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SUMMARY

A geomechanics investigation at Blue Mountains Colliery near Lithgow (NSW), in a pillar
extraction production panel (6 North), operating a traditional split and lift method, has shed
new light on the caving process in the Lithgow Seam strong sandstone roof.

A 3-stage roof fracture process eventually leads to low angle caving that produces feather
edges resulting in breaker prop overruns. These fracture stages are “driven” by a relatively
long-standing goaf, gradually sagging across a saucer-shaped area and elevating lateral
compressive roof stresses close to the edges of the solid pillars. The sandstones fail in low
angle shears that form the feather edge failures highly prone to topple breaker props and
commonly encroach by 5-15m into the working places.

As an experiment to determine if this feather edging could be stopped, two sites were
prepared using 2 rows of 4 x 1.5m long roof bolts. The “front” (goaf side) row was fully
resin grouted and instrumented. The results from both sites was definite: the bolts generated
significant loads (up to 18.9 tonnes) and cut off the shear fracture/feather edge propagation.
At each site the standard pattern of breaker props (set behind the bolts) remained unharmed
during the main caving event.

This Report contains a detailed account of the underground work performed, discusses the
results and concludes that feather edge goaf caving can be safely controlled.
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1.0 INTRODUCTION

Feather edge caving is a widespread phenomenon affecting full pillar extraction methods
under “massive” sandstone roofs. It invariably results in the goaf encroaching into the
working area and it is characterised by low angle roof fracturing that forms an irregular
breaker line and “thin” slabs of sandstone detaching. The feather edge process favours strong
sandstone roofs containing various types of geological features.

The School of Mines (1993) reported that this type of caving occurred in South Africa and the
USA and attention was drawn to it by Williams (1973) in the Newcastle Coalfield of NSW
and by Shepherd and Chaturvedula (1991).

Various mine managers have found feather edging puzzling, but they recognised the risky
nature of sandstone roof detaching suddenly in thin slabs at the goaf edge and often over-
running the working place.

Collieries affected by such goaf edge conditions in the recent past and present include the
Lake Macquarie (Newcastle) district mines eg. Cooranbong, Wyee and Munmorah and
Western Main and Blue Mountains Colliery in the Western Coalfield at Lithgow. The latter
colliery provided suitable goaf edge conditions for this study (see Figure 1 for location after
Yoo et al, 1995). Typical examples of feather edging at Blue Mountains are shown in Plate I.

McCosh et al (1989) in South Africa reported a bord and pillar study comparing timber
versus roof bolt breakerlines where they successfully extracted 500 pillars with roof bolts as
the sole means of breakerline support. It was found that operators tended to install the
breakerlines right on the goaf edge, and in these cases the bolts were taken out by the goaf.
This problem was overcome by moving the breakerline bolts 1.5-2.0m back. This study was
important and was carried out on the basis of trial and error, there being no rock mechanics
instrumentation installed at the sites.

1.1 Goaf edge support practices

This outline is confined to mentioning temporary supports set at the goaf edge either in the
split or in the lifts as retreat takes place.

A variety of extraction methods are currently in use in New South Wales (see Figure 2)
including split and lift (Figure 2a), pocket and fender, a variation of split and lift (Figure 2b),
Wongawilli (Figure 2¢) and modified Wongawilli (Figure 2d).

Temporary support consists of either timber props or mobile roof supports (MRS’s).

Timber props

These have been the traditional passive support method since pillar extraction began. Prop
diameter is generally in the 100-200mm range, itrespective of height. Props are set at the
previous goaf edges and generally after each lift (see Figure 2a). The details are specified on
Manager’s Support Rules as at Blue Mountains Colliery (Appendix I).
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At some mines a row of props is set out into each lift known as a “fingerline” (School of
Mines, 1993 and 1994). These are used at Blue Mountains Colliery. Timber is still used at
pillar extraction mines as a “barrier” against existing goaf edges where the last fender was
removed. Generally 2 or 3 rows of props with 4 or 5 per row are used. They are sawn to
length on site with straight ends and wedged usually at the roof. Props are still widely used
as an indicator of roof to floor convergence and for detecting standing goaf and goaf edge
closure preceding falls. The average strength of NSW hardwood props is not known, but
some measured to failure in the goaf edge gave approximately 30 tonnes (Shepherd and
Lewandowski, 1994) and one took 50 tonnes up to cracking.

Mobile roof supports

MRS’s (also known as BLS’s or ABLS’s, derived from those manufactured by the Voest-
Alpine Company) came into common usage in the late 1980°s in Australia. Previous use in
South Africa was followed here with their introduction at several mines and they were
quickly evaluated by ACIRL (Brown and Geddes, 1989 and McCowan and Brown, 1990}

Early experiences were favourable and modifications quickly followed to strengthen the
canopy linkages and side curtains because of the impact damage of large sandstone roof slabs.
The USA. coal industry also quickly adapted their use in 1988 and both ABLS and Fletcher
sourced units have been used. Recently Hewitson (1995) reviewed their usage in the USA.

Local experience showed that MRS’s were best suited to the long fender method
(Wongawilli) to minimise flitting time. In nearly all cases they have been used for temporary
support during lifting off either one side (2 supports) or both sides (left and right with 3
supports), the latter in the United States known as the “Christmas tree” layout (Chase et al,
1997). At Clarence Colliery (The Staff, undated) two ABLS's were used for lifting off and
two were “parked” against the goaf instead of timber props.

Recently at NIOSH in Pittsburgh, the ABLS and Fletcher supports were tested for support
performance (Barczak and Gearhart, 1997). Both types were rated at 600 tonnes each, but
provide an active roof support of 500 tonnes, and their operating vertical stiffnesses found to
be 3,002 kN/cm (ABLS) and 2,140kN/cm (Fletcher). In contrast, the stiffness of a local prop
measured in situ by Shepherd and Lewandowski (1994, p.128) was only at best 3.17 t/mm,
whereas the ABLS support in a test rig provided 30 t/mm! - an order of magnitude better than

the timber.



2.0 AIMS OF STUDY

The geomechanics investigations at Blue Mountains Colliery are a part of a wider study by
the School of Mining Engineering into goaf edge encroachment during pillar extraction.

This study is based on the installation of instrumentation into normal production panel pillars
where the caving is prone to feather edging.

There were 2 main objectives:

1. to attempt to determine a feather edge caving mechanism
2 to install roof bolted breakerlines to determine if the feather edge could be controlled and

prevented from encroaching outbye.
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3.0 GECLOGICAL SETTING

The Blue Mountains Colliery extracts the Lithgow Seam in the Western Coalfield under a
strong sandstone roof facies, almost identical to that found when Western Main Colliery
operated to the west of Lithgow. This roof type is typical for the Seam to the south of the
Lithgow/Lidsdale Seams convergence zone (Shepherd and Temby, 1997). The overall strata
section at the Colliery to the actual ground surface is shown in Figure 3.

The first 5m of “immediate” roof strata are not massive in the strictest sense because they
contain abundant bedding surfaces, sandstones of variable grain size up to conglomerate
(present in thin 50-100mm thick) beds and thin (mm scale) carbonaceous layers and partings
irregularly distributed. Common types of sedimentary features in this roof are shown in
Figure 4 and they form local protrusions or indentations usually <200mm deep at the roof
horizon. They are indicative of the presence of localised inclined bedding and cross beds. As
such if the bedding partings crack during extraction, they can be regarded as “geological
feather edges” as distinct from stress-driven failures discussed below.

3.1 Panel geology

The Panel workings were mapped prior to extraction starting for the purposes of the mine
management’s application to the Department of Mineral Resources under Section 138 of the
Coal Mines Regulation Act. A map at a scale of 1:1000 was produced, a portion of which is
given in Figure 5 representing the study area. A number of features were recorded by walking
around each pillar and consist of:

seam dip changes and swilleys

presence of either planar (regular) roof or undulating/rolling roof
geological feather edges

rib spall or scaley/cracked roof

wide intersections

number of spot bolts (with butterfly plates) per intersection

e 6 © 9 o e

The following points can be made:

Sites 1 and 2 were in areas of undulating roof

Site 3 was in planar roof

Swilleys are present in both roof types, but were absent at the 3 sites

Geological feather edges were absent from all 3 sites

The Seam was 1.7m high at the 3 sites and the dip gradient was very slight to the ENE, 1
in 64 at sites 1 and 2 and 1 in 44 at site 3.

e

Experience in 6 North Panel showed that almost every goaf fall produced low angle stress-
driven feather-edging that over-ran the breaker props at the goaf-edge by a distance up to 15
meters.
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4.0 MINING METHOD AND INVESTIGATION METHODOLOGY

4.1 Mining method

Split and lift pillar extraction has been practised for many years at Blue Mountains. 6 North
Panel was fairly typical in this regard except for some smaller piilars along the eastern side of
the Panel.

Sequences are arranged to “fit” the old pillars as in Figure 6. Each pillar is extracted, row by
row with splits generally driven perpendicular to the goaf edge. However, splits driven
parallel to the goaf edge are also used and it appears that either way is satisfactory.

Details of the Manager’s Support Rules are in Appendix 1. Pillar splits are not roof bolted
and roof stability relies on self support and brattice props. Five bolts and butterfly plates are
installed on each outbye intersection and props are set after each lift is taken, including a
fingerline. Depending on the fender width, the lifts are fully open-ended or holed at one side.
Stook “x” has a minimum frontal width of 0.5m and it has not to be reduced.

As a general rule, caving is delayed, typical of sandstone roofs. One to two pillar areas of
standing goaf is often present, so that in a panel like 6 North, only 2 or 3 falls will occur as
the row is extracted. Initial caving is not high, possibly 2 maximum of 3-4m and takes an
unusual form with low angles and dome-shaped cavities (fully described below).

