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STMULATED WIND TESTS ON A HOUSE

Part 1. Descrintion
*
G.N. Boughton
and
L gl
. F. Reardon
SUMMARY
Ag pavt of a continuing research programme fnto the action of houses in

resisting high wind forces, the Cycione Structurail Testing Station has
recently undertaken some tests on a full scale house in Townsville. Loads
were applied to the house using hydraulic rams and simulated forces
generated by strong winds. Measurements of the response of individual
components of the house and the house as a whole were made throughout the
building. In this way engineers will be able to estabiish the distribution
of forces within a house during high wind loadings, determine the weak 1inks
in the chain of structural elements that carry those forces to ground, and
make recommendations to the building industry to make more efficient use of

structural elements within a house.

Progress on this ambitious project has been encouraging and the success of
the first series of tests indicates that the House Testing Project has a
real contribution to make to improving the performance of housing subjected

t0 high wind forces.

* Research Fellow, Cyclone Structural Testing Station
** Technical Director, Cyclone Structural Testing Station



I. iNTRODUCTION

Over the past ten years, there has been an increasing awaveness of the need
to design and to test building products for nigh wind conditons. This Ted to
the establishment of the Cyclione Structural Testing Station and also
increased activity within research and development departments of manufactur-
ing companies. Procedures have been established for testing components of
houses and have been reported in publications such as Reardon {1980) and
Department of Construction {1978). While every effort has been made *o
ensure that loads applied in these tests correspond to wind loads applied to
houses, the actual distribution of forces within a house sti1? remains

unproven,

By conducting tests on complete houses, the distribution of forces within

the structures can be investigated, in-situ strength of building elements can
be evaluated, and correlation of laboratory tests with in-house performance
of building element can be performed. Rather than conduct these tests using
jet engines or large fans to create a wind, the Toads that high winds would

place on a structure were simulated with hydraulic rams.

This publication presents the Cyclone Structural Testing Station's research
programme for full scale house testing with particular emphasis on the first
series of tests recently performed on a house in the suburb of Garbutt in
Townsville. 1t describes the house on which the tests were conducted, the
loading equipment used to simulate the high wind forces, the measurement
equipment used to monitor the response of the house, and the tests performed,
Some attention is given to describing the damage sustained by the house,

but detailed analysis of the results and recommendations arising from the
tests will be presented in another publication in this series.

2. THE HOUSE TESTING PROJECT

2.1 The Need for the Project

in the same way thatimpact resistance of a motor car can only really be
determined by staging full scale motor vehicle crashes, the performance of

a house under high wind loadings can only really be ascertained when the
house is carrying those loads. Unfortunately during times of high winds, it



would be very difficult to monitor house performance. Frames erected to
carry deflection measurement equipment would interfere with alr flow avound
the house and be subiected to the wind loads themselves. Also, the Toading
is applied very guickly neccessitating the use of sophisticated equipment

to record many hundreds of deflections during a five second gust. The
unpredictable nature of high winds means that a house could be instrumented
for some years before a leading occurs. This would tie up both the house and
the valuable equipment neediessiy.

The Cyclone Structural Testing Station has embarked on a research programme
to test full scale houses under the action of simulated high wind Toads
applied with hydraulic rams. This programme will provide a valuable insight

into the behaviour of houses in high winds.

z2.7 The Long Term House Testing Pragramme

Tn the long term it is envisaged that the Station will have a fully portabie
set of loading frames, measurement frames and equipment, and be capable of
moving to a house requiring testing, completing a test programme, anatysing
the results with a computer and drawing conclusions within a few months.

In this way the Station would provide builders, companies or supervisory
authorities with valuable information on the performance of a complete
house. By testing many different types of contemporary houses, the action
of many different materials and sturcutres can be evaluated. The Station
would then be in a position to advise builders, building reguatory bodies,
engineers and architects on most efficient ways of obtaining composite
strength to resist high winds. In the Tong term it would be advantageous to
have one or more houses built by the Cyclone Testing Station in which
recommendations can be incorporated and tried under simulated high wind

conditions.

