to in all buildings and structures at the top of the them,
terrace of greening decoration and space form, placed on the
roof of the buildings in garden construction style, create a

find the scenery pleasing to both the landscape and leisure

places.

Figure 2 SkyVille @ Dawson(SG) — green in sky terrace

(Author’s photo)
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1.2 Sky Terrace

In the middle floor of high-rise residential buildings, the
buildings and green plants are integrated perfectly, provid-
ing high-rise users with a platform for communication and

rest, and overlooking the distant scenery from the platform.

Figure 3 Sky Terrace@Dawson(SG) — vertical green
(Author’s photo)
1.3 Vertical Green

Vertical greening is an effective way to increase the cover-
age rate of urban greening, improve the residential ecologi-
cal environment and enrich the landscape of urban greening.
Whether the refuge floor can be combined with the "garden
in the sky" as the unique air space in the super-tall buildings
and have some effective combination in the use efficiency,
disaster protection and space quality will be an important

topic to be discussed in this paper.

The purpose of this study was to understand the definition
of fire protection in four cities and the provisions in the laws
and regulations, and to investigate whether it could be com-
bined with the sky garden space. It brings more possibilities
for the development of public space of high-rise residential
buildings in the future. Under the condition of shortage of
land resources in the future, whether the refuge floor can be

used to improve the environment of high-rise buildings.

20 storeys 25 floors

One more One more
I >40 storeys

Figure 4 Requirement of refuge floor

50m
One more

HIRREE B T2 788 No.61 2021

2. Methodology

The methods of this study are field survey and related lit-
erature, data and network survey. From 2016 to 2019, we
conducted field research in Singapore, Hong Kong, Beijing
and Taipei, mainly visiting projects and talking with clients,
residents and designers. In 2020, the survey was conducted
mainly by referring to the relevant laws, regulations and
technical specifications of four cities, relevant books, rele-
vant government departments and project websites.

The reason why I choose these four cities is that they are
all rapidly developing cities with a large number of high-rise
residential buildings in use or construction. These four cities
also belong to the Chinese cultural circle and have similar

cultural backgrounds, which are easy to be compared.
3. Refuge Floor

3.1 Definition of super high-rise building

The definition of "super high-rise" varies from country to
country. But the definition of a super high-rise building is
also directly related to the fire-fighting capacity of each
country.

Singapore: According to <Fire Safety Requirements for
Super High-rise Residential Buildings >, Buildings with
more than 40 stories are defined as super High-rise.

Hong Kong: There is no consensus on the definition of tall
and supertall buildings among international fire safety
standards, including Hong Kong’s local regulations. For ex-
ample, the Hong Kong Fire Service Installations Code de-
scribes high-rise to be buildings that exceeds 30 meters. In
the Global context, 23 meters and 18 meters are adopted in
NFPA 5000 and BS9999-2008, respectively. Buildings with

more than 40 stories have been classified as ultra-high-rise

20 floors

One more
>40 floors I E} | >100m I @ >36 floors

97



Study on the Utilization of Refuge Floor in Four Asian Cities

buildings (Lo 1997; Lo et al. 2002; Lu et al. 2001) or super-
tall buildings (Chow & Chow 2009,2019).

China: Code for fire protection design of buildings defines
supertall buildings as building exceeding 100 meters.

Taiwan: According to the regulations, the definition of

Figure 5

Fire Safety Requirements for Su-
per High-rise Residential Build-
ing(SG)3)

Figure 6

Building (Planning) Regulations

(HK)9)
high-rise buildings is mainly based on Article 227 of "Build-
ing Technical Rules and Building Design and Construction".
High-rise buildings refer to buildings with a height of 50
meters or more than 16 floors. As for the super-tall buildings,
there is no clear definition. Taking the Institute of Architec-
ture of the Ministry of Interior as an example, the architec-
tural planning and design group is defined as more than 100
meters, while the building disaster prevention group is de-
fined as those whose floors are more than 25 stories or more

than 90 meters high.

3.2 Definition of the Refuge Floor

The definition of refuge floor is almost uniform around the
world. However, each country also has its own strict fire reg-
ulations and fire regulations to strictly restrict the design and

use of the refuge floor.

