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SUMMARY

A foundation investigation of the proposed Murrumbidgee
bridge site no. 3, Tuggeranong, A.C.T., comprised of a seismic
refraction survey and geological mapping. The rock at the site
is a medium-grained dacite with no major structural defects at
the proposed pier locations. Seismic velocities from the deepest
refractors ranged from 4100 to 6600 m/s, and the depth to com-
petent rocks - moderately to slightly weathered dacite - ranged
from 0.5 to 7 m at the pier locations.
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INTRODUCT ION

A bridge that the National Capital Development Comm-
ission (NCDC) is planning across the Murrumbidgee River at site
no. 3 will provide the first high-level access to the west bank
of Tuggeranong (Fig. 1). NCDC requested the Bureau of Mineral
Resources (BMR) to carry out geological and geophysical investig-
ations of the bridge site so as to determine the foundation
conditions at each of the proposed pier sites and bridge abut-
ments, and to make the results of the investigation available to
the design engineers, Maunsell and Partners.

The geological mapping was carried out by R. Goldsmith,
of the Engineering Geology Subsection. The seismic refraction
survey was carried out by the Engineering Geophysics Group; six
seismic traverses totalling 480 m were surveyed by the geophysic-
al party consisting of D. Bennett, D. Francis, and M Preston-
Stanley.

A contractor carried out a diamond drilling program for
Maunsell and Partners. Thirteen holes totalling 128 m were com-
pleted in December 1975 at the proposed bridge pier sites, and
were logged by BMR (see Appendix).

GENERAL GEOLOGY

The Murrumbidgee bridge site no. 3 is located on Upper
Silurian volcanic rocks (Plate 1). The rock is a dark grey-green
dacite, porphyritic in places, but generally with a medium grain-
size (Goldsmith, 1975). Joints and fractures follow no particul-"
ar trend but there is one persistent JOlnt set striking between
090° - 115 and dipping between 70 - 90°, Joints are moderately
close to closely spaced, but discontinuous and generally tight;
no clayey surfaces were apparent. Tgo shear zones cross the
bridge alignment: one, striking 090 intersects the northern
foundation of pier E, and is assoclated with moderately spaced
parallel joints; the other, striking 015, intersects the
northern foundation of pier F (and would be represented by a zone
of deeper weathering), and is indicated by closely fractured
zones covering 4-5 m“ in outcrop and by the seismic profiles,
Outcropping rock at the bridge site is moderately to slightly
weathered, and is also hard and moderately strong, near the river
bed. .

Sand and gravel terraces up to 5 m thick occupy both
banks up to 5-7 m above the river channel.
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SEISMIC REFRACTION SURVEY

Method

The seismic refraction method was used in the investig-
ation (Heiland, 1946). Spreads consisted of 24 geophones placed
in a straight line with 2 m geophone spacings, except for two
spreads along traverse A in which 4 m spacings were used. Five
charges were fired - one in the centre of the spread, one at each
end of the spread, and one offset from each end by a distance
eqgual to half of the spread length. The equipment used was 24-
channel SIE PSU-19 refraction seismograph with 8 Hz GSC-20D
geophones.

Interpretation was based on the reciprocal method
(Heiland, 1946, p. 548).

Traverse A was located along the centreline of the
bridge on the west bank, and was rotated 10° to the north from
the centreline on the east bank. The cross traverses were
located at the proposed positions of the bridge pylons on the
west bank, but were slightly offset from pylon positions on the
east bank.

Results

The results of the survey are shown in Plate 2., Seismic
velocities in the area can be correlated with the geology of the
site as follows: '

(a) Top layer: soil, sand, and gravel with seismic
velocities 600-800 m/s.

(b) Second layer: weathered dacite with seismic
velocities between 1400 and 2900 m/s.

(c) Third layer: unweathered dacite with seismic
velocities between 4700 and 6600 m/s. The dacite
along traverses B, F, and the northeastern end of
traverse A show zones with slightly lower
velocities.

