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ABSTRACT: The most important parameters for designing and numerical modelling are deformability modu-
lus, cohesion, friction angle, poison’s ration and stress ratio, among which the modulus of deformation is
of paramount importance. Plate loading test using rigid plates is one of the large scale tests for determining
de-formability modulus of rock masses. This test has been used for measuring the aforementioned
modulus of low quality rock mass at the left abutment of Karun2 dam in Iran. Care should be taken in
interpretation of test results due to existence of fractures and porosities in weak rock masses. In this paper,
analysing the re-sults of the experiments has been performed with three methods, i.e., ASTM, ISRM and
UNAL and there has been a big difference between the out coming results of ASTM and ISRM methods with

UNAL method.

1 INTRODUCTION

Plate load test is one of the in-situ rock mechanics
experiments for determining deformation modulus
of rock masses. In this test, for measuring the de-
formability characteristics of rock mass, loads are
applied through a flexible jack or a pair of circular
and rigid steel plates on the reciprocal surfaces in a
small gallery or access tunnels. The induced defor-
mation due to loading are measured in the boreholes
behind the loading plates. The required data for cal-
culating deformation modulus in loading-unloading
cycles are achieved with increasing and decreasing
the loads. Figure 1 shows schematic view of the
method of conducting a flexible plate load test.

2 GEOLOGY OF KARUN 2 DAM SITE

The dam site is locating about 70 km far from Izeh
city in Khuzestan province and has laid on the north
eastern crest of Pabdeh anticline. Pabdeh and Asma-
ri formation have been investigated in the vicinity of
dam location. Engineering geological profile of dam
axis has been shown in figure 2.

3 EQUIPMENT FOR CONDUCTING PLATE
LOADING TESTS

This equipment consists of a pair of rigid plate hav-
ing a weight of 750 kg and external diameter of 100
cm with a 14 cm central hole, steel spacers with dif-
ferent lengths for filling the gaps between rigid
plates, 12 MPBX with related sensors, hydraulic
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jacks with the capacity of 250 tons and related
pumps, data logger system, mechanical packers and
related aluminum rods. Figure 3 shows the equip-
ment for this tests in set up procedure. Two bore-
holes are drilled at behind the plates with the length
and diameters of 6 m and 76 mm, in each 5 exten-
someters are installed.

Figure 1. Typical setup for flexible plate loading test [4].
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Figure 2. Engineering geological profile of Karun 2 dam axis [4].

Figure 3. Equipment for conducting Plate Load Test [4].

4 GEOLOGICAL DATA ACQUISITION

Before placing rigid plates on the rock surface,
chipped and smoothened surfaces have been mapped
precisely (figure 4). These surfaces have then been
paved with a layer of cement and a borehole has
been drilled at the centre of each surface. Figure 5
shows a series of cores brought out of one of the
boreholes.file.
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5 SOLVING THE PROBLEMS AND
INSTRUMENT INSTALLATION

One of the problems encountered in this project was
the method of installing instruments in boreholes.
Existing numerous voids and cavities of small (tens
of cm) to large (more than 1 m) types, open discon-
tinuities and fractured rocks enhanced the possibility
for instruments to be stuck so that in one of the tests
there was not possible to install the extensometers
due to existing of voids up to 2 m wide. Also posi-
tioning the packers in points such as joints or other
discontinuities in the rock mass could create doubts
in validity of data. For these reasons, a borehole
camera was used for determining the true position of
the voids, open joints, fractured zones and appropri-
ate location for extensometers to be installed. Since
the camera showed a number of cavities, voids and
weakness points in most of the boreholes, it was de-
cided the voids in boreholes to be filled with soil and
plaster grout (figure 6) and re-drilled with a single
core barrel through the plaster grout which has filled
the voids and cavities at the borehole walls and
therefore resulted in making a smooth surface for in-
stalling the packers of extensometers. The merit of
filling the voids with soil and plaster grout is that the



modulus of deformability is not changed according-
ly.
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Figure 4. Mapping left and right chipped and smoothened sur-
faces before a test [4].

Figure 5. a sample box containing cores of a borehole in one of
the tests [4].

