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Abstract

Currently, many high-rise buildings are built in Korea for land-efficient utilization and vista. In high-rise buildings
this tall, the use of high-strength concrete is essential to reduce the cross—section of structure members and secure
axial load. However, this high strength concrete is vulnerable to spalling by fire, due to the water vapor pressure
caused by the very high temperature in fire. To prevent this, the main method used is to reinforce the concrete with
fiber. However, there has been little research on the pumpability of fiber reinforced high strength concrete. For this
reason, this study features a performance review based on the properties and pumpability of fiber reinforced high
strength concrete. In addition, the parameter of rheology was measured by extracting mortar from the concrete, and
friction factor was measured through a 400 m horizontal pipe pumping test using the fiber reinforced high strength
concrete. The basic information on fiber reinforced high strength concrete that we obtain through the experiments and

review will contribute to the field.
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1. Introduction

To effectively utilize Korea's limited land and
secure a fine view, a number of high-rise buildings
have been built, High strength concrete has been
widely applied to high-rise buildings to reduce the
section of structural members and secure axial load,

However, with the section of structural members
lost by spalling resulting from the fire, high strength
concrete can have a seriously adverse impact on the
safety of structures, For this reason, the Ministry of
Land, Transport, and Maritime Affairs announced the
“Fire Resistance Performance Management Criteria
for High Strength Concrete Columns and Beams (No,
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2008-334),” and the domestic construction industry
has made efforts to develop diverse technologies to
secure the fire resistance performance of high
strength concrete(1,2.3].

On the other hand, according to previous studies,
as a technology to secure fire resistance performance
of high strength concrete, adding synthetic fiber was
found to be effective for preventing spalling as it
reduced the vapor pressure within concrete during
fire[4,5,6,]. But there have been few studies on the
pumpability and basic physical properties of polylon
fiber, a synthetic fiber of polypropylene and nylon
that is currently in wide use,

Therefore, the basic physical properties of fiber
reinforced high strength concrete and fire resistance
performance were reviewed, the plastic viscosity of
mortar extracted from the concrete was compared,
and the friction factor of high strength concrete
using horizontal pumping pipes was verified, This
paper aims to provide fundamental data on the
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application of fiber reinforced high strength concrete
to construction sites[7,8].

2. Experiment plan and method

2.1 Experiment plan

The experiment scheme is indicated in Table 1,
The basic physical properties of 50MPa and 60MPa
high strength concrete are examined in Series I, and
the fire resistance of fiber reinforced high strength
concrete set based on the basic physical properties
examined in Series I is assessed in Series II,

In addition,
pumpability performance of fiber reinforced concrete

to examine and compare the

and Plain in Series III and IV, the plastic viscosity of
the mortar extracted from each concrete is compared
based on shear rate and shear stress in Series III,
0.05% of fiber is added to the 50MPa and 60MPa
high strength concrete to make fiber reinforced
concrete, In addition, in Series IV the friction factor
is calculated by measuring pumpability pressure and
concrete discharge velocity, in order to understand
the friction factor of the concrete,

Through Series I, II, III, and IV, this paper aims
to secure fundamental data on the application of
fiber reinforced high strength

construction sites,

concrete  to

2.2 Experiment method

To examine performance in Series I, the fiber
reinforced high strength concrete is tested to assess
basic physical properties in compliance with the
evaluation items stipulated in KS, and the test

materials used are indicated in Table 2.

Table 2. Physical properties of high strength concrete

L ) . .
Classification WB S/ Unit weight (kg/m*) PQIonn
(Fa(MPa), (%) (%) Srive Scru fiber
Fiber contents) " ¥ W OPC r o G AD (@)

0.000 (%) 0.0
0.025 (%) 2575
50 0.050 (%) 295 455 165 560 453 300 915 4.48 5150
0.075 (%) 7725
0.000 (%) 0.0
0.025 (% 2575
60 (%) 275 440 165 600 497 213 914 4.80
0.050 (%) 515.0
0.075 (%) 7725

In addition, to perform fire resistance performance
test in Series II, fiber reinforced specimens (by
adding polylon fiber by volume ratio (0.023%,
0.050%, 0.075%)) were manufactured at the
dimensions of 1000x1350x1500mm with 40mm of
cover concrete thickness, where sensors were
embedded on the main reinforced bar as shown in
Figure 1 in compliance with No, 2008-334 Fire
Resistance Performance Management Criteria for
High Strength Concrete Columns

announced by the Ministry of Land, Transport and

and Beams

Table 1. Experimental scheme

Series I ) Compressive ) o N
No. Classification of experiment strength(MPa) Factors Variable(%) Measuring items
Slump flow
Mechanical properties of high strength 50 0.000, 0.025, Air contents
concrete with fiber 60 0.050, 0.075 Compressive strength
(3 day, 7day, 28 day)
Fire resistance performance of high 0.025, 0.050, .
I strength concrete with fiber 60 L 0.075 Fire test (KS F 2257)
Polylon fiber
contents
Plastic viscosity of high strength 50 Shear rate of mortar
i concrete with fiber 60 0.000, 0.050 Stress of mortar
Horizontal pipe pumping test of high 50 Pumping Press
v strength concrete with fiber 60 0.000, 0.050 Recovery time(s/m) of concrete