Seismic anisotropy is indicated by differences between
the two seismic velocities measured at traverse intersections.
The intersections of traverse A with traverses B, C, and F have
recorded higher bedrock velocities along the c¢ross traverses;
there was no change in velocities at the intersection with
traverse E, and a lower velocity along traverse D at the inter-
section with traverse A. It is generally concluded that higher
velocities are measured in directions parallel to the major
defects in the rock.
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The high velocity of the deepest refractor in the
dacite indicates good quality foundation rock. Similar volcanic
rocks in adjacent areas with velocities in this range have a
modulus of elasticity4that ranges between 4.77 x 10° M Pa for
4700 m/s and 9.4 x 10" M Pa for 6600 m/s (Polak, 1963). TFigure 2
shows the relation between seismic velocity and modulus of
elasticity. = _

The results will not be accurate in areas with shallow
depths of weathering because the seismic record can only be read
with accuracy to 1 millisecond; assuming an average velocity of
about 1500 m/s in the top layer, an error of 50 percent may
occur. In places with a thick top layer - e.g., northeast end of
‘traverse A - the normal error of + 10 percent will apply.

" ENGINEERING GEOLOGY

PIER FOUNDATIONS

Pier locations are shown on the geological plan and on
the seismic sections, and the piers are lettered to correspond
with the appropriate seismic traverses. Pier G on the east bank
of the river has no corresponding traverse.

The depths at which suitable foundation rock will be
found have been deduced from the seismic and drilling results and
the rock defects that have been mapped in the area. Some varia-
tion from the expected depths will be encountered if the excava-
tions for piers expose shear zones or closely spaced joints that
were concealed and not observed in mapping the geology of the
site.

Pier C

Pier C is located at the intersection of traverses A
and C, About 1 m of river sand overlies extremely to highly
weathered dacite, but the weathering is irregular as drill hole 3
intersected variably weathered dacite to 5 m. However, drill

~hole 4 intersected slightly weathered rock at 1.5 m, so competent

rock should be encountered within the 1500-2900 m/s velocity
layer. The difference in intermediate-~layer velocities in -
traverses A and C, 2900 m/s and 1500 m/s8 respectively, may
result from a greater number of open joints being intersected in
the direction of traverse C than in the direction of traverse A.

At the northern end of pier C the depth to competent
rock is at least 5 m; based both on drilling and seismic results
(if 1500 m/s velocity is the true interpretation). Shallower
weathering occurs in the middle section of the pier, where
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competent rock is encountered at 1.5 m. At the southern end it
ig difficult to predict the subsurface conditions, but depth to
competent rock is likely to be at most 5 m.

Pier D

Pier D is located at the intersection of traverses A
and D. The pier will be founded on moderately weathered to
slightly weathered closely jointed dacite that crops out at the
surface at the northern part of the pier and is covered by up to
2 m of alluvium elsewhere. Drill hole 6 intersected moderately
weathered rock close to the surface, and closely jointed slightly
weathered rock at 2 m, The seismic velocity of fresh rock is
4700 m/s, and the pier will be founded at about 1 m on moderately
to slightly weathered dacite.

Pier E

Pier E is offset to the south from traverse A, and is
almost on line with traverse E. The pier will be founded on
slightly weathered to fresh-stained dacite. A shear zone 1 m
wide intersects the northern pier site, and was also intersected
in drill hole 9, where much of the core is closely Ifractured,
sheared, and contains abundant chlorite and sericite. Drill hole
10 intersected fresh-stained rock at 3 m, Dacite crops out with-
in a few metres of the northern margin of the pier, but the site
is covered by river alluvium, whose thickness of between 5 and 7
m determined from the seismic sections suggests that it may
represent a sand-filled scour channel. The dacite has a velocity
of 5200 to 5400 m/s, which represents competent rock suitable for

foundation.
Pier F

Pier F is also offset to the south from traverse A, and
is slightly offset from traverse F. Pier I will be founded on
moderately weathered dacite underlying 3 to 4 m of alluvium,
Dacite is close to the surface at the southeast margin of the
pier. Rock suitable for the foundation will lie in the 1300 to
2900 m/s layer. Drill hole 12 intersected moderately weathered
rock at 4 m. The low velocity in the intermediate and high
refractors at the southern end of traverse F may indicate a fault
or a shear zone. If this zone has continuity with the =zone at
the eastern end of traverse A, ig may represent a low-velocity
zone with a bearing of about 010, that is aligned with a shear
zone about 4 m wide mapped on an outcrop in the river bed. The
northern portion of this pier may intersect the shear zone, for
rock quality in drill hole 12 is better than that in drill hole
11, and deeper excavation to competent rock may be required in
the shear =zone.




