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Abstract: In order to study the effects of diff bers (steel fiber (SF), macro polypropylene fiber

and micro polypropylene fiber (Micro-P permeability of fractured concrete under loading,
est. The effects of different fibers on the crack widt tortuosity af-

(50—200 pm) were introduced by splk
ter unloading were compared. nce of different fiber types, dosage and hybrid m 8n the permeability
of concrete with different cr under load was analyzed by using the pcrmcabili@ setup. It is found that
the permeability decrease@& 7% , if the steel fiber content increases from 25 ip to 55 kg/m’. Compared
with single-doped SF, the hybrid use of SF and macro-PP fibers indicates clﬁtlve composite effect on the per-

h SF, micro-PP fiber and the combi-

meability; It has little change in permeability of cracked concrete reinfor
nation of both fibers. The investigation demonstrates that the mi ers show low effect on restriction of the
structural crack and the permeability. Steel fibers and macro- %} ¥ restrictes the expansion of cracks effectively,
increases the tortuosity of crack surface greatly, and reduceg%e ermeability of cracked concrete greatly.
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Table 1 Perf e parameters of steel fiber(SF) (\(\% S
Fiber Type Form L ength/ W\n?eter/ Ratio E‘lastic modulus/ Tensile stren N Number/
GPa MPa (@) kg
SF RC-65/35 Hook 33f\00\3 0. 65 200 >1 179\0 14 500
@\/
xr2 @@iﬁéﬁ (Macro-PP) 7 38 T8 1% 45 £F 4 (Micro-PP) S 5
Table 2 Performance parameters of macro(Macro-PP) and micro Wn ne fiber (Micro-PP)

Fiber Type Tensile strength/MPa Elastic modulus/GPa Cm}\@o}n/ % Length/mm Diameter/mm

SP(Micro-PP) WK-2 =500 >3.9 6—19 —

LP(Macro-PP) WK-8 =450 >5 &(&30 30—250 0.4—1

\g M)
*3 iﬁiﬁiiﬁtﬁﬁﬂ@‘% HLIEEE
Table 3 Mix proportion al essive strength of concrete
Specimen Ccmcnt/‘ Water/ ’ Sand/ ’ \v)\%ilica fumc/ Plasticizg‘ SF/ ’ WK-8/ , WK-2/ Strength/
(kgem %) (kgem *) (kgem *) ( m %) (kgem ®) (kgem *) (kgem %) (kgem ?) (kg*m *) MPa

Plain concrete 473.8 221.2 829.5 826. 5 39.5 5.57 0 0 0 61.7
SF25/concrete 465. 8 220.9 818.7 818.7 31.4 5.71 25 0 0 70. 3
SF35/concrete 465. 8 217.9 815. 1 815. 1 38.3 5.49 35 0 0 73.0
SF55/concrete 460. 8 218 808. 1 808. 1 35.9 5. 64 55 0 0 65. 7
SFO-1.P4/concrete 473.8 221.2 827.5 827.5 38.8 5.7 0 4 0 62.3
SFO-LP4-SP1/concrete 471.8 223.2 827.5 827.5 36. 8 5.77 0 4 1 64.0
SF25-LP4/concrete 467.9 219.8 818. 7 818.7 37.5 5. 60 25 4 0 60. 4
SF25-SP1/concrete 467.7 220.0 818.7 818.7 37.3 5.62 25 0 1 62.0
SF35-LP4/concrete 465.9 218.8 815.1 815.1 37.2 5. 60 35 4 0 58. 4
SF35-LP4-SP1/concrete 465. 9 218.8 815.1 815.1 37.3 5.59 35 4 1 69.0
SF55-SP1/concrete 461. 8 217 808. 1 808. 1 36.9 5. 54 55 0 1 56.1
SF55-L.P4-SP1/concrete 461. 8 217 808. 1 808. 1 36.9 5. 54 55 4 1 55. 8
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Fig. 2 Permeability test setup under loading

CBRREAR G OKFEWBERE INEE RN 0. 05 mm/min, R
FAERTfEm Ny SEIRBIPUE 5K S R g 0 ok — Bem (el Y K
SR k2 #4350 100 pmy 150 pm, 200 pm

1.3 REHZE B FE T S R i 1o 35 PG A R AT R E T
BFRA TR\ 000 KN TR ML IBL. R IR QOIORE 958 R A
FAL B 45 ) MR 0. 05 mm/min, fFIRFRTG b= o) D
v H

AR REIiES A& E 2 4 LVDT (Linear variable

differential transformer) . M 1 fis. @: ke RBEFREG Q A AL R N K I & (m®/
RS B 2N Ad, Bl A “,@ s L IR (m) s A 9B i A (m? )5 AH K

