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RESARCH AND DEVELOPMENT ON CONSTRUCTION TECHNOLOGY IN ORDER
TO REALIZE SUSTAINABLE CONSTRUCTION RECYCLING

Research Period : FY2016-2021
Program Leader : Director of Materials and Resources Research Group
WATANABE Hiroshi
Research Group : Geology and Geotechnical Engineering Research Group (Geology Research )
Road Technology Research Group (Pavement Research)
Materials and Resources Research Group
Cold-Region Construction Engineering Research Group (Geological Hazards
Research)

Cold-Region Maintenance Engineering Research Group (Materials Research)

Abstract : It is expected to promote utilization of construction byproducts in order to realize sustainable
society. We conduct research and development focusing on utilization of construction byproducts such
as concrete recycled aggregate, asphalt recycled aggregate, and surplus soil containing heavy metal
derived from natural. The following two goals of the this program are

(1) Development on the technology to achieve utilization of construction byproducts for different purposes in
accordance to the use

(2) Development on the technology for the evaluation and improvement of environmental safety for the use
of construction byproducts

In 2016, we conducted the research on freezing and thawing resistance performance and shrinkage
properties of recycled aggregate concrete, performance evaluation of asphalt mixture with

increasing repletion of recycling, development on basic principles of countermeasures for surplus soil

containing heavy metal derived from natural.

Key words :recycled concrete aggregate, recycled asphalt aggregate, surplus soil containing heavy

metal derived from natural, environmental safety
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XHTHE MRS+ BB ONEBEEE X F4EE
MBLEE) LTzl ZA RN 170CTh -7z,
SF 0, fETHSGES B E LT-REERZNZ L
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8. FRAIZ7I b7 2a—LDOERATEFEORE
3. 1 [FL&IZ

2011 AFEIZ[ERSAT AFFFERERE(IARC) LT A 7 7 /b D
FEDI PN TR ZA TV, DEREE R 27 A
TV BEIOT AT 7V b7 2 — LD I
SN, ZRETD [F—F 3(NTHT DI ANEE
IPETERY) | 5 70— 2B (MR L TRBA
PED B 2730 LIV | IZ5 & RiFTe, 20720, 1%
BOREEY A BT 0OIZIET A7 7V 8 T 22— 0
PHHEZHNET 5 Z L TH D, BEHETEL Y, &
RO XL 0 AT ZANOEINE§ 5 2
ERIGNTEIY, B - i TR AR TR e TRk b
BRI IR SN D, Lo, FERCEORE
T A7 7 b7 2— MOHBEERR S D DOH, Fiz, H
TEFEC DN TUIA G A TORODDBUR T
D, SEEITENTDT 27 7V 7 2—LORIEF
Bt U, IRATREERIRIC X DR IR O IBEhR:
V2OV THRRRIE L 72,
3. 2 EEHAR

T AT 7 M BTN, HERMEOAR LS
MIDSEAT L TN A T, ML THIRIRIKIZ AR > 727 A
T 7V EblX, WEOEEICEMNT AT 7 v b
Ta—hE LTHET D, 77 AD LCPC (Laboratoire
Central des Ponts et Chaussées, Bl IFSTTAR) Tl 7 A7 7
IV MEGWINBFAT DA EOPRHEIZ OV T O
WIFEDMTOILTEY, T A7 7L MEGYINORET S
WE AL DL HITPELT 3, WESNOBEEZE T,
PRI T IRGIRFOIRFPIREOIR L & TOC(e) DIEAE
F L OMHBAICOWTHE SV TN D HONREL Y, Fiz,
EIMEERITRAEEEZ I 1T T, EE R OSRIR
WE (LT, TPM)SOREB U RIEEEG(CA T, BSM)E &
OSBRAE AL, PAHS) O HTHERIZONT
WEIN TS 9, AECIEL. ZOmSCERBRC, 7
A Y J3 DENL B A AT T (National  Institute for
Occupational Safety and Health NIOSH)DFHAIZHERLL | ==
WCTOT AT 7V 87 2—LOUETF LA L, TPM
X° BSM DA A JIE Lz,
3. 8 A&
331 M

BEIZIEA R L— R 7 A7 7L b 60I80(LL T, StAs)%
LT, 727 7V MEEWIOBLA 23K-2 (T, /)
IOV AT 2 7280, 2B L Comm k>
TORME L Uiz, BME L O SAS 1R THTE
A1 165°C5 LN 135 COTEIRAFEN CHAIIE L 7=,
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LELT, 74025 L TPM X° BSM Otk
FAELT=,
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1) HIABREIEBIO 2um L7 4V (PTFE) %
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A, 20 HfeiE s

