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ABSTRACT

The purpose of the study is to establish an optimum geometry and optimum geometry factor through bond test of
a structural synthetic fiber, which fully utilizes matrix anchoring without fiber fracturing with the maximum pullout
resistance. Seven deformed structural synthetic fibers with widely different geometries were investigated and pullout
test was conducted. Included parameters are seven different types of fiber and two of mortar matrixes.

The test result shows that the crimped type structural synthetic fiber is significant improvement in the interface
toughness(pullout energy) and pullout load. The pullout test was performed with various size of crimped type
structural synthetic fiber in order to invest optimum geometry factor, In the basis of the test results, optimum

gometry factor is established such as D= b “*p*.
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Z A gle AR HAYEY 2 o2 H2E JCI SF-89] “METHOD OF TEST FOR BOND OF
¥ e FIBERS'®] 748 /1% Beszs) wgd os) A8
Aztste] $ANRE DAL

2 Al v, k=3
=® N Table 1 Physical properties of cement
21 AN E 3 digt Izlcrrlligl/egs)s Specific gravity St?;il)lty
3,488 3.15 0.08

2.1.1 AHE
BT IEUE AE(Type [)E AHE3IRLH AHE
o £4& Table 13 #th

Table 2 Physical properties of standard sand
Standard sand

Bulk 2.61

2.1.2 224 Specific gravity Bulk(SSD) 2.62
B FEA EBAE AR B BHL —Apparent o0
Table 29} 2tk Absorption 0.48
anle & F.M. 2.92

7\.9. X A1.8
2.1.3 +z=8 8 H Table 3 Properties of structural synthetic fiber™™

2 g A ARREH S ASo AQed EAL
:lloiljo e e _1«8— i ;:’; o i 3 e Property Structural synthetic fiber
Table 3% 2om, Table 47 22 B2 7Hirh Elastic modulus(kgf/cr) 35%10°
Specific gravity 0.91
214 ZH)3 Fiber length(mm) 50
B o) }\1 94 Fzu|ge jCI SF-8¢] “METHOD OF Tensile strength(kef/crt) 4500
N _ Ultimate elongation 15%
" A H 5 e /\ =]
TES£ SOR BOND (‘)EF FIE of ANE Hfes _}%O]- Water absorption 0
q 2FFY EEZEEE HESer HEZE29 v Melting temperature 175C
+ Table 59 2t} Ignition temperature 360C
Acid/Alkali resistance High
20 AlEEHd 9l A|EHE Electrical conductivity Very low
Table 4 Fibers investigated
Schematic Fiber Fiber geometry L(frr;it)h Cross section
N NAANANANAANANN F1 Crimped t 50
nmpec type 0.7mm
- - — ] F2 Twist type 50 ﬁ@
0.7mm
Pr————— F3 |Enlarged ends type| 50 @ mfﬂmm
P P — F4 Sinusoidal ends 50
type
eesee— F5 Hooked type 50
Double duoform 2n
| o e e o F6 50 Agn
type 0.70m 0.7mn
| F7 Straight type 50 W
0.7mm
- - Steel fiber
F8 (hooked type) 30 ﬂ 0.5m
TAE BEMRe xiNgaes 48 475



2.2.1 &8 N34 A

05mm ¥4 BebrE BE ABEYe] FOF U@
B, AP FHE Sold AHE AUAT F

AAE A,

2.2.2 HZAAY

£ Aol 27K E79] el disl 4 sigd 12
el HAAHE Ak AlEAzE & 08U Fof w9
Aojurale] UTMS ARS8l 05 mm/min®] AsHEEE
AdE AN Qo R(AELA) AHgellA JCT
SF-8ollAe HMAE 25 mm7HA AosigdEd ¥ 7
e diFEe 4$ Ha a5 |t 25 mmE
Heto] wil vAlFolME 5mm MRl E 10 mmt
Z2] W7A| QAR (AN E S8 ) Table
6= 718 wE EAAIAZ S el