Adione = Brvor, 1+ Ao, 2 + Advr = Ay, 5+ 'p KALZE (m) ©

B Dy = (Adgen + Ade) /2 ( k\}‘ aps 2 ERE4H @o

&) H 5 AR JE R0 AR S AR T 4 AL ?%j FEHRE 2.1 BEmtEzRn @

%458 5 FE (COD, Crack@@d} placement) , Kl 3 IR+ itk L@O@%o

F T PR D L 2 . W COD 4 5 B £ B SRR R T 1 LVDT 4
S5 M 50 um 100 . NS0 pm, 200 . EBE @i g 2 ORGD {1 B AR B K (1
U0 i 8 rh 4 Ik B B T B AF SR HI A e Ak %%}%Uﬁ%Ti%&xﬁﬂ;@ﬁ%

SRR K A SRR, XENSATH g ﬁjj FIGEPE B2 0 . WLEL 3 () A
BB E AT SRR BE o)
REOKREA, BER TAREMREEBEN ) N . 55 ke/m* 1 SF/ R+ b BR 2 J1 403
TEOLCE 2) . KR . FTHKEE 0.2 M—"%— 20 % Fe AT ELWE BRI 2 ph e ek T B 2 Sy ) 4

Inlet @ W3R i 3(b) 548 4 kg/m® 1Y Macro-PP/ iR
| B R RS 0% £ WA 3 (o) 5
3Ca) %L UE A 5 .48 SF M. SF Al Macro-PP %
LVDT2 5@“ T 6 K 2 R R 2 g A P B RS K s TR A I
i 3(D LA H Micro-PP o TR 5 + 4 ¥ . B B &
<\ BIBWA K,
LvoT3 T S 5E BRI 4T 4 % T BRSBTS 1
; R, 4 0 0 T S T 2 A R IR AR 0
Outlet o 5 8 LREE R 0 = w, /w, (w,—HI 11T 4 4% 58
B 1 LVDT s A s 2 B o, — 18R G S8R T8 ) . AT 5 2 4R LR

Fig. 1 Device diagram of LVDT COD {E E(J It {E ) }i y& T z—‘l: gﬁ; j(j‘ % gj’é‘ f,—g };1-7‘ E(J ‘Vj(‘ E .



* 494 -

EAMBENR

105 | (@) Steel fiber

90
SF35/concrete SF55/concrete

751

2 offfT

k= Plain concrete

S 45
30 SF25/concrete
15
0 50 100 150 200 250 300 350

Mean diameter variation D _/um

90 | (¢) Hybrid macro-PP fiber and SF
75t
60

z SF26-LP4/concrete

=

3 45

=}

a
30 1 SF35-LP4/concrete
15

0 50 100 150 200 250

Mean diameter variation D /um

e 24 8% L R AR
R 4 Fron. mE 4 AT LE . 24 20 4% 50 i
/INF 250 pm B, REELLE o BEE SF 1B &8 RN
MG /N, AR, 28 KT 250 pm B, 2
BERR, SFEME B HREAS: B 4(b) AT LLE

i, fHE#BE SF T, B Macro-PP 1 p AL TF 4\
M35 SF X 14, B8] Macro-PP XK 5 2L 58 47 ,6

WAER .

SF55-LP4 /iR #E + 5 SF55-LP4-SP1/iR #E +%F
& B, Micro-PP 148 AXS o W AR, 3X 0
FIREE+TF 25, RL4% (8] 1 21 4 M 2 4 4, B il 2
BT RS TE . M 2 2448 (0 4F 4 5 B iR 7= A2 1
B, WMAEAREY , MEIEE KA A 5 bR i 2 g
TEREIRAE . B, RN agERE, fEH
FEH

Hubert % 25 5B 3 24 4% 1) il 47 2 %12 3% M 1Y)
S, Bear ™ BT SLIR BE + 9518 2B #sE Mo
FER R 5 R L s SR AR 4 XTI EE - R AT S

3\@%7@@%3’:%&4&@@%%?}& B3 Wil

fiber on loading-diameter variation curves of the concrete

90
(b) Macro-PP fiber

75

LP4/concrete
60

Plain concrete

45

Load/kN

30

15

0 50 100 150 200

Mean diameter variation D /um

105

| (d) Effcct of micro-PP fiber
90 SF35-LP4/concrete

75

60

Load/kN

45 _ SF35-LP4-SP1/concrete
30

15

0 20 40 60 80 100 120 140 160

Mean diameter variation D /um

e

Lture o
.

