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Abstract : This paper is aimed at studying the influence of the hand-mixed production method of non-
bleeding PC grout both on its fresh properties, including rheological characteristics such as the flow rate,
and its hardened properties, including the setting time, volume change and compressive strength. Two
case studies were conducted. In the one case, water and cement were mixed at a ratio of 21%, in the
quantity of only half standard bag of cement, and with a mixing time for not 90 but 120 seconds, for
the initial step. The remaining water was then added to the mix for the second step. In the other case, the
mixing of the full quantities of water and cement was made only in one step. In the first case, or the two-
step mixed grout, the flow rate and the pot life of the PC grout were improved as compared to the second

case. On the other hand, no changes were observed for the hardened properties between the two cases.
Key words : PC grout, Mix method, Flow rate, Pot life

1. [FC®HIC

T, PCZ 70 FOREARIZEY, PCTT7 T FEHEAT LIEFNPRESNTND, PCZT T R
DFREARRIL, PCZT7 7 MO LITER LIEREARICEDZERH D20VMNIT Y —F 4 ZKOIERIC
PEDZER7R LI K> THRAEL, ZEROBIRCAE T 2 HATIE—RRTIER W, S 61T, ZEBERIZIXPCH
MUFELTWDIEERHY, ERICH LTI U MESERICKET H7-0120E, JPRHI XD T
REA/ NSV, TROBEMEREE N/ NS WPCT T 7 M EEAT LR MEINEN R <, HEE T~ T
HEERM ET 200 EHEIND, KIS, PCZ T Y MEEATLETIE, ZERIEHICR L THEAT L&
WY, MOEANT DEITENB L NGE, EAGTTOBERZICET HRENELS RV, PCZ/7 T b
OFfERF 2B 2ENEL D, TDORD, PC/ 70 FOAERMBIOEAREZEEL T, K
BOPCTZ U MEBET L0 K0, 1RV R EDVEMVICTITR D FRBENEEZOND,
F72, PC/ T U FORMERZERE T2 Z &N TENE, BER Yy TFHEDRITEX D0, IR
FHTHD, LeN->T, BIEALETERASNLPCZ 7Y M, BEMENARL, AMERFRAEVD
OBREUTHDHEBZ, HREHECL>TINLOHEREGLNRVDRETT & & LTz,
T, aryr—boREREE LT, BRBEKESEERAL, TV —FT 0 7 ENEHTHX T
WXV TIRRERBIE SN TS, F TV XU 7T, MHREKE —KRKB X Ok
FLCTHA, BREEZITI O THD, —KFEIRTICL > T A2 MR OEFmS —HRICHIREK
EREL, ZIRBREEIC K o TE AV MRLFRRIEF TH —I20#T 522 & T, B XA MRLFOHEKIE
FERHIML, BEAY FN—2 hELVEELLSE, TV =T 4 V72 RS 20RE26TDHHDT
bV, L LS, 207V =T 4 T EKRT D FIECONWT, ST V—=T 4 TEAT
DOPCZZ w7 MK L CEM L7z & & O RESCHMIRE HIEO B AN L7251 EH E 0 20,
FR U7 REBEZTAMRETIE, 2TV =T 47X A7TDOPCT T U FOFIREHFIEIZON
T, KEDHEILTHVIEES L x0KOEE, MEETE, MIBEREZ2 EOMBEEFENR 7Ly v a
PERIC KA THELFM L7, 72, HFIL TRV IEE 2 HIETHESINTZPCT 7 U N OSSR,
BEEL, 7V —T 17, W{bREER X O b A A4 2B RGO RG22 7=,

- 327 -

G



€

b8

FLVAMLA Ty Y= LHEE H260 Y 2V RY Y Am s (2017410H)