1) Polylon fiber : Volume ratio 1:1 of Poly propylene(length: 19 mm) and Nylon(length: 12 mm) Fiber
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Maritime Affairs, Tests were conducted in horizontal
furnace at the highest attainable temperature of
1100C for three hours as shown in Figure 2 based
on the standard time-temperature curve presented
in KS F 2257-1 Methods of fire resistance test for

elements of  building  construction —General
requirements,
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Figure 1. Cross section of fire resistance test specimen

Figure 2. Fire test of high strength concrete

To examine pumpability performance of fiber
reinforced high strength concrete in Series III, of
the rheological properties, plastic viscosity was
verified by measuring shear rate and shear stress
using a rheometer shown in Figure 4 under the
assumption that mortar extracted from high
strength concrete is fluid, as shown in Bingham

model equation (1) and Figure 3,

=t iy === )

60

Here,
7 shear stress(Pa)
7o . yield stress(Pa)
. plastic viscosity(Pa.s)
. shear rate(1/s)
(7]
(]
p
o
__________ i Plastic viscosity
Yield
stress"\:

Shear rate
Figure 3. Shear rate and stress

Figure 4. Rheometer(Brookfield DV-IIl)

Unlike the assumption set in Series III, since
concrete is three— or more—phase composites and a
heterogeneous mixture, the pressure loss caused by
concrete itself at the pipe should be examined,
Therefore, in Series IV, pumping time of concrete
discharged to a container was measured using a
400m-long horizontal pipe and a fixed pumping car.
The horizontal pipe was planned as shown in Figure
5. The pipe pressure was measured in a cycle of 60
Hz through a dynamic logger at every 100m interval
from the pumping car,

At this time, the friction factor was calculated by
applying given pressures to a discharging velocity in
Equation (2) derived through Beroulli s principle
and force equilibrium theory, through which the



pumpability performance of the fiber reinforced high
strength concrete was examined[8,9,10].

AP= P+ P,+P,

= 0L ) k) xe) —— @)
Here
AP . pressure of the pump(kgf/m)
P, . friction loss within the pipe (kgf/m?)
P, " local pressure loss(kgf/nr)
P, pressure loss by height (kgf/nr)

A friction factor

I vertical length of the pump(m)
d . diameter of the pipe(m)

. flow velocity(m/s)

v

g . gravity acceleration(9.8 m/s2)
v specific weight(kgf/m’ )

¢ local friction resistance factor
h . vertical height of the pipe(m)

3. Review of test results and analysis

3.1 Test results of basic physical properties of

of fiber reinforced high strength concrete, the fiber
reinforced concrete was found to have a similar
slump flow, air content, and compressive strength to
Plain, from which it was verified that fiber had no
great impact on the physical performance of

concrete,

Table 3. Physical properties of high strength concrete

Fresh concrete Compressive

Classification properties strength(MPa)
(Fe(MPa),
Fiber contents) Slump Air
flow(mm) Contents(%) 3day  7day 28 day
0.000 (%)  700/680 43 416 462 61.1
50 0.025 (%) 680/670 43 423 469 62.2
0.050 (%) 690/690 43 411 477 61.9
0.075 (%) 690/680 45 40.8 465 60.6
0.000 (%)  700/680 45 51.7 59.6 72.4
&0 0.025 (%) 680/680 43 51.2 61.0 71.8
0.050 (%) 690/680 47 50.7 578 715
0.075 (%) 690/670 47 50.9 585 703
3.2 Results of fire resistance performance test of

concrete
Through the fire resistance performance tests of

high strength concrete according to mix proportion

concrete of fiber, it was verified that the more fiber was
Through the tests of the basic physical properties mixed, the lower the average and highest
3mPipe(16 EA) + 1m Pipe(1 EA)
Y 70
13,500
) 7500
15,500 §
) .00
1,500
) 71500
about 50( m) X 8(EA) = about 400 m
50,500
59,500
— 1'm Pipe for a sensor install o # 1.0 Round Pipe . Recovery tank
= 1m Pipe J ¢ 2.0 Round Pipe |_ Recovery end hose
3m Pipe Il Recovery strut(1,000 x 1,000 x 5,000)

Figure 5. Experimental plan of concrete pumpability
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temperature of the main reinforced bar, as shown

in Figures 6 and 7.
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Figure 7. Fire test result by fiber content(%) Il
(Maximum temperature)

start to rise
gradually at 20 minutes in the specimens with 0.05%

Temperature was observed to

and 0.075% of fiber; however, the temperature rise
of the main reinforced bar was observed to be slow
at 100C. It is believed the moisture within the
was discharged through the channel
generated by the fusion of polypropylene and nylon

concrete

fiber consisting of the polylon fiber, which slowed
the temperature rise [4,5].

