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Einleitung

Mathias Kocher

Im Januar 2006 wurde in der 11. Lenkungsaus-
schusssitzung in Xian die Ausweitung der bisherigen
Forschungen auf landesweit ausgewéhlte Denkmaler
der VR China beschlossen.

In Stid-West China, in der Provinz Sichuan und
im Gebiet von Congqing, befinden sich eine Vielzahl
von auBergewdhnlichen Steinskulpturen, die fir
die Entwicklung der chinesischen Bildhauerei und
Kunstgeschichte von auBergewdhnlicher Bedeutung
und in ganz China einzigartig sind. Der Bezirk Any-
ue mit seiner Bezirkshauptstadt gleichen Namens
ist ein nahezu unbekannter kleiner Kreis, der in der
Mitte zwischen den beiden Metropolen Chengdu
(Provinzhauptstadt von Sichuan) und Congging
(Hauptstadt des gleichnamigen Stadtbezirkes) liegt.

Der anstehende rétliche Sandstein und die schweren
braunen Lehmbdden der Region haben der Gegend
ihren Namen gegeben — das Rote Becken.

Zuruckgehend bis auf die Sudliche Dynastie
(um 500 n. Chr.) Uberblickt man hier eine mehr
als 1500-jahrige Geschichte der Bildhauerei und
Bildhauerkunst mit deren kulturwissenschaftli-
chem Hintergrund.

Die Bltezeit wurde wéhrend der Song-Dynastie
(960-1279 n. Chr.) erreicht. Heute z&hlt man 200
Grotten mit mehr als 100 000 Budda-Statuen.

Die Yuanjuedong Grottenanlage liegt ca. 2 km
stidostlich der Stadt Anyue, am Mount Yunju. Die
Anlage geht auf die Tang-Dynastie (618-907 n.
Chr.) zurtck. Ihre Blutezeit erreichte sie wahrend
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Abb. 1: Die Provinz Sichuan in Siid-West China
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Abb. 3: Das Rote Becken mit der Stadt Anyue
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der Funf Dynastien (907-960 n. Chr.) und der Song-
Dynastie (960-1280 n. Chr.). 400 Jahre Bildhauerei
hinterlieRen mehr als 100 Grotten mit nahezu 2 000
Statuen von unterschiedlicher GroRe.

Wahrend sich auf der Siidseite hauptsachlich
kleinere Nischen und Grotten mit H6hen von 2—-3
Metern befinden, sind auf der Nordseite drei gro3e
Grotten mit sehr grof3en und gut erhaltenen Statuen
zu finden, eine des Buddha Shakyamuni und zwei
des Buddha Guanyin.

Die Statue des Buddha Shakyamuni (Grotte Nr.
10) ist 7 Meter hoch. Sein Kopf ist leicht nach unten
geneigt und wohlwollend lachelnd einer weiteren
Figur zugewandt. Der ,,Lotusbliiten-haltende” Bud-
dha Guanyin ist 6,5 Meter hoch. Er tragt eine Krone,
die mittig mit einem sitzenden Buddha verziert ist,
und halt einen StrauR Lotusbliten in seiner Hand.
Der ,,Vase-haltende* Buddha Guanyin ist mit 7
Metern etwas groRer. Die Figur ist ahnlich der des
Lotusbluten-haltenden Guanyin.

Abb. 4: Die Grotte Nr. 10 der Yuanjuedong Anlage
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Die beteiligten Institutionen
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Chinese Academy
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Aufgabenstellungen

»  Dokumentation und Aufnahme des
momentanen Zustandes (2007)

* Fotografische Dokumentation

» Erstellung eines Sofortmanahmenplans,
Stabilisierung des Ist-Zustandes (2007)

»  Ermittlung der Schadens-

ursachen (2007, 2008)

*  Petrografische Bestimmung der Gesteine
und Gesteinseigenschaften (2007, 2008)

» Erstellung eines Restaurierungskonzeptes

mit der Entwicklung geeigneter Steinschutz-

mittel und Hinterfullmassen (2008, 2009)

Arbeitsaufenthalte 2007

9. Juli bis 20. Juli 2007:
Auswahl der zu untersuchenden Grotten (Grotte Nr.
10, Nordseite und Grotte Nr. 37, Stidseite)

17. November bis 30. November 2007:
Erstellung einer Ubersichtsaufnahme des gesamten
Grottenhtigels (Laserscanner) und detaillierte Auf-
nahmen der beiden ausgewahlten Grotten (Strei-
fenlichtscanner)

Arbeitsaufenthalte 2008

26. Mai bis 6. Juni 2008:
Wegen des schweren Erdbebens vom 12. Mai 2008
konnte der Arbeitsaufenthalt nicht stattfinden.

13. Oktober bis 24. Oktober 2008:

Auswabhl einer geeigneten Musterfliche zur Fes-
tigung und Fortfuhrung der 3-D-basierten Doku-
mentation.

Arbeitsaufenthalt 2009
4. Mai bis 15. Mai 2009:

Bohrhéartemessungen an der zuvor ausgewahlten
Musterfliche mit anschlieBender Festigung.
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Juli 2007 — Arbeitsaufenthalt in Anyue

Der Arbeitsaufenthalt in Anyue dauerte vom 9. bis
20. Juli 2007. Teilnehmer waren Herr Dr. Mathias
Kocher, Herr Dipl.-Rest. Felix Horn (beide Techni-
sche Universitat Munchen), Frau Dr. Zhang Jinfeng
(Chinese Academy of Cultural Heritage) und Frau
Prof. Dr. Lin Chunmei (Tainan University College
of the Arts, Conservation of Cultural Relics).

Der Schwerpunkt des Aufenthalts war die Erkun-
dung, Dokumentation und Auswahl der exemplarisch
zu bearbeitenden Grotten der ca. 2 km aul3erhalb von
Anyue auf einem Hiigel gelegenen Grottenanlage
Yuanjuedong (,,Grotten der vollkommenen Erleuch-
tung®).

Bei einer ersten Besichtung der Grotten zusam-
men mit Liao Shunyong, dem vor Ort Verantwortli-
chen, wurden erste historische Details in Erfahrung
gebracht. Neben ersten Untersuchungen an den Grot-
ten wurde mit der Dokumentation durch Digital- und
Videoaufnahmen begonnen. Mit Frau Dr. Zhang
wurden nach umfassender Erkundung der Grot-
tenanlagen Kriterien (GroRe, Gesteinsqualitat, Po-
lychromie, Zustand, Zeitaufwand, Situation fiir
Schutzbau etc.) fiir die Wahl der exemplarisch zu
bearbeitenden Grotte erstellt.

Dabei wurden das weitere Vorgehen und der
kinftige Arbeitsplan abgestimmt. Zundchst wur-
den fur die Bearbeitung auf der Vorderseite des
Hugels (nordéstliche Ausrichtung) Grotte Nr. 10
mit der Skulptur des Buddha Shakyamuni und
auf der Rickseite (sidwestliche Ausrichtung)
Grotte Nr. 37 ausgewahlt. Diese Auswahl der
Grotten sollte dann bei einer Besprechung mit den
chinesischen Kollegen in Beijing erortert werden.
Bei der abschliefenden Besprechung in Anyue
wurden folgende MalRnahmen festgelegt:

» Grotte Nr. 10: Dokumentation, Kartierung von
lockerem Gestein, Untersuchungen von Gestein
und Pigmenten.

» Grotte Nr. 37: Diskussion von Schutzbauten,
Verbesserung der Wasserfiihrung, Entfernung
von biologischem Bewuchs, Reinigung, Ge-
steinsfestigung, Stabilisierung der Felsen.

Beim anschlieBenden Treffen in Beijing an der
Chinese Academy of Cultural Heritage wurde dem
\orschlag, die Grotten Nr. 10 und Nr. 37 zu bear-
beiten, zugestimmt. Als Ansprechpartner wurden
fiir China Frau Dr. Zhang und fir Deutschland Herr
Dr. Kocher festgelegt. Dem Vorschlag von Herrn
Horn, die Grotte Nr. 10 digital zu vermessen, wurde
zugestimmt. Das 3-D-Modell kann als Grundlage
fur die Schadenskartierung sowie fur die virtuelle
Konstruktion eines Schutzbaues verwendet werden.
Die chinesische Seite begriifit die 3-D-Vermessung.
Weiter berichtet Herr Ma Qinglin, dass die Chine-

se Academy of Cultural Heritage voraussichtlich
im Herbst 2007 eine eigene Abteilung fiir 3-D-
Vermessung einrichten will. Die noch anzuschaf-
fenden Geréatschaften kdnnten dann auch in Anyue
verwendet werden.

November 2007 — Arbeitsaufenthalt in Anyue

Der zweite Arbeitsaufenthalt des Jahres 2007 fand
vom 17. bis 30. November 2007 statt. Teilnehmer auf
deutscher Seite waren Herr Dr. Mathias Kocher, Herr
Dipl.-Rest. Felix Horn (beide TU Miinchen), Herr
Martin Scheich und Herr Lars Langheinrich (Firma
ArcTron, 3-D-Vermessungstechnik, Altenthann).
Auf chinesischer Seite Frau Prof. Dr. Lin Chunmei
(Tainan University College of the Arts, Conservation
of Cultural Relics), Herr Prof. Wang Liang, Herr
Dr. Wu Yuhua, Frau Dr. Zhang Jinfeng (Chinese
Academy of Cultural Heritage, Beijing), Frau Prof.
Lei Yu Hua, (Archaeological Institut, Chengdu)
und Liao Shunyong (Denkmalamt Anyue) sowie
weitere Mitarbeiter aus Beijing und Anyue.

Ziel des Arbeitsaufenthaltes war die 3-D-Ver-
messung der Anlage mit den beiden detaillierter zu
untersuchenden Grotten Nr. 10 und Nr. 37 sowie
die geologische Erkundung. Von der Firma ArcTron
wurde mittels Laser-Scans der gesamte Hauptgrot-
tenhiigel vermessen. Von den Grotten Nr. 10 und Nr.
37 wurden zusdtzlich Streifenlicht-Scans angefertigt.
Die 3-D-Vermessung der Anlage soll zum einen
als Dokumentationsgrundlage des Ist-Zustandes
dienen und zum anderen die Dokumentation der
durchgefiihrten MalRnahmen erleichtern.

Beim anschliefenden Treffen der beiden Arbeits-
gruppen in Beijing wurden die ndchsten Schritte
fir das Jahr 2008 erdrtert und in gegenseitigem
Einvernehmen festgelegt.

Mai 2008 — Arbeitsaufenthalt in Anyue

Wegen des verheerenden Erdbebens vom 12.
Mai 2008 musste der geplante Arbeitsaufenthalt
(26. Mai bis 6. Juni 2008) fur dieses Frihjahr
ausgesetzt werden. Die chinesische Seite wies mit
Nachdruck auf die Unwégbarkeiten und Schwie-
rigkeiten eines Arbeitsaufenthaltes zu diesem
Zeitpunkt hin.

Oktober 2008 — Arbeitsaufenthalt in Anyue

Der Aufenthalt fand im Herbst 2008 vom 13. bis
24. Oktober 2008 statt. Die Teilnehmer auf deutscher
Seite waren Herr Dipl.-Rest. Felix Horn, Herr Dr.
Mathias Kocher (beide TU Miinchen), Herr \Vojislav
Tucic (Bayerisches Landesamt fiir Denkmalpflege,
Minchen) und Herr Zhao Zhou (Universitit Hei-
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delberg). Die Teilnehmer auf chinesischer Seite
waren Herr Prof. Wang Jinhua, Frau Dr. Zhang
Jinfeng, Herr Dr. Wu Yuhua, Herr Yuxinxin (alle
Chinese Academy of Cultural Heritage, Beijing),
Frau Prof. Lei Yu Hua (Archaeological Institut,
Chengdu), Herr Yanmin Guo (Guangzhou Baiyun
Cultural Heritage Conservation Materials Research
Center, Taihe Town) sowie weitere Mitarbeiter des
Denkmalamtes Anyue.