=

e Dy

3. Alelgst ¥ ng

Table 5 Mix proportions of mortar

Type Wate;;ggment Cement-sand ratio(wt.)
1 0.50 1:1.7
(0.65 11

31 BEEfE k=T AL}

JCI SF-8¢] "METHOD OF TEST FOR BOND OF
FIBERS"Y] 714¥ 7|& EEE29] wjgdAe] ot =
ZEl29] YRS ZA3] Hsto] KS L 510600 we)
50 x 50 x 50 mme} FAAE A2ete] LR B+2C, &
T 0% A 4ATY 27 FAS A £ By
3t} 23+2 To] g2z 79, 149, BY G4 ¥ 7
7} 3704 23] wkESle] SRS S 7 ARl
Ao YT APAH= Fig. 13 2o, AE BY ¢
27159 AL type | MEL 400 kef/em” o]4e] 1AT
2 BdFon, type MHIRE ok 20 kgffe’d) BE
BAEE BT

Fig. 2 2 3% Zth 73N
crimped type©] 18l AHIZollA
W A%E YeiYh double duoform type¥} enlarged
ends type SIEA] Aol WdE FRoAe gz <l

7‘_;‘1_—1
o

Table 6 Design of experiments

Structural synthetic fibers

7 (fiber types)x2(two types of mix proportion)x2(single fiber, four fibers)»2(repeat)

Steel fiber

hooked typex2(two types of mix proportion)x2(single fiber, four fibers )x2(repeat)

Table 7 Pullout performance of fibers

Single fiber Four fiber
High strength Normal strength High strength Normal strength
Fiber - (Type 1) (Type 1) (Typel) (gype o)
i Ener Sli Ener Shi Ener li Ener
type Il’eak atp togy Failure Peak atp togy Failure Peak atp togy Peak atp 1:0gy
oad «| load +| load load
(kaf) peak | bmm | mode (kgf) peak | Hmm mode (keef) peak | 10mm (kaf) peak | 10mm
SV mm)| (kgf-mm) BV (mm) | (kgf-mm) (mm)| (kgf-mm)| “8" |(mm)| (kgf-mm)
Crimped type 17.03 1579 | 51.36 Por |1148] 53 355 p 7100 | 558 | 36851 |69.48] 593 | 434.66
(2.43) |(0.65)| (894) F |24 (142 (125 (7.63) |(1.11)| (7748) {472 (A.1) | (59.96)
Twist type 210 | 334 843 452 1525 | 11.49 p 1935 | 666 | 15651 [1963| 7.34 | 157.21
(091) |(065)| (4.88) 0.44)|(048)| (1.76) (3.52) [(1.33)] (28.25) |(4.82)](1.48)] (32.52)
Enlarged ends{ 8 |299| 2504 F 671 128 ( 2025 F 206113171 10720 |289|326] 1059
type (1.47) 1(0.72)| (7.7 (1.07)] (0.6) 6.4) (2.61) [(0.65)| (2341) [(3.68)[(044)| (23.74)
Sinusoidal | 443 | 25 15.46 P 453 | 27 15.77 P 2399|293 | 16494 |2267| 281 | 143.05
ends type (1) (0.74)| (4.15) (0.93)|(0.35)| (4.61) 4.87) (0.31)] (2341) [(5.39)](0.42)| (47.56)
Hooked type 416 | 185 | 1291 p 249 | 1.28 6.29 p 1609|238 | 11004 | 9651|227 | 5127
(0.99) [(062)| (5.28) (1.57)(0.58); (5.55) (347 (05)| (3664) ((2.39)](0.42)] (20.86)
Double 789 | 247 | 1647 F 79112681 2033 F 25361193 | 4732 |2549|2575| 59.18
duoform type | (2.65) [(0.91)] (9.29) (2.66)[(097)| (7.63) (4.48) [(0.38)| (17.05) [(4.85)[(051)] (19.56)
Stright type 1.77 | 2.34 451 P 1.74 | 2.77 473 P 465 | 2.01 2798 | 476|273 | 3363
(0.63)1(1.89)] (2.13) (069)[(1.88)] (2.18) (1.88) |(1.67)| (1654) {(1.46)[(2.76)] (13.77)
Steel fiber | 914 | 147 | 2271 F 645 | 1.6 17.55 F {414(1)47% 196 | 19496 {34.44| 187 | 140.86
(hooked type) | (2.44) |(0.41)| (6.41) (1.05)1(0.41)| (6.41) )' (0.38)] (63.14) [(6.15)|(051)] (37.42)
* P pullout F: fracture
476 sl=23e|Ests| =78 M143 45(2002)
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Fig. 1 Compressive strength of mortars
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Fig. 2 Pullout response of single fiber
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Fig. 3 Pullout response of four fibers
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Table 8 Pullout performance of crimped fibers