Obviously the nroject described involves a Targe amount of capital equipment
and will take many years to implement. The Station recognises that fact
and is therefore staging the development of the project over a number of

years.
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2.3 Staged Development of the Project

The House Testing Project will be developed in three main phases.

(i} demonstration of the usefulness of testing full scale houses
using simulated wind Toads. This phase incorporates
construction of loading frames and testing one house.

(i) development of software for processing results, purchase of
equipment to apply cyclic load to the structure, and to
measure deflections using remote monitors. This phase is
the most capital intensive and will also incorporate testing
at least one house to demonstrate the usefulness of the
lToading and measurement equipment.

(111} Tlarge scale load testing phase. In this phase many houses
would be tested, as energy that had previously been directed
into establishing equipment would be directed into testing,
and analysis of results.
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hs of June 1982 the House Testing Project is at the end of the first phase.
The Cyclone Structural Testing Station has injected its own funds into the
project for the first stage and received considerable support fram the
Department of Civil and Systems Engineering of James Cook University, and

the Queensland Housing Commission. Tests on-site have been compieted and

ail that remains in the first phase is some laboratory testing and processing

of the results. The latter is curvently being undertaken.
The remainder of this report is primarily centred on the first phase of the

Testing Project and in particular the series of tests performed on the

first house obtained by the Station.

3. HOUSE USED FOR THE FIRST SERIES OF TESTS

3.1 Suppily of the building

The house used in the first series of tests was supplied by the Queensland
Housing Commission. The building had been condemned as the floor was below
the minimum height above ground required by the Townsville City Councit.
The basic structure of the house was quite sound with timber still largely
free from decay or termite attack. Thus although the building was of no
use to the Queensiand Housing Commission it was of much use to the House
Testing Project.

While the building is referred to as a house in this publication, it was
used by the Housing Commission as two adjoining dwelling units. The

total floor area was 162 m*, so consideration of the building as a house
was not an unreasonable assumption. A floor plan and elevation of the
building as supplied is given in Figure 2. The house when supplied had all
glazing, roof and wall sheeting and flooring intact.

3.2 History of the Building

The history of the building is rather sketchy. but has been pieced together

with the help of local knowledge and evidence unearthed during the testing
and subsequent demolition of the house.
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The building was constructed by Austraiian Tabour and with Australian
materials, but under United States Alr Force supervision and to USAF
specifications in 1942 or 1943, As the under side of the roof sheeting,

the roof trusses and the inside of most weatherboards were once painted, 1t
appears that after construction it was used as an uniined building devatd

of internal partitions. At a later date the building was converted into the
two dwelling units with the addition of kitchen, bathroom and Taunary Tixtures,
internal walls, ceilings and internal Tinings on external walls. WMeintenance
has been performed on the building over the years and has included addition
of conerete floors in bathroom and Taundry areas, replacement of plywood

wall linings and "Cane-ite" ceiling linings in the Taundry and bathroom with

ashestos cement sheeting, and upgrading of pipework.

3.3 fonstruction of the Building

The building was constructed utilizing a timber frame and bolted timber
trusses. The trusses were at approximately 3 m spacing with 75 x 75 mm
timber studs under each truss. Between these large timber studs was a
centrally placed window and 75 x 50 mm timber studs between the window and
the large studs. This gave a stud spacing of approximately 450 mm. The studs
were checked into both bottom and top plates and nailed with two 100 mm nails
through the top and bottom plates into the end grain of the stud. Diagonal
timber braces of 25 x 50 mm hardwood had been checked into the external face
of the studs and nailed with two 50 mm nails at every crossing of the brace
with a etud. Figure 3 shows the timber frame detail.

Weatherboards that had been cut from 250 x 30 mm timber were nailed to the
outside of the frame with one nail per board at every stud. Most internal
linings were plywood sheeting, nailed to each stud at 150 mm centres and
with cover strips over all joins. In the bathroom and Taundry, asbestos
cement sheets had been used as wall 1ining, and these too were nailed at

150 mm centres on every stud.