The Panel and layout dimensions are summarised in the following list:

e panel width (W) : 145m, nominally

¢ cover depth (D) : 229-237m

e W:D : ~0.62

e extraction (and seam) height : 1.6 - 2.1m (1.7m at study sites)

e pillar sizes : various centres as follows, 37.5 x 35m, 37.5 x
20m and 30 x 17.5m (because of old splitting)

e fender width : 6.5-7.0m

e bord width : nominally 6m

e equipment used : Joy 12 CM/6 and 22 SC shuttle cars

e roof bolts : Celtite G7, 330mm point resin anchor, flat

plates, 1.5m long and butterfly plates

4.2  Nature of investigations

Three sites were chosen along the eastern edge of the Panel. This edge was the most suitable
because it survives as a goaf edge long after extraction, protected by solid pillars (see Figure
6). Previous observations in the Panel had also shown that feather edge caving was common,
virtually in every pillar row.

By the time this study was underway, the Panel had retreated from 22 C/T back to about 11
C/T. therefore, as good a goaf as possible had formed prior to the start of investigations.
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Plate 11

Instrumentation used: Top left to right, tube shear, convergence rod and resistance
wire extensometer; Bottom, SCT instrumented bolt and the readout unit.



Geomechanics work was started in November 1997 and continued until May 1998. The
methodology was:

1. To make detailed observations frequently as caving occurred
2. To set up 3 sites for instrumentation to obtain empirical data about roof displacements and

bolt behaviour.

The linkage between observations and measurements is a powerful research tool for finding
out goaf edge strata mechanics. Instrumentation was installed about 2 pillar lengths outbye of
the goaf edge and monitored as the extraction passed. Frequent visits recorded the position
and nature of the caving edge.

4.2.1 Type of instrumentation ased

Telescopic convergence rods, resistance wire roof extensometers, tube-shear rods and fully
strain-gauged roof bolts were used. All of these except the tube-shear rods were operated
through remote cables about 25m long from a safe station (see Plate II).

Convergence rods

These rods are based on the Uni-Rod pogo sticks and were described originally by Shepherd
et al (1990). A 50k, rotary, resistance potentiometer is installed into the rod and monitored
using an approved (IS) multimeter. The potentiometer and pulley are designed to provide a
range of 199 k.ohms or 199 mm of travel closure.

A rod is generally set as soon as a lift is finished to measure the closure through to caving.

Roof extensometers

Resistance wire units originally developed for goaf edge measurements (Shepherd ef al,
1990) were used in this study. Lightweight, stainless steel wires are connected to 6 x PVC
“shuttlecock” type anchors and at the roof a tubular PVC mount station contains extension
springs and 6 x 50k rotary potentiometers with pulleys. As with the convergence rods, a
range of 199 k.ohms and 199mm of travel is attainable with 1lmm accuracy.

The extensometer is installed into a 55mm diameter hole drilled with lightweight rods from a
Cram bolter.

For ease of reading the rods and extensometer, a switchbox is connected up at the safe station.

Tube-shear rods

These rods are made from 1.5m lengths of white, electrical PVC conduit with a transverse
bolt fitted to contact the mine roof. A black marker pen is used to add reference marks each
0.1m along the rod. Each rod fits into a bolt hole drilled for the purpose. The idea behind
these is to have a cheap deformable tube inserted into the roof where it is likely to shear
during the caving. The black on white scale markings are easily seen in the goaf after caving.
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Strain gauged roof bolts.

These are a strain gauged mild steel, 1.5m long bolt with 9 pairs of gauges bonded into long
slots along the bolt. Strain values are measured using a strain bridge meonitor (refer Appendix
II). Computer analysis of the data enables various parameters to be evaluated: axial force,
axial strain, bending movement and bending strain. This study is the first application of
instrumented bolts to breaker line formation.

4.3 Instrumentation sites

Three (1-3) quite closely spaced sites were used at 9, 8 and 6 C/T"s in order of retreat. All 3
had a relatively thin seam of 1.7m, the seam thickening progressively westwards across the
Panel to ~2.1m.

Site 1.

This was located at 9 C/T (see Figure 6). The following instruments were installed:

e aroof extensometer
¢ 4 tube-shear rods
¢ 3 convergence rods

The locations of these are shown in Figure 7.

Sites 2 and 3

These sites were at 8 C/T and 6 C/T respectively (see Figure 6). Similar devices were
installed consisting of:

¢ roof extensometer

e 2 tube-shear rods

e a bolted breaker line comprising a goaf-side row of 4 fully-encapsulated, strain-gauged
bolts and 4 point anchored bolts 0.3-0.4m behind them

e various convergence rods

The details are shown in Figures 8 and 9. The bolted breakerline was placed approximately
in line with the coal pillar edge with the normal 3 rows of breaker props placed about Im

behind them.

4.4 Monitoring schedule

Regular visits after the site installations were carried out depended upon the timing of the
various extraction sequences. At least one visit per week was made throughout the life of the
study except for the Christmas period when the Colliery was on holiday. When the final
fender in each pillar row next to our sites was lifted off, comtinuous monitoring was
performed and detailed sketch plans of the Lifting process drawn up.
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At most visits the goaf edge was mapped on to a 1:1000 scale plan and caving observations
recorded. Discussions with the Deputies were also very useful. The various instruments

were also read.

On 6 separate occasions, the goaf edge was photographed to assist in building up some
knowledge of the feather edges and to make a permanent record. A SLR camera, tripod and
blue-filtered wide angle lens were also used to permit timed exposures using a cap lamp.
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5.0 __SITES1AND 2 RESULTS

The overall sketch map of the progressive formation of the goaf edges and site positions is
shown in Figure 6. These two sites are grouped together because the goaf hung up and when
it fell, it caved both sites.

5.1 Extraction near sites 1 and 2

Site 1 was installed on 11 Dec. 1997 when the goaf edge was inbye of 11C/T, approximately
2 pillar lengths away.

The Christmas break at the colliery intervened and there was no production from 21
December to 5 January. Extraction resumed in S175 on 5 January 1998, one row inbye of
site 1.

In pillar row 9-10C/T, the sequence was varied (sequences 213-227 were deleted) in the small
pillars to lift them off from the old headings (see Figure 6).

In 8227 a large stook was left (see Figure 6 and Appendix III, sheet 2).

After lifting S229, three convergence rods were set in the intersection at sitel and only one
survived (see Figure 7).

Over the next week in the pillar row 8-9¢/t up to the 30 January, sequences were changed in
the small pillars as in the previous row and the following ones were deleted: 250-259. Some
big stooks were left in this row (see Figure 6 and Appendix III, sheet 5).

At the end of lifting (revised S249), a pre-split was driven at S309 (to provide a wheeling
road) to access lifting in S261 back to site 2 (Figures 6 and 8).

On 30 January as a consequence of lifting S261 fender, a goaf fall occurred producing dome-
shaped roof cavities into site 1. This destroyed the roof extensometer and 2 convergence
rods. The extensometer recorded zero displacement up to 28 January, prior to caving after
the end of the last shift.

5.2 Site 1 convergence

The convergence plot is shown in Figure 10 and the details logged are in Appendix III. The
final convergence rate was 2-3 mm/minute with a sustained acceleration over a period of
only 1 minute before failure. Prior to this the goaf roof sagged at the start of the final lift
and continued for the next ~40minutes.

53 Site 2 convergence

The goaf fall at site I “ran” southwards approaching site 2, when ~4 800m® of roof caved (the
equivalent of 6 small pillars, see Figure 6 and Appendix III, sheet 6).
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This dislodged the site 2 extensometer leaving a lozenge-shaped slab adjacent to it. This
device was reset, but the slab detached further damaging it.

As at site 1, this extensometer recorded zero displacement before it was damaged.

Because of the premature goaf fall (linked to site 1), one convergence rod was set between
the goaf edge and the instrumented bolts. The convergence plot is shown in Figure 11 and
some details logged are in Figure 8. For a long period there was minimal closure so the last
500 minutes have been plotted in Figure 11. As at site 1, the goaf closed gradually before
suddenly accelerating just prior to falling. In this case the warning provided by the rod was 2
minutes reaching a very high closure rate of 30mm/minute,

5.4 Site 2 instrumented bolts — results

The bolted breaker line comprising a goaf-side row of 4 fully-encapsulated bolts and 4 point
anchored bolts as described in section 4.3, stopped the goaf overrunning the working 8 C/T
(see Plate III). Low-angle caving inbye of this bolted breaker-line did not result in a feather
edge. In all probability without bolts a feather edge cave would have occurred. In the process
of stopping the feather-edge caving, there is a discemible change of axial loads, bending
moments, bending strains and axial strains of the bolts as in plots in Appendix IV; the
representative plots are presented in Figure 12 for the details of the performance of bolt #122
in the location shown in Figure 8.

Even long after the goaf fall, it was possible to take readings of the instrumented bolts at site
2, useful for understanding the goaf edge behaviour and the related mechanism, as described
in detail in section 7.0 of this report.

Preceding the large goaf fall affecting sites 1 and 2, the bolts deformed considerably. Thus,
the best information can be extracted form the strain plots rather than axial load and bending
moment data.

However, the maximum axial loads sustained by bolt #119, bolt #120, bolt #121 and bolt
#122 are 13.3 tonne, 12.1 tonne 18.9 tonne and 10.6 tonne respectively. Bolt #121 was
aligned with the gauges normal to the pillar rib line and it was, therefore, most likely to
record extremes in loading. After the goaf had fallen, the gauges in the immediate roof
recorded high negative axial load, but this was a response to high bending moment at the
same horizon of ~250mm into the roof and probably subsequently de-bonding of the gauges.
Table 1 suggests bending strain-line and maximum axial strain-line cutting the bolts at
different roof heights.

It is clear from the tables and plots related to bolts 119, 120, 121, and 122 (ref. Appendix V)
that there were no significant axial loads/ bending moments, exerting on the bolts before the
goaf-fall of 10.02.°98 at 18.40 p.m. Readings observed, plotted and analysed showed that
there were two phases of loading-axial and bending, primarily related to pre- and after- goaf
fall situations. The changes sustained by bolts were quite appreciable and suggest as to how
the bolts have sustained load and thus prevented feather-edging as in Table 2.

