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Flexural Fatigue Behavior of High Performance Fiber
Reinforced Cement Mortar
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Abstract

A laboratory investigation was conducted to characterize the flexural fatigue behavior of high
performance fiber reinforced cement mortar. Five specimens for statics flexural test and fourteen specimens
for the flexural fatigue test were made based on the fiber mixing ratio. Static flexural tests were firstly
performed to obtain magnitudes of static failure loads and stress levels before flexural fatigue tests. The
flexural fatigue behaviors were investigated based on the stress level and fiber mixing ratio. Also, the
equations for the interrelation of the flexural fatigue stress levels with the number at loading cycle were
proposed.

key words : Fiber reinforced cement; Flexural fatigue; Fatigue crack; Fiber mixing ratio
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AFEZ AMEE 1970d8E 133
ATEHT glon 1990t &4t ECC (Engineered
cementitious composites) 2FE FH9 2 2%
o3 ARE BT SlolrE Hi B AWET}
A vFetA A7 AH T 9l (Matsumoto and
Li, 1999 ; Tepfers, 1979).

IJIGHFR AMER 2 (High Performance
Fiber Reinforced Cement Mortar, ©]3} HPFRCM)
= ETESHA viX | R FYo) dAE Hel A
7}2-&¥ (Bridge Stress)-& wste], FQ9] wax
Ae JAZA = o)z 013}1 1) A< (Multiple
Crack) o] O Ao & U &5 5L 2
55 3= /‘\JXHE'-.O]E]-(Naaman and Reinhardt,
1996 ; Glucklich, 1962).

o]213k HPFRCMS] £4¢] ulAl#d 34 2 Wy
3 542 A% 2 AR 2o 3t =& vy
E 549& 7 Aoz 7lddth. 28282 HPFRCM

o] JFoh} WHEEFTE W= 1Y 59 gL FRE
o A&He= A9, ¢ S8 Rz E4L 1
d 7FsAdol Ak FUY Afolx FTRE Q)
ol AlAe] HB Aol AMEE B ukE s
g F2EC g2AF B3 B ZrkEtm Q)
o ZEv, R 24 9 HPFRCMe dis vz
49 A= WS "RAF Aoy AP AT A

ZHAQA A7 Al gl AAolrh(Shah and
winter, 1966 ; Romualdi and Batson, 1963 ;
Victo and Li, 2002 ; Fukuyama %, 2000).
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2.1 HPFRCM AlSlH A=

2 A¥ele Z2H AZRE 98t 2TARA A
AEE ¥F 3.159) 15 REXEWSAIWE, E3}4)
= HIF 2.129] B4 Zelolof A2 AMgERgith

FE2AZAME vF 2.64, BEYA 0.2mme] FAF
S ARt (Table 1) &&= vlo]a2 HazA
o] 12.0mm, 37 39me PVA (Polyvinyl alcohol
fiber), ¢} 15.0mm, &R 12m9)
PE (Polyethylene fiber) 457} 2z} A}%Elaiﬂ} Ll
A2 Afre 32.0mm, AZ 200m, 5349 SC
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(Steel cord) & ©]&313th (Table 2, Fig. 1)

2 A AMgE mlE"g A wi3te EATAu=
40%, ZetolofA] A& 20%, R2E {3 gt
A LAuE 15%2 ARk vA] 89
AN TS 8 WeAgE2AA SHAZS Gy
ol digte] FFu| 2 0.25% H7FeFITh (Table 3)

Table 1. Physical nature of Cement

. Compressive
Ignition

cement Specific | Fineness | COAEUIation | -y oo Strength
Gravity | {crf/g) Rate (MPa)
Tnitial | Final| | 3| 7 | 28
Normal

Portland | 3.15 3,630 |3:35|5:35| 0.97 [227|29.8|38.8

Cement

Table 2. Physical nature of Fiber

Tensile Elongation

. () Strength Rate
Gravity | (mm) L (MPa) (%)

Specific | Length | Diameter -
Characteristic

Fiber

sC 7.84 32.0 200.0 2,600 5stranded wire
PVA | 1.30 12.0 100.0 1,600 100 Oiling
PE 0.90 15.0 12.0 2,800 ' Plasma

