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FIFKIRCERRE ORI L0 D, BEIOME ME)S EE 225
EO—2 L7725 TWD, Hi/MERIBEDRIE L LT, #Ei/h
B DOAFENREETH S Z EBREF bND, FEEEHOATF
WESTHDHN, M/ I EET 268N H 0 FZeEF
b, FoHT, SATHREE LT, B{EL7 D3
A& V7= 3238 (FHiL 5, 1982) <°fF U< #E L 7= D2,
D3 #kfih &4 AV o IRB SR (FRIES, 1997; EH 5, 2003),
T o4 & EMERERTR Y A > MEOHBHE T HE
BN X DIREN IR (525, 2004) 72 lhdb b, £, &
T, FREEECRRSE - BRTE S T2 124 R — )V DR/ INERRR
ERHWEFER GRS, 2010) HEE I TWD, 514,
FEEEKF] RC HEEW DIt 1) 5 OPEREFRE D 72 8 OB LR
OEERENIE T, BIUSEER O % /Mg R O/ MERL T
RATENE, BBEEZR ESED N TE D,

AEICTIE, BRI RC HEEWOSL A B8 L i
INERAT % P T2 R NRBR RIS & D i B A 1TV, SR
ABRIRICI T D0 E — A BfR B L OO OEIN ARG &
B U, #i/NaRBR IR D FEAR K72 SR E 2 B 5 T 5,
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2.1 HEREOLH

REFFE CTHOWIZRBIE OB L O8I #E % Fig. 1
(2, £z, REBRIKRO(IHEE Table 112~ 3, sRBRAIT 3 FED
Hia RCEREE Lo, F B IRIIAHE R U1 e & 3 5 [ aER
KTHY, BIEEALS 0.59%, 1.19%3 LT 2.11%0 3 fE
Thb, SBILOT RERIKIT FRBRIE & B ZA0 2 FEL 72
Mo/ hRBRIETH Y, STEBIITMER U7, £z, THBRKIX
MR 110 Th 5, M/ UZ, M/ 2 7o NaBRiE o
7 IBRER G LS R BB R D B | BRER L & IZIT R & 72 D
EOIRELR, ol HBREIZETIRMIEE 25 KO
R L, SR K LM SRR IS X 0 W AR L7,
FalBRiRI3s 1 RESEL, SBEO T HBRIKIZSE 6 1K
ZHRUWELCRER LT,

111 0Jak-

a L a b

Fig. 1 SRERADORIRIS KO E
Shape of specimen and placement of reinforcing bar

Table1 FERIAED (AR
Specification of specimen

SBRE R HBrfRHiE (mm) EIESS) i Grmax
b h d a s A p Z-fIfEmm)  p,  (mm)

F1 1-D10 0.59

F2 Y1 100 150 120 420 1260 1500 2-D10 119 D10-100 143 20

F3 2-D13 211

s1 1-mD32  0.65

S2 17 14 21 17 60 180 214 2-mD32 129 mD32-14 157 25

S3 2-mD41 2.35

T1 1-mD22  0.63

T2 110 10 15 12 42 126 150 2-mD22 126 mD22-10 152 25

T3 2-mD32 257

b : WriklE, h: Wrims, d: Azhm, a: HABIASY, st ANUE, L RIKR, po BIRSAE (%),
pu : HEERAFLE (%) [pw=Au/ (0-Su), Aw: X SuIZH U 2 HIEAF I A (mm?), Sy : HFEKAT o0 L i I (mm) ]
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2.2 #MH

221 a9 U—rBLUEILZIL

FRBRiRICEH L7227 U — MidA % Table 212, S5
FONT AR L= 2 Al S % Table 3 12RT,
a7 U=k, BAYVPMIFERAL T REAV B,
AR, A RN, A& LT AE Bk
Hl (wAZ =KV VU R 15S) BLW AE Al (v AX—=7
202) H#5xE AL NEED 0.6%F L 0N0.003% AV, £
VA E, A MCREEL NT 2 KA N, MEH
WAJIHE D 2.5 mm 55 Vil sy 2 Uiz, £72, IR
& LT AEBKAl (vAZ—RY U 2 No.8) ALk
BED 0.25%MV -,