10



T 9N J¥ TTTH HOQ UI SUIRA)S PONSEITy ‘7T 2By

0y
[Ty Ty

{SN) RIVHLS SNION38

oc“mm cn_nm oa_mm 0ooz

005§ 0003 00%
1 J

co_o“.. oa_m_.. o_u_am..

T ]

L T
el - N —— =
e - B — e e
e - - — -
L3 T e —
B2 - P — . - —
R0 - e
Laia P&
(31043 ——
Y - ——
L ————
Ll PRS-
v g

BE 1002 URIE SdudLIjaY

4 oozt

~+ Q0&T

- g2t 1log

.o
e
NN
. //,z
A
o
! W
I 3
V; »
N
\
hY
Y
I
2
wn
—
&
=
2
[7]
w
=1
—
E

1

&R oML
[oyrey

1SN} HIYHIS WINY

000§ O0Gk
I

ooor 0 .na_cm boge 0002 o006t oo.g 00g 0 00G-
T T T T T 1 ¥

!
Frnen
tiernd
Lildidl

wun - L

il

LlTH S
g Et]

86°§0'02 URds 8luBJBIAY

-

oost
+ 288 o

(=u} 1708 9NGTY JONYLSIO




SOLID
SIDE

Stepped —=
goaf edge
(see Plates

Figure 13

——— |nterpreted
shear plane

GOAF SIDE

Breaker prop

s ~

~ : ™~

ey

[19-122 are instrumented bolts

DIAGRAMMATIC 3-D VIEW OF INTERPRETED
PLANES INTERSECTING INSTRUMENTED
BOLTS AT SITE 2 (see Table I for data)




£
£

6.0 SITE 3 RESULTS
6.1 Extraction near site 3

Site 3 was installed on 10 February 1998 before the goaf fall at site 2 and before the place
was made a 3-way intersection, near 6C/T. The goaf edge was inbye of 8C/T, approximately
2 pillar lengths away.

On 5 March 1998, the site 3 became a four way junction. The part of the fender S331 (left on
24 February 98) was taken, leaving stooks as shown in Figure 9 and at 9:15pm four
convergence rods were set (see Plate IV). The sound of roof rocks and weighting on props
suggested an imminent goaf fall. However, this was the end of the shift and the end of work
for that date, which was followed by a weekend holiday. Although 7 March 98 was a
holiday, underground readings were taken. However the goaf had already fallen on the 6
March 98 and the roof extensometer and convergence rods were destroyed. The bolt readings
showed no appreciable change. One convergence rod by the side of the timber breaker props
survived, but because of the weekend gap in monitoring useful results were not obtained.

On 9 March 1998, another convergence rod was set at a suitable location between the goaf
edge and the bolt-breaker line (see Figure 9, rod S9A). Near site 3, when only 1 lift was taken
from fender S355, the cutting operation had been stopped due to lack of water pressure. A
delay of 4 hours was needed to rectify this, and the continuous miner/cables were shifted.
This delay hindered the monitoring .

On 30 March 1998, (after the weekend) it was found before the start of the shift that a goaf
fall had occurred tol to 2 metres in height in the area near 5C/T and between the 330 shift
and the yet to be completed 354 split (*/, only completed on 27 March 98). In view of the fact
that the debris clearance and re-attempting of fender S355 would necessitate a lot of
unproductive work, management decided to leave the rest of fender S355 unextracted and
shift the production away from site 3.

6.2 Site 3 instrumented bolt results

The bolted breaker line at site 3 was similar to that of site 2, except that its position was not at
the b line, but 1.15m out into the intersection. This position would have exposed the bolts
to higher loading than if they had been in line with the pillar ribs.

The feather edge goaf was stopped at the bolted-line as shown in Plate V and demonstrated its
supenior performance compared with props. A general view of the goaf edge and some reset
convergence rods is shown in Plate VL. The 4 bolts (#123-#126) gave maximum axial loads
of 1.24 tonnes, that is much lower than at site 2. The probable reason for this is that less coal
was extracted prior to the goaf falling,

Bolt #125 was bent during installation when the bolter was pushing it into the hole. Despite
this some results were gained (see Table 3), but at higher strains some gauges where the bolt
had bent were de-bonded up to a height of 600mm ( see Appendix IV).

12
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Table 3. Site 3 bolted breakerline: strains up the bolts

Heights into roof (mm)

Bolt no. Bending strain “cutting” roof | Max, axial strain along bolt
bolt
123 1129, 711, 213 - - 229
(solid side)
124 1176, 1002, 347.4 1232 - 237
' (-ve direction)
125 900, - 308 797
(damaged)
126 1145, 616, 300 947
(goaf side)

Bolt #124 appears to be a special case. The axial strain and axial forces generated along the
bolt changed markedly when the goaf fell. While moderate axial loads above 900mm into
the roof were generated (0.5 tonne), below this negative forces and strains were recorded. An
explanation for this would be that a shear surface developed at ~900mm height and
effectively de-coupled the roof and bolt by shearing. Hence the roof is divisible into 2 blocks
or slabs behaving differently (see Appendix IV). A laboratory study by Gale and Fabjanczyk
(1987) subjected roof bolts in a special rig to direct shear. They showed that the bending
moment distribution was quite localised and within ~100mm of the imposed shear force and
that this effectively divided the bolt up into two parts.

The roof behaviour at site 3 is typified by bolt #126 (see Figure 14). This bolt showed 3
levels where shearing is inferred (see Table 2) and a broad zone of higher axial strains (Figure
15) from 300mm up to 1200mm.

In this respect site 3 differed from site 2 where the sheared zones were generally lower in the
roof. Another difference can also be seen in comparing the shear planes from both sites and
comparing Figures 13 and 15. At site 3 (Figure 15), shear planes were laterally more
pervasive and at a greater number of heights into the roof. A comparison of the pre- and post-
goaf fall bolt loading at site 3 did not show the same contrast as at site 2 (ref. Table 2). The
reason for this is that coal near site 3 were not extracted and consequently bolts were

subjected to less goaf loading.

13
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7.0 GOAF EDGE BEHAVIOUR

The pattern of feather edge goafs at Blue Mountains is consistent and well developed. In 6
North Panel there were few joints or faults and, there were no sub-vertical, geological
discontinuities to break off the goaf.

The typical goaf fall produces a low angle caved edge of 10°-30°, often stepping upwards
across sandstone bedding surfaces (not always planar) up to a relatively low height of <2m
rising gradually to possibly 3-4m some distance into the goaf (Plates I and III).

The sandstone bedding is typically in the range of 0.2m up to ~1.0m with some pebbly
(conglomerate) horizons. In addition, some of these bedding partings show 1-2mm of coaly
material. There are also localised cross beds developed in certain roof horizons, but these are

not laterally persistent.

High caving was not seen anywhere in 6 North goaf edges from 22C/T outbye to the study
sites. Observations repeatedly showed that the low angle caving was developed after a series
of roof cracking events and these link to the mechanistic process discussed below.

7.1 Initial roof cracking in the headings

Hairline cracks are commonly developed from 1 -2 pillars distance (30m centres) outbye of
the goaf edge (see Figure 16). For example, cracks were mapped in the heading between
S318 and S320 when S278 was being lifted (see Figure 6 and Plate VII). Concurrently,
stooks at the goaf edge were ‘crushing’, all indicating a significant area of sagging roof,

The cracks are open from <lmn-3mm and are segmented with left offsets. There were also
signs- of shear displacement on some of them showing a right sense. This was detected,
because opposite sides of the crack walls would not exactly match up (see Figures 16 and 17).

Figure 17. Offset hairline cracks showing movement sense

14
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Plate VII

Heading axial roof cracks (hairline) outbye of the goaf edge. Top, general view,
bottom, closeup showing offset segments.
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Some of the cracks were later observed to cross the goaf edge where feathering had occurred
and extended upwards for ~2m.

7.2 Patchy roof cavities in the coaf

Goaf falls generally occurred after at least 2 pillar areas had been extracted (~2000m”) and
commonly this was considerably larger. However, prior to this, after lifting a particular
fender, small patches of goaf roof up to ~15m® in area would fall forming a distinct arch-
shaped cavity and the location of these was as shown in Figure 16, about 30m out from the
pre-existing goaf edge. In some cases the breakers would also be damaged.

The long axes of the cavities were formed by inclined fracture surfaces aligned either
030°MN (NE) along the cut-throughs and 310°MN near the eastern barrier and
instrumentation sites (see Figure 18). These inclined surfaces produced low, arch-shaped
cavities and feather edges outbye of and detached from the actual (previous) goaf (caved)

edge.

In one case at 10 C/T (inbye of the instrumentation sites) where the end of the last fender was
abandoned, caving initially occurred on cracks aligned NE with intersection bolts bent in the
same direction towards the coal left behind (see Figurel®). Similar bent roof bolts had been
observed in feather edge goaf falls at Cooranbong Colliery by Shepherd and Chaturvedula
(1991).

7.3 Feather edge caving

At some time after the patchy falls occurred in the “standing” goaf, a significant “main” goaf
fall event would occur as discussed above in 7.0 and these typically over-rode the breaker
props and the outbye pillar edge, sometimes by as much as 10-15m, but commonly
approximately 5-6m.

The props would be completely destroyed or broken. A typical caved edge is shown in Plate
I. This would occur in over 90% of goaf falls. The steepest caved edge measured was <50°

(down from horizontal).

15



8.0 FEATHER EDGE CONTROL BY ROOF BOLTS

The double row of equally spaced roof bolts installed at sites 2 and 3 were located 0.5-1m “in
front” of the normal 3 rows of breaker props. The rows were 300-400m apart with standard
butterfly plates and domed washers installed (see Plate VIII).

‘When the feather edge caving occurred (as discussed in 7.3), as the third event leading to goaf
roof failure, the low angle fractures stopped exactly at the first row of bolts (instrumented)
and the roof and breaker props behind them remained in good condition (see Plates IIT and

V).

The bolts prevented the roof fracturing from dislodging the immediate roof by a clamping
(confinement) effect, stopping the roof slabs from sliding under shear and increasing the
frictional resistance along the fracture surfaces. The bolts generated significant loads in the
range 10-18 tonme.

