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ABSTRACT

This study investigated root damage characteristics and correlations between roadside trees and street furniture through
the investigation of the root damage conditions and the current status of roadside trees and street furniture in Seo-gu, Daejeon
City where the occurrence of pavement uplift is frequent. The study area was divided into six areas by species of trees
as Metasequoia glyptostroboides and Platanus occidentalis focusing on the streets that were installed with trees chest height
and 8cm round planted at the time of the development of the Dunsan-dong Housing Site Development in Seo-gu, Daejeon
metropolitan city (1990~1994). The damage rate of roadside protection frames (95.3%) was higher than that of curbstones
(19.7%) at the study site. Streets without a protective frame were more likely to have damaged pavement. In addition,
the frequency of breakage of protective frames was lowered when a drinking water area was increased to more than a
certain level. The frequency of the type of uplift in the sidewalk pavement surfaces is in the order of tail type > mounding
type > irregular type, and the frequency of the uplift direction is the highest in Direction 1 (0~44"), Direction 2 (45~89°),
and Direction 3 (95~134°) when 180" of the street direction is based on 90° parallel to the curbstone. The uplift length
is about 31~60cm and it is most often at a height of 3~6cm. When comparing the results of uplift deformation, Metasequoia
glyptostroboides was found to be higher than the deformation of Platanus occidentalis. In addition, it can be seen that
the larger the length, width and height of the ridge, the larger the deformation becomes. The relationship between the
diameter at breast height, the dimension of the pavement width, the frequency of the ridge phenomenon and the deformation
amount is not necessarily proportional, and there seems to be a gap due to external factors such as soil humidity and
planting base. Therefore there is a need for a multi-directional approach in reducing uplift.
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Figure 1. Structure of tree roots
Source: 5412 8H(2011)
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Table 1. Roadside trees root characteristics

Division gf‘yﬁiﬁi’gjﬁs Platanus occidentalis

Root characteristics Shallow rooted Middle depth rooted
Effective depth of soil 1.0m 1.5m
Effective rhizome scope 4.5m 4.5m

Source: Asan city street tree composition and management ordinance(2016)
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Table 3. On-site investing method

Division Contents
Roadside trees | - Tree species ' glisnce between roacside
investigation | - Chest diameter(cm) .
- Plant location

Street physical | - Pedestrian road width

- Protective cover and drive-

Figure 3. Road side trees and uplift characteristics investigation
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. element§ + Protection frame type and way boundary breakage
investigation breakage rate

C}Sl;r;ectteﬁf; - Uplift direction - Uplift height

. o - Uplift length and width - Uplift type
investigation
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T oo TS Table 4. Uplift characteristics analysis
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Table 5. Roadside trees investigation analysis

Divisi Metasequoia glyplostroboides Flatanus occidentalis
ivision
Munjeong-ro 48-gil | Dungsan-ro 101-gil | Dungsanbuk-ro 90-gil |Hanbat-daero 707-gil| Galmayeok-ro Yoodeong-ro
Roadside trees 344 172 30.1 236 291 338
investigation rate(%) (10/29) (10/58) (22/73) (9/38) (14/48) (21/62)
Average chest 291 309 290 21 238 78
diameter(cm)
Average distance