(@ PVA (b) PE

{c) SC
Fig. 1. Form of Fiber

Tahle 3. Cement Mixing Ratio

Unit Weight (kg/m®)

. 3)
W/B_|FA/BY | s/M? o M
(wt.%) | (wt.%) (vol.%) Water | Cement aS¥1 Sand wt.%)

40 20 15 433 | 866 [217(370] 0.25

D AT F FF] Ut Sejolojal e ]
2 m2E § 8Ad d@ A 20

3) MC ; Methyl Cellulose® &3 A
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Table 4. Experiment Plan

Loading Ve (vol.%) Fatigue
T Test Name Macro Micro Total stress
pe sc [pva| PE | ratio
S—Mortar - - - - 1.00
S-PE1.0 - - [1.00{1.00| 1.00

Static |S—-PE1.0+SC0.5 050 | — |1.00|1.50} 1.00
S-PVA2.0 - 12.00f — [2.00| 1.00
S-PVA2.0+SC0.5 050 | = [2.00|250]| 1.00
PE1.0-040 3 0.40
PEL.0-0.59 S Lool 100 0.59
PE1.0-0.65 ' ' 0.65
PE1.0-0.90 0.90
PEL0+SC0.5—0.45 0.45
PELOFSC05-065 | | _ |1 ol oo 0.65

. |PBLO+SC0.5-0.90 ' ’ ' 0.90
Fatigue | pp1 0+5005-0.95 0.95
PVA2.0-0.45 0.45
PVA2.0-0.59 - 12.00] — |2.00| 0.59
PVA2.0-0.90 0.90
PVA2.0+5C0.5-0.45 0.45
PVA2.0+SC0.5-0.65 | 0.50 | — |2.00]2.50| 0.65
PVA2.0+3C0.5-0.90 0.90

1) 22 F £33 U3 Ha9 AF E£9& (Vp
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Y28 £22 AYH) 9% 94 ¥ QA 5%
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LVDT : Midpoint Deflection
Fig. 2. Measuring Instrument

Fig. 3. Test Equipment

PE1.0

c
©10.0

SCO.5+PE1.0

Flexural Streng

] Mortar SCO.5+PVA2.0
\( PVA2.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Midpoint Deflection {(mm)

Fig. 4. Comparison of HPFRCM in Flexural Test

Table 5 2 Fig. 45 AF T/ & AN@EHRE
Yehgisd Hd 845 A HAFE wike
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3o HPFRCM9] ¢ 1.72~4.21mmzX oj]$ =
FHEE Bolx 9lvy. EE HPFRCMS z27)7#d
o] Foll = oF 21 o)) HLYolx Aty 149 #
dE& A7 AERENES YeRh Ae =
i AT vneME S-PVA2.0+SC0.5 A&7}
7V 3A el ow S-PVA2.00] 71 2 Hr}s
Rt FE Hd F-8HA W 54 PEL.O A8
7F 4.21mmEA 7P & HEEAL B
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A

Table 5. Static Flexural Test

Measurement
Initial | Initial max max
Test crack | crack |flexural| deflec

a g L)
stress | strain | stress tion Ms/ls
(MPa) (mm) | (MPa) | (mm)
S—Mortar | 4.96 10.089| 4.96 |0.089] 1.00

S-PE1.0 8.56 |0.307|16.71| 4.21 1.95

S-PE1.0+
SCO 5 8.05 10.265[17.02| 2.58 2.11
S—-PVA2.0| 596 [0.115[13.84| 1.72 2.32
S-PVA2.0
+SC0.5 8.11 [0.213(17.37| 2.53 2.14

