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T A P E R E D S T E E L E N E R G Y D I S S I P A T O R S FOR 

E A R T H Q U A K E R E S I S T A N T S T R U C T U R E S 

R. G. Tyler* 

ABSTRACT 

The paper describes the testing and design of tapered-steel cantilevers 
used as energy dissipating devices, manufactured from either round bar or 
plate, which can be used in isolation systems to protect buildings or bridge 
decks against earthquake attack. The steel cantilever energy absorber is a 
simple device which can be manufactured from steel supplies normally available 
in an engineering stores using standard engineering practice. 

1. INTRODUCTION 

Methods for the base isolation of 
structures have been developed by the Engineer-
ing Seismology Section of the Physics and 
Engineering Laboratory to improve resistance 
against earthquake attack. Systems suitable 
for buildings using hysteretic dampers and 
laminated rubber b e a r i n g s ( ) have already 
been described. The application to bridge 
decks has also been discussed(4). 

In this paper, the results of tests 
carried out on tapered steel energy dissipators 
are given, together with the design methods 
which have evolved. By employing a taper, 
the metal along its length is utilised for 
energy absorption to the fullest extent, 
which makes for a compact device which has 
found application in a stepping chimney at 
Christchurch and in a bridge in Dunedin. 
The round type was developed because of its 
suitability for providing damping in any 
direction in a horizontal plane in a base 
isolated building and the plate type for its 
cheapness in providing damping in a single 
direction. 

2. TYPE OF STEEL 

Mild steels have been used exclusively 
for this type of energy dissipators. For 
the plate type they have been black to 
specification BS 4360/43A and, for the round 
type, either black to the same specification, 
or bright to Australian Standards CS 10308 
or CS 10208, which have a similar chemical 
composition. They have been stress relieved 
after welding for 5 hours at 620°C, which 
for bright bars restores the material to a 
normal yield point, and is also believed to 
be beneficial from the point of view of age 
embrittlement( 5^. The possibility of age 
embrittlement is not of great concern, 
however, as it would be possible to replace 
the absorbers following a major earthquake, 
if tests, which are planned, demonstrate that 
this is desirable. 

Low-carbon steels were tried in the 
belief that the long stress-strain curve 
obtained in static tension would give 
enhanced fatigue life. However, this did 
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not occur and, for the same strain level, 
the damping forces were lower as compared 
with steels to BS 4360/43A. Pure aluminium 
and spheroidal graphite iron were also 
tried with results less satisfactory than 
with mild steel. 

Hot-dip galvanising has been suggested 
as a galvanising protection but, because 
of the lack of knowledge of the effects of 
galvanising over long periods, when the 
steel may be subjected to high strains, 
its use is not recommended. 

3. TEST DETAILS 

3.1 General 

Testing was carried out on full-scale 
or nearly full-scale components, mainly 
using a bulldozer test machine adapted for 
linear dynamic testing by means of an eccentric 
connected to its rear drive, and at 
frequencies of loading in the range 0.2 to 
0.9 Hz, in the same way as was done for 
tests on other devices^6-8) b Later a rig 
employing a hydraulic jack operating at 
about 1 cycle every 4 minutes was used. 
The output from a load cell in the drive of 
both testing units, and from an LVDT 
recording the movement of the load point 
of the cantilever relative to its base, 
were fed into an XY plotter to give hysteresis 
loops. The strain range was measured 
statically by means of a 50 mm Demec gauge, 
using points stuck on the steel surface 
with an epoxy resin adhesive over the 
length of the taper, and taking readings 
at the extremes of the travel. The strain 
range measured in this way is the sum of 
the elastic and plastic strain changes in 
a half cycle. 

3.2 Stress Level 

For a section of a cantilever carrying 
a force Q d (Fig. 1) yielding under a constant 
plastic stress f p, as previously outlined 
in the companion paper ( 7 ) 

Q d x = K f p (1) 

where 

x = distance from load point to section, and 

K = plastic modulus, which is a function of x 
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= d /6 for a circular section of 
diameter d 

2 
= Bt /4 for a rectangular section of 

breadth B and thickness t. 

