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1.0 INTRODUCTION

A series of tests were conducted to determ ne the |oad transfer
characteristics of twin strand Garford Bulb Tendons with
di fferent bul b spacing.

Parall el testing was conducted with 14 wire birdcaged tendon over
380mm and 500mm enbednent as part of an existing research
progranmme. Previous testing of 10 wire birdcaged cabl e was al so
used in the conparative assessnment of the Garford Bul b.

The results obtained have enabled a prelimnary
rel ationshi p between bulb spaci ng and t he defornati onal
characteristics of the systemto be determ ned.

2.0 EXPERI MENTAL METHOD

The test procedure is described in AMRA Project Report
No. 4 - Quantitative Measurenment of the Behaviour of Gouted
Tendons Subject to Axial and Shear Displacenent.

The tendon is grouted into two joined thick wall steel cylinders.
The cylinder wall thickness 1is designed to exclude yield
occurring within the testing cylinder. The internal surface of
the cylinder is machined to a standard light thread to prevent
failure on the grout/cylinder interface.

The tendons were grouted using a comercially available high
strength and stiffness grout. The strength and stiffness of the
grout were obtained from test cylinders poured during sanple
preparati on.

The prepared grouted tendons were placed in a servo controlled
testing machine under strain control and the |oad defornation
characteristics neasured. Table 1 outlines the (half) enbednent
| engt hs, grout properties and bulb spacing for the tests.

TABLE 1. TESTI NG DETAI LS

Tendon G out Enbednent Bul b Spaci ng
Properties Lengths (nmm Bul bs/ Strand/ M
UCS( MPa) / E( GPa)

Garford 61/ 23 380 3.9
Garford 61/ 23 380 3.9
Garford 55/ 23 380 5.3
Garford 55/ 23* 500 6.0
14 Wre B/ Cg 55/ 23 500 N A

* UCS estimte only as test cyl i nder had high air
entrapnent .
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TEST RESULTS

The | oad di spl acenent plots for each test are shown in Figure 1.
The Garford Bulb tests have an approximate bi-linear shape
consisting of a stiff portion up to the onset of yield in the
system followed by a softer portion up to the ultimate capacity
of the system The onset of yield is defined as a point of
significant change in the stiffness of the system

The shape of the |oad/displacenent curve is considered to be
related to the bulb spacing. Figure 2 shows the |oad at the onset
of yield in the system and the displacenent at this |oad, plotted
agai nst bul b spacing. Al though within our existing standard it is
not normal to conpare the behaviour of tendons grouted at
di fferent enbednent lengths, it has been found that the nunber of
fully grouted cages or bulbs has an overiding effect on the
system performance. For this reason the summary of the results
presented in figure 2 are normalised in terns of the nunber of
bul bs per strand per netre.

The nunber of data points does not allow a rigourous nmat hemati cal
relationship to be established at this stage. However, on the
basis of the results obtained to date, the | oad/displacenent
curve as a function of bulb spacing has the general form shown in
Figure 3. The figure indicates that:

1. The onset of yield occurs at a higher load with nore
bul bs/ strand/ m

2. The displacenent at this load is marginally higher with nore
bul bs/ strand/ m

3. After the onset of yield the stiffness of the systemis al so

a function of bulb spacing. The approxi mte equation for
post yield stiffness is 4.7 x bul bs/strand/ m

Load History
Initial Displacenment (<1mm

I nspection of the |oad/displacenent plots indicates that the
stiffness of the tendons with a low bulb density was marginally
hi gher than tendons with a higher bulb density. This is contrary
to initial expectations, however it is considered to be related
to the behaviour of the grout within the bul bs.

The pullout resistance in a birdcaged or bulb system is
consi dered to be generated from crushing of the grout within the
bul bs. Prior to confinenment being generated within the grout
bul b, the system nmay undergo a "seating in" stage. Were the
tendon has a lower bulb spacing, the greater length of plain
strand requires less "seating in" and subsequently is nmarginally
stiffer.
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Up to Onset of Yeild

After the initial seating in of the system the resistance

to pullout is increased due to the generation of confinenent
within the bul bs. A higher bulb density results in an

increase in stiffness. Above the initial seating in

di spl acenent, the stiffness is higher for a higher bulb

density.