As an example of encountered problem due to de-
fects of rock mass in this project, the test number
LG2-J5-H may be referred as a witness. The test has
to be conducted in 5 cycles with maximum pressures
of 2,4, 6, 8 and 10 MPa. Due to the voids and clay-
ey interlayers in the rock mass, the prepared rock
surface could not bear the full pressure of the test
and was deformed in 8 MPa obliquely (figure 7).
With regard to the deformation on the right edge of

loading plate and horizontal set up of the test, it was
stopped at the end of the forth cycle to prevent the
risk of injuries due to falling a very heavy steel col-
umn (figures 8 and 9).
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Figure 6. The procedure of filling voids and cavities in exten-
someter holes [4].

Figure 7. Dis-harmonic deformation in loading surface in a
test [4].

6 CALCULATIONS

Three methods of calculations modulus of deforma-
bility, i.e., ISRM, 1981, ASTM, 2008 D4394-08 and
UNAL, 1997, have been used in this project in order
to compare the results obtained from these methods
of calculations.
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Figure 8. Pressure-displacement and Displacement-time curves

[4].
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Figure 9. Displacement —depth for left and right plates [4].

6.1 ISRM, 1981

The relations used in this method are based on elas-
tic solution for uniform loading (constant stress) on
a circular surface of isotropic elastic semi-infinite
media. As the rock mass under pressure has not con-
formity with these assumptions, the structural speci-
fications of the rock mass and the parameters effec-
tive on the results should be considered in using the
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results of the tests. The Poisson's ratio used for cal-
culation of deformability modulus in all the tests has
been obtained from laboratory experiments on the
cores came out from the related boreholes and has
been equal to 0.25.

In the case of using flexible flat jack and having
displacement amount in depth of Z in relative to
loading surface, instantaneous deformability modu-
lus is determined from relation 1:

_20(1—v?)

E
W,

[(R5 + Z*)%5 — (R? + ZH)°°] +

QZ%(1+v)

v L(RE + 2770 — (R + 2%)7°%]

(1)

Where, E is deformability modulus (MPa), Q is
the pressure applied on loading surface (MPa), v is
Poisson's ratio of the rock mass, R; is the diameter
of central hole of loading plate (m), Z is depth of the
measuring point to loading surface (m), Ry is the di-
ameter of loading plate (m) and W is displacement
of depth of Z (mm).

It should be mentioned that despite the extensive
use of the relation proposed by ISRM for analysing
plate load test results, this equation has been pre-
sented for experiments with flexible type of loading
surfaces.

6.2 ASTM, 2008

Calculation the deformability moduli of rock mass
in this method has been done based on proposed re-
lation of ASTM, 2008 standard. This relation for de-
termining deformability modulus of rock mass at the
points in the extensometer borehole behind the rigid
circular loading plates is as relation 2:

(1+Vv)P.R

2Wz
R.Z

(R? +ZZ)]

E =

. R
[(2 = 2v)arcSin (m) +

2

Where, E is deformability modulus of rock mass
(MPa), P is the pressure applied on loading surface
(MPa), v is Poisson's ratio of the rock mass, R is the
diameter of loading plate (m), Z is depth of the
measuring point to loading surface (m) and Wz is
displacement of depth of Z (mm).

6.3 UNAL, 1997

Determination of instantaneous, average and total
deformability modulus of rock mass is possible by
means of the relation proposed by UNAL. Engineer-
ing judgment is required for selection of appropriate
modulus. The relation is as:



E — Qave- R
2W,
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3)

]

R
K= 5[2(1 —v¥arcCot Z + (1 + v)m

Then:

AQave
AW,

Where, Qave is average stress applied on loading
plate (MPa) and R is the diameter of loading plate
(m). It should be mentioned that instantaneous mod-
uli has been used in this project. The calculated re-
sults from the above mentioned methods have been
shown in table 1.

E =K.

