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Rock Socket Roughness with Drilling Tools
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Abstract

Rock socketed drilled shafts are used as foundations for bridges and other transportation structures because of their
load carrying capabilities. However, only limited information is available in the literature on the effects of roughness
on the unit side resistance of rock socketed drilled shafts. The objective of this study is to investigate the effect of
drilling tools on the socket roughness in soft clay shale in Texas. Field study showed that the drilling tools, auger and

core barrel, produced different roughness in the boreholes.

Keywords : Drilling tools, Rock socketed drilled shafts, Roughness, Side resistance

1. Introduction effect of drilling tools on the roughness in the soft clay

shale in Texas.

The demand for carrying higher loads coupled with the

geological conditions has resulted in placing the drilled 2. Design Method Considering Socket Rough-
shafts in rocks. Rock socketed drilled shafts are ness

_increasingly used as foundations for bridges and other

structures.

Numerous design methods for rock sockets have been
developed throughout the world. Most of these methods
use unconfined compressive strength (g.) as a measure
of rock capacity. Only a few studies have considered
socket roughness along the sides of the socket in any

explicit. The objective of this study is to quantify the

Several models, including those of Horvath et al
(1983), Rowe and Armitage (1987), Kulhawy and Phoon
(1993), O’Neill and Hassan (1993), and Seidel and
Collingwood (2001) appear appropriate for developing
relations between g, and maximum unit side resistance
(fmax) for soft rock sockets.

Seidel and Collingwood (2001) performed a parametric
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study using ROCKET, a model for predicting the shea-
ring resistance of the side of a rock socket using a
simulation program developed at Monash University, in
Australia, sufficient to define a method for producing
socket side shear-displacement relationship to assist
designers to compute load-settlement behavior without
rigorous numerical analyses. They proposed a shaft
resistance coefficient (SRC), and it was represented as

follows (Seidel and Collingwood, 2001).

SRC= 1 _n__ A4 1)
°(14+v) D,’
D, (1+v)SRC
Ary= ——7——, @
URL

where 7. = construction method reduction factor, equal to

1 for socket with clean unbonded concrete-
rock interface but possibly less than 1 for
sockets with smear or residual mudcake from
mineral drilling muds,

v = Poisson’s ratio of the surrounding rock,

n = ratio of rock mass modulus to unconfined
compressive strength of the rock (E./q.),

Adr. = effective asperity roughness height, and

D, = socket diameter.

Using a data base of rock-socket load tests, Seidel and
Collingwood (2001) developed relationships between
back-calculated values of 4dr, and g,, and the results are

shown in Figure 1. The results in Figure 1 contained

50 Joreoeeeeenene A (}
i @ PILES- Shaht resistance fully mobilised
: A PILES - Full shaft resistance not mobilisad
40 Forrrorenrreriresismrdsnnsensnnnen] % ANCHORS (D < 450mm)
H O Sockets known to contain sidewall smear
[ Seidel ot al, (1998) - Proposed roughness bounds
— Proposed upper & lawer bound roughness guidelines

B0 s ol .......

20

Effective Roughness Height (mm)

s bl L st 1 i e
2 3 45 1 2 3 458 10 2 3 458 100 z 3

Unconfined Compressive Strength (MPa)

Fig. 1. Back-calculated values of Ar. (Seidel and Collingwood,
2001)
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many types of rock, including shale, mudstone, sandstone,
schist, chalk and limestone. Specific results, however, are
not identified according to rock type. Drilling tools, and
their effect on socket roughness, likewise were not
identified. Also, other models, including those of Horvath
et al. (1983), Rowe and Armitage (1987), Kulhawy and
Phoon (1993), and O’Neill and Hassan (1993) are not
specific about rock type and drilling tools.

3. Borehole Roughness Profile Device

A laser borehole roughness profile device (LBRP) was
developed during this study in order to be adapted with
the Kelly bar of a drill rig. The LBRP was based on the
laser triangulation principle to measure the roughness.
The hardware included a laser generator, a position
sensitive device (PSD) as laser detector, signal processing
circuits, laser control circuits, data acquisition, and digital
control units. A block diagram of the hardware is shown
in Figure 2 (Liang, 2002).