between roadside trees(m) 0 81 78 81 80 80

Plant location L rowj9 L rowa 1 r0W2.19 1 row planting 1 row planting | 1 row planting
2 row:1 2 row:8 2 row:3
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2. 7124 87|44 545t 3l EA Table 7. Uplift direction analysis
o Metasequoia glyptostroboides Platanus occidentalis
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O 2% o] glom, §7] WA A A Fo] opd B
T Zo0= Byl »17_” i ’g 2= 9lo] g o ]-3:])\}0] Hl—xg 135~170° | BA ! ! ’ ! ’ g
=== wALES T T TEE IR = ddirection | o, | 48 | 190 | 143 | 190 | 143 | 286
3 202 woteEch T3 A4 O] g9 gako] glo] W ;
ol M BN A AT Bew 24E weA Fome WAL L L L
1o sholsl o ol e = Sirection | ¢, | 100 | 100 | 400 | 300 0 100
71 T A -
N= ‘6-1]'\_2 T ME‘r(Table 7, 8 T ) - EA 1 1 0 0 0 0
) g7170] bdirection | 95 | 500 500 0 0 0 0
3) 71740
: Z e b itrel o70~314°| EA 1 6 0 0 0 1
oA o ZAE AN e ol uIEUR) & T T T T T e |
7174012 Wasl i 3em olske WeIFlol} 1, 7 T S T R mra
= 315~360°
WL 6 W AP A om, 31~60om WERIATOVE o T T 0 T e T o o | s
ok Sy e ISR Rl R B S : : -
270, kS R F 3HE BANIET) 7P =T U m " " " m
Total
. % | 124 140 238 118 169 21
Table 6. The occurrence of root uplifts(%)
Metasequoia glyptostroboides PFlatanus occidentalis 61 ~90cm{‘—_ u-]] E]— Aﬂ -'-H 0] 0]_7]_ 1 7H 0131:1-] % ]/]_1?_7} 177H 91~120
Divis Mun Dung Dung Hanbat- 11 == ~
" fango | o |sanicro| o | G4 | Yoo cmi= MERAOIebE 1O GERIL 164012 121150
48-gll | 101-gl | 90-gil | 707-gi cme HWEM|FH ook 1170, YHFUT-E 77001H, 151em ©]
Roadside 4o M= deAFoloke 97), dHEUF-= 97l o]t WEL
trees 344 172 301 236 291 38 .
investigation| (1029) | (10/58) | (@2/73) | (o) | (14/48) | (21/60) Al Flolote] =AU AN §71Hol= T 10514 1774
rate(%) 7} ZAFERQT 4 ol= 102.3cmelth Ho) 4ol= 200cmo]

64 s=xzsksIX| ¥ 46H 35(2018 6%)
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M, EE 31~60cmolA 570(295%) 2 WS /AT 30
cm olé‘H 71701 YA et FARRI0A AN A =
Z 107004 19707F ZAE S H, Hdole 77.3cmE e
AFelol ZAMNAA] Foll 71 Haghe] vk Hul Aoj=
200cmol 2, WEE 31~60cmellA 117H(58.0%) & 714 e
HER2 ZAE e, 30em ©)dhs UERIA] gokth EAME:
Z0HAL F 2FdA4 37 ZAENZ o
1104cmZ wEpA Folo} ZANAA 5 7 Hdgtol &k
§71740]¢] HIEE 30cm ol8tellA 170(33%) & 714 wrom,

91~120cmoll M 871(25.8%) = 7V &k
UL Y] SR RT07THZA Y] §7]dolE F 9F
Mol §717F ZARE A CH, HZdol= 10L6em, Bl
emoll A 771(438%) 2 HUlgkS 7HA3L 30em o] 8te] 4ol g 7}
A3 Qe §718 HehA gt ArtdRaM s F 1459
A 23709 §7140)15 ARG, HadolE 1167cmo2 %
WEUF ZARNAA 5 7P Hagtel =k 91~120cmel
A1 671(26.0%) ©1™, 151em ©1’¢ellA 570(21.8%), 61~9%0cm 5
M(21.8%) 2.2 HAALRE §71 4o/t & F5d FXF
ol AT AL & F Atk FEEE T 2157004 307H7}F ZAtE]
J a3 82.3emz 7P WAl ZAFE S
31~60cmellA 871(26.7%) 2 §712 017k 7V Bol A=
o 121~150cmol M 270(6.6%) 2 7F A& e U2
ATk ZF 136709 717 A A2, 31~120cmell Al 2F 68%
AR A2 eI (Table 9 #2).

