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1.1 & # #

JKIERH P+ 0 42.5 i@ iR ELKUE , A ) AR 8 AR L3R 1. Fefp B G R R R T & 7 %™ i
BT A E SI0, F B A RN Mo KGR HOEYRIAR D(4,3) 4 128 nm, FERTALR 21.6x10° m*/kg.
BB LT 2R 2 il RV LT 4, DL S 1 Rl B i S B AN ZF 4, A 7 ) AR M AR bs WL 2.
SRR R FH T 5 T BRI A S BRE ), $8 A7 YR 1K) 8% F, #52 HB JC/T 477 B vERG I f0E R 1] 3. 3 min , 2R BET
6] 8.5 min. 4 RER KBS N TR AR 2. 8 G & i 12.5% , Mo A T WK% 1. 3% . HLERER A
AR 15 mm B RBLA AN TORA.

F1 KRWEHLERE

Tab. 1 Mechanical properties of cement

KR HR/ LR A/ BRI EELEIT ]/ min PLATREE/ MPa PURIREE/ MPa
ST aem™) (miekg) KB % WO %t 3d 28 d 3d 28d
P.042.5 3.11 340 26.0 140 215 6.7 8.4 30.3 53.0
R2 HERTERINTHEMERE
Tab.2 Properties of macro synthetic and steel fibers
RS %k M K/ mm Mg HAA/ mm KAz Brhrig g/ MPa WA/ GPa
PPFI R HLE LT Y 38 1.00 38 488 5.6
PPF2 R HLE AT Y 30 0.81 37 474 6.0
SF LT 4 35 0.55 65 1250 200
1.2 B & b

FRSC FC A b L3 3. Hoh AREF IR BB N 0. 5% HLA AT AR BB BN 0. 9%  F B & KB R
N 10% (HME) s BB N KR 1 4% 563K 60% 5 /KL =K/ OKTe+FFiE 58 8 0. 44.
R3I FHEBYHESTERIRSE
Tab.3  Mix proportions of fiber reinforced shotcrete

MR, (kg -m™)

% 5 KL R/ %

K S i K4 MerE HARSSE BRBOR BB
SC-PPF1 0.44 60 419 201 1006 670 / 8(PPK1) 41.9 1.68
SC-PPF2 0.44 60 419 201 1 006 670 / 8(PPF2) 41.9 1.68
SC-SF 0.44 60 419 201 1 006 670 40 / 41.9 1.68

2 RKBHE

2.1 BHESHA

SR FE R U SRR SE BB PRI ") o 2 S P RIS A RHIELE £ BB T
L AP A KRB RS AR BEEE 3 min s I AK 8 S A B, BEHE 3 min s 040 % 4L
B B e/ ILF R A PE K BERE 3 min. 76 L AABERRT S22 IR | % JEBILIA SEPRMGE T 46 P, A i
Yo L P SRR DB GG TR0 5 SR A M P A X IR MRS MU 05525 B bR Al
T A VSR, A4 I B 30 min | K5 LA TE R ). T B I 7 450 I PG 89% |
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BER A1), — 7 T80 2% FE R P S K R A A 2 B R AR e TR, 55—y TR AT RE TS BR 8 109 38 )
IRPEZS PR RE S I K 2 AR TR AL B AR A AE 105°C R 20 BIMET 24 A X & kR #a8(1)
T
(m, =m,) = (m, —m(t))

(m, —=m,)

o W ORAXT KR (% ) sm, R 28 d bREFRI IR T () sm, IR T 2EE 5 i (g) 56 M
THEEFEI(h) sm(e) RZead ¢ BRI IR BT i (g)
2.3 THEIENR

AR SR 100 mmx 100 mmx400 mm. 228 ASTM C1609 K CECS 13 : 2009 Frif, % FHitE O [ 3hfa] i
PR IEHL, MR M. R =m0, B s

W =

x 100% (1)

