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Abstract
Silica gel is used in various fields and has a simple chemical structure generally described as SiO», the

surface area of which is hydrated. Surface modification of silica gel makes it more useful as a stationary

support material in purification, reaction catalysts, and also chemical sensing materials. In our efforts to

develop new surface modified silica materials, we investigated the initial step, aminopropylsilylation

reaction, for surface modification of the silica gel using latrobeads. latrobeads have a spherical porous

structure with large surface area, and have been used in the purification of hydrophilic compounds since

the beads can withstand aqueous conditions. We anticipated various problems such as polysiloxane

formation and its adsorption, as well as salt formation for the introduced aminopropyl group. We addressed

these issues by acid washing and base treatment, respectively, and achieved successful results. In addition,

mechanical stirring eliminated the ambiguity of the silylation reaction.

Keywords: Aminopropylsilylation, Silica gel, Surface modification, Chemical structure
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Scheme 1 Surface modification of silica gel.
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L. e W Es, K<KHBELEA T bre
— X 10g % 200 mL(#& 6.7 cm)® &' — A1 —IZ A%, 100 mL
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Fig. 1 Silica gel structure. A: Elemental analysis showed H:
1.24 %. The estimated formula fulfilling the requirement is
(48i0,+H,0), of which model structure is shown. B:
Scanning electron microscopy (SEM) surface image of the

Iatrobeads.
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Table 1 Reaction conditions and elemental analysis data for aminopropylsilylation of silica gel.

Reaction conditions

Elemental analysis (%)

Mole content (mmol/g)

ent C/N
silica gel (g) THF (mL) APTMS (mL) time (h) C H N C H N
1 1 5 1 0.5 8.18 244 2.36 6.81 24.40 1.69 4.04
2 1 5 1 0.5 6.91 2.35 2.03 5.76 23.50 1.45 3.97
3 1 5 1 0.5 5.60 1.60 1.43 4.67 16.00 1.02 4.57
4 1 10 1 0.5 9.21 2.57 2.73 7.68 25.70 1.95 3.94
5 1 10 1 0.5 11.12  3.26 2.63 9.27 32.60 1.88 4.93
6 1 10 1 1.0 9.06 2.25 2.59 7.55 22.50 1.85 4.08
7 1 10 1 0.5 9.16 2.60 2.52 7.63 26.00 1.80 4.24
8 1 10 1 0.5 7.84 2.28 2.41 6.53 22.82 1.72 3.79
9 1 10 1 1.0 9.80 2.68 2.41 8.17 26.80 1.72 4.74
10 1 10 1 0.5 8.52 2.38 2.36 7.10 23.80 1.69 4.21
11 1 10 1 0.5 8.30 2.30 2.09 6.92 23.00 1.49 4.63
12 1 10 1 0.5 8.04 2.23 2.05 6.70 22.30 1.46 4.58
13 1 10 1 0.5 6.17 2.03 1.95 5.14 20.28 1.39 3.69
14 1 10 1 0.5 6.20 212 1.89 5.16 21.23 1.35 3.82
15 1 10 1 0.5 5.92 1.98 1.77 4.93 19.75 1.27 3.89
16 1 10 1 0.5 5.45 1.88 1.73 4.54 18.80 1.24 3.68
17 1 10 1 0.5 6.10 2.06 1.66 5.09 20.60 1.19 4.28
18 1 10 1 0.5 5.99 1.70 1.49 4.99 17.00 1.06 4.69
19 1 10 1 0.5 5.97 1.81 1.44 4.98 18.10 1.03 4.84
20 1 10 1 0.5 4.61 1.55 1.21 3.84 15.50 0.86 4.44
21 1 10 1 0.5 4.79 1.42 1.20 3.99 14.20 0.86 4.66
22 10 50 5 0.5 7.14 2.14 1.83 5.95 21.40 1.31 4.55
23 10 50 5 2.0 8.55 2.26 1.81 7.13 22.60 1.29 5.51

Acetic acid (0.33 mL/g silica gel) was used as catalyst in all aminopropylsilylation reactions using APTMS.

(Fig. 1A). THIXEFBMBIBEICB T LRI S L
K OWAREEG ) B b X S 7z (Fig. 1B).

32 YAFIIKRE T/ ALY LB R S

A7 hrbE—X% APTMS 12XV 7 I /7Ll
BT BEE, KIGO 7 v E— & —ICHER 2 A7z, ik
BAEAWDIBORBBEIZ Y Y A S VREIZKD D D LK
DIRBETZETH D, I AL DIEREERIC
MG Loz A b EDOMKDIRO IR ST, G
VIR PE I — T D A b Ak 2 &, RdD
VU I~v— B EITL, VBTNV EICHEY ekt
DT, WAET D, BH 5Tk D & EE 63-200 pm THE
FLEE 40, 60, BLI100A DY BZLTIE, 7/
OEARIT 1.18, 1.09, B X 100.80mmol/g TH Y, C/N
el 4.65, 4.19, 423 THDL EREINTND YO, Zh
51X APTES # HHW/= RIS TH 5.

T 2 [T EEPRIEE 60 pm DA 7 b B — XGHIFLEE 80 A)
D1gntb 10 gAY, APTMSIZL AT I/ 7oL
U MG % THE R CEEBEOFIE TR Z 72> TH
NeT e e Y by U B S (Si0-AP) DI
FHRERIZ O TR SHEEH TR L 2 A, 7
3 H AT 0.86-1.95 mmol/g (n = 23)TH Y, C/N
X 3.68~5.51 (20 H(EY) C/N th @ 434, FEYAERZE
0.45) L C\u 7=(Table 1). F£7=, ZOBERLRFZOEA
BICIIEOHMER™H DL DODSEMDIEE L /05 R 1T
0.799 T& - 7= (Fig. 2). C/N S 4 RiOBAIZITT 2
J7a NV U VIR 2RIEOBEEN LTI AT

FTHICHEAREESLTEBY, —# A % EBINKSfiE
TEk RedvREICR-oTEY, CNEL4LES KOS
BT I )AL YA ER—EBREOBRFEL N LT
VU A VEEICHEARBALTHEA LTV LHIS R
5. CNHSUEDESIIIRY v axdr OREBNT
maEns.

P, RV DBRECHETIREEEZFH .
AW 27 o L 2 BRI S L2 K
ISR A — BRI, ME L. ISR LTT R Ry, A
X )=, KTOWEEB I o2 A, KIZBWT
DTN HE LTz, SOICEBETRM LI & 2 AUERN
Roni-oT, 7/ 7o' vy Ui b7V &k
e — KRB T2 2 & & Lz, HEfg—/K 1:1(pH
1.8), B LU 4:1(pH 1.0), HEfig—/K— A % / —/L 1:1:2(pH
1.8) THE L E 2 A, BRI THONTRERITEN

B
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Fig. 2 Effects of acid and base wash on prepared SiO-AP.
Black: unwashed SiO,-AP, dark gray: SiO,-AP washed by
50 % acetic acid, light gray: SiO,-AP treated by 1 %
Et:N/THF. A: N content in mmol/g. B: C/N.
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Table 2 Results of mechanical stirring for aminopropylsilylation of silica gel.

Before wash

After wash

Elemental analysis (%)

Mole content (mmol/g)

Elemental analysis (%) Mole content (mmol/g) CIN

C H N N CN c H N N

729 191 183 1.31 465 671 177 185 1.32 4.23

733 201 1.84 1.31 465 650 175 1.81 1.29 4.19

6.96 184 1.77 1.26 459 623 166 175 1.25 4.15

710 186 178 1.27 465 620 166 1.71 1.22 4.23
R l-12%, LI OWEEIZIE 50 %HEEEK(pH 1.8)% M KL, CNEREAD L., ZIET7 2 7P ek
Y DO—EMWARY vaxHh il T EHllsND., £
F, YUAFANOT I ey U LRI E 72, 1 % Et;N/THF ¥t o 4 3B O ) C/N i 4.11

W, B E WD EEASRTET X ERBOT
FoUAEERD., TR LAREE LB BT
NERGET D2 80X, 72 ERICEE LTV bR
BICEDREBET V=T DEDOERTSONLHRHETE D
N, ROT I )EOH TV T RIGDBEL D20
FHIOWENLE LD, T TTryE=y AL 2o
72 I 1 %N 2 F LT 2 (EuN)E & e THE T
Ve L, WHBIIAZ ) —, WNTIZraRLATE
DIZHESH L, TORBERRET LI &L, K208
HREIZ ) D P VOBEREOHEEE L.
EFED 50 %EEEE KT, 1% N U =F /L7 2 —THF ¥
WEELZ T X ) 7T VOB AEN B Z{LED 4O
DB ) B 7 N(T R/ #£0.86-1.95 mmol/g)#l kL & B
B o7 (Fig. 3). ZOfER, 3B 11X 50 %HERE KL
%, 1%EBEGN/THF eift%, 772072007/ HoR
IEZEL Lo 72hy, 50 %BFER/KBeif %, C/N L E&
LCW=., Zhik, 73 ENERT =7 ATk
Slelew Bz oD, BB 3 OFBEREZ D C/N D%
IR 1 LU T, 3B 2, 3B 413 50%EENE

10.0
4
©®
80 Ogy
s Cas
2 CeB
g 60 ol
E 3
O 40
2.0 — .
0.5 1.0 15 2.0

N (mmol/g)

Fig. 3 A scatter plot of N vs. C amounts in
aminopropylsilylation reaction of silica gel.

Open circle: Data obtained for various reaction conditions
(23 conditions). See Table 1 for detail. Sky blue circle: Four
samples were randomly selected (numbered 1-4), which
were washed by acid and base, and then subjected to
elemental analysis (1°-4").

ThV, EHERFE0.19 Th-o7-. C & NDENLLZEMR
TR & R21Z0.961 Lo 7.

RBIZ, NABWRERBRAEZP R LEIEZ S0 57
OIS AR Lz, U B 7 VIS Rk
DVEEEEEIT o 72, LR LIz, 4 BOFEBRORE
B, YIUIBFNVOWEEHOT I EOEANRIT 1.27
mmol/g THEYERZE 0.04, C/N EbiX 420 TH Y, HEUE(R
720.03 CTholz. LLEDOFRERENS, NABWREIEIZLD
FREEMEDOH & et #2580 64 (Table 2, Fig. 3, red
open circle), & 52 Bk B D Yeis R /ER% 0 C/N L
T owE LR O CONEET — 4% E B WVW—% %R LT
(Fig. 3, red closed circle). Z @ Z & 2 HALSER) 22 PEIE
T2 Uiy U A VOE DM LICEE T
HHZ NIRRT

3.3 Si0,~AP D#E i

T 7a by U BSOS OB T ~
ARG BV OWTHIRET L7es, A~ ML EoW
e/ RITFRO bR > 7=(Fig. 4A). 7/ 7u L
U IALT Y BV TIE 2920 em ! ATIEICEEE 72 C-H i
BICEB 7T AREBTE 5. 1000-2000 cm™ A1
FERUEITH Y, 920, 1040, 1410, B XL T8, 1450 cm 2
B s v — s 7 F b, 1300 cm’ TR oD S
FTADOEY PR TE L2,

APTMS T7Y X/ 7m ikl U F a2
mmol/g) DL F HFEIL 359 m¥/g TH Y, FDOHEEL 3.34
pmol/m? EHH EN7=. ZhH»d, K 4 fH/mm? O KERE
NT T a EMMERRICE S L & PR S Uiz (Fig.
4B).
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o YA U B VT 50 %EERE K TR, 1 %
Et;N/THF ¥ L CH 7~ > A7 MVICITBEE 221X
RoNBMholeh, LRSIV TE LW C/N oK
ENRRONT. £, YU BFALOTI ) Far vl
B TIE, K<L (60 CIUEHZE) Lz~ U 7% H
WV, BBRICHERT ST, HAxOFETITOIT IS
g LD T 2 7 Ko PRI ME R CHBEME X < B
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Fig. 4 Structure of SiO,-AP. A: Raman spectrum of SiO -
AP. B: A model surface unit structure of
aminopropylsilylated silica gel.
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Synthesis of Symmetrical 3,5-Diarylbenzoate and 5-Arylisophthalate Derivatives
Catalyzed by Ir or Rh Complexes
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Abstract

Various biphenyl and terphenyl derivatives were prepared by the [Rh(cod)Cl]o/F-dppm or

[Ir(cod)Cl]2/F-dppe catalyzed trimerization of the corresponding arylacetylenes and methyl propiolate. The
reactions proceeded at moderate temperature to afford symmetrical 3,5-diarylbenzoate and 5-arylisophthalate
derivatives in high yields and with good to high chemo- and regioselectivities.

Keywords: Symmetrical, 3,5-Diarylbenzoate, 5-Arylisophthalate, Transition metal, Trimerization
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Fig. 1 Rh Complex-catalyzed intermolecular
cyclotrimerization of DMAD (Callman, 1968).
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Fig. 2 Rh complex-catalyzed intermolecular

cyclotrimerization of terminal alkynes (Green, 1980).
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l ©
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Fig. 3 Ir complex-catalyzed intermolecular

cyclotrimerization of terminal alkynes (Farnetti, 2004).
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Fig. 4 Rh complex-catalyzed intermolecular

cocyclotrimerization (Farnetti, 2004).
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Fig. 5 Ir complex-catalyzed intermolecular

cocyclotrimerization (Takeuchi, 2008).
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Fig. 6 Structure of fluoro-phosphine ligands.
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2a: R=NO, 2e: R=NH,
2b: R = OMe 2f: R=0H
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Fig. 7 Structure of phenylacetylene derivatives.
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4H), 6.98 (d, J = 8.3 Hz, 4H), 7.23-7.37 (m, 10H), 7.50 (d, J
= 8.3 Hz, 4H), 7.81 (s, 1H), 8.07 (s, 2H).

3,5-EA@-L = V7 = = W) EZBEEAF L (3d) :

'H NMR (500 MHz, CDCl3) & (ppm) 3.97 (s, 3H), 5.30 (dd, J
=0.5, 17.6 Hz, 1H), 5.82 (dd, J= 0.5, 10.9 Hz, 1H), 6.77 (dd,
J=10.9, 17.6 Hz, 1H), 7.52 (d, J = 8.3 Hz, 4H), 7.63 (d, J =
8.3 Hz, 4H), 7.98 (s, 1H), 8.24 (s, 2H).

2.5.2 5-(4-=+ATIZIVAYTEIESAFI
(4a) DERK

10 mL 3E L% (2 [Rh(cod)Cl], (12.0 mg, 0.024 mmol),
F-dppm (1f, 32.2 mg, 0.043 mmol), 4-= b2 7 ==L 7 &
F 1> (2a, 147 mg, 1.0 mmol)& A, ZEHEH L 1-1%,
RUEY (5 mL), AFALTae A L— K (41.1 mg, 4.9
mmol)Z I 2 72. 60°CITIR D 7= MIE 12T 48 BEfHEHR L 72
%, BIRETHOLR. WEEBRELEER, YU AT
rua~< K277 4— (Hexane : EtOAc =9 : DIZ THR L,
HEEER (600 mg, IR 70%) &2 57, 2k, HHWIX
2-4-=ha 7 ==V T L7 X ILVEET ATV (5a) & DIR
AE LTCELRN, INRIT HNMR ORESHE L 0 A E
EEICTHRE L.
'H NMR (400 MHz, CDCl3) § (ppm) 4.01 (s, 6H), 7.82 (d, J
= 8.3 Hz, 2H), 8.34 (d, J = 8.3 Hz, 2H), 8.49 (s, 2H), 8.74 (s,
1H).

5(4-3T7 ) T == WA Y T ZNVEED ATV (4g)lT,
feaW) 4a L FABRICER LT,

5-(4-2T ) Tz =) A VT HEEY AF L (4g)

'H NMR (400 MHz, CDCls) § (ppm) 4.00 (s, 6H), 7.21 (d, J
= 8.1 Hz, 2H), 7.78 (d, J = 8.1 Hz, 2H), 8.46 (s, 2H), 8.72 (s,
1H).

3. MRRUEE

3 AN TOOLEEMEZRANS 3, 5-CF ) —ILR
BEBEDNEMK

31,1 BAEO®REH

HHA R TIE, EEOKSEE NIEE T CHEZET 5 2
LICR VAN ERT S, Thbh, WEORNL
rEte, TOeREEEOHAEENZZES S Z LITH
BCThDH., EREIC, BEELERRDNEOBEBNMEICKELE
B 52 HEW. D, [Ir(cod)Cl]y/F-dppe {4 fif
BAEAHAWD 4= 7x2=LT7EF L Qa) L 4
ARV T 2= T EFLY Q)EATF AT ELS L
— N DORISIZIB T DA RET L7 (Table 1).
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HALO#E %525, i RIEEEZ AT 4=
N7 = VT EFL QA AFATREFL— D
S E G L7228, IRINERICE £ - 72 (Entries 1-6). <
D, BYRETHI= e RE2ETHERLO X K
FULIIR A CTRBOBRFIZ LIz 24, RV L5
WHETHEY 3b 235 572 (Entries 7-11). %312, THF
ERWIEGAOIEIT 75% % Tl E L7z (Botry 11). %
FEHERBEE L LT THF OEBN/NES WD 7 ==L
T T VOB NS IHEITT 5 2 &<, THF OF
BEFNZ XD 14-v 7 ud 7 2Pz (cod) DT &
F U EHOBRALHIAMAMEET 2 2 & 2SR o EK
EEZTND.