The properties of the sandstones are not known, but the fracture surfaces have a high
roughness, in which case the confinement provided by the bolts only needed to raise the
frictional resistance slightly to prevent shding in shear.

8.1  Analvsis of instrumented bolt data

The bulk of the data from the two sites (total of 8 bolts) is provided in Appendix V. From a
goaf edge mechanism viewpoint the important parameters are axial strain and the bending
strain. The 2 goaf-side bolts, #122 and #126 are chosen to demonstrate the goaf edge
behaviour, Bolt #122 at site 2 shows very high axial strain at 650-700mm into the roof and a
series of “zones” of high bending strain at various heights (see Figure 13). These sirains are
summarised in Table 1 and represent the effects of low dip angle fracture planes in the
sandstones stopping at the bolts. A useful interpretation of this is given in Figures 13 and 15.
Atssite 3, 5 levels of shear fractures can be interpreted from the data in the graph of Figure 15.

It is believed that these low angle fractures form very rapidly when the goaf fall occur. The
fracture planes form, the roof separates, and then the planes are sheared all in quick session.

1t is precisely these “stacked up” shear fractures that produce a stepped, low angle goaf as the
sandstones break off at the various levels (Figures 13 and 15 and Plates I and [II). The
horizon of shear planes interpreted from Table 1 was confined to within 1 meter ( and hence
low angle caving) in roof-horizon at the goaf-edge in 6 North panel. But, Table 3 indicated
that the shear planes were laterally more pervasive and at a greater heights { ~1.2 meter). In
view of the above, for bolted breakerlines, it is, therefore, advisable to install two rows of
grouted bolts at the goaf-edge where the conditions lead to feather-edging goaf-falls. The
highest shear planes were at ~1.2 meter horizon which is close to 1.5 high bolt. Therefore, it
is possible that 1.8 meter bolts would be more satisfactory in this situation.

16



Plate VIII

Comparison of the goaf edge at 7 and 8 c/ts. Top shows bolted breakerline effect at
8 ¢/t (site 2) and bottom shows typical feather edge uncontrolled by breaker props at
adjacent 7 c/t.



9.0 MECHANISM

A number of aspects stand out of this investigation consistent with findings at some other
sites under strong sandstone roofs (Shepherd et al, 1990), that is:

1. Caving in terms of substantial goaf falls and the formation of a proper breaker line is
delayed. As a result the area of standing goaf at Blue Mountains generally exceeds one
pillar area and often reaches 2 or 3.

2. There is a relative common occurrence of pre-goaf failure “tensile” roof cracks extending
away from the goaf edge area perpendicular to the goaf edge (see Figures 16 and 18).

3. Stooks camry the standing goaf roof during 1.

The behaviour of this standing goaf is the key to determining the probable goaf mechanism.
Shepherd and Chaturvedula (1990, p.307, Figure 12.5) considered a number of scenarios to
explain caving at goaf edges including 2 suggestions for “massive” roof beams involving sag
on “large” stooks and cantilevering on stmaller stooks. There is no doubt that the cantilever
roof behaviour is the most common in goaf edges, but where caving is inordinately delayed
because of strong strata and/or large stooks, an area of sag can develop outbye of the previous
goaf edge.

This has been observed at Blue Mountains in ¢ North, but also at other sites especially
Metropolitan and Oakdale Collieries when they were pillar extracting. At Metropolitan, when
caving delayed, cracks also developed along the headings outbye of the goaf edge, and these
were associated with roof sag (see Plate IX). Another worker (Davidson, 1983) based on
work by McKavanagh and Gray, also distinguished 3 classes of caving edge behaviour at
pillar extraction sites at the Collinsville No. 2 Mine: flexure, shear and cantilever; flexuring is
akin to our observations at Blue Mountains. Collinsville was also notorious for delayed
caving followed by sudden, huge goaf falls. At Blue Mountains the evidence for pre-goaf fall
flexure (or sag) is provided by stooks spalling and semi-crushing, together with visible roof
convergence in the standing goaf. There is also slight floor lift and the closure measured by
the convergence rods includes this.

This sagging or flexuring process by the roof is believed to extend outbye of the goaf edge
some 1-2 pillars distance (see Figure 16) and opens up the roof cracks in the heading
direction between the pillars. At some stage minor shear also occurs on these cracks (Stage
1). As the sag develops compressive stresses elevate around the rim of the sagged area and
patchy roof shearing begins (Stage 2). Over time this sagging continues, more standing goaf
is opened up as lifting continues and eventually a goaf fall occurs with abundant low angle
shear planes controlling the low angle cave (see Plate I). The height of this caving is
probably not more than 3-5m. (Three roof extensometers were lost so that this information
was not obtained). These shear planes propagate from the roof downwards and outwards and
normally overrun the pillar edges as a “feather edge”. At Sites 2 and 3 where the bolts were
installed, the fracture propagation was halted. Monitoring the bolts continued after the goaf
fell for approximately 2 months. During this time the bolts retained a steady residual loading
but fresh cracks developed between the bolt rows (see Plate XIII). However, this cracking
did not overrun the back row of bolts. This can be regarded as a very satisfactory
performance by the bolts.
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Plate IX

Heading axial cracking outbye of a Metropolitan colliery goaf edge in Bulli Seam
sandstone roof, similar to the Blue Mountains cracking.



10.0 CONCILUSIONS

This investigation has to a large extent clarified the mechanism of feather edge caving and it
has also demonstrated the efficacy of the use of bolted breakerlines at the goaf edge. This is
consistent with the South African experience. 3 sites were instrumented in a normal
production panel and by making regular observations and readings high quality empirical data
were gathered.

The main results from the investigation were:

1.

The Blackmans Flat conglomerate roof of the Lithgow Seam is prone to feather edge
caving in 80-90% of goaf falls at Blue Mountains Colliery.

Caving occurs after a period of days or even weeks and can be related to a 3-stage
fracture-forming sequence as a resuit of roof sag over areas as large as 1-3 pillars.

A saucer-shape sag area (flexure) develops as extraction proceeds after the last goaf fall.
Vertical tensile (and some shear) cracks develop (Stage 1) followed by patchy low angle
shear fractures (Stage 2) eventually extending on a more widespread basis to produce a
proper goaf fall (Stage 3). Even this caving, however, is not equivalent to a steep sided
caved edge as in most pillar extraction goafs. Such caving appears to take place after
weeks or months at Blue Mountains according to anecdotal reports. Subsidence
measurements could check this.

The goaf edge low angle (shear) fractures fail the roof and topple over the breaker props
when stage 3 fracturing forms. This was prevented at 2 sites by the use of bolted
breakerlines consisting of 8 x 1.5m mild steel bolts, the front (goaf side) row being fully
encapsulated and the back row being point anchored. The spacing between these 2 rows
was 300-400mm.

The two bolted breakerline sites (2 and 3) were located at 8 and 6 c/ts respectively. At
both these sites the feather edge caving was halted exactly at the goaf — side row of bolts.
At 7 c/t, however, between these sites, the normal breaker props were overrun when the
goaf fell (see Plate VIII).

The front rows (goaf-side) grouted bolts sustained the change of loading due to goaf-falls.
The two rows of bolts can prevent shearing by putting normal stress into the roof on low
angle fracture planes.

It is recommended to adopt two rows of grouted bolts with more ‘concentration’ and high
density at the goaf-edge than normal bolting pattern.
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= BB STRATA CONTROL TECHNOLOGY Pty. Ltd.

A.C.N. 003 668 B44

f | INSTRUMENTED ROCK BOLTS N

The instrumentation to monitor the behaviour
of rock bolts is manufactured in-house by

2400

SCT. The instrumented roof bolt allows the [ STGE
‘reinforcement performance of the bolts to be — ] smeez
measured during the various mining stages. 2000 R
The instrumented rock bolt is essentially a E 1600
strain gauged bolt which measures the strains 5
developed in the bolt at up to 9 locations 8 FoTe3otord
along the length of the bolt. At each of the 9 2 1200 -
locations, a pair strain gauges is bonded into E
two small slots which run along the length of § o
the bolt. 5
o
The strain values measured for each of the
gauges are processed by a computer e /
programme to calculate: o {1 A | . :
o the axial force generated in the bolt 0 6 12 18 24 30
e the bending moments generated in the AXIAL FORGCE ( tonnes )
bolt
| e pom,
® 000E » " |
STAGE 1 STAGE 2 STAGE 3
2 % (- cHANNEL sELECTOR TYPICAL EXAMPLE OF AXIAL FORCES IN A
] ROOF BOLT MEASURED USING AN
7 INSTRUMENTED BOLT

STRAIN BRIDGE MONITOR

Instrumented bolts are typically installed at
the face of the roadway as part of the normal
cycle of roadway support. They are
connected via a cable to read-out locations
approximately 10-15m away from the
installation  site. This enables the
instruments to be monitored during mining
operations without causing delays to
production.

_/ INSTRUMENTED ROCK BOLTS

As with extensometers, the instrumentation is
monitored frequently until initial stabilisation

MINE ROADWAY of conditions and then at less frequent
intervals to measure any time-dependent
INSTRUMENTED ROCK BOLT MONITORING characteristics

EQUIPMENT APPENDIX TI
K . SMG 610/1 /

Mining Research and Consulting Group
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APPENDIX IV

Date Activities

11.12.97 | Installation of Extensometer & Tube Shears, Goaf edge 2 pillar length

Christinas break

19.01.98 | 3 Conv. Rods fixed at site 1, only one gave reading.
20.01.98 | 3 Conv. Rods fixed at site 1(only one survived) after lifting $229.

20.01.98 | Extensometer, Tube Shears & 4 instrumented bolts set at site 2.

30.01.98 | Fender lifting 261, Conv. Rod at site 1 final reading, goaf fall affecting
(site :2) RE2 also, Sequence 245-259 changed on 28.01.98

P

02.02.98 | Reset RE2 but of no use.
05.02.98 | 14.30 : Reset RE2 but of no use.

09.02.98 | Fender 284(in revised plan) taken, no change in Conv. Rod.