The roof was supported by timber trusses that had been bolted together.

Details are shown in Figure 4.

The corrugated steel profile roof sheeting was nailed directly to 125 x 50 mm
timber purlins at 750 mm centres supported on their edge at each truss by
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nailing blocks as shown in Figure &,

dopuriin

Nailing block

Figure 5. Purlin support svstem

The purtins were skew nailed to the nailing blocks by one nail per block
except at laps in the pulins where two naiis per block were used. Each

hltock was held to the truss fop chord with tws nails as shown in Figure 5.
The ceiling material throughout most of the house was 12 mm thick "Cane-ite".
[t was nailed at 100 mm centres to 25 x 50 mm ceiling battens which were
spaced at 450 mm centres. The ceiling battens spanned 750 mm between

100 x 50 mm ceiling joints. These in turn were nailed to the top plates

of all internal walls and to the bottom chords of the roof trusses. Figure
6 shows a plan of the ceiling structure.

Over the bathroom, the ceiling had been replaced with asbestos cement
sheeting, and the timber framework strengthened with 100 x 50 wm hardwood

timber in both directions at 400 mm spacing.

Much of the timber used in the ceiling was second hand and the timber
used in the timber framing of the walls varied significantly in density.

4. LOADING SYSTEM

4.1 Loading Requirements

The basic requirement of the hydraulic lToading system was that it simulate
the action of high winds on a house. [t was therefore designed to apply
uplift Joads to roof panels and lateral loads to walls. As it was envisaged



that the project would involve the testing of a number of different houses,
the leading frames were designed to be independent of house geometry. The
height of the frames was made variable by including a removable section in
the column. The point of application of both uplift Toads on the voof and
the lateral loads on walls was also made variable. As wind Toads exert a
uniform pressure on the house panels, a number of ioading frames would be
used on each house and load spreaders incorporated to apply Teoads to many
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Figure 6. Flan of ceiling structure
4.2 Construction of Loading Frames

Loading frames were designed and built by the Station to satisfy the above
requirements. The frames utilized welded steel instruction with bolted
connections on 4 main components. This enabled the frames to be
transported and erected with minimal on-site equipment. Reactions were
taken to the ground through a main tension stay and the steel column of the
frame. A 450 mm diameter 2.5 m deep cast-in-place concrete tension pile
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was used to anchor the main tension stay, and two smaller stays with

i

aravortionately swmaller piles gave the frames lateral stability. Figure 7

shaws an elevation of the loading Trames.

4.3 Operation of Loading Frames

(4} Uplift Toads: Uplift loads were applied to the roof of the
house using a hydraulic tension ram mounted on the column
footing. This pulled down on one end of a large steel beam
pivoted on the top of the steel column. The other end of
the steel beam was connected to the roof using a cable. The
Toad in the cable was transferred to 6 points on the purling
by a steel load spreader. The operation is sketched in

Figure 8.

hydraulic
FAM ———""

lifted roof system

{a} Frames hefore test {(ht After test

Figure §. Loading frames during uplift test



(413 Lateral loads at top plate lavel: These loads were appiied
to the house using a hydraulic tension ram again mounted on
the column footing.  This pulled downwards on a cable that
passed over a puliey mounted on the cofumn at top plate level
and then horizontally through the roof space to be attached to
the house on the other side of the building. The effect
therefore was the same as the wind blowing directly onto
the opposite side of the buitding. Figure 9 shows an

P
=l

slevation of the loading frame emploved in this manner.
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Figure 9, Loading frames during top plate tests



(111) Lateral loads at mid wall height or fioor joist level: These
loads were applied to the house using a hydraulic tension ram
bolted divectly to the column and pulling a horizontal cable
at the correct height for the load position. Again the load
was applied to the opposite face of the building so that the
Toad simulated wind pressure of the type normally experienced
on windward walls. Figure 10 shows the Toading frames employed
in this manner.

o
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Figure 10. Loading frames used for lateral loads at mid
wall heilght and floor joist level



4.4 Loading System lmplemented for House |

fig i

As indicated in section 3, the geometyy of House 1 was that of an "L

]

Toading condition chosen was that of a high wind blowing Trom the North.