City Floors Height
Singapore 40 Floors
Hong Kong 40 Floors
Beijing 100m
Taipei 36 Floors

Figure 9 Requirement/ Instruction of refuge floor

HIRREE B T2 788 No.61 2021

Singapore: A floor designated for holding occupants in a
super high-rise residential buildings. A designated circula-
tion area/space on the refuge floor for temporary assembly
of occupants during fire emergency.

Hong Kong: A refuge floor is a protected floor that serves
as a refuge for the occupants of the building to temporarily

assemble and rest in case of fire.
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Code for fire protection de-

sign of buildings (BJ)12)
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Beijing: The refuge floor is the floor in the building for
people to temporarily escape from fire and smoke hazards.
Meanwhile, the refuge floor can also be used as a place for
people with obstacles to temporarily take refuge and wait for

rescuc.
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Figure 8

Principles of Setting refuge
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Taipei: Refers to the indoor personnel on the floors above

Corporation (Approved ver-
sion) (TP)18)

the 36th floor who, in the event of a fire in a building above
the 36th floor, temporarily stay in the waiting space except

the refuge floor, including indoor space, semi-outdoor space

Interval floor Area
>50% floor area
20 Floors i
0.3m*/per
>50% floor area
25 Floors HEoBm
50m 510°/per
The total number 2
20 Floors of people above Hu /per

the Refuge

Min > 2.4m
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and outdoor space.
3.3 The requirements of the refuge floor

Singapore: Residential buildings exceed 40 storeys high
shall be provided with at least one refuge floor at an interval
not more than 20 storeys

Hong Kong: In general, refuge floors should be provided
in all buildings (except for a domestic building or a compo-
site building not exceeding 40 storeys) exceeding 25 storeys
in height, at not more than 20 storeys and 25 storeys respec-
tively for industrial and non-industrial buildings from any
other refuge floor, or above the street or the open area.

Beijing: Public buildings with building height exceeding
100m shall have refuge floors. The refuge floor (room) shall
meet the following requirements.

The height between the ground of the first refuge floor and
the ground of the fire fighting and rescue site should not be
more than 50m. The height between the two refuge floors
should not be more than 50m.

Taipei: For buildings with floors above 36 floors, at least
one refuge floor shall be provided. For every 20 additional

floors, one additional one more.

The refuge floor has the strictest rules and regulations for
each country, so that it can play its role in the event of a dis-
aster. So "Sky Gardens" from this part of the view is difficult
to use the refuge space. However, both open or semi-open
spaces cannot be shared in practice, but there are also adja-

cent settings to ensure the broadness of vision in the land-

HIRREE B T2 788 No.61 2021

4. Green System

4.1 Introduction of green building evaluation standards
in various countries

Singapore: The BCA Green Mark Scheme was launched
in January 2005 as an initiative to drive Singapore's con-
struction industry towards more environment-friendly build-
ings.

It is intended to promote sustainability in the built environ-
ment and raise environmental awareness among developers,
designers and builders when they start project conceptual-
ization and design, as well as during construction.

Hong Kong: BEAM Plus is the Hong Kong’s leading ini-
tiative to offer independent assessments of building sustain-
ability performance. Recognized and certified by the
HKGBC, BEAM Plus offers a comprehensive set of perfor-
mance criteria for a wide range of sustainability issues relat-
ing to the planning, design, construction, commissioning,
fitting out, management, operation and maintenance of a
building. By providing a fair and objective assessment of a
building’s overall performance throughout its life cycle,
BEAM Plus enables organizations and companies of all
sizes to demonstrate their commitment to sustainable devel-
opment.

China: The Green Building Evaluation Label (GBEL) is
a voluntary national rating system in China administered by
the Ministry of Housing and Urban-Rural Development
(MOHURD). GBEL is a green building certification pro-

scape view. gram that evaluates projects based on six categories: land,
energy, water, resource, material efficiency, indoor
Certification GREERN MARK Green Building Label BE=E BEAM Plus
Year/Cauntry 2005/5G 1999/ TW 2006/CN 2010/HK

Organization

BCA: Admin. Of Singapore

The interior ministry ABRI

Minstry af Constructian

HKGBC

Content

Nat just the entire building, but
the offices, restaurants and
retail, supermarkets, data
canters within the building, as
well as parks and infrastruciure
outside the building.