Ziel des Aufenthaltes war die Auswahl einer
geeigneten Musterflache zur Festigung sowie die
Weiterfihrung der Dokumentation der Grotte Nr.
10 mittels klassischer und 3-D-basierter Metho-
den. Die Musterfliche wurde in Ubereinkunft mit
der chinesischen Seite festgelegt und erste Festig-
keitsmessungen mit dem Intender durchgefiihrt
(Messgerat zur Ermittlung der Eindringtiefe einer
definierten Metallkugel).

Mai 2009 — Arbeitsaufenthalt in Anyue

Ziel des Arbeitsaufenthaltes war die Ermittlung
der Bohrhérte des Sandsteins von Anyue. Die Be-
stimmung der Bohrhérte wurde mit dem nach Chi-
na exportierten DRM-System durchgefihrt. Dabei
wurden die chinesischen Kollegen sowohl in die
Messtechnik (Anwendung des Gerétes) wie auch
in die Interpretation (Auswertung) der Ergebnisse
eingefuhrt. AnschlieRend erfolgte die Festigung der
Musterfliche mit Remmers KSEOH.

Die Teilnehmer auf chinesischer Seite waren:
Prof. Wang Jinhua, Dr. Wu Yuhua, Dr. Liuyiou,
Herr Yuxinxin, (Chinese Academy of Cultural He-
ritage, Beijing) Yang Sheng (Jinsha Site Museum,
Chengdu) sowie mehre Mitarbeiter des Kulturgu-
teramtes des Kreises Anyue und der Stadt Anyue.

Teilnehmer von deutscher Seite waren: Herr Vo-
jislav Tucic (Bayerisches Landesamt fir Denkmal-
pflege, Miinchen), Herr Dr. Mathias Kocher (TU
Minchen) und Frau Lin Chunmei.
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Research Report on Control Strategy of Environmental
Geological Diseases of Yuan Jue Carving Area

Wang Jinhua, Zhan Jinfeng

Engineering Center of Protection of Cultural Heritage and

Relics of Rocks and Soils, China University of Geoscience

November 2007
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1 Introduction

Anyue Rock Carvings refers to all the rock
carvings in Anyue County, which was quite
prosperous during Tang Dynasty, the Five
Dynasties, Northern Song, Ming and Qing
Dynasty (from 723 AD to 1900 AD). The
existing statue inscription can be traced back
to 11" Year of Kai Yuan Era of Tang Dynasty
(723 AD) , and most of the statues were built
during Tang Dynasty, the Five Dynasties and
Song Dynasty (from 723 AD to 1110 AD).
There are more than 140 sites in Anyue, 69
(more than 100,000 figures) of which are of
certain  scale, historical value and
well-preserved, and over 40,000 rock
Buddhist scriptures of Tang Dynasty can be
also found. Anyue Rock Carving created the
vivid image of chinese minority nationality
characteristic on the base of Grotto Art of
Northern China. Thus, Anyue County is
reputed as “The Great Treasure House for
Ancient Carvings of China”.

Most of Anyue Rock Carvings are cliff
sculptures except for some single full relief
figures, and most of them are about Buddhism
solely, while the others are about Taoism or
related to Confucianism, Buddhism and
Taoism together. Almost all of the locations
have some inscribed steles, which provide
reliable material evidence for the research on
the change and development of ancient
society, culture, history and religion.

Most of Anyue Rock Carvings are sculpted
during the period when Grotto art spread from
North to South China, and some of them go
beyond the religion restriction, thus lead to the
colorful and diverse artistic figures. Through
the religion stories, Anyue Stone Carvings
depicted the general life, love and hate of
ordinary people, which illustrated the beauty
of human nature and body.
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Because of its long-history, richness, diversity
and exquisiteness, Anyue Rock Carvings has a
unique position among the Grottoes in China.
Especially the well-preserved stone carvings
of Tang Dynasty, the Five Dynasties and
Northern Song Dynasty are of high historical
and artistic value

B 1-1 & b B A 2 E AL R

Fig.1-1 Geographical Position of Yuanjuedong Cave
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Yuanjuedong, one of the major sculptural
centers in Anyue County, meaning Complete
Enlightenment Cave, is one of the locations of
Anyue Rock Carvings where rock carvings
exist intensively, which is located on the Mt.
Yunjushan, 1 kilometer north to Anyue county
town (Fig.1). The statues are about evenly
distributed on the southern and northern side
of peak which is 186 meters long with 103

Annual Report 2007—2009
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groups, 1933 statues, 25 inscribed steles and 1
relief sculpture of Tang Dynasty. Yuanjuedong
was listed to Provincial Historical and
Cultural Protection Sites of Sichuan in 1961,
and National Historical and Cultural
Protection Sites by State Council in May,
2005.

Exposed to nature for more than one thousand
years, serious environmental geological
damage occurred on the rock carvings. The
decay of some exposed cliff grottoes is getting
worse and worse. The tectonic fissure, relief
joint and horizontal fissure are crossed with
each other, and the rock body of the
Yuanjuedong is cut into huge pieces, which
threaten the safety of the tourists and cultural
relics themselves. Therefore, it is very urgent
to take scientific measures to prevent further
deterioration, and a thorough investigation
into the decay reasons related to geology,
climate and environment, etc. is the top
priority for the Yuanjuedong cultural relics
protection.



20

Geological Report

FBF BB A ZIX 5
b iR A

2.1 Mg

el i 3 A 220 DX A7 T 2 B S R
Tkmf) 2= Ja il b, A ZIX 8 « bF
N TR P A RS R
B PRI I 5 R B oA T
ATZIX S, T RS A 20 DX 1
RorKWE o FIE T ALYE AR 8 A,
AN =y )5 AT S | W YL PN
AR (B 2-1), X w2
84. 2m, ¥4k E B 2RI A T 1k 5~
15mi I BEES . R i, s &

404. 9m,

B, WU RBEEALE, E 2R
LK W AE R R B B2 Bl

W, ARG . TR AR
T, HUBBERE, £ 60° o 1
RIS A, BEEARLE, L
b3y 20° (K 2-2). [8%
T Z0E AR o A 78 L TR OB b A
He b, EEEEKZ) 210m.

~80°

~30°

2.2 HEAM

el i ] A0 201X S e )34 2 A 1A 2
R EGETH () WRLOTR A
R KAO A AEEH R, Bk
S VY AR HOHERRY) (Q)

E"

2 Environmental Geological
Condition in Yuanjuedong

2.1 Topography and Geomorphy

Yuanjuedong is located on the
Mt.Yunjushan, which lies 1km north to
Anyue County town. Flat-top hills, which
are scattered like a string of beads around

with  highest elevation of 404.9m.
delineate the watershed of
Yuanjuedong.The  flat-top  hills is

composed of Suining formation mudstone
(Jurassic Period) whose top constitutes
horizontal sandstone. As shown in fig. 2-1,
the incised gully in northeast and
southwest is deep cut, and the relative
height difference is 84.2 m, while 5 to15
meter high steep cliff composed of thick
laminar sandstone situated in the entrance
of the gully. The slope of the hills is
mainly piled up by sand and mudstone,
which extend gently to the bottom, and the
rock stratum is about flat. The top of the
mountain is  mainly composed of
sandstone with a dip angle of 60°-80°. The
bottom of the mountain is mainly
composed of mudstone with a dip angle of
20°-30°, which can be seen from figure
2-2. As shown in Appendix figure 1 to 3,
Yuanjuedong rock carvings are distributed
on the 210-meter-long arched sandstone
rock wall on the mountain peak.

2.2 Characteristic of the stratum and
rock

The outcrop is the interbedded layers of
mauve mudstone, grey-violet sandstone
and  off-white sandstone in different
thickness of the Suining Formation of
Upper Jurassic (Jssh-1), and loose deposit of
Quaternary System(Q) can also be found.

Annual Report 2007—2009
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FRAE % T2 L YR S~ b e~ YR i~ According to the mudstone ~ sandstone ~

s ‘ U mudstone ~ sandstone sedimentary cycle,
WA DIREN], ARSI VB A, the stratum of the research area can be

H R BLA 2k DU B (R —~ft e classified into 4 layers from top to bottom,

#) which can be observed from appendix 2 to
/e 3.

B 2-1 RIXABKEE

Fig.2-1 Incised Gully of Yuanjuedong

Bl 2-2 [E iR %I X e

Fig2-2 Topography of Yuanjuedong

2-3 BTHE—BRE
Fig.2-3 Mudstone of Jurassic Period (Jzsn.1)
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First Stratum (J3sn-1): Mauve
thick-bedded mudstone (Fig.2-3),
interbedded thin layers of siltstone with
brown yellow to maroon color, and
caesious weakly-cemented siltstone is
developped in the mudstone Which is
mainly distributed in the low-lying gully
of the research area, and the surface is
covered by the deposit of Quaternary
System.

Second Stratum (Jssn2):  Calcareous
cemented siltstone, whose surface is of
maroon color after weathering (Fig.2-4).
This rock stratum is emerged in the
southeast of the Yuanjuedong. between
huge thick layer to massive stone with
comparatively integration and a steep dip
angle of 60°. This rock stratum change
into  sandstone  interbedded  with
mudstone when it extends to the
northwest part of Yuanjuedong (Fig. 2-5),
and the mudstone color is mainly
maroon, while off-white siltstone stripes
are developed.

The natural steep slope of the
Yuanjuedong rock carving area. Consists
of mainly this stratum.

The delimitation boundary of the first
and the second stratum is quite obvious,
and the descending springs are generated
in the contact surface.

Third Stratum (J3sn-3): This stratum is
mauve to maroon mudstone interbedded by
brown yellow silty mudstone in the shape of
thick layer, while off-white siltstone stripes
can be found inside. Desiccation fissures are
easily formed after dug open to the air,
which lead to the skin breakage of the rocks.
This rock stratum, which is mainly covered
by the residual soil of Quaternary System or
cultivating soil, appeared as small steep
ridge (Figure 2-4). The natural outcrop of
this stratum is mainly composed of silty
mudstone.
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Fig.2-4 Sandstone of Jurassic Period (Jssn-2)

&l 2-6 Jeammbmies (RABEWKD
Fig.2-6 Mudstone interbedded silty
mudstone (natural steep ridge)
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Fig.2-5 Sandstone interbeded mudstone

Bl 2-7 B=Bies 50 B A R 2

Fig. 2-7 Delimitation boundary between

sandstone of Third Stratum and mudstone of the

Fourth Stratum

Fourth  Stratum  ((Jasn-a): Calcite
cementation siltstone with sallow to
maroon color in general to extraordinary
thick layer, and quiet some directional
arrayed sheet mica is developed according
to the stratification of this section. The
horizontal bedding developed well in the
upper and lower part of this stratum, while
the middle part is cross-bedding. This
sandstone layer has clear delimitation
boundary with the lower mudstone layer
(Fig. 2-7), and ground water seepage can be
observed along the contact surface. This
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FAX S m e 4 A fei% By stratum rock is mainly distributed in the top
of the mountain, which forms the steep cliff.

fbaberE b (B 2-8), AT Most of the statues and grottoes of

() T ST X 45 Yuanjuedong are located in sandstone cliff
of this stratum (Fig. 2-8), which is the key
research region of this project.

