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Abstract

This study was performed to examine the flowing ability and filling ability of polypropylene fiber rein-
forced high performance concrete. The slump flow was decreased with increasing the polypropylene fiber
content, rapidly. At the box-type filling ability, the difference of box height was increased with increasing
the fiber content and the box-type passing ability was closed in fiber content 1%. The final flowing distance
of L-type was decreased with increasing the fiber content. Also, it was decreased above 0.75% of poly-
propylene fiber content, rapidly. The filling ability of L-type was badly showed above polypropylene fiber
content 0.75%. Also, the compressive strength was decreased with increasing the fiber content, but the
flexural strength was shown higher than that of the concrete without fiber. At the impact resistance, drop
numbers for reaching in final fracture were increased with increasing the fiber content. Also, the drop
numbers for reaching initial fracture of Imm were increased with increasing the fiber content. At the acid
resistance, the percent of original mass was decreased with increasing the fiber content.

Keywords : High performance concrete, Polypropylene fiber, Flowing ability, Filling ability, Strengths, Impact
resistance, Sulfuric acid resistance

I. Introduction tremendously. The HPC is a relatively new
product and its characteristics differ from that of

Recently, the research works and usage of the the normal concrete. According to Zia et al,!?
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3),8).10
ronments. )10

Also, the plain concrete is a brittle material,
with low tensile strength and strain capacities.
To help overcome these disadvantage, there has
been a steady increase, since the late 1960s, in
the use of the fiber reinforced concrete (FRC).
The fiber reinforced concrete may be defined as
a concrete incorporating relatively short, dis—
crete, discontinuous fibers. Artificial (polymeric)
fibers have become increasingly common iIn
recent years. Most artificial fibers have lower
elastic modulus than that of the normal concrete.
At the relatively low fiber volumes currently
used in industrial practice, they are most effec—
tive in reducing the amount of plastic shrinkage
cracking, though they also provide some toug—
hening and impact resistance. The polypropylene
fibers are the most low—modulus artificial
fibers." 9

Therefore, in this study, the polypropylene fiber
reinforced high performance concrete that mix
fly ash(PPF), blast furnace slag (PPB) of indus—
trial byproducts and polypropylene fiber to im—
prove greatly concrete property is developed.])’n
Also, slump flow, Box—type filling ability, L—type
flow and L—type filling ability with polypropylene
fiber content in cement paste are performed for
evaluation of flow ability, workability, and the
compressive strength, flexural strength, impact
resistance and acid resistance in hardened con—
crete are performed for evaluation of strength

and durability.

[I. Materials

1. Cement

An normal Portland cement specified KS F
5201 is used in this study and its physical
properties and chemical composition are shown
in Table 1.

2. Aggregates

Fine aggregate is gathered from the Geum river
in Daejeon and the coarse aggregate used is
crushed stone. The physical properties of
aggregates used are shown in Table 2,

Table 2 Physical properties of aggregates

Specific  Absorption . Unit
Item (Sﬁ) gravity ratio I;ﬁn;ess weight
20C) (%) W kgf/ )
Fine 4 9p 23 25 141
aggregate
Qarse 4o o0 om 262 7B 149
aggregate

3. Polypropylene Fiber

Polypropylene fiber used is domestic S com—
pany product, and its shape and dimension are

Table 1 Physical properties and chemical composition of cement

(Unit @ %)
Sgl;):%l; Setting time (h-m) Chemical composition
(20C) Initial Final Si0;  AbOs Cal MgO SO; K:0 Na;0  Fe0s
3.15 5-7 7-20 21.09 484 63.85 3.32 3.09 1.13 0.29 2.39
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shown in Table 3.

Table 3 Physical properties of polypropylene fiber

Absorp- . Tensle Young's Acid and
L(?I?g]t )h tion Sgs\cllélc Mitt strength modulus  alkali

ratio(%) FAVY PO oot/ o) (kef/ef)  resistance
162C 3500~ 35x10° Very high
over 7700 over (inactivity)

19 ] 091

4. Cementitious Material
Cementitious material used is fly ash and blast
furnace slag, and its physical properties are

shown in Table 4.""