In addition,
0.075% of fiber met the fire resistance criteria at

the specimens with 0,05% and

62

the completion of the 3-hour fire resistance test,
the specimen with 0,025% of fiber

showed a drastic temperature rise at around 20

However,

minutes, and exceeded the standard average
temperature at around 90 minutes, and the
standard highest temperature at around 30

minutes, It is believed that spalling took place,
and the main reinforced bar was heated more
based on the internal temperature,

3.3 Test results of plastic viscosity of concrete

To compare the pumpability performance of fiber
reinforced concrete and Plain, mortar was collected
by sifting it through a Smm sieve to measure
shear stress and shear rate, and based on this the
plastic viscosity was calculated, as shown in
Figures 8 and 9 and Table 4,

Through the results the plastic viscosity of Plain
was found to range between 0.858Pa.s and
0.873Pa.s,

reinforced concrete ranged between 0.863Pa.s and

while the plastic viscosity of fiber

0.881Pa.s, approximately 1~3% higher, from which
it was verified that plastic viscosity was slightly
increased by the mix of fiber, The friction force
between paste, fiber and mortar is believed to

have been increased according to the mix of fiber,
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Table 4. Plastic viscosity of fiber reinforced and basic concrete

Classification ¢ ojation  Tendency  Plastic viscosity
(Fiber contents, =) equation (Pa.s)
Fo(MPa)) d '
y = 0.858x +
o 50 0.9917 12.6 0.858
000 ) & gogss  y = 0875 + 0873
135
y = 0.863x +
o 50 0.9902 14.6 0.863
0.05 (%) 60 0.9890 y = 0.881x + 0.881
155

3.4 Results of pumpability test

It is difficult to obtain a homogeneous plastic
viscosity from fresh concrete since concrete is a
heterogeneous mixture, In particular, it is difficult
to secure homogeneity due to its internal aggregate,
For this reason, the highest pressure and the
number of cylinder strokes were measured when the
cement was pumped through the 400m-long
horizontal pipe for the pumping test, and the cement
pumping time was measured while the cement was
discharged to a certain volume of tank through an
end hose, Through the test results, the friction
factors of Plain and fiber reinforced concrete were
calculated, and the results are indicated in Table 5,

In the test results of Series III,

viscosity was found to increase by about 1~3%

the plastic
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according to the mix of fiber, However, in the
horizontal pipe tests, the plastic viscosity was found
to increase by at least 3% and up to 10%, based on
which it is believed that the plastic viscosity was
increased, the internal stress was increased by the
more frequent collision and contact between
particles, and the friction factor became greater as a

result,

Table 5. Maximum pumping pressure and friction factor

Classification Maximum Recove
(Fiber contents pumping Stroke time ¥ Fiiction
’ pressure  (number/min) | factor
Fe(MPa)) (bar) (sec/m’)
o 50 103.1 18.5 107.9 33
0.00 (%) gy 976 175 1302 38
o 50 102.0 19.2 108.3 34
005 (%) g 104.1 19.1 1322 42

Figure 10. Horizontal pipe pumping test
4. Conclusion

In this study, the basic physical properties and
fire resistance performance of fiber reinforced high
strength concrete were examined, and the plastic
viscosity properties of mortar collected from the
In addition, the

friction factor of high strength concrete was verified

concrete were also compared,

using a 400m-long horizontal pipe. The findings of
this research are as below:
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1) In terms of slump flow, air content, and
compressive strength, the fiber reinforced
concrete showed a similar tendency to Plain, and
polylon fiber had little impact on the basic
physical properties of the concrete,

2) As the mix proportion of fiber increased, the
average temperature and the highest temperature
of the main reinforced bar was observed to be
relatively low, The specimens with 0.05% and
0.075% fiber met the criteria announced by the
Ministry of Land, Transport, and Maritime
Affairs; however, the specimen with 0,025% fiber
exceeded the standard temperature due to
spalling, Thus, considering performance and
economic feasibility, 0.05 % fiber is believed to
be advantageous,

3) In terms of plastic viscosity, the fiber reinforced
concrete had 1-3% higher plastic viscosity than
Plain, The fiber is believed to have affected the
friction factor of concrete, which led to a slight
increase in plastic viscosity.

4) Through a 400m-long pipe pumping test, the
friction factor was calculated as between 3.8
and 4.2 in fiber reinforced concrete, and as
between 3.3 and 3.4 in Plain, The friction
factor increased by about 3~10% in fiber
reinforced concrete, and the fiber mix had an
effect on friction factor and pumpability.,

In a nutshell, the fiber mix had little effect on the
basic physical properties of high strength concrete,
but rather highly affected plastic viscosity and
pumpability performance, Diverse data should be
accumulated through subsequent and further studies
in the future to apply fiber reinforced high strength

concrete to construction sites.
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