7 RUBUE 045um LV T 4 HITTAH
I

8) ABLT=bOET NI B L, 40C, 7T~
27kPa FCHEZMLS|. TN H T OEEEH
EL, BSM OEEZHH

HH-1 7 A7 7/ 87 2—LAEROET

3. 4 #R

341 2J1)2DEHRHE

BAIREAEZ TT A7 7))V 7 2— L% HE LB
DT 4 NH DR HFR3 1TORT, IRAIRENEVSA,
T A NEBERISIEL 72D . BEICEEEL 2o T
DL EfMER LT, F7=., 160°C TIIFRERTH —LRD
BRI FAMIE L W, SOITREZ T E, 74
N IZARBIEE TR TEZ 5 b DIXIE L TEH T,
HolXE b AL T,

F3 TAT 7V N T a—LNBIED T ¢ )LEZ DIREE
RiE

RERE
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R-Bo%EiEL

130°C

IHELEELGY, PRARTT

160°C
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EHMICEEL PRISBTE
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77V MEEMINS THT AT 7))V N7 2— L%
B DZEmMTED LT, BNL-VLTOT
AT 7 N T 2— AOBEHRRE AR & 7o T,
IRAIREDKTFIZH, 7 A7 7V MEAWIN DR
B L7 TPM <° BSM &8 L7z,

IRAIREEZ J o TH—/VIROWERPIMD K 5 72 b D
T A NANFET D EMHEMNE D ZnE
FVDRGHZ AN TERIZRRES L EE T 2,



9 FIRATREA BB YA VL D-ODHREA VT FERBRMDRERE

&R

1

2)

UNZE RN o &8 11| NN oS3 ] 2N 2 4 ST
AR BERRIGL, SAATL TR, /NI,
EEPGA, RFZESE, BEMIERL < ARERFREHEE AT
I B e — TR kBT oomtERE b —, 2k
AT & 55 470 75, JISTENTABDEAT it
FLHUE T EMUAAE, 2015.4

OPRRsE, SEEEL T EESSR, PEIRE], HrH5AZ,
AR AN, RO, HaEgRizsl - KRR

33

BT ORI T 2HE—T7 27 7L L
Fla A U 1 7 AR OBRZE — | SERIFTEHRG
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Tepper A. L. et al : Acute Symptoms Associated
with Asphalt Fume Exposure Among Road
Pavers. Am. J. Ind. Med., 49, 2006.

NCHRP: Field Performance of Warm Mix asphalt
Technologies, 9-47A Final Report, 2014.
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2. 1 EF-ROREECEETY OEFHFHHAR
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Ry 7 ANTHRREAKIZ 1 REEIEESR T ) 7 %A T\ MR
L7z, ZREEKIDIKEGME T C, RN EHRE N A % FEHE
L7857 a—T 7Ry 7 ANT, EIE DR iR
F 10 DEETIA T 2 PVC AR FUTHERA L, RE
[E% 200 rpm., & 9 ME 4~5 em T 6 BEHEE 9 Lz,
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N —TWR| AL, RRAKERNEREA LT m—
TNy JNTUY 7 4V F— (fLFE 045 pm) (2
L VNEAE L, ZIVENDAIRERIR & L=, D%,
FRBHRIE A VT I L BRA I L, b RAEREE
HEELL N2~ £ TO 5 [ERTo72, KD pH %777
AFEMRE, BLETTEN (Bh) % 4B L0 o
L7z, F72. BFE (As) BXUOWETUHE B) ORESHT
(I ICP E &AL, 7 =7 4 (Al) B3LUE (Fe)
DYLEEIHTTILICP I oL 2V (Si02) @
WRESHNZITE Y 77 BRI L, Wikt 4

(S04 DEESITIIA AL I~ KT T 7L TV
2L (Ca) DIEEESHTIIET L—AFFAEEIC LY
ZNETURIEZ 0T LT, pH ZFR< BEREH E T4
RO RREA R RS U, BRI CEALOE
IZLDHEFH - RURORHEN B2 LT,
2. 2 BBt 1B AIEE L/ \y FIREFRER
221 HH

VA ERL ZHWZIRAET 0 1R 2.1.1 TRRZH D LA
CbDzEHWz, £, WaEa BRI IR L,
FREEOWEICHGTDIEET NVI=0 L - 85H
BORR DKM DA AW, 3T, dAbimE HEE
VBB KIIMEL AT 5 TRV 5% 5 &P Hisk
EUE LTz, Zis 53k REL L, 2 mm 550 %
B L7z b Oz BRIt LT,
222 WEREAE