5
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Fig. 2-8 Thick sandstone of Jurassic Fig. 2-9 Residual soil formed by mudstone

Period (Jasn-4) weathering

WESTIX b oz s P i, 25 5,7 The sandstone in the research region is
relatively integrated, which easily generate
FRBERE, AR IF AN AT ¢ steep cliff, thus provide good foundation for
kLT A B, A Bk grotto excavation. Mudstone clay is rich in
mineral substances, which subject to
WEHT 2 i, BUALRED) 22 disintegration under the alternation of the
dry and humid circumstances, so its

resistance capacity to weathering is low.

0
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K 2-10 KBFERBORE
Fig.2-10 Rose map for the fissure strike

76 A SRE K IE R, BF9T Under the long term natural agency, the
. T geomorphy disintegration mode is mudstone
X 11y 3t 350 1 b 2 AR 204 8 5 1 ik disintegration ~ sandstone crack devolution
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~ further disintegration of the mudstone ~
re-induced sandstone crack and break down.

2.3 Geological Structure

Yuanjuedong lies in the middle of broad
fold belt of central Sichuan Province,
between the Longnvsi Halfring structure
and Weiyuan Radiating structure. The
general characteristic of Yuanjuedong is
simple structure, unitary stratum and simple
lithology, and the stratum is of gentle slope
like horizontal layer with a dip direction of
3° to 10° and a dip angle of 1° to 10°. There
are crossbedding and oblique-bedding in the
sandstone, and the attitude of rock mass
changes greatly. The rock integration is
rather well without rift structure, but relief
joints and tectonic fissures are widely
scattered in the stone carving area of west
part of the mountain, and the number of
fissures in east mountain is relatively low.

2.3.1 Tectonic fissure

According to the fissure investigation and
statistic results, two sets of tectonic fissures
are developed in the Yuanjuedong region,
one of which is almost perpendicular to the
cliff wall, while the other is parallel to the
cliff surface (Appendix Figure 4); a set of
relief joint is developed near the cliff wall
and grotto edge; the tectonic fissure in the
rock body is about vertical, which always
forms wide crack in the cliff wall because of
the rainwater erosion and flerry by the plant
root. The maximum crack width near the
surface is about 1m, which gets narrower
and narrower when goes into the rock body.
The fissure characteristic of Yuanjuedong
has close correlation with the lithology. In
the overriding of sandstone and mudstone,
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the sandstone is brittle while the mudstone
is plastic. Therefore, the tectonic fissure
developed in the sandstone can not
penetrate the mudstone, and it always
suddenly pinch out with short extension,
which appears as inter-layer fissures.
Generally speaking, the tectonic fissures
perpendicular to or oblique crossing the cliff
stretch have minor influence on the stability
of the rock body, however, those fissures
will form storage and travel passage for the
seepage water, which may lead to seepage
diseases.

2.3.2 Bedding fissure

The bedding structure of sandstone in
Yuanjuedong is developed well, and the
clay minerals as mica are interbeded in the
stratification plane fissure. The stratification
plane fissure will be expanded through
weathering disintegration and water erosion,
which result in the weak structure surface of
the rock body. The connection, interaction
and intersection of the bedding fissure,
tectonic fissure and relief joint will induce
the breakdown of the rock mass and thus
supply flow channel for the seepage.

2.3.3 Relief joint

Because of the displacement and
deformation of the mountain to the free
face, and relief joint parallel to the cliff wall
will be generated. Relief joint usually has
long extension and wide opening, and the
relief joint parallel to the cliff wall always
form the rear cutting surface of separated
rock body, which result in the
destabilization of the rock. During the grotto
excavation, the stress of the apical plate,
side wall and back wall will be relieved, and
the relief joint will lead to the crack and
deformation of the grotto roof, wall and
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edge, which might be result in the
breakdown of the grotto. If the relief joint
developed on the statue, it might be result in
the break and rock-falling destroy of the
statue.

2.3.4 Weathering fissure

Except for tectonic fissure and relief joint,
the weathering fissure can also be found on
the rock surface. There are two types of
weathering fissure in the Yuanjuedong: Type
1 is the further extension of the tectonic
fissure, relief joint and stratification plane
fissure, which has adoptive characteristic;
Type 2 is the irregular reticulate
micro-fissure network on the rock surface
under the influence of epidiagenesis. Type 1
fissure will make the other kinds of fissures
even worse, and Type 2 fissure have
tremendous damage if it is developed on the
stone carving surface.

The interaction and intersection of the relief
joint, tectonic fissure and stratification plane
fissure will cut the rock body into huge
pieces. Under the influence of gravity, these
huge rock pieces will easily break down
towards the free face, which is the cardinal
geological disease in the Yuanjuedong.

Through the interaction and intersection of
the tectonic fissure, stratification plane
fissure and weathering fissure, the fissure
network system for seepage will be formed,
which will serve as the travel passage and
storage space for the ground water.
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X 2-1 ERRAZX EBHERTTR
Tab.2-1 Fissure Statistic of Yuanjuedong

Wit

B 2-11 KBE Jis Jon T Bl 2-12 [E B 55 R 1,
Fig.2-11 Joint J;1 Jo+ J3 Fig.2-12 Joint J, beside Nich 9

. =) s % F

Bl 2-13 B SR TRERRER Js Bl 2-14 5 SEFHREL I
Fig.2-13 Joints of Js at the top of Fig.2-14 Joints of Js near the niche of No.6
Yuanjuedong Cave

K 2-15 3B J, & 2-16 4B Jio
Fig.2-15 Joint J; Fig.2-16 Joint Jo
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Fig.2-17 Grotto Damage Resulted from Ji Fig.2-18 J14 in Loose Deposit

B 2-19 EIFTEER T F Jis B 2-20 HIFZER Ju7E 67 5FiH%
Fig. 2-19 Relief Joint J;7 and Jyg 2-20 Relief Joint J;5 beisde Niche No. 67

B 2-21 R I F I VIBIFEBSEE 1
Fig. 2-21 Unstable Rock Cut by J2, and J,4 Joint
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Fig. 2-22 Relief Joint J3; in the Back of Niche No.14
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In addition, quite some fissures are
developed in the new excavated
Sleeping Buddha and Zizhu Kwan-yin
in East Mountain, which has adverse
influence on the new rock carvings.
Prevention and control of the influence
of such fissures should be carried out
earlier.

2.4 Hydro-geological Condition

As mentioned above, the stratum in
Yuanjuedong is mainly  mudstone
interbedded with sandstone. The integrity
of mudstone is rather good with low
water penetration, which can be classified
as relative water-resisting layer. The
sandstone is mainly composed of
siltstone, which can be classified as weak
permeable layer. The groundwater is
mostly stored in the fissures of sandstone,
and seepage will occur in sandstone
fissure and the interface of sandstone and
mudstone. The researched strata are
horizontally distributed as a whole, and
the hydro-geological condition in
yuanjuedong is controlled by the rock

structure.
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Yuanjuedong is a relatively independent
hydro-geological unit, and the
mountaintop is the division ridge of the
surface watershed in this area. The water
supply in the research area, whose
catchment is rather small, is mainly form
atmospheric precipitation. The runoff
discharge condition in Yuanjuedong is as
follows: most of the precipitation will
discharge as surface runoff, part of the
precipitation will vertically infiltrated
through the residual slide rock and flow
away from the mountain ridge, which is
the groundwater dividing ridge; the gentle
slope and clough are served as outflow
area, and the discharge will be in form of
wells or springs. The stone carvings lie in
the isolated rocks which are stuck out the
ambient ground surface. So, the rock
elevation is higher than the local ground
water level, and there is no direct
influence of ground water on the
carvings. It can be concluded form this
investigation that the apparent influence
on the grottoes and niches is from surface
runoff, regional fissure seepage, while
inside of the grotto and niche is relatively
dry.

Out of Yuanjuedong , there are two wells
on the north side and northeast side of
Mt.Yunjushan. The elevation of the wells
is 366.2m and 355.1 m with buried depth
of 3.0m and 2.0m respectively, and the
perennial water flow in the wells is
mainly the fissure water of mudstone and
the pore water of Quaternary System.
Beside the road on southeast of
crematory, a spring emerged near the
interface of the sandstone and mudstone
stratum, which can be seen from Figure
2-20. The spring mouth elevation is
334m, with maroon mudstone around.
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Because of the obstruction of the
waterproof mudstone, the ground water
stored in the sandstone fissures always
overflowed as spring in the interface of
sandstone and mudstone.

E 2 23 %#Eﬁﬁﬁﬁad\%%—%ﬂﬁ
Fig. 2-23 Spring beside the Road of Southwest Yuanjuedong
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Chemical analysis about the water
samples form the well, precipitation and
fire fighting pool were carried out, and
the results were presented in Table 2-2. It
can be concluded from the analyzing
results that the underground water of
Yuanjuedong is HCO3-Ca type (calcium
bicarbonate water). The well water is
metaacid with pH of 6.83. The water
quality of fire fighting pool is similar to
that of well, which belongs to HCO3-Ca
type. The water in the fire fighting pool is
the mixture of rainfall and groundwater
from well, which is of the original
chemical characteristic of well water
because of the low evaporation during the
sampling period.

Chemical analysis indicated that the
rainfall water belongs to HCO3-Ca-Na
type (calcium-sodium bicarbonate water).
It can be deducted from the comparative
analysis that the groundwater cycle
condition in Yuanjuedong is rather good,
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and the groundwater will be recharged by

atmospheric precipitation.
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Tab.2-2 Quality Analysis of Groundwater
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mild temperature, abundant heat,
plentiful rainfall, long frost-free period,
much fog and cloud and less sunlight.
Anyue County has early spring, long
summer, cool fall and warm winter with
low wind speed, high humidity and
plenty of rainfall during the night.
Flood and drought occurs quite often
because of the concentrated
precipitation in summer time, while
continuous rainfall has high frequency
in the fall.

The radiation quantity of sunlight is
changed with topographical variation in
Anyue County, and the sunlight
radiation on the mountain top is higher
than bottom of hills and gullies.
Summer sunlight is abundant while
winter sunlight is the weakest, and
sunshine of spring is better than that of
autumn. The total radiation quantity of
sunlight from May to September
accounts for 52 % of that of the whole
year.

The average daily temperature of long
term is 17.6°C without great changes in
the whole year. The coldest month is
January with average 6.7°C, while the
hottest are July and August with
average 27.6 ‘C . The temperature
increases rather quickly from February
to May, which is about 5°C per month,
and the increase of June is about 2.6.
The temperature is quite hot and stable
during July and august, and then
decreases rapidly to fall. The maximum
temperature is 40.2°C (on 13th, Aug.
1972), while the minimum is -3.7°C
(on 16th, Dec. 1975), and the difference
is as high as 43.9°C. The maximum
ground surface temperature is 69.8°C
(on 13th, Aug. 1972), while the
minimum is minus 5.9°C (on 16th,
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4 69.8°C (1972 48 H 13 H), fxfkih
AL B S —5.9°C (1975 4F 12 H 16 H),
W22 75.7°C.

X N Z A PR RF K &= 1025.8mm,
PSR AR R AR K, A S b
SEMIZE 150 L. 1958 4% 1985 4E (]
R IR I A o o ] b K
144 14 4, %5 50% (K& 2—20), &
KAEBEN &R 1420.2mm (1962 4E),
/NEFE T 5 688.3mm (1977 4D

1400
1300
1200

1100

1000 956. 4
900 [931.4

800

700

Dec. 1975), and the extreme difference
is 75.7°C.