10.02.98 | RE3, Tube shears & Instrumented bolts set at site 3, F-310 (3/4® taken),
goaf fall at 15.40 knocking Conv. Rods at site 2 , Followed by another
fall at 18.40 (bolt readings only at site 2). Site 3 not even 3-way junction.

05.03.98 | Site 3 become 4-way junction, part of fender 331 left, Conv. Rods set.
06.03.98 | Holiday

07.03.98 ] Goaffall, 3 Conv. Rods and RE3 knocked down, bolt readings- no
appreciable change.

09.03.98 | Water pressure problem for Continuous Miner & fender (355) ieft
after 1 fender cut. 1 Conv. Rod set at Site 3.

30.03.98 | (During the weekend, roof fall in 5 C/T area,) lefi-fender355 abandoned.
28.04.98 | Final bolt-readings taken at site 2 and site 3. Conv. Rod near the breaker-lines

Gives no reading-change and inconclusive reading-change for the other
Conv. Rod.




APPENDIX IV

Site 1 SB § (Conv. Rod) Site 1, Rod 2 30 January 1998

Time Reading Remarks

(in hr.)

7.30 8.9 Fender lifting in S261 to be started

8.05 8.9 Belt-shifting, supporting breaker-line props at intersection 9
_ c/t and S260

8.35 8.9 Lift 1 started

10.30 9.0 Lift 2 holed-up 10.25

11.00 9.1 20 mins. breaks & lift 3 started at 10.55

11.30 9.1 Lift 4A and 4 started 11.15

12.00 9.4 Lift 4 holed-up at 11.35

12.15 5.6 Lift 5 started at 12,15

12.20 10.0 Rolling fragments & goaf sounds clear and intermittent

12.25 10.1

12.35 10.2 Break in cutting operation for 10 mins., weighting on props

12.40 10.3

12.43 110.4

12.45 10.5

12.47 10.6 Break for supporting (10 mins)

12.50 10.7

12.52 10.8

12.54 10.9

12.55 11.0 Break in cutting operation for 15 min. 2 props broken

12.56 11.3

12.58 --- Total goaf fall dislodging the Rod & knocking RE2 of site 2




Site2 SBI (Conv. Rod) Site 2 9 February 1998

T

Time Reading Remarks

(in hr.)

8.45 0.4 Installed today when a part of fender S280 is yet to be taken

17.45 0.4 Split 8282 (revised plan) holed up to the goaf

18.25 0.4 Fender S283 part holed

19.25 0.5 Fender S283 partly holed again finishes fender 283

21.00 0.5 End of the production shift

Site 2 SB1 (Conv. Rod) Site 2 10 February 1998

Time Reading Remarks

(in hr.)

7.35 0.6 Fender S310 (renamed S285) started at 8.30 to be taken as
per plan

9.15 0.9 Lift 3 holed up at 9.10

9.45 1.0 Lift 5 started 9.35

10.20 1.2

10.30 1.3 Sound of fall in goaf

11.30 1.5 Lift 6 started 10.50

11.50 1.6 6 holed up 11.50, large stooks left

12.05 1.5 Break for supporting (10 mins.)

12.10 1.5

14.10 1.7

15.40 7.2 Goaf fall at 15.40, suggesting recent secondary fall to follow

15.42 13.2 Knocked down by the goaf fall







APPENDIX V

Instrumented bolt data plots, raw and analysed tabulated data
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Micro-strain value vs channei

Instrumented bolt: 123

Date 100298 240298 70388 230388 270388 300398
Time 1520 730 1010 1130 1600 745
Dummy channel -740 -743 -754  -747  -745 -739
Channel no.1 702 - 683 6638 656 654 638
Channel no.2 1413 1428 1536 1539 1538 1516
Channel no.3 1136 1153 1223 1225 1222 1207
Channel no.4 1502 1511 1587 1597 1592 1575
Channel no.5 1958 1954 2005 2007 2003 1996
Channel no.6 2558 2567 2607 2614 2612 2610
Channel no.7 2560 2566 2587 2589 25390 2538
Channel no.8 2811 2812 2831 2829 2826 2825
Channel no.9 3818 3798 3815 3804 3800 3799
Channel no.10 1762 1781 1951 1948 1946 1930
Channel no.11 1918 1922 1992 1985 1983 1965
Channel no.12 2024 - 2034 2111 2120 2118 2101
Channel no.13 2508 2519 2563 2565 2665 2555
Channel no.14 2158 2184 2229 2240 2240 2227
Channel no.15 2188 2171 2189 2179 2179 2175
Channel no.16 1657 1644 1659 1643 1641 1640
Channel no.17 3307 3302 3307 3299 3299 3296
Channel no.18 3063 3083 3090 3097 3095 3097

Appendix V



Micro-strain value vs channel

Instrumented boit : 124

100298
1520
-743
1180
1833
1510
2238
2365
2355
2715
3097
3606
1689
1623
1457
2468
1930
2278
2909
2907
2058

240298

730
-744
1184
1836
1515
2240
2364
2361
2706
3109
3603
1690
1625
1465
2470
1930
2281
2018
2895
2064

70388

1010
~757
1092
1705
1430
2169
2311
2334
2728
3154
3653
1582
1537
1365
2391
1875
2256
2932
2930
2116

230398 270398 300398

1130
-749
1063
1680
1434
2172
2315
2337
2748
3186
3672
1600
1555
1360
2390
1875
2259
2941
2953
2147

1600
-746

1058
1677
1430
2172
2312
2334
2746
3183
3672
1601
1585
1358
2387
1874
2257
2845
2953
21438

745
-739

1072
1674
1427
2161
2300
2321
2729
3162
3652
1588
1651
1352
2377
1865
2245
2821
2933
2121

Page 1
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Micro-strain vaiue vs channel Instrumented boit : 125 Appendix 'V

Date 100288 240208 70398 230398 270398 303098
Time 1520 730 1010 1130 1600 745
Dummy channel -706 -744 -755 -746 -746 -743
Channel no.1 1434 1395 8999 9999 9899 9998
Channel no.2 2061 2029 1973 1870 1965 1957
Channei no.3 1503 1477 1472 1460 1452 1440
Channel no.4 9999 9999 9999 9999 9999 9999
Channel no.5 2778 2774 2836 2856 2857 2838
Channel no.6 2705 2722 2801 2822 2822 2806
Channel no.7 2714 2696 2778 2810 2812 2796
Channel no.8 3228 3208 3278 3310 3312 3297
Channel no.9 4039 4020 4081 4107 4110 4095
Channel no.10 1671 1645 2999 9999 9999 9999
Channel no.11 1896 1871 1755 1744 1736 1733
Channe! no.12 1471 1438 9998 9999 9999 9998
Channel no.13 3163 3080 3130 3123 3116 3105
Channel no.14 1975 1955 2032 2050 2050 2032
Channel no.15 3013 29938 3078 3112 3118 3095
Channel no.16 2502 2493 2574 2607 2606 2593
Channel no.17 2498 2492 2575 2606 2609 2585
Channel no.18 3351 3334 3404 3427 3431 3415

Page 1



Micro-strain value vs channel

instrumented bolt : 126

Date

Time

Dummy channel
Channel no.1
Channel no.2
Channel no.3
Channel no.4
Channei no.5
Channel no.6
Channel no.7
Channel no.8
Channel no.9
Channel no.10
Channel no.i1
Channel no.12
Channel no.13
Channel no.14
Channel no.15
Channel no.16
Channel no.17
Channel no.18

100298
1520
747
1384.
1670
1753
1447
1879
2451
2888
2979
3435
1470
1480
2244
2582
3024
2552
3262
3137
2653

2402398
730
-743
1385
1679
1754
1460
1904
2489
2943
3039
3487
1475
1489
2250
2597
3052
2588
3315
3189
2713

70398 230398

1010
-754
1341
1630
1754
1508
2012
2634
3098
3181
3599
1427
1448
2255
2656
3151
2729
3467
3327
2824

1130
-749
1331
1624
1758
1514
2038
2678
3145
3229
3639
1438
1454
2256
2668
3175
2777
3519
3379
2866

270388 300398

1600
-743
1336
1629
1768
1521
2046
2693
3157
3244
3647
1452
1462
2259
2672
3182
2788
3532
3390
2878

T45
-747

1320
1615
1743
1483
2013
2660
3123
3206
3620
1438
1444
2238
2643
3153
2753
3499
3362
2846

Appendix 'V

o



508" Le- 8p- §1L- 5 /28 g6l 5'201L g/l m g gl 00t
042 z02 Zsl ol 08. 965 €62 i 5el $'6¢ §Ze ove
ot v 9- G'1Z) G'oF6 6.G G112 99} Lil §'L9 08 08¢
§'28cy  [S06sv  |§'L2l¥  |peed §'0sLL  |s'18s §'1e Z8) £el $'69 G55 025
5'662LL lovell 5’992t lolsiL 508l [5'895 §'6¥C ¥81 S'LE) 528 89 099
G'€g 5'ge g1 ¥6 §'28L 1244 89} G'ogl S'Z01 g2l G219 009
s §'G¥ ST G'v6 $°08Z G'LS1 £9 565 X 9¢ 5'0F 0ve
¥z §'L2Z el S'9l g8 GG §'¢ S0l gL G'9 gl 0801
S'ly G'oF 8z §'¥E 5 501 Z L g 14 S'LL ozzl
0 0 0 0 0 0 0 0 0 0 0 00¥1
sV Sy SY Sy Sy SY SY sy SY sy Sy do
9'¢e 52 9'z- ¥'G- 6've g'vl 8/ £l 8'0 ¥'0 'l 001
6'2¢- S'ee- gg- 6've- £'0p Z'5¢ Z6l 7' G'g £ 52 ove
£ 'l 5'0- L6 Zl (24 L'12 92l '8 L'y g'c 08¢
§'¢e- eyl- 9'g/ €9 608 Z'vy 9'02 g'cl 7' £'G Z'v 02§
2Ll 9'lLL G'lilL 9'zel 6'69 ey 61 vl 01 £'9 2'S 099
LY 2T i L'l 5'69 z'2¢ g2l an 8L §'g L's 008
12 S'E Ze ZL 8'lz zl gy S'¥y g'¢ L'Z L'e 0ve
gl 9l ! £l 90 0 g0 80 90 50 vl 0801
9¢ §'¢ A 9¢ 0 g0 20 50 0 g0 g} ozzl
0 0 0 0 0 0 0 0 0 0 0 00v1
3V Ay v Ay v dv Y 4y 4v v 4v d9
SE08y  |€90'vy  jzel¥E |81k [9/0°bZ  |986'0Z  |L160¢ 61802 |Z9L02 |2ti 0z  lvzoSt psde|g
86206 86€£05 86¢0P2 862001 962001 |86200L [86200) [96Z001 |962001 |86200L |9620¥ eleq
_ (sg) ujesjg Bujpuag
(wa) Jusuiop Buipueg
(sv) | (ujensoso|w) Ueng jexy
(4v) (uy) 90104 JBiXY
(dD) (wwi) uopsod ebnesy
6 sljed ebneo Jo Jaquuny
gl yybusT yog
rA ueog wnjeg
ci SUBJS JO JaquInN
A Xlpuaddy 6L1 "ON Joq pejustinsisy jo Jnsay
,éE\m 3



