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1. INTRODUCTION
Recently a novel one friction surface
structural s one common in each joint and
et desan o Serh Famad it ot 1 Ciriatios ptecs bacos 2
roposed by Pall a . brake 11 a washer, to which
The system consists of atiml:l.l;:rsh (1. side. Anivr;swpa? are attached on each
mechanism containing fri expensive surfaces is sh of the different friction
é liging pads introduced atCtion g ' shown in Fig. 3.
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e ocation of ; . OPERATION OF
) devices in a typical atee]'.: h:ranfl: 1CtiT:n i ol
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b i presented in Fig. 2. ¢ the diagonal braces of an ordina
| ch brace is pr braced frame structu -
tio | P ovided with a connec- re were designad not
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E Rl reduced. The val £ th s B, i designed to 70
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device m‘ . igation, each friction compression (buckled) regime. The energy
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cross—braces. When a selismic

load is induced in the frame,
braces goes into tension while the

brace buckles very early in compression.
The joint slip load should be lower than
the yield load of the braces, 8© that ih&
joint can Dbe activated before the membel
yields. When the load in the t?naiﬁn
brace reaches the slip load, it 1OTCES
the joint to slip and activates theifaur
links. This, in turn, forces the joint
in the other brace to slip simul tane~

ouslv. In this manner, energy {s dissi-
pate& in both braces in each half r?ﬂlgi
Moreover, in each half cycle, £the
mechanisms straightens the buckled brace
and makes it ready to absorbd energy

immediately.

ND QUALITY CONTROL OF

To be effective the friction devices must
r t D n
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In order to calidbrate the triction
ﬁﬁ"ﬁfifﬁﬁt sSeven Jt“'«’iuﬁt‘S were tested undbr
repeated cyclic loads with diff erent
values ©of the spring load. Before each
test, the length of the compression
spring was measured with a precisgion
vernier. it was then possible to

establish a correlation between the slip

load and the length of the compression
5?2’111&- ror each device A linear
regression analysis was performed to
obtain an equation relating the global
slip load and the spring length. The

resulting equations represent calibration

curves for the friction devices.
curves are plotted with
data in Fig.
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&. DESCRIPTION OF TEST ¥ RAMES

torey FDBF
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envelopes of beam and ¢
shears. Results for 2zero global slip

load represent the response O

jon brace wh
load in the tensio Sk e

occurs, while the local ;
represents the load in each friction pa

at the same time. From the free body

diagram shown in Fig. 8, the relation
between the global slip load and the

local slip load is given by:

e, R (1)

where Pcr is the critical buckling load
of the compression brace.
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Figure 7/ clearly shows the o feces
ness of the friction devices in impro\;e‘
the seismic response of the frape .5
the global slip load is Increaged tis
deflections decrease steadily & ’to e
global slip load of 6 kN. For , el :
slip load between 6 kN and 10 kN, theil
is very little variation in the reSPOns:

This lower bound value of 6 kN fo =
global slip load is observed for the §

different earthquakes studied. This
suggests that the optimum value of the
global slip load may be independent of
the ground motion input. If this ig
found to hold true for all cases, the
optimum slip load can be considered as s
structural property. A more general
verification of this observation may
greatly simplify the development of a
design procedure for the friction
devices. On the basis of the results
obtained, an optimum global slip load
value of 7 kN was subsequently used for
the study of the FDBF model.

6. SEISMIC TESTS ON SHAKING TABLE

The test frames were mounted on a shaking
table and sub jected to various earthquake
accelerograms with different intensities
,pressed in terms of peak acceleration.
A variety of sensors were used to measurt
diaplacem‘mt. acceleration, friction pad

du?;g MRF and BMRF did not perform well
a&rt-::a_ the tests corresponding to a majO;
in th‘-’luakg. Very large strains occurred
ﬂeccn: o column, and in the first 20"
the floor beams of the MRF. Although
r‘“?in Structural members of the BMRF
3’“1-&““ elastic, many cross-brace’

ed 1![ t‘&ﬂlien. The e_longatioﬂ, Of

oy ._'hr’c.“_ was very large and they
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L mf;:ﬂih:”iﬂa 2 Artificial earth-

buckled BignificantLy N the
regime; this indicateg
non-structural damage

walls, broken glass, ete: ).
FDBF performed
occurred 1in any member
deflections and accelerations
less than the values measured 1
other types of construction.
The envelopes of the bendin
the beams for the Newmark- =
artificial earthquake at O.B;urne Kapur
acceleration are presented in Fig.gg.peak
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The effectiveness of the friction
devices in improving the seismic response
of the frames is clearly shown. Also,
good agreement 1s observed between the
measured and predicted values of the BMRF
and the FDBF. However, the analytical
prediction overestimates the actual
damage in the beams of the MRF; only
slight yielding was measured in the first
floor beam while the second floor beam
remained elastic. This is related to the
fact that the damping values used in the
analysis correspond to the damping
measured under very small amplitude exci~
tations. These values are not repre~
sentative of the actual damping under
large amplitude vibrations; the damping
values of the model frames would increae:
with the amplitude of motion. The use i
larger damping values in the analysils
would reduce the difference between t:e
Stedieted sod messured values for 1€
MRF
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Figure 10. Slippage Time-Histories of

Second Floor Device (Artificial 0.30 g) .