Table 1® Effect of solvents on cotrimerization.
CO,Me CO,Me
CO,Me  Ar [ir(cod)Cl], / F-dppe

+ _ >
‘ ‘ ‘ ‘ solvent, 60°C Ar Ar Ar CO,Me

Ar = 4-NO,CgH, (2a) 3 4
Ar = 4-CH;0CgH, (2b)

NMR yield (%)

Entry  Alkyne Solvent 3 4
1 2a 1,2-Dichloroethane 11 6
2 2a Benzene 14 10
3 2a Toluene 5 2
4 2a Chlorobenzene 14 5
5 2a 1,4-Dioxane 10 4
6 2a THF 3 1
7 2b 1,2-Dichloroethane 70 6
8 2b Benzene 63 7
9 2b Chlorobenzene 59 6
10 2b 1,4-Dioxane 70 6
11 2b THF 75 2

a) [Ir(cod)Cl]2 (0.02 mmol), F-dppe (0.04 mmol), phenylacetylene
derivatives (1.5 mmol), methyl propiolate (0.5 mmol), solvent (5 mL), 60
°C, 72 h.

3.1.2 BABIzZILTEFLUBEDORIS

THFE B, B HEHEDOA MR HE2EE 42 b %
YTz = AT EFLY QD)EATFALTREFL— D
BRIL=2LI2X Y, L&YW 3b % BAFA LD @R
M=, 22T, AR TEBR T ==V T T L
HAEAHAWLIAF LTI L — ORI =RB{LEEZ
72572 (Table 2). = DOFER, A b vk L FFEICE -
HREicoEEs Ry ex v, v, 7T 0K
EROT7 =T F L UHERWESS, BGRINE
THAIY 3c-e MG 5N 7= (Entries 2-4). 4-T 3/ 7 ==
NTEFLry Q)EHWTEKINE, AT —v% 3fFIZL
THRBEEDOINETHIY 3e BNEOLND Z & 2MERL
7= (BEntry 5). —7F, NIl FrX L2 O8A(C
X, BERARLETHDHZ 07 a bk L7 <
BONL 123270 E ORISR Z DAl EEMENH D Z &b
HH®IZIEE A EHELNT (Entry 6), & R5I1HKE2HT
HB7x= VT BFVUVEHERWESGAIZIE, AFAr7n
EF L — hOZEENREL ALK LTZ (Entries 7 and 8).

Table 2% Cotrimerization of various phenylacetylenes.

CO,Me CO,Me
CO,Me  Ar  [ir(cod)Cll, / F-dppe
R T
Ar Ar Ar CO,Me
Ar = 4-RCgH,(2) 3 4
NMR yield (%)
Entry Alkyne R a4
3 4
1 2b OMe 75 2
2 2¢ OBn 58 5
3 2d CH=CH, 53 7
4 2e NH, 75 7
5b) 2e NH, 70 2
6 2f OH trace trace
7 2a NO; 3 1
8 2 CN  nd? 8

a) [Ir(cod)Cl]2 (0.02 mmol), F-dppe (0.04 mmol),
phenylacetylene derivatives (1.5 mmol), methyl propiolate
(0.5 mmol), THF (5 mL), 60 °C, 72 h. b) [Ir(cod)Cl]2 (0.06
mmol), F-dppe (0.12 mmol), phenylacetylene derivatives (4.5
mmol), methyl propiolate (1.5 mmol), THF (15 mL), 60 °C, 72
h. c¢) n.d. = not detected.

3.2 OVHLEBERMEZRAWNS -7 —IL4YTA
IVERFED B RL

321 ACHLBARBLVY VEAFOHEEH
0y AR E RV D BRI ZBL O FEIT RS < @
EhTW5., #nooficiE, foa P sk kv
bhAFA oYU A EERRELTWDEILOLZ . F
72, BALT & RERIS, 48 Lo E o EN RIS
BIRMEICKRESEET I NN TND. ZD2D,
22 THEMR LAy o AkkE W THRFT L
(Table 3).

ZORER, 4V Py LEROEA LR, HEINEG
L 72[Rh(cod)Cl], # W =& 10/ b RBWRER A 5 2 7.

Table 3 Effect of Rh complexes on cotrimerization.

co,Me CO,Me
COMe  Ar Rh complex / F-dppe
+ R
0
H H benzene, 60°C COMe Ar
CO,Me
Ar = 4-NO,CgH, (2a) 4a 5a

NMR yield (%)

Entry Rh complex

4a Sa
1 [Rh(cod)Cl], 68 24
2 [Rh(cod)OH]» trace trace
3 [Rh(cod)OMe], trace trace
4 [Rh(cod)OPh], trace trace
5 [Rh(cod)2]BF4 20 6
6 [Rh(cod),]SbFs 22 10

a) Rh atom (Rh complex) (0.04 mmol), F-dppe (0.04
mmol), 4-nitrophenylacetylene (1.0 mmol), methyl
propiolate (5.0 mmol), benzene (5 mL), 60 °C, 72 h.

% Z T, [Rh(cod)Cl]> & i\ 2 A2 Uiz U B T
ZHRH L7z (Table 4).



TEE 1 - ST - AR - REEZ

12-BA(Y 7 == /)VIRAT 4 /)T X (dppe, 1g)D 7
==V EDOKEE T v FRITEM LGS IO TEN M
L, 1a R0 1d 2N HGICRWIETHRNY 4a %
157= (BEntries 1-5). & 512, KA T 4 VAT DV 5
FHORBEEZIZL 25, If ZHWTZGE ORI
70% % Tlal k. L7z (Entry 7).

Table 4 Effect of phosphine ligands on cotrimerization.

CO,Me CO,Me
CO,Me Ar W
H * H solvent, 60°C Ar CO,Me Ar
CO,Me
Ar = 4-NO,CgH, (2a) 4a 5
) NMR yield (%)
Entry Ligand
4a 5a
1 1a (F-dppe) 68 24
2 1g(dppe) trace  trace
3 1b trace trace
4 1c 47 29
5 1d 60 27
6 1le (F-tpp) trace trace
7___1f(F-dppm) 70 30

a) [Rh(cod)Cl]2 (0.02 mmol), P atom (Ligand) (0.08
mmol), 4-nitrophenylacetylene (1.0 mmol), methyl
propiolate (5.0 mmol), benzene (5 mL), 60 °C, 72 h.

3.2.2 BEOWKE

3.1.1 THilk 7z K 912, BRI PERE IR IZ K
XL WEBT L. F0n, Bl wAEE W DA
THEENRICESCRREICE X 2B ELHER L
(Table 5).

FORER, AV U LEEREH NS TEWERE
L7126 Lt — T L RBEE T, ROSHECBEIUE IR
o7 (Entries 1 and 2)7%, FEKERIEEEZ W56 0%
RYEIZ BT > 7= (Entries 3-5). §Fiz, XUEr & H
WA, IR 70% T H Y % 15 7= (Entry 3).

Table 5 Effect of solvent on cotrimerization.

CO,Me CO,Me
COzMe  Ar [Rh(cod)Cl, / F-dppm
+ _ -
m H solvent, 60°C Ar CO,Me Ar
CO,Me
Ar = 4-NO,CgH, (2a) 4a 5a
NMR yield (%)
Entry Solvent
4a S5a
1 THF 44 23
2 1,4-Dioxane 47 16
3 Benzene 70 30
4 Toluene 63 31
5 Chlorobenzene 57 43
6 Dichloromethane 65 29

a) [Rh(cod)Cl]2 (0.02 mmol), F-dppe (0.04 mmol),
4-nitrophenylacetylene (1.0 mmol), methyl propiolate (5.0
mmol), solvent (5 mL), 60 °C, 72 h.

3.23 BABIIZILTFTEFLUVELEDORI
BEEAHT, a7z LT HFLUEEAF LS
oA L — hOB{L=ElEZ I T o7 (Table 6).
FOFRER, A= ba T =T EBEFLUR4VT )T
=TT LU ERWESEICES-T V-V YT H
NS DI, MEEERLED D EEDOIEETE D
572 (Entries 1 and 2). —J5, /NI ALICEHRILZ Rl 720
T 2= AT F LU ERAWESSICIERE T VX DR
EH SV TIRPAER L, IXERPET L (Entry 3).
ZOERNELT, =k T =T BF LU EHART
T AT EFLLORUE U EOBETEENSL,
BRMICHLER~EMT D22 ENEZLOEND. £D7
W, REISIIMWEFRBIMEEZHATZ 7 ==L T 2 F
VVBIZRILTAEIEE X TV A.

Table 6% Cotrimerization of various phenylacetylenes.

CO,Me CO,Me
Cone+ AT [Rh(cod)Cl], / F-dppm
I I THF, 60°C Ar CO,Me Ar
CO,Me
Ar = 4-RCgH, (2) 4 5
NMR yield (%)
Entry Alkyne R
4 5
1 2a NO; 70 30
2 2g CN 53 34
3 2h H trace trace

a) [Rh(cod)Cl]2 (0.02 mmol), F-dppe (0.04 mmol),
phenylacetylene derivatives (1.0 mmol), methyl propiolate (5.0
mmol), solvent (5 mL), 60 °C, 72 h.

4. HEEm

KEGL T, P Uh2nLA U Ty LeERALE % FH
WD KT VR DA FE 22021 IR AL SR IZ D T
Kzt L, AFLrranv L — kxR EE
BT F L DRI EY 3,5-P7 U — V2 AFBER
FXO5- 7V — a7 ZNEBIEE ST,

BFoNTALEITIX 2 T O BOSEEBIL N 3 EirT
ET 5720, TNOOEREZEEE L2 &y
FAEEHOARITIGHTE D EEZ, BIERTFTH 5.
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Abstract
We developed a compact and convenient neutron diffusion calculation code, "S-Dif" for education and training
to learn and research reactor core analyses. By using Microsoft Excel VBA and limiting calculation functions, the
code is intuitive to use and has a user-friendly interface. We conducted International Atomic Energy Agency (IAEA)
2D and 3D benchmark problems to verify the code performance. The code is open for the public and is beneficial for

both students in universities and trainees in reactor physics.

Keywords: Reactor core analysis, Diffusion calculation, User-friendly, Excel VBA

1. FANE

R KA OB U O JF L EHRL 2R SIS M O EGH R
PEIZIA S FIH & T 3. CITATIONY, MOSRA-light?%
WOIEBGEHRE PiEE AW = — RIS R S,
IREFR I LEER POFERICHE A TN S,

LAL, ZabOE#=— FIREH TEMRERIFL
BHUATLAO—EHTH-7ZD, a2 Ba—F P —s—
THBT 2RICEM L L, FER EOYFRENFEEOM
Ze7 I X D 32— R e,

Z D72, Microsoft @ Excel VBA & H W\ /=237 |
OMER 72 h VIR HGE = — F [S-Dif) & BA% L7z,
SDif a— FAHDA v A b —MEEITIAETHD. S-
Dif 1% 1,2,3 WItiR R DILBEHE B ARE T h 528, FHA R
BREZMREL TWD. IEHGHAED FIEICHMER A v v ah
D725k vy, & B J7 A [ fig 1% (ADL: Alternating
Direction Implicit method) & FEIEAL 5 4 0 i U5 %% A
WTWD . KR T, FOFEOME, S-Dif O JEHGH
B, SHREROMIELTRERT 5.

2. FLFEOBME

2.1 FLFEORN

BRAHE DOIFLIE Fig. 1 () DERICZ B D RBHE A IR THE
BENTWS. ENOPWR 7T k (40—, 1.2GWe)
TIX 193 R DOBREHE SR & U, PRBHEHE (enrichment)

*1 0 LSRRI ) LR IR Rk
*2 TR TR R

7 EREREHO R D RBHE SRR EYNCEBE S LTS 3.

Enrichment
B High

0 O Middle

OLow

(a) Reactor core (first loading core)
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(c) Fuel pin cell
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(b) Fuel assembly

Fig. 1 Reactor core, fuel assembly and fuel pin cell.

PWR BREHE A 1K (fuel assembly) 2L 264 A DA EHE
(fuel pin) 23 17x17 OEE TR H AL, £ O FEIX
214mmx214mm Th 5. BEHE S IRIZITREHE O MIZ 24
AOREERENY v 7 EREHES RO F I 1| ROF
WEHERZENT U7 ARBH Y, ZHTEE 289(17x17)A
\Z72%. Fig. 1 (b)T, HlEHBEAT 7 EFNEHEN



%7 RO ERIZRBE - A O R TIEGEHE = — K S-Dif O BA%

ENY T VTEEATRY. BUE & LT, PWR REHE
IZELE 9.5mm, A %1 3.6m TH 5. AEHEIZANEE 8.3mm,
WE 0.6mm O Zr & OWEE &, B 8.2mm ® U0 D
PRBES Ly N TR S D . HEE LB L > N
0.05mm O ¥ % v 711X He NFTEIND.

BEAKIF OAF D FHR TIE, B OISR & JE BH o v JE

OK) B S 205 REHE & L (fuel pin cell)IZDUNT
FHREZITV,PUREOKHEEO I 7 alfiEmfEE R 5.

REEE LD 150 0E S(D)ITBREHEY v F 0 12.6mm
TiT /e <, BREEAERNOBEN L > F KO &
%, D=,/(214x214)/264 =13.17mm& T 5. @K
TIXAE A (BEM) o H SRV > PO U D
FEIEPFOFRICHEFICEHERZDOTH D.

J7 Uit 8 (nuclear reactor core analysis) D il % Fig. 2 12
AT BUREDFLEERT DIRTFOET — 23T
— 4 7 4 7 VU (nuclear data library) DT TABR I LTV 5.
FAETIT JAEA 23 L T % JENDL-4Y23 e 0 7
AT7VTHD. IheHVTHEEDRILX—F (47T
(continuous energy library)d 2 W I LT XN F—F 4 7
Z U (multi-group energy library) Z {ERK 32 . 1ERk L 7= 2 1%
ITRNVFX—T4 7V %RV CREREE LEHE (fuel pin
cell calculation) & 47 V™, 6t \» THRBEHEE & 1K FH 5 (fuel
assembly calculation) 1T 9 & &, EHEITIREHES KRG
HETHOGAERS L. BREHEGEHEAECH O EH D
~ 7 uWimfEE b &KL EFE (reactor core calculation)
BATOND . JFLFEICIEF R OB WIEBGHE Tk
DHWONLON - THD. R LI = — K S-
Dif (I~ 7 uWmiEs AV FoitFicEAcE 5. £
7o, FEREDORAIE O AF L LM & /N D SR BRIE R0 BR A R
BRAEE 7 EOATIC b E A TR TH D .

BB LB L OYREHES R DGR ICHO W TIEZ < ©
HAEz—RFAAESAER LI TS, ENTIE

MOSRA-SRACY, SWATO7x ENRABHENFIHE N TWA.

REFEOFLHEa— R 2T 4L LTI, FEABTIHX
& % H CASMO-SIMULATE”?, GALAXY-COSMO®7 &3
EHETIEHINL TN A,

ZIZTE, R AR TR O EE RO
R (fast) & ZARE (thermal) D 2 B X 77 & 471 F& (microscopic
cross section) % Table 1 (2783 Hiik (transport) W7 i 7 13 %
II¥ (absorption) Wr i f& & BLEL (scatter) Wr i f 2 A &t L 7= &
(total) W i F& 1 FESE D7 8GEL (FEICATTEEL) 2R ek L
TETHY, BWEEL VNS <D RO
BB EHET IBRICER I NS, BrE(removal )T i i
W EERED S BB~ OHGELEE CTH 5.

2.2 SR -HABEOMBEIEEER

oy CHRAET DM T CEE =X L F —2 MeV) 11/
HWHEETHY, BAFETIEEICAEM O HIZLED leV £
il OBBECE TR SN D, BAKFE COFMET AT b
NEEHRI LT, 1.855eV Lo Wikl o -3 % s
BEWT I FE, 1.855eV AT O W7 A8 0D V- Y5 il A& ZARE T i FE
LT 5.
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Fig. 2 Flow of nuclear reactor core analyses.
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o Wi E Rl 6t SR T OREE N B LIOBENL v |,
W, BAM ORI viofEr X IcoWTAET 5K
()T p O EHEE AV ES O~ 7 ol 2, AEHE
has.

Zy ZZ(U;( -NX- V). (1)
X

D =13.17mm OFEIT, BBV v b, $EE, GH
M OB IT4 %0.304, 0.092, 0.591 L7325, &FA1
IR DRI Ly R EPEEOR ORNF v v
TODTHD. R THEEZWE QR E)/(RT &)
X(TARA FaER)THEINDD, (U OFEYHET&) =
L/ [ M /25U T B+ )2 U R T’ Th D 2
LICHEBEELOMLENDD. Tablel O 7 nlimiEs H
W, BREF Ly R U0, DEERSEE 95%T.D. (U #HE=
9.186g/cm?®), BREBHEMEE 4wt. % DS, BREHEE LD~
7 v WA L) Z AT Table 2 & 72 5. 14, #RBHE
TVFETREIN Ly b EBHEIMBEIR TN TR o R
72 %705, Tablel ® X 7 o WiEAIZZ DR EBE L1-E
THY, HAL(unit)ld barn = 10*cm?> TH 5.

Table 2 |- T EHEE VO~ 7 B Wi AE(BAL 1/em =
10%/m) % VT, BB & L D BERR S (F 28 ks (infinite
multiplication factor) % R(2) CAtH T 5.