A Xipuaddy

(4414 yele g'evie 1'80¢- 8488 59001 6'¢s- gle 8Ll 59l g'Ll 00l
L Log- 5'162- 1'6L2- 6'€/0l- |g'¥8Ll- |6°€bBl- |p'G02- g'lg 962 6'0¢ L'ée ove
T4 |74 L&yl 2'85¢ [ 234 oOvLl 6'g 69" g's I'el 'zl 03¢
yoclL LVyLLL (A5 T V'S6LL 9'peg 188" Lg% L'gy L'GE ¥'se 'yl 025
8'€c9e-  |€'9T.E-  |6'6EGE-  |¥'GETE-  [6'€6E- ¥'08- 9'g}- 0 (X4 ¥e §'¢ 0989
8'99¢- 1'616- 2elo- }'80L- 2'Ggl §°G- Le L0 Lo L0 X4 008
WA N c¢8l- 60bL- L'ge- 1’99 Z'8¢ £8 | X4 L'e 8¢ 4 {1)di]
0k)- 9'901- 961}~ ¥ i6- 6'¢cq 90y 4 L'ee L'eE 9'6g 19z 0go}
413 2'8re '8¢ L'L8] LT 6'8 '8 9'6 9'6 9'8 €0l 1144}
0 0 0 0 0 0 0 0 0 0 0 0oyl
sd sd SH sd sd sd sd S4 sS4 sd sd d9
L'p0g L'Ele L'YLE 9'v9- L'eel 1012 b Sy L'E St L't 00¢
Pl G'el 9L $°06- L'6ge- 9'v0g- 9'6G- 9'9 2’9 S0 2y ove
298¢ £'62 goe Sl (44 9'9¢ 6l ¥i- gl LT 9% 08g
602 €022 6'Lge 202¢ y's8 a'8i- L 86 §'2 £'s £ 02s
Z'8p- $o- g'Zo- g0z- €G- 8'91- 6~ 0 70 L0 A 098
Ll8 L'80}- y'eclh- g'8bi- £t cl- 90~ }'0- 10 L0- 0 008
g8g¢- l'ge- S'6e- b L= ¥l 8'S L' ¥0 g0 90 o 06
£C- £'¢e- S¢- b'6L- 'L S8 8'g L'l A c'9 §'a 080}
Y4 [4*] 1’8 £'6¢ 90 6l Lt 4 [ [4 (A4 0cci
0 0 10 0 0 0 0 0 0 0 0 ooyl
Wd Wd Wg ng g ats] g ng Wd g ng d9
611 "ON 1og pajuawnsul Jo Jnsey




G'bi §Cl i 9z 5285 692V 5'852 520l ¥ 502~ 61- 00}
yoL- 801- 586~ 80}~ 686 Zvy $'ZEe g'zel §'19 502 Sz~ 24
S'ee- §'0b- S'eh- G'gil- [v69 0t 5'082 6261 G Gl 6" 08¢
£ee 602 981 Z0L- 66001 |IL€6 §'8e¢ LEL Z§ vl g9- 028
C0ES) 6'60e51  [28151 §'Sivpl |86l zeol G061 §'501 6V 5'Gl 52 099
SZLEL G'6¥8ZL |5°926 989 5'09} 588 8v 5’12 0l 008
580Y £6€ §'/8¢€ S Ly 5'%19 vEb 5Lyl ig 5'g¥ S'ee 52l 0F6
90V $'€6E G 06€ 80¢ G8Y (4433 051 5.8 §'58 ey 561 0801
892 192 6652 §'¢lZ 29¢ §'912 801 §'bS 568 €2 Gl 0z2l
0 0 0 0 i} i) 0 0 0 0 0 00¥1
Sy SY sy Sy SY sy SY sy sy Sy sy d9
'L ! 1y Z Shh ¥'2e L6l 6/ €0 9'}- 7'l 00l
64" Z8- gl- 28" gy 9'cg £'62 6'Cl L'y 9L }- 0ve
g Lg~ Z¢e- 6" 825 1'8¥ £l 9iL L'y L'l 10" 08¢
L'l 8'Gl L'bl 'L~ 18 80/ LBl 04 ¥ 'L 50~ 028
GLl LIl il L'¥Ll ¥'96 58l gyl g8 LS Z'l Z0 099
6'02L 9'601 50L z'2s A3 L9 L' 9'L 8'0 008
LLg 862 562 v'81 1'9¥ £¢ 80l Z'9 1'E gl ! 0v6
6'0¢ 8'62 162 (A 6'9¢ G've PLL 1'g g £'¢ gl 0801
¥'0Z 6'6) L'61 z'9l §12 59l Z'8 L'y ¢ L'} L'l 0221
0 a 0 0 0 0 0 1] 0 0 0 00vL
Y v Y Y v dv v Y Y Y Y d9
856'LY  {986'Cy [9v9'pE  |2PO'le |12 1602 ¥8°02 £v.°0c  [189°0Z  [S€902 |8k ¥l psdej3
186€08 (86805  |8620v2  |86200L |86200L [862001L |96200L |862001L |86200. |86200L |e@6z0¥ 88
(sq) ujeJjs Bujpueg
(Wa) Wewioy Bujpueg
(SY) | (ufeJjsoJoiw) ujesg Jeixy
{4v) (UM) 80104 jBiXY
(dD) (uiu) Uofiso ebneg
8 sijed abnes) 10 Jequinp
Gl yiouaT jjog
b4 Uedg winjeq
el SUeOg jo tsquunp
A Xlpuaddy {_J 0Z} "ON Hoq pajuaLUINNSUL JO INSay

?



9'y0t- L' L62- geoe- 9'gce- 8'681 [A:7A 9'95¢ 2'9¢ 9'eG- 6'8- [ 00l
gL vely- A §°.89- 258" 1'6l¢- 08~ '8¢ g'Gl- £0l- e 0Fc
g'ele ¢'Gle 'eee ¥'vEc 1'6¢l - 661~ 8'6l- LG Li- L b 08¢
S eLL- L'L91- G- (4 2 8’18~ L9} 6'8 69 6'9 690 6'9 02s
8'P60G1-% |'091GE-% PhPeSl-% p6Ceal-% {6'ch8 9'98 9 8- L'e- L0 }'¢- 099
9'69G.LL-% ['16641-% [6°6) ¥i- z'9 8'y §'G 9/ 69 00e
¢'6t 6'6E L'yy 80 8'9¢ L'y 9'L §'s 2'v c9 't ov6
Lda ¢'66- ¢ 68" g'ge- - 0 6L L1l 'yl 6Ll gy 0801
1’6l LGl L'el 29 L' 6'8- [’ £0L- e0L- vel- £0lL- 022l
0 0 0 0 0 1] 0 0 0 0 0 0ovlL
sd sS4 sd Sd sS4 sd sa <4 S Sg sd =[3]
g'e9- €9 £'E8- g'85- 9'GE 00l LvL a6 't 8'L- §0- 001
19748~ A 2'98- bl- L'el- y'86- g8'gl- 5'G g'e- [ L0 ove
8'yy Lo 2'9p L'6y [ 44 £ [ ey [ £e 6'0- 08t
£ot- }'se- Sye- g'le- ELL- 1'ge- 6’ .42 ¥l ¥l 'L 0258
b 19 69- gLl 2'66L- |9°L 1’8l £l b- 90~ L'0- ¥'0- 099
e L0L- 8'09¢- 'y £0- gl } ') 9’} Pl 008
c'8 £'8 e gyl 99 60 9’ [l } el L0 e
2’6" <8 ¢'8- 18~ €0~ 0 L'e ¥'e e L'E l 080}
[ [ L'Z £l 80~ 6"}~ L1 (A (A 9'¢c- ¢ [1[4A4]
0 0 0 0 0 0 0 0 0 0 0 0oyl
ng g g g g g ng nd ng ng g do
A xipuaddy 021 'ON 110G pajuBUNASY] JO JNsoy