2.2.2 %

FalBrik T, BIPHESH D10 36 L (8 D13 (SD295A) %1
H L7z, 2o DR EMEE % Table 4 (2R T,

S BLOT R CIL, M2 /A Uiz, M/ ki
X, EBEOSFE 124 Ar— L CRigE LS Th Y, 8k
MREIZIL Y 7 LHiNFHBLE TS (Fig. 2), BIfE, D13,
D16, D22, D32, D41, D51 (ZAHXY3 DM/ kAT &
nNTCn5n, KEFZETHVWZ D22, D32, D41 o 3 FitE O
INERf DR A Table 51279, 72238, BLT CIESEEE & #i
INERAR & A IXBIT D 72, Hi/ R 2 mD22, mD32, mD41
LB A RLT D,

g/ R OIS ST — O B EHR & I~ 572912, mD22,
mD32, mD4l D% 10 3B IR Z 725 [ iRRER 1T - 7=,
£ X 200 mm OFRBRR O 30 mm &2 F v v 7 TREE L,
ZENHEFE 0.5 mm/min THIE L7z, RBRAH JeiEo 100 mm
EAEAIREES U, OFARZEH L, £/, RkOLNTE
71— OF BB ORI X 0 SRS A L L,

2.3 HERADHE

F kBRI TR, £72, SBLIOT RBRKIZT 27V
VR A U CHFIRR L7z, 4TRRFERICHAL L, F Bk
EIDRMEEA, SBLOTREBREIIRPEAE Lz, F7,
FIRRINIC I AR B A 2 &« BUE L, F &R Brike S
BIOTRBRIRL R ULMETEAE U, SR, ik
7B CEAERKZ, ARSI L,

2.4 HAIFERER

PRI O T RBRE, 3 &4y AR & Lz,
BENENE, F OSRBRIR CIEEBRIR M h B A s E L
TrbHZMEL, SBIOT lBA TR Lo
T AL DAL Z AR I L 0 JIE L7, Fig. 3 12fE/ ik
BRIKORBRR I Z T

F BRI, #0ik Ll L, S BLONT #Bik
X, % 3REHREHMRBRE L, 200 3 REHY K LI
MR e Lz, S BLO T RABRIAOKRER OHAT )7 ik %
Table 6 33 X O Table 7 (27”79,

I RC ZOHMITEE)

% 21575 (2014)

Table2 =27V — MG I X OVEHMESRE
Specified mix proportion and compressive strength of concrete

Gmx  WIC ity (kg/m®) o7
(mm) (%) W C S G A (N/mm?)

20 64 168 263 863 987  1.59 23.4

Table3 E/LZVELA T K OHAEHREE
Specified mix proportion and compressive strength of mortar

Gmax  WIC BlA (kg/m®) o
(mm) (%) w C S G A (N/mm?)
25 65 340 524 1310 - 131 32.3

Table 4 #kfif D ) FHoMEE
Mechanical properties of reinforcing bar

AR i N

A [E2/NE 5| IR O
(N/mm?) (N/mm?) (%)
D10 358 498 325
D13 349 497 26.5

mD22
e —

mD32
e e e e e -]

mD41
0 5 mm
Livssl

Fig.2 i/ NkAH
Miniature reinforcing bar

Table 5 ifi/NgkfH O AR
Properties of miniature reinforcing bar

O HAEE  AMER AR k&

(kg/m) (mm) (mm?) (mm)
mD22  0.0060 0.98 0.759 200
mD32 0.0121 1.40 1.541 200
mD41  0.0220 1.89 2.796 200

Fig. 3 i/ NakBR ik o Rk
Loading test of small scale specimen

3.1 HHIFEE

HiiF %5215 % RC Zozdho X % Fig. 4 12757, Fig.
LIRS 345 i S 72 RC RIS EMERT5 &, 3
L ROPROEMFKMITHRRE—A L FRFEEL,
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Table 6  HLFHAr O 71k
Loading conditions of monotonic loading