Table 4 Physical properties of cementitious material

Specific Specific  Unit  Grain
Type gravity surface weight size  Color
(20C)  (et/g) (kgf/m) (mm)

Fly ash 239 3,152 1,072 <015 Gray
Blast

furnace 292 4401 1,077 <015 White
slag

5. Water Reducing Admixture

Superplasticizer whose principal ingredient
naphthalene sulfonate was used for strength and
flowing increase, and its general properties are
shown in Table 5.

Table 5 General properties of superplasticizer

Specific Freezing Princinal Unit

gravity | PH Color pont | . AP eight

(20C) (c) | meredent | (/)

120 1941 Dar}f\ b'rown B Naphthalene 1190
liquid sulfonnate

6. Mixing Proportions and Manufacture

Mix proportions is designed so that invest
practical utilizing of industry product and fluidity,
filling, early and long term strength of the high
performance concrete containing fly ash and
blast furnace slag 20% of binder weight.”"” Also,
the polypropylene fiber of 19 mm is used for
crack control, flexural rigidity promotion and
durability elevation by drying shrinkage. The
polypropylene fiber used is 0%, 2.5%, 0.5%,
0.75%, 1.0% by weight ratio of total binder. The
superplasticizer and water—cement ratio for
reaching target slump with fiber content increase
are increased. Meanwhile, superplasticizer used
is 1.5~2.0% of total binder to reduce water—
cement ratio and improves fluidity, and mix
design are shown in Table 6.

Specimens are prepared according to the
Korean Standard Testing Methods, KS F 2405
(Specimen preparation methods for strength
measure of concrete). All the specimens are
demolded after cured at 20+ 1°C for one day, and
cured again at 20T1C for 28 days.

. Methodology

1. Flowing and Filling Test

A combination of qualitative observations and
measurements is applied to evaluate these
characteristics. The measurement of the slump
flow indicates the free deformability of the
mixture. The slump flow is the average diameter
of the horizontal flow.”

In the box filling ability test, if the paste is filled
in box of left and lifts central board, the paste
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Table 6 Mix design of polypropylene fiber reinforced high performance concrete

Unit weight (kgf/m’)

Mix GV Sr Blast PP SP
type (%) (%) Cement ZK fusrlr;lagce C+F C+B W/B Sand Gravel (%) (%)
powder
50 47 420 105 - 525 - 035 840 730 0 15
50 47 420 105 - 525 - 035 840 730 0.25 16
PPF 50 47 420 105 - 525 - 036 840 730 05 16
50 47 420 105 - 525 - 038 840 730 0.75 18
50 47 420 105 - 525 - 040 840 730 1.0 2.0
50 47 425 - 110 - h3v 035 840 730 0 15
50 47 425 - 110 - 5% 035 840 730 0.25 1.6
PPB 50 47 425 - 110 - 5% 036 840 730 0.5 16
50 47 425 - 110 - 535 038 340 730 0.75 18
50 47 425 - 110 - 5% 040 840 730 1.0 2.0

* Gv : Volume ratio of coarse aggregate, S; @ Volume ratio of fine aggregate
* P.P : Polypropylene fiber(ratio of binder weight), S.P : Superplasticizer(ratio of binder weight), C : Cement, F :

Fly ash, B : Blast furnace slag,

* W/B : Water/(cement + fly ash or blast furnace slag powder),
* PPF : Polypropylene fiber reinforced high performance concrete (fly ash)
* PPB : Polypropylene fiber reinforced high performance concrete (blast furnace slag)

Unit : mm
ﬂ Difference of compacting height
013
A
kS
h o, W ]

Fig. 1 Box filling ability test apparatus

is moved to right because pass D13's reinforced
bar as Fig. 1, and this time, filling ability is
measured by height difference of left and right
paste.