1) Ms/Is =max flexural stress/Initial crack stress
3. & mz2 §4

31 gEEA 7Y Y o2 sS4
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6 Fatigue Behavior of PE1.0+SC0.5 series
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Fig. 7. Fatigue Behavior of PVA 2.0 series
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Fig. 8. Fatigue Behavior of
PVA 2.0+SC 0.5 series
Table 6. Flexural fatigue Test
Log Number of Loading Cycle at
Midpoint Deflection Number
e | 7220 | 10 ] 100 | 1000 100 [10000}10000] o
stress Y Y Y Loading
Model
MPa Cycle at
1 2 3 4 5 6 Fracture
ceb07 668 0138 (0161|085 | 0200 0282 0811 | -
522'07 9.86 [0.290(0.357 [ 0.527 | 0.649 - - 37954
PEl,‘O_ 10.86 [0.375[0.408 | 0.486 - - - 7712
0.65
PE1.0- _ _
0.90 15.04 [0.9321.372 760
PE1.0+
SC0.5— 7.66 [0.19410.194|0.200 | 0.219 10.229|0.231 -
0.45
PEL.O+
SCO0.5— | 11.06 [0.38510.439|0.523 - - - 5610
0.65
PE1.0+
SCO.5— | 15.32 10.735 | 0.956 - - - - 722
0.90
PE1.0+
SCO0.5— | 16.17 | 1.181|1.775 - - - - 719
0.95
li\(;/fso 6.23 |0.189]0.121{0.175 | 0.204 | 0.267 | 0.304 -
?\éA{éO 8.17 |0.112|0.302 [ 0.367 | 0.474 | 1.102 - 113086
PVA2.0 | - ~ ~
~0.90 12.46 |0.625|0.756 306
PVA2.0
+SC0.5 7.82 10.124 ({0.218 [ 0.277 | 0.317 | 0.398 | 0.470 -
—0.45
PVA2.0
+SC0.5 |- 11.29 |0.469|0.646|0.6631 0.775 - - 79547
—0.65
PVA2.0
+3C0.5 | 15.63 |0.621|0.78211.173 | 1.863 - - 13908
—0.90
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(a) Fatigue Stress Ratio0.4

(b) Fatigue Stress Ratio0.9

Fig. 9. Crack of Fatigue Stress Ratio(PE 1.0)
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Fig. 15. Secent Stiffness (PE1.0+SC0.5)
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Fig. 16. Secent Stiffness (PVA 2.0)
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Fig. 17. Secent Stiffness (PVA2.0+5C0.5)

0

Qiet. ol ATEAES g

ol
atE WeellMe Adxor Aol E—} o)A} ZFAH A

®7] wiwolth ®bH, B AN diidez e
HPFRCM?| 7A-9-°l& 70“3 °] 74]% Zrste AS &

- g ol A4 2
At o1 kel HPFROMe] B3|l o
F2 ohx B 2 AT B4E woln

bl Mié}%‘——% = HPFRCMell thet w3 7

& ¥ 2% e A9 AFE moln

& 4 SIH(Table 6). 3 o3 AAZ

27] #golT 7o XA} A WAysh

EAE HA) ﬂoaﬂjq', ﬁ'oej Abol8] A7t wEEh=
7

3.2 uz2+H
Fig. 18< 9 92745 o| i3t s7)A] vl 3
9 BAE Ukl ZoR AR FF Adglol
o)

HPFRCMQ 7% 892 FHo] wi¢ & A&
vt w3 EvEgy U2 So} oA w53
(Nw & aaAe o= 2ol A=A

.
B

18.0
g
s 15.0
%) ]
g 12.0 S oA
] & u
o | N
g 9.0 e . -
g S N
r 6.0 37 oPe10 -
] © & PE1.0+8C0.5
D 3.0 i apvazo
K | oPVA2.0+8C0.5
0.0 A e o g
0 1 2 3 4 5 6 7

Number of cycles{Log)

Fig. 18. Fatigue Fracture Stress .VS. Log
Number of cycles

17



PE1.0Series

S= 1.273—0.131Log(N,) 2< N, < 10°

PE1.0+ SCO0.58eries

S= 1.137—0.108Log(N,) 2< N, < 10°

PVA2.0Series

S= 1.176—0.105Log(N,) 2< N, < 10°

PVA2.0+SC0.5Series

S= 1.495—0.165Log(N,) 3 < N, < 10°
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