F T
Vz'f ZT Vz'f
sFyx,. sT°

ko =

T zEyz,

(2

FDDHE 1 HITEHEC & D ke~D %5, 52 BHITH
PEAF 28 @ BHE 2 S BAREICBOR T DRI B2, /(Z + 2,) & B
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BIC LD ke~ DFGVE] /S OFETH Y, WHEOGFHT

Table 2 Macroscopic cross section of fuel pin cell (1/cm).

ko =1.3690 L 725, Reactions Fast (F) Thermal (T)
Transport (2ir) 2.876E-01 9.042E-01
Table 1 Microscopic cross sections of fuel (barn). Fission.(E/) 2.839E-03 6.084E-02
Reactions | Fast (F) | Thermal (T) v * fission (v2r) 7.227E-03 1.472E-01
35y Absorption (Za) 1.005E-02 8.446E-02
Transport (o) 1.8387E+01 2.6466E+02 Removal (2)) 1.748E-02 -
Fission (o) 7.1225E+00 2.1281E+02
v lission (Zm; 13;?2&31 ;;‘;Zfﬁiﬁ; C OIS 7 B BTE R T, B H & U
sorption (oa . . st . e - Lo
Removal (o) 2 0335603 . ODJE%éﬁzﬁ%rﬁmttuié%ﬂ%tw@ koD JEAY & 7
38y THZLENTES.
Transport (ow) 9.6215E+00 9.4564E+00 H/U O EEEL & ko OBR % Fig. 31277, K
Fission (1) 1.1851E-01 1.4943E-08 (2)7C 3R ¥ 7 VB A A S B W R BT 2 AR 2
v ﬁss19n (voy) 3.3378E-01 1.6483E-08 LHBEORER L B LTS, WEHEE LIE & ol
Rl (o STk LIST3E+00 i, BROZE(LL & HIC Table 1 107 L7z 2 7 2 B A
emoval (or . - - . .
2339py WET D72 Th D, F£7z, PWR TIE HU D ke
Transport (o) 6.4269E+00 2.9499E+02 RKRMEERDEEV /NS REMETRIF SN TND., T
Fission (o1) 2.4508E+00 1.8620E+02 WEVRFIFOHRD R L& B, WEMIBEN EH L,
v « fission (vor) 7.1128E+00 5.3501E+02 H SRR T 288, kIS T 5. = 08RO
Absorption (ga) 4.0746E+00 2.9242E+02 DEADEEELETITN S,
Removal (or) 7.2887E-04 -
2401)u
Transport (o) 5.4127E+00 4.7305E+02 - 15
Fission (of) 2.0896E-01 8.4332E-02 g
v + fission (vor) 6.5827E-01 2.4202E-01 E 1.4
Absorption (ga) 1.8386E+00 4.3994E+02 § %
Removal (ov) 2.1444E-03 - 5 13
241py 2 PWR
Transport (ow) 8.6655E+00 2.4347E+02 ER —Eq.(2)
Fission (of) 5.2317E+00 1.7811E+02 211 % Fuel Cell Cal.
v+ fission (vor) 1.5405E+01 5.2226E+02 %
Absorption (ga) 6.3485E+00 2.4034E+02 ~ 1.0
Removal (or) 6.4419E-04 - 0 5 10 15 20 25
i H/U atomic density ratio
Transport (o) 3.7563E+00 2.2673E+01 . . o
Absorption (ds) 2 4550E-03 1.5955E-01 Fig. 3 Infinite neutron multiplication factor (k=) vs H/U
Removal (or) 6.0685E-01 - atomic density ratio.
(0)
Transport (o) 3.1839E+00 3.6201E+00 . .
Absorption (ds) 3.5574E-03 7.9317E-05 3. MEEtEFiE
Removal (or) 1.3185E-02 -
Zr 3.1 ERETHRO—RTMHE
Ao SavaeL-0 S.1875EA PEBGER BT, Q)RS FHET DAL I 1
sorption (oa . - . - ~ NN 9
Removal (o) 39472503 : FH o DA OAMEIZHGIT 5 & ElT 5 2.
IOB
Transport (o) 9.0596E+00 4.8593E+02 .
Absorption (va) 8.4019E+00 4.8536E+02 J=—-DV¢. 3)
Removal (or) 3.5214E-03 -
135)(e
Transport (o) 7.2709E+00 4.0905E+05 ZIT, DIMEEBEE THY, UG TEBESND.
Absorption (a) 2.1433E+00 3.4366E+05 Fig. 4 TR 72 x H I QR O — K CiE %4 %5 2
Removal (or) 9.1670E-02 - D, Ay vaPLENIETIE, FRENEOR Yy vl
Sm WEIL, %Ay aDRROGFETHRE A v = Of
Transport (at) 1.5507E+01 1.0505E+04 ’;Z T’ %} oo if@ EP%% R } o ;ii
Absorption (ga) 8.6553E+00 1.0422E+04 fEed%. Avan El om 7= n O
Removal (ov) 1.3098E-03 - ZAawl L, AvyTanhpbityyantl ~OHPET

Jo R @OFRIZT T 5. ZhuE, KOOSR R TR
DEEEA vV aBOESTRILTND.



%7 RO ERIZRBE - A O R TIEGEHE = — K S-Dif O BA%

Pn+1—Pn
(Axn+Axn41)/2

Jn=— (4)

Fig. 4 One-dimensional diagram of slab reactor.
ZIT, UToR R G 2EAL, XG)ET5.

Cpn=2D/(Ax, + Axpyq),
]n = Cn(¢n - ¢n+1)- (5)

I, A v V= n-l DB Ay ¥ o n ~OHFMEFFE Joa
HR(O)DRIZITLT D

]n—l = Cn—1(¢n—1 - ¢n) (6)

)l b4 vz n ODEPT%%@%%{E Sn &%Hj\}iﬁ;g’; (bn'Za'AXn
MHA YV an TOHRETFOART (RNF 0 2) 2X(7)
THRETD.

¢n2ann +]n = Sn +]n—1- (7)

ZRIERG), O)EMRAL, BT EXEB)ERD.

¢n2ann + Cn(¢n - ¢n+1) = Sn + Cn—1(¢n—1 - ¢n)!
(Cn—l + Cn + Eann)¢n - Cn—1¢n—1 - Cn¢n+1 = Sn' (8)

M, A vz on, ntl ORI Dy, Don D72 D8
&, WMAVRE C i) L3 5.

_ 2DpDpyq
Cn B Dpdxn4+1+Dnt1dxn’ ®
ERMAERTIIELAOERGNEZ 2 D2MNERH L. A
v ¥ a1 OEMBER O FYET R ¢ o DI Z (Jof ¢ 0)% K (10)
DERIZ oL & T 2. BERADBRIFFRM(Jo=0)DFHEITIT o=
0, BERNHPYEFRFERM(do=0)DFHITIT o = 10000
REDREREBETH. BERABPHEA KA DR NEZES
REMEOBEEITIE, ar=04692 DR WVWERTHD Z &N
MBI TND .

Jo = ap . (10)

FEABRER O RT3 Jo & 25 TRELT 2 LX) &
0D,
]0 — D ¢1_¢0

ArL/2 (11)

KAOEHWT oo ZHETXRA2)E 2D

_ 2D
Axq1+2D/ay,

Jo P (12)

FEMER O RIARE Co x IRAXDIRIZERTDH L, A v
Yo 1 OFET AT LA FR(13)E R B,

Co =2Da,;/(4dx,a, + 2D),
(Co+ Cy + 24 Ax,)py — C1p, = S5 (13)

FARIS, AMEROTHFRovOEHEL ar & L, i
NARE Cv ZIRADIRITERT D &, Ay a NOHH
TN o2 FRH) e D,

Cy = 2Dag/(Axyag + 2D),
(Cy—1+ Cy + ZgAxy) oy — Cy_1n—1 = Sp- (14)

Hi(8), (13), (1ML HMETH ¢ D NEDHN— KT
BASHEECTE, e Z 2ok o k18 ¢ 25
BHahd., #ETrEREFETERSZ brd, BRI Z R
N7 MLS, IR EE~ Y v 7 AME LT O
WCRBT D&, M —wAFRAIXA5)ERS.

o<} 5-F

M =
Cpy + Cy + 2,0,

Co + Cy + Z A%, 0

0 Cy—1 + Cy + ZaAxy ],

M-® =8§. (15)

WAL — W FFERIL, T ADWEEE W ETHRLZ L
NTEDLN, —REMEOLEIE, v ) v 7 ADOHEHE
MR BERZUIMEIA v 2 n BIEORIVRE Crt, Cini
T2 2o BICH< 2 &nTE s, Ade), (17D
BRICO, REERL, n=1~NETHESTS. &ic, ¥
JEIZ n=N~1FCRUYDAEICFHHET D Z & THEL K
o FEHIND.

Q)= Cy+Cy +2,4x,,
Q(n) = (Cn—l + Cn + Eann) - Cn—lcn/Q(n - 1) (16)

R(1) = St
R(m) = Sp — Sp-1G,/Q(n—1). (17)

¢y = R(N)/QN),
$n = (R() + Crpns)/ Q). (18)
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3.2 HAROEY KL
S-Dif IXEERE, BBED 2 B EOVEBEOFHE A2

ELTWAED,

(a) BERZIC IV RETIZEEBEOTEFHE S5 &L
TEEOTFET R o, Z25HHT 5. S DM
WENDEEEOFHETIR ST 1%, A9 DRI &
OHFHELHR ¢, ITHRENERE 2 & Ay ¥ aigz
HL-EERD.

Sn = bn - Zr - Axy (19)

(b) BHEOHMEFBRIR S)" 2 HEFEO PR ¢ " &G
"I 2.

(o) BT XU FEAT 2 hVEF IR0 A0 (3 s & B
DOHFEF R HAQRO)TEHAIND.

SE = (¢f 'VZF + qb,TL-VEf)Axn. (20)

RRETHERBNICESHR S D5E1F, RN
BRI B — R E LRE L, (a), (b), ©)DFENSRD -
By RFANUR T D E TRV IRT. ZhzdkrIEIR
% (source iteration) & M5,

BEFUIR IR A BHR T DS E R T, KRR ERO SR
BMIFEOAFHEE 1 ITHBAE L, BlRE s B P75
ERET 5. RQO)TH L D0 ZRIE O ME O &K%
DOEFHENEIEER ke & 725 . KQO)THLNT SF
ok CEIR LT 1 ITHIMEILL, FEHEL TENRE
AR — EMEICI AT D F Ta), (b), ()P E D K
T RIS XY, BB, R & B o fE T
HEBE R ke BN HILD. 2 BT ko & DEWT,
ke 1ZEREROBERTH Y, keyy TIIERRER NS D
FHETORNABRELEBELTVWDIRTHD.

3.3 E[EMfE - BRARD | RTMHE

Fig. 5 IR T MAGEEZO 1 LB OEE, A v
VanPbAyVantl ~OFETR S, B Ay v afoO
20 TRl T 2 RIT R 1 REME &R U Th 528,

CHOEICHEDOES 2mrm OBEWEZETHILERDH S.

] =D (pn—Pn+1)2nry
n

(Arn+4rp41)/2° @D

DO, Ay n ORIREKIFIKRA LD HL,
2 I ETIHBICR D T2DEKL TWV5D.

Cp = 2D, /(41 + Aty q). (22)

BT v A A v v 2 2RO SERIE (a1tra)/2
FEBLT, KQ)HLAhD.

(Cn—l + Cn + EaArn(rn—l + rn)/2)¢n
_Cn—1¢n—1 - Cn¢n+1 = Sn(rn—l + rn)/z- (23)

HRIEROG&, BROKMEE 4nrn” 2 BB L, LBHD 4n
AW L TR IRl E 2 %,

C, = 2D12/ (A1, + Aryiq). (24)

BT v A A v v 2 RO SERIE (r1+r0)/2
EBLT, KQ5HEARD.

(Cn—l + Cn + EaArn {(Tn—l + rn)/2}2)¢n - n—1¢n—1 -
Cn¢n+1 = Sn{(rn—l + Tn)/Z}Z. (25)

W, P, BRUSROBZEO A v 2 (RBIE3), (25)
I ELELEIEDLED, w? T2 43w TR,
2m{(Tpoy +17,) /241, F 7203 AT{(ryq + 1) /2324, THHE T
AEICHERLETHS.

Fig. 5 One-dimensional diagram of infinite cylindrical
reactor.

3.4 BEXREFEROD2RTME

Fig. 6 |28 B A EAE R D 2 RTHETIE, x FHo R
v aBEkn y HHOAy v aFESEmEL, Ay
¥z (n, mIZ x TR BIAT D PSR JE e v JTTH
DAY D HFVETHE ey, x F7 NS 92 T3
JXms ¥ FIANCWR T D VAU J) e A > ¥ 2 (n,m)D
PEF DIV Sum & WIS ZE G nm Za* AxnAyn 235D A >
Ta(n myTOFMHF NS 22 RQ6OTERTS.

¢n,m2annAYm +]rjf,m +]rjll,m =
Sn,m + ]r)f—l,m + ]r{m—l' (26)

—WICRIE A LR L, x R OWAREKCY,,, vy FHo
WAREC, 2, T2 (@2T), Q) TERTDH L, x F
&y o IRIERQ29), BO)TERIELIhD.

Cim=2 DAY,/ (Ax, + Axpppq). (27)
C,’L’_m = 2DAx, /(AYm + AV i) (28)
Jim = Chm(Pnm = Pnrim): (29)
Jom = Cron(Brm = Grmern). (30)
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INHERQOICRATHIE, XBDHER5.

¢n,m2annAYm + Cr)f,m(qbn,m - ¢n+1,m) + Cr{m(qbn,m -
¢n,m+1) = Sn,m + Cr)f—l,m(qbn—l,m - ¢nm) +
erz),m—l (¢n.m—1 - ¢nm) 31

INEEETLHLEXB)ERD
(Crsm+ Com+ C oy 4 C) o+ 208 Ay ) Py —

y
Cr)f—l,mqbn—l,m - Cr)zc,m¢n+1,m - Cn_m—1¢n,m—1 -

Cm®nmer = Snm- (32)

— R TCRIE & FREIC, R DRI O BE R A o H>
I AVRECE n 2 SR DI, 720 T(33) & 72 5. A1l
ETFTOBERFHFIZOVWTHLRETH D, Zib b
—WRIFRADBENL L, A v a2 OBREERS 250
X, TR ¢ un NEHR SIS .

Cém = 2DAyya,/(Axya, + 2D),
(Céc.m + Cfm + Cfm—1 + Cfm*'xanlAYm)qum -
Cfm¢2,m - Cfm_1¢1,m—1 - Cfm¢1,m+1 = 51,m- (33)

AL — KBNS OFER~ Y v 7 A%EY,
AU ADH KL ETHELS Z LR TE L0, S-Dif TiE—
WA OEAERCTHETREHET 5.

K (32T y F I OFHET R P motr Brmas & ETHIL,

RGEHERY, x HFMOPHEF RS M i dn-1m> Pnm> Pnsim
PFioXens. ZhniaX6), (17), (18)& R IT
X, x FROHEFR MR E LN,

(Cictm + Citm + Cmes + Gl + Za A% A ) pm —
Cr)f—l,r_nqbn—l,m - Cr)zc,m¢n+1,m = Sn,m + Cr{m—1¢n,m—1 +
ComPrme1- (34)
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Fig. 6 Two-dimensional diagram of XY geometry reactor.

S-Dif TlX Fig. 7 IZ/R9H£I2(1), (2), 3) * e E DA
W2 x FIANZ—IRTMEZfEE, HVT6), (7), 8) - D
BRIZ y Fc—RocEZ g <. Z OBE, {RE LIchE
TR Pum1, Pumer’e ExF —WITRH A TH I/ LT
M IRIZIR 2 i & HL 2 TS

x, y HO—RICFHF &2 PR T 5 E THY
Y. Z OFFETIEIX ADI (Alternating Direction Implicit
method, ZZAHGIMREME) LWEEXND. TOFIEE, K
ERv M) w7 RAENT AOWHEERETHS LVEHEAE
ARV —%HHL, FHEHELW ETS.

EAERE R D 3 RICHEBEIC ST Bt & 0B 2
FREAENS.

y
A
) P
4) >
(3)e]- : |
2) >
(1) > |
OID S 1OV A0 .

Fig. 7 Calculation order of ADI method.

3.5 FEE/NSURIZKDIMEFE

S-Dif TILFEIK HLAL D F 73T > 2 & W2 i
FEOFIANAIRETH D, ZMIEOHRETIIA v ¥ alf Ax
EHonEL T 0END Y REHES R R E LT,
ZOEBEZ OB LT A v ¥ 2 B ROF
HEITH., hErREZFHE L%, SRS o R HR
BLOEEGRE, ~7ulmfzd5 5. (AL, J5H
REIZOWTIEA vy a2 FBOF RIS E DM ENSSLE
ThD.

Z OB O~ 7 a Wi fE 2 AV C, S EAL TR
EPICH A IGHR, PEEDCREEZITY . Ao
TR AL O MR B L OB  RR E A w3 = AL
OHFMETFHRB IO SHRICKMT D, ZOKARHEL
MRS Z & CHEIEMN ORI NT A E B LT
DR OMENFETH D, 4 ETIEA—RFOETO
SHEICMEFELEA L TV, I XY feEFRIN
HEHE OBV IR LRIENIE S 72 3 2L EoEERE N
Bohns.

4. FHEHBROKREL

S-Dif % F\»T Fig. 8 {Z7~k9 IAEA (International Atomic
Energy Agency) DBRIKIF DI L~ v F < — 7 [ % fg T
L7z W REIIE LD /4 2B L7 3 IR R TH Y,
FIRBHE SR OSTIEIL 02mx0.2m, B &1X3.4m TH 5.
Fig.8 (a)iZ 1/4 JF.LO/KEWHE Z R L, FOMOLmE T
WX I TH D .

