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DAMPING OF A SEISMICALLY ISOLATED BUILDING
BY DRY-FRICTION WEDGEBLOCKS

S. V. Dudchenko UDC 531.31:699.841

The behavior of a seismically isolated building (with rolling support as the isolation element) equipped with
tapered dry-friction dampers (wedgeblocks) is described. A specific engineering design is proposed for the
dry-friction wedgeblock, where the properties of a heavy “flat” damper are preserved in dampers of
comparatively small mass.

The objective of this paper is to describe the behavior of a seismically isolated building (with seismic isolation pi
vided by a rolling support) equipped with tapered dry-friction dampers (wedgeblocks).

The behavior of a seismically isolated building is described by a model discussed in a paper [1] treating small vibrat
of the system “building—support—foundation.” The frequency of the vibrations of the system is determined by the geomett
parameters of the rolling supports adopted as seismic isolation elements. When driven externally (seismically) at the sam
guency as its normal mode, the system enters into resonance, which requires the application of auxiliary technologicallor stru
devices to eliminate it. The so-called ?Idty-friction dampers (shimblocks) used in the majority of structural solutions are inef-
fective, because the dampers must be heavy, and an increase in mass conflicts with the whole idea of seismic isolatigs of buil

In this article we propose a specific engineering design for a tapered dry-friction damper, or wedgeblock, which he
comparatively low mass and yet preserves the properties of a heavy “flat” damper.

1. Damper with Variable Dry Friction. A damper with variable dry friction comprises a body having a certain mass
m, which rests on an inclined plane with a specified sliding friction coefficient and a specified [2] (or variable [3]) arddjle of
nationa and is capable of moving upward along the inclined plane under the influence of a horizontally directearfioroé
sliding downward under the influence of its own weight (Figs. 1 and 2).

We consider the special case of a damper with variable dry friction, i.e., a dry-friction wedgeblock. When a horizc
tal external forcé acts on the upwardly moving wedgeblock, the sliding friction force becomes dependent on the magnitude
this external force:

F¢ = IN = f(mgcosa + Psina).

When the mass moves downward, the friction force is given by the same expression, but is directed upward. We

v
M

where V is the relative velocity of the moving mass. In this case, the normal reaction of the sliding surface depends or
external forceP.

Ifff =-fN

" A “flat” damper is interpreted as one that is driven in a horizontal plane by a sliding friction force of constant abselute va
(Coulomb friction law).

Simferopol University. Translated from Dinamicheskie Sistemy, No. 15, pp. 37—44, 1999. Original article submitte
March 12, 1999.
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Fig. 2

Thus,the wedgeblock must mae upwvard along the inkined sliding surfice under the ihfence of a céain hoizon
tally directed brce and slide denward along the same sade without thisdrce under the itdience of its wn weight. To
meet these conditiond,is necessarto choose theight angle of intination of the sliding sugfce based on the condition of
limiting equilibium of the wedgeblock sitting on the inkined sliding surice We find the limiting angleabove which it is
impossilte for the wedgeblock to move upward under the ifience of ap hoiizontally directed brce

Writing the equilibium equaions and rpressing thedrce P, we obtain

_ my(f cosa +sina)
(cosa - fsina)

When the denominiar is equal to ero, the force P becomes inhitely large, i.e., the wedgeblock never shifts its posi
tion when the angle of itination exceeds the limit:

0g = arccot().

The limiting angle banges br different sliding surdices (sed@able 1).

For the wedgeblock to retum to its orginal position after cessan of the gtemal force it is necessgrto detemine the
angle awhich the wedgeblock sitting on the inlined sliding surfice will slide davnward under the idfience of its wn weight.

Inasnuch as the motion is coined stictly along thex axis,the condition ér motion of the vedgeblock under the infi-
ence of its wn weight has thedrm

mgsina, > fmgcosa, ,
and the minimm anglea; is gven ly the expression

a4 2 arctan().
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TABLE 1

Friction coeficientf Limiting angle (deg) Minimum sliding angle (dg
=0.1 (Teflon—metal) 84.3 5.71
=0.25 (metal-metal 75.9 14.0
=0.5 (concete—metal) 63.4 26.6
=0.7 (concete—concete) 55.0 34.0

Fig. 3. Computional stieme

Table 1 shavs the limiting and minimm sliding anglesdr various fiiction coeficients of méerials most commonl
used in constrction.

Consequenyl the calculéed angle of inination of the sliding sueice nust fll between the limitw; < a < aj for the
case desdred dove.

2. Kinematic Foundation with a Dry-Friction Wedgeblock. We consider a seismic istilan suppot unit for an eah-
guale-resistant hilding; it consists of a supptimg kinemaic foundaion [1] and dy-friction wedgeblocks [2] (see k. 3).

The computonal sqieme has theoflowing specifc charmacteistics[1]:

1) the stifness of the seismic isdlan system is deterined ty the rce of its evn weight as in a nthemadical pen
dulum;

2) the lilding is regarded as a peettly rigid solid;

3) the stifness of the suppbelements is commensbe with the stifness of the strictures situged dove them;

4) the dissiptive force is Coulomb fction.

The desdption of eat design solution of the seismigaisolaed hiilding requires the spedif formulation of an equa
tion of motion,because the design solution imposesnitefconditions on theofmulation of the eqution of motion.