. . Energy Pullout Fracture
Matrix Peak load Slip at to Bmm Peak Toad | Sho at k| Poak lond | St at "
t (kef) k(mm) eak loa ip at peal eak loa ip at peal
ype g PErII | (kgf-mm) | (kgf) (mm) (kg) (mm)
High strength matrix 17.03(2.43) | 5.79(0.65) | 51.36(8.94) 16.2(1.63) 5.8(0.38) 17.59(2.85) | 5.79(0.83)
Normal strength matrix | 11.48 (2.4) 5.3(1.42) 35.5(7.25) 11.48(2.4) 5.3(1.42)

(a) Crimped

(b) Twist

(c) Enlarged ends

(e) Hooked

(f) Double duoform

Fig. 4 SEM photograph of fibers after pullout test

AR

Amm
50mm
Fig. 5 Geometry of crimped type
Table 9 Geometry of crimped type fiber
Crimped type ag A
#1 1.2 mm 6 mm
#2 1.2 mm 4 mm
#3 1.8 mm 6 mm
#4 1.8 mm 4 mm
42 HEAH 24
Crimped type Aol 84S 7] 9 Fol5 WG 3t
o F-2A| 3 ou 1 A3E Fig. 6, 7 &
Table 103} 2k, N92% Qa7 3 AR 2% o
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Fig. 6 Pullout response of crimped type four fiber Fig. 7 Pullout response of crimped type four fiber

Table 10 Pullout performance of crimped type fibers

Single fiber
High strength matrix Normal strength matrix
Peak Slip at . Energy Energy Peak Slip at . Energy Energy
load peak F;i;l(;ldrec* to dmm tol0mm load peak F?}?&g* to 5mm | to 10mm
(kgf) (mm) (kgf-mm) | kgf-mm) | (kgf) {(mm) (kgf-mm) | (kgf-mm)
#1 8.32 403 P00 %) 29.44 52.16 6.67 3.40 P(100 %) 23.90 33.00
P(40 %) . -
#2 16.91 569 F60 %) 51.53 89.24 1158 571 P(100 %) 3491 65.10
8| 1635 703 ggg 0//‘0’; 707 | 1764 | 1236 | 598 | P00 %) | 374 83.63
#4 16.77 9.96 F(100 %) 34.15 106.29 15.34 8.73 F100 %) 35.74 101.93
Four fiber
High strength matrix Normal strength matrix
Peak Slip at Energy Energy - Peak Slip Energy Energy
load peak 1o 10mm to 1omm load at peak to 10mm to 1bmm
(kgf) {mm) (kgf-mm) (kgf-mm) (kgf) (mm) (kgf-mm) (kgf-mm)
#1 36.93 433 254.91 317.26 3141 3.71 205.56 256.47
#2 63.64 5.53 346.98 384.69 70.04 6.19 421.19 495.23
#3 58.87 6.4 439.77 556.45 56.32 6.62 427.00 546.68
#4 73.34 7.26 422.69 524.04 62.08 8.61 386.51 545.83
*P : pullout, F : fracture
5.5% A ZWS Q% 012X HAET

23 QNN IR

5.1 iAto Mgy < >
50 mm
HAGHLRD)E Yehl7] st Fg 8% 22 Fig. 8 Definition of crimped type structural fiber for
crimped typeg 4 (DEA Aosiom, A#e Fol optimum geometry factor
(aO ) % ]( /1 */] H‘]H 12§ a0§1.8, 4§ /1£6 O]q‘ ;iALg!_Ao x.'o
52 SS |:|—I_—-| o—"
f(x)z%cll-Q [x1, — A <y s%) s 47Fe) 4F 5o A S 7F crimped typeol &)
A i A ol g PSR 1=
f(x)=f(x+/1) o] Fig. 84 AL H crimped type 4
TAE BaMRe| AXgMe 28 479
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Fig. 9 Interface toughness of single fiber in a high
strength matrix
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Fig. 10 Interface toughness of single fiber in a
normal strength matrix
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Fig. 11 Interface toughness of four fibers in a high
strength matrix
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