The inflexion point in the |oad/displacenent plot is referred to
as the onset of yield in the system This is considered to be
related to crushing of the grout within the bul bs.

Post Onset of Yield

After the grout within the bulbs has failed, the additiona
confinement is reduced and the system softens significantly as
the tendon pulls through the grout colum. There 1is an
approximate |inear dependence of post yield stiffness on bulb
spaci ng.

As the tendons with a higher bulb density have a higher |oad at
the onset of yield, the post-yield portion of the |oad/
di spl acenent history up to the ultimate capacity is reduced. On
the basis of the results obtained, a bulb density of over 7.5
bul bs/strand/m may not reach the onset of vyield before the
ultimate capacity of the system was reached. The stiffness of
this system nay be higher than currently avail able | ong tendons.

COMPARI SON W TH 14 W RE Bl RDCAGED CABLE

Two 380mm enbedrent and one 500mm enbednent pul l out tests

were conducted on 14 wire birdcaged cabl e.

The ultimate capacity of the cables was not achieved in the 380nm
tests due to the effective encapsulation of only one birdcage,
the second cage was poorly forned which resulted in pull through
of the wires rather than the generation of confinenent of the
grout. The encapsulation |length was increased to 500mm to ensure
full encapsulation of two birdcages per sanple cylinder. The
encapsul ation achieved in the 500 mm tests was two full cages
together with an approximately 100 mm section of splayed wre
whi ch based on previous tests would have a snall effect on the
syst em behavi our

The | oad/displacenent plot for the 500mm enbednent test

approxi mately overlays the 500mm enbednent test for the Garford

Bulb with 6 bul bs/strand/ mup to the onset of vyield.

After this point the performance of the 14 strand birdcage

is exceeded. Wthin the working range of the Garford Bul b,

a bulb density of less than 6 bul bs/strand/ mwas not as

stiff as the 14 wire birdcage. Although the 5.3 bul bs/strand/ netre
tendon had a hi gher onset of yield its | ower post yield stiffness

woul d make it | ess effective



after 3mm of deformation.

Al though no tests of the shear behaviour characteristics
been conducted by SCT, variation in the distribution of
wires in the hole may lead to mnor variation in the
stiffness in shear. The variation is however considered to
be small (simlar or less than the variation between node

and antidote of the birdcage systen). The capacity in

shear woul d be the same as birdcage, as it will be dependent

on the cross sectional area of the sane nunber of wres.
5.0 SUMMARY

The Garford Bulb tendon fulfils the basic criteria of

Reinforcing tendonas del i neated by the AM RA P207 Proj ect.

When used with a high strength grout, the foll ow ng

performance criteria of the tendon were neasured:

1. The tendon with a bulb density of approximately 3.9
bul bs/strand/mis simlar to that of 10 wire birdcage
but with a higher ultimte capacity.

2. The performance of the tendon with a bulb density of 6
bul bs/strand/ mis conparable to a 14 wire birdcage
cabl e and exceeds the performance of 14 wire birdcage
in the range of 1.5mMmmto 5mm

3. Wth an increase in bulb density and the potential for

additional strands to be included w thout significant
increases in hole dianeter, the Garford Bulb is
considered to have the potential to provide a stiffer
and hi gher capacity systenthan currently avail abl e

| ong tendons.

The results have indicated that a rigourous relationship
bet ween stiffness and bulb density may be obtained with
further testing. A general relationship is provided in
this report.

The results indicate that the Garford Bulb system can be
trialled in the field wwth both two and three strand

configurations, inany appl i cation currently using birdcage

cabl es.

The use of the three strand configuration may

provide the capability to achi eve opening stabilisation in
areas where 14 wire birdcage systens have been marginal in
their effectiveness.

have
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