-7

P4 SR AR T W ES S 5 A TPP 8, 15
we MU RE &, 2448 58 COD 232200 pm
. AT L 4, WTUAE . 7EB R 55 ke/m® LU
WELIE SF B, B, iy e R, Ml
55 kg/m’ B, i TR BE A il AT G 33005 U
W1 SE Tl 47 B2 (9 52 ma ALk, 4% il 3 B £ B4
R 4 K., 4 SF 5 Macro-PP iR 240, 54
M4 SF A L. i3 A B 48, SF35-LP4/IR
&1t SF35/1H BE + i 7 B $E = 620 247, SF25-
LP4/IREE+ e SF25 /1R Bk - ih T B3 & 590 &2 40,
U] Macro-PP Xf it E R a4 Wl . X SF 5
Micro-PP {40}, Mi¥TE ¢ 5B H R B =N SF
mh YT EEAR LA AN B 5 BB Micro-PP Xt 24 4% iy
PrEEFE A K



=

T T, 5 PERIREE L AT L WA B i R © 495 -
e [ P T/ P 55 ke/m’ IR EE £ 58 BB R 25 ke/m’
oo ~= SF2Sjeanoree 135 ka/m' (038 FHOMMIBEE 9726001 64% 5 e

- ///‘\/ COD 200 pm i}, SF 454 W 55 ke/m’ 431 It
= 0 25 kg/m’ Al 35 ke/m' 05 & R A4 H B M6
s ot 95.7% 1 62.8% 5 % COD/NF 50 pm Y, SF i
% el LB RHHE COD AR K, (R H 1 4.
SR 5 <<COD<C100 pm W}, %% R B0 #i# 5

0T &m<COD<3OO pm B, 35 R BOR
TS0 0 150 200 250 300 ©©O¥I COD>300 um iy, B ERBHEAAL

oD uder Ioadinglin » AT . W% SF B R EBM. B B
80 [ (b) Fiybrid PP Hbor and SF WA, Tt 5 AT B8 eh T 27 ZE i 45 A0S 0 228 5% W T 4
ol Y. A 5CD) AT i 76 COD 2% 100 um i

: SF25-LP4/1R#E + . SF35/iR #E 1 il SF35-LP4/iR
9 // LI SF25/?%%@5§%§M}%M%% 71.9%.
£ sof —a— SF55/concrete 88.0% I 93. 8% COD H 150 pm B}, SF25-
g ol T opaamase LP4/ {5+ /iR ¥+ A SF35-LP4 /IR §E + It

. SF25/IREEEINE 15 2803 I FEAR 90. 826, 91. 6%

30r "\ 197 O £ COD & 200 pm B} SF25-1.P4 /7R %t

N ())SF35 /1 1 FI SF35-LP4 /i + [ SF25/1f
s et £ R B AT T 79.2% . 91. 8% A

QFUI@ 88. 7% SF25-LP4 /iR &E 1tk SF25/1R @tﬁ:@%

M SRR AR C& EVE/N . SF35-LP4 /IR SE 1 e SFag S BET: 15 35 1

R ——" i RS TR AR 7.

o% i /NB B s B 5 (o) BRI 4B SF AL,

2.2 RELEBELIN ° Micro-PP 45 SF ‘755‘%%151 COD W25 2 5K

A TR BE +.38 1515 48 ). R R AR
RYRAR B oK B DR E R K5
AR LT HERZE | 15 8 R BE 1 A A [ 98 5 R 198
BREE COD KR,

H1 5 Ca) TR fif A T IR BE 8 8 R Kb
& SF B i 3G i g/ s R4 il BEBOR . oK

Tk 4 B AT Y 7R IR 7R COD iy 150 pm B

F4 BEEE 'ﬁu@

BATA A, Ui "(6)%" b-PP % FF 2R #F 1+ 1918 B
PR ALK, FTE 5Ca) . B 5(b) ALk, Micro-

pp%@€§ﬁmiﬁw%@ﬁﬁ%wmmﬁo

3 %@L
(&XE%%ﬁﬁﬂ%ﬁﬁﬁ%%mt,ﬂﬁﬁﬁﬁ
. BRI LTI L 7 I 0 P 9

BT 4R R T I E

Table 4 Crack tortuosity of fiber reinforcement concrete with 200 pm of COD

Length Ly /mm

Length L. /mm Tortuosity &

Specimen Crack width/pm

Plain concrete 150
SF25/concrete 200 140.
SF35/concrete 200 149.
SF55/concrete 200 138.
SFO-1L.P4/concrete 200 137.
LP4-SP1/concrete 200 144.
SF25-LP4/concrete 200 146.
SF25-SP1/concrete 200 147.
SF35-1.P4/concrete 200 143.
SF35-LP4-SP1/concrete 200 147.

214
530
584
440
759
311
215
145
215

188. 551 1. 257
183. 400 1. 308
210. 987 1. 411
232.128 1. 675
175.098 1. 274
183. 554 1. 268
200. 592 1. 371
186. 080 1. 264
212. 857 1. 487
222.736 1.513
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Fig.5 Effect of fibers on permeability coefficient of concrete
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