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Abstract  Thin Shells and Other Space Structures

Arun Chaiseri
Fellow of the Academy of Sciences, The Royal Institute, Thailand

A large roof covering a very large area without undesirable interior col-
umns usually requires a 3-dimensional structure such as a thin shell which has various
shapes and sizes. In choosing the most appropriate one, the available vertical space,
the atmospheric as well as environmental condition of the surrounding area should be
carefully considered. A thin-shell roof usually means a reinforced concrete structure
having very small thickness compared with the other two dimensions. In designing a
double-curvature shell, “membrane theory” is normally applied, where the thin curved
concrete slab is treated like a large membrane which can take only tensile force; while
the compression force is carried to the foundation through compression members.

Other 3-dimensional structures popularly used nowadays are space frames
or space trusses. The members of the lattice-like structures are made of structural steel
or steel pipes joined together by welding or steel balls. They may be fabricated from
a far away factory and shipped to the construction site and are assembled on the floor
right under the roof space. The whole assembly is then simultaneously lifted upward to
sit on preconstructed columns and finally cover the whole roof structures with proper
roofing materials such as metal sheets.

Still other 3-dimensional structures are pneumatic structures, waffle slabs,
hanging structures or their combinations. To obtain the most appropriate 3-D structure
to suit a building, the following factors should be carefully studied. The first things to
be considered are the strength and safety, followed by aesthetics of the building as well
as its required functions, while the most important factor is the cost of construction
which should not overrun the budget. Otherwise, the project might not be feasible.

Keywords: thin shell, membrane theory, hyperbolic paraboloid, 3-dimensional
structure, space frame, S.A.F.E.
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New Moon First Quarter Full Moon Last Quarter
d h m d h m d h m d h m
Jan 5 8 37
Jan 13 1 05 Jan 21 6 26 Jan 28 4 11 Feb 3 20 38
Feb 11 20 07 Feb 19 21 57 Feb 26 14 21 Mar 4 10 55
Mar 12 14 49 Mar 20 9 17 Mar 27 0 06 Apr 3 3 04
Apr 11 7 35 Apr 18 17 08 Apr 25 9 42 May 2 20 29
May 10 21 23 May 17 22 42 May 24 19 38 Jun 1 14 22
Jun 9 8 13 Jun 16 3 26 Jun 23 6 35 Jul 1 7 42
Jul 8 16 53 Jul 15 8 42 Jul 22 19 17 Jul 30 23 33
Aug 7 033 Aug 13 15 44  Aug 21 10 09  Aug 29 13 21
Sep 5 817 Sep 12 1 41 Sep 20 2 51 Sep 28 1 03
Oct 4 16 54 Oct 11 15 27 Oct 19 20 18 Oct 27 11 01
Nov 3 2 54 Nov 10 9 17 Nov 18 13 12 Nov 25 19 48
Dec 2 14 M Dec 10 6 23 Dec 18 4 37 Dec 25 4 03

7w http://aa.usno.navy.mil/cgi-bin/aa_moonphases.pl?year=1736&ZZZ=END
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2014 Phases of the Moon
Universal Time
New Moon First Quarter Full Moon Last Quarter
d h m d h m d h m d h m

Jan 111 14 Jan
Jan 30 21 38 Feb
Mar 1 8 00 Mar
Mar 30 18 45 Apr
Apr 29 6 14 May

3 39 Jan 16 4 52 Jan 24 5 20
19 22 Feb 14 23 53 Feb 22 17 15
13 27 Mar 16 17 08 Mar 24 1 46

8 31 Apr 15 7 42 Apr 22 7 52

315 May 14 19 16  May 21 12 59
May 28 18 40 Jun 20 39 Jun 13 4 11 Jun 19 18 39
Jun 27 8 08 Jul 11 59 Jul 12 11 25 Jul 19 2 08
Jul 26 22 42 Aug 4 0 50 Aug 10 18 09 Aug 17 12 26
Aug 25 14 13 Sep 211 11 Sep 9 1 38 Sep 16 2 05
Sep 24 6 14 Oct 119 32 Oct 8 10 51 Oct 15 19 12
Oct 23 21 57 Oct 31 2 48 Nov 6 22 23 Nov 14 15 15
Nov 22 12 32 Nov 29 10 06 Dec 6 12 27 Dec 14 12 51
Dec 22 1 36 Dec 28 18 31

Ui 00 O 00

‘ﬁ&l'] : http://aa.usno.navy.mil/cgi-bin/aa_moonphases.pl?year=2014&ZZZ=END
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Abstract

Lunar Calendar: Effects that May Be Caused by Errors in the Thai
Lunar Calendar and a Development of Lunar Data Using Astronomy
Knowledge

Nibondh Saibejra

Fellow of the Academy of Science, The Royal Institute, Thailand

Jaturong Sukonthachat

Academic committee in the preparation of the dictionary of astronomy, Academy of
Science, The Royal Institute
Department of Physics, Faculty of Science, Srinakharinwirot University

This article discusses the lunisolar Buddhist calendar used widely in Thailand,
which includes the data of the Gregorian calendar and the Thai lunar calendar, a calendar
indicating the day-month-year according to the Moon’s phase and its position in the
sky. There are 3 ways to calculate lunar data used in the Thai lunar calendar: calculating
an average phase and an approximate location of the Moon as in the scripture named
Suriyayart, finding an average phase of the Moon using an iteration on the Thai special
board named Pakkhaganana, and calculating the true phase and the true position of the
Moon using astronomy knowledge. In order to find the average lunar data in the first 2
approaches, they are calculated using a hypothetical lunar orbit at a constant speed with
an approximate average period of 29.530583215 and 29.530593514 days respectively.
The 3™ approach is to determine the true lunar phase by using the true Moon orbit at an
inconsistent rate with the average period of 29.530587981 days. Because the Thai lunar
calendar uses data obtained from the Suriyayart, causing Buddhist sabbath (the 8" ,
the 15", the 23 and the 29" or 30" day of the Thai lunar months) to be faster than it
should be according to the true Moon’s phase by about 1 day up to 24 and 34 times in
the Buddhist year 2556 and 2557 respectively. The article proposes 4 effects that may
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be caused by errors in the Thai lunar calendar: an effect on the date of the Buddhist
lent in each year, effect on the Buddhist memorial dates, effect on the Thai cultural
dates, and an effect on identifying seasons in Thailand. These effects can be reduced or
may not occur, if the Thai lunar calendar can identify date and time of the “full moon”
on the reference meridian of Thailand correctly every lunar month. This identification
is most important for those who involve in both the preparations and the uses of the
lunar calendar in Thailand, in expecting it to be accurate. In addition, the paper aims
to present an astronomical calendar called “Thai astronomical lunar calendar” that in-
dicates phase and position of the Moon together with an angular distance of the Moon
from the reference stars (the astrological auspices) in the ecliptic coordinate system.
This astronomical calendar may be a source of information used to improve the Thai
lunar calendar because it helps to define the appropriate formulation of an astronomi-
cal terminology; “the date of the full moon” or “the 15" date of the waxing moon”.
Moreover, it can be a data used for better specifying “the leap month” and “the leap
day” of the Thai lunar calendar. If the Thai lunar calendar can specify “the 15" date of
the waxing moon in the 8" Thai lunar month” and “the 15" date of the waxing moon
in the second 8" Thai lunar month”, it follows that the date of the Buddhist lent will be
after the true full moon appearing close to the “Pubbasatha auspice (Delta-Sagitttarii)”
and “Uttarasatha auspice (Sigma-Sagitttarii)” respectively. This corresponds to the
rainy season in Thailand and the Thai lunar calendar will be accepted from all related
sectors in the country.