In order to measure the borehole roughness, the laser
device was attached to the Kelly bar and lowered into the
borehole to measure the roughness. A distance measure-
ment device was attached to the Kelly bar to record the
vertical distance. The LBRP measured the roughness at a

speed of 100-kilo samples per second while the Kelly bar
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Fig. 2. Overall schematic of laser borehole roughness profiling
system (Liang, 2002)



moved up from the bottom of the borchole (Figure 3).
Four vertical profilings were measured, 90 degrees apart,
at 6, 9, 12, and 3 o’clock positions in the borehole (Figure
3). The roughness measurement accuracy was better than
0.5 mm in both the vertical and radial directions (Liang,
2002). '

The important part of the LBRP system is the laser
device shown in Figure 3, which is based on the laser
triangulation principle. The laser device consists of three
parts: a laser diode module, convex lens, and a position
sensitive detector (PSD). Figure 4 shows the laser
triangulation distance measurement device. The laser
diode module emits a laser beam to produce a light spot
on a diffusive surface, and then the convex lens collects
part of the reflected light and converges it to an image

spot on the PSD. If the distance between the measure-
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Computer

Rock Socket
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Fig. 3. Physical arrangement of LBRP system (Liang, 2002)

Laser
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Roughness

Fig. 4. Laser triangulation distance measurement device (Liang,
2002)

ment device and the object surface changes, the position
of image spot on the PSD will also be shifted. According
to the position and the light intensity of the image spot,
the PSD can output current signals to the electronic
circuit. This is the basic principle of the laser triangula-
tion distance measurement device as shown in Figure 5.
Also, Figure 5 shows detail mathematical formulae used

in determining the roughness height.

4. Construction of Test Sockets and Rough-
ness Measurements

In order to investigate the effect of drilling tools on
socket roughness, four test sites [Hampton (HT), Denton
Tap (DT), Rowlett Creek (RC), and Texas Shafts (TS)]
were selected in North Central Texas where soft rock
formations are upper Cretaceous formations, including |
the Eagle Ford (clay shale) and Austin (limestone) forma-
tions. The test sites consisted of two clay shale sites (HT
and DT) and two limestone site (RC and TS).

Two common types of rock drilling tools were used

at the test sites: (1) an auger and (2) a core barrel to
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L’ 15 sensed on the position sensitive detector (PSD): f'is the known focai length of
the lens, a (angle) is a designed property of the profiler (constant): the above three
equations are solved simultaneously using software in the data acquisition system to

obtain L.

Fig. 5. Principle of operation of laser borehole roughness pro-
filing {(Liang, 2002)
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quantify borehole roughness. The auger was 724 mm in
diameter and 1674 mm in height with heavy blunt flat
blade teéth on double cutting edges and double flights.
Outside tooth was turned slightly to the outside perhaps
to give slightly larger outer diameter than 724 mm as
shown in Figure 6 (a). The single-walled core barrel
(CB-3610) had a diameter of 762 mm and height of 1270
mm with slightly out-sided heavy blunt conical teeth on
the bottom of the single wall as shown in Figure 6 (b).
Two boreholes were drilled in close proximity at the
site.

Each borehole was profiled at 6, 9, 12, and 3 o’clock
positions using the laser borehole profiling system as
described before. The borehole roughness profile at each
profile line was measured at 0.25 mm intervals (vertical
distance), and all roughness profiles at each site are
shown in Figures 7 to 10. Occasional spurious signals as
very sharp spikes of very short wave length were filtered
out of the data set. It must be noted that roughness
profiles shown in these figures are referred to an arbitrary

zero radius. That is, these profiles were not an indication

of true borehole diameter.