ol A 16
T 61~90
dolg

o0, §717019) %

Table 9. Uplift length investigation analysis

Metasequoia glyptostroboides Flatanus occidentalis
Division Mun Dung Dung Hanbat- Galma- Yoo
jeong-ro san-10 | sanbuk-ro |  daero cok-ro | deong-ro
8gil | 100l | 90-gl | 707gl | &
Under | EA 0 0 1 0 1 5
3em | 95 0 0 33 0 43 167
31~60 EA 5 1 5 2 4 8
cm % 295 58.0 16.2 125 174 26.7
61~90 EA 3 2 6 7 5 5
cm % 176 105 193 438 218 167
91~120 EA 4 2 8 3 6 7
cm % 235 105 258 187 26.0 233
121~150 EA 2 2 7 3 2 2
cm % 118 105 225 187 8.7 6.6
Over EA 3 2 4 1 5 3
I5lem | 9, 176 105 129 63 218 100
Average(cm) 102.3 773 1104 1016 116.7 82.3
EA 17 19 31 16 23 30
Total
% 1000 100.0 1000 100.0 100.0 100.0

4) §71%0

§71%0lE vwsiEH 3cm olsh= HwEMF ol ob7t 1571,
o ZUR 7} 177001H, 3~6cmE wlERH ook} 2970, 9w
FUT7E 202 & 6UHE SANIES 7S B0 6~9ame
mlEpAIF olob7t 2170, FHEUF7E 1370, 9~12cms= HERA|F
oob7k /M, FHFUF7E 6701, 12em o)== WEpAFolof
= VN, U= Dfolt

m et Fojote] EAHZIZHANM ) §7E)E £ 10F

ol A 17707F Z2AFEI LA, 4ol 4T7cmolth, Ho| Eole
82cmolH, BEE 6~9emollA 47(235%) & Hoigks 7}7\]
I 9~12em, 12cm oPFellA] §71Eols UehtA] &Sk
AZ101H A= Z 10500A 197071 ZAHE e, Jé‘ﬁ"%
o= 4.7cmZ HEMAF oo} ZAMRAFA] Foll A Z48H A 3}
2 HitEolE 7HAAL Atk Ao EolE 85cme]d WEE
6~9cmoll A 770 (368%) 2 7HE B2 HIEE ZAMESIOH,
9~12cm, 12cm o) dollM §71EelE YebA] 9% 5"&*-7
ZYOHA L F 2FA 37 ZAEJL HiEo
cmE HERFolof ZAMNGA] F 7Y Hitgkel iE} bl E
© 9~12cm, 12cm odol A §71=0] TAo] INE 71 2o
9, 3~6cmollA 1370(42.0%) 2 7V =t

SR ShIT 27072 9] §71E0)= F 95004 16
Mol §717F ZAE RO, HitEol= 6.6cmE AN T
7P Bagkol Eoh ke A9 3~6emollA 6712 Hulgk
S 7ML 12em o/e] Zolg 7KL e §718 UERUA
ghol HAaghe Zet v e F 14FNA 23719
71018 ZARIAAL, HiEolT 36meE PHF U
ZANA F 7P Hagke] ROHA AR E 5
7P 715 3ko] Stk 3~6€m°ﬂ/\1 1471( 608%)011, 3cm
(34.8%) olst7t /N = el §714dol7t R Jdl B2
o] Y As & F Uk frsET T 215A 30707F 24

H9oH, §7l=old HagS SlemE AT 3~6cm
oA 1270(40.0%) = §714017}F 7V Bo] ZAREACH, 12cm
0| ‘( 3%)AA UIZ 7P AL & Jep L ATk Table

T

,J;

10 #=x).
5 &71%9H
7188 F92 & 2, el 2 F VIR £

Fag0m, 629 AN HEAT0lok 677, FZUT
697N % 136709] 716k WAS T, wel e Fele
6717} Lerstom, sheRde s, BHAES 19717 2
sto] elrieUERAHY £OE Nt 13 O
01

B

uE gsny vl E o7ke) §719 3
me)Fo) 33, FewHol 257l Bl s BAE,
FHZUTE % 60748 §7196 F 2ol 3, e

S2EAEIX| A 461 35(20184 6%) 65
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Table 10. Uplift height investigation analysis 3. 712 8|2 QS A|ME misigt 2l EA
Metasequoia glyptostroboides Flatanus occidentalis -
e el o ZAl) EAS NE 3} A4 g,
Division Mun Dung Dung Hanbat- | Galma Yoo e . N e oD
jeong-ro | san-ro | sanbuk-ro | daero yeok | deong H3E9 g, 4 2 25 7], g, ieFEE 24
48-gil 101-gil 90-gil 707-gil -10 -10 -
3 ATE EdE 2AE9Th
Under | EA 3 6 6 1 8 8 .
e HE %S 558 QAR 2289 depdolele)
b % 177 316 193 6.3 A8 267
g A & BARSNAL 10702 A F7F 15mo|n, A
N EA 10 6 13 6 14 12
. 10192 AAAEE 15m/BHE 40m 774 3712:(30.0%),
cm % 588 316 420 375 60.8 40.0