For the poposed computenal shieme the eqution of motion has theofm

M5+ g§+&m—sgnzcb TN R = WM (1)
Efv' g o S [FEARES T

whete @ = i, Py,

xm(1+tanaCsgnx) + mg§+ V;ZSF +Wem

P, = , 2
X 1- f,,Csgn Xsgnx @
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Fig. 4. Seismic isol#on suppot unit for a ilding: 1) lower suppar block;
2) can;3) seismic isoléion post with sphécal ends4) upper suppdrblock;
5) wedgeblock damperpg) elastic elementy) fittings.

_ fupSOnX+tanasgnx
1~ f,, tanasgnxsgnx’

M is the mass of the seismigalbolaed huilding, x is the elaive displacement of theuldding, g is the fiee-fall acceleation,
W, andW, are the hoizontal and ertical components of the accedon of the bunddion, respectiely, fbg is the sliding fic-
tion coeficient along the erical surbice of the wdgeblock, f,,, is the sliding fiction coeficient of the vedgeblock along the
inclined surfice Z is the \ettical velocity of the vedgeblock along the olique guide tadk relaive to the eleation of the seis
mically isolaed huilding, Py is the brce exerted on the bilding by the actvated wedgeblocks, andh andH are paametes thd
depend on the type of seismic istitan system (in our case ablling suppots h is the thi&ness of the ejectedyler, andH is
the height of the post).

For the gven design solutionye have Z = itanasgnx, so tha fbgsmz' = fbgsgv'csmx; the paametes Py andZ can
differ for other design solutions.

In contiast with the equan of motion of a seismicallisolaed huilding equipped with & lat” dry-friction dampef1]:

* Equdion (1) contains theofce Py instead of a ten expressing the drfriction;,

« without an &temal diving force the dissipiive force Py has a constanbaolute alug and the fee vibetions of the
given system do not dér from the fee vibations using‘flat” dry-friction dampes except thd, given damping elements of the
same mass and identical slidingfion coeficients,the vibetions decg far moe rapidly (owing to the angle of ilmation of
the sliding surdice whose wariation is analgous to an in@ase in the mass of the dangir the comentional sitution);

* in the pesence of anxéemal diiving force, the dissiptive force Py is no longer constant intasolute \alug but varies
as a function of thexéemally (seismicaly) induced acceletions Wy andW, (2).

We naw give the limiting and minimm angles of ination of the sliding sugce br the design solution [2] (& 4)
descibed by the vibetion equdion (1). It is @ident fom Hg. 4 tha the inteaction of the dy-friction wedgeblock with the
building produces another elemeityettical sliding surce with the fiction coeficientfbg. Consequeny| the slope pame
ters of the sliding sudce in this casén contrast with the isoleed wedgeblock discussedlzove, lead to the xpression

-, f 0
arctan(f,p) <o < arctan—2 2
beg +fup O

3. Calculdion of the FreeVibr ations of a Building on Rolling Suppots with Dry-Friction Wedgeblocks. We have
calculded the fee vibetions of a seismicaflisolaed huilding with diy-friction wedgeblocks haring the bllowing paametes:
H = 0.5m, h=0.1m for a dampeto-huilding mass aio m/M = 0.001,a sliding fiction coeficientf = 0.1,an initial \elocity
Vp = 0.1m/s,and two angles of inkination of the sliding suecea = 50° anda = 70°. This case coesponds to Eq1) with a
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0.06

Displacement, m

i Time, sec

Pt — 70° wedgeblock damper
; — 50° wedgeblock damper
~0.06 [ Flat damper
Vo= 0.1 m/sec
m/M = 0.001
Fig. 5

zero right-hand sidewhich has been sobd by the Rung—Kutta method todurth-order accuacy. We have also calculd the
free vibetions of a stucture using dflat” dry-friction damper with the same panetes.

The solid cuves in kg. 5 represent theesults of the calculens of the fee vibetions of a seismicallisolaed huild-
ing with wedgeblocks for sliding anglesa = 5¢° anda = 7¢°, and br compaison the dashed cugs epresent theasults or
damped vibations of the same stcture with a comentional fat damper

It is evident from the fgure thd the use of wdgeblocks gealy increases the viltion decg rate. For example the
vibrations die out in 15 for a = 70°, whereas br the fat damper the amplitude of the vitions dhanges insignifcantly in the
same time intefal. It is also eident tha the vibition decg rate dgpends on the adge angle of the dampehe vibitions tale
almost seen times as long to die owrfa = 50° than bra = 70°.

The calculéions reveal an impdiant adantaye of the vedgeblock over the comentional fat damper:a substantial
decease in the mass of the dampéfe note thathe mass of thdet damper wuld have to be 100 times the mass of thedge-
block with a = 7 to extinguish a hilding equipped with the tter.

We can ma& a simple estima in this egard. If we assume thidhe mass of a nine-stobuilding is @proximately
3000 tonnesthe tio of the mass of thdat damper to thiaof the liilding is equal to 0.1and the caesponding atio for the
wedge Hock is equal to 0.00lwe find tha the masses of thdéaf damper and the edgeblock are equal to 300 tonnes and
3tonnesyespectiely. The saings in constuction maeral are olvious.

An anal/sis of the esults br nomal-mode vibations suppds the idea of using aedlgeblock, whereby the etinction
of vibrations can be enhanceg farying the angle of inmation of the sliding suefce with dy-friction dampes hasing a lov
mass.
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