The L—type flow test is measured final arrival
distance and the arrival speed when the divided

30

oo \’%

\L 13
Y

I L.
| ™

Fig. 2 L-type filling ability test apparatus

plate lift after fill up paste.”

The L—type filling ability test is judged filling
ability for final filling state with the naked eye
after pass to lower step inputting paste in
entrance as Fig. 2 and the each step is parted
in excellent, good, plain and bad.
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2. Strength

The compressive and flexural strength tests
are carried out according to the KS F 2405
(Compressive strength test method for con—
crete), KS F 2408 (Flexural strength test method
for concrete), respectively. The sizes of speci—
mens are 610X20 mm and 60X60X 240 mm.

3. Impact Resistance

The impact resistance is measured drop
number of final and initial fracture of 1 mm
dropping a 2 kg steel weight in 50 cm height
according to the KS F 2221(Test method of
impact for building boards).

4. Sulfuric Acid Resistance

The sulfuric acid resistance is measured at an
interval of 7 days after deposit in sulfuric acid

(H2SO4) 5% solution and compared with weight
difference in surface dry condition after polishing
surface of specimen with iron brush.

IV. Results and Discussion

The polypropylene fiber reinforced high per—
formance concrete mixed fly ash, blast furnace
slag and polypropylene fiber to improve concrete
properties is developed. The slump flow, Box
filling ability, L—type flow, L—type filling ability,
compressive strength, flexural strength, impact
resistance and sulfuric acid resistance test are
performed. Test results are shown in Table 7,
8 and 9.

1. Slump Flow

The slump flow of polypropylene fiber rein—
forced high performance concrete using fly
ash(PPF) and blast furnace slag(PPB) are de—

Table 7 Flowing ability test results of polypropylene fiber reinforced high performance concrete

Fiber Slump flow Difference of L flow L-type filling
Type  content  Length ORISR boxhelght  pengy  Reach ability
(%) (em) (cm/s) {cm) (cm) (cm/s)
0.00 65+65 59 82 12 Excellent
0.25 60+ 60 49 74 13 Excellent
PPF 0.50 54+ 55 35 5 51 34 Excellent
0.75 41+ 42 - 13 45 42 Bad
1.00 30+30 - Closed 25 44 Bad
0.00 65+ 66 6.0 2 83 11 Excellent
0.25 60 60 49 2 76 13 Excellent
PPB 0.50 55+55 3.7 5 61 34 Excellent
0.75 40+ 42 - 13 46 43 Bad
1.00 30+31 - Closed 25 40 Bad
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creased with increasing the polypropylene fiber
content as seen Table 7 and Fig. 3, and decreased
in the polypropylene fiber content 0.75%. This
reason is thought that the fiber content 1s in—
creased because it is mixed with the poly—
propylene fiber by weight ratio for unit binder
content and due to fire ball of fiber, aggregate
and paste. The flow velocity for reaching slump
flow 50cm is decreased rapidly with increasing
the fiber content as seen in Fig. 3.

PPF PPE
60 4 ] i .
i 1
1 \ 1 \0
[
4
|

50 \

40- "

Slump flow {cm)

30 - .- [ ]

2 — i ——
000 025 050 075 1.00 0.00 025 050 075 1.00
Fiber content {%}

Fig. 3 Slump flow by fiber content

PPF PPB !
— 14 .. = ‘
£ [] [) ;
2 - K |
b ‘
5 [
Q 10 = 4
= i |
x !
a 8 l
p
o
[] 6- - |
g . . \
e -/ |
& :
O 2 a @ *——@ !

P F - 10% (Closing) PF10% (Closing) | |
|

0--- ' e - L
000 025 050 075 100000 025 050 075 1.00
Fiber content (%)

Fig. 4 Difference of box height by fiber content

2. Box Filling Ability

Table 7 and Fig. 4 shows difference of box
height. The difference of box height of PPF and
PPB is showed in 2~13 cm within the poly—
propylene fiber content 0.75% and greatly
increased with increasing the polypropylene
fiber content. On the other hand, the difference
of box height in PPF and PPB of fiber content
1% is closed by segregation due to increasing the
water —cement ratio and superplasticizer.