In practice under cyclic loading, the 
size of the hysterestis loop increases as 
the strain range increases. See Fig. 8 of 
the companion paper ̂  ̂ ) . Hence Q^, which is 
taken as the force ordinate when the damper 
passes through zero deflection, and fp, 
increase with strain level; also it is unlikely 
that fp has a constant value through the 
section because of a greater work hardening 
effect at the surface. It is, however, 
convenient to calculate a value of f using 
equation (1) and relate this to strain level. 
This enables the size of the device to be 
determined from the required damping force, 
taken as approximately 5 per cent of the 
building weight(1). 

4. ROUND TYPE 

4.1 General 

The round type provides damping in two 
directions at right angles and was originally 
promoted with a view to use in the base 
isolation of buildings, where motion is con-
trolled in the horizontal plane. 

For all sections along a taper to 
become plastic simultaneously the relation-
ship between diameter d and distance x (Fig. 
1(a) and equation 1) is: 

{ 8 ) 

The first type f 
within the length of 
the strain range was 
from the fatigue rela 
the companion p a p e r ^ 
as ±3%. The hysteres 
shown in Fig. 4. The 
for the slopes of the 
loop, K^/Qd = 8 5m~l a 
already been reported 

ailed after 132 cycles 
the taper (Plate 1); 
not measured, but 
tionship (Fig. 9 of 
)) it may be estimated 
is loop obtained is 
approximate values 
equivalent bilinear 
d k a / Q a = 5nf ̂ , have 

The second type (Plates 2 and 3) was 
tested intermittently over a period of two 
months and finally failed, again within the 
length of the taper, after 1160 cycles. 
The strain range was measured over the 
length of the taper and was found to be 
nearly constant at ± 1.0%. The loop obtained, 
scaled for one-half of the cantilever, is 
shown in Fig. 5. Per cantilever the stroke 
was about half that obtained for the first 
cantilever (Fig. 4), and the induced strain 
less than half because of the extra flex-
ibility of the taper. The corresponding 
energy represented by the area of the 
loop is about one quarter, showing the 
effect of halving the strain on energy 
absorption. The reduction arises because 
proportionately there is greater energy 
stored in elastic strain. 

d = 6Q .x/f 
d p 

when x = L, d = D at the cantilever root, 

this gives 6Q/f 
P 

d 

D 3/L 
3 /x~ 

D Jl (2) 

The same equation is obtained if all 
sections are considered to commence yielding 
simulataneously at the extreme fibres and the 
design is based on an elastic analysis. 

For tapers up to about two-thirds of 
the length of the cantilever, measured from 
the root of the cantilever, the optimum shape 
can be approximated by machining the taper 
straight, from one end to the other, with 
the diameter at the top of the taper (section 
Z, Fig. 1) determined from equation (2) . 
This results in a slight undercut at the 
centre of the length, which promotes a 
failure within the length of the taper 
rather than at the basal fixity, where stress 
raisers normally promote a failure. 

The principle adopted in fabrication of 
test specimens was to keep welding away from 
the highly strained part of the cantilever. 
For the fixity, the proportions indicated 
in Fig. 2 were adequate, the cantilever of 
root diameter D being a push fit in the 
cylinder of overall diameter 2D and height 
D. The base plate is a square of side 4D 
and thickness D/2. Because of distortion 
the base plate was machined flat after 
welding and stress relieving. 

4.2 Testing for Development of Design Method 

The fatigue life was collated with 
others obtained on small scale specimens 
at the Laboratory^), and by Horwood and 
White in the United K i n g d o m ^ ) , to give 
the fatigue relationship shown in Fig. 9 
of the companion p a p e r t h i s relationship 
being applicable to smooth circular bars in 
bending. The effect of roughness or 
other stress raisers, such as entry into a 
fixity, is generally to reduce the fatigue 
life. 

Another cantilever was machined to 
take the place of the failed one and, 
after some further testing, both cantilevers 
were stored to check for age embrittlement 
over a period of years. 