PREHI IR L DR 72 5 2 FRH T (fuel 1, 2), K HIad
L OERE T AN EIRS (BOEE) THEN TV D, 546D
il ) & (control rod : CR)DPELE S 41, 1 K (Fig.8 (a) D ()%
BWPETHEASN TS, ZRSDOFEBD 2 o~
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7 Wi AE Y Table 3 ORI 5 2 B v, BREFORLE 2 AR
AT, Fig8 (DL & TP HE CTHY J=0 DK H
BRERD. KEFMBLOMEGHE b ICHE O
NFEZEBE R LM (0= 0.4692) TH 5.

2 WOLRE T, LD a4 (1)

E 1B T R O LA (& 0 W
i (midplate) % X Fr & L, il [3
HE 1 IR(Fig.8 (a)-(2)) 134k
FTWB, $hiE Ok
FoRnicontizy | ||
7V v B2=8x107 (em?) |
NEZoNTWS., 2oz H
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ahb.
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®», Fig.8(a)-(1)DER % E
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M EEEE R &6 %o
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Fig. 8 Geometry of IAEA benchmark problem.

Table 3 Two-group cross sections of IAEA benchmark
[D(cm), 2(1/cm)].

Reg. | DF | DT | = | ZF | Zf oy Mat.
1 |15 04 002001008 |0.135 | Fuell
2 [ 15 [04 [0.02]001 0085 |0.135 | Fuel2

S 15 |04 |o002]001 013 [0135 | CR
L4 |20 |03 Jooa]o Joor o Water
CR+

S 20 |03 |004]0 0055 |0

Water

XY RO 2 oI R 9 5 RS R % Table 4 &
Table 5 127”7, Table 4 (2, keyds KON 2 fEIG (hF Ll
power ¢ & JF.LAMNE power s) DBRBHE A IR DR T e
=(RPTH )/ (CE¥IH I Z EIRAN O 538 A ¥ 2 BUTKES
LAY, Ay vanEHone & bICSRRIsE>
&, 32x32 (0.625cmx0.625cm) BF D ke 33 K OFHRTH J1 kb
SRR e X< —F L7, Table 512134 v ¥ 248 32x32
DA, BT IFNOBRBHESEROESE I amE L, &
TOHEAKRTHIMIRZE (%UNTSREE K Lz,

Table 4 Dependence of results on mesh numbers (X7Y).

Number of kefr Power ¢ Power s Time
meshes of ’ (s)
4x4 1.02926 0.7644 0.6856 1.03
(-0.032) | (2.700) | (-9.84)
§x8 1.02946 0.7528 0.7308 573
(-0.013) | (1.139) | (-3.517)
16x16 1.02957 0.7466 0.7498 58.60
(-0.002) | (0.312) | (-1.001)
1.02960 0.7447 0.7555
32x32 804.93
(0.001) | (-0.058) | (-0.249)
Ref. 1.02959 0.7443 0.7574 -

(*): error(%)

Table 5 Verification of power distribution (mesh:32x32).

0.7555 | 0.7362] 0.6919 S-Dif

0.7571 | 07379 | 0.6952 Ref.

-0.2094 | -0.2236 | —0.4774 Error(%)

0.9348 | 09507 | 09754 08456 | 05959

0.9350 | 009512 09761 | 08485 05997

-0.0196 | -0.0491 | -0.0733 | -0.3397 | —0.6299

09357 1.0364]| 10706 09064 | 06857 05842

0.9340 | 1.0359| 1.0760| 09068 | 06859 | 05874

0.1797 | 0.0519 | -0.5041 | —0.0415 | —0.0275 | —0.5511

R 10701 1.1793] 0.9673 [OESOIN 06857 | 05959

GIEEN 10684 | 1.1780 | 0.9661 [EEVEVAPE 06860 | 0.5998

ROCEN 01606 | 01085 | 0.1252 EROPKYAN —0.0423 | —0.6469

12111 13149 13450 1.1929| 09673 09064| 0.8456

1.2083 | 1.3128| 1.3433| 1.1916| 09662 | 0.9070 | 0.8487

0.2282 | 0.1611| 0.1263| 0.1061| 0.1146 | —0.0640 | —0.3638

1.4536 | 1.4797| 1.4692| 1.3450| 1.1793| 1.0706| 0.9754[ 0.6919

14509 | 1.4772| 14671 | 1.3434| 1.1785| 10708| 0.9764| 06954

0.1840 | 0.1687 | 0.1454| 0.1187 | 0.0658 | —0.0215| —0.1046 | -0.5068

13099 | 14350 1.4797| 1.3149| 10701 1.0364| 09507 0.7362

1.3068 | 1.4323| 1.4773| 1.3130| 1.0686| 1.0362| 0.9516| 0.7382
0.1891| 0.1619| 0.1457| 0.1415| 0.0224| —0.0918| —0.2650 |
13099 | 1.4536| 1.2111 JOGLREEN 09357 | 0.9348| 0.7555
1.3068 | 1.4510| 1.2084 [ELN 09348 | 09354 0.7574
0.2404| 01768 | 02197 RN 0.0934 | -0.0630 | -0.2496
Power ¢ Power s

XYZ AR D 3 Rt IEIC R 2 ZahEfs R B L O,
TEVER AN A4 N S AV T2BRBHEE B IR (Fig. 8 (2)-(2)) D JF LD
SR TE J7 M O H L i 0O W T (midplate) T O R BE & BVEE
DR R OFEFE R A Table 6 12RT. A v 28
LB ke DBALIT/NE VD, A vy afizRkELTIE
PRI S BARICIT S X, A v 25 8x8x8 DA
0.1%KfDZET—E L.

Table 6 Dependence of results on mesh numbers (XYZ).

Number of Fast flux Thermal Time
meshes ketr (1/em?/s) flux (s)
(1/em?/s)

1.02905 | 77.78 18.26

2x22 0.002) | (9.132) | (9.132) | 2336
1.02865 | 74.33 17.44

a1 0.037) | 4.288) | (4.285) | 21881
1.02888 | 71.34 16.74

BB 1 0.014) | (0.093) | (0.092) | 4069-20

Ref. 1.02903 | 71.27 16.73 -

(*): error(%)
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Fig. 9 Verification of neutron flux distribution in fast and
thermal groups.
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Fig. 10 Examples of teaching materials.
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Development of an Educational Monte Carlo Method Code
"S-Monte" for Photon and Neutron Transport Calculation
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Abstract
We developed an educational Monte Carlo method code, "S-Monte" for photon and neutron transport calculation.
By using Microsoft Excel VBA, the code is compact, intuitive to use, and has a user-friendly interface. Verification
calculations were performed for dose evaluation and radiation shielding problems of gamma rays by comparing with
the PHITS code. Benchmark calculations were also done for neutron multiplication factors of nuclear reactor cores.
The S-Monte code has an auxiliary function to estimate the positions and intensities of environmental radiation
sources. The code is open for the public, and is useful for both students and trainees.

Keywords: Radiation dose evaluation, Source estimation, Monte Carlo method, User-friendly, Excel VBA
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— K2R IN TS, FEIEELTEEYT I ARE
NRERTH Y, PHITSY, MCNP?, MVP/GMVP? 73 &
DOa— FRARIN, EBETHEDRL TS, T T HL
15— IR O &\ ER - BREFTE N IR TH 508,
RIS 72 o TIIHEMB 72 505k L AL ETH 5.

FUT HNAIEOBMEO D, WIFEIC L EME LS W
HWERE T HaiEa— K [S-Monte] ZBI% L7, S-
Monte 3 R OFR R FEM S £ OVBRIBHEE (hr & - 7RE)
OHREEF O L LB, FEIRRDO AT % XYZ EFEIC R
EY B 7 & — & E&AIIZ L, Microsoft @ Excel VBA %
HAns Z&ToLEchLfIcfIATES. £/2, Ko
— R TEVT AN EORR, FREEEETL LI
X0, BEECTHEDLNDEY T I EORMEEFIANE
b eEZLND.

ARa— RIERED 3 RTEEFEZIT O 720, v B Ok
T HMETOSBEHETA T 7V EAET T, £FEO
W - BREFHRE, PEFOEGRFENAMETHD. BE
\Z, Ra— RCTHIAMER v SBREMGAOHE T A4 7
FZUVEEMLTWDLED, BEFO vy BIRICEIEEN
SDZEMR R S, EEW R EIMME EETE 5.

T LR T ) LR I
2 THIAT A TR

2. tEAE

S-Monte |ZITHEYER R ZHO T a 7€ T haiE
BPREEZHONTWE 4O, KBECTEHEFAHALEZT e e
THNOFHETEOBRELFHFT 5.

2.1 MFOHERE-BE

K728 Fig. 1 1R 3R s Ik (region) R PN O ER TR
A, BAL W (direction) X 7 RV Q2 - TiEE), fEK R
O&WEE BIEERE) X2 T84, ol
Iz BEBE(distance) r Z BBV A MICWE & ST 2 EIA
(reaction rate: p)IFX (1) &% O Fig. 2 DERITRE 5.

p(r) = exp(—1Zy). (1
Z
Region R ReglonR+
””” o T
2 ry /s/
R
(X0, Yo Z0) P
0 X1

Fig. 1 Geometry of analog Monte Carlo calculation.

ET N IETIE, BLECE OV TR OGS E TS
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p OBV 7, ZRERE TS, p IEIZ 0~1 OFPHOFLEL
ERBEAL, WEORC(a) & (b)DFPMICE N REAE LT-5
G, THIUCKHE LTZ S r OfEC) & (E-H~RD L, (0N
DIV 2B, WD, HEOHEEE » (/7
o r OFIPH) ITBENT DR T UL, (O (D LY
£ R0, ZONMY exp(-rZ)CHED . Z D=, plED
b 3 B (inverse function) TR r Z RO NIX, BT O
BhiHEE AR O B D, WHEE r & ROGSEIS p OW B EIT
Q)TH Y, GLE(O D 5 XEB) ThL 7 D Ui £ TOREIEEE
rp BRDOEND.

r(p) = —1/2; In(p). (2)
,(§) = =1/, In(§). (3)
1
—_ Inverse function
&
® (c)
S @ exp(-r27)
.
S (d)
x I ] (b)
0

Distance (»)

Fig. 2 Calculation method of particle moving distance
in Monte Carlo method.
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+ ZONEWEE X TH DD, BEELRS IS T O,
2SR y BRO BT RHERRS 78 E RS E i, BELE
TR OBEVHELTERSINDRFOENELL 2D
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X9 = le(g -g"). (8)
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BT R N CRIGERTHA, CORISERZ L,
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WEET 5. OB, ki OFFOEA WEA(10) TEIET
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WIS D IENGE, RIS E R L, % Tk~
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BHiZ#&TL, FrLVkFE2R4ET5.
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HIY20ENSHD. b OWBELRTHE OBAL G~ T~y
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EThHH. HlE LT ConbMHIND v fRr=rLF—
(1.17MeV & 1.33MeV @ 5 5 1.33MeV) IZ %G T 5 5 22
# (Table2 ZR) TOEO HEEHELWEFE O w 7%
Fig. 3 /R T, BELIXAITBEN KRE L, 3ROV T ¥ >
KA A O TIFEGELAE 1 12 k> TTADOMEIZA
5. TN Tx v RAVZHEROREN D72, BRELET
HEO py TEEMNLS BB TER VWD THD.
S-Monte TiX, BT OHELMAE/3H % Fig. 3 OERIZT
B2, BLEOENEEZHNTWS. ZOFIEXROE
nThb.
1) RiFoJim Q%R (6), (H)THAEL, BELARE u L
WELWTE RS Zo(w) & (1), (12)THE5.
2) BRELWT AR 2 (D Fe Rl 2 (Fig. 3 T34 8 barn)
LD Z (W EM EFH T A E LTS
3) BB ED Z(uyZMEE L D KETFIE, RO EELE
ORI O H QEIHL, IRV KD Q%
BatHET 2.
Z DEBLDOIEHNE T, BELE ORI D SR Q'O EELA
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Fig. 3 Angle dependent scattering cross section.

2.4 vyBREESA4TSY

S-Monte TiX, 75 —4% 74 77 U JENDL-4.0"% ~X—
AW LEEET A7 5 U MATXSLIB-J4 89s b K — R
Ty MREMCHWD 42 BOHET A 77V &3
LC\W5%. Table l ICZDFHETA 7 F VITHIDT 25 {H
DILFE L RN AKE, Table2 ICEIE T 475 U OERESE L

%R O R B TR B (dose conversion factor) & R9. T D
TRV X, 0Co, YCs ML EN DS v T
FNF—RE, FEMGELERD y RO VX —HHE
FEELTHRESNLTND.

S-Monte (X Ps & TXHGAIRETH 5728, %k OMFEFE
DOFEREND, BHEOHRET A 77 TiE, HOiHA
R CHR O RHERBENFOND Pl LTH5.

Table 1 Elements and isotopes in library.

H, C, N, O, Na, Mg, Al, Si, S, Cl, Ar, K, Ca, Cr, Mn, Fe, Co,
Ni, Cu, Zr, Mo, W, Pb, 2¥U, 238U

Table 2 Group structure and dose conversion factors.

Dose conversion
Upper energy | Lower energy
Gr. (eV) (eV) factor )
(uSv/h vs 1/em?/s)

1 5.00E+07 3.00E+07 0.1715
2 3.00E+07 2.00E+07 0.1370
3 2.00E+07 1.40E+07 0.1110
4 1.40E+07 1.20E+07 0.0922
5 1.20E+07 1.00E+07 0.0818
6 1.00E+07 8.00E+06 0.0701
7 8.00E+06 7.50E+06 0.0644
8 7.50E+06 7.00E+06 0.0623
9 7.00E+06 6.50E+06 0.0597
10 6.50E+06 6.00E+06 0.0560
11 6.00E+06 5.50E+06 0.0530
12 5.50E+06 5.00E+06 0.0503
13 5.00E+06 4.50E+06 0.0476
14 4.50E+06 4.00E+06 0.0447
15 4.00E+06 3.50E+06 0.0415
16 3.50E+06 3.00E+06 0.0376
17 3.00E+06 2.50E+06 0.0335
18 2.50E+06 2.00E+06 0.0292
19 2.00E+06 1.66E+06 0.0253
20 1.66E+06 1.50E+06 0.0228
21 1.50E+06 1.34E+06 0.0211
22 1.34E+06 1.33E+06 0.0201
23 1.33E+06 1.00E+06 0.0181
24 1.00E+06 8.00E+05 0.0148
25 8.00E+05 7.00E+05 0.0127
26 7.00E+05 6.00E+05 0.0112
27 6.00E+05 5.12E+05 0.00979
28 5.12E+05 5.10E+05 0.00907
29 5.10E+05 4.50E+05 0.00856
30 4.50E+05 4.00E+05 0.00763
31 4.00E+05 3.00E+05 0.00632
32 3.00E+05 2.00E+05 0.00452
33 2.00E+05 1.50E+05 0.00315
34 1.50E+05 1.00E+05 0.00228
35 1.00E+05 7.50E+04 0.00168
36 7.50E+04 7.00E+04 0.00149
37 7.00E+04 6.00E+04 0.00141
38 6.00E+04 4.50E+04 0.00130
39 4.50E+04 3.00E+04 0.001195
40 3.00E+04 2.00E+04 0.000940
41 2.00E+04 1.00E+04 0.000453
42 1.00E+04 1.00E+03 4.22E-05
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DTW5A. fHL, MATXSLIB-J4 O 1 fEO = VX —#
FH2Y 30~50MeV T& Y, VITAMIN-B6 #iiED LR=
KX —30MeV L HEARDZD, HBEE AFX AL AKIC
AT 2HF O 3N X — R ERRREZ I 1B
OMEBBREAHELZ. HEM»SEONTZ y RO
EHHERE % Table 2 (12”7,

2.7 S-Monte MEtEDFHEN

ZZ ¥ T, S-Monte OFHEIFIEANERILIA L TE 725
Boih g Fig. 4 ITE LD, RIEBERNTS.

Particle generation with
a direction and an energy group

?

Movement of particles in region R

History

\l/ Move to region R*

Reaction in
region R

Yes

Capture

Scattering|/ Fission

New direction and
energy group

End of tracking particles

____________ 7

Aggregation of flux, reaction, etc.

Fig. 4 Calculation flow of S-Monte.

A (4) THEIk R DRI 7-5& 4 (particle generation) DA &
%, A(6), (N THFEBDFHNEZZNENRDD. =%
NXR—BEIRFIC LV IRE D, BIZIE, Cs Dy =
VX —1T 0.662MeV TH D, Table 2 OF 26 FEO RV
X —#iPA(0.6~0.7MeV)IZHHHE 35 7=, ¥7Cs 1L 26 #E
DRI L 725

R O FI R W OB B2 X(3) TR, R+ 135K
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RATHKIGEE ZIThENERG)2 E2HWTHET 5.

Rt Z 7 0GA, R FIEfEk R 215, ZpsEt
BRROINC 2T, KFOBHZKT 5. BRofER
RUCHEI L7-HE, ik RINToOBEhEH % X 3) Tk
W, kT OB E KRS S,

fHIE R WNCORISZE Z LEESA, £ ORISHBE
(scattering) & 2 VM 34% 47 2 (fission) D 5 5 & i 1 (capture)
OHFETRVF R D, HEKISOHE, K108
Bia#& T35, WELOEE, F LWk 10 Hmh & =X L
X —fEE RO TR T OBB T 5. BELICIEL Tk
N DHEAIT 23 B THR_-FIETHET 5. EOEK
DA, BRRART PN LZ X —ERD,
K- O IFENINAE A dn FICHETH B L& %, K(6),
(NTRFOFmERD D.

