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SUMMARY

Six beem-column joints made with different volumetriec percen-
tages of steel fiber reinforcement are presented, compared to two
classically reinforced concrete joints, under reversed cycliec loa-~
ding. An analysis of the positive influence of SFRC on: the stiff-
ness and ultimate strength of the joint, the cracking, final dueti-
lity, the energy dissipation capacity and the bond of the bars in
SFRC is made.

INTRODUCTION

Our tests as well as other results (Ref. 1,2,3) mentioned in
literature have confirmed the superior characteristics of the SFRC
versus plain concrete regarding the tensile strength Ryi, the com-
pressive strength Re, the shear strength and the energy absorbtion
under statieal and mostly under dynamie leading. Starting from the
advantages of SFRC and from the necessary requirements of the joints
in framed struectures built in seismie zones, we have developed an
experimental program to study the behavieur ef the subassamblages
beam-joint-columm, where the joint was cast with different volume-
tric percentages of SFRC, and the reinforcement of the joint was
gimplified by eliminating a number of stirrups. We have studied
the way of cracking, the loss of stiffmess under reversed eyeclile
loading, the ductility of the joint, the energy dissipation capaci-
ty, and the bond of the reinforecement im SFRC.

EXPERIMENTAL PROGRAM

We have cast 8 subassamblages beam-joint-column so that the
column should be stronger than the beam and the plastiec hinge
should appear in the beam. The proof elements (Fo,Fol) were made
of reinferced concrete, according te the Romanian antiseismiec buil-
ding code P 100-81l. The rest of 6 subassamblages were reinforced
similarly te the proof omes, but the joint was achieved with dif-
ferent volumetrie perecentages Y v of SFRC as it can be observed in
Fig.l and 2. The use of SFRC permitted the reduetion of the trans-
verse reinforecement with 3 stirrups witheout surpassing the maximum
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allowable distance, as it is seen in Fig.2.

Materials and testi The charaecteristies of the concrete used
In the subassamblages and of the SFRC in the joint are presented
in Table 1. The used steel fiber is stright, reund and stainless
with 4=0.38 mm, 1=25-30 mm, the tensile strength 1200 N/ .

Table 1

Fo Fol FL,F2

. =
0,75 1,00 1.25 1.50

3 7-80 45.00 50,50
.T. o 4.9 4- 3 4.

The elements were fixed in the stand and loaded at the end of
the beam with & reversed forece P as in Fig.3 and 4. The magnitude
of the forece P was determined by some preestablished ductility
factors A i defined as the ratio between the rotatiem 61 of the
section corresponding te a certain force and the rotation 6y of
the sectien whieh led te the yielding of the reinforcement of the
beam, in the respective section. The deviees Cl and C2 equiped
with straim gauges enmable the reading ef the rotation 61 of the
beam on a base of 20 em, as in Fig.3 and 4.

TEST RESULTS

In Fig.3 and 4 the eraeking pattern for an element Fo ()Y v=0)
and P6 ( Vv=1.5%) respectively. In the eclassical joints (Fo,Fol)
and in these with a small content of fiber ( Vv=0.5%; F1,F2) the
eracking appears in the first cyeles; there are diagonal ecracks
which open themselves severely in the stages of advanced loading,
confirming the eclassical failure mechanism. Contrary to this way
of eracking, in the elements with higher percentages of fiber (F4,
F5,F6) the cracks appear later, they are finer and mainly distri-
buted on the exterier shape of the jeint (Fig.4).

The higher stiffness of the SFRC joint versus the classical
jointas (Fo,Fel) remains even after a large number ef cycles (n=11,
12,13), being mere pregmnant for moderate leading (P=3000 daN=0.5Pu,
Pu=ultimate applied loading) as it can be ebserved in Table 2.

- Table 2
_ Parameters Rotatien 6Omax. rad.10-4
Cycle P _[daN] To Fl___F3 T4 ?5 ﬁé
“n=5 % 00_ gg 25 1 T 2 )
n=11 000 2 4 45 [ 40
n=12 4500 62 57 45 48 40 38
_n=13 5500 8 0 0 0
Failure foree[dal

The ultimate strength capacity of the joints inereases with
the use of SFRC ~ as it ean be seen in Tab.2 - due te the higher
quality of the conerete im the joint gnd te the better bond and an-
chorage of the bars erossing the SFRC eore. The bond tests made
on steel bars with different dliameters, anchored in nermal conere-
te and in SFRC, pointed out the favourable influence of steel fi-
ber reinfercement on the unitary bond stress & max aa function
of the reinforcement type and of the fiber content of the concrete.
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The results of the bond tests are presented in Table 3.

Table 3
Parameters Unitary bond stress & max[N/mm]
FRC with 0,0 1, 1.
ameter Of Dar P=1b mm__ 8.6 9,2 9,5
=18 mm 9-5 12 .6 160
=22 mm 1.7 10,0 12,1

The hysteretie loops (M-6 ) for all subassamblages were drawn
after a preestablished loading history presented in Fig.5 and 6,
Important changes in the shape of the loops are observed as fune-
tion of the inecrease of the fiber content as well as the larger
duetility of the fiber Joints in the limit cycle n=13 (Fig.?%.

The increase of the ultimate ductility factor, illustrated im Fig.8,
is a eonsequence of the superier eonfinement, ensured by the eracks,
hinders the splitting of conecrete and improuves the bond of the
anchored bars even at relatively great strains and at a great num-
ber of cyeclic reversed loadings. In Fig.9 and 10 we present the
important increase in the energy dissipation, in the last cyecle as
well as in the ensamble of the cycles, as function of the increase
of the steel fiber content in the joint.

CONCLUSIONS

After the tests we ean draw the following eonclusions:
- The working and failure mechanism of the SFRC joints - for per-
centages of volumetriec reinforcement v > 1% - is different from
the classical one and favourable for seismie loading. The Joint
has an improuved stiffmess and strength, there are several fine
?racks w?ieh do not lead to the splitting or crushing of concrete
Fig.3,4).

- The bond of the longitudinal bars is improuved leading to their
better anchorage in the SFRC core. The increase in the unitary
bond stress & max. is up to 30% for SFRC with V v=1% and up te 60%
for SFRC with Y v=1.5% for ¢ 22 mm (Tab.3).

- The ultimate ductility factor increase with the fiber content
(Fig.7). This is relevant because the tested subassamblage F4, at
whieh the total used steel (bars and fiber was greater with 3%
versus the element without fiber Fo, and the ductility increase
was of 30% (Fig.8). We have to mention that the ductility does
not increase linearly with the fiber content, and for this reason
we congider the optimal velumetrie reinforcement percentage Y v
for frame joints as being between 1-1.5%.

- The energy dissipation eapaeity is much improuved by the use of
SFRC, the favourable influence of the steel fiber eontent being
more visible in the last cycles (increases of 10% - F6 versus Fl -
in Fig.9). After all the loading ecyecles the inerease of the dis-
sipated energy was of 46% (F6 versus Fo in Fig.l0) being important
for percentages of volumetric reinforecement of 1-1.5%. :

Starting from these encouraging results we are working on a

researeh program to introduece the SFRC in the frame joints of pre-
cast reinforced concrete structures used in seismiec areas.
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