The precipitation in Anyue Country
varies greatly , which is averaged
1025.8 mm per year, and the maximum
rainfall in wet year may be two times of
that in dry year. During 1958 to 1985,
there are 14 years with precipitation
higher than the average, which accounts
for 50 percent of that period. The
maximum annual rainfall is 1420.2 mm
in 1962, while the minimum is 688.3
mm in 1977.

1302.91304. 1

688. 3

—

1958 1960 1965 1970

1975 1980 1985 4F

B 2-24 ZEE 1958 F 1985 {EME TN BAEFFEEAL
Fig. 2-24 Rainfall Variation from 1958 to 1985

WEZFRAY, % (6 & 8
H) 24515 488.4mm, [ AFE I PR A
H48%. &7 (12 2= 2 ADNA 48.2mm,
O AEYI B AR 5% . HlA T, £
T E s Bon (8 2—22):

The rainfall distributes unevenly in
different season, and the average
summer precipitation (form June to
August) is 488.4 mm, which accounts
for 48% of the whole year, while the
winter precipitation (from December to
next February) only accounts for 5
percent, i.e. 48.2 mm. The monthly
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HEWEHR. 5 H. 6 AMWETH G4
M R, WEEEEZ, (RT 72
9 H. 7 HEW, WEIASIRmSE, L
JEEH P 8 A9 HEZHEW, W
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HH AL 10 Hi—¥F,

LA RO 147 K (HBF
M =0.1mm), fEid 2 28 4RI H B
BV HW R =10mm /N RS
) 26.4 K. HIE=25mm KRR
S 8.7 K, ZHIAE 6 H A E
210 H BAj. H i &E=50mm [#)5,
T 76 I A 3 . H Y =100mm
FRF KRR 12 K, AF38 1 IR
BRI 2 KAV E BT, K
H 15 Ko BEETREM, DA HEAR
%z, Kk 31 K.

AR B RZ TR K EN

statistic about the long term rainfall is
presented in figure 2-22, from which it
can be concluded that the rainfall in
spring comes early with low quantity in
December and January, continuous
rainfall and thunderstorm are always
occurred during May and June with
high precipitation quantity, the period
of July to September is plenty of
thunderstorm while the maximum
rainfall of the year appears in July. The
rainfall is generally concentrated and
uneven distributed in this region, and
drought often happens during hot
summer days. The precipitation
quantity decreases rapidly form October
with higher raining time, and the
quantity of November is only half of
that in October.

The average raining time with no less
than 0.1 mm daily precipitation is 147
days per vyear. According to the
statistics of daily precipitation during
the past 28 years, the average raining
time with no less than 10 mm daily
precipitation is 26.4 days per year; the
average raining time with no less than
25 mm daily precipitation is 8.7 days
per year, which generally occurs
between middle June to the beginning
of October; the average raining time
with no less than 50 mm daily
precipitation is 3 days per year; and 12
extraordinary storm with no less than
100 mm daily precipitation is observed.
Continuous rainfall always takes place
during the beginning of summer to
autumn, and the longest continuous
rainfall lasted for 15 days. Continuous
dry weather without rainfall often
occurs in winter and spring, and the
longest dry weather lasted for 31 days.

The long term average evaporation is
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1168.3mm. X Z=Fraimin, RAE K.
H7RERK KBS A, H/hH
WMAEAZE) 12 H.

1168.3 mm per year. The continuous
high temperature of summer time leads
to high evaporation capacity. The
maximum evaporation capacity
generally observed in August, while the
minimum occurs in December.

% i mm
i
190 - 188. 6
i 171. 2
" 166. 2
120. 1
100
70.6
61.7
50 |
, 33.7
25.7
1.617ﬂ.6 15.9
1234567891011125

2-25 ZIEEHFHHWELE
Fig. 2-25 Monthly Rainfall in the Past Years

AL TP R TR, 9 A 3
AZAC BTN, AR 4 2
8 J152 vh F It R ARy e U 3
Wi, R e BLAT TR S, A
A, ZHA, AR AT E 5
ARG, HIBILSBURIENRZ . 24
EBIXGEE N 1.4mis. 4 H. 5 HTFEIR
WK, B 1Tm /s, 11 RN, A
1.0m/s. BRI, — ZHR
FNZ; (H5ER] . W IKERI
IEWAWIE 7S N 25 N

Anyue County lies in  middle
subtropical monsoon area, whose wind
direction from September to next
March is about north, which is resulted
from the cold air flow from northern
area; and because of the influence of
subtropical anticyclone and southwest
humid and warm monsoon, the wind
direction form April to August is
approximately south. Anyue County
lies in the basin center, which impedes
the airflow and leads to calm wind. The
Yuanjuedong lies to northeast of Anyue
County, and its low elevation leads to
comparatively more northeast wind.
The long-term average wind velocity is
1.4m/s, with a maximum of 1.7 m/s in
April to May, while the lowest average
velocity occurs in November, i.e. 1.0
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2.6 HiE

LA TR B B S N, e
bR e, e bR S X g R X
[ 1488 fEE4, HEUI 9 Uiy
o B S, HedR 2 A s Ak, B Aok
Ui, XS A7 2 DX AEAS Xl AR g A e
PRSI/, AN 2R 1 B s ok
J2 A T 1) SR R 96 e R ) s P R
M BEK

i CRIPUE TS ) (GB50011
—2001), ZHEHXHIERBIZIERN 6
&, WA I 0.05g. M
MY E, A A G A AL
WAk, MR B SAE RIS, BT
PURRAFIHLEL o

m/s. The wind velocity is always low as
light air or light breeze and even static
wind, while gale often companies with
cold wave, thunder storm and hail.

2.6 Earthquake

The geological structure of Anyue has
weak motion reaction with relatively
stable earth crust, which belongs to
weak earthquake zone or felt area.
There are 9 weak earthquakes or quake
reactions from 1488, and the earthquake
centers are all out of Anyue County.
Generally speaking, earthquake has
very low influence on the rock stability
in the Yuanjuedong, but it will impact
the stability of local rock which is
composed of soft embedding stratum
and fissures .

According to Code for seismic design of
buildings. GB 50011 —2001, seismic
fortification intensity is 6 degree, and
design basic acceleration of ground
motion is 0.05 g. Form the viewpoint
of topographic form, the rocks where
the grottoes located are mainly isolated
hills, and the earthquake influence will
be regionally amplified, which makes
the earthquake resistance difficult in
this area.
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Chapter 3 Rock Engineering
Properties in Yuanjuedong

According to color, structure etc., the
rock can be divided into 7 layers with a
respective name of a, b, ¢, d, e, f, g.
Group 10 covers layers from ¢ to g.
Group 5, which is near to Group 10 to
be chosen to describe the rock layers
integrally, covers from a to c.

55H

Group 5

B 1-1 #ZlA

105H=

Group 10

ZHUS R

Fig. 3-1 Lithostratigraphic Classification

a Jz: KRR . Bl
HANE KO, MMUGEEHE R A
LRy, ZEAKREE. A2
HE T WA, 962 3mm, WTi)Z X
L

b Z: W, KRy,
JEREAR R E, B 2~5cm AR, iR
PR R B, IR B 5 RN Y
PRACHIER . S MUZHRI =B o (2R

Layer a is grey-yellow thick-bedded silt
sandstone. The fresh rock is steel grey,
and the weathered is yellowed. There is
black mineral, and the bedding didn’t
develop. At the top of this layer, there
exists rust with a width of 3mm, where
serious weathering occurs.

Layer b is from brown yellow to grey
yellow silt sandstone. The bedding
developed densely with a interval of
2cm~5cm. the density at the bottom is
bigger than that at the top. Small scale
off-falling blocks forms easily along
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bedding. There is some mica lamination
which arrange along bedding plane.
There exist tawny iron which form red
rusty spot after weathered.

Layer ¢ has two sub-layers with a
thickness of 15cm at the lower part and
thick-bedded sandstone at the upper
part. The weathered surface turns from
caesious to red. Lithology is
well-proportioned, and the
encrustation-spalling is the main
weathered form.

Layer d is grey intermingled with
maroon silt sandstone and badly
weathered. The off-falling blocks is the
main decay form at the left wall, while
encrustation and sand-like forming at
the back wall. This layers is the most
severely damage location, and left wall
IS more serious than the right.

Layer e is a fine-silt sandstone, and
there exist two layers of crossing
bedding. This layer is rather
weatherproof, and differential
weathering exist along oblique bedding.

Layer f is brown yellow and maroon
thick-bedding fine-silt sandstone. The
rock is  comparatively = Weakly
weathered.

There is a layer between layer e and f,
and where cement was used to repair.

Layer g is brown yellow thick-bedding
silt sandstone.
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Sandstone and mudstone interbedded

with a gently dip angle. Sandstone is

lea iz, MEgm, BATS. U
8 A~ s

T

E32 435 bRATERRE
Fig. 3-2 Horizontal bedding in Group 4
TR RE R B AR Z R R
MEUREZ K WAL, SEUT R IR ETE SR
IR, HF02rfE 10 S &K el fIRZ I ERN
W (1 3-4).,

easy to carve.

B 3-3 105% e EFXHER
Fig.3-3 Cross bedding in Group 10

There are several bedding
fissures developed in the rock,
where seepage and weathering
took place, leading to the
weathering  flute, especially
between layer e and layer f.

& 3-4 HBEETH YRS
Fig.3-4 Weathering flute in the rock wall

AT XN 5 SR 10 52 AL

In order to investigate and analyze the

reasons influencing the weathering of

IR AT R A b, RICT b~f
JEEFEAT T, R d 2T 2

sculpture, rock samples from b to f
stratum are tested, and quite some

samples are taken from d stratum

/ﬁ%ﬁ ( 3'5)0

(Figure 3-5).
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K 3-5 dEEFES
Fig.3-5 Sampling spots for layer d
31 WHALE
Tab.3-1 Sampling Positions
5 w5 AN
No. Sample No. Location
1 b 4 5 EEE left wall of Group 4
2 c 4 ‘SR IEEE left wall of Group 4
3 5-1 5 5% 4 right Buddha of Group 5
4 d-1 10 ‘55 £ BE left wall of Group 10
5 d-2 10 555 A£BE left wall of Group 10
6 d-3 10 555 £ BE left wall of Group 10
7 d-4-1 10 555 A£BE left wall of Group 10
8 d-4-2 10 555 /ckE left wall of Group 10
9 d-5 10 555 /£ BE left wall of Group 10
10 e-1 TP western spot of Yuanjuedong
11 f-1 Z< 1l western spot of Yuanjuedong
12 W ZR 1L EMil western spot of Yuanjuedong

3.1 AR

S ZIXARRE 10 5 Rl ik 5 S AR
1 R s &b SR £ P 2 A A7 268 0 45
R (R 3-2), AZIX a2
SRR E B RN~ Hh
RIB I Reoy A W A1 95 70%6~90

3.1 Identification Analysis of the rock
slice

The identification of the rock slice
samples were carried out, and the
results are listed in Table 3-2. The
sandstone in Yuanjuedong is mainly
calcic and sericite cemented packsand
and siltsand of syrosem characteristic.
The mineral indigent of the rock is as
follows: 70 to 90 percent clastic quartz,
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% KA S 5%~14%, BHKAHE S
H 1%~4%. Btk 2%~3%. HEmdl
I3 N T R A R4 B FLBR R
g, ARLRDAR 2540 RN D~ K b 25 14y,

B SO i~ 20 i G5 R TN A % 4

5 to 14 percent clastic claystone, 1 to 4
percent clastic plagioclase and 2 to 3%
muscovite. The stromata component is
cryptomere calcite and sericite.