4.3 Test Results 

Test results are summarised in Table 1. 
The plastic stress fp was calculated using 
equation (1) e.g. for the first cantilever 
tested: 

f p = 6Q dL/ D3 

where Q = 54 kN (Fig. 5) 
D = 0.07 6m, 

L = 0.47m and 

giving f p = 344 MN/m 

For the double cantilever damper, 
which was tested at the lower strain range 
of 2%, f p was 191 MN/m 2. Samples of the 
steel tested statically in a tensile test 
machine gave a yield point of 290 MN/m 2, 
thus indication that at the 2% strain range 
a portion of the section was still elastic. 

Two types of round cantilever were The percentage rise to peak load in the 

tested' , both having a root diameter of 
7 6mm. The first was a single cantilever, 
having a taper over about one-third of its 
length (Fig. 2) and the second a double 
cantilever, each cantilever having a taper 
over about two-thirds of its length (Fig. 3) 
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cycle (Qmax - Q^)/Q^ is seen to be greater 
for the double cantilever (53%) than the single 
(37%). This is because of the lower strain 
level; the effect may be observed in the 
family of loops (Fig. 8 of the companion 
paper^) . 

5. THE PLATE TYPE 

5.1 General 

groove caused.by roughness in the flame 
cutting at the top of the taper, which 
shows the desirability of a smooth finish. 
On stripping out the absorber from the 
test machine it was found that the welds 
at the base of the plate had also failed, 
although this apparently did not affect 
the performance. 

5.3 Test Results 

The plate type was first suggested as 
a unidirectional device for use in the 
isolation of bridge decks but has also found 
application in a chimney designed to step 
under earthquake attack. In this type the 
breadth b at any distance x from the load 
point is linear with x for yield to develop 
along the whole length simultaneously. 
Again, the maximum length of taper adopted 
was about 2/3 L. 

5.2 Testing for Development of Design Method 

Testing was aimed at proving an adequate 
base detail in the inverted 'T* type for the 
bridge application, where the absorber would 
be bolted down to the top of a pier or abut-
ment and would be loaded by movement of the 
deck above. 

A simple butt joint would not be adequate 
as even if the base plate did not delaminate, 
the weld would not withstand the high strain 
for very many cycles of loading. 

5.2.1 The Split Type 

In this design the vertical plate was 
split at its wide end, opened out and welded 
(Plate 4 ) . It failed after 75 cycles at a 
strain range of 3.5% (Table 1 ) , at the bend 
at the bottom of the taper. This life was 
reasonable, if reduced, compared with that 
estimated using the fatigue relationship 
(Fig. 9, Ref. 7) , but was not adopted 
because of the expense of manufacture at 
full scale. 

5.2.2 The Seam Welded Type 

This absorber was fabricated by seam 
welding two L shaped plates back to back 
down the sloping edges (Plate 4), to the 
same taper dimensions and thickness as the 
split type. It failed at 7 0 cycles at a 
strain range of 2.4% (Table 1), again at the 
base of the taper, which was a reduced life 
compared with the split type. Accordingly 
the design was not adopted. 

5.2.3 The Buttressed Type 

In this type the conventional butt 
joint was reinforced with plates and 45° 
fillets on either side, the vertical plate 
having the same taper dimensions and thick-
ness as for the preceding types (Fig. 6 and 
Plate 5 ) . In fabricating the base, the 
principle was again adopted that welding 
was kept well away from the highly strained 
section of the plate. 