2. EBHE

2. 1 EAMEEPCT S FDERE
EHAMELE LT, PCZT D MITIRD ) T V=T 4 T EZATOT VI v 7 Ak (LR, CEM
T) AL, £, EROFEICIY —HOMFHIT, AL MEbiEF OB BHED A A0 %
FEERPNICEE(L L, BEREE A A L 2 DIERE &2 RO IRFbS (BLF, c1liﬁé:%?“) # fif
L7ehy, AR CIlIRE BT 2B LM L T\ b 720, CIEEMIC SRR L7220,
PC/ 70 hDOELAE LT, KEKBE (CBIUCIEEHM, uleﬁﬁd%ﬁ@@ﬁémﬁf%a
BRFHCBWTIE, BA2K60EE (BT, WPERT) , SBISh—kKkE LOZRKOEIE, #
BERE (LT, #EEHT) BIOWIRERE CTITo 72729, &AW T2 M B it 5,
728, ClEEMITCIZR L TEEH10%Z @ L7,
2. 2 WEEAHE

AREFTIE, 20°C, RH60%EBEEE T CRE L7-#
BE2& FHWC, 20°C, RHB0%EREE F CRERE R L
ARE LT o7z, PC7 T U FOMIREL, ~v K ¥
XY I K DBURE A FTERFRITT R o 72, ek »
DOPCT 7 v b OIRE L (LLF, SIEEHT) | "
KB LOMEE TORMBICEA LMY IEE D Kk
Thd, £z, SEEIFEE—1IIRTIFF—0F
(TR - £94000cn?, EEA1300rom, BT, 66K
XY=L ZAVCTHVIEEZ, T,
BEKEGEL CTHEART L HE (LT, WEEH
T) X, K (BLF, WIERRT) BT AT
DR Z A LT —REIEE 2 T € R 7220,
ZD% WK (LT, WREHT) ZiEAKL TR
HREZMERMITZ) bOTH D, oB, —K
FRIEERFOPCT T 7 MIARW/P & 72 5 T2 kLMD &
VIRTEICH Y, HERI XY —THIVIBE D Z &
REECTHH-7=, TDO=D, BE— 2II/-T KA
D/NS W FH—N] (RiEFE : £1000cm®, [E
£ 200mm, [EIHE%C : 300rpm, VAR, —WHIFH
—) ZFEMAL, —KBREETo7=, D%, —
WHHRE IR I =L 0iThotz, 22T,
—RBIREHROPCT 7Y NEBHE— 3R 7, 72
¥, WBROEHIE B OFEMEILIPIE IR T REf T3
Fo~6F0, AMERERMIZ1205 0L % BEEE & L=,

3. FHREKEDELEKT Z3RDREE
SiER X OWEICk T 5, JPisFi FREM (LLF,
PR EFRT) OfERER— 1177, BAS
1%, W/P=36%, W1/P=21% & L, CLEEMEEL &
Lz, 7, MIBESMEE LT, MY &iT14
(C=25kg) #RV & L, FRIEEFRFMIIWET KMV 90s, KMV I0sE L, SETI0sE LT,

- 328 -



TLVANVA NIy 7Y — ML $260 Y VRI Y A5CE (20174108 )

B—1XY, SikLiE L TWED T A#iEEE 16

=0—S5-36%

4

HOW TN o7, SIS, RIS g B o
I L THEO S BRI 2 RO RS, 3, /
ARSI AR ST D = kR b T, e /
wic, HREEHROKFHREZFARE: LE /
X0, W FRRENELOMKEZE—2107F, 5 ° ¥
FLO%PEE LC, SIEIRN/P=36%, ClEEMmELE & 6 [

L. WHEIEW/P=34.5%, W1/P=21%, Cl[EEH ML 4 ﬁ:}{_ﬁ:’/
& LT, £, MRIRBESRMEL LT, B0 EIT14E, 2 T

TR R IWE T— WD 90s, —RFE DV I0s & L, 0 3O’I kgo~ OD%%QHH%I%%% §50
; A s Bl H, i
SIETIsE Li-, M—2 L0, MBEEEOWE T RS ORDEEE min

180

BERIESEER L UWE S HICHKI4.5sTH DA, 12045 K—1 S;E&EWEDORTHE WP —5E)

PP TILSTEMNS. 8siTx L CTWiEA5. 2s & =0 A4

Cia, 7 0% ORBCHVER FHMOFRED [ s

PEASMER S B BA %% LT, 1T Ao w-34.5%
M—1BL0R— 208 E10, WEZEMAT2 ©12 /
LHRBEASERL 25 T L, THEMAEESAS 10
Cimbhok, JHUE, HREAESELTHE B / A
BETLZZLICE-T, AV MR —FRIZIENT, ﬂf . /ﬁ{