Keywords: solar calendar, lunar calendar, Moon, phase of the Moon, full moon, the full
moon date, the 15" date of the waxing moon, the Buddhist lent
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Abstract  Surface Coating on Fruits and Vegetables after Harvest
Saichol Ketsa
Associate Fellow of the Academy of Science, The Royal Institute, Thailand

Fruits and vegetables are perishable after harvest resulting in short shelf life.
Physiological and biochemical changes of fruits and vegetables after harvest still go on
similarly while they still are on the mother plant. However, their postharvest changes
in physiology and biochemistry are much more pronounced than while being on the
mother plant due to lack of the supply of food and water, together with unfavorable
conditions. Wilting or shrivel is one of the physiological processes that reduces qual-
ity of fruits and vegetables after harvest. Wilting or shrivel reduces freshness, crunch,
crisp, and nutritional values. Wilting is due to weight loss through transpiration. Wilt-
ing will be severe under high temperature or/and low relative humidity. Water loss
of fruits and vegetables can take place through stomata, lenticels, cuticular surface
and wound. Reduction or prevention of water loss can be done by many ways. Wax-
ing or surface coating is one of those. Coating materials can be from either natural
or synthetic materials, and they are safe for consumers. Coating materials will cover
all the surface of fruits and vegetables including their stomata, lenticels and wound.
Moreover, surface coating can increase the attraction of consumers and delay ripening
too. Surface coating is preferable for some fruits and vegetables. Prior to application
of coating materials, one must have adequate technical information such as concentra-
tion of coating material, temperature and relative humidity of storage condition, etc.,
otherwise it may cause damage to the produce.

Keywords: surface coating, cutin, postharvest fruits and vegetables
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asumeuin ety uasdiugarhefouTunnilnssesing duandusuil o Inssesinedie
DuandFmimevosaeundangulasmluudruunalnsstesinasimegseninsiosas oe-ne
(ACI 522R-10, 2010) Wnsawianiidusnnazfulnseisodiostu Fetinaviliiuazeneeanunse
susaeunIaldR eeundmudadigninnlivslenlunmsiiuimaiu seeens vidous!
nsvitinuuiissueilditeannisiindaymnisinaussrenidusasiiuusyansnmnsldo
\lorumn

uennil naaiaydulvesiufidieslidoddiuiundu fnsdeasrsassyulna
UpviuuAuin iAan1sanasuesunatyaotnusssLYIA ﬂwl‘df;jmﬂwauawaafwuuﬁﬁu
Jinanslnaussvesifinntudnszduliaansiameadanniy dilbausalvaduag
s iy LLazlajgﬂﬂi@ﬂﬁ]’m%uaum’13J3$UU‘7JEN§§33J‘U’1§ ihluusitharassdafinnisuu
Woulddrenn (Field et al., 1982: 265-270), (Scholz and Grabowiecki, 2007- 3830-3836) N394
pounsanguituiiuimfissuisthannsateudtogmmendls aouniawsudsanmsoluly
nuluiannses Uzm%’qLﬁamﬁaLﬂuﬁagmﬁammé’miﬁﬂ wagdantunsaaduideuarauiuiu
ANNSOULABNMY (Chareerat et al., 2009), (Park et al., 2005: 1846-1854), (Wong et al., 2007:
647-655), (Zaetang et al., 2013: 585-591), (Park and Tia, 2004: 177-184)

AaunIANgugnlinuIneuIuNI o 1 Tneilugausnasundamgulailegniamn
e ufiamnaszuisth mstawreunianguinuannsldneuninlifiunasuanben
(no-fine aggregate concrete) qucﬂiﬂ DOALNTLAY LLasLm‘mmumiaiﬂwma’mﬂaummﬂmu
yenauey WueounInfilifissfiuneunaudiufiuud Sadunannasesslanadsd o il
\Aanzmsnaunauiiogends msvaurauianiaznisviaueauiieusslunisneaing
waNfuALFBINsidnmwdganenynnieslassadne Jagtuneuninnguitiniside
wazianansaudseenliidu b Uszian ldud reundamsuiigniimuniiiedunsunimnaiu
(lightweight concrete) Tavazilnsionmaluiionouniniielinouniniminiun awnseld
Tunundauaslnssaieras enaflnssonafidoidewioliseiloils udjutuidduay
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AranuIvesiandundn uazlssnil o Aonsuninnguiiszunsuild (pervious concrete) Tu
andgeuinmuazdurouninelndgninnldifeduionaiissuedld Tnefiddnmudniedds
WINABUYBIENS: bR 11301 (Environmental Protection Agency-EPA) (http.//www2.epa.gov/aboutepa)
atduayuuareoniui maldRamiiihduinulddannsodisandymnisianisiauiivaues
183 venanilanmornalutinaiuifiydefimeissuetlddesdanmiBuniniuivy
MEaUULEATaAYTaARUNINEITUABNAEY

[
wa A

UNANUHTINUTEaIRNDTIUTINBIAAINSIAEIAUALTRNUFIUYRIABUNIANTUIN
AT Lz raayane 9 ielilinanuiarudilanuguiiediunsunianguy lay
Womawifgniulsydd msldusslevidfannaiuntdiedu wagaseunquisdiulsenoauvaile

ADUNSH NTOBNKUVAIUNAN N1SVAdRUANUAN WY wazaudRviluvesnaunInngy

. d9UUsENaUYDIABUNTANTU
ABUNIANTUARNIaT I UTIgNITeN e TanUssauuazduiideidulnssosing fs
1 ppUNIANTUIIUTENBUMIEEILNEN o d31 Al

UIATINNAYIU

- TanUszanu

Ins9971n"A

) @uUsznau
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) Weule A) Tufisule

UM o drulsznaulardnunzveInoUNIANTY

©.0 UIATINNYIY

masawmuﬁiﬁi’fﬁmauﬂ%‘quuﬁﬂﬁmmmazLﬁsn (single grade) Lfialiin
Tnssderidludonaunin Janildoradu fuyu nyn viomamdlads Tudereuniamsu
wiliasiuneIuUsEnuseYay bo-so LnaUsu1ns ACI 522R-10 (ACI 522R-10, 2010)
fiwusiuzihinnasmmeuildlunsvinaouniawsuasiidnuaeeu ASTM C33 (ASTM C33/
C33M, 2013) Waz ASTM D448 (ASTM D448, 2012) 370911387 NTLIIWUI YU9we3uas iyl
fnastedmasneuninngu nsldinasufifuunadnanerhliideouniangugatu (536
6uns beee), (Yang and Jiang, 2003: 381-385), (Bhutta et al., 2012: 67-73) W99
snarmIIadnansiuiuiiiduiassrhanasutuduudnedls egilsfinm war
yumdntiudosmsuTinumadiernnasunnnitunasuvuelng uenainid aruudouss
YouNATIIEUITdaia A esAaunINgY fio AsunsANTUTltnaTRLdusininasl
ﬁwé’aﬁqm’j'} (Sata et al., 2013: 33-39) ladianune1eulunsIguIaTINNRIVAINABUNTAS MILAA
waznupounIanguiailndidestunouninnguiliiuudunasue siidesan
aninfiveuuazeguszannniveanasuledatielinsBangseianaiivinasiuity
(51257 Ueiy, o)
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&
1o