(P

#3-2-1 AAEHEEBRRE
Tab. 3-2-1 Identification of the Thin Section of rocks

5

WAL

Bt
Ay

etk
A

it
o3

i
a0

Sample
No.

component

Matrix

Bonding texture

Given
name

1 WIS AToE, AR, R

0.03~0.1mm, 83%

R s T, REEAR,

THOIMA, KEE 0.06~0.1, 9%

TR, AN,

BiFE 0.1~0.2mm, /DECE
IR, 3%

BRI SRR AR, K

MG m, FERoA, KAk
JE 0.2~0.3mm, 2%

RIS, BRI, B

B 0.08mm, 1%

ik
L
Bt
€

R I
Hy, BECR AN
5 Py ik

oF & mp
é;ﬁﬁe
T @

. clastic quartz, subangular, 0.03

to 0.1mm, 83%
siltsand- clay debris, sub-
circular, 0.06 to 0.1 mm, 9%

. quartz-mud debris, distributed

sporadically , 0.1-0.2mm,

3%

biotite and common mica,
distributed sporadically,
without obvious macro-axis
direction. 0.2-0.3mm, 2%

. anorthose debris,0.08mm,1%.

Sericite

Finesand-siltsand
structure,  with
micro- scale

Pore
mode
structure

Sandstone
with
debris

- WEE AR S o AT, AR A

PR~BEMIR, kg, 0.1~
0.15mm, 82%

- HEEER AT, TR,

FH A, RiE 0.1~
0.15mm, 5%

L ARLPAR G
Bt SRR AN %
B2 4t
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3G, EEAM, b

mE P KA, M A,
KA2HiF 0.1~0.5mm, 5%

- AR ROIR A B KA

JE, TR, KRR
0.05~0.2mm, 2%

AR, KIEE 0.1mm, 1

%

- DR TCE B IRAAR, KL

0.6 mm, 1%

3.

4.

5.

clastic  quartz, evenly

distribution,  angular  and
subangular, 0.1 to 0.15 mm
82%

. sericite claystone, distributed

sporadically in  subangular
form, 0.1 to 0.15 mm, 5%.
quartz debris, without
specific shape, 0.1-0.5mm, 5%.
scaly common mica, without
obvious macro-axis direction,
distributed sporadically,0.1mm,
1%.
anorthose debris, 0.1mm, 1%.

Sericite
4%

Pore
mode

Finesand
structure,
micro-

structure

with
scale

Sandstone
with
debris

d-1

LR A, BAAR~ IR ATIR,

Y5504, k¥ 0.1~0.15mm,
81%

R E, AR, 3

A, FiJE 0.1~0.2mm, 8%

AR R BRACHE S, %

B Aii, ki 0.05~0.25mm,
3%

RIS, BHOM, K

J¥ 0.1mm, 2%

CEERREA S RE, REAN,

KALHIE 0.2mm, 2%

L
Bt

ARLI IR S5 »
S H AN 5%
4t

7 B
it
2

d-1

5.

clastic quartz, distributed
evenly in  angular and
subangular form, 0.1 to 0.15
mm, 81%.

clay debris, subangular,
distributed evenly, 0.1-0.2mm,
8%.

debrics carbide, distributed
sporadically, 0.05-0.25mm,
3%.

. anorthose debris, distributed

sporadically, 0.1mm, 2%.

scaly common  mica,

Sericite
5%

Pore
mode

Fine granular
structure, matrix
with fine scaly
structure

Fine
sandstone
with
sericite
bonding
containing
febris
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distributed sporadically,
0.2mm, 2%.
1 WEE A, IREAIR, Y
5345, KiJE 0.05~0.1mm, 80%
2 Mikmg, WEAR B |, e s
g 2H T 4= BRI
Aii, RLEE 0.1~0.15mm, 12% ~ 1L | AR~k R & 4t e
VA N7aN N, Zaly, N, - K 245 Zly, - EE S|
d-2 | 3. BORIR BBl IR DR | SRR | T
e S N i)
W RO, KB x| B o
. 3% =
FiJE 0.05~0.2mm, 3%
4. R RA S EE, BRI,
KAIRE 0.1mm, 2%
1. clastic quartz, distributed .
evenly in subangular form, Fine
0.05 to 0.1 mm, 80%. Finesilt | sandstone
2. clay debris, in sub-circular Ine-siit granufar with
42 form, 0.1-0.15mm,12%. Sericite Pore structure, matrix icit
) 3. quartz debris, distributed | 304 mode | with fine scaly senu.e
sporadically, 0.05-0.2mm, 3%. bonding
; structure .
4. scaly common  mica, containing
distributed sporadically, febris
0.1mm, 2%.
K322 ahEREERREK
Tab. 3-2-2 Identification of the Thin Section of rocks
. " BE 5 JBE 4 £y | e
=] AR A
e AL an | oxon | s | &%
S?\Ilnople component Matrix | Bonding | texture | Given name
LREE A 0E, AR~ AR, 25
S3Ai, K 0.03~0.1mm, 70%
2. Rk, IR, O, i -
J% 0.1~0.15mm, 17% } gt B,
N 4 WoW W | 4 2 R
3. TOMIBR A e, F IR AT, R - L . o
= " REH, | 45 & 6 i
d-3 0.1~0.25mm, 4% ] Bt ‘
2 S N B L 8 — 5] ISEd 7 , %}ﬁ/ﬂ\‘ éEHE//]\N*H
4 BMEBPRBSRAZE, B S Do e
/ S Ze 0 X 2 L3 7]
IMA, KRR, KA o |
0.25~0.4mm, 3% -
5K RIS, FHO A, KR
0.05~0.1mm, 2%
1. clastic quartz, distributed evenly in Fine Fine
angular and subangular form, 0.03 to
0.1 mm , 70% granular | sandstone
d.3 | 2 clay debris, distributed sporadically Sericite | Pore | structure, | with
in sub-circular form, 0.1-0.15 mm, | 4% mode | with fine | sericite-
17%. .
3. muddy carbon debris, distributed crystal | calcite
sporadically, 0.1-0.25 mm, 4% matrix | cementation
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4. slightly scaly biotite and common
mica,
clastic muscovite in laminar form,
distributed sporadically, 0.1 mm, 2%.
distributed sporadically, 0.25-0.4mm,
3%.
5. clay debris, distributed sporadically ,
0.05-0.1mm,2%.
515345 KL 0.05~0.15mm, 85% aw ~
2. MR A S, R, A | A Mo .
. . L L o oaE A
" A, KL 0.1mm, 5% = i K&, W~ 1
3. FIITHEIE, BRI, KL E Y
T
0.1~0.2mm, 3% 5% TN
4. EfaE, REPIR, FEOME, R Jr &kt
J£ 0.1mm, 2%
1. clastic quartz, distributed evenly in
angular and subangular form, 0.05 to )
0.15mm, 85% Fine Fine
2. clay debris, distributed sporadically granular
i i —coarse
in sub—cwpular form, 0.1 mm, 5%. Sericite Pore structure,
e-1 3. clastic firestone in subangular and 0 o sandstone
sub-circular form, 0.08 mm, 2% 3% mode | with fine | .
. o with  rock
4. quartz debris, distributed scaly debri
sporadically ,0.1-0.2mm, 3%. matrix eoris
5. chert debris, distributed sporadically
in sub-circular form, 0.1 mm, 2%.
1 WS, BRI AR,
A AR RLEE 0.05~0.1mm, 80% a1 7
2. Wb IE, RER, TEOME, R o
47 ht Wk,
J& 0.06 ~0.1 mm, 14% 2 il " 4 o BE S
N S, — == NN 0, b= 4y R
3 BUVRAZEE, BRI, K| o | op o | TG
d-5 JifgA B R Bk "
0.05~0.08mm, 2% g o X - W~ ¥ b
e NS NASRES NS = T i W .
4. TTEREIT, ZRCERR, DAy | o e | B
\ 0 k=
W, FHOME, KIE 0.1~0.3mm, i
it
2%
5. FHATHES, R 0.05mm, 1%
1. clastic quartz, distributed evenly in
angular and  subangular  form, o ]
0.05-0.1mm 80%. Sericite Fine
2. clay debris, in sub-circular form, 0.1 | 3%, granular | Fine
mm, 14%. _ o Fine Pore | structure, | sandstone
d-5 3. scaly common mica, distributed o . .
sporadically, 0.05-0.08mm, 2%. crystal mode | with fine | with calcite
4. clastic muscovite in laminar form, | calcite crystal cementation
distributed sporadically, 0.1 mm | 5o matrix
granularity, accounts for 2 percent
5. clastic plagioclase, 0.05mm, 1%.
e-1 | LIEE A, AR~ MAIR, B | gy 1L 11 AR R
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)04 BiJE 0.06~0.1mm, 79% | fil#41, 5 Bl | REER, | A A Al
2. kWb IR oA, AR, RL | % B2y B H | A
% 0.1mm, 5% T
3. A EE, AR~ IREEIR, 4]
J% 0.08mm, 3%
4 WA PR, REM, K
B 0.1mm, 2%
SARMCAE S , A 5041, B 0.1mm,
1%
1. clastic quartz, distributed evenly in
angular and subangular form, 0.06 to
2. clastic fine silt sandy clay, in Fi I Fi
sub-circular ~ form, 0.1 mm | ~'N€ granufar Ine
el granularity, 5%. crystal Pore | structure, | sandstone
3. clastic firestone in subangular and | calcite mode | with fine | with calcite
-Ci 0,
sub c!rcular forrr_l, O'.O8 mm, 2% 5% crystal cementation
4. clastic muscovite in laminar form, ]
distributed sporadically, 0.1 mm, 2%. matrix
5. clastic plagioclase, distributed
sporadically, 0.1 mm, 1%.
R 3-2-3 AAWHHEERRE
Tab. 3-2-3 Identification of the Thin Section of rocks
i K JBE 4 it e
s W AL . e o -
41 it Feyits HFR
Sample . . .
No component Matrix Bonding | texture | Given name
LIS A9, B AR~ IR,
By 54, KiEE 0.1~0.25mm,
75% N
2 12 L KB E LS
L7 y 7 y = o o
WUME. R 0.15-0.2mm 4Bk 3% fL SER, FER | 40 B R
H ’ . ~VU. ’ ‘ s A ) sy iy
f-1 1% ~ g ALK | B | B e | RS
IR A1 5% i RSE TR e
3. WEIBAHCAT, W I X, ° B M R
FHMAG, K 0.15mm, 4% -
4. EIOIRA S RE, FHOM, K
FRiFE 0.2mm, 2%
1. clastic quartz, distributed o Fine sand | _
evenly in  angular and | Sericite 3 ruct Fine
subangular form, 0.1to0 0.2 mm, | o4 structure, sandstone
70% . Pore | with ) .
f-1 . - Fine . with sericite
2. clastic sericite claystone, mode | micro- )
distributed  sporadically in | crystal calcic
: . scaly and .
sub-circular form, 0.15 to 0.2 | plagioclase ) cementation
mm, 11%. fine crystal
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3. clastic plagioclase, slice double matrix
crystal is observed, distributed
sporadically, 0.15 mm, 4%.
4. scaly muscovite, distributed
sporadically, 0.2 mm ribbon
width granularity, 4%
LWEIE AT 0%, A AR~ 0K
WS oA, RLJE 01~
0.2mm, 70%
2. K20 AR b okl oA e g i a1k IR
RIELR, Y214 , RIE 0.1~ | M 7 it I
. DRI, B BI04 T | s | s
‘. ’ 0%_'4 . N E_ = Qﬂ: — [\u_.
SRR KR AR, AR | 806 s | A RS E
ANEL, RiBE 0.1~0.5mm, 5 ]
%
4. BTN, BESAN, R
0.1mm, 2%
1. clastic quartz, distributed
evenly in  angular and
subangular form, 0.1 to 0.2 mm, Fine
70%
2. clastic claystone and clastic silt | __ granular Calcic
claystone, distributed evenly in | FIne pore | STUCHIre, o ented
g sub-circular form, 0.1 to 0.5 | calcite with  fine | _.
mm, 15%. 8% mode crystal fine
3. granular and laminar clastic sandstone
quartz in irregular form, 0.1 to struc.ture
0.5 mm, 15%. matrix
4. clastic plagioclase, distributed
sporadically, 0.1 mm, 2%.
30 B X GBS 3.2 X-ray Diffraction Analysis of
2 e AT
the sandstone
%33 N AZIX 10 S i abprlcese | The X-ray diffraction analysis results of
e 2 s o the mineral contents in the sample
1 XA Do s A B13-70 | taking from Group 10 Niche in
R A X AT B . 4 b pc e | Yuanjuedong are Iiste_d in Table 3-_3,
o e and the X-ray diffraction pattern of its
AL, e R A e E RS, 291E | mineral contents is shown in Figure
30% 0L b, HchEEA. A, 4| 3-7. 1t can be concluded from the
y i . experimental results that the quartz
KAy PHRIARD A s ifq content in the sandstone samples is the
R KA BRI AT e . | highest, ie. hlgher_ tharl 30%, arld then
o \ , . follows montmorillonite, plagioclase,
ML S A AR AEKARAES | potash feldspar, illite and calcite. The
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SE s B ST YIE A BAT R IN 2R
IKTERECR IR, DAL A 5 &
B2 e K3 A TR AT I 58 2
Jiifs WAL GESOIRIIE » ib2a v 5
WA )& R I, S AR B
[MIFE