The majority of tests were performed on the leg of the buiiding that ran
Fast-West. In this case as the pitch of the roof was greater than Eﬁﬁy

only the southern side of the East-West ridge Tine experiences suction

for winds from the North. Uplift loading was therefore only reguired on

the Southern side of the huilding. By positioning four frames on the
Southern side of the building., both upiift forces and lateral forces
commensurate with a Northerly wind could be simulated. Each frame had a
capacity of 50 kN in both up?ift and lateral loading capacity. OUnly the
central two frames were eguipped with uplift load beams giving a total uplift
capacity of 100 kN and a total lateral Toad capacity of 200 kN. Loads
obtained using AS 1170 Part 2 (1981) Wind Forces were 61 kN uplift and 59 kN

Tatera!l izad.

R} o ) .
hﬁ Frames with pivotted beams
1 Frames without pivotted
beams
—

/ Horizontal load points

— E— A
—— YYY

Simulated wind
direction

Fioure 11. Plan of house showing load frame positions
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METHOD OF MEASUREMENT

5.1 Measurement Devices

T this instance funds were insuffictent to dnvest in electronic measurement

devices,

Forces were measured with a compression Toad cell that was utilised at the
application point for most of the lateral load tests. For the uplift test
and tests in which loads were applied from more than one toad frame,
hydraulic pressure gauges were used to monitor Toads. These gauges had
previously been calibrated with the rams used so that the pressure reading

could be accurately converted to a load.

neflections were measured with dial deflection gauges. Up to ten such
gauges were used in any one test. Between ten and twenty increments in lcad
were used for each test, so each test resulted in up to 200 dial gauge
readings to be taken and recorded. The readings were recorded on a desk

top computer as the test was being performed, and could be plotted at any
stage during the test. This meant that any errors could be quickly found
and also that failure conditions could be identified prior to damage

occurring.

5.2 Reference for Deflection Measurements

Where possible, the deflection readings were taken relative to the ground.
Gauges were fixed to scaffolding on the North and South sides of the
house. Movement of the scaffolding was generally less than 0.05 mm which
amounted to less than 1% of total deflection of any gauge except in two
tests where three gauges showed very small deflections.

5.3 Problems with Method of Measurement

Although the method of measurement is the aspect of the testing most in need
of improvement, the measurements obtained on House 1 were consistent and were
repeatable. It will therefore be possible to draw conclusions from the
results of this series of tests, and attach a high significance to them,



However the small number of measurement points was a severe limitation.
The small number of measurement points was neccessary o stay within hudget
Timitations for this stage of the project, to facilitate manual reading af
deflections, and to speed the recording of data so that creep was not 3

major consideration.

[t is anticipated that for the next series of tests more toad measurement
points and deflection measurement points will be available. Electronic
deflection measurement will be used so that gauges can be placed in
locations where manual reading was impossible and to minimise reading time,

and hence the effects of creep.

b. TESTS PERFORMED ON HOUSE 1

6.1 Aims of the Tests
This series of tests had three main aims:
(i} to determine the strength of the house in an assembied state.

(11) to determine the way in which wind forces are distributed

throughout the house.

(i33) to relate the performance of structural elements assembled
in the house to the performance of the same elements in

laboratory tests.

To achieve these aims a testing programme was devised that would leave some
structural elements intact so that they could be tested in the Cyclane

Testing Station laboratory.

6.2 Programme of Tests

The testing programme was as follows;

- 3 strength tests on wall studs using the Toading system

shown in Figure 10 {a).
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4 stiffness tests from a single loading point, with the load

applied at top plate level ag shown in Figure 9.

a roof uplift strength test with two frames simultaneously

applying Toads as shown in Figure 8.

a strength test with all four Toading points applying loads

as shown in Figure 9.

a strength test with two Toading frames applying ioads at
floor joist level as shown in Figure 10 {b).