The device tested had a life of 127 
cycles at a maximum strain range of 4.2%, 
recorded about 2/3 of the way up the taper; 
this life was better than obtained previously 
but again less than that indicated by the 
fatigue relationship. This was probably 
because the primary failure was in a 

Results obtained during the initial 
testing work are given in Table 1. The 
plastic stress fp was calculated using 
equation (1), e.g. for the buttress type 

f p = 4Q dL/Bt
2 where Q d = 78 kN 

JZ -^rsn * , * T / 2 B = 213 mm giving f = 308 MN/m 
P t = 38*1 mm 

L = 305 mm 

In Fig. 8 of the companion p a p e r f 

values of fp have been plotted against 
strain range. In addition the number of 
cycles to failure have been superimposed 
on the curve for fatigue life previously 
derived for smooth round bars (Fig. 9 of 
the companion paper(7)) m This shows that 
the fatigue life for the buttress type was 
a little less than that derived for smooth 
round bars, but about equivalent to the 
mean obtained for the bent bar tests ( 7 ) . 

The values for (Qmax-Q d)Q d show that, as 
for the round type, the rise to the peak 
load Qmax decreases as the strain range 
increases, the hysteresis loops for the 
plate absorber have not been reproduced 
but were generally similar in shape to 
those shown in Figs. 4 and 5 for the round 
ones. 

6. DESIGN OF TAPER DAMPERS 

6.1 General 

The cantilever must be sufficiently 
strong to develop the required damping 
force, while at the same time the load 
point must move through range of movement, 
±y, appropriate to the design earthquake, 
developing the strain t z in surface layers 
along the length of the taper. In Appendix 
1 it is shown that, for calculation 
purposes, the taper may be assumed to extend 
right up to the load point. 

From the fatigue curve Fig. 9 of the 
companion paper(7), a range of strain of 
±3% will usually give a life of 80 cycles 
unidirectionally, even allowing for some 
imperfection in detail design, while 
conservatively, this level of strain is 
produced by a value of the plastic stress 
fp equal to 350 MPa (Fig. 8 of the 
companion paper ̂ ) . 

6.2 Round Damper 

To satisfy the strength and deflection 
conditions it can be shown that (see 
Appendix 1 and Fig. 1) : 

L 2 = Dy/1.2 (3) 

Q d

2 = 3.33 x 10~ 2 e. D 5 f p

2 (4) 
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Substituting f p = 350 MPa and e = 0.03 in 
(3) and (4), for a life of 80-100 cycles, 
gives: 

L = 5.270 / Dy 

Q = 11.067 / D 5/y 

(5) 

(6) 

Values of L and Q d appropriate to a 
range of displacements y, for a range of 
bar diameters D, are plotted in Fig. 7. 
Normally, for the building isolation 
application y would be taken as ±75mm, 
but for bridge decks or stepping structures 
other values may be appropriate. 

As an example of the use of Fig. 7, 
if a damping force of 100 kN is required 
for a deflection y = ±75 mm then the required 
root diameter is about 92 mm (point A) 
and the damper length is about 430 mm (point 
B) . For calculations, it is suggested that 
the values of and k^/Q^ be taken as 
8 5m~l and 5m"1 respectively as previously 
derived (Para. 4.2). 

Under disaster conditions, with a 
possible range of movement ±150 mm, say the 
strain would rise to t 6%, i.e. a range of 
12%, and the cantilever would possibly 
complete 10-20 unidirectional cycles before 
failing (Fig. 9 of the companion paper ( 7 ) 

For this condition fp would rise from 350 
to about 500 MPa (extrapolating from Fig. 8 
of the companion paper(')) and Q correspond-
ingly to 500 x 100/350 = 143 kN. Also a 
reduced value could be taken for the second 
slope k^/Q^ as the fractional rise (Qmax-Q d)/Q^ 
would be less. 

6.3 Plate Damper 

The corresponding equations for the 
plate damper (see Appendix 1) are: 

= ty/E 

= f Bt 2/4L 

(7) 

(8) 

In determining dimensions from these 
equations a value for the ratio B:L must 
be chosen. For the absorbers so far 
designed by the Laboratory B = 2L/3 approx-
imately . Substituting this condition in 
(8) gives 

Substituting f p = 350 MN/m 2 and E 
0.03 in (7) and ( 9) gives :-

Values of 
8 for a range 
displacements. 
plate dampers 
fraction of L 
only on the pi 
increases, the 
on B, increase 

(9) 

(10) 

(ID 

L and Q d are plotted in Fig. 
of plate thicknesses and 

It is to be noted that, for 
having B equal to some 
the damping force Q d depends 
ate thickness, since as L 
plastic modulus, which depends 

s proportionately. 