montmorillonite, plagioclase, potash
feldspar and illite are solvable minerals.
Clay minerals montmorillonite and illite
is unstable when contact with water,
and the rock containing
montmorillonite has high hydrophilicity
and strong swell-shrink characteristics.
Therefore, the mudstone, which is rich
in montmorillonite minerals, is easy to
break down under the dry and humid
alternative circumstance, and then
generates the gentle slope landform due
to weathering effect. Weathering flute is
easily formed in the sandstone which is
abundant in montmorillonite minerals.

R 3-3 X T AT R

Tab.3-3 Analysis Results of X-Ray Diffraction

izl Tit#
RES e e AE | HKA | BKA H&aA
A el
Sample potash
Montmorillonite | Illite | Quartz Plagioclase | Dolomite | Calcite
No. feldspar
5-1 25 10 35 10 15 0 5
b 25 10 35 5 20 0 5
c 17 10 35 10 25 0 3
d-1 17 10 35 10 25 0 3
d-2 25 10 30 10 20 0 5
d-3 17 10 35 10 25 0 3
d-4-1 22 10 30 5 30 0 3
d-4-2 15 10 35 10 25 0 5
d-5 20 10 30 5 25 0 10
e-1 12 5 40 10 30 0 3
f-1 12 5 35 10 25 5 8
3570 35 25 15 5 10 0 10
WA X AT YB3 43 4

MRRfHE: ICPDS R F (E Pk RATH AR UERR A 22 i &
FIMRA IR LR B dn s . fr>2 X7 Pert PRO fif¥{% DY2198

MRS GRAE: 20°C GBE): 50%
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3.3 HRE XA 3.3 X-ray Fluorescence analysis of the

rock samples

The X-ray fluorescence analysis for the
: R P N=Y D ;
10 53 A BNz A 2T weathering samples taking from the

RUALEE 5B AT X35 0 0 b, e e rock surface of 5 different layers of
Group 10 Niche is carried out, and the

3-4, ARG R DLEH, ik s:  results were listed in Table 3-4. It can
be concluded from the experimental

J§5r T BN SIO,, LU ALOs. HALOs  results that the primary chemical

RIS, TR e o Ao, from th
f8 T3R5 - FesOg. NazO. KO MgO- content of which the weathering
resistance capacity can be deduced
CaOm &EE 1%, HeEiews indirectly. The contents of Fe,Os, NaO,
K20, MgO and CaO are all higher than
EEB. RS, DS 1 percent, while the content of other
oxide is very low. It can be concluded

A i A~EL D 7 I\
ISIO F HAHRTHD s 1MTAIO05. NagO. from the comparison of the samples that

KOS B eh the SiO, content in Sample b is
relatively low, while the Al,O3;, Na,O
and K,O content is the highest.

R 3-4 10 SERALERE X-FOCAHTHER
Tab.3-4 Analysis Results of the X-ray fluorescence
R TR b c d-2 d-4 e-1 f-1
1k, Na,O 3.78 2.96 2.61 2.74 3.04 2.83
% MgO | 225 1.47 2.02 2.33 1.33 1.48
i Al,O3 16.5 15.3 141 15.7 13.2 13.0
4 SiO; 68.9 74.3 715 71.6 75.8 71.7
= P,0s 0.152 0.108 0.158 0.137 0.169 0.0846
% SO3 0.283 0.0899 0.0765 0.0591 0.113 0.0845
Cl 0.590 0.0155 0.0275 0.0174 0.189 0.0187
K,0 2.54 2.28 2.07 2.18 2.03 2.38
CaOoO 1.63 0.754 3.95 1.96 1.18 5.97
TiO, 0.526 0.397 0.466 0.412 0.428 0.244
Cr,03 0.0180 0.0139 0.0126 0.0118 0.0131 0.0125
MnO 0.0576 0.0695 0.0474 0.0547 0.0724 0.0510
Fe,O3 2.76 2.10 2.80 2.73 2.26 2.07
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CoO 0.0179 0.0270 0.0409 0.0266 0.0528 0.0431
NiO 0.00666 0.00431 | 0.00650 | 0.00636 | 0.00571 0.00583
CuO 0.00889 0.00673 | 0.0113 0.00735 | 0.00733 0.00791
ZnO 0.00818 0.00633 | 0.00760 | 0.00811 | 0.00699 0.00560
Gay0O; | 0.00257 / 0.0149 0.00215 / /
Rb,O 0.00857 0.00807 | 0.00770 | 0.00790 | 0.00744 0.00843
Sro 0.0223 0.0191 0.0191 0.0181 0.0205 0.0212
Zr0O; 0.0378 0.0295 0.0323 0.0251 0.0452 0.0133
BaO 0.0458 0.0418 0.0462 0.0480 0.0475 0.0518
Norm.%o 100.10 100.00 100.00 100.00 100.00 100.00

3.4 WaM SRR Es T

M 3-5 A U 1 3 43 AT T
s A0 R XA RO EE R AL, RO
W) E LA, IR W) 2R Z WA
PRI . LB R 7, FLER
KAN—h 2~20um, fLEEN
5%~30%. O &5 A4) ) R A2 3 S50 0 T

HA PR RE T B -

3.4 SEM analysis of the sandstone

microstructure

It can be concluded from the SEM
analysis and Table 3-5 that the the rock
in  Yuanjuedong is of loosening
microstructure, and the granular
minerals are mainly quartz, the laminar
minerals are mainly montmorillonite
and illites. The micro pores and micro
fissures range from 2 to 20 pum are
developed in the rock, and the porosity
ranges from 5 to 30 percent. The
loosening microstructure results in
relatively poor weathering-resistance
capacity of the rock in Yuanjuedong.

R 3-5 PR BE ST HE
Tab.3-5 Analysis Results of the SEM
EFERA . TR EFEAN: T PEFEH Y 2007-10-22
FESARR: Wb
s | BMh9 ONER -
Sample No. | Photo No. magnifi.cation contents
ratio
b 2.008 x500 SRR
2_007 x600 LARE, WA
2003 %1000 K, HRA
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2 006 %1000 Ko AR 52 A
2_004 %2000 KA fi 2
2 001 %2000 E3XEl
2002 %2000 KA1, A1

ZREsh B A, K, axdenn, PR ROT AT R SERIRARL,  RRIRE) 2
AR B, KA 2 A g Rk ) £ B e A AR AT o B FLISURI R B
KE, LR 1~20u m, FLEIFZ) 30%.

7_006 x300 KA a9, Rl
7_001 %600 7 [E] FL B AR
7_004 %2000 IR R A

c 7_003 x5000 R NI EE]
7_005 x5000 Wi i
7_002 x6000 S iA
7 007 x6000 VEES

R B E A, K S, PR ls. SiHERARL KRR L2 KA
Lage, Ka2MAR e WeLBAMBEREUR T, LB 2~10u m, fLERH
2] 20%.

21001 X 400 SRR, AT LI

21 007 X 500 SRR, RN R

21 008 X 1000 K AR 52 A
i1 21 003 X 1500 KA

21002 X 2000 SRR RN R A

21 006 X 2000 SRR B % THT 95 T

21 005 X 5000 A

21 004 X 8000 KA 2R [Tl

R B R AT K. HKBA. PORA . sle a2 oA n gk a
S PR GiREECE, ERAKK T, AR LI, fLER L 5%.

25_007 X 100 PR A B 5%, ARBRRE
25_006 X 500 SERERAEL, RIE S F A, JEA R
25_004 X 800 KA AR S A

d-2 25 005 X 2000 Ko AR 52 A
25 003 X 2500 Ko A
25 002 X 4000 E3XEl
25 001 X 10000 J7 AT SR A FROHE R

GRE B E AOIRATTE . W RRERTE A SR AT, RATER N A a4, AR
i RERE, FLERZ 20%.

d-3-1 47 010 X 400 GERJIRA L, A SR AT Mok 0 s o
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47 003 X 500 KA, S, Witwy, grranses
47 006 % 1000 R, KA MARSE A

47 001 X 2000 VeE A TE ]

47 007 X 2300 A1 YERIORE

47 008 X 2300 ORI ol S IR A R E

47 004 X 2500 VEES

47_002 X 4000 S MiA

47 009 X 10000 JifAa

ZFEMh BRI, Kfr, sxilefn, PRI RO AT 4. RRIRE™ ) 1200 Ko e fa
e, KAZMAN G AT SRS, LB B0 1~20u m, fLEIHEZ) 15%.

d-4

57_004 X 300 SRR R, R IEATR ) M Se A
57_006 X 800 W i SR BT )

57 007 X 800 A YT R A

57_005 X 2000 el

57 001 X 2500 S MiA

57_002 X 5000 Kl Jv 57_001 ()RR, SéliA

AR AT, KA, A, PRA ROTRA A . GRS ECE,  FLBRR/N
— ek 1~20u m, fLEREZ) 10%.

d-4-2

71002 X 500 SikiAs, B R
71008 X 500 SEREOERS, R LW
71_005 X 1000 IR E

71_006 X 1500 B[R] FLBRR 8 45 1 A

71 007 X 2000 B S RA DR
71003 X 3000 JZIRE )€ 1) HEB)
71_004 X 3000 Wi, PRA

71 001 X 5000 Ko ks A i Ay

SR R, KA, FMA, a4l AMRECE, LB 1~10
um, FLETHRZ 8%.

d-5

72004 X 600 SEREEE, RINARS T P
72_001 X 1500 S, RARA

72_002 X 5000 Ji A

72_003 X 5000 KA, Ao

72_005 X 5000 KA, A%

SRR B AA e, K, RINA, TR AR SiMRECE, WEREAKRET, f
P LI, FLETR L) 5%,

e-1

82_008

%200

VR[] 25 R A A T

82_001

%300

SRIARRTRA L
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82_005 x500 A1 JERORL RIS
82_004 %1000 A1 SURE SRR )
82_007 %1000 A7 AR
82_002 x3000 SE T 2
82_003 %3000 IR R S A YRR )
82_006 %3000 E3XE

R R E da g, KA,
T, KRB E

S, TR SERIAHRAAEG R FLER LT JC kG
— B 1~8um, fLBHEZ 10%.