W OBEHZE AN —EHEVIR LR, KiftO7 7
v 7R, RILER EEEF - R1F(aggregation) L, I H (T
IhEAYFEFRYIEL T, X(14), (1505 FEHEE
BiEZERD 5.

2.8 P FIEERE

RO E TIX, BOoROBEO R SERAK
v ETHE LTI RREEZEIRL, 20 v OFREEZ FE
FHRER L LT 5. 2D, TOWEM v S E
Ny FTHRONTE v RIGEEZEH L, k2RO, v=vk
LyvEEZHE L ETRONy FRHEEZITH. Thikik
VRS ZE THRE L. k R D, S-Monte Ti, &
DFEFALD T2, fflx O vI &% FLdRE 3, v ]G &
AR CER L, ROHAENYy TFOHBMFE LTS,
DY, EEEEEBEEICRESHEETDIE, £ OF
BICAENE LD REMELN & 5.

AR R R G, PO BRI G
PRI L7256, b T OFER WO % (10)Tix/ <
KANDFRIZEBTOFHE ANy F E TIZE LN ZHERD
SEIIE feay 7 ST 5

W' =W VI /T4 /Ky (17)

F7o, BERGIEITEEB SR 10 Ny FRE (5 7+
NV METHY, EEICHEETE D) ETIEPETFOBSR
BARWZELIRNTD, D10y F 2R, LIy
F ORIV DERHORERE LS E AN 5.

2.9 #RIROLIE AR H#EEHERE

EUT HNaETITRIEN SR04, BE), KIS
BB L CRHESRMEORELZFET D, MEEFET,
ZOBBEMIITO ZE T, BRESRND RIEBRIRORE
(A R—=Fr2) 2FHETED. Bz SR L%
Z, gBEDND gHE~OBILWHEIEZ g T D g B~
e BT o & CRtkFRENATREL 225,

BEfEFHR 21T 5 2 & T, ok (Ihbz ik
T2) BNhnE, B i OBRED SBRIROME & mE
EHWETX 5. MHER i THRERE Di(uSvh) % 5 2 HA0E
ROMIFEIRE SRUIXA)THEAE SIS, Sz hiE
ALERIZIRE SRYOBRIENHIE, B i THRER D

ERTIEEBWKRLTND.
Si(R) = ¢; (R)D;. (18)

ZIT, T(RIFMHEY | ORMEORELERR TH 5.
BEOBEIS i hoZERETRRDEND SRR —FT
1, BIEDPROMEIZHD LHETEZD. 20D, SiR)
OREEFE L, T/ E 2R DAE ZBRIRALE & HE
FET 2. Fig 5IZRTIE 10m P0J7, & & 3m 0RO H
DB IOBBEOSMI 9 HATICHREZRZE S Im & 0.25m
OFLEIZE X (MO 9 BFTOR), Mg O EN D &
BOFAOEWICEEND Cs Ol & REZHEE L
7. MEROH D W@ NE (Zv) O +HEIZ 1Bg/em?
B DGE OEERA OIS % Fig. 5 (IR T. e (k
INOREERZED 2 ELN) B X Ok (B O (R
FED3ELA) OB THUB/PNENZ L 2ET. =
DORRICATIETHRIEMNMEN D DHE CHETX 5. EL,
B ash b HEE S 4 D8RR TRE O SEIMEIL 1.5 3 L 1V9.0
Bg/em?® & 72 0 AR D 1 Bg/em® &L DERBR LR, Sk~
v T HBERTH D, T D IIREER RO R E N R 2
LTWAH7DTHY, FELEFHRICKEZR RV EE R 2
METHD.

BENEEOMBIZOM L THDIEALEZLNS.
ARFETIE, BEOBBEIMO~ v B ZILTERONR
BRI D 5370 2 UE 3 4UE, AR O EE Db MmO
T L BFRE A HEEFBE CTH 5. BRSO DARITHR
RIZTBEVICE S THH LTV DA, BIRHEE O
72 OIERERZE1L 058 TH Y, flx @0 ericdH
B ERE L2 6 OFE0.87)8 L@ DERIZ 3 By
L TWD ERELEZSEEDMEO0.90) LV /h&E< 2ot

MRHER 2 HARIR & 5 2 DREMEFH R CIX 2.6 Bi TR LTz
MEBWMEAREE RO IV XS L LCHETS.

Building
/

Detector

\

\
N,
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°
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-

=M

® 'ﬂ\ |
° =N —
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@ | I [ ]

(a) Distribution of variance  (b) Calculation geometry

Fig. 5 Estimation map of radiation source position.

2.10 HEVERO-DDHELF T 3>
EUTANARETR T E LT OHET L0, BIR
D> B 33 WEIE, R % 980 < R 2 VSTV O IR T,
KL F N Z OFEBICRE LR WS D WVITERIET DR A5
DIRWBAENDD. TDEDEUT A ETIIRF %
RN T HWERH > THRFEOBMD ZEE, 5E
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DHBER DT LROBIENRE 2 I TW5. S-Monte
WX HOIRBALD =%, RO 3 HEOMIEEZHET 5.

(1) $8%5% #4(pass stretching)

(2) v ¥ 7 b=V v b(Russian roulette)

(3) 7 F 1 Z' W (non-absorption option)

BB TIE, AT 2RBERREpE b LI, &
Wi SIS (1-B) 2 BME LT, i A A3 K & M ik 4 5 it
THLEORIGZEWS L, #IE»OEWERICEES 2
K HEled. —F, KNFORELWERET D, kit
DNEIR 2 R 5 A I XRA9) T, fEN TRIGT D%
BT BUGHIER b (1-pE 27 - TV B 72 (20) THIE
T5.

W' = Wexp(—BZ,t,). (19)
W' = Wexp(—BZ;t,)/(1 - pB). (20)

a7 yA—Lby hTE, R OER WH—EM W,
RN (F7 4V MEIK 105, TEICEETXD) ITho
Te GBI OB OB & 9 2 03E T 95 M A ELE
EEAVWTIRODFETHD. Ww, & ERIERL, & =
WIW, DEEITBIR AR T T 5. & < WW, DEEITH
TOEMEREL, TORTOELWE W IZRT.

FET T u SRR T, BaRKISHEWGS, k7R
WINE S ZRZ LTYH, RTrOBHEETET, Bl
Ni=E R, RToBHE#ETS. 2O, K10
BH WIZEIS WAL TNT A ETEST D.

3. WiEEE

S-Monte {3 HED 3 TG 21T 5 728, v Mt &
OV - D 3R + 7 £ (radiation - dose) 715, KfifE(adjoint)
FHEL, Bk o B £ (multiplication) FHE N FRETH . S-
Monte D FHHIEFESL Table3 IZF 5. Aa— FTHH
AlEER y BV ERHMEA O E T A 77 D B LTV D
7, BETOy BIFICE2ERENIOERBRERED
EHEMEMAELETE D, TS 20T HET
Ly RO T A ERRHAETA T T EAET
iE, TNHOHAELARETH S.

Table 3 Calculation functions of S-Monte.

OFFREFER E R Uz, 72, AR R ORGE
Dz, ~ 7 aWEER G 2 5T D /IR KR O B
RN Fv—7MBEEFRE L.

3.1 REFTH

WFIZHERE L7 Cs 12 X B RN O 2R &R % 3
fii L 7z (Fig. 6). REDEHRE{L D=, Fig. 6 (TR T kR
W BCs ZMIEND Imm ES, @RIRmHND 0.4m BN
THEMBEE LT, BRAO ImBOE S TEHOBMERE
WERIRA I X 0 L7z, BRI lom U5, &S
3m & LT, BBIOXRHITES 0.1m ORMEB LRE
L7, T8 ORM, RO HEMAIZIT JAEA 5 # T3
B AE LT i B RO R & 7 A0 O y #RT k)
I 5 BN O N R F L OWR BRI R Oy 0%
M L7, Fig 6(b) IZFtHEEROKFERHTHY, S-
Monte ® MAP F R~ HE &2 FIH L CRH-RMERZR7. M
#2345 % S-Monte & PHITS TEFHE L 7-11%, Fig. 6
(N TREICH R RE 22 5% N T L —F L 7.

Air (height 10m) | /[ Tyle 0.1m thick |

| Wood 0.1m thick |

m -+ | Soil 0.01m thick |
10m

Point Source
137Cs  1Bq

10m 5

(a) Calculation geometry of dose evaluation (vertical)

S0 10m
e s

[T |
Wall of building

w,;

Point Source ’l
%‘_ *____

Location in building

(b) Calculation geometry of dose evaluation (horizontal)

Calculation Neutron+

) Gamma ray | Neutron
function Gamma ray
Radiation- dose © O O
Adjoint © O O
Multiplication - O O

©: Feasible. Library is available.
O: Can be carried out with macro cross section data or library.

S-Monte DFFHMEEZIRIAET 2720, ZHETA T T
MATXSLIB-J4 7 & AR L7z v SRR & AFAN A O FH 5 7 A
77V RO T, BE RS RIS X DR XU,
PR R COMWRGHR 21TV, B - A A Wk =
— K PHITS (Particle and Heavy lon Transport code System)

1.0E-07
=
S1.0E-08 |\
L2} I
2 |
[}
+—
o @ PHITSO-1m
3 1.0E-09 ® PHITS 1-2m ~
8 PHITS 2-3m >4
—S-Monte 0-1m
—S-Monte 1-2m
S-Monte 2-3m
1.0E-10
0 2 4 6 8 10

Location in the building (m)
(c) Comparison of dose rate between S-Monte and PHITS

Fig. 6 Dose rate evaluation of environmental radioactivity.



AR - Bl

& 2~3m ORI WL E (Fig. 6 (¢)-O) THEIRIZ &
DIEWGOREEREMET T 28MAZ 5587 L7=. Tabled |X
DO E & 2~3m O 4 DDOLE (location) TH 26 #E  (1¥7Cs
DFIRD T F X — Y HE) Oy BOTN Z R T . fREE
D HE GRS L ~D R (upward) B3 H LT H Y,
y BADNEEER BT DR SISV TREL 2D D,
Yy OB/ NS BRAIEPAEOND. —F, KIifk
ED DOy BOWELIZ & 5 T H~D it (downward)id /)
SV, 207, BIBISEWS ORERSE T 5HH
I, BEOEMRDRENFLTHDEEZ SN D. S-Monte 1T
B DA Z T 2 HE MR R EE L /A L TnbH -
B, ZORRBRONTNESICERTE S,

Table 4 Gamma ray current into regions [unit: 1/cm?%/s].

Location

. 1 0.0~0.5m 0.5~1.0m 1.0~1.5m 1.5~2.0m
in building

Upward 4.50E-07 5.51E-07 4.39E-07 3.25E-07
Downward 1.80E-09 0.00E+00 1.80E-09 9.00E-10
Rightward 4.02E-08 1.44E-07 2.33E-07 2.42E-07
3.2 EMETH

—i7 0.2m @ Pb ¥£721% Fe DI HFKRD LR ET D
OCo mARIR(8B) V> B D HEBEIZ XF 3 5 BR &= 0 A1 % [E &
WIEFEIC LV FEM L7=. S-Monte & PHITS % ki L,
Fig. 7 {2/ 4RI 3 S8 XA 3 25 30% LI T—2 L
7o, L, MELOEEN AR CIEENMER L. 2R
I, R 104 Pl E & K& WA, S-Monte TITRL7- D E|
ENDRVWDEEZ LN, WSS FHE/ROEYE
A7 (deviation)lIC b EE A S LERH D . £, B
i 7% O FH R SRS (i #r) 7 — & 4£(R.S. Manual)'Dic
SN TWA R TOEREZRFEOT —F & Fig. 7
Pl L, Thvedb—K L.

1.0E+00
—e—PHITS,Fe
. 1O0E01 | E-Monte, Fe
{ o R.S. Manual, Fe
v>1 1.0E-02 \\ ——PHITS, Pb
2 1oe03 T 4 S-Monte, Pb
9 Lot \i.\ ‘R.S.ManuaI,Pb
& 10605 ‘e—p i N
§ L= ]
1.0E-06 | L I
1.0E-07
0 2 4 6 8 10

Distance from the source (cm)
Fig. 7 Dose rate evaluation of radiation source.

3.3 BRRAE

OECD/NEA IZ & » T 1991 4512 3 YR Iolifis FH5C BY 9
HARyFv—7 GHREEREZ D F 0 KRR 2158)
WEE S, TO/BEIPFESINTND D ZoHosh
TIEE K IF O R > F~ — 7 [ (model 1) % 1%
REBFICL VT L7-. Z ORISR % Fig. 81
AT ZORETIE, S0 (core) DRI il fH #(control rod:

CRVFHFHE SN, CR BNz E B (case ) EFFASH
725 (case )3 H 5. ZOREIZIE, FREICHEHAIND
2 FEO BEARAIWIE AL A Table 5 DERIZHE 2 BT 5.
Table 6 (ZFME L7 PEF G R L G EICRR S 2B ]
EE2RT. ZOBREIER Fv— T IR ST T
ANEIEIC L DFEMOFEH L B TH Y, HEROR
DL A(case 1, 2)& HIZ, S-Monte D FHHHEIZSIRE & 45
BOFMEANT & L. RHAEEIREESZSLoN5.

0.15 0.2 0.25 (m
0.0 #
0.05
Core Control rod
(case 2) or
Void (case 1)
0.15
Reflector
0.25
(m) Vacuum

Fig. 8 Core configuration of model 1.

Table 5 Cross sections for model 1  [unit:1/cm].

gl s | s | vi [50-9 [ 500
Core region
1 | 2.24E-01 | 8.53E-03 | 9.09E-03 1.92E-01 | 0.00E+00
2 | 1.04E-01 1.58E-01 | 2.90E-01 2.28E-02 8.80E-01
Reflector region
1 | 2.50E-01 | 4.17E-04 | 0.00E+00 | 1.93E-01 | 0.00E+00
2 | 1.64E+00 | 2.03E-02 | 0.00E+00 | 5.65E-02 | 1.62E+00
Control rod region (withdrawn)

1 1.28E-02 | 4.66E-05 | 0.00E+00 | 1.28E-02 | 0.00E+00
2 | 1.21E-02 | 1.33E-03 | 0.00E+00 | 2.41E-05 1.07E-02
Control rod region (inserted)

1 8.52E-02 | 1.74E-02 | 0.00E+00 | 6.77E-02 | 0.00E+00
2 | 2.17E-01 1.82E-01 | 0.00E+00 | 6.45E-05 3.52E-02

Table 6 kefr of the benchmark calculations (model 1).

Reference S-Monte

Case 1 0.9780 0.9774
(Void) F0.0006 F0.0012

Case 2 0.9624 0.9611
(CR) F0.0006 F0.0008

4. ZETOHER

B, KRPELFREETFH IR A2 dS LT 5BET
HbARa— FEFHLTWD B35 @R (building) &4 O +
HBRmIZ BCs KA Lichd, BENOZERMR R
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Fig. 9 ISR THRICHEB DRBED v BRERNRIT L 0 =T
L. FEITEROBE OR#Ear 2z U—1) 1Tk DH#L
EOEREYHLIEL, EMEEED TV (Fig 10 5
M) . S DICRFAE - BRERAa — RERBIIZFIAL,
BT ANBEOHRICERAT L E LMD,

Dose rate
(uSv/h)
0.4

0.3
0.2
0.1

5
m0-0.1 m0.1-0.2 0.2-0.3 m0.3-04
Fig. 9 Gamma ray shielding effect of building.
fREFHE> > REFMOERH

fR =2 5FM D EFF

s BENAMOBELOLI)—FDIGAELETIE. ERAD
MEHNILV—FDIGEL/EEITERBLET,

o INIEFAVV)—LDFELARFH LYEL, KOS EIZL By

DEBDEIZEDLDTT, MEESERHM () MBI

=4

oo

6 g 6 o) —h4) IZELSED
I (BE43L : pSv/h)

& BRAKMOBE BENary)—+o
& ma

EERR-Y
oo

B4 (0~1mEX) 0.345 0.341
B (m~3mE&) 0.215 0.209
EBHNO~1mEX) 0.091 0.035
BR(Im~3mEa<) 0.121 0.040

29

Fig. 10 Examples of teaching materials.

5. F&H

BRI T S VT R R B D W I U R R e
E OREHHRRIRIC K 2 B 0= R0 fi42 B L L
T, MEICFIACE2HEERAE T AraiEa— R S-
Monte % Bi%& L 7-.

Microsoft @ Excel VBA # % Z & C, Excel % f]H
LTV EANDFEMZ ECTA A h—L{E¥ER L, S-
Monte OEWIENFIRETEH 5. S-Monte [T HEs ORRER
DOHRBIRONE L BMELZHET I2HELAEL TS, £
7o, FHEERO AT % XYZ EREIZIRET D70 & — & H
EHIIZ L, & 5612, Excel VBA OHREA HWTEMEIAR
BLOGHEREZ T3 2 888 b 35 LT 5 (Fig. 5
(b), Fig. 6 (b) &HR).