S5 2 BY, 20T, &AL kOBKER “4@=4p=@—4F4$:4f'
DEMT D2 L7, AL MNEEKRONIRIZ
ZOWAUKIBR SN, Wt oRsIcE sy 2 T T T T T T T
Br— 2 RROHEEKBREES R, ZOXS B SEKAND DA BESR (min)

SR B LR SND, -2 FTEE (5 TR —T)
4. BRESEOBE hy Py
41 — BB ORE 43 Ed
ORI % O W FREIAS b > & b < 2 B W1 542\\ <
BWET DD, WEWVROEEEE X, &KiFER ﬂi“-l N //(

W1/P&UGE LTz, BRA%REEE LT, WPHES5%, C1 j2 o X

B

3.9
EEMA D &L, WI/PIE19%, 20%, 21%, 22%, o g

<

2%, MHBLUB0%E LI, £, HREEE 537

LT, b EIXE (C=12.5kg, Cl[EEM 3.6

1. 4kg) Y, SEIRAEEERIIL — i 0 90s, YR 3.5

D90s& L7, W1/P (%)
— IR EZ OB TR &EWL/P & OEIfR K—3 WixMD W1/P & TR

oY, ZALED, i FRERIEWL/P2321% T/l

&7, 21% &I TR 2SR < 7R A 278 Lic, ZOBEBITH L2 TIERWA, #MiEEKD
SYEIRRY ZRIEICTH LT, EAY PRANEET TR o8B 2 RELRY, EA O

BHEDIR Y DdES L, bo L biftke LTHEE LT K Rolelcdb e B b D,
4. 2 BEEEDRE

WL TAT O BROBRIEE B30 PR FEIC RSB A5l L7z, BEaRIFL LT, W/P=35%, W1/P=

- 329 -

19 20 21 22 23 24 25 26 27 28 29 30

G



(F&3)

FVAMNVA Ty 7Y —FLEE 5260 YR 7 A4 (20174E10H)

P==3 . (\ N > A2 8 ] ;
21%, Clmﬁ“ﬁ@ &L, RESRMELE LT, R =&
D BT 48D (C=25. 0kg, Cl[EER2.8kg) & 2 L A we3sw%-ciE - a8

AT Y (C=12. 5kg, CIETEH 1. 4kg) & L,

SRAEIE I 3 UM Y 90s, iV 00s & L7, - 4/p/<://A

i
B— 4y RARLS LS OWTHRAOEE s
in
LE

AT, Ik, @Y oGhs, METEE
DO FHEIZ4. 5s TH o 722, PR/ DA,
HUREEZOW FRIEIEN4.0s& 720, B0 &N
Wil e n N mEME A SGE L, £72, it P 2

DRI AL TR R 0 DS < A, AT A OEEER M
REFI AR < 72 M Td o 72, MR T IEIXR— H—4 #Y8&snTHREADEE
YL, #0REELSEREINGORMEND, i

IV —OMIREMERICK LT, M &Bodin 5 4 /}\
ﬁﬁi@ﬂ*ﬁ%ﬁ#é:kﬁﬁ%f%otk@,gsg 1\
TS BN BT L B2 DhD, E s d \K

4. 3 WEEHBEORE S 37 q —

— U D 5 VI TR E R O MR TR g 3 N

B RIS R T B A L, AR T L o

& LT, WP=35%, W1/P=21%, ClEEMA Y & L 33 )
fo. MREAMEE LT, 0 BIEREY (= 32 e

. . 120 150 90 120 150 |<«=®xi#&Y

12. 5k, CLEEHM 1. 4kg) , BRI Uik v

#90sd 5\ E120s, "KMV £90s, 120sd 5\ %0 120 C R
12150s & Lz, B-5 RN SR EEOR TrE
— 5T —WM Y F LI O R REH] 120s-90s [+ 120s-120s

