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ABSTRACT

In this paper, the experimental study on concrete slabs reinforced by a new material is
disccussed. The new material used as reinforcement here is braided AFRP ( Aramid Fiber
Reinforcement Plastic } rods. The dynamic behaviors of concrete slabs under the impact loads
and the relationships between the maximum impact forces and velocities are discussed based
on the experimental results. The effects of adhering sand on the rod with respect to the bond-
ing action are also considered.

1. INTRODUCTION

Tle new materials, for example, aramid fiber and carbon fiber rods, are excellent in resisting
corrosion and non-magnetic in behavior, and have light weight and high strength properties
compared with steel bar. Two methods of processing the materials for reinforcement and/or
tendon have been developed. One is by manufacturing the rods by saturating them with resin
after braiding the fiber. The other is by making a two or three-dimensional lattice to laminate
the fiber with resin longitudinally and latitudinally, In order to comsider the applicability of
these mew materials for reinforcement and/or tendon in concrete structures, material
tests U259 static behavior of RC and PC beams 18 and fatigue test of RC and PC
beams” 10f using these new materials have been performed.

On the other hand, further research is required on the dynamic behavior of a concrete
member reinforced by these new materials under dynamic loads ( e.g. seismic and/or impact
loads ) in order to adequately establish their reliabilities. However, only the fatigue tests for
RQO and PC beams reinforced by new materials were executed by Mikami et al 9 and Ttol et
al ™.

In this paper, an experimental study on concrete slabs reinforced by braided AFRP rods
under impact loads are executed basing on the background of the applicability of new materi-
als in civil and architectural fields. The experiment was performed by allowing a steel-weight
fall on simply supported concrete slabs. Bralded AFRP rods were used to rcinforce the con-
crete slab. The acceleration of the dropped weight and the strains on the reinforcing rods on
both levels were measured by a wide-band data-recorder. The crack patterns at the back sur-
face of each slab was marked after the impact test.

2. IMPACT TEST

Experiments were performed by using the weight-falling impact-apparatus shown in Photo-1.
The falling weight is made of steel and 70kgf weight which is cylindrical in shape with 15.0 cm
diameter. Impact load is generated by allowing it to drop freely through the linearway-unit to
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Table 1. Mechanical properties of AFRP rods

Rod K32 / K32s
Surface treatment without sand / with sand
Nominal diameter 6mm /7 mm
Nominal cross section area 0.25 cm®
Density 1.44 gf/cm’®
Tensile strength 2.8 tonf
Modulus of elasticity 6.45 x10°kgf/cm”
Maximum elongation 1.74 %

keep the consistency of dynamic responses and prevent
eccentrical loading. The concrete slabs were supported
by steel rollers at the upper and lower sides so as to
obtain a simple support effect. To investigate the
dynamic behavior of concrete slabs between the elastic
and plastic range where no actual fracture occurs, the
impact loads were surcharged so as to produce a velocity
of up to 4m/sec.

The mechanical properties of concrete are ouq =
502kgf/em? |, B = 2.85x10%kgf/cm? | and v = 0.201
and those of AFRP rods are shown in Table-1. In this
experiment, the rods wused were manufactured by
saturating them with resin after the aramid-fibers were
braided. The elastic limit of these rods is more than
17,0004 strain which is 10 times more than that of
steel bar. In order to investigate the effects of rough-
ness of the rod’s surface to dynamic response of the
slab, braided AFRP rods were used to reinforce con-
crete slabs with and without adhering sand on their
surfaces. Fig.l shows the specimen of concrete slab
having a 150cmx 150 cmx 10 cm dimension with double
reinforcements ( approximately 1 % per one level ) in
both directions and strain gages were glued to the rods
of each level.

Measuring system used in this experiment is shown
in Fig.-2. The total number of sensors are 25, 3 of
which are 1000 g-acceleration transducers and 22 are of
strain gauges glued to AFRP rods. The out-put data
from each sensor are recorded by wide-band data-
recorder through a D.C. amplifier unit. The recorded
waves are reproduced as the still pictures on the
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Weight-falling impact-apparatus
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Fig. 2. Flow chart of measuring system




synchro-scope using wave-

memory and/or as digital Table 2. Slab name & loading sequence
data using A/D converter Slab Loading  Impact Slab Loading  Impact
and personal computer. No. No. Velocity Ne. No. Velocity
(m/sec) {m/sec)
AC-SLB-23 -1 1.0 AsC-SLB-27 -1 1.0
3. EXPERIMENTAL RESULT -2 1.0 -2 1.0
-3 2.0 -3 2.0
Of the 6 concrete slabs, 3 'g‘ z-g 4 3.0
slabs were reinforced with o 40 Z‘ ig
AFRP rods without sand ( ACSLB25 -1 20 | AsCSLB-26 -1 2.0
AC-SLB ) and the others 2 4.0 2 4.0
with sand ( AsC-SLB ). The -3 4.0 -3 4.0
sequence of tests for each e 4.0 -4 4.0
slab are listed in Table-2. In AC-SLB-24 -1 3.0 | AsC-SLB-23 -1 3.0
-2 3.0 -2 3.0
order to compare the 3 40 3
. . - . - 4.0
behavior of slabs with AC- 4 4.0 ) a0

SLB and AsC-SLB, the slabs
with LD, no’s -23 and -27, -25 and -26, -24 and -28 are surcharged with the same loading con-
dition.