89 004 X 200 SRR, ARG YE
1 89 003 X 800 J7 A i B
89_002 %1000 L JUA il 2 ]
89 001 X 2000 SMiA
A A, KA A SRA SR SR, TR,
90_006 X 300 SiEUE, LRBRKE
90_003 X 1000 SERECE, FRImE
3 90_005 X 2000 ELE]
90_002 %3000 SEREUE, R YIR R
90_004 %3000 es o D ERDIRE )
90 001 X 5000 sikEUE, A LR

GRS B E A, KA, WA, A d. SiEeE, AL, Ak

TR FARE BB AT
TN 2R PR S g5 . FELQUATA200
%ﬁ%%(ﬁﬁxzwc

SiHFARL

loose structure

M A 2-008  x500

G2 48%

MRS : GB/T17359-1988

WA 2-007 x600 FLIAKRE, ZWA

pore developed, montmorillonite
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MR 2-003 x1000 K7, EHA ) 2-006 x1000 K AMASERA

feldspar, illite feldspar -alter montmorillonite

T e,

M 2-004 %2000 KAMEHE B 2-001 %2000 ZERiA

feldspar cleavage montmorillonite

M 2-002 %2000 KA, A3E B 7-006 x300 KAS5AZE, REBEM

feldspar, quartz feldspar, quartz, surface erosion
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FE R 7-001 x600 RITFLEREA R 7-004 x2000 JEACRERIR

large inter-granular pore scaly illite

M 7-003 x5000 WEERGERA B 7-005 %5000 ¥¥ZEIR

laminal illite erosion pore

M 7-002 %6000 ZEiA M 7-007 %6000 A

montmorillonite quartz
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MR 21-001 =400 Z5HEEE, BFAILIE B 21-007 x500 588 R INH %

dense structure, surface erosion

fE R 21-008 x1000 KAMHAZERA f ) 21-003 x1500 KA

feldspar-alter montmorillonite feldspar

MU 21-002 %2000 ZMAMABRIEFIA BT 21-006 x2000 A RN R HIE

loose structure illite quartz grain and surface erosion
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fE ) 21-005 x5000 ZEMA FE T 21-004 x8000 K- RMH B

montmorillonite

feldspar with surface erosion

WA 25-007 %100 M A 25-006 X500
MR RIBRE R FRRRE SWEmE, RAEGTEZERA, HEHEMH

compcat structure with fissure developed loose structur covered by montmorillonite

B 25-004 x800 K AMAESEA FE 25-005 x2000 KAAREE A

feldspar-alter montmorillonite feldspar-alter montmorillonite
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MR 25-003 %2500 KAR WA 25-002  x4000 ZERRA
feldspar weathering montmorillonite

M 25-001  x10000 M 47-010 %400
73 R RURLAA BEOHEAR SBAEL REAFEMA ATV YE S
calcite grain loose structure covered by montmorillonite. and clay

[ »

| AP,

8 47-003  x500 | FBLA 47-006  x1000
KA, A, HEry. SamxseE R, KAMWMEREA

feldspar, montmorillonite and clay. Surface erosion, feldspar-alter montmorillonite
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A 47-001 %2000 F ZEWT R H B 47-007 x2300 A5 FERL
guartz grain

MR F 47-008 x2300 MR FRHEBHEIKERE M 47-004 x2500 A

surface erosion quartz

H 47-002 ><4ooo E-Jpa | ﬁ’é)# 47-009 x10000 HfEA

montmorillonite calclite
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f )y 57-004 x300 f# Ji 57-006  x800
SR EE, REOAHITYERRAE S IR RIS

relatively compacted structure erosion pore and secondary mineral

B 57-007 x800 KRAWWHERA B 57-005 %2000 KA

calcite feldspar

B 57-001 x2500 ZREiA f A 57-002  x5000
montmorillonite R 57_001 M RIERCR, WA
local part of photo 57-001
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M 71-002 %500 M 71-008  x500

SR, BEHER SRS, RMAM LT YER

loose structure

comparatively loose structure covered by clay mineral
= _1; L B s L £ ;

A 71-005 x1000 ZRAKRE MR 71-006 x1500 Rifa]fLERARE &Mmis

pore intergranular loose structure

3 i'%.

N

M A 71-007 %2000 & AR A TEBRL M A 71-003 x3000 EREYiE mHEF)

angular quartz grain oriented mineral
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B R 71-004 ><3000 WA, HAA BH 71-00 x5oo KA TR & oA

montmorillonite, illite feldspar, alteration

B8 A 72-004 %600 A 72-001 x1500 ZEfiA, FRA
SEHBEE, RONBMIY YESD montmorillonite, illite

comparatively compacted structure

B H 72-002 %5000 HfEA B 72-003 %5000 KA, A

calcite feldspar, quartz
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Fﬁ 72-005 xooo KA, AE 82-008 x200 FHhL[E] &5 f AH ST HAE

feldspar, quartz comparatively loose intergranular structure

g '

’ o
h' 3 : . .
o
. ri T

A 82-001 %300 A 82-005 x500

SRR AARL PR e RET IR

comparatively loose structure quartz and secondary mineral

M8 Fr 82-004 %1000 M8 Fr 82-007 %1000

SRR R IR ER L7 PEE LGS

quartz and secondary mineral quartz alteration



Annual Report 2007—2009 Geological Report 73

& 82-002 %3000 HE F 82-003 %3000

B S = TR RAEFR R 4R
matrix pore . fibre mneral

B 82-006 x3000 ZEBL FE- 80-004 x200 ZHIBLA, HREHHWER

montmorillonite compacted structure

BB 89-003 x800 K AAAHETH B H 89-002 x1000 Z:H¥AphasiA

feldspar cleavage erosion pore
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B H 89-001 %2000 ZEfiA [ 90-006 %300 45 %, LRREE

montmorillonite compacted structure without fissure

M8 A 90-003 x1000 ZEHIEa%, R 8 i 90-005

compact structure

FELH 90-002 3000
SECE, KLV YIRE

&5 90-004

x2000 ZfHiA

montmorillonite
o

x3000
AT EOBRRRY Y

compact structure claystone with a little granual mineral
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compact structure

3.5 HWrEVIEFMR

3.5 Physical Mechanical Characteristic of

the Sandstone

A1 R DX 25 1 A ) B D) 2 FR A
WA 3-6, HIRATAN, AZSE T H
BhprE TR N 30.65MPa, RUTIRZEE R
UL N 24.49 MPa, Tb4& (A0
BRI h 11.39MPa, ik 2 ECh
0.46, J& T ZH a4,

The physical mechanical indices of the
sandstone in Yuanjuedong is illustrated in
Table 3-6, it can be seen from which that
the dry monoaxial compressive strength of
the sandstone is 30.65 MPa, the air-dried
compressive strength is 24.49 MPa, the
saturated monoaxial compressive strength is
11.39 MPa, the softening coefficient is 0.46.
So, the sandstone in Yuanjuedong is easy for

softening.

L AR A AT RSB A T L
Fa) 1A WS RAE R ST B A
KEARIGNTTHR)Z o W A7 2] X
BERID A b R AT LR S E (R K
BT oIz s IR BN R
AEERRAIRBGE TR, s 22 h e Jit
Fribia, SLBROK, GERnREL, 5K,
BACREUR, PIALRED 2=, fEARE

An
macrostructure of the Yuanjuedong stone

obvious  characteristic  of  the
carving standing wall is the weak muddy
intercalation developed in the sandstone rock
body. Several continuous extended weak
muddy intercalations are developed in the
sandstone of the cliff wall in Yuanjuedong,
which are in laminar or lenticular form of
different thickness. These ingredient of the
weak intercalation is mainly pelitic siltstone,

which is of high porosity, loosen structure,
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low intensity, low softening coefficient, poor
weathering  resistance  capacity, and
weathering flute is very easily formed in
these weak intercalation area in the natural

circumstance.
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Chapter 4 Environmental
Geological Disease Investigation
about Yuanjuedong Rock
Carving Area

The diseases category and their severity
should be investigated clearly before the
implementation about the grotto protection
projects, which will improve the efficiency
of the countermeasures and eliminate or
prevent further deterioration of the diseases,
thus to prolong the grotto life-span under the
principle of minimum intervention.

The disease about stone grottoes as cliff
sculptures means damage of the grotto itself
and the relative circumstances, which
resulted from natural geologic process or
activities of human beings. According to the
causes of the disease, the environmental
geological diseases can be divided into two
Classes: Class one is caused by the natural
geological environment as weathering, rock
destabilization, etc. Class two is the
aggravation of Class one or newly induced
disease  under the altered natural
circumstance, which is resulted from the
engineering activity of mankind as blasting,
deformation of the surface or slope rock
caused by mining, amplified weathering of
rock surface caused by acid rain, etc.

According to the investigation and
exploration of Yuanjuedong, the permanent
ground water level is far below the bottom
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of the stone carvings, and there is no
obvious destroy caused by ground water
seepage. Because most of the stone statues
in Yuanjuedong are exposed in the open air,
its key environmental geological diseases
are the fissure cutting and resulting rock
destabilization, dropping and weathering,
biological damage by moss, and the direct
destroy caused by rainwater erosion.

Group 10 and Group 37 in Yuanjuedong
were chosen as the subjects investigated by
Sino-German protection cooperation group.

There are 103 grottoes and niches and 1933
statues in Yuanjuedong, which are mainly
distributed in the southern and northern side
of the sandstone cliff of Mt.Yunjushan peak.
Group No. 1 to 14 lie in the northern side of
the cliff, and the others are located in the
southern side.

Group No. 10

The flat-top square grotto of Sakyamuni
with  height of 6.4m width of 4m and depth
of 3 m. The front wall is carved with
standing figure of Sakyamuni, and the figure
is 6 meter high, while its head is 1.3 meter
high and the base is 0.65 meter high.

The sandstone of the cliff rock presents three
different layers. From the ground surface to
2.25 meter high is the lithic packsand
containing micro pore, which is mainly in
the color of grey yellow. The middle part of
the cliff from 2.25 to 3.70 meter is weak
intercalation, which is mainly composed of
lithic siltstone cemented with pore didrimit
in caesious color, and brown yellow slime
stripes in diagonal bedding on the top can be
found. The upper part of the cliff (higher
than 3.70m) is calcic syrosem-contained
packsand, which has relatively high capacity
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for weathering resistance

Grotto No. 10 is relatively well preserved.
Weak intercalation is developed in the left
hand of the Sakyamuni figure with 5
centimeter thick, which has been repaired
before. Because of the differential
weathering of the caesious sandstone on the
outside of the west grotto wall, a small flute
was formed, which causes serious rock
falling in this area. Small falling pieces will
be formed on the top of the grotto, which
resulted from the water erosion. Because of
the fissure cutting and weathering influence,
quite a few falling pieces are formed on the
Sakyamuni figure itself. A 20 cm wide, 30
cm high and 30 cm deep loosening rock can
be found on the lower part of the grotto left
side. The weathering of the two Bodhisattvas
on the west wall is very serious, and the
shape of which can not be identified, while
clear water scouring can be observed.