5651 5'895L ]80S} L1221 096 928 655 8gY 5282 1EL 66 00l
Ll 06101 1219 8¢12 G9¢ Gl 20l %4
8301 5’9201 |s'elol  [/s8 118 V2Ll Z0§ 26E LY 901 619 08¢
LiES) §'65e51 lg5'slest |soesst [s'1e6 00€1 5656 6€2 G121 65 G'g¢ 025
9ee 0ge 5'€8Z Sy12 818 5596 262 GLL 6 S'¥S K3 099
90§ 208 09 66¢ §'129 129 052 S'ebl 69/ T2 T4 008
GLiy Lo §'E0¥ ype 5618 yEG ¥5¢ STl S'v8 §'eS S'Ee 0t6
5'99¢ 65¢ ove Log 5’628 5'e9p 922 gel 08 52 GE 0801
444 g'61¢ 912 ¥8l G'$5e 60€ 519l £8 66" g'19¢-  |eg 0Z2l
0 0 0 0 0 0 0 0 0 0 0 001
Y sSvY Sy sy SY sY Y sy Y sy Sy d9
St 9ty ov 662 gGh 09 A4 1'ig 512 70l gL 001
6'88L- [Z's9l- g'LL L't v'1e LL gL ove
1'9G 865 2§ L'Sy 9'g5 L'e8 2’86 8'6Z ¥'oL ) Ly 08¢
801 80} 2'.0L LI'IZ} £'69 1'¢6 242 Z'8l T6 Sy 6¢C 028
9'6¢ L'se 9'LZ 602 2’29 v'el - 2 £¢l 1L L'y v'e 099
G'8¢ Z'8¢ Ge £'0¢ gLy L'y 61 601 8'g ¥'e 6l 008
¢ LE G'Eg 1'0¢ Zoe L'y 9'0f g6l 80l ¥'9 V' §'C 0v6
612 el £'9c 6°¢C 1) 9'6E AV ¥'6 1'9 14 Le 0801
601 L9l ¥'9l ! 12 5€2 ¥4 £'g 962" A% L) 0celh
0 0 0 0 0 0 0 0 0 0 0 00bL
Y AV AV 4Y 4y 4V 4y Y v dv Y d5
Se0'gy  jeoo'vy  [zzive  feliie  [ol0'le |9se02  |lie0c |80z li9l0z” |eiioz  [vzo'sh psdefy
< |eecos  [96€05 8620¥C |86200L [962001 862001 [86200L |[86200L 262001 |86200L |8620V sleq
(sg) ujelis Bujpuag
(Ne) juatiopy Buipueg
(8y) [(ujensosopu) ulens jeixy
{4y} {uy) 80104 |eIXY
(dO) {Wwu) uopisod sbnes
1] sled em:m@ 10 JaqUUnN
5l yibueT Jjog
Z ueog wmeq
tl sSUeDg o Jaquiny
A Xipuaddy L 121 ‘ON /..x 10q pajuswinisyl Jo ynsay

k)



60LvC- |9'6¥¥e-  |G'Lvb2-  [9€l8l- |E'96EC-  |pL8- 9'€09- pLLiL- £'£65- Gaee- coch- 00}
9'y6Se-  |£09ckl 8'¢ccyel iv'69b9  [€°0081 |i'Ce8 8'¢le ore
P'olgl- j6'i08l- [6'9G81- (igli- C 695- L'18¢- 946" 1€01- 9'98- pSh- pae- 08¢
€1ig- 9'ces- £7eo- 1'89le-  19'¢8l 6'¢6l Ll 8’9 e G'G- 8'9¢- 0cs
¥ 68- 6'€8- 9'6g- 6'8- 9'98 L'06 9'0¢ c6l L'sl €0l 9 099
Lye- L'ge- ce- yee L'0 0 69 L'l 1e by §'s- 008
68 ey 8'sl 1°Gl- Lee- 8ye- GG~ cg L'el- 68" 8'¥- 0r6
| X 0 6'9- i £le yyl Le 0 0 b'e- g'e 0gol
90c- £le- yee 90e- 8Lt 9le 68 69 6ES- 68'LYS- Ly {44
0 0 0 0 0 0 0 0 0 0 0 0oyl
sd sS4 sg Sd Sd Sg St 84 sd g8 sg d9
g'gee- c'6eT- ove- clyl- g'L0g- 2 ial- yGei- Si9l- cyel- c0L- V'Le- 004
AL 9’86y~ £'29¢ g'66¢e 7'8EE g'ogl (A1 4 ove
glee g'iee- g'Lye- g'l5¢- 9'¢6- ye9- yoe- 91e- L'gl- g'8- £g- 0ge
8'vs 9'¥g L'eg i LEl gzl ¥'e ¥l L0 [ 9'G- 02s
L'8l- 9ll- A 6l 1’81 6’8l 14 4 4> [ Ll 099
[4k:h g'g- 9y gy 1’0o 0 ¥l e v'o 6'0- [ 008
8l 9'8 £'e e 8 [ [ £l L' 6L~ i~ 0v6
¥'0- 0 ¥l- €0 Sy £ 9'0 0 0 7o g'0- 080l
€Y Sy 6P e 6L 99 61 i 6'chl- Lyt~ 60 gcel
0 0 0 0 0 Q 0 0 0 0 0 0oyl
w8 W8 ng ng g Wd ng na ng ng Wg d9

A Xipuaddy 121 ‘ON 110g pajuaLwniisy} o Jjsay



6gl- 8gl- Sevi-  Is'ell-  [ssgl-  [sigl-  [s8il-  JgeiT €L L0l Ly 004
6EL- g'ogk-  [s¥l- §'eLl-  |s'esi-  [s'z8l- |eli- 6'802- [e¥e §'elZ ) ove
Zl- §'69" gl- 689~ L9~ " pG- §bel Iyl 695 69¢ 181 08¢
as g¢ G'€5 0g.l G'elL S'0¥9 S'98¢ §'6ee 025
§'€408  |9'€L08  |S'p80S  [sevay  [g'8Zsy  |8L1S SZey 8802 5205 5652 Zll 099
G'TL 5'0. 61- §'£8- £Zl 5'8¢t £55 S'¥1S L2 091 610} 008
09 519 565 gl 5961 G'861 S Lye LLE 581 5'0LL 1L 0v6
8 98 §'eg 619 G062 G'9lg G'PET 681 §'62l G'68 §'LS 0801
§'19 §'c8 508 59l 5'812 502 §'6el Z6 5'el §'¥S g€ 0221
0 0 0 0 0 0 0 0 0 0 0 00¥ 1
Sy Y Sy Sy sy svY Sy SV Sy SY sY d9
6" 9'6- Z0L- L'EL- LyL- g'gl- 9gL- 1'0¢ ZEl '8 g't 001
L0 £0 0L~ LEL- yi- 6'El- ZEel- 8'Gl" 1’92 Z'9l £9 0ve
9L~ gL}~ U'LL- 9'Gl- $'G1- 6¥L- g0~ 10l gey 9'62 8¢l 08€
Z'hL- yL- 9'ZL- 9°8¢ L'2y 90V v'62 Z'LL 02s
1’00} 90} 6'101 £eol 5g¥ 85 9'/9 gL £'8e '8l L'el 099
X3 e'e 90~ L'G- ¥'6 501 L2y L'e¥ (R 24 Zz Z'8 008
9y L' Y vl 6¥1 'Sl o9z R74 Lyl 7’8 ¥'s 0v6
¥'9 ) ¥'g 1'g gl 5'9l gl v'¥i 56 59 6'¢ 0801
) xS 1'9 g'c 991 96l €01 L 9'G L'y 5T 0221
0 0 0 0 0 0 0 0 0 0 0 00¥1
Y 4 4V Y v dv v 4 v dY v do
8Li'8y |ovl'yy  {908bE {LOTtC |9l 1E 6904 |[le €060 |ls8'0¢ [964°'0Z2 [8OL'SL psdeja
.|B6E06 _ 186805  {86C0¥Z {86200l 862001 86200 [86¢00L [86200L |86200L |962001 |8620% aleq
(s9) ujeng bujpuag
(W) \usilioyy Buipueg
(8Y) | (ulensosolu) ujens ey
(dv) (uM) 82104 ejxy
{d9) {(ww) uopisod ebneg
) sijed ebnes Jo JAqUINN
51 yibuaT jiog
FA ueog Wwnjeq
£l sSUEsg JO JaquunpN
N X|puaddy L zZl "ON o )0g pejusLUnysU| Jo Jinsay
w.

r



6 ly6- 6966~ 6'6LLl- 8860l |6'8LL- T AL € 0.9~ L'ee- 6§lc 1’851 6'€8 0ol
69t¥l- 18'8.FL- |OPSI- £6501- |g'pee- 'cee- 691 8hil- b'1es- 8982 y'e8- ove
L'8l61- 18'LG6L-  |9'SvEL-  |vOpL- 12124 X144 8'9£71 £v6ct £ l0l §'gee Zeo- 08¢
£80¢l- 16709 6L 6'sce- y'8gl (A4 4 vyl 029
9se0Ly |LIv0LL jl'9lee) |eyseel  |e'esoel  [o'86/2l  |9'85€8  [6LLE 8'act- 88 96" 098
£965¢ |p00se  |9'leee  |Pepst  [6LL- L0 9le c0S [44 0 ve 008
6'eg- [24' 818 6S- L'LiS <'0s 69 ¥ L9 S'er yec v'ee 0v6
9'6- §'G- 9L 9l L0 68 9L L&A Ll 9L | X4 0804
ve- e e 94 ¥'Se- g've- cLt bl 1104 Q- L'y \[441
0 0 0 0 0 0 0 0 0 0 0 00¥i
sg sd sd sd sg sd sq sg sd sd 513 ) d9
8'pal- y90e- 1'eee- 6¢e- L'€9%- §¢9l- yovi- V'L [ A1 L'Ee 9Ll 0ot
I14% 8'0s¢- 8'0Le- 744 Lol 569~ §¥ve- ve- 1'60}- €95 L8 ore
g'cge- ¢'99¢- 9'69e- 9¥8l- y'LS y'8s 622 L'i8e 89yl Ly el 08¢
8L0€- £ee- 919 [44%% L0} ¢ e0e £t 1’92 0cs
g'aLl S6LL 1’99 9’8 civy 60y 5028 S'e0c £9c- 61 ¢ 099
9'86¢ £'76¢ §'08¢ yeie L'es L0~ g9 Sol gy 0 L'0 008
9ll- yii- L'Ll- Gl 6Ll S0l Syl 4 ol 94 6% 0r6
g i gL 9l L0 6" gL 97¢ e 9L ¥0 0801
L0 L0 L0- 9l- €G- (A ge £'Z 4 Lo 6'0- 0ccl
0 0 0 0 0 0 0 0 0 0 0 0orL
Wd nd Nd Wd nWa | ng We na Nd na g d9