MATXSLIB-14 7 A 7 Z U /bR = — K TR H A HEZe

y BB B ORI T 7 AV ELERR L, #iFR O 37Cs 12
X AHBNOERBEDFE, Pb 721X Fe M KD IE
MEEHE 21TV, FHF4 PHITS & Ebilge L T 224 R 3T
MoFERES. £z, NURTIFOHRRAF~v—7
MIREZ AT U, A RO ROV TR Y REE
EITZAAHT EHHER L.

L%, REBREOHBFIHEMAT S L &I, S-Monte %
AR - BA L, BRIET ORSERIC L D ERREDOFE
MoOFEZEZREIZHLEAT23HETH 5.
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Abstract

“The Act on Special Measures Concerning Procurement of Electricity from Renewable Energy Sources
by Electricity Utilities” was enacted in August 2011 in part to accelerate the interconnection of photovoltaic
power generation. Some electric power companies have performed trial calculations showing that
photovoltaic power generation output will exceed the total demand for power. In such cases, pumped storage
hydropower plants have been used to pump up water to an upper reservoir during the daytime.

In recent years, artificial intelligence has been used in various fields, including machine learning. The
support vector machine and linear regression described in this paper are kinds of machine learning, and are
used to understand regularity and patterns from various data, and to clarify and predict the current situation.

In this study, we used weekly operation data of a pumped storage hydropower plant, which was calculated by
fuzzy reasoning, as training data and learned it using a machine learning algorithm to create a prediction model.
When new data was input to the prediction model, we verified how close it was to the operational data of
fuzzy reasoning.

Keywords: Renewable energy, Pumped storage hydropower plant, Weekly operation, Machine Learning,
Photovoltaic(PV) power generation

o i SHTWD D L Fig. 11 A EHRE K Bl RO B
I ZLoIS /i‘*?‘/zmﬁfﬁg%fbt.
KT BT O I, B CIT b D 2 L 8% <,
AARDE NG, ERBREHC L 2R ENEL 25T B L BAEEFRO LKA RS EE L AR,
WBD L L LARE, CoO P EBT 5 &, 1k IMEERE LTS, BEBIAKEZIT IS, R
TRBHC L 2 REICHED = LI 2 e S . BKFEBRT O LM ORI KEIZIMA T, KEEREEOHT
ZOE S RREO IR, 7Y = A BT RET FL R — EFEL, WHEERETDIEERD.
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AR R LT — &1L, BRATHRVIELEZ 2840
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2011 ITHIE Sz TERFEFICTLAHAETMREZ XL
X —BROFRICET 2 FREELE] 2LV, BAETRE

—— Demand Pumping power

Pumped Storage Hydro Pumped Storage Hydro

TRAX—DERNELTND. Photovoltaic
KNI ECENFEE»OOH I, KEIZELY KX S +
KEBT D720, ZbOEBEIRNE ) RIS K EH
R INT=HE, %ﬁ@hﬁ'ﬁﬂi@m WCRENET D Z DR
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Fig. 1 Load curve & generation types.
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TWa., HRPOREL e BN N THREDOIEEIT- T
WD, A—=VDARKT 4 VE R ERNEFOREFETHY I,
HEHEREEICHE . ALMEO S E LTHERELE
BRI, Bl - 0T - iR - EF R E S SRR T
—ZDPnE, HAWME - RZ— U BFRL, HikoHg
RFROFRMELITO L EHNE LTELSHEHESLTWY
DB ORE FHERRELS DT C, THEH v %8
ETHEIiZR LEE o205 HEN5.

AW TIX, 77 ¥ o HEim YL o TER Sz, @
MERT —Z %2 T— % & L THEREE T LY XA
WZFE s, FHMETVEER L. e LT, 72
T —2 BAT SN GE, TRET AR T DR,
77D 4 T T IS EOREIRLIT S 2R LTz,

2. HWMFE

2.1 HEiHYFE

B #H L, ANh7—snbGabhlcex, 2
MCHTDHNEZIELLS FPHIT S 2 LS AROFE Gk
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Fig. 10 Weekly demand & photovoltaic power generation
on July 7, 2017.
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Fig. 11 Pumped storage hydro power operation
on July 10, 2017 (upper reservoir 50 [%]).
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Relationship between Strength Properties and Restrained Expansion Strain of High-
fluidity Ductile-fiber-reinforced Concrete with Shrinkage Strain Reduction
Measures
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Abstract
Research on recycled aggregate is actively being carried out in the concrete industry. To promote the recycling

of concrete more extensively, it is necessary to develop new technologies for effectively using recycled aggregate.

As an example, research on ductile-fiber-reinforced cementitious composite (DFRCC) using recycled fine aggregate
has been reported. DFRCC has multiple cracking characteristics and much improved toughness during bending,
tension and compression fracture. However, due to large shrinkage strain, there are few examples of construction
using DFRCC. A conceivable method for controlling the shrinkage strain is to add an expansive additive and a
shrinkage-reducing admixture. To evaluate the relationship between strength properties and expansion strain of high-
fluidity ductile fiber-reinforced concrete using recycled aggregate (R-HFDFRC), we conducted a restrained
expansion test, compressive test and trisecting-point bending test on the R-HFDFRC. As a result, within the range
that shows about the same strength properties as R-HFDFRC of the same mix proportion without using expansive
additive or shrinkage-reducing admixture, when lime-based expansive additive is used alone, the amount of shrinkage
strain reduction is expected to be about 700n. When calcium sulfoaluminate type expansive additive is used alone,
the amount of shrinkage strain reduction is expected to be about 900p.

Keywords: Recycled aggregate, DFRCC, Expansive additive, Restrained expansion strain
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Table 1 Physical properies of aggregate.

. Density in Density in | Percentage
Maximum | saturated oven-dry of Fi
. rfaco. 2 ness
Aggregate sie surde-C. dry condition | absorption | modulus
condition
(mm) (gem’) | (glem’) (%)

Coarse 10 2.53 2.44 3.68 6.02
R | Recycled | Medium fine 2.5 2.55 2.46 3.75 2.34
Very fine 0.6 2.53 2.43 4.43 1.17
Crushed stone 10 2.62 2.58 1.49 5.94
N | Natural | Crushed sand 5 2.63 2.60 1.32 3.00
Pit sand 1.2 2.59 2.53 2.16 1.61

Table 2 Physical properies of materials.

Material Sign Physical properties
Cement - Ordinary portland cement (Density : 3.16g /cml)
v Polyvinyl alcohol fiber (Diameter : 0.2 mm, Length : 18 mm, Elastic
Fiber modulus : 27 kKN/mm?, Tensile strength : 975 N/mm?)
S Steel fiber (Diameter : 0.55 mm, Length : 30 mm, Elastic modulus :
210 kN/mm?, Tensile strength : 1145 N/mm?)
Air-entraining and high-range water-reducing admixture
Che@cal Separation reducing agent (Density : 1.37 g/cmz)
admixture SrA  |Polyoxyethylene alkyl ether-based shrinkage reducing admixture
(Density : 1.01 g/em?)
. Fly ash (Density : 2.29 g/cm’)
Mineral ~ - — - 3
admixture| EX LB |Lime-based expansive additive (Density : 3.14 g/em’)
CSA [Calcium sulfoaluminate type expansive additive (Density : 2.93 g/cmj)

Table 3 Outline of specimens.

Water- Sand- [sand-total| ~ Unit Addition
R . . . | amount of
binder binder |aggregate | expansive | Expansive 5
. Aggre- . . . .. .. shrinkage
No. Specimen ratio ratio ratio additive | additive X
gate amount reducing
WB) | (SB) | (s/a) P | 4 dmixture
W | e | o | g (Bwt.<%)
1 R-Plain 0 ] 0
2 R-SRA2 2
3 R-LB40 40 LB
4 R-CSA40 CSA
5 R-LB80 LB 0
6 R-CSA80 R CSA
7 | R-LB+CSAS80 80 LB+CSA
8 | R-LB80-SRA2 30 65 85 LB 5
9 |R-CSA80-SRA2 CSA
10 R-LB120 120 LB
11 R-CSA120 CSA
12 N-Plain 0 - 0
13 N-LB80 N 80 LB
14 N-CSA80 CSA

T AL, HEALVET U REXA S M ERFEAL, M
I%, PVA #KE(V)E L OAAAHE(S) &2 L7z, IBFnkIE
%, EtERE AE BUKAI, SEEHEREHR, 7747 v v all
i, MZSRA(EX)I L OMUGHE RIS AI(SRA) A A L 7. EX
i, 27— MI—EMIERASR TS ORKHR
LB)B LI AT T L -HF LT3 73— FH(CSA)
D 2 FEE A B E 72 IR A (B &R A I(LB:CSA) I
55 L7, SRA L, RUAFvZ=F LT AF LT —F
NREEH L.

(2) A&

Table 3 |2, 4 f HFDFRC O E % /R, AW TIX
% fE HFDFRC O KfE &M H(W/B)E 50%, ﬁﬂiaﬁfw‘@
85%& L. F£7z, R—EFM CTHAKEI HARRFL &7
HE9PEEL, BEAT 77—, 65cm & L7z,

TMEL, V & S EIRAGMHEA L, Sl EEIREAEE 3%,
V &S OMFERFIRALVS)Z 13 L. 7947 v
CaDEAY NEXEHEHA LGS EX &BEINZ D)@
WKL, 20%& L7-. EX| i%{iiﬂiﬁ% L, HALEX &
1% 0, 40, 80 B XN 120kg/m3 & L7=. £7-, SRA IF, #&



ZVHE - JEED

EMBEEIZHLTORBIV 2%%E /KEHRTHEA L.
72%, N-HFDFRC (I TH Y, HALEX &L 0B
LT 80kg/m3 & L, LB & CSA ZZhZ N B L 7-.
T, RTOBERIZONT, MERVBIZT Ly v a
R EITo-. FMEAIZ, EXEBLVORTFTn
— &L, TRFNIISA1128:2014 B LT IIS A 1150:2014
IZHEL TYT - 7.

2.2 BEFARME
(1) 1 &#EHMERER

Fig. 112, 1 ®hEMEREBR OB 2 7R3, #ifr ik, 2000kN
it E 3B 2 ) L CAT o 7=, SRR 1009x200mm D
MAERER AR L L, SRR LT ZR 6 RILEL
7-. BHTEE X, fE, P Ly Y A—F Ik 5RR
R REOREONT Hds KO ZANL S Lz, £T —
2L, T—Fual—%EHLTERYIAALT. REBREIZT
ABFE 2 BOBATEAE)CTHA L, BRI 28 B)E T
YR L LTz,

JEREIREE(FIX, fEB L ORBRIK-TENDHEH L.

Fig. 2 1T, JEMEEEL = R ¥ —(Gr) DM T IEIZ DWW
Tod . R IEE, SCHk DR T LT O RIEIZ LD
HHL-.

E9, ERIT K VB SN E M E P — AR A
f7.(60) BAFR {Fig. 2(a)} & FE M I 71 (00) — BIVEZE T (6. ) B A%
{Fig. 2(0) & 5. RIZ, o.— 5. BHHEMN DS, 6./=3.0mm
FTOWN 6 MR L F DR D 6. & DIEDHFN {Fig.
2b) P OFE B ERD D, KRR TIIINE Gre & LT
EAm L 7=,

(2) 3FEn mhIFHER

Fig. 3 12, 3 S0 My RBoME L2 R, #HiEi,
100kN AUTOGRAPH ZUNE % 5 Resl Bk 2 65 L TIT W,
Zu A~y N#E % 0.2mm/min (ZHIHE L7-. BEBRAEIT
100x100x400mm O fAFERER (A & L, SHRBIH 2 L <
AHER 6 RRIE LTz, 3 & stk RBE, STk B
FEBENHE T TV, FHIITE A, fTERB XA/
ROt Lz, £F—21%, T—Zai—%HH
LTHRYAAT. 72, RBRBICHMENTRENICREEL
LOUVENRAEEZ BRICL W HERL, AFZEETIIZh %
OWEINAE E Lz, RBRIERIIITAAEL 2 BRAEL)
TR L, ABREFH S 28 B)E CHERERAE L L.

MR EE 3 L OV & 7 2 2%, iR L 2 U —
FORITIRER L O Y 7 2 ARBRGE ESEC
L Tl L7z,

F9, HFmRERDICI v kDT,

P
bR
22U, fly s BOTEREE(N/mm?), P WE(N), [: A<
v(mm), b BEEEWTTE O Emm), A WO S X (mm)
Thh.
WIZ, #7323 TFeREcRsh, Q)
Lok,

S, )

==
FE

- VEREZERD - s B
T Displacement
100 transducer
) Compresso
100 meter
—
Specimen 100p Unit : mm

Compressive testing instrument (2000kN)

Fig. 1 Compressive lording system.

Z P 4

= P, : Maximum load
A Ko : Initial stiffness
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<
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Compressive deformation §, (mm)

(a) Compressive load-compressive deformation relationship

T F
é ¢ Gg, : Compressive fracture energy
Z F, : Compressive strength
&
2
£
@
o
.z
2
2
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£ 3
3 :
&)
0 3.0

Plastic deformation &, (mm)

(b) Compressive stress-plastic deformation relationship

Fig. 2 Estimation procedure of compression softening curve.

Unit mm
) Displacement
Ball bearing trfnsducer
Specimen
b}
%
S - e
bt
Pi type
100 transducer
300

AUTOGRAPH universal testing instrument (100kN)

Fig. 3 Trisecting-point loading system.
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T, 1
—X
5, b i’

th

22T, f2, : BPEIPEAREL(N/Mm?), T, : AN D S
FTOMBTOHFEN - mm), dp: AN HREBOZD
F(mm), [: A/ (mm), b: WEEEEEOEmMm), &
HEWTE O & S (mm) ThH 5.

728, AWETIX, f2o % 6w 2% 7.5mm & 72 HHEETO
e L.

f2, = 2

2.3 #ﬂiﬂi%&ﬁ%ﬁ*ﬁ%%

Fig. 4 12, # s iRRER DO E %/~ 3. B KIX 1000
x200mm @Pﬁfﬁ%ﬁﬁsa L, 7 U M fE 80 & fif L
THAERIERRMELEZ, FHUERIX, OTH7F—TI
LEIFEME F O FEIEOT A E Lz, RERIRI, ﬂ
ARA%, TEIREE =N (20°C, 60%RH)TOE A & L
7o, 7k, FHUIEIMER 7T RETE L.

3. #ER

Table 4 |, FEBRIZ LV H S5 7-4F HFDFRC O 7 L
v v a RBRER B A2 RT. 45 HFDFRC DR 7 77
7 —%, 62.5~69.5cm 72> THY, EXfifH&E, EXFH
M OHE, EX IBAEH, SRA OFHER L OVEHEED
FOEICR ST, MBI Z2AE D L2, BERAT v
77w —65ecm &, Wi, ERKTEZ.

3.1 sAEHERER
Table 4 12, FEBRIZ LV &SI 7-4FE HFDFRC O 7

—— Specimen

Cylindrical mold

Strain gage
(Waterproof and
Protective coating)

Unit mm

50 50
Fig. 4 Restrained expansion test.

B R — % 4/~ d°. 48 HFDFRC O 38 E #1121, EX
A&, EX MEOME, EXREMHH, SRA DAER X
WEMFEEOMHENEEL RIET N, WTIhoBAIcE
WT & Fl HFDFRC I, N8I % 7 2 A B L OO
El gy %&W&ﬁbﬂ\é ERHERR T E T,

3.2 #ﬂﬁﬂﬁﬁ%ﬁﬁ%ﬁ%ﬁ%

Table 4 |2, A REERERIZ LD ?%Enf:%% HFDFRC
O 7 BIZHBT 2 EIFEO T A, Fig. 512, HAL EX
BAELEL S840 R-HFDFRC O#ls 7 BIZHBIT 5

W AR O3 7 — B EX ERARZ R T

£9, EX FHIHO E 2 (Table 4, HEHSRIE No.1,3~
710,IDICOWTHEH TS &, Sl 7 BiCB T 5 R
O AL, HAL EX &% 80kg/m’® & L7445, CSA>
LB+CSA>LB, H{7 EX &% 40 3 X U 120kg/m® & L7245
A, CSA>LB L 72> TWW5. AEMEM L7 EX(F—1fH
EYDEE, CSA B H O WK EO T 423 LB HAfE
HEHBLTREL DI ENRDNST.

WIZ, BAL EX BOFE(Fig. 5, H#Ex£13 No.1,3~

6,10,1DIZOWTHERT 2 &, M 7 BI2B T B MEEE
O AL, HAL EX BNy, #inLTtns. £
72, LB ZHME R L-8BE5 oM 7 B2 5

EOTHHF O R-LB)IE, HfL LB &% 40kg/m® 256
80kg/m® |2 2 fF& 952 L TH 2.2 fi%, 40kg/m® 75
120kg/m3 IZ 35 & T 52 & TR A2 FICHEML TV,

CSA Z Bl L7236 o lie 7 BIZ81T 5 #sREREO
T (K > R-CSA)E, Hfr CSA &% 40kg/m’ 7 5
80kg/m® (2 2 & 952 L TH 2.9 fi%, 40kg/m® 75

2500

| —o—R-LB —O—R-CSA|
2000 9]
1500 /
e

. [I}/EV
0 40 80
Unit expansive additive amount (kg/m?)

Restrained expansion strain
at7 days of age (p)
=
[=3 (=1
(=] (=]

120

Fig. 5 Restrained expansion strain —unit expansive additive

amount relasionship.

Table 4 Mechanical properties.