JUN o MsinAnisivavesBundongs 99 uohl, been)

oo FaqdouUszay

Fanudouvszaududruivimihideusnanuvenudmeiu Taeiluudn
Iﬁgu%muﬁwamﬁuﬁw (@ udinas) venani maﬁmsw’%a’?a@ﬁu W ASHANLRY (admixture)
yi3eTanpauiiiy (additive) WievhwihiiusuusauiRvesmadlsdanuudousedu anemided
dnuaut nsldmsantfmslufuudinadainsaandasauiveyuadld vilvinoundn
wguﬁlé’ﬁﬁﬁé’qqqsﬁul,l,azLwaﬁﬁmiﬁaﬁmmai’aﬂﬁﬁ (Chindaprasirt et al., 2008: 894-901) Lazd3
AANIONANTANY (silica fume) Tumadlileteifuifutesitsvuaidn (pores) uazansasuan
YUALEN (microcracks) LNATBIMUILULYBLWARLAZANAIMUNYDIUAUAB UL (transition
zone) SEWINUIATIMAUNGALS (Yang and Jiang, 2003: 381-386) AauNIaNTUALIUSII0LNES
agsrmrindenay ae-od laUiinas inaumadiiutuasyhlidundmadiigaidouseszming
Tt desalrihdmasneunionsuiiintu ogndlsfng Uinameanadfiiuduassili
Uinnuagaunvesinsidesinsanas denaliainisfudiuihesaounianguanasdae
(Zaetang et al., 2013: 585-591) ANNAVINNTR (viscosity) VoaBumsimadieidudsddaylunisvh
AouNIAnTU FudnadiitanmmaafuluagyiliAenslvaadugaduiuans uagmndsud
wastianmmiaiuluerahlifienuannsolunisinue Sauulfenuazimasdazvieviuia
TlAldA msneaeuAnsivaveunadnuinsgiy JIS R5201 (JIS R5201, 1997) \Juisns
nodevantRvedudmadinlannminzadlunisiilvlgnunield Ansivavesdiuudmas
ﬁLMmzLLdmﬂ%’ﬂmﬁmasﬂwu"ga e&o-bomo NadAT (Chindaprasirt et al., 2008: 894-901) 15
anunsanadeuansiuavesnaninglalfvnislua (flow table) ﬁ’umm’lugﬂﬁ b laginnISung
spunaduulfensinadofinmannnazunn iasfivannedisnisineas uenaini Yandeu
Uszanuilderadutanuinduitiand@lunadenuszald wu ueailad Slewodiuesinad
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.o IW9YDIIN9

dmulnsauazdosislunouniomgu mnfisandumisiilnsaine auudls
o Uszam T Insshudounas Tnssluiiiosnasou uasTnsetaring (voids) Inefiiwssluiomas
Hulnsewundn Usenousaensswesaa (gel pores) hazlnssuafiaans (capillary pores) 84iina
ADNAIVDIWERA U%mmiwwiuﬁaLwaﬁﬁﬁﬁu@éﬁuﬁ’suwamawaﬁ (VS JumUsziasy uae
T8 9193WINYNA, bedl) IW'ﬁﬂuLuamaimﬂaI‘Wﬁw:uasJLLaﬂumaim USunaazaualngsly
Luamaiamuaﬂﬂwumaamaiammuﬂ% Twsavis b sdinfindnandrefusnivuadnuasdu
psAUsznoveEmiliwosaeunIangy Inssidmnudfydensuniamudulnsassnni m Ae
TInssdesisfiaslaliiAntuannslddunauiifinadifissvounmaiedouriuunasameny udlsl
widedniugndesing Wulnssterhmdniituazernaansainlslaede uenani 151919
Fuunlnssvosindduneunimmunudnuuzanudeiomwoddnsdliidu © Ussian 1ou Tnss
WUUTesseLiied (continuous voids) Faudulnsseriaiidenlostunazinaunsalwanuly
waglnseesiauuulsewias (uncontinuous voids) FadulnssUndainlaianunsalwarnld Tnss
711 o Ussinndsuasiordiuesaeuniangy diunaunounIansuiiiuiinamadnnyiedilduna
swmeuiiflvuadnasasiinavilinuseiiowesinsianas (Sumanasooriva and Neithalath,
2011: 778-787) ACI 522R-10 (ACI 522R-10, 2010) Qﬁwuéuuzﬁwdﬂumﬁwﬂauﬂ%muﬁﬂfﬂ
aunsaluadiulad Inssresinemsioun b-c Jadwns tazUsunasovas e¢-a¢ lnoUsuins

. N3BBNUUUHAIUNEY
nseenuUUdLNaNvesnounIanusanslifinnsgufisenuuayldaumllegis
ADUNSASIIUAT ACI 522R-10 (ACT 522R-10, 2010) kuztn13oenwuuasun3angulid Aounis
WIUPTUIAT @ gnuiEdiuns Uszneusemasmetuiiegdaduluanimiivasuninanmsa
wiudnties failiesnnivinandomaddiluindouinaruuazunsnieglutesing 3Ui
o WIBUWIEUUTUIMTYR8 5Ny nad uazlnssraindlunaunInnguiudsunnsvewin
umegusauiuwayInssdering sdanmnsegdaduromarailursunimiuiuogifuauts
youwad USinaunas uasndsnuililumssauniu iadiifiannisivageazindouiinmasals
v vhlvnasiuegdatuinnnii usezliaunsaldlusinasnnlsidesanazifinnsivaves
iadlugafusuans vz fimadiisiinislvasmaziadeuinmasaldnuinit dwalnasiue
ssfuanntu Ysinaumasfiunniuardssalinasuogieiunntu uasndanulunmssauuui
auagyilinanuegdatuinniu lnetluviinamadifunzaudaogssninadosas ac-od
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faituegfunnauardnuzvsunar Insfhnasuvuadnvieifineivagiifufiiannni
AR eRBeU friu SedsnsUiinameadlunisiedeuiaannn uasUSinanas
Heuagfundsnuillilunissauiu mndsnulumssautiugs Uhinaunadildlinisnn s
iledosfunislvaassuansvoanad
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a

void void

cement paste

WIATIUNENY ADUNTANTY
JUN o USunsveunasiuveu 11 waglnsiiesinevesnsuninngy

\esnnluifinasgruivaveniennuduiusidaauvessuiniiu Yinauwad wag
w¥slumsdoudu fafu nmseenuuudunauesouniansulowuiweninimaaaam
USnafiunazUBnamadivnzaudussiundsnuililunssauiy dnduuiinayudiumg
(©) T WlarmunUsunsvesdiuudinad (V,) TupaunInngu o gnuiadung LazdnsaILh
AOYUTLUIUA (w/em) U7 ansasmamUIaldndentiUSinani (w) muaunsh o wag
© Ag

A" = ¢/(3.15 x 1000 kg/m?) + w/1000 kg/m? (@)
w = (w/cm)c (o)

WaANNNIAAUIUINUTINYUBIUALAINANNTT o fiB

c = [(V,/0.315 + w/cm)] x 1000 kg/m® (on)
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ACI 522R-10 (ACI 522R-10, 2010) wuugtivin Samdutisoyufiuudildmsogsening
olo-0.co pgilsfiniy msldasantnavanunsndisansnaduihreyudiuudadld Chindapra-
sirt WagAE (Chindaprasirt et al., 2008: 894-901) WuI@11N5080 w/em Wiog5ening olbo-olod
Iélagldasantiiivy