As an example of the use of Fig. 8, if 
a damping force of 150 kN is required for 
a deflection y = ±75 mm then the required 
plate thickness is 51 mm (point W) and 
the damper length is about 0.35m (Point V ) . 
For calculations, the values for the 

slopes K^/Qd and k^/Q^ may be taken as for 
the round type (Para. 6.2). 

7. APPLICATIONS 

7.1 Energy Dissipators for Stepping 
Chimney at Christchurch 

Two steel plate absorbers were 
installed at the base of a chimney at 
Christchurch in 1977 (Plate 6 and Fig. 9), 
in consultation with the designers, to 
control stepping in two directions at 
right angles under earthquake loading in 
the same way as for the Rangitikei Railway 
B r i d g e ) . 

The design of the fixing details was 
based on earlier small-scale tests and 
was not tested on the full-scale. The 
plates were cut commercially using a 
profile cutter which facilitated the 
introduction of the flaring of the taper 
into the fixity. 

On the assumption that the device 
has approximately the same overall stiffness 
as the buttress type of damper, the force 
per damper for a 6 0mm plate is about 100 kN. 
for f p = 350 MN/m 2 (Fig. 8), while the 
range of deflection, corresponding to 
L = 300 mm, is about ±70 mm; i.e. a 140 mm 
uplift, since the damper will take on a 
new median position after the first cycle. 

7.2 Plate Dissipators for King Edward 
Street Overpass, Dunedin 

The design of this bridge called for 
250 kN plate dissipators at both piers and 
abutments and has been described elsewhere 
(10). The dampers were designed using 
raw data prior to the completion of Fig. 8. 
Using Fig. 8, a force of 250 kN requires 
a plate thickness of 65 mm and a cantilever 
length of about 0.4m for a deflection of 
t 7 5 mm. A plate thickness of 65 mm was, 
in fact, provided for the production units 
with a cantilever length of 0.42m (Fig. 10). 
This slightly greater length had the effect 
of reducing the maximum strain level at 
the design deflection from ± 3% down to 
± 2.8%, see Table 2, and the force to 
about 230 kN. 

The dissipator tested was the first 
production unit, a further 12 units being 
fabricated for the bridge structure. 
Testing was carried out in a testing frame, 
Plate 7, using a double acting ram giving 
about 1 cycle every 4 minutes. Whereas 
testing had hitherto been carried out a 
constant stroke and the number of cycles 
to failure noted, for these tests it was 
decided to vary the stroke, as this 
facility was available using the jack. 
This allows the variation in amplitude of 
a single very large earthquake or group of 
earthquakes to be studied. The proposal 
was to perform: 

4 

30 

100 

1 cycle at - 150 mm deflection 

100 mm 

7 5 mm 

- 50 mm 

(the design 
level) 

After 2 cycles were carried out at strokes 
(peak to peak) of 23, 55 and 93 mm respect-
ively, to enable a family of loops to be 
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built up (Fig. 11), a further 30 cycles were 
carried out at about 150 mm stroke, followed 
by 85 at 100 mm stroke (Table 3) whereupon 
the dissipator failed about halfway along 
the taper (Plate 9). 

This performance was considered to be 
satisfactory, but the question of a standard 
sequence of loading in future testing is 
raised, and also the effect of cumulative 
damage, as the planned programme was not 
completed. It is conceivable, for instance, 
that the dissipator would have survived 100 
cycles at ± 50 mm followed by 30 at - 75 mm, 
whereas it did not survive the loading in the 
reverse sequence. 

The strains recorded by a Demec gauge 
using 5 sequential stations down the length 
of the taper on both sides of the plate are 
given in Table 2. Because of adjustments 
to the testing rig, 4 cycles were inadvert-
ently performed at 162 mm stroke, prior to 
adjusting back to 150 mm, and a maximum 
strain range of 6% was reached during these 
cycles. Pro rata at the design level of 
i 7 5 mm, the maximum strain range would be 
about 5.6%. 