Fresh test Compression test Bending test Expansion test
Compressive Compressive Flexural Restrained expansion

. . Flexural strength 5

No. Specimen Air content Slump flow Density strength fracture energy toughness Number of strain
(Fe) (Gre) (f1p) (f2) cracks (D)

(%) (cm) (g/em’) (N/mm’) (N/mm) (N/mm’) (N/mm’) 7days
1 R-Plain 1.1 67.5 2.05 28.8 41.8 7.02 4.52 4 -20
2 R-SRA2 1.1 67.5 2.05 27.6 39.8 6.45 4.26 5 -5
3 R-LB40 1.4 66.0 2.05 29.1 43.2 6.43 3.95 3 243
4 R-CSA40 0.5 62.5 2.06 30.6 42.1 7.14 4.94 5 284
5 R-LB80 0.6 67.5 2.06 30.1 46.3 6.85 4.70 6 536
6 R-CSA80 0.9 67.0 2.05 29.8 43.3 7.00 4.84 6 834
7 R-LB+CSA80 1.0 67.5 2.04 29.3 44.8 6.80 4.77 5 745
R-LB80-SRA2 1.5 66.0 2.05 26.5 38.7 6.36 4.28 4 487
9 R-CSA80-SRA2 1.4 66.0 2.04 249 40.7 6.81 4.19 4 874

10 R-LB120 0.8 68.5 2.05 27.3 42.1 6.73 4.45 4 1032

11 R-CSA120 1.2 65.0 2.01 23.4 41.5 6.11 3.69 4 2017
12 N-Plain 0.7 69.5 2.08 30.1 48.3 6.83 4.25 5 -41
13 N-LB80 0.7 66.5 2.08 30.8 50.0 6.64 4.29 4 601
14 N-CSA80 1.8 66.5 2.06 31.1 49.0 6.63 4.33 5 616




VAR - EHL

120 BR-LB ® R-CSA
N-CSA80| |AR-LB+CSA ¢ R-SRA2
110 XN
= Py E iN-L1380
;’100 _l \.\
g R-LBS0-SRA2 N NGO
& 90
R-CSA80-SRA2 \.
80
800 1300
70
-500 0 500 1000 1500 2000 2500
Restrained expansion strain at 7 days of age (1)
(a) Compressive strength
120 ER-LB @ R-CSA
RLBS0-9RA2 AR-LB+CSA ©R-SRA2
110 ) XN
o e i
< ™ R-CSA§0-SRA2
Hm-——ihéégggj\\\
5 ‘
- ) '
= 90 u : : \\.
N-CSA80 t| | N-LB80
80 ‘ :
800 85 11300
70 ‘ ‘
-500 0 500 1000 1500 2000 2500
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(c) Flexural strength
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(b) Compressive fracture energy
120 ER-LB ® R-CSA
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110 \ XN
: A
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: 100 _l
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<90 U
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Restrained expansion strain at 7 days of age (1)

(d) Flexural toughness

Fig. 6 Strength properties —restrained expansion strain relationship.

120kg/m3 12 35 & 52 & TR T FICHEML TS,
Rk, B S TWD 7 U % ORI R RR A
600p FRETH D720, CHk ™DIC X 5 R R ER 71k
THHE C & 2 REIR O 21, 600p EFTEEDH BT
W5, HALEX &% 120kg/m’ & L72BA OWKEEOT
BWKREL RoT=DIE, Z0EHIRIENFERTHS.

N T, SRA D2 (Table 4, LB 4213 No.1,2,8,9)iC
SWTHERT S &, Mt 7 BICB T 2 HREEOT 2T,
R-CSA80-SRA2(8741)>R-CSA80(834p)>R-LB80(5361)>R-
LB80-SRA2(487p) & 72 » TW 5. EX MM L 7= R-
HFDFRC O HAEEOT HIZXIFET SRA OB T/ S
WZ ERbo .

E B, BMAEO KB (Table 4, FLEH 2213 No.1,5,6,
122~1HIZHOWTHER T2 &, Mis 7 BIZHIT 2 RmEREE
O 9 & 1, R-CSA80(834p)>N-CSA80(616p)>N-LB80
(6011)>R-LB80(536p) & 72 > T 5. R-CSA80 D ) i [k
OFTHDOIH, MOBFELHBLTRELZ>TNDS. H
EEMEFERALEZ CICL2EETHD EEDND N,
S, FHFMICHRFTILERDHD.

4 BERFELHORERVTHOEROER

4.1 BERHME-HREERVTHER

Fig. 6(a)~(d)iZ, #5ff HFDFRC @ R-Plain, R-SRA2 %
721% N-Plain IZxt 9% F., Gre, fly B 2, DILFE(F,
b, Grelt, Al BB KO 2, H)—H#ils 7 HiZH T 5K
FIROT R AR T, B, B EX 822k s
72354 @ R-HFDFRC OfE Rkt L, EX FHHB] O %G 3
DAE A A -l F IR ERE R O RS L OER, R-
Plain i85 X 5 IZ{ER) & 8 TR 9.

* 9, Fig. 6(a)lz LiiE, &FE HFDFRC O F. thid, EX
DI L= 84 (K o R-LB, R-CSA, R-LB+CSA 1
L OYN), # IR O 9 A 500~ 1000p F2 Tl 100%% E
B> TWB 0, TILIERIE, 100%% Flal-> Twb. SRA
ZH L2 8E (X o R-SRA2), EX Zfli ] L CHIHIE
BEOTHEBRELD L, FAEBMEFL, 100%% LR 2 Z &
X7 hotz. 22T, HALEX 2L S ¥4 0 R-
HFDFRC O #5 R 8 L OIS 3 M 2 /R Hi#R iz 2T
HHT 2L, LB 2 ¥ A L7-#%4 ® R-HFDFRC @ F,
(I o> R-LB) I, ¥ SRR O™ A 800 13T % BREE 12,
100%% a5 Z L NHERCTE 7. £72, CSA # Hlfi A
L7-34 @ R-HFDFRC @ F. (X H o R-CSA)E, I
IR NI 2 1300p FHE 2 FREELZ, 100%% T RIS 2 & A3
WTET.

WIZ, Fig. 6(b)IZ L iE, EX R SRA 2 H L7240
£ HFDFRC @ Gr, liZ, KERETFITMERTE 20,
Z I T, A EX B4k X ¥ 7284 @ R-HFDFRC O
RBIXOSST2Em A2 RTHBRIZONVTHEET D &,
LB % Bl H L7234 ® R-HFDFRC @ Gr. (X H @ R-
LB, HHREEEOT 2 1050p T2 REC, 100%% T
B5Z L NWRTERZ, £72, CSA ZHMEN L7-EA
@ R-HFDFRC @ Gr. l(XH @D R-CSA)E, TREEOT
Jr 1950p T AREEIZ, 100%% FES Z & NHRTE
7=.

T, Fig. 6(c)IZ L ALIE, EX X° SRA il L7354
D% HFDFRC O f1, t i, R-CSA80-SRA2 % [ &, 100%
BEUTLER-TWS., 22T, B EX B2 8s+
7284 @ R-HFDFRC OfEHRF L O 2 Hm 2 R~T
HERR E 72 X EARICOWTHER T 5 &, CSA ZHMMAH L
72354 @ R-HFDFRC O f1, lL(XH D R-CSA)IX, R
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FOT A 850p T ZREEIZ, 100%% FRIS 2 & 23 HERR
T 2B, LB ZHMH L2GAIC >N T, F RN
100%% T [a] % BREE & 72 2 ) s AE5E OV9° A 800u HE O f1,
ERT D E, SURREL ELRoTWD(ZEL, W
WIEAROT A 5000 LA T O#FH TITIER S S3). £,
CSA ZHMEH L7 BB oW T, F A 100%% Al
DR & 725 1300u (T f1, b &2 W T 5 &, 95%FE B
LEE7Z2oTW5.

& 512, Fig. 6(d)iz L i, EX ° SRA /] L7-E4
D% HFDFRC O f2, tiiE, R-LB40 Z R &, #HRFEEO

T 7% 500~ 1000p F2BE T 100%RREELL E & 72> TV D2,

ZHLIEIE, 100%% FEl>TW5. 2T, B EX &
AL S ¥ 724 R-HFDFRC OfRB L OGN T 5
I 2R TR E 2 ITERICOWTHERT 5 L, CSA &
HMAE F L 72854 @ R-HFDFRC O £2,, (X H ¢ R-CSA)
&, FSRIEZROT Z 1450 (13 Z BREEIZ, 100%% T A5
TENHERTE . B, LB AHMEH LZBAICHON
T, F WD 100%% TEIZRE L 722 MR EEOT &
800p HUT D 2, Wb A FERT 5 &, 95%RRELL E L7725 T
WA(T272 L, WEEIROT 2 500p BL T O#EPH IR
DN NAEE).

4.2 WHUOTHERE

AR OE Y, BHICHEA STV 7Y F O IE M
FREEAS 600p F2E T D7z, SCHR 9 X B H KRR
BR 515 TR C & DM RIEIR O T A1, 600p £ TEED
LBRTWD. 2T, 600p #B2 2HEEEOT A%,
SCHR D F O 3 & AV CHHIE L7z,

BN EX &% &b & & 7234 @ R-HFDFRC O Hic>
WTEELDDE, LTO@EY &%, LB ZHMmfEH L7
BA, MAEBEEOT A 700p FEE THIiE, R-Plain &kt
LT BERGRIFIERTTAHZERL, L BLXT L2,
X S%REDER FICEES. 277 L, lIEEOT 4 500p
LR O CIE, Bl 8 0% T &AM 355 (EX 1 )
CHIELTREWZD, 5%, Mol EzET5. —
¥, CSA ZHMBEH L7246, WERFZEOT A oou 2
JEToHIE, R-Plain &L T, F., Gred LT f2, 13K
T35 7L, flyld SEREDRTIZEED. B,
SCHR PN ZAUIE, ABFFECERA L - IR R B B
L DRERE TIS A 6202 B 2B B) IS D MHIE
ERBR T IEA I LA EROMICITE N HBENGED &
n, IFEFEMEE DI TND.

B1%, R-Plain & [RIFR 0O 0 & K5 2 JR 3-8 FHIZ 35 )

R-HFDFRC 2 LB # B fEH L725613, MEOT 2K
P& LC 700p FREECCHER D oK 3 1LY fHIE) A
A D AREMEDN & 5. £ 72, R-HFDFRC T CSA 7% Hijhfdi
HAL7SaE, WO AEREE LT 900p 2 (S
Bk O OMRIX 3 X D ML) RAAD D AREMEN B B .

5. FEH
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Abstract

With the recent achievement of high bearing capacity in the embedded pile method, the importance of
ensuring the quality and performance of the foot protection part has increased. Although the bearing capacity has
been increasing, the construction machines and materials used for the embedded pile method have not changed
significantly. Especially, there is concern about damage due to cracking because of the lack of reinforcement in

the foot protection part. Therefore, we tried to improve the toughness of the foot protection part using
ductile-fiber-reinforced cement milk (FCM). In this study, we evaluate the workability using FCM by a mortar
flow and pumping test. In addition, we verified the reinforcing effect by conducting a pile model experiment. As
a result, it was found that FCM can be pumped sufficiently and is likely to be used at site. Furthermore, the pile
model experiment showed that FCM offers significantly improved resistance to cracking and toughness compared

with conventional cement milk.

Keywords: FCM, Foot protection part, Workability, Compressive strength, Bearing strength
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Table 1 Outline of specimens.

Water- Fiber Fiber
volume
cemfent Volu@ mixing
Specimen ratio fraction ratio
(W/C) (\%] (Vi)
(wt.%) | (Vol.%) (L:Sm)
2FCM60-L-10 20 10:0
2FCM60-L:Sm-7:3 60 73
3FCM60-L-10 30 10:0
3FCM60-L:Sm-7:3 7:3

| Measurement(Cement,Water,Fiber and SRA) |

e

| Input(Cement,Water and SRA) |

‘ Mixing(3min)

| Scraping off and Input(Residual water) |

G- Mixing(1min)

| Input(Fiber) |

- Mixing(2min)

| Mortal flow test |

Fig. 1 Mixing method.
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(b) Overall view

Fig. 2 Pumping test.

- (a) S>queeze pﬁmp

Compressiive testin
instrument (2000!

Fig. 3 Uniaxial compression test.
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amount relationship.
Table 2 Mortar flow and Separation evaluation.
Water | Fiber | Scparation
reducing
cement | volume .
Speci atio | fraction agent Flow | Separation
ecimen s
P addition evaluation™
(W/C) I\ (Sra)
wt%) | (Vol%) | (Cwt.x%) | (mm)
3.0 293 X
2FCM60-L-10 35 270 @)
20 4.0 258 O
3.0 290 X
2FCM60-L:Sm-7:3 3.5 276 O
4.0
€ 251 @)
2.5 283 X
3FCM60-L-10 3.0 259 O
35
30 242 O
2.5 285 X
3FCM60-L:Sm-7:3 3.0 262 O
35 246 O

3% O:No separation X : Separation
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Fig. 5 Mortar flow. (Left Fig : general view, Right Fig : enlarged view)

Table 3 Pumping test results.

Separation
reducing ) Con?p- Young's
agent Sample | Discharge| ressive
. Flow T modulus
Specimen Pumping | addition volume amount | strength
rate
(SRA) oB E
(Cwtx%) | )| () | seq)| (Vmin) | /) | N/
Water — — — 100 | 48.6 1235 — —
CM60 Before 159 — | 100 [496 | 1210 — —
After
Before 292 282 9.88
2FCM60-L:Snr7:3 Aftor 34 300 1 60 38.0 94.7 254 017
Before 261 26.9 9.86
3FCM60-L:Snr7:3 A fror 27 260 60 39.7 90.7 87 10.06

CM60-L:Sn-7:3 (b) 3FCMO0-L:S,-7:3
Fig. 6 Sample after pumping.

40 — om0 ,

- - —2FCM60-L:Sm-7:3 (Before pumping)
—— 2FCM60-L:Sm-7:3 (After pumping)
- - - 3FCM60-L:Sm-7:3 (Before pumping)
—3FCM60—L:Sm—7:3 (After pumping)

w
(=

—_
o

Compressive stress (N/mm2)
N
o

4000 6000
Strain (x107)
Fig. 7 Uniaxial compression test results.
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Foot protection
section model

Displacement
transducer

Load cell

Compressiive testing
instrument (2000kN)

Fig. 8 Foot protection part bearing test.

. Foot protection model
Pile model

Gauge wire
sol [ -l

T ) 0
K
150
150 N
Embedded gauge
v Unit:mm !
100
D2 Unit:mm
(a) Cross section (b) Plan view
Fig. 9 Specimen overview.
Table 4 Material test results.
Fib
Water- | Fiber 1oer Comp- .
volume . Young's
cement | volume . ressive
. . mixing modulus
Specimen ratio | fraction ratio strength
W/ | W (Vi) Fe E
Wt.%) | (Vol%) | @LSm) | N/mm) | (KN/mm))
CM — — 26.9 9.17
FCM-L-10 60 10:0 23.6 8.50
_— 3.0
FCM-L:Sm-7:3 73 243 9.28
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Table 5 Bearing test results.
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Fig. 10 Load — pile head displacement relationship.
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Fig. 11 Load — internal compression strain relationship.
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Fig. 12 Specimens after test.

(2) XEREL-EEDHHEER

Fig. 13 |23 F L b (Fp/Fo) — AR [ O B2 B & 7R 9.
ZhED, REDEHEE ¢ 125mm 75 ¢ 200 £ TREL
T 5L, XEMREHIZCM T 1.4 25 2.0, FCM-L-10 %
1.8 225 3.0, FCM-L:Sy-7:3 (£ 2.1 25 3.8 (I8N L 7.
IhiE, MEOHEREERKLTEETLI LT, LYK
X IR SR ) & fRIR T 2 m SRR L LIBIZ B W T,
FCM D3 1%, HRE DR DOIER I % L 0 2h=RMI A
HZEMARETHDLZ EERLTND.

PIEXY, BREDETICFCM 2#H3T 52 LT, CM &
D HEN AU ) E A R CE S N
MR TE, ZOMImEIL, CMIT PVA MO &2 IRA
T 5 LY, PVA ke & Sk ZIRAGEA LR L0 K
ENWZ LAMERTEL. ¥, FOMEH WA Z & T, it
FeTIEL VARE DR Z /NE < LTHRBEOHU R
HuEB/DZENAETHD L ERLT.

o CM

A FCM-L-10

0O FCM-L:Sm-7:3

Linear approximation (CM)

----- Linear approximation (FCM-L-10)
—meme Linear approximation (FCM-L:Sm-7:3)

0( B/ c)
(S EEE T N
W S W
\
\
\
\
\
\
\
\
\
\
\
\I .

125 150 175 200
Foot protection part diameter (mm)
Fig. 13 Bearing strength ratio - foot protection part diameter
relationship.

4. FED

AFEIZBWTE, HARK LiE~DO FCM O % B
&L, ZOMEEMEEMMENR 2 M 2 R ER LT

ST UTFIS, 2RO ORFHC LV G oncmi z R,

1) FCM Oif#EhMk B IIL, Vi /N ELT5Z LT A
NI MO/ SWIMEEERTAZ LN A TH
D, ViDIRBAR BRI THS.

2) V2% & L7 KRMIZRB WL, EESEom 23R
ENTbOD, FEkkOFREHI DWW T BB &
JERETREE O P AR Sz,

3) REIDHICFCM Z#AT5Z LT, CM LY HEN
ToHUTE s SRR L R 2 R T X D 2 L3k
BTE, TOMMBEIT, CM I PVA filift D A %R
AT D XY, PVA ke & SikME R IR G L= R
XU R&EWZ LR TE.