The torsional motion developed in the
Structure was determined by calculating

the difference between the displacement
records given by the parallel plane
frames at each floor. Figure 11 shows
the time-history of the third floor
deflection recorded on each plane frame
of the FDBF during the 0.3 g Artificial
earthquake. The two signals are in phase
with almost equal amplitudes and there-
fore no significant torsional stresses
were induced in the structure.

0
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| - Enat’_ﬁ}' dissipate: by ‘~'1at‘:mu$ |
amping,
" - gneLaY dissipated by friction,
.f-F
All the terms on the right hand g{de of
| 5 can be evaluated uyging
rﬂt“ut‘ded data from &n ACTUAl teat oy the

< haki ng table. The mmrgg Loput g o
a tructure ta the product ﬂf. the hagé
shear and table displacement. The energ,
dissipated bY friction 1s equal ¢, o
pt‘l’;'i{hlf‘t of the local slip load and the
rotal slip movement. It 8 POSsihle e
determine an average value for e
equivalent effective local g{iw load (p
by minimizing the square of the eTror
(1.¢. the least square u}Ft,}\Gd) between
the energy dissipated by f{riction ey
tated from the energy balance (Eqn. ’
and the energy dissipated by f"it‘tia;‘
based on the recorded slippage of yy,
device.

The experimental results of the Taf:
0.90 g test were used to determine th,
equivalent effective local slip load fo
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”%’ lep= that test. A value of 2.52 kN (0.57
f Figure 12. _lﬂga;t_.;md Third Floor Accele kips) WS found for this load. whic
C o atfons (Taft 0.90 g). corresponds to an equivalent value of
.04 kN (1.13 kips) for the globdal
o Sy | 42 va e only 5 _
o e e I . slip load instead of the calibrated value

measured at the top of the FDBF compared ; |
to peak acceleration values of 2.24 g and of 7 KN (1.57 kips) which was initially

2.67 g for the BMRF and the MRF set on the devices. The resulting time-
history plots of the energy inputs, the
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: respectively. |
e . energy absorbed by the friction devices
o and the energy dissipated by viscous
;_ 7. ENERCY BALANCE damping are presented in Fig. 13.
As mentioned earlier, some imperfections
were noted in the hysteresis loops of the
friction devices. If Fig. 4 is examined, ® -
it can be seen that a minimum slippage of W T e
;mt > mm (0.20 in) is required to (2) Energy Dissipated by Friction
evelop the full slip load of the | (Pg*S . 04xN)
friction devices. Since at many times '
dur:lng the test the alipp&s& of the (3) Energy Dissipated by

devices was less than 5 mm (0.20 in), it s e

is of interest to evaluate th
i _ e equivalent
eifm:tivc constant slip load developed by
t e friction devices during am actual
:;'tcur:i:h:i FDBF. This can be achieved
_ © |
 — g an energy balance of the

At any instant of
| time ¢th |
balance equation ig expressed ‘:: energy

(4) Energy Dissipated by
Friction

With Imperfect
Hysteresis Loop

Energy (kN-m)

e TR B 2) o
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- 2. An analytical study Was per
~ determine the value
- which optimized the

Figure 13 also BhOWB
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idealized model, M. 1z O-f-ﬁn Using ,.
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loope (se& Fig. 4),.
pion, - 4ll the
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51-2_54m
52=4 83mm
Pi=4 S50KN
P2=7 .00kN

Figure 14. Model of Imperfect Hysteresis
Loop of Friction Devices.

These results confirm that the friction
devices were not acting at the optimum
slip load of the structure, apparently
due to the fact that the fabrication
tolerance was still too large. In order
to be fully effective, the friction
devices should be fabricated in a preci-
sion shop with minimum construction
tolerance. However, even though the
optimum slip load was not obtained, the

structural response of the FDBF was
demonstrably superior to the responses of
the two other types of frame
construction.

8. CONCLUSIONS

l. The friction devices were first testzd
under cyclic loads in order tO Studi
the stability of the brake lining p:
and to calibrate their slipping loa i'
The results of the experiments clearhi
indicate that the behaviour fifr tSO
pads 1is very stable ever : d:vices
cycles. It is likely that the ¢

1ar hysteresis
will produce a rectangt e Surasces Of

minimized.
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