1TFE T il 4 {4 SBLUT
\ B A= 247 5. (mm) 2
LW |
ZENE3E E (mm/min) 0.2
HERZE07 5. (mm) 10
2w _
A (mm/min) 0.4
Table 7 # V3K U ikar o s 7 15

Loading conditions of cyclic loading

T s st 2 s T1 T2 T3
® E
L H ZN7E (mm) 2 2 2 1 2 2
Mg (mm/ming 02 02 02 02 02 02
) Br B (KN) 001 001 001 001 001 001
ff  WEE(KN/min) 03 03 06 01 01 06
3 o AN7E (mm) 4 4 3 2 3 3
fif WEE(mm/min) 04 04 04 02 04 04
. B ar AL (KN) 001 0.01 001 001 001 001
fif  WEE(KN/min) 03 03 06 01 01 06
5 # ANLS (mm) 10 10 10 10 10 10
fif  WE(mm/min) 04 04 04 04 04 04

TRCHTOOENARET 5, MFOOENREAERT,
5 oW OB R OEHL, BIREHIC L > THRE S
Do SOITHEDPHEMT D L EHRRRICE D, BAHRK
BITEA OEFTUNTRE < ITHINET, R RGBTy
U — b DERMEREE LT, SRR OBERICE D,
AT, MTERAICER L, JFRERER I & /el
BRIKIZ 31T D RN & FBREIZ SOV TIRET 5,

3.2 HAIFRRTE
4 J5H T 2 2T 2 BBk RC B ORRATEP, I, FMERRS
MBRATRO BN D,

p = (1)

My = Asfy (d - g) 2

x =ndp (—1+ ,1+(nz—p)> (3)
ES

"= (4)
Ag

p= bd (5)

ZZIE, My RETROMRE—A R (N-mm), a:
EAMA S (mm), A SKITERE (mm?), f, : 85O
BERIREE (Nfmm?), x : FZEIOMZE (mm), n: Yo 7%

M (BB=—#>F) , P (HE)

iz
ﬁ K
] -
Mo #FOUEhEE
B, ZEfr

Fig. 4 %517 % RCZ D%
Behavior of RC beams subjected to bending

b, d - ZofhES (mm), p: 8@k, E, - SO
PEARE (Nfmm?), E,: 227 U — b OFPERRE (N/mmP),
b : ZOM (mm) Thb,

NV #HREFLUVUER

4.1 HEEEE ORWEIEE

HME/ R DI — O T Bk & Fig. 512, FEERFHDIGT)
— O HBARD 1l % Fig. 6 12”7, F£72, JISG 3112 gk
a7 V— N AIFRER ) \CHUE ST 2 BRI O BRI

B
<
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I 77 (Nfmm?)
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K77 (N/mm?)
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Fig.5 #fi/Nkfh Ot ) — O 4Btk
Stress-strain relationship of miniature reinforcing bar



106 SR TR 6 2155 (2014)

B

500 | =
&g | 3| 3R T
£
E
Z 300
R DI13(SD295A)
2 200

100

0 5 10 15 20 25

VT % (%)
Fig. 6 ZEZEFH OIS — O T BBt
Stress-strain relationship of real reinforcing bar

BDO b, B, BITRMEE, MO% Table 8 12737, i/
G OIS — OTHBMROFE & L TlE, OFESMICHS
AU D BEAR S DS L & 720y, @RIk D253 10 A
ORBTITE—H L THVIEH>X 13k, @mD22 B
LY mD32 D5 IR ITIZIESE LV, @OERFO O 70
EHoEBnKE W, OREWIFEO O AT 2.3~6%FEE & JIS
HLED SD295 D 16%IZ T/ SV, ®mD4L TIEs| iR
JEPMLOFERILD 2 (5 < T 3ERIEN L kb o7, @
FRIRI 7713 JIS JiE > SD295 & [FIFRSE T b 2 235 | 3R 1%
TS, ZeERnEFonsd, ERLoOE@OHE M & LTI,
RiH ORLETFILEOMENE 2 HIvd, FER BBV EIEIC
Lo THEESNDDITH LT, M/ hEiiidm MG ic L0
REIND, WSS, FERTEROT VALY Ak
B2 L CHERIEICEN D, LaL, WmEiED L5
2O N L E AU RS TIEBRAR AT AR I e 2 & 3%
weshTng (FlxX, % 1979),