L RIREE % O TR & OB AR Y. SRk ~0O~1205-150s = 905-120s

0, — UMD DRERT2390s 1 12050 5 23 T R g L0

PDINSLK gD Z el bhole, Fiz, RO O 8 / A
WL RSB A B A R S AT, — B 5 /

Wbk ) DEIOREIL, —UHREERERT B /L7
H5ZET, BAYMRFERRICHENSEDZ L QS

WTE, BEAY MRFOSBIERR ELZ/ERT 7y

b LHBREND, 3§" 1

B — 6 10— 0 35 & O i 0 o B R 0 120

30 60 0
SEKAND DEEBES (min)
L TR ORI O B AT, L, BRI

— KM OFFEA120s DB, AMERFHME R S M—6 #HECLHREERTHEORIKFEEL
NDHZENHRTE, RS ORHAZZE LT

HEBEORMERHM CTh o/, TNAHIZEY, —RMY ORZREETHZ & T, BA L MF
RRICIRN S D Z N TELMER, B A MEEEPWHR L7 B KRB REINEDRFHICE 5 LTz
LOLEZLND,

WIZ, SIELWEOHMIBEERM AR —ICLzd &0, i PRI RIETEEZ TN L2, B SE,
W/P=36%, CIEEMMEL & L, WI/PEWIEIE21%, SIEIF36% (T72bbh, ZWAKIF0%) & L7, MR
WHREE LT, M0 EIT1EEY  (C=25. 0kg) , MIEERFHIIWET—FD 90s, “KHDV9I0s & L,

- 330 -



TLVANVA NIy 7Y — ML $260 Y VRI Y A5CE (20174108 )

SIETI0sd H W ME180s & L7z, B— 7 ICSIEB LW —0—W(905+90s) —C—5(90s) ——S(180s)
WEOHIESIER O AT A & LiL X OR T 7 T
MaRT, ChXy, BREEESON FREREE 8 P

B L USHE(180s) TRBE Th o722, AT o ° Jo
WEOH AL SeoTe, RESECONT, WIRE B 711/

WA 180s £ < LI LO0sORBE LT B 5, | o

L, SRERMAERT S LT, MRTEED K,
WEFRERIAN S < 2 B Tdoo 28, WHERFE 35
HRARECh ol NOORKEND, HIRER 3

a2 ELT A2 LT, MEMENSKEINAMERAT 0 30 60 90 120 150 180 210 240 270 300

v e e SEKDS DR @ EER (min)
Hol=DlX, BA L MRIF EHIBEEARN IV —

IZiEN, BA Y MRFRSB LT Aol H—7 SEEEMZER—ICL-LE05 TR
LEZLND, —HT, WIBERHMEZR—L LS

EOFEREIE R SR, WECTIIATERESER ShOMBEThoZ &iE, SIELV BWEDK
NOEILTHIBE 21T/ 9 28T, BAY MFE2Y—ICHOBESELDERH Y, FERE LTHEK
WS DAL MRFREL Y, REEOREEELZ R S bo LR sns,

5. MBEKENEEKT 2BEEAENEEYMHEICRIZTEE

WEN S TR RIZ TR B A SIE L i LT, BLASRME, W/P=36%, CIEEMBEmEL & L, —&kK
AL ZWEIT21%, STEIX36% & LTz, MIBESMEE LT, M0 EIX148EH Y (C=25.0kg) & L, #iE
WIRFHENIIWE T—RFRD 90s, “IRFEV 9I0s& L, SIETI0sE L,

5. 1 SHiEtEH

VEREIC 52 DB AT NI 5720, JIS A LHATICHERL L, WEDH HUVIISIEIC X » THIBET-PCY T
U MZOWTHBREIT o 70, BEEEREZR— 1R, LD, EEREICE 2 DHIRE HIEOR
BII/p N L ERER LT,

5. 2 MEERBICLIABELELIVIT—Ta0HH

SNEE B (JSCE-F 535) #WiERB L USIEICHOWTITY, BEZbB LT ) —F 4 v ZDOFRAEIC
OWTHH L7z, RBEREZR— 2187, ZhE Y, BREZLIISIEBLOWEEL LICHERETHY,
TV =T 4 U TIEWE EBRAE LR T,

