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ABSTRACT: "Usuki' stone Buddha images, divided into four groups, engraved at tuff cliffs

in the 13th century are distributed in Usuki city.
ering that they have been restorating since 1983.

They became so unstable due to with-
This paper reports about a case his~

tory with respect to rockbolt anchorage works which were carried out for an image group
in order to stabilize unstable rock blocks to the firm rock ground.

1 INTRODUCTION

Stone Buddha images engraved at rock cliffs
are especially distributed in Ohita prefec-
ture, Kyushu, built at edge parts of the
"Aso" tuff plateau in the 13th century and
they became very unstable due to a long
term weathering resulting in falls, slips
and topplings of rock blocks because of
extention of cracks.

"Usuki" stone Buddha image groups are
designated as a national historical old
site besides they are religious objects by
people and are classified into four groups
in an area of about 20,000 mZ.

Agency for Cultural Affairs and Usuki
City have begun to restorate comprehensive-
ly such unstable rock blocks and others
since 1983 through a committee organized by
various specialists and experts. For the
first stage, the "Hoki II" group images
were restorated by means of rockbolt
anchorage works in 1984 and 1985 (Yamano-
uchi et al., 1988) and the results were
highly evaluated. The next stage works
were carried out for the "Hoki I" group
images for three years from 1988 to 1991.

The means of rockbolt anchorage is to
strongly connect unstable rock blocks to
the firm parent rock ground using stain-
less metal materials in the present case
for the benefit of permanent durability.

2 CONDITIONS BEFORE ANCHORAGE WORKS

"Hoki I" group images were provided with
eaves extending a reinforced concrete slab
placed on the back ground slope in 1958 as

seen in Fig. 1. However, these concrete
structures were not only inappropriate
from the viewpoint of aesthetics but also
were obstacles for the new restorative
works. Therefore, such concrete struc-
tures were removed as many as possible.
Meantime, weathered Buddha image surfaces
were solidified using a resin by a special
expert organization before the rockbolt
anchorage works.

The geotechnical conditions of the cliff
are shown by Fig. 2 and the underground
water level 1s comparatively low. Strengths
of the tuff obtained from a horizontal
anchor boring are identified to be medium
and weak ones so as the rockbolt anchorage
could be applied (Table 1).

3 METALIC MATERIALS USED

Data of metalic materials used for the

Fig.
I group, before the restorative works
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the rockbolt anchorage works are shown by
Table 2 and the parts are corrosion-resist-
ant materials.

DL = 50.00 m

A-horizon

®
B saso" welded tuff //
¥ Unconformity deposit ol
B Sandstone (weathered) 5
1 Sandstone (firm) !
Y = 40.00 @ N
Buddha image !
T
" w 30,00 m A ;
0 10 20 a :
" s 20.00 m : 1
_Ld

Fig 2. Geotechnical section of the cliff

Table 1. Geotechnical properties of the
tuff obtained from a horizontal boring

Depth from Unit weight Unconfined comres=-

from the 3 sive strength
surface(m) (gf/cm®) (kgf/cmzf
0.60 to 0.80 1.701 186.0
1.10 to 1.20 1.717 148.1
2.10 to 2.25 1.736 105.9
4.40 to 4,50 1.737 173.7
5.85 to 6.00 1.658 132.5

Table 2. Nominal data of metalic materials
used in the anchorage

M 24 M 22

Designation (24 mm dia) (22 mm dia)

Standard total length>
in anchorage
Tendon (anchor head)

6.00 m 3.50m

B type (nickelplated
iron made)

23 cm 19 cm
sUS 304 (JLs)

Length

Metal quality except
for tendon

Screw part (see,
Fig. 4) )

Sectional area 359.5 cm ? 308.8 cm 2
Tensile yield load

Ty 7.550 ¢f 6.485 tf
Tensile allowable

load Ta (2/3 Ty) 5.033 tf 4,323 tf
Bar

Sectional area 4.522 cm?  3.799 cm?
Shear yield load 4.565 tf  3.884 tf
Shear allowable -

3.043 tf 2.589 tf

load

Two kinds of rockbolt anchors of M 24 and
M 22 in their designations were used for
two sizes of representative rock blocks of
IL.5mx 1.2mx 1l.2nmnand 1.2 mx 1.2 m x
1.2 m, respectively. According to these
materials, total bored hole lengths were
judged to be 5.10 m to 6.10 m and 3.50 m
to 3.60 m, respectively, on the basis of
field conditions.