&) — O B PAGR D SRR L 0 SReD 7o MR E R Fig.
7 ATRY, RN RE AR DIT LA, HEPELREDN)N
XL o TWD,

4.2 REGHKERADHTHER

F o U —XRBRIK DY I LB ¢ S/ i —
EALBIR A Fig. 8 177, RIRIZIZE(L)~(5) TR O 7= FK
MEGLKR L, 78, BRAEOFHE THOW MR
% Table 9 {Z7R7, F1 38X O3 RBRIKIC OV TIE, BRRAT
BEORBRE L A RMEMEIE—H L T D, F2 3 BRATiE
BRENFEE A 11% ERI>TWA 500, F v —
BAKDORERATEORBE & HEMIIRE —HLTWD EF
25,

Table 8 kAl OHEMAIMEE (JIS G 3112)
Mechanical properties of reinforcing bar

Py \
o iémﬁ slEmE O
g = = N 2 %
L7 (N/mm?) (N/mm?©) (%)
SD295A 295 UL F 440~600 16 L |
SD295B 295~390 440 VL | 16 ULk
SD345 345~440 490 UL | 18 VL |

200
180 -+
_160 - i |
E a0 | i
: 120 +
o 100
80 +mD22
60 mEmD32
40 AmD41
20

FPELR 2

0 10 20 30 40 50
S (FFCR)

Fig. 7 i/ INgk s i £R 5L
Young’s modulus of miniature reinforcing bar

4.3 #ERERADFEER

4.3.1 BEREHER

H /N RRBRAIAR O B T e BR T S T — AL BR A
Fig. 9 1R d . KO SR E CROTZBERWETH 5,
MARFFEEDFFHLIZIE Table 9 O EMME % V=, £ ) —
Rt 3 ROFERIRD HMEGEI ) b FER F T Ol — &L
BIRIFIE S D Z DD ZRNEERBG BT, S2 BLDVS3 &~
U —RX&BRIFIE, BREZEOFEBOIXL X b0, L
L7 e, JFRERBRIR & i T2 &, BMRwFEIE, 17 R
A=) S1~S3 FRER A T3 19.6~53.4% TF-#) 33.0%, 1/10
AL =D TI~TIFRER IR TIL 1.8~24.4% T -1 15.3% b3k
BRED R RE <, FHRIEE QIR o,

45 Fvvwew —FI:::S.:E

40 + —F2 .

35 ——F3 (=210
=30 w0 FIERATHE (38D
E oo FERMRTTE (H3E)
s> oo oo FERRTE (I3
20

15 ¢

0 10 20 30 40 50
AL (mm)
Fig. 8 JEUBUERER (K o> far 88 — 257 RALR
Load-displacement behavior of F-series beams

Table 9 #4¥HA
Mechanical properties of materials

o E?ﬁ'@ﬁﬁz& E%‘:ﬁi%’ﬁ%?* %‘Fifvri{%‘ziﬁt l’iﬁﬁiﬁ
(N/mm?®) (N/mm?®) (N/mm?®) (mm?)
a7 Y—F 234 25,000
ELH IV 32.3 19,800
D10 - 358 200,000**  71.33
D13 - 349 200,000** 126.7
mD22 - 294 165,000 0.759
mD32 - 301 157,000 1.541
mD41 - 316 132,000 2.796

*:mD22, mD32, mD41{Z- D\, 0.2%Ifif /)% <7,
** 2012 fFHIE = 7 ) — MEERGEL D,
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Fig.9  HEFHRIRZ & 2 i/ Nk BRIK O i T — (B £
Load-displacement behavior of small scale beams under monotonic loading