6 stiffness tests from a single Toading frame with the foad
applied as shown in Figure 9. Prior to each of these six
tests a structural element was removed from the house so that
its contribution to the stiffness of the building could be
measured.

? further strength tests on wall studs after the weatherboards
had been removed. These tests used the loading system shown
in Figure 10 (a}.

An internal wall which acted as a bracing wall in the
assembled structure, and a 2.5 x 2.5 m section of ceiling
complete with battens and joists were removed from the
structure intact and subjected to Taboratory strength tests
in the racking frame. (Reardon 1980).

Throughout the programme above, "strength test" refers to a test in which
a failure point was sought and attained and "stiffness test” refers to a
test in which a failure was deliberately avoided. The loading and
measurement methods adopted in both strength and stiffness tests were
essentually the same.

Testing proceedure

The Toading and measurement systems have been described in sections 4 and
5 respectively. Loads were applied using manually actuated hydraulic



puimps and the ioad incremented in even steps through the elastic range.

Gt esach lpad increment, all the defiection gauges were read. [n cases
where significant deviations from elastic behaviour were detected, load
increments were reduced to more accurately define the Toad verus deflection
curve. Fach test took between 1 and 3 hours depending on the number of

increments and the complexity of the gauge reading process.

Strength tests were conducted on the above basis until a fatlure oceurred,
Tn most cases failure was sudden and catastrophic and meant the termination
of the test. For the strength test using Tateral loads applied from the
four loading frames at top plate level, a failure occurred near one Toading
point only, leaving the other three loading points able to sustain their
toads.

Stiffness tests were conducted by incrementing loads until a pre-determined
deflection near the upper end of the elastic range was reached. At this
point, the Toad was released slowly and the structure allowed fto recover,
In this way permanent damage to the structural elements being fested was
largely eliminated, and further tests could be performed on the same

eleament,

7. RESULTS OF THE TESTS ON HOUSE 1

7.1 Detailed Analysis of Results

The detailed analysis of the results of the tests on House 1 will be
published later in another publication in this series, but at the present
time some qualitative comments on the results can be made.

7.2 Results of the Strength Tests

The loads obtained at failure of various elements in the structure were
higher than those predicted in most cases. This is not surprising
bearing in mind the nature of the construction of the house revealed as

demolition of the house proceeded.
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Stud Tests - The timber used for the siuds varied throughout
the house, bul never the less it appeaved that the wesathevr-
boards assisted in transferring Toads from the tested stud

to adjacent studs. This effect may even have been avident
near windows as lateral deflection was observed on both sides
of window frames near the tested studs. The loads carried

by the timber studs at failure were well in excess of those
requived in AS 1170 Part 2 (1981) - Wind Loads. Failure was
initiated at flaws in the timber such as knots, or a check out.

After testing studs with the weatherboards in place, a signif-
icant reduction in uitimate Toad was obtained by removing fhe
weatherboards. This confirmed the effectiveness of the weather-
boards in distributing ioads Taterally away from a loaded stud.

Roof Test - As discussed in Section 3, the roof structure was
not typical of a house. The weak Tink in the uplift chain
from purlins to footings, in this instance was the purlin to
rafter connection. This detail failed quite suddenly by pull
out of the nails driven through the purlin into the nailing
block as shown in Figure 12. However, the trusses themselves

did suffer some minor damage during the test.

The roof appeared to have suffered 1ittle damage during cyclones
that have occurred in the life of the building, as there were
no readily identifiable new sheets of roofing and there were
no noticeable repairs to trusses or purlins. In fact nearly
all sheets of roofing material could be positively identified
as original sheeting. This indicates that the roof has stood
the test of time quite well,

The static load at failure as applied in the test was again in
excess of that required by AS 1170-2 (1981) but caution should
be used in attaching too much importance to that statement as
cyclic Toading of the type experienced during high winds may
have considerably reduced the faiiure load.