It is seen from Table 2 that the strains 
were greatest towards the top of the taper. 
This suggests that the shear forces, which 
were neglected in the design, add to the 
plastic flow at the minimum cross section 
where their effect is greatest. In future 
designs of the plate type, the width of the 
taper at its top could be increased by about 
10% with benefit, and the flare at the base 
of the taper reduced somewhat, as strains 
there were not critical. 

The loops, Fig. 11, show asymmetry 
because of the effect of the loading lug on 
the bending moment in the extreme positions 
(Plate 8), the moment being increased on 
the push stroke and decreased on the pull 
stroke. This led to a drift in the plastic 
strains (Table 2) and a permanent bend in 
the device. Thus strains recorded on the two 
sides of the device (Table 2) are different. 
In the bridge, the movement takes place in 
a symmetrical guide and the strains on both 
sides should be the same. 

On stripping down the dissipator from 
the test frame it was found that the welds 
at the root of the 'T 1 had failed and it 
was possible to remove the leg of the cant-
ilever from the buttresses (Plate 9 ) . 
Inspection of the records showed that the 
failure, evidenced by steps in the hysteresis 
loops on reversal of the load, occurred 
after about 30 cycles at ± 50 mm deflection 
|ollowing completion of the 30 cycles at about 
- 75 mm deflection. Performance of the 
dissipator was little affected however up 
to the time of the failure in the main 
taper. The early weld failure was caused 
by a 2 mm gap showing on each side between 
the main cantilever and the buttresses on 
delivery, caused by shrinkage following 
welding in the first production unit. For 
the units supplied to the bridge site the 
welding technique was changed and additional 
machining carried out which completely 
closed these joints. Failure of the welds 
in these units during an earthquake is 
therefore less likely. 

The mean values of the slopes K-,/Qand 

k d / Q d obtained from the loops for the 150 mm 
deflection range were approximately 7 2 m - 1 

and 3. 8m"-'-, which is less than the values 
recommended in paragraph 4.2, i.e. 8 5 m - 1 

and 5m" 1. It is suggested, however, that 
until further test results become available, 
the latter values are adopted in design. 

8. CONCLUSION 

Tapered steel cantilever energy 
absorbers are simple devices which can be 
manufactured from steel supplies normally 
found in an engineering stores using 
standard engineering practice. They have 
a predictable performance and the advantage 
of a greater energy absorbing capacity as 
strains increase and failure is approached. 

It is suggested that for design 
purposes the slopes of the bilinear loop 
at a design strain range of 6% be taken 
as K d/Qd = 85m""1 and k d / Q d = 5m""1. 
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APPENDIX I 

Deflection of Taper Dampers 

(1) Round Damper 

Strength condition 

L 

using equation (1) 

K f /Q 
P 

where K = D /6 

D"f p/6Q (i) 

Deflection condition: the deflection y' 
at the load point caused by flexure over the 
length of the taper is given by: 

x.dx See Fig. 1, where e is the 

Substituting d = D. 

surface strain at the 
extremes of the diameter 
in the plane of bending 
3 

fx and solving gives 

= 1.2 ~ (L 2 - L 1 / 3 Z 5 / 3 ) 

For the usual condition Z = L / 3 

y' = 1.008 e L / D 

(ii) 

(iii) 

To this must be added the deflection 
y 1 1 of the parallel shank above the taper. 
If the strain over this length is assumed 
to diminish linearly from at the top of 
the taper to O at the load point, with a 
strain £' at section X 2 distant X 2 from the 
load point (Fig. 1 ) . 

C „ 

= 2 
1 xo dx 

£ , z .... where d = diameter or 
the top of the taper. 