HY= 6.0m77F 772:(70.0%) o1, AR ZI0HALE A7

EA 4 7 10 5 1 7
o T2 15m/HAE 40mT7 207042(90.9%), HAZ 40mT-7F
cm % 235 368 323 312 44 233 _

” ; ; : ; ; ; 202:(91%) 01tk dEUT< AdARRL HYRT} Fro]
o Sl e G PANRITHAL BE Zo A 7
cm % 0 0 32 250 0 6.7

” ; ; : ; ; . 40meH ZuldZ 40m, §52 15molth H3E Kﬂﬂlb
o e T o T o T o o 1o ARBAAL A} BFPoE RREN ALYE 7

0 X [OX - 1:[]._:_

Average(cm) 47 47 54 6.6 36 5.1 ;321.12 47H! Lz 17H, iz);l.lm 371% L}‘;_j;]tq o

EA 17 19 31 16 2 0 3 14 1.3x1.1m 27H O]E]' T':‘_ilopﬂ 2T }‘]"‘1 3 1.2x1.2m

Tl % 100.0 100.0 100.0 100.0 100.0 100.0 67H’ %%?%] 13X11m 47Hi LFLT_O{Z]D%‘ %&%igoﬁdﬁ% }\]-

748 13x1LIm 170, 12¢1.2m 47, 27x11m 872 EEg0,
o "a’%ﬁé?_ 1.3x1.1m 970 E Foiith £ wepx|Folole] thAA]
200, =AY 1= vebttt, S5 o= AZF(13x11m) 57, A2 (1.2x1.2m) 11,

FaHAgel WAS AR freRd B FLAEe Phﬂ 17xL1m) 37H, AR5 1m) 870, 2FH(13<11m)
8P b woH, TARRONAL W FAALE g5he gyt wage nEEe) WEh b BRon, 27x
MAemE T AR i—%%% & o dedl, B FLAA0 = L1mol AFZF8Ee] = w2 ot}

2 Aol §71HH L R =2 AS ¢ 4 AU 514 P ZUR ) 12X HEE dhZ Ay 45
T Auid 2 = JFFIAA 237emZ 7 Aol 2ol 2 )93 A F7o] HFFOF Ho) glon 2707
T BTl Al AR §718H YErt 52 2 & At & F7A0] 1.1x1.3mo) 7 95 = 97 BF ZAHo] 97, zhv}
ol At Tt FAHE oftEYA| Afolo] YA FORH B gz A F20] 11x1.3molH 145 = 14717} 24| 9tk
AR5 Yol AL FHe] TATF B, TtEs AAe ol SEZE HEE JEj7} Azoln] 4L 124128 20F
FootA] Xsto] LAVE B £O= Mo grldde] TS 91747} 2459 9ok
3 At o] RS sljok & oozt AT Table 11 %), Az=gje] Yol WA wlepFolote] FA} iR el BA
Z4BNZE FeE7h Az oln Holrk 143m™ REEL 474,
Table 11. Uplift type investigation analysis Lddm= 170, 1.87m” 370, gej7h 253l 1.3Im*e 27] 0,
ee—p— e r— FURI0EAS Joboh Al Bl Ll BEE

Divison | M | Dung | Dung | Hanbai- |, | Yoo | Totg 2 71 Fe7h BEgeln welZk 13Im’e]l HESE 4R

ﬁfgfgg}? ;T; Saggf]g‘iim 7%‘“;; yeok-ro dorr;g’ 2 28FE ZAHY 91(51“4, %ﬁ5$90ﬂ€% AlzFElolm Y]