MODULUS OF ELASTICITY - KPa(x/05)

MODULUS OF ELASTICY —MPa(x/04)

Record No. 1975/108 & 1976/53

- . FIELD DATA FROM AUSTRALIAN SURVEYS e
. —_— SOLID ROCK ' o

-------- UNCONSOLIDATED SEDIMENTS

T T T T T R
0 1000 2000 3000 4000 5000 6000

4 (metres/second )

RELATION OF MODULUS OF ELASTICITY TO LONGITUDINAL SEISMIC VELOCITY

L
B
T I T I T
05 10 15 2:0 25 30 35

COMPRESSIVE STRENGTH (MPa)

RELATION OF MODULUS OF ELASTICITY TO COMPRESSIVE STRENGTH OF SOIL TYPES
(Wilson & Dietrich, 1960)

DYNAMIC PROPERTIES OF ROCKS

CFig.2

J55/B5-126A



Pier G

Pier G is sited on solid outcrops of moderately to
slightly weathered dacite. Drill holes 7 and 8 indicate fresh-
stained dacite at 50-70 cm, the rock is generally closely frac-
tured with infillings of gquartz and chlorite, but the rock mass
as a whoée is tight and strong. Dominant jointing dips north at
about 80 ; no major defects affecting the foundation stability
are known at the site, and suitable foundation rock should be
found at less than 1 m,

ABUTMENTS

Left

The left abutment is located 12 m northeast of the
intersection of traverses A and B, where moderately weathered to
slightly weathered or jointed rock with a seismic velocity of
2300-2900 m/s underlies 1-2 m of overburden consisting of soil,
slopewash, and extremely to highly weathered dacite. Dacite with
a velocity of 4100-6600 m/s at depths between 8 and 10 m is
probably a slightly weathered to fresh rock with limonite-stained
joints. The nearby drill hole 2 indicates moderately weathered
rock at 2-3 m. At this depth the rock mass is moderately strong
but joints are open and some would be clay-coated. Competent
rock suitable for founding the abutment is expected at a depth of
2-3 m.

Right

‘'The right abutment is located at the eastern end of
traverse A, and drill holes 13 and 14 are to the northwest of the
abutment. The seismic profile indicates that highly to moderate-
ly weathered rock extends to a depth of 20 m, but drill holes 14
and 13 intersected moderately weathered rock at 11.2 m and 7.8 m
respectively. This discrepancy is probably due to the intermed-
iate refractor increasing in seismic velocity towards the bedrock
interface. Rock suitable for foundation is expected at depths
between B8-15 m (deeper towards the southeast).

CONCLUSIONS AND RECOMMENDATIONS

1. The investigation for the Murrumbidgee bridge site
no. 3 indicates that bridge piers and abutments at the sites
presently proposed would be founded on dacite in which the high-
est seismic refractor gave velocities of 4700 to 6600 m/s at
depths ranging from 0.5 m to 23 m. The average modulus of
elastici&y of the dacite calculated from seismic velocities is
6.3 x 10° M Pa.
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2. Apart from the two shear zones no major geological
defects are known to occur at the bridge site, and all piers
could be founded on competent rock consisting of moderately to
slightly weathered dacite, but at varying depths as set out

below:

Left abutment 2-3 m Right abutment 8-15 m
Pier C 2-5 m Pier E 3-7 m
Pier D about 1 m Pier F 4-6 m

Pier G about 1 m

'3, During excavation, a geologist should map the
foundations to locate and assess the effectAof any defects that

are present.
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