Fig. 9 {27~ L 7=/ NaBR A oD far 82 — 287 BAAR 4 SR AR
RO 11 A — AR L= fE R % Fig. 10123, 22T
I, FERIE Y ko X O ITHE Le (21X, B, 1978),
JRRERBR IR DRFEZ L, BT ER TRl i/ B A
DORFEHEERL, ETIUE, MR E1/2E LI2R,

o~

_m . — P

=1 .J_% (6)
LFRED, ZOR, HENRBIEOMEEP, & TAUX, MR
1/1 OFRBRIR DI TIAT EP, 13

1
A

P, = 2%P, @)
RIS, HE/NRBRIR DIENLS,, DIRFHANLS, 13,

8y = Adp, ®)

LEED, LTAT, Table 10 (TR T X 5 IS FHGRBRIA &
i/ NGRBR AR & CIIERR LM IE L T D720, (7)) D
WEP,AEIET 2 UEN DD, EIERE AL, L THUE,
RN ORBRIE OB EP,I3A(7) &V,

P, = A2 ky By 9)

ERED, TIT, kyld, RQ)ITBWTHNRBR KD $A
L CRERL L 72 A B & Py, JRVRLRRBR (R D BHAT LE CRISE L 72 A
HEP, & LK,

Py

k., =

y = (10)

m

e

& L7z, SLE LU TL kBRI IXEPEREID O B IR B D2
20 mm F2E 0 X238\ CJRBIER AR o ff 8 — A7 BEfR &
B~ % (Fig.10(a), F7=, S2BIL T2 iERIAITFE
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S 1§ Ep— 5y e  , — 5 RIFET F2 RERE TR S Z & A BRITIE, MR
60 — Tkl —T1-2 —T13 W AR 2507 30 mm B O X I 35\ N TR BR (R o> 1 B
50 — AR E B<—E9 % (Fig. 10(b)) . ZALHIZxf LT,
Z40 - S3, T3RBRIRTIX, WMEREID B IRRE COXE®IL T
H RRPRRINOER 5 b ODRREOFDITHE, i & b LRI L
20 4 bREL, FRRBREOSEE L RE HELTWDS (Fig.
iy ¥ 10(c)), T 72 b, FIBERIRIZ T 28 L O L 5
g S s f£Aan0 BOEFOMS EZHHTETWRY, DED, Fl, F2 0
o 10 20 30 40 S0 60 70 80 XD 728k e L19%FE FE & C OBBRIKIC B\ T/ ek
©OFLSLBEUTIO - B (R B ERBRIKO 3B & & DR FIBLC & T 45,
70 e BRAFEEAS 21192 ORRBRIKIC I TITRRLERIER (K & 0 fif
60 — 121 —T2-2 —T23 H, BALE It REL Ry, ZEEHFIHT LI LI TER
50 Mmool
40 72k, FRRBREOSEHZHATE TN EZE2bND
=, [ LORBRIKIC I T D, Fig. 9 ICHT 2BRATED
* FFELE & IR MO TMEAS L BT, MRS ) 5%
- KIEEED OFTFELORE 21 LS 572012, 20X
O IR TEREDIRR AR L, BRATEOFRICK S =
N W EEENR EVRWMTELEEZ D,
(b) F2, S2 gtsctoiﬁg(;?»—x‘ 4 3'1 RUBLERH .
70 ’ g/ NERERIR O 0 I Ul ©fF b v 7o fa B — A B
i %% Fig. 11129, FREBRIKOZEH) & oL LT,
550 ] OB L O FHHATEBRRIZ B T 2 ABUI P A8 & % L
Z40 VY, @PBRAT & e B P U7 B AR A 1 <, O/
= IR LR /L — 7 O | R AR A TAE R & 975, 72
®%0 LREFONG, b, Mi/NABRKIC X D SRR
=1 DRV L FB & FE AL B2 5D,
1 e 7235, Fig. 11 () S3 BRI T, Fig. 9 (e) & Fuile
YS B 5 8 B B o B @ L CWENRE RERAZRL TN D, JhUE, Fig. 5 15
) Qﬁ&“(m]m)%x‘ L7z & 9 (S U7/ 655 mDAL oG /-0y A B o
Fig. AL e R— BOERSNEDTHE L5 b D,
Equivalent load-displacement behavior with full scale
beams 4.4 VDUEINFEERKR
ZREBRIR D OO OIS % Fig. 12 17, #i/hak
Brikix, ORI & i L COEINAEDN D220,
@ RFER R & [FIERICERAT HL A K & el (I3 SO OYEl
IR\, O R LT i/ kiR & iR 110 #i/NakEs
Table 10 $kfhLtiC X DB ELREL
Correction factor by reinforcement ratio
R No. F1 F2 F3
JRRIERBRIR R 1/1 11 11
L py (%) 0.59 1.19 211
BRI No. S1 T1 S2 T2 S3 T3
LN 1/7 1/10 17 1/10 1/7 1/10
RAHEE P (%) 0.65 0.63 1.29 1.26 2.35 257
fi/NaRBRIR s BRI mD32 mD22 mD32 mD22 mD41 mD32
BERRLE pplC L D ETHATE £, (N/mmP) 2185 108.3 426.7 2113 776.9 3724
BRI pe 1 £ D FFRT L £, (NImmP) 239.8 115.3 460.6 223.1 859.8 448.0
ETEARH ky = Py / Py 0.911 0.939 0.926 0.947 0.904 0.831
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Load-displacement behavior of small scale beams under cyclic loading