—Tml o |5 | u —T o T 5 o o17b 143m” 1N, L4dm” 470, 297m* 870, 2 &olm Heolvt

13t 9N Z24sle] itk dEURe 24l BAE
Souw BUUITAAS Yevt Bl A5 Hol

type % 149 134 208 11.9 195 | 195 | 1000

Mounding| FA 6 7 13 8 4 2 | 50 ) q o o 17
7 ¢) 7 . Zm wA&o
toe |9 | 120 | 140 | 20 | 160 | 80 | 240 | 1000 F L31mrer= 5 9 HEZ Qcﬂ 2T, A Es ]
T T T T T e E AT Hel 13E B 4, ERE AgeR 4
Irregular . . : 2] Ho 2
7 = 2107 ZHE
toe |9 | 53 | 158 | 210 0 | 315 | 264 | 1000 T HolF Ldm' 2 3 27 o1 i
T " 1 " P I R ZAF A B3 E IERIT= wERA|Fgolo} tiAdA] |
Total Ak ;<4 716 % =g 2] o
% 125 140 | 28 118 | 169 | 221 | 1000 A A HA F i481ﬂ 4= 3 100 = =49 9, 71 1ol
Aveage chest | o | wl | a w1 | 27 | ws o, FARRIINAL F 100 5 9 57 H MA 270, <= 370
diameter (cm) T ' ' - o, FAHRZIHAL F 2/ 5 - 9l 7 3N, 9= 6

66 st=2EZEE(X| M| 461 35(2018% 6)
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Molw Fd3A 453 HaEo] 47] AT UHFUF 4, HEIE ek LAY
QAR E Ao EH P‘C&ﬂli?O?‘ﬂd@L =9 T 59 ol A

A 30, 3 Vhels, vzt % 100 £ 59 100, A4 MR MYYE S g71del % . 871k, &
o, $E2E £ 9719 AZFE HEE 2 59 120, 7) 71HHE et Ve Bo R A 2 Wy WA §7)
A N, s 7 2ARE w018 wato] Athate vakieh T3 §71FE7E 28 o1

ACAAAN &8s Annd velsFolole] B4 Z48W d AT 27 HYF e ekl FsksitH Ahn, 2014).
A AwrAMe) A 77h FEag o, EAZ101MAL 10 PIEHF elokel AR A 33 T g RASUA S 107
A 2 37 59 @4bo] Uehton, SARzg AL 297} A 0.62m’e] MF o] Uehtom FAZI0IN A 1057
= 5717 B9 @A) ZAEAT, okZUEe] shigzry 0437m’ EAREI0NAL 2704 0952m'E Y