It can fully meet the needs of ecology,
energy conservation, waste reducticn
and health

I is developad according to the
characteristics of subtropical climate in
Tawan with high temperature and
humidity.

Through the two-stage evaluation,
the buildings can be targated for
better perfermance.

To protect the earth's
environment, maximize
the effective use of the
aarth's resources, to
prevent environmental
pallution for the purpose,

A tool for the averall
formal assessment of a
builcing throughour its life
cycle

Total

30 Ceuntries

1 Country

1 Country

1 Country

Utilizatian of

major Countes
Iain Counties

Singapore

India

China

Malaysia

In the Widdle East
other

Taiwan

China

Hongkong

Certification to distinguish

Ine new bulding structures
The existing building

Basic {EEWH-BC}
Residence {EEWH-RS}
Factory (EEWH-GF
Renovation (EEWH-RIN)

community {EEWH-EC}

Residential construction
Facilities construction

The new bullding
The existing building
Intieror

Figure 10 Comparation of Green System(by China Kiriyama)

99



Study on the Utilization of Refuge Floor in Four Asian Cities

environmental quality and operational management. The
program utilizes a three-star rating system, with Three-Stars
being the highest achievable rating level, followed by Two-
Stars and One-Star.

TAIWAN: In 2009, the Architecture and Building Re-
search Institute, Ministry of the Interior, set up a Green
Building Labeling evaluation (EEWH) system cover-
ing Ecology, Energy saving, Waste reduction, and Health, in
light of the subtropical climate characteristics of high tem-
perature and high humidity native to Taiwan. As of 2012, the
original evaluation version of the Green Building Labeling
has been expanded to cover 5 basic categories of building
type, including basic, accommodation, factory building, old
building renovation, and community environments.

Thus, Taiwan has set itself apart as officially creating a
milestone for green building classification evaluation. In or-
der to both meet international demand and expand the scope
of evaluation for green buildings across Taiwan, we imple-
mented an "international version" of our evaluation manuals
on July 1st, 2017, marking it as the 6th edition of the evalu-
ation manuals. By doing so, this version aims to enhance
competitiveness and business opportunities on the global

market for Taiwanese enterprises.

4.2 Influence on the design of Sky Gardens

Figure 11 Singapore Strategic Area(SG) 1)

Singapore: The green rate is closely related to the P.R. of
a building. The green rate of more than 30% of a new build-
ing often occupies a large land area, which will reduce the
standard floor area of a single building. However, the plot

ratio calculation of Green in Singapore includes ground

HIRREE B T2 788 No.61 2021

green space, vertical green space of facade, roof green space
and sky garden green space. Therefore, after making full use
of roof garden green space and sky garden green space, the
area of ground green space is reduced, so as to increase the
area of standard floor of building and make the building
more efficient.

According to the location, the urban green space require-
ments of Singapore are divided into Strategic Area and other
areas, and the LRA(Landscape Replacement Area) of each
Area is also different. In the Strategic Area, THE LRA is
100%, while in other areas, the LRA is 70%. There are also
special requirements for softcape within the site.

Softscape Areas :A minimum soil depth of 1000mm shall be
provided for trees and palms, 500mm for shrubs and climb-
ers, and 300mm for ground covers.

In Hardscape Areas, Rooftop Urban Farms may be counted
up to 10% of the hardscape LRA requirement, subject to the

merits of the proposal.

Location Developments in Strategic Developments in Strategic
Areas Areas Outside Central
Area, with Height Control
<80m?

LRA (as a % of Site Area) 100% 70%

Minimum softscape 40% 40%

requirement

(as a % of Site Area)

Minimum GnPR 4.0 4.0

requirement
(Total Leaf Area/Site Area)

1 Building height is based on Singapore Height Datum (SHD).

Figure 12 LRA Requirements for Developments in Strategic Area(SG)
D

Hong Kong: The greening rate of Hong Kong is also
closely related to the plot ratio. The calculation of greening
rate also includes ground green space, roof green space, sky
garden green space, sloping green space and other forms of
green space. When the standard of green land reaches a cer-
tain level, it will eventually receive a reward from the gov-

ernment for the total area or plot ratio. But the greenfield
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assessment report needs to be submitted to the wealthy tem-
porary BEAM Plus for evaluation of Hong Kong's green
buildings.