& MINANLATIALUUABUNTANTY

Snuurvesneunismsuiiiu inadmsindeufinuasnd aeundamsuanasiieiy
anunsalumssauiuduuuiielilsruninsefidesnis wazdlouwdaiudidesdiinisnszatas
vosdlnssderieaiiaue tureunsnauaunianguluosfiRnsEuanmanauduna
vosunadnou enavldinadffidnisivaivangan Aasnanmasametuiiogluanmdudia
Wikq (saturated surface dry, SSD) asly sheiiinasauluanin SSD velyldwmansenuseu3unani
wavanwnslyaveanas Aeundnnuiliaziianuviladnuauzadensunisligus (no-slump
concrete) mﬁmmmmmsaiumaﬁwmulﬁvmﬂauﬂ%\w§u€u§aiﬂﬁmwmsgwu3aq§uimswm Yang
way Jiang (Yang and Jiang, 2003: 381-386) lsin1snaaeudd (VB 290 V. Bahmer) 114 4
s nmsvadeumuanunsalunsvhauldvesneuniafidanuviinviedeuanunsomlési

nsdantureunIanguisuiwmannseishldsnnitaeuniavialy msutsdunssis
Thnniuazdelionsuniniinnusainee uenani nmswedelizgazaeliidenaunia

[

Sanlatdunazidomanadeuiamasiuldity adaumnzaiveianseaLluRTy
sgfuAnsivanazUBnuveanaddundn 9nsAdefiiuanmnuin enislvaveanading
AoUSunalnssasnisivansgafuiIua19e9fIee9ARUNIANGY (Chindaprasirt et al., 2008:
894-901), (Kim and Lee, 2010: 607-615) gﬂﬁ « LLamamuzﬁuaaﬁmdNﬁ’saEmﬂaum%mwguﬁiﬁé’f
wasfineAnsvanaz Usunalnssosinenetuy
ssauureuniANguAINsalfiaTeIE ULt veIRBUNTA JUT ¢ Lanaoens
ﬂauﬂ%wquﬁ'é’@LLiJuimstﬂﬁffLﬂ‘%'aﬂL?Jsjwuuﬂmﬁ’] (Chindaprasirt et al., 2008: 894-901) N5
wuazldadnavenasnanuu UinaRisuunlndindesgnasiinissawtuinitindiuans
%’%ﬂ1sumé’mﬁﬁaﬂ%ﬁ’ﬂumwﬂé’ﬂﬁuﬂauﬂ%wgﬂuaum uannG MsLPRLABUNTANLIY
TuesufuRnmsdadauiffuandnaainaouninnguiiliauais 9nn1s@neives Mahboub wag
AQME (Mahboub et al., 2009: 523-528) WU NSOALUUAIDENMIU ASTM C192 (ASTM C192
/ €192M, 2013) Toglmdnnsziiaaylyineuniniifiasd@nisnenmiiunnsiisanislduseiuda

WAL NIBNoa519939 LAy
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Flow value

State at bottom portion
(mm)

F3 (230)

F2 (190)

F1 (150)

Designed void

ratio (vol.%) = 20 &

JUN & anugvesmuaagraunIanunldwadniiainislvatasUsunasnadsiaiu
(Chindaprasirt et al., 2008 894-901)

Paste
Aggregate

Vibration ends by contact
of aggregate

(a) Paste-aggregate interaction

Dripping of cement paste due
to high flow value, excessive
paste, or excessive vibration

(b) Progress of compaction and
dripping of cement paste

JUN & an1nARUNIANTUIINNITUASARIELATOAVETUURINT
(Chindaprasirt et al., 2008: 894-901)
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& nIsnagauausn

nsnadeUaNURmuUiaaIPauUnIaNgY (MaITuLsEn MAULSIn wagiaesy
LSIFLENWUTN) @135 MTUINTTIUYRIEUIANNITVAADUKAL TAABLLSTIW (American Society of
Testing and Materials, ASTM) liloun1snaaeurndmasnauniniily vazfinsmageumesiy
mSﬂwwmamauﬂ%wguﬁuL'%'uﬁmmgmmﬂﬁﬁu 79 U A.A. boox-bosk FNANNITNAGDULAL
Taneuiiulaeenunsgiudmsunaaevaudivesneuninniy ASTM C1701 (ASTM C1701 /
C1701M, 2009) Fo wnwsguilivaaounismainisfuriuiwesaounianguluauy, ASTM
C1688 (ASTM C1688/ C1688M, 2013) A9 1193551UIUNITNAGOUMAIAURUILUUKAZUSHID
INS90INAYDIABUNIANTUAR, ASTM C1747 (ASTM C1747/ C1747M, 2011) fg mmgmﬁi%
NAFOUMANAIUNUVNUABLIINTELVINYDIABUNIANTY g ASTM C1754 (ASTM C1754, 2012)
R mmmuﬁ%’maaummmwmmLLﬂuLLazﬂ%mm‘IW'ﬁwaaﬂauﬂ‘%mwwﬁ'LLsﬁqé‘f’JLLé"g dmsu
mimaaumiezmmuuwmmammaummmﬂumwQummﬁuu iﬁmmawmmimmuau
‘wwmLmaqmawmmammawsuammwumuﬁumuwamauﬂsmwm yonani ABUNTANTU
fingnldausnuauy 33RI5VNTNARBUNITANNTOUYDINIMTNATUNINTFIL ASTM C944 (ASTM
€944/ C944M, 2012) FaThunmsgrunmavedeusiuniunisannseuvesiamiilagds Rotating
Cutter

¢.o MINATIUNIUTUIAINTS

Ionanuud i Ysunadnssenmeaneglupauninividnsakuusiolioaasiuy
Liisiaiios Aumandlunindiassgui o mumguiuaiiilonounianguegluanin SSD Insewuulyl
! = E4 = P [ A ' = A s ! ava a o 1
solesinuluvesnsunInvzinaginvaeinswuusiaidonlifiviog lunsuuRasedslid
wnsgilunisivuanisnseusiiegaeunIanguluanin SSD waziilonauninagluaninuy
Tuih Tnssgeanaiavunazgnifinsied Gaanslusuil o) lunmsnssuiegsluanmilneunin
v 1 @ < A vl =Yy Mo A P R SR 5 v 3
soswgnuinlusseziamilaielihaunsadudiginsailisertiodld Wetsdmwninluuue 1

wiinvesdiiegaAsaliasuulas
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NNINAADUMUTAINTIUAZ AUNUIL YUY IRDUNIANTUTILTIIMAINULINTHIY
ASTM C1754 (ASTM C1754, 2012) hugnansamarunuiiuluanmuisuasUsunalnsione
anue Nalnssuusolioasiuulisiowios lngldaunsin « way & Ao
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auvudluan e = &4 (@)
DL
USuaulnsavianan = || KU=B)] | ;00 @
p DL
el A = UdvinelegebuanInwie Saluennid (nSy),
D = durhugudnansafevessiiegs (Haduns),
L = aug13eaeundniegd (Haauns),
K = ebonbco,
B = 1i9tinmieg1939buin (nSw),

'
ad v o 1

p, = mnumnuduveshigungiiveined (Alanusegnuiadiiuns)

&0 NMINAFBUINAINISTNRNLLY
nsnadeumsBukuivesnsunianguiunismaaeumauaNsaThin
Iyarunoun3n AeunIaiiiemstuinuningafeasuninfiilnaruléd :nmsfnunanuidely
ofamU SnsmeaeuA N sEEUTEIRBUNTANTY b 35 Ao WUULTITLAIA (constant head
method) LazluULIInuan (falling head method) (Mahboub et al., 2009: 523-528), (Neithalath
etal., 2010: 802-813)