& TIHOVENAMRDIUZEZD R SR, 7 R L
LTET oD, OOM/NRERIED ODOFNALLN D 2200
JRIR & LTI, i/ Nk & BRSO A B MR OAES OV
NSRS EE RITL TV D EBZ BN D, iR
R &R O O OEIN S B D FEIC DWW TS 5
EEMANRELEZ D,

vV # &

AICTIE, i/ N 22 PR T2 VSR o0 JERE Y 72 )2
FIZEN DUV T, RC O JFAERER (R &5/ N BR AR o i 13
BRI DA — AN BIRE L NOOSEIL R AR i & L
LCiiat Lz, BONREIFLLTO LB TH D,

(1) M/ NERRS OREMAOME L, FRIRASDSBAE Trae B3

B & ABE T D REE AT LT D,

(2) ME/NERER OFFIEIZ L 0, iR AR 0O Fif B — 287 h AR

DR AT Clidiau,

(3) MAWHEIZE 2 F TOM/NRBREO T ZEFB DX S
EXE AN

(4) L19%FLSE £ COREELIZ BV TIE, Hi/ ) akBRik ©JF
RERBR RO BN HBAIEECTH S Z L AVRIE S iz,

(5) fE/ R IR O OB B ARSI, JFAR BRI Lk
LT, OUEINROSEET/ SN,

(6) Hi R 1/7 fi/ NaRER IR EHER 110 Hi/NaRBRIK & Cix O
FENNIATRDUC ZED L D720,
SBOMEE LTUL, ROZENEZBND,

(1) ERBUELD RC BT — & % HAHH/NRBR IR 0 L
AR T L, /IMEROREEZFNT 5,

(2) mERAL I Fo v CRALERBR (A & fi/ NERBR IR D2 8 53 5
72 % UK 2 B 5 2002 UC, ME/ N BR IR o0 3 B 2 FRGIE
T 5,

(3) JEAIERER A &/ N BRIRIZ B 1T D O OB oy Bt O
EZOW TR 5,
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Flexural Behavior of Small Scale Model of Reinforced Concrete Beam

TOKASHIKI Masaru*, ASANO Isamu*, MORI Mitsuhiro* and NISHIHARA Masahiko*

Facilities and Geotechnical Engineering Research Division, Facilities Engineering*

Summary

The flexural behavior in flexure test of two small scale mortar beams using miniature reinforcing bars is
investigated by comparison with prototypic scale RC beams, whose tensile reinforcement ratios are 0.59, 1.19 and
2.11%. The load-displacement behavior of both 1/7 and 1/10 scale models agree well with that of the prototypes until
the yield point. Beyond this yield point the load-displacement behavior of the models with tensile reinforcement
ratios of 0.59 and 1.19% agrees with that of the prototypes, whereas the maximum loads of the models with tensile
reinforcement ratio of 2.11% are about 20% greater than that of the prototypes. The ultimate strain values of each
model are very scattered. These results are caused by mainly the dispersion of ultimate strain of miniature reinforcing
bars. At the ultimate points the models have fewer cracks as compared to the prototypes. This result suggests the
differences in bond strength to cement matrices between miniature reinforcing bars and real ones.