~ puriin and withdrawn nail

Figure 12, Failure of purlin fo rafrter detail

{(i11) Top Plate Tests - Loads were applied to the top plate at four
locations. One was between an end wall and an internal wall
with a large opening. Another was adjacent to a 3 m long
internal wall. A third was adjacent to a 6.6 m long internal
wall and the fourth was adajcent to an 11 m long external
wall, Figure 13 illustrates the locations of the loads.

With the house intact, the capacity of the hydraulic rams used
not sufficient to cause failure at Toading points 4, 3 or 2 in
Figure 13. At point 1, however, the top plate failed in

bending causing damage to the ceiling within 1.5 m of the failure
point. Evidence of movement of the ceiling could be seen near
Toad points 3, 2 and 1, and movement within the roof sheeting
could be heard but not seen. Very little movement was observed
near the long transverse walls at load points 3 and 4. The test
showed that the action of a house in resisting lateral loads is
guite compliex. Further comments are made on this action in
Section 7.3.
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Fioor Test - The tie down of the floor system to stumps was

by ten 12 mm diameter bolts for the entire house. The bolts
from the floor bearers to the stumps proved totally ineffective
in resisting any lateral load. This was due to the very badly
corroded screws into the stumps. Those that had not corroded
through, broke in the course of the test. The floor system
showed a classic friction behaviour in sliding across the
stumps. Only one stump was observed to rotate significantly,
with the bulk of the movement taking place either as sliding
of the bearers on the antcaps or as sliding of the antcaps

on the top of the stumps, as shown in Figure 14.
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7.3 Results of Stiffness Tests

Most of the on-site tests performed were stiffness tests and all were
designed to isolate the structural members in the house that distributed
Tateral loads sideways to bracing walls. The analysis of these resultis is
quite compiicated and so will not be treated here. However, the tests showed
that substantial loads are carried through bracing action of ceiling

sheeting and roof sheeting to the bracing walls. Very little lToad is

carried in actual bending of wall claddings and wall timber, although the
ceiling joists and battens may also have helped in load distribution
independent of the ceiling cladding. It is to be noted again that excessively
heavy ceiling support timber was used in parts of the house. After examining
the defiections in detail it will be possible to obtain an accurate distrib-
ution of force between the bracing members within the house.
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7.4 Results of Laboratory Tests

At the time of writing, the laboratory tests had not been performed. They
will be presented in detail with a detailed analysis of all other test
results on House 1 in a later publication.

8. THE IMPORTANCE OF THE TESTS

8.1 Potential Benefits of the House Testing Performance

The principal benefit of the programme is the greater understanding of the
way forces are transmitted throughout a house. By fully understanding force
paths within the structure, building codes and regulations can be formulated
with a rational basis for such items as spacing of bracing walls or fixing
of ceiling materials. The greater rationalisation of building methods will

™)



in turn allow more flexibility in house design Tor high wind arveas, and move
efficient use of structural systems to provide safety in the event of high

winds.,

Other potential benefits to be accrued from the programme of fests include

a reference for laboratory tests, so that laboratory behaviour of materials
retated more accurately to field performance. This is particuiariy useful
in that work performed by the Cycione Structural Testing Station on roof
sheeting as a bracing membrane [Nash and Boughton (1981)] and work performed
by researchers at James Cook University on ceiling diaphragms [Walker and
Gonano {1981)] can be directly related to stiffness tests performed on the
house at Gavbutt. On-site stiffness of these and other bracing members can
be compared with estimates and laboratory experimental work and hence steer

research work to maximise the benefits from the findings.

The knowledge of the strength of components of a nouse while they are
installed can help to identify weak Tinks in the chain of structural strength
from the point of application of the lvads to the foundations of the structure.
Thus further effort can be directed to increasing the strength of parts most
effective in resisting high wind forces. By applying the wind forces stowly
with hydraulic rams, it was possible toc locate the elements which initiated
failure.

The ultimate benefit to be sought in this and other investigatory work on
the action of high winds on houses, is safer housing that still allows
design flexibility and is built at a minimum extra cost.