A" xipuaddy : 224 'ON }0g pajusWnIisy} JO Jnsay




Result of instrumented bolt No. 123
Number of Scans 6
Datum Scan 1
Bolt Length 1.5
Number of Gauge Pairs 9
Gauge Position (mm) (GP)
Axial Force (Kn) (AF)
Axial Strain (microstrain) | (AS)
Bending Moment (EM)
Bending Strain (BS)
Date 240298 70398 230398| 270398 300398
Elapsd 13.674 24.785 40.84| 45.028] 47.684
GP AF AF AF AF AF
1400 0 0 0 0 0
1220 0.2 2 1.3 0.8 0.5
1080 0.1 1.8 0.9 0.6 0
940 0 2.2 1.1 0.9 0.3
800 -0.1 3 2.3 21 1.4
660 1.1 56 5.5 5.2 4
520 1 6.4 6.3 6 4.5
380 1.3 77 7.6 7.2 5.6
240 1 8.8 7.8 7.6 5.6
100 0.2 7 5.9 5.6 3.9
GP AS AS AS AS AS
1400 0 0 0 0 0
1220 3 26 17 12 6.5
1080 1 24 12 8.5 0.5
840 -0.5 28.5 14.5 12 4.5
800 -1 39 30.5 27.5 18.5
660 14 73 72.5 68.5 52.5
520 13 84 83 78.5 59
380 16.5 101 99.5 95 73
240 12.5 112.5 103.5 100 74
100 3 91.5 77 73 51
GP BM BM BM BM BM
1400 0 0 0 0 0
1220 -5.8 -4.3 -6.9 -7.2 -7.6
1080 0.9 2.8 3.7 3.3 36
940 2.7 36 6.2 6.6 6.5
800 3.7 6.9 g4 9.1 9.4
660 -4.3 -3.5 -4.8 -5.3 -4.5
520 -0.3 4.3 5.5 4.8 37
380 1 0 -1 -1.2 0.9
240 1.8 7.1 8.5 8.6 8.1
100 -5.5 -32.1 -334 -33.4 -33.4
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Result of instrumented bolt No. 123 Appendix V-

GP BS BS BS BS BS
1400 Y 0 0 0 0
1220 -27.5 -20.6 -33 -34.4 -36.4
1080 4.1 13.8 17.9 15.8 17.2
940 13.1 17.2 28.6 316 30.9
800 17.9 33 447 43.3 447
660 -20.6 -16.5 -22.7 -25.4 -21.3
520 -1.4 20.6 26.1 227 17.9
380 4.8 0 4.8 -5.5 -4.1
240 7.6 33.7 40.6 41,3 38.5
100 -26.1 -153.3 -159.5 -158.5 -159.5
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Result of instrumented bolt No. 124 Appendix .V
Number of Scans &
Datum Scan 1
Bolt Length 1.5
Number of Gauge Pairs 9
Gauge Position {(mm) (GP)
Axial Force (Kn) (AF)
Axjal Strain (microstrain)| (AS)
Bending Moment (BM)
Bending Strain {BS)
Date 240298 70398{ 230398{ 270398| 300398
Elapsd 13.674 24.785 40.84 45.028 47.684
GP AF AF AF AF AF
1400 8] 0 0 0 0
1220 0.2 5.1 5.4 8.2 3.8
1080 0.1 4.1 5.6 52 3.2
940 0.1 2.4 2.9 2.8 0.7
800 0.4 -0.6 -1 -1.4 -2.9
660 0 -3.1 -3.5 -3.9 -5.2
520 0.2 -4.5 -5 -54 -8.7
380 0.6 -85 -6.1 -6.5 -7.5
240 0.2 7.4 -7.9 -8.3 -9.1
100 -0.1 6.7 -7.6 -8.1 -8.6
GP AS AS AS AS AS
1400 0 0 0 0 0
1220 2.5 66.5 83.5 81 50.5
1080 1 54 73.5 69 41.5
940 1 32 38.5 36.5 g )
800 5.5 -7.5 -12.5 -18 -37.5
660 0.5 -40.5 -46.5 -51.5 -69
520 3 -58 -66 -70.5 -88
380 7.5 -72 -80.5 -86 -98
240 3 -93 -104.5 -109 -119.5
100 -1.5 -88.5 -99.5 -107 -113.5
GP. BM BM BM BM BM
1400 0 0 0 0 0
1220 -1.3 -1.6 -3.3 -3.5 -2.4
1080 3.5 4.9 6.2 5.8 5.6
940 -2.6 -1.4 0.1 -0.7 0.3
800 0.4 0.1 0.1 0 -0.1
660 -0.1 0.1 0.7 0.4 0
520 0 1.2 1.7 2.2 2
380 -0.4 17 3 2.6 3.2
240 0 -8 -12.2 -12.7 -12.5
100 -1 1.3 4.3 -6.3 -2.4




Result of instrumented bolt No. 124
BS BS BS BS BS
1400 0 0 0 0 0
1220 -5.2 -7.6 -15.8 -16.5 -11.7
1080 16.5 234 296 27.5 26.8
940 -12.4 -6.9 0.7 -3.4 1.4
800 2.1 07 0.7 0 -0.7
660 -0.7 0.7 3.4 2.1 0
520 0 5.5 8.3 10.3 9.6
380 -2.1 8.2 144 12.4 15.1
240 0 -28.9 -58.4 -60.5 -59.8
100 -4.8 6.2 -22.7 -30.3 -11.7
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Result of instrumented boit No. 125
Number of Scans 6
Daturn Scan 1
Bolt Length 1.5
Number of Gauge Pairs 8
Gauge Position (mm) (GP)
Axial Force (Kn) {AF)
Axial Strain (microstrain) | (AS)
Bending Moment (BM)
Bending Strain (BS)
Date 240298 70398| 230398| 270398| 303098
Elapsd 13.674] 24.785 40.84] 45.028; 873.684
GP AF AF AF AF AF
1400 0 0 0 0 0
1220 1.5 7.3 8.5 8.8 7.4
1080 1.9 8.6 10.3 10.5 8.1
940 1.9 8.9 10.7 10.7 9.4
800 3 9.8 11.3 11.5 9.8
660 1.8 8.1 8.8 8.9 7.2
520
380 0.6
240 0.7 -5 -8.2 -6.7 -7.3
100 0.5
GP AS AS AS AS AS
1400 0 0 0 0 0
1220 20 86.5 112 115.5 97
1080 25 112.5 135 137.5 120
940 24.5 117 140.5 141 123.5
300 39 129.5 148 151 128.5
660 25.5 106 116 116.5 85
520
380 8.5
240 9.5 -65.5 -81.5 -88 -96.5
100 7
GP BM BM BM BM BM
1400 0 0 0 0 0
1220 -0.3 -1.6 -1.2 -1.3 -1.2
1080 -2 -3.9 -3.7 -3.8 -4
940 -1.3 -1.2 -1.3 -0.9 -1.3
800 4.6 4.5 26 1.7 2.7
660 2.2 0 0.3 0.4 0.3
520
380 1
240 -1 7.6 8.8 9.2 8.5
100 -1.4

Appendix V



Result of instrumented boit No. 125 . Appendix 'V .

GP BS BS BS Bs BS

1400 0 0 0 0 Q

1220 -1.4 -7.6 -5.5 -6.2 -5.5

1030 -9.6 -18.6 -17.9 -18.6 -18.2
940 -6.2 -5.5 -8.2 -4.1 -6.2
800 22 21.3 12:4 8.2 13.1
660 10.3 0 14 2.1 1.4
520
380 4.8
240 4.8 36.4 41.8 44 40.6
100 5.9
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Resuit of instrurnented bolt No. 126
Number of Scans 6
Daturm Scan 1
Bolt Length 1.5
Number of Gauge Pairs g
Gauge Position (mm) {GP)
Axial Force (Kn) (AF)
Axial Strain (microstrain} | (AS)
Bending Moment {BA)
Bending Strain {BS)
Date 240298 70398] 230398 270398] 300398
Elapsd 13.674 24.785 40.84 45.028 47.684
GP AF AF AF AF AF
1400 0 0 0 0 0
1220 4 13.3 16 16.7 14.4
1080 4 15.4 18.9 19.8 17.2
240 3.8 16.3 19.7 20.6 17.9
800 2.9 14.2 17.3 18.3 15.6
660 1.7 10.4 11.9 12.4 10
520 0.8 5.7 5] 6.3 4.1
380 0 1 0.8 1.2 -0.6
240 0 -2.8 -3 -2.5 -3.8
100 -0.1 -2.7 -3.1 -2.4 -3.7
GP AS AS AS AS AS
1400 0 0 0 0 0
1220 52 174.5 210.5 218.5 189
1080 52 203 248 260 226
240 50 214.5 259 270.5 238
300 38 187 228 240 205
660 22.5 137 157 163.5 131.5
520 10 74.5 78.5 83 53.5
380 -0.5 13 11 16 -8
240 0 -34 -39 -33.5 -50.5
100 -1 -36 -40.5 -32 438
GP BM BM BM BM BM
1400 0 0 0 0 0
1220 -1.2 -1 -1.3 -1.8 -1.2
1080 1.2 1.7 1.2 1.7 0.3
940 0.3 0.7 0 -0.1 - 0.3
800 1.7 0.8 0.3 0.9 1.2
660 -0.4 0.9 1.2 1.3 0.7
520 -0.3 -1.9 -2.7 -2.3 -2.2
380 -0.7 -1.4 -0.9 0 -0.6
240 1.4 0.3 14 -1.9 -1.3
100 -0.6 0 -3 ~4.3 4.6
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Result of instrumented baoit -No. 126 Appendix V

GP BS BS BS BS BS
1400 0 0 0 0 0
1220 -5.5 -4.8 6.2 -8.9 -5.5
1080 5.5 8.2 5.5 8.3 1.4
940 1.4 3.4 0 -0.7 -1.4
800 8.3 4.1 1.4 4.1 5.5
660 -2.1 4.1 5.5 6.2 3.4
520 -1.4 -8.9 -13.1 =11 ~10.3
380 -3.4 -6.9 -4.1 0 -2.7
240 6.9 1.4 -6.9 -8.8 -6.2
100 2.8 0 -14.4 -20.6 -22