Beijing: Due to climate and safety reasons, Beijing does
not encourage the development of roof green space and air
green space for high-rise residential buildings in policy.

Taipei: The relationship between green evaluation and
building volume reward in Taipei is closer.

After obtaining the candidate green building certificate, the
volume bonus will be awarded according to the different
levels. For example, the brick level rewards 10% of the
base volume, the gold level rewards 8% of the base volume,
the silver level rewards 6% of the base volume, the copper
level rewards 4% of the base volume, and the qualified level

rewards 2% of the base volume.

FBHE NEBRBLERRESE  KTISKLTERNERE
MBS BREFRESZT -

R BEFRESZN -

R BEFREDZA -

M- BRxFRE2 20 -

h S8 BRXERENZ_ -

Figure 14 Green building rating and plot ratio award (TP) 20)

5. Refuge Floor Combine with Green Space

5.1 Green rate calculation rules

Singapore: There is a certain relationship between the
calculation demand of green space in Singapore and the
GPR of land use. The overall green space ratio and the
green space ratio of ground floor are also calculated and

rated separately.

LRA Requirements GPR<1.4 1.4<GPR<2.8 GPR22.8
T s
On»gr?u"g Greenery Provision 20 30 35
(as % of Site Area)
Green Plot Ratio 3 35 4

(Total Leaf Area/Site Area)

Figure 15 LRA Requirements for Developments Outside Strategic Ar-
eas(SG) 1)

First of all, the computer template to the plant graphics,
easy to calculate and statistics.The computer is then used to
accurately calculate the green area of each section. To the
sky terrace, the requirements are : 1. Keep at least 40% of the

perimeter open. 2. Open space with depth of at least SM. 3.

HIRREE B T2 788 No.61 2021

Plants must be at least 300mm high. 4. Occupy at least 60%
of the floor area, and ensure that at least 2 units are used as
public Spaces. To the rooftop, the requirements are: 1. The
minimum of 50 square meters or 50% of the roof cover is
lower. 2. Up to 50% of the perimeter can be enclosed.

Hong Kong: According to the architectural design guide-
lines, in a specific location set appropriate altitude greening
(such as gardens and roof garden, etc.), and by the authori-
ties to apply for exemption, may be exempted from the cal-
culations in chapter 123 of the Hong Kong law the buildings
ordinance (number: LN. 82 of 201 (2) the total floor area of
ordered and/or cover area, and a certain degree of plot ratio
rewards (GFA concessions).

The minimum green rate is also calculated according to the
separation of finishing green space and ground floor green
space, and has a certain relationship with the building scale.
Greenery Areas should be built in or fixed permanently to
buildings with recommended minimum soil depths of
1200mm for trees, 600mm for shrubs/climbers/bamboos and

300mm for grass/ground covers.

Minimum Site Coverage of Greenery Remark
Area of the Site
Total Greenery At-grade Greenery Greenery Areas
Arcas | Areas at other locations
| =20 000 m’ 30% 15% No minimum Greenery
[>1000m™ but< | 0 . Areas rcqulrc{llcﬂl at
2 2 % e s |
20 000 m’ o | other locations |

Figure 16 Minimum Requirements on Site Coverage of Greenery

(HK) 6)

Beijing: High-rise buildings have almost no roof greening,
mainly in the podium.Roof greening shall be implemented
in the construction project and roof garden shall be included
in the greening land area index of the project according to

1/5 of its area if the following provisions are met.

<18m

Figure 17 Diagram of Beijing Roof Greenery calculation (BJ)
1.The green space area without underground facilities
within the land scope of the construction project has reached

more than 50% of the corresponding indexes stipulated in
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the Regulations of Beijing municipality on Urban Greening.
2.The height of the roof (or roof of the structure) to be
green is below 18 m.
3.According to the roof greening technology requirements
design, achieve permanent greening, give play to the corre-

sponding benefits.

Taipei: The green project includes the wall, terrace or
roof of the building with a green coverage of 50% and a
ceiling of 3% by law. Taiwan has a more complex and rig-

orous method of calculation.