Table 1. Calculated results from three methods
Test Results Summary

IPm]m: Karoun II Dam chst No:LG2.JS.H

l'l'cs( orientation: Horlzontal ll)ate: 2014

|By: B. Abrah

L RIGHT Plate
Anchor Depth (m)
3.035 2.158 1.258 0,565 0,055
Anchor No : D4 D3 D2 D} Do
Pressure (Mpa) Modolus (GFPa) Modolus (GPa) Modolus (GPa) Modotus (GPa) Modolus (GFPa)
| From | To | XSRM | ASTM | UNAL | YSRM | ASTM | UNAL | ISRM | ASTM | UNAL | ISRM | ASTM | UNAL | ISRM | ASTM | UNAL
g 0.5 2 166 | 165 | 321 | 149 | 148 | 277 | 2 24 4.0 2.4 2.3 2 0.7 0.6 0.6
= 0.8 4 142 | 141 | 373 | 139 | 138 | 2868 | 23 23 38 24 22 29 12 1.1 1.1
g 0.5 6 130 | 120 | 21 | 116 | 116 | 216 | 21 2.1 3.8 2 2, 2 15 1.3 1.3
] 0.5 8 123 | 123 | 2o | 1| o | 206 | 20 1.9 12 2.1 1.9 25 1.4 1.2 1.3
3 0.5 10
7 0.5 2 216 | 215 | 418 | 200 | 199 | 372 | 36 13 59 34 Al 4.0 2.4 21 22
= 0.5 4 183 | 182 | 384 | 167 | 166 | Mo | 29 28 47 29 23 35 23 20 23
0.5 « 149 | 148 | 289 | 132 | 130 | 244 | 26 15 42 2.7 2.5 2 24 21 2.1
0.£ 8 128 | 127 | 248 | s | 14| e | 24 23 19 2.8 24 30 2 33 24
= 0.5 10
{ LEFT Plate
Anchor Depth (m)
125 2, 124 0.6 0.1
Anchor No D9 DS D7 D& D5
Pressare (Mpa) Modolus (GPa) Modolus (GP3) Modolas (GPa) Modelus (GPa) Modolus (GPa)
From | To | ISRA [ ASTM | UNAL | 1SRAL | ASTM | UNAL | 1SRM | ASTM | UNAL | 1SRN | ASTA | ©NAL | 1SRN | ASTAL | UNAL
é" 0.5 2 269 | %7 | 1100 | 107 | 292 7| 162 | 130 | 264 | a4t 18 20 23 1.9 2.0
= 0.5 4 Nne | ns | 616 | 22 | 2 09 | 137 | 134 | 223 | 43 4.5 59 38 12 34
i‘ 0.5 o 378 | 3.6 | 736 | 280 | 277 | sta | 144 | 242 | 233 | 31 48 6. 4.4 18 19
0.5 $ 228 | 227 | ada | ve | 172 | o | ns | ne | 12| seo 47 6.1 4.7 4.0 42
3 05 10
F 0.3 2 316 | 236 | 1049 | 316 | 3.4 | 382 | 100 | 186 | 3090 | s 7.3 0.5 6.3 24 26
= 0.5 4 228 | 300 | ss0 | 228 | 226 | 420 | 149 | 146 | 2 68 64 5.4 5.9 51 53
0.5 6 260 | 260 | 510 | 200 | 190 | 350 | 134 [ 132 | 207 | 64 6.0 7.9 6.0 5.2 24
1 8 239 | 230 | 467 | 182 | 82 | 3385 | 23 | 12a | 200 | 63 50 78 6.5 56 <8
£ 0.5 10

1127




7 CONCLUSIONS

Conducting experiments in weak rock needs special
measures such as:

* In order to prevent the instruments to be in-
stalled on the voids, cavities, open joints, etc., the
location of installation should be precisely con-
trolled. It is achieved by means of a borehole cam-
era.

* In this kind of rock mass the wall of the exten-
someters borehole is likely full of voids, cavities,
open joints and crushed rocks. Therefore, various
types of extensometers is difficult to be used. A
method of treatment the walls suggested in this work
is filling the voids with mixture of soil and plaster
grout.

» With regard to the calculations and achieved re-
sults using three proposed methods, it was decided
to use the data from sensors number 2 and 3 for cal-
culation the deformability modulus as design param-
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eter in all tests using ISRM 1981 and ASTM 2008
standards. In the meantime, the data obtained from
one of the experiments has been used for calculating
deformability modulus of rock mass with two
aforementioned plus UNAL methods. Big discrep-
ancies have been observed from comparison of the
results of ISRM and ASTM with UNAL method
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