[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

gobbobbbouoooobbobbuodoogon

Title(English) Development of evaluating test method for root resistance to some
components used for roof garden focus on the thickneing growth of root

oo(@o)

OoOoOoooOod
OoOoOoooOod

Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 838101,

Conferred date:2011/3/26,

Degree Type:Course doctor,

Examiner:

Type(English) Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

VL 22 4RI AL

RABDIERERERZLE LT
= ERRAGIZ A B35 AT EERAL O MR PR A O RRES

FOR TR

A Dk



H

WEE
Abstract

B JFam
1.1 WEDOE &
1.2 Wt A/
1.3 RO
1.4 BEfEOHISE

952 % AROEKRITHIE R E O B%S
2.1 XU
2.2 FRONER T ELERE D BHFE
2.3 AROEKR I PE OB
2.4 FROAEI TP ERE R
2.5 IROBERZEALEMNELE OB
2.6 IROERELERIE O
2.7 ROBERZEA S ERE R
2.8 REHIOROIEKI) K ONELR D B 2L & BHR®E & ORI
29 F£L¥

¥ 3 RAG L UIZMHAR MR ERER (2 O D R o 1SR & 5B A 5]
3.1 [ILCHIZ
3.2 x& L LMK RO
3.3 ROWrE & RS
3.4 BHEHROER
3.4.1 R ORI I2E 2 T
3.4.2  HEAE &AL
3.4.3 Y AA AL DRDIEKS) DFBLOMER
3.5 MREER 2 2 B BRk AT T OO MAR M4 R AT D 7 -
3.5.1 T AT 7 )b MlEEDO AR HEAFHIFHA
3.5.2 RER{K

Q. =~ W

10
11
12
13
14
15
16
17
20

21
22
23
24

28



3.5.3 bR iE
3.5.4 RERAE R M VB
355 vIal—1alilhBdT AT 7L MEEOEMIEAL & o sk

3.6

FFEAR 2 T2 B Efk b L) 0 BB O MR PERFAlh D7 7

3.6.1 #RErK
3.6.2 R 1E
3.6.3 RBAL R M OVE R

3.7

o4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

95

5.1
5.2

FLO

H1F 2 DL K T E 2L 8 D B %
XL DI

i FE DK EOHE

T2 DR R B E

N DAEK S DR E 715

H T ZEDRER T DR E RS F

1 ZE DR &RIE A

N O R EOREREF

AR B N 3 2 H R 2 ONLE DB %2
Hi1 R 22 D RER 7 E LE 1 D B 5
22 DRER ITHIE F7 1k

H1 XD RERITHE RS R} B 52
ERaRs)

N A RS & U AR MR ERER [ N 2 B 22 D FRL -
el H 1]

X CIZ

FEBEH T2 DR

5.2.1 kg L MRk

5.2.2 FEEEHL X OINE ) E

5.3 M T A AWz Y — MK Y 3 A4 > N EROMHARPEREA DRk A
5.3.1 RER{K

5.3.2 #BRJTIE

5.3.3 FBRAS R

49

56

57
58
59
60
62
69
69
75
76
78
84

85
86

90



5.4  FEHEM & F T AR MEREAR BB 2R & o bbii
5.4.1 FRERIK N OGRER T 1L
5.4.2 BRI K ONVE L

556 F &

556 i

255 3CHK

WFIEICBEE L THEE R LR

(REZS

e

94

102

103

105

107

110

112

121



o

A L

KL TIRARDIERAERZXG L LR ERMEIZ AW b L5 & T O AR MR F1E O
L, AARERY DR L FARFHEY) O3 A x5 & U 7o B R e O N2 AR L |
FELHEEAR S OV T 26 2 W 2 B BERHBIZ O B 5 A FEEA O AR MR FE IC SOV Tl %
ITHOZEZHME LI THY . 26 ENLE->TND,

F1E Fim) CIEptoN R, R0 BEY, SRR, PFEofRk, BEEOBEIZEE L TR
NTN5,

27 TROEKAPELEE DI TlE. RAEEYOBROIER HHELEEZHE L, Y AL
I3 ORERNT, L8 6BHNIT TR 9 » AR, EEOROIERAZREL TWD, £D
FES AHNIIER S OER RS20kt U, EENEARIC X 5 — B 30 A #ry e 8 hnsid %
MO IR L 7273 B RRANTE N L, A BIER U 722388 2 FV 72 E Tl KT 440N/em DJEKR )
ZEHIIL TV 5,