SUT & UAnIN MR NGB UVNANS BRI UAST N13MAdDY
yilagiFusuanmsthiegwasunIamwsanszuenuldlukuuiiannsadesiunmslvadusu
Hn9ld nthnirdhedsfnsadniuganasey Udesthidguamaaeulaglsilnaianssuond
vumilesogauarlnarusedslugnszuendniu lawesemaieglussuuoonlyinua U3u
Usinahlvaudlsseduihiinseeniaesasiaudriausinahdentsdeimiin anfusuo
wUsumsi (0, anuAfleuRluns) lnedunan (¢, Jund) AnsBarun (K, wuiianseeiun)
aansduaildannannisi o fo

e 2L

I (o)
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g9l A ABIUINRLISARIBENG (ANSINIURLLRS),
L ApANugeuassiieg e (lwumiuns),
H A9sesseninessauinnIeeandaaniy (gumung)

Water

(H) Rubber Tube
LACET | AN
' [
Length of sample |
(L) T
R Quantity of water (Q)

— at time (t)

Ll

I
1o

JUN @ 1nT180IMTINAINSTUHIULILUULSIAUAIT (899 U9, bedmn)

NMSVAABUWIANNSTUENLLLUULS H AR (falling head) LYN1EAUNITNAFDUFIDEN
fifidnnsdusinus nmavaseuausaligniniesiiodiuituswiuacih Tnensudesingy
ugenIsEdunseantduenile lareseiniafiogluszuveenlivun Uathiludosidn
warSuduna i%ﬁUﬂE’]ﬁ&jﬂﬂN%ﬁﬂﬁ@ﬁ]%ﬁafj 9 ANAY HNARDIAINITAAIUIUMIAINITTURIY

K, wuiwasdeiund) lanaunsi o fe

AL h,
(ev)
27 n

2 1

k-
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Tnen h ADANNGIVDITEAVUT d LIATISHIR (lwuRluns),
h, ABANEIYRI U LIaTIviEndn (lwuRwng),

Aadaantunsin uni),
ADAINUYNIVDIAIDENS (WURLUAT),

ADNUNUTNAAVDIRIBENS (AT URLUAT),

[
&

ABNUTVUNFAYDIND (ANSITURLLAT)

b

SN e

&l NSNAFOUNITANNIOUVDIRINLN

NINAFOUNITANNTOUVDIRINLIVDIRIDE1IABUNIAID Rotating Cutter A3
UNIFIU ASTM C944 (ASTM C944 / C944M, 2012) Junrsnageuiietanssnuniunisan
nsauRmveIRRUNIANUILY a1 lEInnsiunIuNSANNIoULALNTRARBUYEY
Fanthuesaeuniawguldd nmaaeuvinldlngldiedesilondoudadauandlusuil « Tagldin
ninnATYe e Tduldunal b ud s?'h@ﬂﬂqﬁiﬁumimaauLﬂuﬁ’aaﬂwiﬂwsq?ﬂwﬁamum
& X o& X O [YURLUAT mamaﬂaumammaaa‘luamwmeﬂu ilosmnUSnamuduiiunn
snsfudawaseAnsEunIunsEnnseuiuanssiy SuneunsngeuNaInnsldnatainde
Aduiaitetestuiognaunnitnseninenstndu anduiodedheussiuauite lifegng
avenn Famindegateudndinsdeiitinuaniden o.e N3 thinegaduaiasdafetis
Tudy Budasegslneiinsduna ndndestifievhanuazeinuwdisognsludaiion
thmiindhegemdsdn ﬁflmﬁflmmmﬁmﬁfﬂﬁq@ﬁamﬂmsﬂﬁ’mﬂmﬁw

UM & MISNAFBUNNTAUNIUNITANNTBUYRY
FOENABUNIANTY (527 UTFY, beem)
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anmihAwFou (thermal conductivity) vi3edulszAvEnistharmiou fe
Afvsvenissnsifiesmsdsinumdanuasdounelulianavesian anluanaiisesiu
nsnuganhludaseduiivinng Tagieassiifimdulssnsnmianufeusasiianifuaui
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Abstract

Pervious concrete Technology

Parinya Chindaprasirt

Associate Fellow of the Academy of Science, The Royal Institute, Thailand
Yuwadee Zaetang

Department of Civil and Environmental Engineering, Faculty of Science and
Engineering, Kasetsart University, Chalermphrakiat Sakon Nakhon Province Campus

Pervious concrete is a special type of concrete designed to contain voids in
the concrete matrix in which air and water are allowed to pass through. This concrete
is used in the construction of permeable sidewalk, parking lot and roadway in order
to reduce storm water runoff and increase the efficiency under raining condition. In
addition, pervious concrete can be used as materials for water purifying, acoustic and
thermal insulation, and artificial fishing reef. Pervious concrete is, therefore, classified
as an environmentally friendly concrete. For Thailand, however, there is still limited
amount of research, body of knowledge and utilization of pervious concrete. This
article aims to provide knowledge of basic properties of pervious concrete from past
researches and other informations. The history, mix design and proportioning, utiliza-
tion and testing of various properties of pervious concrete are included.

Keywords: pervious concrete, voids, aggregate, cement paste
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New Generation Toilet for Health and Environmental Improvement
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At present about 1.74 billion people in Asia and the Pacific continue to live
without access to improved sanitation while more than 792 million people still suffer
the indignity of practicing open defecation. This poor sanitation has caused adverse
impacts leading to diseases and premature death, polluted water resources, time loss
from daily activities, degraded environment, and lost opportunities for use of human
excreta for energy or fertilizer production. Diarrheal diseases are caused mainly by the
ingestion of pathogens in water or food. About 88% of all diarrhea cases worldwide
have been attributed to lack of adequate access to water and sanitation. Most of septic
and/or cesspool systems currently in use do not function well because of unknown
lifespan, poor design and construction leading to the system leakage, overloading and
flooding, and poor maintenance. Thus, there is a need for new generation toilets system,
an approach towards decentralized or non-sewer sanitation which can solve the current
sanitation problems and minimizing health risks. The novel approaches to the design
of new generation toilets at an affordable cost which can produce biogas, electricity
or biochar have potentials to bring benefits to the poor communities. It will result in
ceasing of open defecation, thereby, reducing the health risks and bringing up the social
welfare status of the poor. Indirectly, investment on sewer construction can be saved
and increased food security for the poor could be achieved, thereby contributing to
poverty alleviation.

Keywords: cesspool, septic tank, sanitation
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Abstract  Publicized Dates of Five Articles by Sunthorn-Phu During 2384-2385
B.E.

Thosaporn Wongratana
Fellow of the Academy of Science, The Royal Institute, Thailand

The author’s hypothesis is that all of Sunthorn Phu’s writings are likely
the same story based on his various life experiences. Depending upon the internal
and external evidences within five articles and certain parts of the Tale of Pra Apai-
manee prepared during his serious personal problem with a princess, B.E. 2384-2385,
the editing date of each article can be denoted. In this paper the author proposes his
proceedings for the exact date of nwgnsylveasen, laadsaanasa, Sunany, e
W3z U553 and U91ALLIDILNYS respectively and rendered them as one continuous story.