T

Side view Bottom view

(a) Auger (Diameter of 724 mm and height of 1674 mm)

Bottom view

Side view
(b) Core Barrel {Diameter of 762 mm and height of 1270 mm)

Fig. 6. Drilling tools
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Graphically based on roughness profiles as shown in
Figures 7 to 10, it was revealed that the type of drilling
tools had significant effect on the borehole roughness.
That is, the borehole roughness of core barrel test hole
was consistently and relatively rougher than the auger
test hole for all sites. Actual photos of boreholes at Texas
Shafts’ site, as shown in Figure 10, reinforce that the
auger test hole was smoother than the core barrel test
hole. This phenomenon may be caused due to the
following reasons: (1) flat blade teethes of the auger

resulted in smoother borehole than conical teethes of the
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core barrel [Figure 6 (a)], and (2) discontinuous drilling
processing of the core barrel due to rock coring produced

a rougher borehole.
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(a) Auger Test Hole

(b) Core Barrel Test Hole

Fig. 11. Photos of boreholes excavated by auger and core barrel
at TS site

5. Analysis of Socket Roughness

5.1 Roughness-Length Method

The roughness-length method (RLM), a simple pro-
cedure for estimating the fractal dimension of self-affine
series and proposed by Malinverno (1990), was applied
to analyze the socket roughness statistics in this study.
Using the concepts adopted from fractal geometry of
self-affine series, it was possible to analyze these rough-
ness profiles using the RLM to obtain roughness statistics
such as mean roughness and standard deviation of the
roughness. For a self-affine fractal profile, the window
length w (as shown in Figure 12) was used to relate to
the standard deviation of the roughness profile height as

follows,

s(r) = AWH, 3)

where s(r) = standard deviation of the roughness profile
height,
w = spanning length of the profile,

H = Hurst exponent can be estimated from the
slope of the plot between logarithm of s(r)
and logarithm of w and,

A = proportionality constant also can be estimated
from the intercept of the plot between logari-

thm of s(») and logarithm of w.

Linear Least-Squares
Trend Lines

Original Roughness Profile

Variable Local Linear %...
Least-Squares Trend Line, / _’_0-59'6 . Variable
8850 Roughness
° Profile
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H, i
. IES
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Fig. 12. Main characteristics of the RLM (after Kulatilake and Um,

1999)
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Malinverno (1990) proposed the relation between s(r)
and w, the s(r) (using RLM) calculated as the root-
mean-s.quare (RMS) value of the profile height residuals
on a linear least-squares trend line fitted to the sample
points in a window of length, w, as shown in Figure 12

according the following equation

s(r) = RMS(r) = =-33 | —

m;— 2

(-2, @
JEw;
where n,, = total number of windows of length w,

m; = number of points in window w;,

z; = residuals on the trend and,

z= mean residual in window w;.

Based on Figure 12, mean of absolute roughness

height, = = 4r was also calculated as below,
_ 1 &
r= _E|Ti|:ATa (5)
My i=1

This process was carried out using the Microsoft Excel
spread sheets to analyze roughness profile by traversing
the profile with the constant window length, w. This
process was performed for various constant window
lengths (10 to 80 mm with 10 mm intervals) up to

approximately 10% of the socket diameter (76.2 mm =
80 mm) as suggested by Seidel (2000).
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5.2 Socket Roughness Analysis by RLM

The results of roughness analysis are shown in Figures
13 through 16. As described in the previous section,
mean borehole roughness height due to the core barrel
was higher than the auger drilling. For the HT site as
shown in Figure 13, the mean roughness height of the
core barrel test hole was approximately 40% higher than
the auger test hole for the various constant window
lengths. Also, the standard deviation of the roughness
profile height of the core barrel test hole was approximately
30% higher than the auger test hole along with various
constant window lengths.

For the DT site as shown in Figure 14, the mean
roughness height of the core barrel test hole was appro-
ximately 10% higher than the auger test hole along with
the various constant window lengths. Also, the standard
deviation of the roughness profile height of the core
barrel test hole was approximately the same as the auger
test hole along various window lengths.