B4 300 mm , AL A5 H1H4 0. 05,0. 10 %0.20 mm/min.  \SF i
HEAR BB I 1S RIE RS, A P
SRS £ I 1 B B ASTM C1609 6 E /&/ vz
AT P, AR AT Py, Py o B 4 : o
PIOO,Z,O ;ﬁﬁi‘f‘%:gj%’?% TlOO,Z,O' ;E\:EP P100,0.509P100,l40& PIOO,Z,O (2) 0.5 10 ITS/ 20
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Progs o Tt P o FHETEOBRIE S 0 50— Wi, WA Ry NPRSERORRARS MR
BEAR B 0. 5. 1.0 A 2. 0 mm B 37 O 5% 4 45 [ 2 e Fig. 1 Flrst-p.eak load, residual load dt prescribed
=T ’ deflection and flexural toughness T, ,
floo,o. 50 ’floo,l.o afloo,z.o- Tmo,z.oﬁ‘jﬁﬁ_j%g HZEAE(0 ~2.0) mm determined according to ASTM C1609
BERE DX [1] P 47 - B2 JEE b 2 0 AR T K.

3 ERAMGT®

3.1 SKENEN

TR SR AR T B K 3R L3R 4. G5 5L 3R 0 BE S TR I RE K |3 A1 TR BE A X B K i i kAt B
0 ~16 h PFFACE AP & T 0 ~24 h J 0 ~72 h BYFEAREAR  RUNEEE - N K BUR F 2R AT T 1Y)
15 2o i MR TA] AR 18], 2 20 SR DRI 41 A B B 458 AR XS B KR IL AR A [R] , 2 8 AN 4T B ) ms SR et 1, %
HIAR A TR SRR T, AT AR 1) Ms SR E 5 SR DS I £ ey P ms TR 5 1 5 ) K.

ARG LR, RINGLAEARBIBE N 0. 1% W), B A] I8 2548 5B KR ) RPTB 590 M 25 4k
BB ER 0. 6% B, B /K 1 B iis S0t A48 5, U B K R EE/NRREAR . BBt A, 7F— e R
BHAG T RN AT IR BE A TR IR T B oK A Hik.

®4 AETIREEGFELHIBIEHRE A S KE
Tab.4 Relative moisture content of FRSC after various drying durations

FAX KA %

G %

T4 0 h T4 16 h T4 24 h TFH72 h
SC-PPF1 100 97.4 97.0 95.7
SC-PPF2 100 97.4 97.0 95.9

SC-SF 100 96.9 96.5 95.0
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Fig.2 First-peak strength f; of FRSC with various relative

moisture content (loading rate 0. 05 mm/min)
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Fig.3 Residual strength change of FRSC with relative moisture content under different deflections
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Fig.6 Residual strength of fiber reinforced shotcrete with different moisture contents at various loading rates
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Influences of moisture content and loading rate on flexural toughness of
fiber reinforced shotcrete

SU An-shuang', NING Feng-wei', HAN Xu-dong®, DING Jian-tong', CAI Yue-bo'
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. Sinohydro Bureau 7 Company, Lid.
Chengdu 610081, China)

Abstract; Influences of moisture content and loading rate on flexural toughness were experimentally studied for
fiber reinforced shotcrete (FRSC) with steel fiber or macro synthetic polypropylene fiber. According to the four-
point bending test method specified in ASTM C1609 and Chinese standard CECS 13, the flexural toughness of
specimens after drying for O h, 16 h, 24 h and 72 h under conditions of (20+2)°C and (60+5)% relative
humidity was tested at a loading rate of 0. 05 mm/min. For the specimens dried for 24 h or 72 h, the flexural
toughness was tested at loading rates of 0.05 mm/min, 0.10 mm/min, and 0.20 mm/min respectively. With the
moisture content decreasing, the first-peak flexural strength decreased visibly. Brittle fracture happened to all the
saturated FRSC specimens without drying during the bending tests. However, for the non-saturated specimens after
drying for different periods, the residual flexural strength at prescribed deflections and flexural toughness 7', , ,
exhibited decreasing tendency with the decrease in the moisture content of the specimens. The first-peak flexural
strength, residual flexural strength at prescribed deflections and the flexural toughness T\, , , of FRSC increased
with the increase of loading rate. Given the same mix proportions, FRSC with higher relative water content
presented more obvious increase of the mentioned flexural properties with loading rate increasing. This may be

explained by the cohesive force caused by the Stefan effect.

Key words: fiber reinforced shotcrete ; flexural toughness; moisture content; loading rate; macro synthetic fiber