#4618 57RS2=6.81x ( (TCO, —TCOc) /TCOc) +1.5+ HOO=RS2=9.0 - (2-2.1)
=1 b = B L O (€ B ) ) g B ——— (2222)
SR HRARAOT :

166V I S v BT K (7 DY ) L ———————————— 2:23)
A (Ay —A) x (I-1) * BA' = 0.15%A, (2-24)
L R B R e ———— el 2-25)

ra = Z NT' /z NT 226)
=0 =0

Figure 18 Taiwan Greenery calculation(TP)14)

5.2 Current Situation

At present, the most important issue is fire safety, and phys-
ical and mental health has not been given greater attention.
Therefore, the combination of refuge floor and the sky gar-
den is still very rare, and only the project in Singapore has
placed the refuge floor adjacent to the sky garden.
The Pinnacle @Duxton residential project. The 26th stories

Observation Decks :800 meter Jogging Track :Historical Park
@50th, 26 th storey - @ 26th storey iLookout Points
@50th storey

Playground
Sky Garden

YM
ommunity Centre
aygroun

View Deck

Contemplative Zone

d
Community Cenire
Hostorical Park
Education Centre
: Childcare Centre
Connection to
Duxton Piain Park
Food Centre

Figure 19 The Pinnacle@Duxton(SG) 22)

skybridge (refuge floor) serves to evacuate residents during
a fire emergency. As the skybridge links all 7 blocks, resi-
dents from an affected block may evacuate through the sky-
bridge (refuge floor) to the unaffected blocks. SCDF fire-

fighters can mount search, rescue and fire-fighting

HIRREE B T2 788 No.61 2021

operations from this refuge floor, which is open and natu-
rally ventilated, for efficient smoke dispersal.

In Hongkong, Greening facilities or any other use shall not
reduce or obstruct the scope of the shelter. Only 50% of the
green space is covered by the roof. All the green areas will
not be covered by the roof, so the refuge floor will not be
covered by large areas.

At present, real estate developers will use the fire-proof
floor of some residential projects as the hanging garden. As
a selling point, the building is a transparent air space with
no windows, external walls, etc., only electric lighting, 24-
hour lighting. At least one fire lift arrives. The lift doors of
the building should not be opened in the fire protection floor
(if not as a hanging garden) during normal operation and
should be locked at all times until the lock is automatically
unlocked when the fire control switch is activated. If it is
used as a hanging garden, all lifts can be reached. However,
the lift lobby on this floor must be protected by a double

smoke-proof door (with automatic locking function).

* REFUGE FLOOR &
For Tempor
During Emerge

Figure 20 Grand Promenade(HK) - Movable furniture

(Author’s photo)
6. Conclusion

The refuge floor is already a legally protected space in each
country. Therefore, governments and construction depart-
ments of each country have strict requirements on the refuge
floor. In order to ensure the safety in case of disasters, resi-
dents are not allowed to use this space in normal times.

In the future, due to the relationship between population,
urban expansion will be more rapid, and there will be more
and more demands for the use of the existing urban land with
higher density. Therefore, there will be more and more de-
mands for the use of high-rise and super-high-rise residential
buildings. For high-rise users, the most commonly used

form of green space will definitely be the form of sky garden
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or roof garden.

As for the space of refuge, it is the space to protect life. It
has been the consensus of all governments. Sky gardens are
places that provide people with natural environment and
spiritual relaxation. In fact, they are also spaces that protect
life. In the future, with the development of science and tech-
nology, there will be more and more solutions for fire pre-
vention, so the demand for sky gardens and roof gardens will
be higher and higher. As a safe and comfortable residence in
the future, the space providing disaster protection for peo-
ple's lives should be fully considered to be more closely
combined with the green space for long-term adjustment and
protection.

There are some differences in the function of the sky gar-
dens as a fireproof and refuge from the refuge floor. Plants
and furniture in sky gardens are made of potentially flam-
mable materials, which can have a bad effect as a refuge
space. But as the space of the sports venues and the function
of the shelter is not violated, but also the effective use of
space and place, movement is a bit more empty space a lot
of places, such as for running course, it could be very good
used of empty refuge floor in normal time, but also let the
refuge floor equipment in the usual use to ensure its effec-
tiveness, such as light, etc. In the future, as people pay more
attention to the living environment, it will be believed that
the relevant standard will be adjusted appropriately. At the
same time, people will pay more attention to the ordinary
use of refuge floor, and more reasonable and legal functions
will appear. As for the future residential public space, it will

be a space with many possibilities and worth designing.
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