Keywords: Sunthorn Phu, Phu’s articles, dates of writing
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florea, Apis andreniformis, Apis laboriosa, Apis dorsata, Apis cerana, Apis nigrocincta,

Apis koschevnikovi, Apis nuluensis waz Apis mellifera wazwunsnszaneialulszmelng
e & viin A Havians (Apis dorsata) ﬁ@ﬁ’ué: (Apis mellifera) Halwsalne (Apis cerana)
Hedlu (Apis florea) waz Rasiv (Apis andreniformis) ag1dlsfiny ReshuduRaiieswin
Weainmuldnnuazldansuauasauldgymeluaniiuiiunaiuds Tnsawizudnmnie
nansvasUszmalneiifanmiduyuvuiios

o o v auw o ° £
AIAIAZY : IINUINIG, LLUASHIAY, ‘ZI']ﬂﬁﬂﬂ’TUiiﬁ, WY
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Wannmsvesuvasdaesiiinunulimnii moo &1l Tnglowzegsbeaindaduman
Aflszuudenuuyt Tussnyswiiifaunssmfuussmysuiaassnul Sinneufiusingluiias
CRUIERGE

Sagtuildigimdngumnenindusinldesuisrundsnuesifannmsdddin
MIALIUBINANFIUTTH (fossil) AeTlegluanimanysainniilugmsiansainamsdfamuinisves
Aaana Apis Ifedraundede fendnfussiinninefiasnugniniesiesiuvidousiudiu
(5UT @ wag 5UT ) uazldgmirnifulilusegnslunisin (Seeley, 1985) 1ilo eloo 1T
HULN m&mmaaﬁmuﬁmﬁmaﬂiuqﬂSmmmi‘]uumaﬁmmsia (wasp) Tiiaudw (short-tongued)
Unaauiluseu warerduegnnalnsdlsl fudutoasfisfverdonenliinddu lnseenluiivans
nneenliinenuilslugdnaennis Fadunuduiusuuuiionodeiiu (Engel, 2001: 5-192)
ponlififuuasermsvesita (bee) §Qﬁﬂ15ﬁwuwﬁﬂwmzﬁm§wuﬂﬂsmaaiﬁmmzﬁ’mmﬁumm
nonldlsing q (Michener, 2000) Sty Ruaziudinendafianuduiussiu lnsfinstenauinas
Tinenliidaduundsomandudluofnna (Crane et al., 1995: 27-33)

U @ uandliitudn Asldusneanuinanifamnnisufiug (phylogeny) vesuay
(sphecid wasp) ‘Luaﬂmmmaamq obo-emo AUTTHILN (Engel, 2001: 5-192) Raunaiingl
auaIzaasiuiavesity Tunsmsstududsdiedadu 4 Alilamsazasiurioves
i Jaqgtiunudnfiils emooo ¥iin dssniredmilsniieeyszanaily Hefifagniufuinas
(corbiculate bee) ”Lmﬂimgﬁuuslusm co-e00 AMUAHIUL dnogluredegoy (subfamily)
Apinae (Michener, 2000) mmmuuaum’s (long-tongued) $inzn51uAULNEs (pollen basket or cor-
bicula) Fafumuindausauduien Nufiseu  1Huvau eguiianuds (tibia) voseil e THdmiu
wnanasnonlsl viei3eniinendfiungs (pollen basket) Reimendnfivinassl « 1eAdesie
Randaelsl (orchid bee: Euglossini) ik (bumble bee: Bombini) 91154 (stingless bee: Meliponini)
LAZhs (honey bee: Apini) (Oldroyd and Wongsiri, 2006)
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FTounh 29nes, Avidnee weane obE

Uil @ @1ndndrussiiselalud
V8N Apis henshawi Cockerell
(U997 Engel, 1998: 265-281)

gﬂﬁ b ﬁyﬂ’Nﬁ Apidae ﬁagﬂué’wﬁu (A) waisnlndaade Boreallodape mollyae Engel, (B)
golalvddnde B. baltica Engel, (C) solalnUsuile Electrobombus samlandensis Engel,
(D) Glelniddndle Protobombus hirsutus Cockerell, (E) golanlaaily E. samlandensis
way (F) golalndale Thaummastobombus andreniformis Engel (Engel, 2001:
5-192)
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Tiwunnmsvfnuguensdraueneanulugansnded (AnuUad91n Engel, 2001: 5-192)
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N enee AN o L1818, oe&eer
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FETand 29865, Bvtwes 29 T

Ul @ Handaeld!

Hangaeldl (Buglossini) LfluLLuaaé’muﬁa%N%’qmﬂsm”l,ﬁaguisléfﬁjuau WUAINTLANLG
manouldlagneunarsvesUssimaansgowini Inelusuflousaziazueniieenunguadn
gouva3F LD (Michener, 2000) gniaiile (daughter) ioonuastieidegigeu dausazoen
mensInaenndeld warunate sy o (Robinson, 1984: 68-73) §dlaifisneauimuly
Uszinelng

[

JUN & Jeima (nmlee Gnsnad 29dIade)
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ﬁqﬁe (Bombini) Huwasdsrudmuamzlunamiovessemelne ﬂé’wﬂﬁqﬁmmaq;j
woiuansnsfuuuasgesalidedidny wasiinuidunmamieuaznianarsvesuszmalned
nginssuuuasdsaududuisiunas Tnsfivdsndudiovesisisldsunsnauiuguda asvh
MﬁﬁﬁLgﬁJﬂ@ﬁ’Jéau‘quiﬂL@ﬂ (Alford, 1975) wumsnsraeffiniewdlukavewsng owde
gl3U wagnemaumntlovedkensng (Goulson, 2003) lulsewealnedinnnni oo wlauddslyid
Sr8UTITREY

UM » Fulss (nmlee Gnswed 296ia7A)

Fulas (Meliponini) Huuuadsaudugefindnonsiuiia (honey bee) usflsifmantu nelu
F3ilU391N3 €oo-e00,000 AIROT quwm’]ﬁmuﬂﬂiufgﬁqmﬂwa’lu%’q VTR UNYININAIY
o i wazlifinzninAuinas erfeaglulngs nunisnszaedilusaunensng iy seansde
suiwounatsaznauldvesowini 411nnin ¢oo wia waznululszmalneiiios ee via Tu
ana Trigona (Oldroyd and Wongsiri, 20006) WarnudiiuEn o ana A9 Tetragonula (Rasmussen,
2008)
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JUN o Haviana Apis dorsata (7mlag n5ward 29A307A)

fa (Apini: 4pis) iJuuuasdsauiinunisnszaredlusouiods glsu wazuenin
fngAnssuiumndnsluanilsifingniuiunasngudu 4 wuiiueawganasonauiugiuiasg
Susuaunnluastiiientiu (Palmer and Oldroyd, 2000: 235-248) iu luilaviens 4. dorsata W
e HANRUSTURIEINNNT @oo §2 (Oldroyd and Wongsiri, 2006) waziiniawusdu
mwidiedemstilunguiisnu ilevenunasomauaraniufiadieds egndlsfiom Tiauins
voskadianuddiendestunginssunaensunsadiesvesiis muludadine uargdnsdin
Aupnsnaiu FsduAnainnismuaulagiu

Waunismnusvesnguisidagndufvinasdaiuildidestulnglddnumy
MaBTIngseaulanafiudugIuIngLarngAn Ty %qwudwwwq@wmﬁaﬂawngﬁutﬁa
m&-e& EuTiuuluduie-glay LLaviuaﬁsf[aﬁ‘[ﬂ%uﬁﬂmIa%u oA umeliis
luglavgeyitug uidsogliluanoutuuauia il usTny eR e Unnglutas oo didriou
iy o Srulsoufalnssiioglulnsdls nssfiu violwssiu WNM@’]EJNSUE]UﬂuL’iﬂJUS’IﬂQ
Tunauguiunge werlfunsnssarslumainns Sussnuasmainnde sunssountsuns
nsvaneTawele (Oldroyd and Wongsiri, 2006) lﬂguq@ﬁmsi’uaaﬂﬂmwaw%ﬂt@Ls?jsﬂmsma
uenniéilsenunvanalvalde Cretorrigona Sadusnindussiisnguieiuiulse og
lugaASITE (Engel, 2000: 1-11)