4) FCM O fiX, MEDHEOIERRZ X0 2hEH
WD ZENARETH Y, ek Tk X 0 ARE O
ZASK LTHRABOMERIHFNEHDLZ &N
FRETHDHI EERLT.

FCM DEEMEIT V2% & 375 2 & Tl bk L7=23, JEk
ROBBOEBIZLIMERKT24A CLREEND D2
W, SHITEEHEEES LV EVWHEORIEEIT S O
Z, V3% REROBBE D L ERBREZIT> T TE
Thh.

SEXH

1) #HEEARAR=Z ) — M e A2 M E
MBS - ED - S, p.3(2002.1).

2) WA ERESEHAEEMEEN L e
U — bt oMEHREE, 22 ) — N LRERRUE,
Vol.33, No.l, pp.335-340 (2011).

3) Niina, M, Watanabe, K, Mamoru, F, Kajiwara, D and
Kodera, M, “Study on Fluidity and Mechanical
Characteristics of Fiber-Reinforced Cement Milk”, Proc
29th Int Offshore and Polar Eng Conf, Honolulu, Hawai,
USA, ISOPE, pp.2402-2408 (2019).

4) RS L OE A BB REE S sy
V=t~ bV 2%#HLI#MEMER= 2D
— NO R, a7 U — b LEERRCE,
Vol.30, No.l, p.249 (2008).

5) A4 RS, A, HEIRED MR E 2 P I ov
7 DR & TR, B AR S RS RN
FEEECERR), pp.161-162(2019.9).

6) &L AIBTOARE B E BT IR 2 - ARE DE O
AREFEEBHRE - A - BB~ = = 7 /1 (Ver.2.0),
pp-45-59 (2014.10).

7)) WG IERE,E HERES - st X NS
B BE D BE RBTAR [ oD 355~ i M B3 2 KL
WHoE, =27 U — b TR R SCEE, Vol.29, No.l,
p.537, (2007).

8) ITHEZRFE, WMo 7V — NIV R T v 7,
g ENE, pp.300-301, (1963.10).

9) HARBEYSE: VANV RMar s ) — bERE
W) D PEREFEAN AL 3% B LR $H(R) - RfERR, (2015).



MR FACEL T
Vol. 60, No. 1, 2020, pp. 53-58
DOT: 10.18995/24343633.60-1.53

L.

SR XM CTIZE 22— Mho® A > MR T-REE OME
WA et Sl KET D M AR BERt

A Study on the Combination of Cement Particles in Cement Paste by High
precision X-ray Computed Tomography

by

Teruhiko YAMAMOTO™', Tomoki TOYAMA™, Yuji ITO™' and Tetsuro KASAI™
(Received on Feb. 5, 2020 and accepted on June 19, 2020)

Abstract

The SEC concrete method, which is a type of two-stage-mixing, has excellent features such as reduced
bleeding, improved vibrating compaction performance, and improved properties after hardening. The reason why
these characteristics are exhibited is that the cement paste produced by two-stage-mixing significantly changes
the dispersed-/-agglomerated structure of cement particles compared to normal mixing. However, there is no
example in which the dispersed-/-agglomerated structure of cement particles in fresh paste of actual
concentration could be clearly observed. Therefore, the authors tried to evaluate the dispersed / agglomerated
structure of cement particles in paste that had changed due to different mixing methods, using a high-precision

X-ray CT scanner at SPring-8.

Keywords: SEC concrete, X-ray CT, Cement particles, Dispersed / Agglomerated Structure
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Fig. 1 Mixing Procedure of SEC Method.
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Fig. 12 Size distribution of cement particles in CP used naphthalene-based superplasticizer (DM and SM).
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Fig. 13 Size distribution of cement particles in CP used polycarboxylic acid-based superplasticizer (DM and SM).
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Abstract

The test method for rebound number was established in the 1940s, and it assumes that the hammer strikes
the concrete surface directly. However, in equipment commonly used for the method, the plunger strikes the
concrete surface indirectly, causing an inconsistency between theory and reality. In Japan, some correction
methods have been proposed to increase the measurement accuracy, but most of these methods are based on the
original theory, and the original theory itself has not been adequately examined. This study reinvestigated the
original theory of the method for rebound number, and examined the feasibility of the mechanism of equipment
with a plunger in terms of wave theory. The result showed that the measured value depends on the specifications
of the equipment such as the mass of the hammer or the length of the plunger, and an unreasonable dynamic
model is necessary in order to satisfy the original theory

Keywords: Rebound Number, Coefficient of Restitution, Rebound Hammer, Mechanical Impedance
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Table 1 Specification of rebound hammer.
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Abstract

Since the Fukushima nuclear accident in 2011, the expansion of renewable energy has become an important
issue. By promoting renewable energy, it is possible to generate eco-friendly power without resorting to
importing fossil fuels or nuclear power. Therefore, we have focused on hydropower and wave power as renewable

energies, and have researched the current situation and potential.

Moreover, as coastal erosion has worsened

around the world, we have examined the use of renewable energy for transporting sediment from depositing areas

to eroding areas at a river and at a coast.

This paper summarizes the current situation and potential of micro-hydropower and wave power, and
proposes a concrete plan for these power generation facilities for the comprehensive management of sediment
from rivers to the coast using sand bypasses, which will enable renewable energy to expand naturally.

Keywords: Renewable energy, Micro-hydropower, Wave power, Comprehensive sediment management, Sand

bypass
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A Study on the Dynamics of a Large Chamber Angle Vehicle
(Relation of Driving-steering Axis Angle and Vehicle Dynamics)

by
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Abstract
In recent years, personal mobility using small electric vehicles in urban areas has spread. Many of these personal

mobility vehicles are miniature versions of an ordinary vehicle, and so their turning radius is relatively large for the

roads in urban areas. We propose a large camber angle vehicle (LCV) that can turn with zero radius or move sideways

without turning. The LCV has two driving-steering axes that are located at the front and rear positions on the

longitudinal axis of the vehicle. The driving tires are mounted on the driving-steering axis and have a large camber

angle. Then, rotation of the driving-steering axis performs circumferential movement of the contact plane of the tires

and ground. Thus, the direction of the resultant force vectors of the front and rear tires can be controlled. An analytical

model of this vehicle was constructed. The static relationship of the driving-steering axis angle and the vehicle

dynamics is presented in this report.

Keywords: Small mobility, Zero radius turn, Large camber angle
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Positioning of Absorbing Material for Reducing Radiated Noise
from an Enclosure Aperture
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Abstract

This paper describes a method of controlling the noise emitted from the aperture of a non-rectangular enclosure
by appropriately arranging sound absorbing material patches. There are two steps in the method. First, the sound
pressure and acoustic particle velocity in the enclosure are calculated by numerical simulation. Next, the arrangement
of the patches is examined to decrease the acoustic power of the sound emitted from the opening based on the
numerical results. The boundary between a sound field with a standing wave where this method works effectively
and a diffuse sound field is clarified using modal density. Numerical results show that it is possible to effectively
suppress noise by arranging the sound absorbing material at the position where the particle velocity has a large
amplitude. Experimental results also show the same tendency. In the low frequency range where the modal density is

low, the proposed method effectively reduced noise.

Keywords: Noise reduction, Absorbing material, Particle velocity, Enclosure
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Abstract
There is a problem that the sweep speeds do not match among the electrochemical parameters of hydrogen

crossover current (icross), €lectrochemical area (ECA), electric double layer charging current (iqi charging), €Xchange

current density (io), and oxygen reaction reduction specific activity (ORR activity), which causes measurement errors

with the conventional method. In this paper, we first investigate the correlation between icross and ECA over a wide

range of sweep speed, and examine the influencing factors. Then, while quantitatively evaluating the measurement

error of the conventional method, an appropriate sweep rate for the measuring electrochemical parameters is shown.

As aresult, the sweep speed dependence of icross, ECA, idi charging, 10, and ORR activity is confirmed. The measurement

accuracy of these parameters could be improved significantly by reducing the sweep speed.

Keywords: Potential sweep rate, Hydrogen crossover current, ECA, Exchange current density, Oxygen reaction

reduction activity, Polymer electrolyte fuel cell
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Table 1 Effect of various potential sweep rate on
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Fig. 1 The diagram of homemade PEFC test system.
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Table 2 Calculation results of current density at 0.40V based ZHNTWVWD., RIFFROFERSGEMETIE, ECA BNEK

on Fig. 4 and Fig. 5.
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Reconstruction Technique for Estimating Time Histories of Oxidizer-to-Fuel Mass Ratio
of Hybrid Rocket Motors Using a Fuel-rich Solid Propellant
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Abstract
The oxidizer-to-fuel mass ratio (O/F) of a hybrid rocket motor changes over time as the cross-sectional area of the fuel port

increases. This is called O/F shift, which reduces the engine performance of hybrid rockets. To reduce the O/F shift, one of the
authors proposed using multi-layered propellant grains with a different fuel regression rate for each layer. In order to evaluate
the improvement of O/F shift, it is necessary to obtain the time history of O/F. We developed a new reconstruction technique
applicable to fuel-rich solid propellants to determine the time history of O/F.

Keywords: Hybrid rocket, Oxidizer-to-fuel mass ratio, Reconstruction technique, Fuel-rich solid propellant
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Table 2 Mass fractions of GOX and AP.

0=10% 0 =20%
O/F | GOX,wt% AP, wt% | GOX,wt% AP, wt%
0.6 81.48 18.52 58.33 41.67
0.8 86.11 13.89 68.75 31.25
1.0 88.89 11.11 75.00 25.00
1.2 90.74 9.26 79.17 20.83
1.4 92.06 7.94 82.14 17.86
1.6 93.06 6.94 84.38 15.63
1.8 93.83 6.17 86.11 13.89
2.0 94.44 5.56 87.50 12.50
2.2 94.95 5.05 88.64 11.36
2.4 95.37 4.63 89.58 10.42
2.6 95.73 4.27 90.38 9.62
2.8 96.03 3.97 91.07 8.93
3.0 96.30 3.70 91.67 8.33
32 96.53 3.47 92.19 7.81
34 96.73 3.27 92.65 7.35
3.6 96.91 3.09 93.06 6.94
3.8 97.08 2.92 93.42 6.58
4.0 97.22 2.78 93.75 6.25
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Fig. 6 Characteristic exhaust velocity given as

a function of O/F and p,. (¢ = 10 %).
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Fig. 7 Characteristic exhaust velocity given as

a function of O/F and p,. (¢ = 20 %).
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Fig. 8 Calculation of internal ballistic parameters using
the reconstruction technique.
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Table 3 Experimental and calculated results of the GOX/UP
and GOX/AP /UP hybrids.

AP/UP | 0/100  10/90  20/80
c* 14170 12922 1399.1
¢ | 14917 13635 15064

D, 19.5 253 19.7
D, 8 10 8
Gox 25.1 253 20.9
L 70.1 58.9 60.0
0/F 3.58 5.19 3.39
Pe 031 0.27 0.28
Fosep 0.43 0.48 0.55
Ner 95.0 94.8 92.9
Dp 12800 13255 13744
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Fig. 9 Time history of the chamber pressure (AP/UP=0/100).
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Fig. 11 Time history of the O/F (AP/UP=0/100).
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Fig. 12 Effect of oxidizer mass flux on the fuel regression rate

(AP/UP=0/100).
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—— Reconstruction technique
—— Fuel regression rate
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Fig. 13 Time histories of the propellant mass flow rate
(AP/UP=0/100, Gox; = 29.6 kg/sm?).
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Fig. 17 Effect of oxidizer mass flux on the fuel regression rate
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1.3 x 10* = 174 + 346N
N =37.06--= 37 (A.1)

Table A.1 Group additivity values of unsaturated polyester resin.
Solid GAYV, kJ/mol

Cb-(CO) 18.8
Cb-(H) 6.3
Cd-(C)(H) 255
Cd-(H)(CO) 25.1
0-(C)(CO) -184.1
O-(C)(H) -209.2
O-(H)(CO) -256.9

Table A.1 7>H AR Y = AT )L OEAE Y OFEEA K
UHLE—E —1259.9k)/mol & o7z, F£io, RugFofE
YWER T XNV E—IIEHEAE N TEHoEE R CHEL
179 &, REFARY = 25 )LOEAEAERKT L Z )L E—FR
DEIHET L ENTED.

. —985.4
AHf = —1259.9 + ——— = ~1286.5 k] /mol (A2)

REAFIARY T ATV ERBRICAT LT ) ~— 2T 5
KR T OEREAR T XL E— I FO LI 125250
TW5.

Table A.2 Group additivity values of styrene monomer.

Solid GAY, kJ/mol
Cb-(Cd) 243
Cb-(H) 6.3
Cd-(H)2 25.1
Cd-(Cb)(H) 12.6

C-(C)(H)3
C-(O)H)2(0)
C-(C)(H)2(CO)
C-(C)2(H)(O)
CO-(Cd)(0)
CO-(0)(Cb)

-42.3
-20.9
-61.1
42
-163.2
-170.7
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A Consideration on the Oscillatory Combustion of Low-melting-point Fuels
with Bumping
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Abstract
Oscillatory combustion with bumping was often observed with low-melting-point fuels such as wax fuels in laboratory-
scale hybrid rocket motors. The pressure oscillations were primarily caused by flames oscillating back and forth along the free
stream. Visualization experiments confirmed that bumping of liquefied wax fuel often occurred during the flame oscillation, and
it was found that the flame oscillation and bumping are strongly related. The bumping temporarily supplies a large number of
droplets to the gas phase, which can cause pulse combustion in practical hybrid rocket motors. In addition, we investigated the
relation between the liquid layer thickness on the wax fuel and the combustion instability caused by the flames oscillating back

and forth along the free stream.

Keywords: Hybrid rocket, Wax fuel, Oscillatory combustion, Bumping, Liquid layer
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Fig. 1 Schematic of the 2-D combustor.
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Fig. 2 Schematic of the experimental setup.

Table 1 Experimental condition.

Ap 675 [mm?]

D¢y 4 [mm]
D; 2.54 [mm]
D, 8 [mm]
h 27 [mm]
L 80 [mm]
w 25 [mm]
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Table 2 Experimental results of the 2-D combustion chamber
(with cylinder).

U 0.047 0.049 0.052 0.063 0.065 0.069 0.062

W 0.659 0.663 0.658 0.659 0.623 0.619 0.655

p 0946 0.834 0.859 0.990 0.895 0.839 0.846

g 0.088 0.104 0.189 0.149 0.209 0.205 0.146

Table 3 Experimental results of the 2-D combustion chamber
(without cylinder).

No. 8 9 10 11
B, 3.11 17.65 7.96 4.69
¢ x10° 446 1.39 2.49 3.53
¢ 557 649 579 535
A 791 967 888 830
Gox 10.2 14.2 10.6 104
0/F 52.5 29.3 275 453
Pe 0.12 0.16 0.13 0.12
7 0.34 045 0.37 0.34
7, 0.089 0.220 0.132 0.107
T 562.6 570 563.5 562.5
t 3.10 3.14 3.16 3.20
U 11.7 17.0 12.5 11.0
Y 1.30 1.27 1.28 1.29
AM, 0.48 1.19 0.71 0.58
5 0.204 0.390 0310 0.258
e 70.4 67.1 65.2 64.3
u 0.051 0.065 0.059 0.054
1 0.658 0.624 0.654 0.659
p 0.873 0.838 0.836 0.948
0" 0.156 0.169 0.149 0.119

No. 1 2 3 4 5 6 7

B, 236 253 339 12.06 1796 27.17 10.58

¢ X108 513 508 427 190 137 1.05 2.08

c 533 559 563 525 631 663 576

¢, 745 768 797 934 959 1012 921

Gox 949 892 10.1 105 147 143 103

O/F 61.0 574 510 324 301 258 33.6

Pe 012 012 012 012 016 0.16 0.12

i 026 028 032 030 048 049 0.39

Ty 0.074 0.072 0.093 0.152 0.228 0.258 0.143

T; 5623 561.6 562.7 5624 5702 571.1 563.2

ty 312 313 312 313 316 3.15 3.14

U 10.1 1068 11.8 106 165 17.0 122

y 131 130 130 127 127 126 1.28

AMg 040 039 050 080 121 139 0.77

[ 0.189 0.192 0.211 0.418 0397 0.481 0.366

n. 715 728 706 562 658 655 625
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Fig. 5 Time history of the chamber pressure (No. 1).
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Fig. 6 Time history of the chamber pressure (No. 2).
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Fig. 15 Time history of the chamber pressure (No. 11)
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Fig. 16 Stability map on the §;-U plane for pressure oscillations
caused by a flame oscillating back and forth along the free stream

(with cylinder).
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Fig. 17 Stability map on the §;-U plane for pressure oscillations
caused by a flame oscillating back and forth along the free stream
(without cylinder).

CORREY, BRI LRFERNOIEN T L L &b
(CRBERZEER T 2 EmIch D B bND. Fiz,
MFEED B DI, DFE D RBERRPICR AT DR ERE 2R < 72
DHERBEIIDZ ENND. Fiz, HhEHRREEE,
Bz R A2 B Y, FERICZ 7 7469 % & Fig. 18 & Fig. 19
13D,

0.18 : : : ‘ 0.22
0.2
L [ ]
_046 .
£ 0.18
£0.14
Y 0.16
®
0.12 s 014
0.1 m - - T o012

12 14
U [m/s]
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Fig. 20 High-speed camera image of the burning solid fuel (No. 7).
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