3w MRA xS L U MHARMEFH MR IS W 2 R O /FSL & 3B B ik, 3 mHR M
FEAMERER IZ WV DB 2 E R L T B, BEHROMERICH T2 . ZORRIZY A4 3> OR%
OHEDFRI G | B EHL Y A A 3 ) OROJEMFRBRFER & OLENHSENEIIRE L, W
HICIMEY v v X 2N LT EERZERL L T\ 5, ZOBERICIINEIC e — ReL N L T
BY | MR OB, BEAROMENZHETE D LI L TnD, Fio, FER L7
B, B2ECHUEINZY AL IV ODROIEKIITH % 440N/em LL EDORIEEZEH IS Z
EMHRETHD Z EEMR LTS, £ LT, ZOFHEREZHW CIMRMERBR 217> T b, 74
7 7 v NEEOTRIERBR ClX, BREOEX 2T 2= L L, 7 a v 72X 5 780 ok
MR CIX, 7 vy 7 OEEKLOE bk E 8T A —% & UCHitiRERBR 217> T b, ThbH D
MBS R Z b LT, BER O MR MEFHGER ~ D H o F M2 R~ L T %,

55 4 FETHLU N 22O IR IE LB D BRFE ) TIT EASER O N2 D LR T ELEE 2 BAFE L,
2P OMTEELHNT, EEOHMTEDERNZNEL TWD, JEIZELE, IBRIHIEIC
L7282 D722, 7~V VO TEDOERKELHMEREDOREEZIT-> TWD, TOREE,
el B 10mm OERALMERDBEISE L TWDZ L 2R LTWD, TOENL TR ZHIE L
TAER. Y AL TV LREE, BEHNIARKIC X D — B oA 2D 2 40 3R L7y B AR
FIZHEN L, A EWER U2 2EE 2 W2 HIE Tk, B 10 H TR T 26.5N/em OEKR ) %
FHAIL T 5,

553 [HI P XA %5 & U MPR MR IS VN 2 it R 2 ofERL L 3BRE A6 Tk, %
PIHARPERE M RRER (2 O DR P A ERL L T 5, Bt R ITh 220 S0 7 CIERL L - Bk
HFXHERT L, ZTOE0 25 T LM E THRERSIL TS, 2 O 228 E 2 EH S




o

Yarand

TLIMERESEDLHZ LT, HIFEDERARZHHRL TWD, F7o, FRLU BB TN, 5
SETCHEINZ I ~FHOHMTEDOIKIITH 2 26.5N/cm UL EOFFEEZEHIE 5 Z LA ATHE
ThHIEEMHERL TS, ZL T, ZOBREMTITELHWTHEEREZ T A—F L LTz —h
Bk a A v MEEOMRIETMRERZ 1T > T\ 5, FEY (7 ~FY) & 7o it ek s 5 &
g9 % 2 & T R T 22 OMRMER ~OmEH oA HtEEZ R LTV 5,

6 & [ftam) TlX. ABFIEOREG & 4R OMEIZ OV TIRANTN D,

11



Abstract

Abstract

The components used for roof garden such as path pavements, retaining walls, garden
furniture, waterproofing membrane and root barrier sheet should have root resistance.
Because roots act as the external force of those components and causes damage and water leak.
Especially, the risk of damage caused by root growth in roof garden increase because the soil
thickness of roof garden is thinner than normal planting area. To avoid the failures caused by
root growth, root resistance of those components used for roof gardens should be estimated by a
suitable test before actual applications of them. The purpose of this study is to develop a test
method both intended woody plant and herbaceous plant to evaluate root resistance caused by
thickening growth of root.

First, we measured the enlargement force of actual plant roots using a cherry tree as
example of woody plant. The enlargement force increased gradually over repeating daily cycle
caused by transpiration and it was found that the enlargement force reached to approximately
440N/cm during four months of summer.

Next, a simulated root for similarly reproducing the thickening growth was developed on the
basis of the actual behavior of the root. It consists of two half cylinders of aluminum and a
hydraulic jack inserted between them, and the whole simulated root covered with EVA sheet to
give the similar mechanical property of the root.

Then, the test was carried out using the simulated root for an asphaltic pavement and
concrete blocks which were used for roof garden. It was found that the simulated root was
useful for evaluating root resistance of those components.

Also, we measured the enlargement force of actual plant rhizomes using a bamboo grass as
example of herbaceous plant. The enlargement force increased gradually over repeating daily
cycle caused by transpiration and it was found that the force reached to approximately
26.5N/cm during 10 days of summer.

Next, a simulated rhizome for similarly reproducing the thickening growth was developed on
the basis of the actual behavior of the rhizome. Thickening growth of rhizome was simulated by
inflated rubber tube which have similar diameter to rhizome and adding pressure using
hydraulic jack.

Then, the test was carried out using the simulated root for joint parts of waterproofing
membrane with different adhesive strength. It was found that the simulated rhizome was

useful for evaluating root resistance of those components.
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