[¢]
F7b sy o, At 147 3 1) AFolore] Ha M TS FAZIINA A F14

WA 9l 5 A 7
7h 59 @l dolkon, f5EE 20 F 10707 9 & o] 24em o™, AAZE Ae]7F 9mel L A 1A= 28 A
Apo] Qojyk Ao ZALE T SEL 12¢12m 149 FH/ZIRE AHA Atz ol
o £F HEEY eSS WTANE W ARAAY  BE F 6mel A2 Aol §71201 Bem, ¥ Fem,
Tego vwH A7 Uet A8 & S glom wFo] =y EOIE 13 am 2F FuE 7H1 0.00148m’e] HEF hE
AAX 7z o] Avs B AEAANCRE ZA7F WA 7Hom, A WEge FAERqHdd 9 FIAA
2ol 202 BoEy o4 13 AT 583 o] ¥ Aem, AAZ A} 6mol T 19 AAlelw, HEEL 34/
o 2 Wilrl o)Fae SAE 44 402 uEn, SIAE AL @ 113m 49 23Y0|L AWARE
FAZASA Y RS EEZ0| [imE 7oy FA 248 15m, E% 4m¢&] Zo] A 9o, §7174 0l 130em, H
28 A 7 FEEA T FEZE A E 1047 Y )= 110cm, EolE 151em8l #ReY FEIE 74 0216m’)
Aol vehd A0E Hob HE E3} MEE ¥ A=AAY  WIF 4 /M
TEg = AdAdo] A A0 g BgtEo] = o 743 o bS] WE TS A ZARYAIA] 33 & )
7k desi BY BN £ el 5% @gor  ENOTHAL 6FAA 0558m’e] W] vehton], vl
o8 TAW 479 Tetake] WA WAV QUT AEE  BE 143 038007, FERE 215004 051m’E Vel
QOT BEE A A7 U BASENEG et ok PHEUR) A2 Wy g5 AN F147
(Table 12 Zx). 43cm, AAT AZ7F 8meolH, AAIAE 18 AAola BS
Table 12. Street furniture breakdown and characteristics
Divis Metasequoia glyplostroboides Flatanus occrdentalis
vision
Munjeong-ro 48-gil Dungsan-ro 101-gil Dungsanbuk-ro 90-gil |Hanbat-daero 707-gil| Galmayeok-ro Yoodong-ro
. BR™/PR": 15/40 | BR™/PR": 15/40
PR width(m) 15 Only PR.:60 Only PR.:40 4.0 4.0 15
Square Square
1.3x11 4 Square 13x11 1
Protection frame type 12x12 : 1 12x12 : 6 12x12 : 4 Horseshoe Horseshoe Square
(m) 1L7x11 + 3 Horseshoe 27x11 : 8 LIx13 : 9 1.1x13 14 12x12 : 21
Horseshoe 1.3x11 : 4 Horseshoe
13x11 : 2 13x1.1 - 9
. Lifted(9/22) . - .
Protection Lifted(9/10) Lifted(5/10) Fracture(3/22) Lifted (5/9) Lifted(11/14) | Hifted12/2D
Fracture(2/10) Fracture(3/9) Fracture(2/21)
frame breakage Fracture(1/10) . Damage(6/22) Fracture(4/14)
Damage(3/10) Damage(1/9) Damage(7/21)
Good(4/22)
. 2 143, 144 1.44 143, 1.44
Plant area width(m®) 187 131 131 297 131 131 131 1.44
) Existence(1/10)
Protective cover Non(9/10) Non Non Non Non Non
Driveway boundary Good: 100.0% Lifted: 30.0% Lifted: 22.7% Good: 100.0% Lifted: 7.1% Lifted: 47.6%
stone breakage (0/10) (3/10) (5/22) (0/9) (1/14) (10/21)

......

" PR.: Pedestrian road, ~~ BR.: Bicycle road

S2EAIEIX| A 461 35(2018 6%) 67
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2707974 38F, 5
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go, I
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32

718 gk

T U E

A /AR ES AE 12x1.2m F4¢] A olm,

1 I 7140l 30cm, YRIE 13cm,
Y= 7k 0.0009m’e] M 2He
th 2707H 2 0]
18] 7t 8mel L, 1€ Aol RS EL a7}
¥ 1.1x1.3m 7149 5oL 4me] B
o §714o)= 140cm, WHE 80cm, =
1= 102cm¢! 28] FeiE 7HA 0.114m’e) W 3 718

Zinlel 2 48%,
2 RFE E 48T, FFFIE
309cmolth & 30859 7124 & L 59 ol ¥

Table 13. Uplift deformation investigation analysis(m®)

T §314

N
2l

ofo of ofo
fd
o>

N

= 2 e

oo
<

N

e —H‘E = ox ol

_(_o‘

o

9

MATAHE AABIA B 71255 RO AF8ig o, v
el Folo} 425, dWEUF MF7} 7HR g8 o] S
RO Z ZAIE T

24, A7 Al 6~8mE N1FOZ HAE 2T F 9l
| Fgete] oA 0.
A AR AR7E 254 ow, AT W 7iE £
AL ATYAA NN 712 BEE 958(95.3%)
T=8(19.7%) 2ok A =4 Yehde A
Bl Ao, Aol 27x1.1Imel B3

2

3
=2,
e
rk
=%
H

T
AE AL
-8
o 3‘1 T
Hog Ay
=]

Division

Munjeong-to 48-gil

Dungsan-ro 101-gil

Dungsanbuk-ro 90-gil

Galmayeok-To

Metasequoia glyptostroboides

0.62

0437

0.952

Flatanus occidentalis

0.382
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wyer iy oF 130 AL =A el ol HEMF AT F2 F71d gk $5A77 st
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