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The ambient temperatures in urban areas like Tokyo are higher than the temperatures of the surrounding
areas, caused by the Heat island effect. Increases of the urban temperature also have a serious impact
on the electricity demand especially for the air conditioning. One of the contributory factors is from
the reduction of wind flow, thus, wind channel development by widening the road, building the stream
course inside buildings has been developed in the recent date. Use of appropriate surface materials
could also reduce the surface temperature as well as energy consumption. To encounter the heat
island, Tokyo metropolitan government proposed the “Green Tokyo Plan” , requiring new buildings
to green at least 20 percent of their roof space. Additionally, water spraying to the road to increase the
evaporation is promoted as the propaganda to cool the city especially in the hot city during summer
time.

This thesis proposes the approach to moderate the urban heat island effect by employing the evaporative
cooling ability of natural meso-porous materials without supplying the water and low-maintenance
unlike the case of green roofs. To accomplish the continuous evaporative cooling effect, liquid water
storing as well as the moisture adsorption with the smooth desorption capabilities are required. The
author focused on the natural meso-porous material produced from Hokkaido so called Wakkanai
siliceous shale since it includes mesopores appropriate for adsorbing, retaining and releasing higher
amount of moisture than that of other natural porous' materials. Wakkanai siliceous shale has low
maintenance, long utilization time with the reasonable price. In addition to above, it derives the indirect
benefit to conserve energy consumption from reducing the cooling loads. This idea can be applied
to the building roof top material or exterior material to reduce surface temperature. Apart of that,
Wakkanai siliceous shale could be used also for the purpose of site decoration such as in the garden or
patk.

Chapter 1 starts with the introduction of the research. The background of the heat island problem as
well as the recent solutions and their difficulties are summarized. The objective of the current study
with the introduction of the proposed method is presented here.

The objective of chapter 2 is to give a brief survey of the study related to the urban heat island strategies.
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The experimental results from the previous research are summarized, as well as the results obtained
from numerical modeling of heat and moisture transportation. To date, none of the previous research
shows the application of meso-porous materials such as siliceous shale to encounter the heat island.
Chapter 3 gives the fundamentals of physical properties of porous materials and the introduction of
Wakkanai siliceous shale. The measured vapor sorption isotherms derived from the sorption analyzer
are compared. Among the examined materials, Wakkanai siliceous shale adsorbs vapor as much as
242 mg when relative humidity is increased from 60 to 90 percent, while other natural porous minerals
and wood charcoals can only adsorb in much smaller values.

Chapter 4 deals with the investigation of thermal and moisture behavior of porous materials by chamber
experiments, under high-controlled environment conditions, evaluated with the wind tunnel apparatus.
From the cyclic experiments which hired the variations of temperature; relative humidity and simulated
solar radiation, thermal and moisture behaviors including heat flux analysis suggested that Wakkanai
siliceous shale can satisfactorily lower surface temperature with the great latent heat releasing when
compared to other natural porous samples.

In order to ensure the possibility to be applied under the actual weather, the field experiment is carried
out during rainy season and summer season and discussed in chapter 5. Two of experiments are con-
ducted in Sapporo city and Mie prefecture. The results obtained from the field experiments confirmed
the effective performance of Wakkanai siliceous shale in particular with large size particles which have
the diameter in between 10-20 mm of sintered siliceous shale. The fact is that large size particles allow
the ventilation occur in the air space between particles which enhance evaporation from the inside to
the atmosphere including the vapor adsorption. The sintered type of siliceous shale (burned siliceous
shale at 800 degree for 2 hours) is effective due to its strong to degradation. It could reduce bottom tem-
perature about 19 degree whereas grass could reduce about 17 degree in summer season. Furthermore,
moisture storage content and heat flux analysis are discussed in this chapter.

Chapter 6 presents the numerical evaluations of simultaneous heat and moisture effect from using
Wakkanai siliceous shale to ascertain the experiment results. The experiment to determine the wind
flow inside the depth of materials by using Naphthalene is carried out, and the obtained wind speed
profiles are used in the calculation. Finally, the influence of the weather conditions and material mois-
ture adsorption ability is investigated. The sorption ability strongly influenced the surface temperature
reduction as well as the space between particles. Coarse materials are likely to lower the tempera-
ture better than the fine materials due to the ventilation inside. Additionally, such a windy weather
condition accelerated the vapor movement inside the material layers.