3. L-type Flow

Table 7 and Fig. 5 shows the final flow distance
for L~type flow. The final flow distance for
L~type flow are in the range of 25~74 cm in the
PPF and 25~76 cm in the PPB, respectively. It
is decreased with increasing the polypropylene
fiber content than the flow distance of concrete
82 cm and 83 cm that do not mix polypropylene
fiber. Also, the flow ability must consider usa—
bility because it is rapidly decreased in the
polypropylene fiber content 0.5% or above. The
final arrival velocity of flow distance is increased

with increasing the polypropylene fiber content.

4. L-type Filling Ability

The L—type filling ability is showed in ex—
cellent within polypropylene fiber content 0.5%.
But it is appeared in all bad in the polypropylene
fiber content 0.75% or above. Specially, the
filling ability is rapidly decreased regardless of
fly ash and blast furnace slag in the polypro—
pylene fiber content 0.75% or above.
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Fig. 5 L-type flow by fiber content

Table 8 Strength and impact resistance test results of polypropylene fiber reinforced high performance concrete

Curing age (days)

Drop number

Type Fiber 9 7 - Fracture
cntent (%) o+ Fst ¢S FS S FS o mital e
(1mm) of final
0.00 270 51 % W 419 1 1
025 2% 58 ®8 81 453 89 3 7
PPF 050 a1 6 o 8% 39 % 6 12
075 19 57 o 69 30 8 11 2
100 177 48 29 6 33 80 15 37
0.0 29 55 40 1" 4B 1 1
025 32 6 40 81 469 8 3
PPB 050 B 72 % & 409 5 13
075 22 6 26 7 %0 19 9 2
100 194 57 o0 69 309 75 14 %

* CS : Compressive strength(kgf/cm®), F.S : Flexural strength(kgf/cm®)

5. Compressive Strength

Table 8 shows the compressive strength of

PPF and PPB according to polypropylene fiber
content. At the curing age 7 days, the com—

pressive strength of PPF and PPB with poly—
propylene fiber are in the range of 177~258
kgf/cm® and 194~302 kgf/cm®, respectively.
They are decreased by 4 ~34% and 8 ~41% than
those of high performance concrete without
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polypropylene fiber. At the curing age 28 days,
the compressive strength of PPF and PPB with
polypropylene fiber are in the range of 239~328
kgf/cm® and 240~400 kgf/cm®, respectively.
they are decreased by 9~34% and 5~43% than
those of the high performance concrete without
polypropylene fiber. At the curing age 91 days,
the compressive strength of PPF and PPB with
polypropylene fiber are in the range of 313~453
kgf/em® and 309~469 kgf/cm’, respectively.
They are decreased by 5~34% and 1~35% than
those of the high performance concrete without
polypropylene fiber.

6. Flexural Strength

Table 8 shows the flexural strength of PPF and
PPB according to polypropylene fiber content. At
the curing age 7 days, the flexural strength of
PPF and PPB with polypropylene fiber are in the
range of 48~63 kgf/cm® and 57~72 kgf/cm?,
respectively. They are increased by 12~24%
and 4~31% than those of the high performance
concrete without polypropylene fiber. At the
curing age 28 days, the flexural strength of PPF
and PPB with polypropylene fiber are in the range
of 65~86 kgf/cm’ and 69~87 kef/cr?, respectively.
The flexural strength of PPF and PPB within fiber
content 0.5% is increased than that of the high
performance concrete without polypropylene
fiber. But, the flexural strength of PPF and PPB
of fiber content 0.5% above is decreased than
that of the high performance concrete without
polypropylene fiber. At the curing age 91 days,
the flexural strength of PPF and PPB with
polypropylene fiber are in the range of 80~96
kgf/cm® and 75~97 kgf/cm®, respectively.