3.1. General view of the strain-wave configurations of AFRP rods

Photos 2 and 3 show the configurations of strain waves on AFRP rods at the impact velocity
V = 1m/sec. Tn those Photos, the total sampling times is 40msec and the upper and lower
portion of the base line has been taken as tension and compression respectively.
Photo-2 shows that the AC-SLB-23 slab vibrates with a damping free motion except at the
beginning of impact while the strains on the upper and lower rods have a symmetrical pattern.
AC-SLB-23-1 AsC-8LB-27-1
V=1.0m/sec

Y =1.0m/sec
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Photo 2. Configurations of strain wave Photo 3. Configurations of strain wave
on AFRP rods of AC-SLB-23 slab on AFRP rods of AsC-SLB-23 slab



On the other hand, Photo-3 in relation to the
behavior of the slab with sand ( AsC-SLB-27) % m mr s b5 86 o s B B 6
shows as follows; 1) the wave distribution .E/‘_,H_@_a_o_o t=02msec

after the generation of the Ist main wave b

attenuates rapidly, 2) the magnitude of ‘——7&—‘: t=bamses AT o mee o

AC-5LB-23-1 ( V=1.0m/sec ) AsC-SLB-27-1 { V=1.0m/sec )

strains on the upper part of the rods, espe- L/,/ i

cially at the beginning of impact, is bigger o e

than that of the lower ones. [ ya S

The axial strain distributions on the AFRP 7 o o

rod at each time after impact are shown in e e e <= -

Fig. 3 to be lying in the lower portion of the v

slab. In this figure, The up- and down-ward e (ol S

direction from the base line are compression i/ )

and tension side respectively. The main part — e tal2mec e

of the strain wave propagates to the support S

point. The region of compression is generated i=18msce S

during t=0.4msec and t=0.8msec after the o

steel weight impact, though the lower fiber T .
o= ——

stresses of the plate must be tensile due to the
static load. AC-SLB-23 slab vibrates with the

fundamental mode while AsC-SLB-27 slab i
vibrates with a mode which is a superimposi-
tion of the fundamental and the 3rd mode. 1o
0 100 200
3.2. The crack pattern of the back surface of ey
slab Fig. 3. Axal strain distributions
on the AFRP rod at each time

The crack pattern at the back surface of the
slab after all of test sequences have been {inmished AC.SLB.23 AeC-518.27
are shown in Fig.-4. The left-hand side of this fig- @ o o o o o o s
ure are for slabs using AFRP rods without sand ( N e @ e
AC-SLB ). The slabs with LD. no'’s. -23 and -24 o ﬁi}é J ° s
have cracked diagonally, but the one with I.D. no. o/ ® o N o
-25 shows a more complicate crack pattern than the o / a ° o
formers ones. Those crack patterns suggest that the F/ ° ° o ® s 8 o
1st fundamental vibration mode may have been AC.SLB.25 ASC-818.26
excited after which the slabs behaved similarly to @ ©ls o ° o o e
the uniformly loaded ones. \6’\\\,{] ° ° ®

On the other hand, in the case of slabs reinforced @ tﬁ’\e e e
with AFRP rods with sand ( right-hand side of fig.- E e o TN
4 ), the crack patterns are radially distributed at s o o
the central portion of the slab. This means that o v e e e o & o
higher modes of vibration are superimposed by the AC-5LB.24 £eC-SLB.28
fondamental one and the slabs withstand the ¢ o 6 o ® o o o
impact through the bending deformations at the ? @ 9 / e
central portion of the slab. Adhesion of sand on o N ® o // °

surfaces of AFRP rods, the reduction of bending o 7 ® ® / ~ e
stiffness may then be prevented improving the bond o /
capacity between concrete and AFRP rod. © 6 o o s o & @

3.3, The maximumm impact load due to weight Fig. 4. Crack pattern of the back
dropping surface of the slab

The maximum impact load resulting from the steel-weight drop is evaluated by multiplying

the mass of steel weight and the maximum acceleration measured by the acceleration trans-
ducer attached to the sides of the steel weight. They were compared with the theoretical



values derived based on the elastic contact theoryn). The equation on the evaluation of the
impact load P is formulated as follows;

Bt
p_ ey e sinwy/1- 42 ¢ (1)
1-+* wy 13

where
1 3Ma 2Ea .
B=—Daf V0 » W= ( 2)/M -(2),(3)
4h Zp 1-v
in which
E, v : Young’s moedulus and Poisson’s ratio of the concrete,
a, M, V : diameter, mass and impact velocity of steel weight,
0 h ;. mass per unit volume and thickness of concrete slab respectively.

The time at which the maximum impact load is generated is given as follows;

1 1 Y1-p°

t = m tan 3 (4)

Figure 5 shows the comparison of the maximum impact load between experimental awd
theoretical results. Figures (a) and (b) are the results for AC-SLB and AsC-SLB respectively
and the numbers in these figures indicate the loading sequence-number for each slab. The
theoretical resulis for both cases may almost provide the lower limit value of those obtained
from experimental test data. Then, these results mean that the concrete near the loading
point has not cracked nor crushed yet and behaved like an infinite elastic plate. If impact
velocity is increased up to V = 4.0m/sec , the maximum impact load for concrete slab rein-
forced with AFRP rods with/without sand can be estimated using the elastic contact theory.
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[ig. 5. comparison of the maximum impact load between experimetal and theoretical results

4, CONCLUSION

In order to study the dynamic behavior of the concrete slab reinforced by the new material,
the experiment which allows a steel weight to drop ou a slab with braided AFRP rods was
executed. The acceleration of the steel weight and the strain on the rods were measured. The
results obtained from these experiment are as follows;



1) The strain waves on the upper and lower rods behave almost symmetrically except near the
loading point.

2) Adhesion of sand on the surfaces of AFRP rods may increase the bonding capacity between
concrete and rod and prevent the reduction of bending stiffness.

3) The impact load can be estimated by using the elastic constant theory.
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