Putti 3 
ng £' = X 2 e/z and d = D, / Z / L gives: 

,5/3 .1/3 (iv) 

Deflection condition: the deflection at 
the load point y' caused by flexure over 
the length dx (Fig. 1) is given by: 

dy = 2 e
 x i dx 

t 

For the whole taper 

L 

y 1 = 2e dx 

1 . e 

Usually Z 

y- . £ (L 2 z2) 

giving y 

(ix) 

0. 0889 L 2/t (x) 

For the portion above the taper, if the 
surface strain is assumed to diminish 
linearly from e to 0 at the load point, 
then the contribution to the tip deflection 
y 1', may be estimated; viz at a typical 
section the surface strain e' is given by 
£ X 2 / Z , thus: 

y .. e x 2 d x = tZ 

But Z 

2 , 
x , dx 2 e Z 

/3 y 1 1 = 0.074 e L /t 

'3t 

(xi) 

Thus the total deflection, y = y' + y' 
at the load point is given by: 

y = 0.963 e L z/t (xii) 

There is also flexibility into the 
fixity, as observed during testing, and 
flexibility at the flaring above the 
fixity. 

Hence take y = e L /t (xiii) 

which is the value of deflection for a 
cantilever having a taper over the full 
length L. (See equation ix) 

For the usual case of Z = L/3 

y'* = 0.1068 L / D (v) 

Thus the total deflection, y = y 1 + y'', 
at the load point is given by: 

y = 1.115 e L / D (vi) 

But the taper is usually machined straight 
from one end to the other thus increasing 
the deflection. Also there is some movement 
into the fixity; hence take: 

y = 1.2 e L V D (vii) 

which is the value of deflection for the 
ideal taper over the full length L of the 
cantilever (see equation ii). 

(2) Plate Damper 

Strength condition: using equation (1) 

Q-jL = f K 
d p 

K = Bt /4 

Q d = f Bt /4L (viii) 



TABLE 1 

RESULTS OF T E S T S ON TAPER C A N T I L E V E R S 

Cantilever Type 

Cross 

Section 

at Root 

(mm) 

Length of 

Cantilever 

(mm) 

Stroke 

(mm) 

Qd 
(kN) 

f 

P 

MPa 

Cycles 

to 

Failure 

Q max 

(kN) 

Qmax-Q d 

Qd 

(%) 

* V Q d Measured 
Strain 
Range 
(Peak to 
Peak) % 

Single round 7 6.2mm 
dia. 

470 139 54 344 132 74 37 5.3 6 . 0+ 

Double cantilever round 470 

each 

74 

each 
30 191 1160 46 53 14 .3 2.0 

Fork ended plate 38.1mm 

x 213 

305 83 75 296 75 110 46 11.1 3.5 

Seam welded plate 70 46 181 70 85 86 24 . 6 2 . 4 

Buttress plate " 127 78 308 144 110 41 6.1 4 . 2 

+ This value estimated from fatigue relationship (Fig. 9 Ref. 7) for 

132 cycles to failure 

* See Fig. 4. Values of k d / Q d were plotted against strain in Fig. 6, 

Ref. 7. 

TABLE 2 

MEASURED STRAINS FOR D I S S I P A T O R S 

FOR DUNEDIN MOTORWAY OVERBRIDGES 

Range of deflection 9 3mm 14 0mm 162mm 

Strains (%) from 

initial mid-position 

Range 

of 

Strains (-
initial mid-

i) from 
-position 

Range 

of 

Range 

of 

Position 

towards 

j ack 

Position 
away from 

j ack 

strain 

(%) 

Position 

towards 

j ack 

Position 
away from 

j ack 

strain 

(%) 

strain 

(%) 