5. 3 [EMERES K UVFHEMERS

JEMEIREE 36 L ORI &2 3T~ 5 728, ¢ 50 X 100mmoD [IFERERA Z (ERL U 7=, a3t #h2s
H & CT20°CEREE F CEMRBAZITV, TNENORBA~E L7, JEMEAITIIS A 110812 L, &
BEEARETITS A 1T49IZYERL L TIT 72 o 72, JEMESRE I L O MR ORE R 2R — 3127, Zh
\ZE D, JEMEREE R X O ELR S & BICFRREE TH Y, BRE/KE 9EIEAKT 2 BIRE HIESHL
PERIC FAE TN I 2 L B rERd Lz,

F— 1 BEEEERS x—2 HhEERR
SEFERERE (h—min) NEERER
1BF el ABLELRERW) | T)—T129 F(%)
W% 6-45 7-45 Wik 0.40 0
Si& 6-55 7-45 Si& 0.47 0

-331 -

G



(&) FVAMNVA Ty 7Y —FLEE 5260 YR 7 A4 (20174E10H)

=— 3 [EHEHRES & UEHEMERE x—4 BIEMAAUEZBERS
EfERE | SEEREK [ Bl AA BB RS
(N/mm?) (kN/mm?) (mm)
Wik 105 38.8 Wik 5.9
Sk 101 39.1 Si& 6.4

5. 4 BiEYAAUERBEERE

WAL A A BB AT 5729, ¢ 50X 100mnd FAEEERA ORI 23 % m & L=, 20CH
BE T CEHBER A A28 B £ TITWIBA L, NaCl10%i FE O /KEIRIZIRIE Lz, RIE3 D H %Ik
ZEIZL, 0. INFHERER/KIRIK ZHIZmIZHERE L, AL LZEIORE S OWES ZHJE L,
WAL A AV IRBERIOERER— 4T T, ZNED, WEOHFNSIELVRBERID/NINHOOD,
FREOMHTH Y, BIREKEDEEKT DHIRE FIENEY A 4 2B IKPINEIC RT3 RN
RN L E R LT,

6. £&H

AKWGETIX, /7 V=T 4T XA TDOPCT T U My R F0—CHIEERET 5 5150,

PCT T RDT7 Ly v athikd D VIR EERIC RIE T EE R L, RED &Lk R % L

TIZRT,

(1) FRIBEAKZSE L TEABLOCHIBEEZITVWPCY T 7 s 28ET 254, PCY T 7k OFEIMEA
B2y, AMERFRALEE T ABEm AR LT, UL, B UWPEME, &2 WIEBIEEEZORT
R 2 2 72 A Ic B D CHL RS R 2B b T,

(2) FHREKZ % L THRABIOBIEEZITWPCY 7 7 b2 BS54, — RBURER &k,
ML Blh, Ny RIFH—DP ORI XN 2 @MUK ET HLERH D,

(3) MWIREKZSEIL TEAB IOMIBEEZITWVWPCY T 7 F28ET 2858, —RKBIELA221% &
THZ L, MIBEEEZUSHY MOS0~ $52 8, —RBUREREZ90sH 5 1205~
ERTHZEIZE-T, PC/T7 U Mol atiE L, AMERMSIER IS Z EnbhoT,
¥, ZIRMUREREE O BT ClE R h o T,

(4) FRIBEAKZSE L TBABLOHIBEE 21T 72PC/ 5 7 ML, #URE/KEZ —IEEAK L THIEES
FIEOPCT Z U b LIl LT, BEREREM, bR, 7V —F 4 U7, EMERE, R
Bk L O A A BEEFECB W CRBRETH S Z L 2R LT,

SEXM

D) HER—, EHER: 7Ly vat AL PR NOXTAIF TR, BARESRIE,
Vol. 396, V-9, pp.135-142, 1988.8

2) BRATLSE, MRS, SIS ALFRMAZEMLIZE AL PR=A FOXT VI F T THR,
TARFPREDNTHE BB ZAE, V249, pp.497-498, 2008.9

-332 -