W BRI, 2R KB LOMEUKIZIEA T &
AL 2 OEIETIRA L, BREBITERS 46 5 DMK T
RS IVDEAER LT BRIC L0 ER LT, i
Kid, BREIAEZFHALIME T m—T Ry 7 ANTH
RKIT 1 B2 37 ) o AAT MERL L 7=, (ERLL7-
BRI A 5y EL L, 3,000 rpm, 20 Syl L 72,
Z D, FREKIRIRE 045 um AT T 2T 4 LH—T
WS AL, BRI EREI A LIz a—T Ny s
WTUY o7 a2 — (f£8 045 pm) (2K IIE
Al L, W AR Dk e L,

gL, 2R KRR KRS FCL MiRUKIATE
WERN AT U5 7 a—T Ry 7 ANT, £
ZNOERICFR LR TIRE L OB TR R 1
AL, #RE H1EH 200 rpm, #iRE H0E 4~5 cm T 24 FRF
WHEL 5%, 3,000 rpm., 20 5k Lok Uiz, AielE
Hiy & R Z[ERR OB LT, B> As & B OREEE
ICP EE/3HHETHIE L, Al & Fe O ICP 3¢5y
HOHHETHIE LTz, £7-, Eh % BA&EmECHlEL
77

ARERRHLIANIRD As JEEE & B IREE HIRAE A RD,
R OV 2 AR & LT (D) (s
7aA 2 M)y e RORESERISIP S 9, K
LIVZEH Kk & n BLOSHEREIRE) D 2) Kb
StiFR(Kd) 2 FiH LT,

Q=kC" (1)
Kd:%:kc =k-nC"™! @

Z 2T, QUEAEI~OWER (mgkg-dry) . C 1L PR
FERE (mg/L) . k, n 13@EEk, Kd I30hR (Lkg)
BT,

1 RAERBROURIE

. w ARE L

B # (L/S)
SN 2,5,20,50
KF 1,2,5, 50
oM 2,5, 20,50
NS 5, 20, 50, 200
MM 5, 20, 50, 200

3. WIREER
3. 1 EAHHERER
311 ¥R X EEHFMTRER

BRI FAVZIES 0 ORR X e T R A 22
WO, 22 K0IEET DI, &E e LTHIChH
FOREADERS I, M e U CERE,
ARXGBA N JAVFA NOEREGS ST, ZOfh,
Tt ZEBRIE, SRR S AT,