For the RC site as shown in Figure 15, the mean
roughness height of the core barrel test hole was
approximately 20% higher at the window length of 10
mm than the auger test hole, and then gradually increased
up to 70% at the window length of 80 mm. The standard
deviation of the roughness profile height of the core

barrel was approximately 40% less at the window length
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Fig. 13. RLM analysis results for the HT site

18 st=XgtEslel=2d H23A M2



10 .
£
= 1} 3
& 1
L] F - 4
k B 4
L —S— Auger |
=& Core Barrel
0.1 4L -

10 100

Constant Window Length, w (mm)

(b} s{r) versus w

Fig. 14. RLM analysis results for the DT site
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Fig. 15. RLM analysis results for the RC site

of 10 mm than auger drill which reduced with increased
window length.

For the TS site as shown in Figure 16, the mean
roughness height of the core barrel was approximately 20%
higher than the auger drill. Also, the standard deviation of
the roughness profile height produced by the core barrel
was approximately 30% higher than the auger drill.

The results of socket roughness analysis using the
RLM for all test sites are summarized in Table 1. Based
on Table 1, it was evident that the roughness of the
borehole was affected by the drilling tools. The rough-
ness caused by the core barrel was about 30% rougher

than the auger drill in overall. However, the socket

roughness was not much related with rock types (clay
shale and limestone) and their unconfined compressive
strengths,

Average socket roughness values in the Table 1 were
compared with the back-calculated values of effective
roughness height proposed by Seidel and Collingwood
(2001) (Figure 1), and the result of the comparison is
shown in Figure 17. It was noted that the unconfined
compressive strength (g,) for TS site was assumed as 8
MPa in Figure 17. The socket roughness in this study
was close to the lower limit proposed by Seidel and
Collingwood (2001), and had similar trend with their

lower limit.
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Table 1. Socket roughness heights (Ar) based on cord lengths (w)

) Rock o Ar for corresponding w {mm) Overall
Sites Tyoe / G Types of Drilling =10 V-3 V=0 = 70 Average Values Al s
Ara 1.0 2.1 3.2 3.8 2.5
Clay Shale .
HT /1.2 (MPa) Are 1.5 3.3 4.4 55 3.7
ars | A 1.4 1.6 1.4 1.5 1.5
A 1.4 3.3 4.7 6.0 3.8
Clay Shale P
DT /2.1 (MPa) Arc 1.5 35 5.2 6.7 4.2
Are | A 1.1 11 1.1 1.1 1.1 i3
A 1.2 2.0 2.5 3.1 2.2 '
Limestone P
RC /10.0 (MPa) Are 1.5 31 4.2 . 5.1 3.5
Arc | A 1.2 1.5 1.7 1.7 1.5
Am 1.6 2.8 3.6 4.4 3.1
Limestone .
TS / N/A Are 2.1 3.4 4.5 5.3 3.8
Are | A 1.3 1.2 1.3 1.2 1.3

"dn is roughness by Auger and Az is roughness by core barrel.

20 ; . e 6. Conclusions

O Aunger (Clay Shale)

[0 Core Barrel (Clay Shale)

® Auger (Limestone)

Core Barrel (Limestone) 1] Based on this study, the following conclusions are

— Upper & Lower Limit by
Seidel and Collingwood (2001)

-

wn
T

n

g
&
LS
<
%
k] drawn;
= Ll |
E Assumed ¢ as 8 MPa
E" oL ] (1) A laser borehole roughness profile device (LBRP) was
E o 8 H developed in this study using the laser triangulation
= o L . principle to measure the roughness.
0.1 ! 10 100 1000 (2) Two different types of drilling tools (auger and core
Unconfined Compressive Strength, ¢ (MPa) barrel) were applied to the four test sites, and LBRP

Fi was used to measure the socket roughness.

g. 17. Comparison of roughness height with upper and lower
limits proposed by Seidel and Collingwood (2001). (3) The socket roughness developed by the core barrel

o

20 ZXEESE =28 HM232 W=



was about 30% rougher than that by the auger in
overall.

(4) The socket roughness was affected with the types of
drilling tools. However, the socket roughness was not
related with rock types and also their unconfined

compressive strengths.
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