8.2 Benefits of the Series of Tests Conducted on House 1

While it is recognised that the benefits outlined above are Tong term goals,
the results of the series of tests conducted on House 1 at Garbutt have
shown that the programme is capable of achieving those goals. At present
the importance of roof sheeting and ceiling structure as bracing elements

is recognised, but in the tests outlined in this report data has been
gathered to quantify their contribution to the stiffness of a real house.
Recommendations to builders and planners can be made as a result of the
first series of tests and will be published in a later booklet in this
series.



The fivet ceries of tests were important as e nrelude to the remainder of

the house testing orogramme. They have demons tratad that it is possible to
test a house in the way outlined, and to obtain meaningful results. Expertise
in operating the Toading frames and working in a house structure has been
built up in a team of engineers and technicians. This expertise is important

to the efficiency and success of the remainder of the House Testing Project.

9. THE FUTURE OF THE HOUSE TESTING PROJECT

9.1 Further Houses for Testing

The firet series of tests were performed on a house that was approximateliy
40 years old. This had some advantages in that as the house was no longer
required it could be systematically demolished in the course of the tests.
The house was also known to have withstood some severe winds within its
Tifetime with minimal damage. In that respect we were testing a proven
ctructure to determine why it worked, and theve was certainly value in that.

However it is necessary to test current building practice to ensure that it
is capable of withstanding high wind forces. Certainly Cyclones Althea, Ada
and Tracy provided a very expensive test for building construction of that
time. Using hydraulically applied loads of similar magnitude to high wind
1oads, on selected houses only is a much more preferable method of evaluating
current building practice and recommendations.

Within the next six months the Cyclone Structural Testing Station wilt be

Tooking for a more recent house to test,

9.2 Loads to be Applied in Further Tests

Static loads are quite suitable for evaluation of stiffness of structural
elements, however high wind events of the last ten years in Australia have
indicated that strength of structural elements may be considerably reduced
under cyclic toading of the type produced during a cyclone. In order to more
accurately simulate this action on a structure, a Joading system capabie of

applying repetetive loads must be used.



i i which the computer cuvrently used

for data aquisition will contrel an electrically driven hydvaulic pump and
come automatic valves to contipually apoly and then release a given lToad.
oads will be monitoved by loacd cells and signals fed to the computler as
requiread.

4.3 Monitoring of Deflections in Further Tests

As already noted in section 5.3, the small number of deflection measurements,
the time taken to read dial gauges and the limitations in placing gauges whersa
they can be read with safety were severe limitations in the first series of
tests. It is proposed that for the next series of tests, electronic deflect-
Jon measurement devices should be used. This will enable very rapid readings
to be obtained, with approximate reading rates of more than 10 gauges per
cecond. It will also enable gauges to be placed in locations within the
structure where only remote reading is possible. The faster reading times
Wwill mipimise the effects of creep, enable more deflections to be monitored

P ! PO, N AR X . 1 i b o T e et
and eliow cysling of the Toads within g smali Deyiod.

10, CONCLUSIONS

There are a number of important conclusions that can be gained from this
series of tests. The first and possibly the most important is that
technigues have been developed to enable such tests on houses to be
conducted. A suitable testing rig has been designed that not only has
sufficient strength, but can be dismantled and moved to other test sites.
Thus the concept of proof testing houses can be made a reality.

Secondly, sufficient data has been gathered to enable the analysis of force
distribution within the house and individual element strengths. The results
of these analyses, currently in progress, will be related to other houses of
similar construction and even to houses in general.

Finally the work has enthused the authors so much that they are planning
a future test programme based on the application of cyclic loading to a
house, hopefully much younger than the one described herein. These plans
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are outlined in Section 8. However although some preparation has already

ic testing, the Station does not have the electronic

o

3

been made for cyc
equipment to control the Toading regime or to stmultanecusty mornitor the

response 0f the entire building.

Whilst the Station supported the cost of the project on the first house, it
does not have the reserve funds to purchase the equipment needed for the
cyclic Toadings project. Further funding is therefore needed from industry

or government to continue this important research.
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