Fig. 3 shows all metalic parts of of
three sets of the anchorage materials.

‘Fig. 3. All metalic part
materials

4 DESIGN OF ANCHORAGE

The section of the rockbolt anchor after
setting up at the site is shown by Fig. 4,
but the angle to the horizontal line had
to vary based upon the relative positions
between a rock and the back ground. The
number of such anchors were decided to be
35 as shown in Fig, 5. The decision was
done by consulting historians and archaeo-
logists so as not to injure important
remains.

&

v Cliff surface

e gT;'cm §
N Anchor bar

i washﬁﬁ/// Tendon (anchor w
(Namy head) r-ifm 0
i e e e e (i

i Nut
Cement slurry grouted

e __Cement s. Screw part
4.0 to 4.5

Fig. 4. Design of an anchorage in the case
of M 24
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Fig. 5. Positions of application of rockbolt anchorage

Unstable rock blocks stabilized to the
deep rock ground were very random in ef-
fect, but it may be modelled with regard
to forces imposed on a rock block as shown
by Fig. 6 (a) and the equilibrium of forces
may be drawn as shown by Fig. 6 (b). How-
ever, the respective force cannot be deter-
mined rigorously, hence engineers used to
adopt the following very simple relation in
the design, that 1is,

Tensile resistance of the screw part Ta
> own welight of a rock block W
where, the screw part means at the tendon
and the resistance shows in Table 2. The
part can be weakest in the metalic anchor
materials under the tensile condition.

Two representative unstable rock blocks
were estimated to be 3.89 tf and 3.11 tf,
respectively to large and small ones, let-
ting the unit weight to be 18.8 tf/m3, and
the balance of forces were, as follows,

Ta = 5.033 tf > W, = 3.89 tf

to the M 24 anchor and
" = 4,323 tf > W, = 3,11 tf
to the 22 anchor

fR

fw
(a) (b)

Fig. 6. Equilibrium of forces imposing a
rock block

Checking about the shear resistance
across the anchor bar may be negligible
because the vertical force imposed to it

must be very small according to Fig. 6 (b).

5 CONSTRUCTION

Sizes of bored holes excavated using a
specially devised so-called '"dry boring"
machine, performed by means of air pres-
sure through a compressor, were as shown
by Fig. 7.

20 cm

i

5.10 to 6.10 m ___..__.;___-w
i AAp, J

6.6 cm ee

1 N T RIEET7

12.6 ¢cm

{a) For a large rock block

3.50 to 3.60 m"\
|

0\ PRI
4.6 cm

A—

For a small rock block

20.0¢c

it

10.1 ecm

(b)

Fig. 7. Design of the bored holes

Next, after the tendon had been set (Fig.
8 (a)), it was extended by rotating the
end part of bar using a torque wrench and
then the tendon was stressed by pulling the
bar using the same wrench (Fig. 8 (b)).

Thirdly, a special cement slurry which
was of non-shrinkage property, into the
gap space around the bar without applying
any pressure (Ground Anchor Assoc., 1986).
After a day curing of the slurry, the
tendon was tested if the tensile resistance
had attained that nearly Ta . The resis-
tance due to the cement was not adopted
into any resistance.

_18_



(a) Setting of a tendon witﬁ the bar
the bored and "air washed'" hole

Fig. 8. Two features of the construction

into

W
(b) s

tressing of the tendon and cheéklng

of the tensile resistance

Fig. 9. Front feature of the image cliff after completion of the anchorage works

the front feature of the image tuff after
completion of the works is shown by Fig. 9.

6 CONCLUSION

Because the objects were precious cultural
monuments, special cares were taken so as
not to give any damage and/or stain to the
images in all stages of construction and
the results were satisfied by those who
were concerned. The cause of such results
are summarized to have come from the fol-
lowing developments and endeavors.

(1) Metalic ready-made parts of the
anchor were good developed besides the
cement was specially contrived to be match-
ed with the tuff material, too.

(2) "Air-boring' inevitably needed was
already familiar to the field workmen and
any strong shock or vibration did never
affect to unstable rock blocks owing to

development of the machine.

(3) Workmen made theilr endeavors, for the
special case, much more than the ordinary
case.

Total length of anchorages reached about
180 m estimating that of an anchorage to
be about 5 m.
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