#2 PET Y OBR X BHET oA
MS3

BR
RER
=31
AT

RADBAL
AAUFAR
ET O
AL
il O:%2=

+: 408

| >
sall [H > >lo

Bl fein

3.1.2 ESAHAEER
HHEAHERBRO—EAE-3 IORT, -, BRCE

35
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?%‘3 $ L/ﬁHjn y

R

HOH pH LR ST AL (ER) T RivES TNR=T A U TitiRA A HN T
A OB A4 mV mg/1 mg/1 mg/1 mg/ mg/1 mg/!1 mg/1
1=H 10.1 333 0.089 0.32 0.188 1.9 6.7 42.5 0.56
2[mH 9.9 348 0.047 0.13 0.139 1.16 4.7 6.3 0.8
EETO ]7J<i'au“:’, 3mEH 9.8 356 0.019 0.06 0.018 0.342 2.7 3 1.92
4 H 9.2 368 0.008 0.05 0.02 0.213 2 2.2 4.29
5MmH 9 376 0.005 0.03 0.01 0.174 1.8 1.8 6.35
1= H 10.1 335 0.09 0.32 0.137 0.97 7.2 43.6 0.59
2[\H 10 345 0.045 0.13 0.092 0.766 5 6.4 0.74
iJEr’*;’:gKTLHj 3lElH 9.8 362 0.019 0.07 0.018 0.305 2.8 3.2 1.94
Al H 9.3 385 0.007 0.04 0.017 0.183 2 2.3 4.45
5la H 9 385 0.005 0.03 0.009 0.147 1.7 1.9 6.33
1= H 10.2 331 0.09 0.33 0.174 1.47 7 43.2 0.65
2[\H 10 350 0.046 0.13 0.119 0.992 4.8 5.9 0.85
iﬁﬁi?gj\lxﬁj 3 H 9.8 362 0.02 0.07 0.031 0.363 2.9 3.1 2.03
AlalH 9.4 389 0.008 0.04 0.014 0.229 2.1 2.3 4.91
5[AH 9.2 395 0.005 0.03 0.016 0.207 1.8 1.9 6.56
1= H 10.2 263 0.089 0.32 4 43.4 12.6 42 1.26
2\ H 10.2 243 0.062 0.19 3.11 28.3 8.1 8.2 0.88
*F“””’i::ﬁm‘“ 3l F 10 262 0.031 0.11 0.725 6.02 4.1 3 1.3
AlAH 9.8 290 0.016 0.06 0.338 2.84 3.3 1.8 2.63
5EIH 9.7 278 0.009 0.04 0.2 1.61 2.5 1.3 3.98
1HEH 10.2 263 0.087 0.33 3.68 38.8 11.6 41.3 1.07
2 H 10.2 244 0.063 0.21 1.99 18.2 8.8 7.9 1.1
UE%MIE\?;K%H:" 3EH 10 257 0.031 0.16 1.99 16 4.4 2.8 1.27
451 H 9.8 286 0.015 0.05 0.18 1.62 2.9 1.7 2.61
5[EH 9.7 278 0.009 0.03 0.191 1.51 2.5 1.2 3.91
1= H 10.2 263 0.089 0.33 4.6 48.8 11.6 43.9 1.07
2[EH 10.1 245 0.06 0.2 1.31 12.1 9 8.2 1.07
vJE‘z‘—ng)?\;kr;Hj 3EH 10 258 0.03 0.11 0.79 6.62 3.8 2.9 1.32
4[E1H 9.8 285 0.015 0.04 0.239 2.05 3 1.8 2.83
BlEE] 9.6 280 0.009 0.04 0.241 1.88 2.6 1.3 4.27
1 . . . . 10 T T T T
Ar& pH 3 L UEHHTHR H OFERTAH & L ORfRA X1 =,
T, Va1 IEIA &V 5 EIH 0 pH 2L % & . Iy j4
VSt 1151 H o> pH [7RBK L UK & B2 10.1~102 % ERl ’
RUFAS, A5 BH O pH I3ARAD19.0~92, Bk = " |
K 9.6~9.7 &R LTz, B{LEICAERLOIRY iUk Fme o &
pH i3, Z&E/K & B L C pH OIX T AV IS WEAE N I
N == 80 160 260 360 460 500 0 100 - E)O 300 400 500
L7z, — . AsBLUB L, BLECEMMETT 2 BRILSETEELL Eh (mV) BALETER Eh (mV)
CREEHE BN U, BEKD AL, Fe 38X 1Si0: oo (1) pH 2As-B
1000 T T
L REK O LR BB R L, .
S04 & Ca 14,804 THIE & A LHIFR SN T2, e <§® { e
Ca TIABisUK & bl L Cru BRI A R LT, 2 3| e € I3 |lamm
FUBIE ZRBIK & Hole U Tl s e i DRV i AUK 23, o 0 g: o 0
VBN, R, SRRV A N LT % F
Lo, Foo Al ORI E o KRR okR e B & B |
=LA E b7 WD o1Z L IR T D LEREE ) BEERES )
KBEEBEZD, Fiz, BEUKE Mg U CREEKD Ca 73 (3) Fe + Al - SiOs (4) SO+ + Ca

EVERRHEE R LT2D
V) R DRI St 2

j: pH ZP{E&‘F L/fx_\_ CE \_.
LIZLDEERD,

-1 R e & pH 36 J UM HTE B ORRH

36

L D%
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3. 2 NyFIRERRER

AT & W R s OBIRZ X2 1R, FIXH
IR AR Z R T, As Tlid, WAEED 018
mg/kg-soil~35.9 mg/kg-soil Z7~L, VIR X
0.001 mg/L.~0.306 mg/L %/~ L7z, BE/KERD OM
D—EAIRE TG ORIN L & HIHERS &
MLz, 72, B Tl WaE=E 0.33 mglkg-soil
~27.0 mg/kg-soil 27~ L, PHEFEFEIREIS 0.55 mg/L~
1.25 mg/L 7R L7z, As &[RRI AT EE BN &
EBITWAEEIN LTz, E20 6, K2 ITRSH%
AR CRRBI S HE S AL D TR (As ¢ 0.1
mg/L, B:10mgl) :#41079(2) KL VRdiE
Fo—Er v Kd 25 L=,

PR RKERIRO M BCERE & UKD S5 Ticdssk & DB
REX-3 IR, X3 L0, ZRFKAKD Kd &L
T, BEUKERD Kd 13 As TK 7 EFRE, B TH2E
FEETh-T-, T73bb, ZIUIBBECEMAME TS
BL . RKIAEA~D As & B OWGEMREIME 95 2 &
gL CND,

W% Eh &WE & & OBRAR-4 1 TR, K
KEEIED Eh 1 826 mV~450 mV %7~ L, MUK
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