The Journal of the Royal Institute of Thailand
Vol. 39 No. 2 April-June 2014

omo Hannms aynsinms waznensznadiuesissemelny

NSWUNARN 9 voenguriandednuaiunnsnsiululassasenisusndundn wu
WEuaeUn anwasUIn MUIR 3NUIUTY AVDIANRIRG aNUEZUDIVINGT YUINAFING FDE19AD

o o X <& A 1l I3 1 U] 4%’ 1 Qg‘;y v
GUUINL‘U‘IJNQSUUWWLaﬂVIEj‘ﬂ waglddmanlu LLWLLMﬁQQLUUNQ“UUWﬂiMﬁQ UDNAINULIDIAYAN YL

£
a

wofnssumedeny wu Haduuasdsenduge uwitataly (leaf cutting bee) HuRsTiogien 1
"Ei’mmmsmaé’mmﬁamaaﬂammmé’uﬁuﬁwNﬁuqmsmlﬁmmﬂﬁuLLNuqﬁ%’wmmzmﬁﬁua‘:
yhlsnsuTimunnmsvesisanmnsanlufannisiflasaisdnugsiigamudduisdeing
(Morse, 1975)

¢ A

M99 o uuasFsALlUSUAU Hymenoptera (A571 2993 uaz g35ml 198227098, beee;
Michener, 2007)

29Alugy (Superfamilies) Yamdley

dlndonsife (Scolioidea) 1 79 Lazkauoy
DaneLay (Vespoidea) Aavide AoV WazmaLwl
almaeLAy (Sphecoidea) FONNIT Lazlal

LNauLY (Apoidea) ANZON

29ding 9 vasis (Families)

AaaLadiA (Colletidae) g A fAvnaaiiudesiies WilunuAindes

g1an#id (Halictidae) AagAidenn viseiiniidd seuneuvie uazveuiy

LoULASHA (Andrenidae) FagAtane Suflundmdes  Suunelvg)

WNzAdA (Megachilidae) Raftaly Sounelvgidn fosudewsndun viendmuiaudn #den
\Wana (Melitidae) Ragdddnuunig

voudn (Bombidae) Aafsvualvgjaunie

oA (Apidae) Fulse uazha Aefswwalvgoulnle waag e

ailuniin (Stenotretidae) ey wuluniveeamsidewintuy
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Oldroyd UazRag (Oldroyd et al.,, 1998: 700-709) lARNwMaRANITUALENYMEN TN
IneniAeadestumanauiusuosiisluana Apis wdthanadaunun i munnsnnesg (clado-
gram) (gﬂﬁ <) I8N WeUs mating sign ?zfqLﬂuéaumaaa};’mz?ﬁuﬂ’uéﬁuaaﬁqé’hﬁjﬁammﬁ’umqwm’]
p¥rnuauiudasaud it in nsauiusnulunguiulsdaduislifingnluilndfet
Adluana Apis miﬂiuﬂalﬂﬂﬂiwamwuﬁmaqmﬂauuLUuLmewmemmamﬂumiwamwuﬁ
wlunguiiadasdluillauds Iiun fediu e uaskonans mawmmmwauwuﬁwmammaw
FuiodheaiduAueen Snvuriteidudnvuslunu duflnguiiinsaisdmaetusasey
Tulnss Ao Heuduasiislngs asfiadszAvBnmaesnsuauiuslnensivesiusioad (penile bulb)
valvayilvannandsteseaiinguiuimoailufaunmnlnenss mamslddnuuedndgn
Slorhinaauunwifammsminugnut Al dehu wasioans S Tmunmsdisniii
ﬁuéLLazﬁqIWiq FaroutsaanndosiuasdIauin1sues Engel way Sholtz (1997) 714 RNA uaz
SnuauzmeduginensiuiilunsadisansTannnstuswag it e Reu uaziieans
oglunquiidifauinislndidsstunasdifmuinisinddsiuguarising agadlsinm
91NN153AT1RTDYANT DNA v09iara « vl (5UA <) i1l Oldroyd wae Wongsiri
(Oldroyd and Wongsiri, 2006) nanin Astuasieshuiiannnsindimesiunn Tnewudni il
FWannisusnandeaiulifmdsdnd definnsanainnguiitauinisvesnenennse

(biogeography of the Isthmus of Kra)
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A. florea

A. andreniformis

A. dorsata

A. laboriosa

A. mellifera

A. koschevnikovi

A. nigrocincta

A. nuluensis

A. cerana

JUN & TTuMIvinuguesia « vlin (Oldroyd and Wongsiri, 2006)

Y o/

HeeU15aInIUUNANEN N9 UNTNIT AR

21041905 (Kingdom) LN (Metazoa)
l9&% (Phylum) 9151n5lnA7 (Arthropoda)
u (Class) uUwNA" (Insecta)
JUAU (Order) lafiuaUwnos1 (Hymenoptera)
219A ey (Superfamily) LOWRBLAY (Apoidea)
297 (Family) LloWA (Apidae)
1979y (Subfamily) LoW il (Apinae)
d@na (Genus) Loia (4pis)
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N

1N enee ATUN o L1818, e

Vel HAE, Bvsnas e o0m

Uagtuiiagnduunaenilu e nqu Ais Havwnlng) (giant honey bee) Tunguieviana, Hs
Na513551ulnsa (cavity-nest honey bee) Lagiswualan (dwarfhoney bee) (Oldroyd and Wongsiri,
2006)

Revwalng i efifaunilng adeduuusiaien aganusuliflvg vdwn vise
01AsAsgnatig & b win Ao ANQIUNUNG Apis laboriosa Baduilsguiifivunalmyitasly
VST A WUUTIUNIZINTT 0,&00 WIRT NULINUITIUULNTALINGY LAYRINAD Apis
dorsata FadueTiivunsesann wuldhlunediians fusenidedivetadentesvmaduie
sustanETEUTud WazgaWad (Oldroyd and Wongsiri, 2006) RamaniiiageAngn oo
nmsasediluiilas ifdsuadsfanndaniedng Aammsiadanunine ietiostusmindng

(Wongsiri et al., 2000: 20-29)

[ ] 4. dorsata
] 4. dorsata breviligula
B 4. dorsata binghami

A. laboriosa

JUN & NMINTELMVRIRIANALDY Megapis Tuoilong Juoenidedla
(Oldroyd and Wongsiri, 2006)
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Aafasasalulnssfiouaiauiunans dinniisvans afefmane s ordoagnulnsdldd
Tnssnu Insefiu semueAsUnuEeu & ¢ wia Ao ﬁaﬁusf Apis mellifera Faiufndanng
glsvuazioin Wohilussmyguimfuiuiinsmenads wildiifamnsuenasoonly
p1dvaglunivglsuazuendni vdaniuldgnindunideduniviedelummssei ec-bo
ﬂa@ﬁ’uﬁmilﬁmLLWi'meJ"LUﬂ"’ﬂaﬂ suaUssmelne @55wy 19vA3 uae gysmd iHerETe]
bee), RN dpis cerana Fsnuunsnszaisfounnuszmalunivieds 9naguanvos
Uszimasninfanuiaseinaiailuduasimviloanfedaysoauisldanvaunizsynuazives lu
Uspinalnenuyniiudl Tnslamzsnzaus Saingsugsondl, Hawaun Apis koschevnikovi Sy
funadouwasuesiiden, 5@@%'1%%@81 Apis nuluensis 3s5i510unuiivesiie LAz Tng
dulatlide M%@ﬁqqaﬂﬁLﬁau Apis nigrocincta WUUSHINGAWIE @i uazliuawun (Oldroyd
and Wongsiri, 2006)