Demec points on jack side 

Top 1 -0 .46 + 2 .40 2 . 86 -0 . 39 + 3 . 70 4 . 09 5 . 11 

2 -0 . 99 + 2 .21 3 .20 -1 . 36 + 3 . 56 4 . 92 5 .70 

3 -1 .17 + 1 .68 2 .85 -1 .94 + 2 . 75 4.69 5 . 03 

4 -1 .28 + 1 . 39 2 .67 -2 . 30 + 2 .14 4 .44 5 .12 

Bottom 5 -1 .28 + 1 .24 2 .52 -2 . 39 + 1 .84 4 .23 4 .63 

Deraec points on side away 
from jack 

1 + . 68 -2 .19 2 . 87 + 1 . 54 _ 6 .06 

2 + 1 . 04 -1 .80 2 .84 + 1 .65 -3 .34 -4.99 5 .89 

3 + 1 . 24 -1 .61 2 . 85 + 2 . 17 -2 .57 -4 . 74 5 .40 

4 + 1 .30 -1 .33 2 .63 + 2 .40 -2 .22 -4.62 4 .98 

5 + 1 .26 -1 .09 2 . 35 + 2 .40 -1 . 50 -3.90 4 .23 

At 150mm strain range K^/Q^ = 72m ka^ Qd = 3 • 8 m = 2 3 0 kN approximately 

and maximum strain = 6.06 x = 5.6% 
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TABLE 3 

C Y C L E S OF LOADING A P P L I E D TO D I S S I P A T O R FOR 

DUNEDIN MOTORWAY OVERBRID6E 

Date 
No. of Travel 

Date 
No. of Travel 

Date 
No. of Travel 

Date 
Cycles (nun) 

Date 
Cycles (nun) 

Date 
Cycles (mm) 

14/9/78 2 23 14/9/78 2 142 25/9/78 22 100 

19/9/78 2 142 

2 55 19/9/78 2 145 26/9/78 66 100 

2 93 ii 2 147 
Total 88 

tt 2 154 
— 

20/9/78 2 150 Failure 

6 150 

21/9/78 2 163 

22/9/78 2 163 

22/9/78 8 150 

Total 30 
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B A S E O F 

C H I M N E Y — , 6 2 8 B O L T S 

FIGURE 9: DAMPER FOR CHIMNEY FIGURE 
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FIGURE 11a: FAMILY OF LOOPS FOR DAMPER 
FOR BRIDGE IN DUNEDIN 

10: BUTTRESS DAMPER FOR BRIDGE IN DUNEDIN 

444 ~ p 4 - 4- 1 �4 4_. i-i i 

44t] 1 i- _L_ : i : "4" -4 4" 
4' 

4- ...f.. j. . 

T 4 4 f - 4 -

i" I* L 4"- �4 _i_ 4 �— 

i- t '4 L Hi 4 " - — -f : 

-r 4^ it .... -id V- 4 - — ...j. 

4- i **-

. \ : 
1 4- 4- -p ...j 

+ t" t t 

.).. 44 
___L f p 

m S0 4. 44 
+ -

pi* - - f t- .4 

. L. 
...... = 

. L. 4.. ...j. _i | 
4-

4-
+ 

rt 
J. -~r-4 - -4 - ' 'T 4- ~r- "4 

... J : j ... -(--- - 1 - 4 ..L . L �I" 4 - i 
i ' 

|..: 1 
^ 4 

_ 1 -!- t' �!�� . 4 4 
f — 4 

^ : 4t -4- . 4 - 4-
� ! � �j (1 \\ .... ... "! 

: -j ._!. T" - r r - l — 4 4 " ..I. ! : J 
'��1- .... 4- — -r : j , t 

� 1 � 4 1 ho i" 
44-j _ 

4- _ _ �4- a.. 
� 1 
4-

4-4- --j- 4- 4-
-t f-

? 4-4-
�f 

~r 
. 4 . 

-4 t + 4 - 4" "i 
.... 

...|_ 

j . r 4 _ 

FIGURE 11b: LOOPS FOR 150mm STROKE FOR 

DAMPER FOR BRIDGE IN DUNEDIN 
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PLATE V FAILED ROUND DAMPER PLATE 2: DOUBLE CANTILEVER DAMPER 
IN TEST MACHINE AFTER TESTING 

PLATE 3: DOUBLE CANTILEVER DAMPER 

IN TEST MACHINE AFTER TESTING 
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PLATE 6: CHIMNEY AT CHRISTCHURCH AIRPORT 

PLATE 9: DAMPER FAILED 