The results obtained in this paper suggest that the small scale beams using miniature reinforcing bars with tensile
reinforcement ratio of less than about 1.19% have similar flexural behavior until ultimate failure with prototypic RC
beams.

Key words: Reinforced concrete beam, Small scale model, Flexural test, Miniature reinforcing bar, Similarity
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(a) /A —2 %

(b) KB

Fig.1 #BRICHEH L7z —2 R E AR
Biochars made from bark (a) and wood (b), which were used in
this experiment.
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Averaged saturated hydraulic conductivity (n = 3). Error bars mean
standard deviations. * and ** mean respectively that there are
significant differences with significance levels of 5 % and 1%

between mean values.
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Soil water characteristic curves of soil (solid circle) and charcoals
made by bark (open square) and wood (solid square). Error bars
mean the standard deviations (n = 5).
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Depletion of moisture content for optimum growth and available soil moisture. Error bars mean standard deviations (n =5). * and ** mean
respectively that there are significant differences with significance levels of 5 % and 1% between mean values.
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Scatter diagrams between measured and estimated values of moisture content for optimum growth (A) and available soil moisture (B). Valuesin
vertical axis of black circles and gray squares were respectively estimated using dataset obtained from the water retention curves of biochars by pF
experiment . Values in vertical axis of open and solid squares were calculated using dataset obtained from the pore space volume, which was measured
by mercury press-in method. Values of biochars made from bark and wood were shown as circles and squares, respectively.
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Distribution of pore space volume of charcoals made by bark and wood,
which were measured by mercury press-in method.
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Effect of Biochar Application on Soil Physical Properties of Sandy Soil
IWATA Yukiyoshi*, MIYAMOTO Teruhito* and KAMEYAMA Kohji*
Agricultural Environment Engineering Research Division, Farmland Soil and Water Management*

Summary

Adding biochar to soil is one means to improve soil physical properties. To examine the effects of biochar on
soil physical properties, biochar of two types was mixed in sandy soil. Soil was taken from farmland in
Sanrihama in the Kuzuryu river basin, a main irrigation area in Japan. Biochar made from bark (Bark-char),
manufactured in this basin, was used as one type of biochar. Charcoal was used for the other biochar samples.
Biochars of 1, 3, and 5% of the soil weight were mixed with the soil and were packed into cylindrical
containers of 100 cm® in volume. The soil without biochar was also repacked into the container as control.
Saturated hydraulic conductivity (ks), moisture content for optimum growth ( 6 3,0) and available soil moisture
of these samples (0 4,) were determined. 63, and 6 4, of biochars were also determined using biochar
samples repacked densely into the 100 cm® container. No significant change of ks was found from adding
Bark-char. In contrast, ks of the sample with 5% added charcoal was slightly larger than that of the control,
probably because of numerous macrospores in the charcoal. 6 30 and 0 4, increased significantly by adding
Bark-char, irrespective of the added amount. In contrast to the Bark-char, no significant difference of 6 3,
was found between control and soil samples with 5% added charcoal. Moreover, 0 4, increased only when 1%
charcoal was added to the soil. These results coincided with significantly larger 6 3, and 6 4, of Bark-char
compared with those of charcoal. To examine nitrate movement, three samples were packed into a
150-mm-height cylindrical column of 60 mm in diameter: no biochar, 3% Bark-char mix, and 5% Bark-char
mix. Before packing into the column, KNO3 of 100 mgN kg™ was mixed with the samples. NO3™ leaching from
the soil column was delayed slightly by the addition of Bark-char. From this leaching experiments, we
speculated that Bark-char was not considered to absorb substantial amount of nitrate. It is more likely that
nitrate solution in soil water stayed longer in the soil column resulting from improved water holding capacity
by adding Bark-char.

Keywords: sandy soil, biochar, soil amelioration, available soil moisture, nitrate
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