O

[ ] 4. cerana
A. koschevnikovi
A. nigrocincta
B 4. nuluensis

UM o0 Nsnszaneivesnaseiilulnsdueduny Tusanidusdld
(Oldroyd and Wongsiri, 2006)
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Vel HAE, Bvsnas e onE

Ravunban duadiannintanasiadslulngs asanuusafervundiivuiadnuas
suliinfinssinvuiadnauieuianais I o wia Ao WlU dpis florea Feflvurndalugnn
éf v . . . < ¥ v 2 aa S d' S I3 % a o [ [ =
NeliNU Apis andreniformis \@nias NesUapusnildinaes Mivdsiluldesdaiaduanitaau i
WANSENINsEAlukauUTEINATUAULS DudensTuRan wasewunyiueaniestd aiulu
UsemalnenunszanefiInausewa wadaliisnganunsnuisliunimaulauaalsemauade
Sulathdy vositen wardlaulud waziaiudadldnvuedidianniniadulazinoaoasnd
) 1 v 2 d‘ a =3 = % ) 42” ¥ =3 d%’ d‘ a 1 % al'd
i1 dauvissUdesvidailudviaduan Rahuduisinuanzlusinadilndguniianugay
auysaWinte wunsnseredmmeuldveeldy (F3Iwy 1YAT uas g3l 116,

be&&e; Oldroyd and Wongsiri, 2006)

Q)

% Ll

A. florea
A. andreniformis

UM 00 N3nszIfveIRuaanluedens ueenidesls (Oldroyd and Wongsiri, 2006)
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Tuerminivnisludsemelngdlai Hehudusinmenfufuiely aunsests Wongsiri
wavmals (Wongsiri etal., 1990: 47-52) |§ssanunsnuishudunadaisn (ew record) lulsvmele
Feflspaudmuiidaninasdans funyd ane wezuinadudaniludmianeniamie
vosUsewmdlng dwluniadaunufifmiauassedun deutly we begs nufiudand
FTanysy3 9uin 1991 wargs ey 5571 (Rattanawannee, 2007: 451-460) wagludminn gy auy3
fsuaees BUNBNBWNNHN (FVENWIY 293878, beeo) Ml TuiweulInNIsNTEeM
vosiswiailulspmalnenndu sUil < wandiiiut Aafluuasisiuiameitaunmsilndidss
fu winsnszaeiveskenlulsmalneunn i gﬂﬁ olo wandlidiiuin Aehuging
nszefisasdmiavindu Sedldnmuaimeidaauresauuanddlunsideniuendeves
Aavia o vin mnier o wlinendoogluiufifenty tnasiinmsudsudutedy viedinusum
\fioannsuiaeuttiuas Wiansnsaegsiuiula i Rsufauamzarastensdonadn
39 sjamiama@iamiagjiamﬁuaaﬁqﬁmﬁm%zamﬁﬁmumLLasz\]gﬂﬁﬁi’]’maaﬂlﬂﬁnﬂﬁuﬁﬁua’lﬁa
Fauvdegniusld Tuunsisiulasamislunanansesussmalne dshulivnnglusiesiud
fanmdudodlunngunmumuaswazdaminlndifes
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(Wongsiri et al., 1990: 47-52, Rattanawannee et al., 2007: 451-460; AN5nar 29I, bEEo)
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Abstract

Evolution, Taxonomy and Distribution of Bees in Thailand
Siriwat Wongsiri

Associate Fellow of the Academy of Science, The Royal Institute, Thailand
Sitthipong Wongwilas

Mabhidol University Nakhonsawan Campus

The evolution of social insects began at least 300 million years ago, especially
termites. Termites are one of the insects that have true social life. Their ancestors had
co-evolution period with the ancestors of wild cockroaches. On the contrary, the evolu-
tions of Hymenopteras which have real social life and are high class insects, especially
bees’ ancestors, are dated back only 80-120 million years.

Bees under Apis genus are high social life insects and have the most advanced
evolution. Their population is classified into different castes based on individual work
tasks. The evolution of Apis bee began no less than 20-30 million years ago.

Apis spp. are bees that produce honey which are divided into 9 species: Apis
florea, Apis andreniformis, Apis laboriosa, Apis dorsata, Apis cerana, Apis nigrocincta,
Apis koschevnikovi, Apis nuluensis and Apis mellifera.

Keywords: evolution, social insects, fossil, bee
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Abstract  Storage of Fruits and Vegetables under the Controlled and Modified

Atmospheres
Saichol Ketsa
Associate Fellow of the Academy of Science, The Royal Institute, Thailand

Fruits and vegetables are perishable after harvest, resulting in a short shelf
life. Many physiological and biochemical changes of fruits and vegetables after harvest
have led to deterioration and require oxygen. Deterioration can be aggravated under
the unfavorable conditions. Technology development has led to creation of modified
atmosphere (MA) and controlled atmosphere (CA) storage, resulting in maintaining
better quality and longer storage life of fresh produce compared to low temperature
alone. Both MA and CA cannot be used to replace low temperature and they must be
used to supplement low temperature. Atmospheric conditions under MA cannot be
controlled effectively, while atmospheric conditions under CA can be controlled ef-
fectively. Prior to usage of MA and CA, one must have basic information associated
with levels of oxygen and carbon dioxide, which is specific for cultivar and temperature;
otherwise, damage may be rendered to the produce.

Keywords: fruit, vegetable, storage, controlled atmosphere, modified atmosphere
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Abstract

Assessment of Cost of Power Generation from Agricultural Residues
in Thailand

Somchart Soponronnarit

Fellow of the Academy of Science, The Royal Institute, Thailand

Division of Energy Technology, School of Energy, Environment and Materials, King
Mongkut s University of Technology Thonburi, Bangkok, Thailand

Sukawat Thanthara

Division of Energy Management, School of Energy, Environment and Materials, King
Mongkut s University of Technology Thonburi, Bangkok, Thailand

Warunee Tia

Division of Energy Management, School of Energy, Environment and Materials, King
Mongkut s University of Technology Thonburi, Bangkok, Thailand

This paper aims to assess the unit cost of biomass power generation in
Thailand, focusing on common agricultural residues, namely, rice husk, rice straw,
sugar cane leaves, maize cob, cassava roots, palm fiber, palm shells, and palm bunches.
The result shows that the stoker boiler with steam turbine was a popular technology for
generating electricity from biomass. The unit cost of power generation from a 10-MW
power plant using the agricultural residues as fuel was in the range of 2.10 to 6.40 baht/
kWh, which mainly depended on the feed cost (agricultural residues and transportation
cost). However, according to the current biomass-generated electricity buyback rate
with and without adder of 3.30 and 3.00 baht/kWh, the feed cost should be less than
70.58x107 and 59.55x107 baht/MJ, respectively. Thus sugar cane leaves, maize cob,
palm fiber and palm bunches could feasibly be used as power fuel. To promote the use
of biomass for power generation, adder should be increased.

Keywords: biomass, cost, electricity generation
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