Conclusions are made and recommendations for further research are presented in chapter 7. Through-
out the experiment, Wakkanai siliceous shale revealed that it can lower surface and bottom temperature
with the continuously latent heat releasing without supplied water. Especially the better temperature
reduction than grass was observed with the large sized particles, this is caused by the inside evapora-
tion and vapor adsorption. The experimental and numerical study also determined that wind effects
including the particle size and porosity affects the thermal performance. This research has confirmed
that Wakkanai siliceous shale is effective to be used as the roof covering material to reduce heat is-
land effect as well as the energy consumption thanks to the appropriate pores size to retain and release
moisture from air.
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I, WUz EORTHALEOTURS EAMMES D LIFRICHEL RARRMNEREC > TET
W3.IhZ2t— R 7 ASY FRB|LFATVSH, Fl-aBHRENEDS &L E->TED.,
FEBREICBVTABHRENRIRONE LD TVS. k=PI SV FEKROELERIZ, 1) &
BEEWOMILIC X BBHANDRDRAET. THiAL, MMBHEADET. (2) HERTHEY
DELH EOBMAROEIM., ) BEELXATIHROBMBICES. LIz >T, e—b7AS5VF
REMOBHIIE, (1) EARREL EHATRICEDE D EOHER. (2) HIERERE LORILD(E
., TR BEKERRKED D ZHBMANDER, (3) BHEBIB\DOREPE L3IV F—DHEHE,
BRATLIXNVF—RRAATIXINF—DOER. ZBEOWHIE &I X 2 ATHEAOKIBA RN TH
3. T TAMEOBNE., JLBEILMTEHINZXRAAV R—S MR THEHNBEHERS
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BI1EIFETHY., HIEOER L HARBN:.

B2ETRE—FPAS5 Y FEEEMCHT 2 I NE COMBERRECEMBARDORALZBEL T
FLD. FOLTHREE TARY TRET I HEEEED LS ARARAVR—F Az e—1t
TAS Y FEHEBMGEAL LS LT 3MEFIIRIZRY bRV 2 BR LT

FIBETRAYVR—FZAMPEOBBBA N XL DWTHALI2%., KR THRETHHAE
HERSOWHERHE L KZEIRBEFEICOVT, BLAORENERASILEME LB L THL
7o BRI . HABEEESZENEE 60~90 % T/KESRBERD 242 mg/g L MOKAST
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B4 BRHAEEERS. SLUHMOSAEMBPE LRILICER T N3 EMORR L KEKD
RHEREICET 2 ZENERTHS. HR - EEENIC/MEIRRAZREBEL T, 22T EREE
ST TRMIREDL b DRERBREITo o, RO TEARADRIEE 2 EROHELICHE LT 24 B
RRTELERTRR LERETo /o BREERN O, SILEMEHORRGEHIIEEREHNIEN
BT ZRUTe. ETRRE LUERERN L. FHENTBHAROMKRICIZEELEH T OKELS TS
AR ERARAZE D LEHLOHICLE. Fic, ROROMABHESSBBEBOETRY
Z, BRICHANRTER 15 CELIMBEEINTEY ., BERILICER SN2 BN EM TH I Y
LEAFTREEBNREZETICeEHLM L.

BSEIT 1+ — IV FERTH3.2006 FEICIIFMC BN T 4 BEOY V AILEHENT. &bic
2007~2008 FICWX=BERICT R EHOY VIV EREL T, EHEEEEBRNRICET 2 2IE%
Zi1o Tz AT EOD 8 ARAICBVTE, RABIUHESUERORESEORTARERSEL
RAFICENVZIVPBFNCHANT 20 CEEES BRINTEY., $EROBERZEIVLED
123 CREECHIBINSE T L 2B L, T, | FERB LI RRESZA/LLRR W
LOD, FEEESEINE LOBEARLNT, £t L ELIHOBEERT 2 L 2SR
L.
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I L. EBOKRE G2 5 X It BRERNER S N8 RMOBELLREBLT ke BL{HEET 3
TR L. DL E, KEREETIRAKENBEEEARREB BV TR, BRMRIC
XD AMBEE TRERORE - BEHFERIITON. FODICERBEE I TR, AR
ESOBRELETTZ2 A LEHESMC UL, HEENE FORBROXFEHEM L LT, &
BWOT AT 7IV RS — b EAWTZBA L 2O LICR R REABHEHEE 2R LIZE&IcHONn
TEtEZ1To 7. ZOBE. REPOAR TRER B X UELSBEEOEBINRIL 37 CHifk. 2 DON
YAVIKBNTE L2 CLULICET R T L RHLAIC L. 2D E, ARORAmL SBYAND
BARBI 3 DDO—H5 1000 BEEXTHIRENE Z L BRLK.

BTRIRETHD, FRETHONEREZREL, e— b7 A5 FEKEMICH L THA
BEEHEOHEAOEMME I OV T BER BN,

ChEET BRI, BHIKRIRFEEECEBNTZRKRAAVR—S AN THIHABEEEE
DREZEWMOR L EICEE 50~100 mm BT 5 LT, BREDOREHKRDEE Y V7
DFHETICBNTHUKE ER2ThT L EIEIChb D EHO L — 745 2 FREDERRLE
BRHRICED TH ST LR L BESEN SHLOMNIC L. S50, TOMREZRREES -
DICIBREBAREZ TOREREBRT A2 LHIEELRAFPBELCLEMALE. i, BHBE
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