1. Impact Resistance

Table 8 shows impact resistance of PPF and
PPB with polypropylene fiber content. The drop
number for reaching final fracture of PPF and
PPB with polypropylene fiber are in the range of
6~37. They are greatly increased than those of
the high performance concrete without polypro—
pylene fiber{1~3). The drop number for rea—
ching final fracture is increased with increasing
the fiber content. Also, the drop number of
reaching initial fracture of Imm of PPF and PPB
with polypropylene fiber are in the range of 3~
15. They are increased greatly than those of the
high performance concrete without polypropy—
lene fiber(1~3).

Table 9 Suifuric acid resistance test results of poly-
propylene fiber reinforced high performance
concrete

Fiber Percent of original mass for
Type content immersed time (%)

(%) 7days l4days Z2ldays 28days
0.00 974 934 871 826
0.25 986 948 92.8 89.6
PPF 050 93,3 95.6 935 90.5
0.75 991 96.2 9.2 915
1.00 99.3 971 9438 924
0.00 95.1 90.5 840 76.9
0.25 972 943 91.3 87.4
PPB 050 976 949 919 83.6
0.75 932 95.6 926 89.5
1.00 936 96.3 935 91.2

8. Sulfuric Acid Resistance

Table 9 and Fig. 6 shows percent of original
mass of PPF and PPB with polypropylene fiber.
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The percent of original mass of PPF and PPB is
decreased with increasing the fiber content as
Fig. 6. The percent of original mass of PPF and
PPB in fiber content 1% is decreased approxi—
mately 8% and 9% at immersed 28 days, res—
pectively. Also, the percent of original mass of
PPF is decreased than that of PPB, Photo 1 shows
porosity by erosion and gypsum creation by
reaction of sulfuric acid and calcium hydroxide.

110
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N N

QOJ \\’

80 4

100-J

70 —u—PP:0%

—o—PP:025%%
—A—P P :0.50%
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Percent of original mass (%)
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Fig. 6 Percent of original mass vs. duration of im-
mersion in H:SOs 5 % solution

(a) Fly ash

(b) Blast furnace slag

Photo 1 SEM of concrete immersed in H:SO: 5% solu-
tion

V. Conclusions

This study was performed to evaluate the
flowing ability and mechanical properties of
polypropylene fiber reinforced high performance
concrete.

The following conclusions were drawn

1. The slump flow was decreased with in—
creasing the polypropylene fiber content, rapidly.
In the box—type filling ability, the difference of
box height was increased with increasing the
fiber content. Also, the box—type filling ability
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was closed in fiber content 1%. The final flowing
distance of L—type was decreased with in—
creasing the fiber content. Also, it was decreased
in the polypropylene fiber content 0.75% or
above, rapidly. The filling ability of L—type was
badly showed in polypropylene fiber content
0.75% or above.

2. The compressive strength was decreased
with increasing the fiber content. At the curing
age 28 days, the compressive strength of PPF
and PPB with polypropylene fiber were in the
range of 239~328 kgf/em’ and 240~400
kgf/cm®, respectively. At the curing age 91 days,
the compressive strength was appeared 300
kgf/cm? above in all type.

3. The flexural strength of PPF and PPB with
fiber were in the range of 65~86 kgf/cm® and
69~87 kgf/om® at the curing age 28days,
respectively. The flexural strength of PPF and
PPB within fiber content 0.5% was increased than
that of the concrete without polypropylene fiber.

4. The drop numbers for reaching final fracture
of PPF and PPB with polypropylene fiber were
in the range of 6~37. It was greatly increased
than that of the concrete without polypropylene
fiber. The drop numbers for reaching in final
fracture were increased with increasing the fiber
content.

5. In the acid resistance, the percent of original
mass of PPF and PPB was decreased with
increasing the fiber content. The percent of
original mass of PPF and PPB in fiber content 1%
was decreased by approximately 8% and 9% than
that of the concrete without polypropylene fiber
in immersed age 28days, respectively.
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