On the right side of the Sakyamuni figure,
i.e. the east wall, falling pieces can be
observed on the existing Buddha head,
whose breast is cut by the horizontal fissure
with 1 mm gap, which damaged the Buddha
hands and head, and the earlobe is broken
off, the nose is loosened while the neck is
seriously weathered. The part of Sakyamuni
figure under the elbow is caesious
sandstone, which is weathered to blister and
lead to dropping pieces. Historical
restoration has been made on the legs, and
cavity resulted from weathering upwarping
can be found in the base rock. A fissure,
which is closed on the top with broad
bottom, is developed on the southwest
corner of the left wall, and historical
blockage can be observed. A horizontal
stratification fissure of 1 centimeter width
lies in the grotto roof, which is weathered as
flute.
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Fig.4—1 Weathering Condition of the

Buddha on the Right Side of Sakyamuni

figure in Group No.10
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The colored drawing outside of the Apsaras,
which located in the upper part of the left
wall, is partial destroyed by rainwater
washing, while the colored drawing on the
protruding part behind the Sakyamuni figure
is well protected. The rock body above the
caesious sandstone on each side of the grotto
is covered by moss (Figure 4-2).

& 4-2 10 SRRAFIR
Fig.4—2 Group No. 10

Group No. 37

Flat-top square grotto of 1 meter high, 0.9
meter wide and 0.5 meter deep, and the figure
of this grotto had been destroyed totally.

This grotto is badly preserved as a whole. The
upper part of the Buddha figure is lost, an
ellipse falling piece lies in the top
stratification, and a fissure of 5 mm wide
developed in the right wall. The weathering of
this grotto is very serious, blister of the apical
plate can be observed, and 1 to 5 mm thick
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SIS, EERAGHEIZ, #y crumbling occurred on the wall. The two rock
‘ N walls along the grotto are covered by moss.
JEJERE 1~5mm. YEEEMJZEE AT

BT (K 4-3),

& 4-3 37 SZRFIR
Fig.4—3 Group No. 37
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B 4-4 [RHIR 10 5% —Riln £ e %(2007.11)
Fig. Group 10-Sakyamuni(Photodd in Nov. 2007)
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Fig.4-5 Group 10-Sakyamuni from The Grotto Art in Anyue,Published in April, 1997
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Chapter 5 Analysis about the Disease
Mechanism and Its Influencing Factors

Yuanjuedong stone carvings exposed to the
natural geological environment form a long
term, and they are influenced and destroyed
by natural agency and human activity.
Therefore,  diseases as  weathering,
biological influence caused by moss, unsafe
rock, etc. are occurred on the cliff carvings,
in which the weathering of the rock carving
surface is the worst.

5.1 Surface weathering of the rock body

Surface weathering of rock body can be
classified into physical (mechanical) and
chemical types.

5.1.1 Physical weathering

Physical weathering means the mechanical
crush of the rock without distinct change of
the chemical ingredient, and the products of
physical weathering will be rock and
mineral fragment. Other types of physical
weathering are as follows: heating power
weathering, ice wedging, -crystallization
expansion, and load relief exfoliation, etc.

5.1.2 Chemical weathering

Chemical weathering means the change of
chemical ingredient of the rock, and new
secondary mineral will be formed. For
example, sorrel iron-oxide will be generated
when the iron contained minerals in the rock
react with water and air, the swell of certain
minerals when they absorb water, the
molecule structure change when the rock
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compositions react with water to form new
mineral. The reaction mentioned above will
reduce the hardness, decrease the density,
and expand the volume of the rock, which
leads to the break up of the rock body, and
then destroy the stone carvings, change the
rock ingredient, and produce new inactive
minerals under the surface conditions. For
instance, under the hydrolytic action, the
feldspar in the sandstone of the carving area
will form kaolinite, andreattite, chlorite,
potassium hydroxide and silicon dioxide.
Both hydration and oxidation will generate
alternative impregnation of brown hematite
on the carving stone surface.

The most prominent physical weathering in
Yuanjuedong is heating power weathering
and mineral crystallization  expansion
weathering, which often lead to the layered
exfoliation, upwarping and smash of rock
surface. These two kinds of weathering are
widely existed in Yuanjuedong, which are
the main types of rock surface weathering.

The warm and humid climate in
Yuanjuedong is favorable for the chemical
weathering, which also contributes greatly
for the weathering in Anyue County.

5.2 Biological weathering

There are mainly two kinds of biology
influencing the stone cultural relics, one is
microbiology as bacteria, fungus, algae and
lichens, while the other is higher level
biology as moss, plants, insects, etc.

Biological weathering means the breakage
influence of biological activities on the rock.
On one hand, biological activity leads to
mechanical destroy of the rock. For

Annual Report 2007—2009
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example, the root growth of vegetables will
generate 1.0 to 1.5 MPa press for the rock,
so, the root system in the crack will split the
rock. On the other hand, organic acid will be
excreted from the plant root, which can
decompose the rock. Furthermore, humic
acid during the decomposition of the died
vegetables has strong capacity for the
destroy of the rock.

Anyue County lies in middle subtropical
monsoon area with humid climate and
plenty of rainfall. Lots of widely-opened
structural fissures are distributed on the cliff
wall of Yuanjuedong, which is filled in by
the earth of Quaternary System, thus provide
good living environment for the weed and
tree. Large numbers of moss, weed and tree
are grew on the cliff wall of SCA, these
plants, especially their flourishing root
system have great influence on the stone
carvings. Firstly, the plants prolong the
residence time of moisture on rock surface,
and then extend the time of permeation to
the grottoes, which will increase the acting
time of water and rock. Secondly, during the
plant growth, the rotting and deterioration of
its root system will generate acid materials,
which can accelerate the corrosion and
dissolution of the rock. Thirdly, the plant
root will extend continuously along the rock
crack, which will expand the crack and lead
to the break down and falling of the rocks.
The trees growing in the fissure, weathering
flute and weak interlayer have even greater
influence on the cliff rock, and the
flourishing root system will break down the
rock, decrease its intensity and then increase
the velocity of rock instability (Figure 5-1).
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B 5-1 HEEFRARK B EEYRIREF
Fig.5-1 Biological Weathering Disease Resulted from Plant Root Growth

- 5.3 Influencing factors on the Disease
R ZI3 QBN
5.3 m{HE’(Jﬁ%m% ﬁlﬂ% of Yuanjuedong stone carvings

=0 51 T B R %0 e A 2 gl The main influencing factors on  the
disease of Yuanjuedong cliff carvings

FEEATLL LS are as follows:
Iy A ARRERPE i 1. Characteristic of the rock material

[ 5 BT R AR I g ok 9 & )2 The rock  of - Yuanjuedong is the
- N N N mud-calcic cementitious sandstone of
URVe s e i ib e o FOFOBERE, 9% the Jurassic Period (J3sn-1) in the form of

FEG o AR TR S b S K 2] v hick _Iayers., which is of high hardness
i . - and intensity. Generally speaking, the
& 20%. WKAREN 83%. BAMARIN  \water absorption rate  of mud
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saturated compression strength of

IR PR IZEREL Vertical direction ranges from 5 to 12

R T8 sJe LA P A XK, T e 2 T A MPa. The mud cementitious sandstone
is soft rock and liable to weathering, the

main composition of which, i.e. feldspar
IS very susceptible to chemical
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weathering under the water saturation
condition, which is the main reason for
the weathering flute in the weak
embedding stratum of the cliff.

2. Fissure effect

Because of the influence of geological
structure movement, natural
environment and human activity, plenty
of fissures are formed in the cliff of
YJD SCA, which can be classified as
horizon fissure, tectonic fissure, relief
joint and weathering fissure. Under the
cutting effect of these fissures, the cliff
rock body is subject to sliding and
turning over, thus influence the stability
of the rock body itself.

Horizon fissure is generated during the
formation of the rock.

Tectonic fissure means the fracture
surface produced by the influence of
tectonic stress on the rock body.

Relief joint is mainly distributed in the
rock near the ground surface, which is
resulted from the stress relief and
adjustment.

Generally speaking, weathering fissure
refers to the irregular crack in the
weathering zone of rock surface.
However, when the rock containing
easy weathering minerals extends deep
to ground, the weathering fissure will
also spread to the deep part of the rock
body.

The rock stratum structure disease in
Yuanjuedong is mainly composed of
tectonic fissure and relief fissure. The
tilt angle of tectonic fissure is almost
perpendicular, and the relief fissure is
always of greater width. These fissures
not only destroy the integrity of the rock
body, but also provide the passage for
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the air, water and aqueous gas, and then
decreases the stability of the rock body
while accelerate its weathering.

3. Temperature effect

The weather of Anyue County is
subtropical humid climate of middle
monsoon area, with four clear seasons,
mild temperature, abundant heat,
plentiful rainfall, less sunshine, high
humid, long summer and warm winter,
while the evaporation is slightly higher
than  precipitation. The average
temperature of long term is 17.6 degree
centigrade without great changes during
the whole year. The maximum
temperature is 40.2 degree centigrade
while the minimum is minus 3.7. The
temperature difference between day and
night and between different seasons
causes the swell and shrink of the rock,
which generates temperature stress and
then destroys the superficial structure of
rock surface, accelerates the weathering
exfoliation.

4. \Water erosion

The water in the rock includes free
water and bound water, and their main
influence on the rock is to change the
substance ingredient and structural
form. The influences of water on rock
are as follows:

(1) Wedging action: water molecular
will wedge into the micro fissures under
the sweating action, and then exert
certain stress to the fissure wall to make
it wider.

(2) Lubrication: the water molecular in
the fissure forms bound water film,
which will separate the solid surface of
the fissure wall during their relative
shear displacement, and act as lubricant
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to reduce the friction force and increase
the deformation capacity.

(3) Dissolution: when the rock
containing soluble salt or connected
with colloid mineral submerge is soaked
with water, the slat or colloid will be
hydrolyzed, and the strong agglutination
will change to weak water colloid
connection, which will reduce the
friction force and decrease the intensity
of the rock. For example, some
aluminumsilicate minerals will be
decomposed to new secondary clay
minerals when reacting with water,
which will remarkably reduce the rock
intensity.

(4) Underground erosion: the permeated
water will take away the soluble
substance and even the fine particles in
the rock, which will greatly decrease the
rock intensity.

(5) Stress coupling between water and
rock: the permeated water in the rock
will flow through the fissures, whose
permeability is very sensitive to the
stress. The stress in the rock influences
its permeability greatly, and contrarily,
the change of permeability will
influence the stress distribution in the
rock, which then affects the intensity
and stability of the rock body.

The influences of water on rock body
are always happened simultaneously.
The rock intensity and deformation
modulus will decrease when saturated
with water, so softness will be used to
characterize the intensity of water
saturated rock. The mechanical property
of rock will decrease under the
influence of water. When the water
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saturated rock suddenly under stress and
the water can not be discharged, certain
pore water pressure will be generated in
the open space of the rock.
Consequently, the shear strength will be
reduced, which may even destroy the
rock cohesion by pulling the top of
micro fissure in the rock.

The water erosion in Yuanuedong is
mainly caused by rainfall.

The average precipitation in Anyue
Country is 1025.8 mm per year, and the
maximum annual rainfall is 1420.2 mm
while the minimum is 688.3 mm. The
precipitation is often occurred from July
to September, and July is always of the
highest volume of rainfall. The
rainstorm and heavy rain will flush the
rock surface and infiltrated into the
fissure, which will generate high
hydrostatic pressure and osmotic
pressure and then destroy the rock body.
Water can destroy the cementing
material, and the sandstone will lose 15
percent of its intensity when saturated
with water.

5. Atmosphere effect

Air quality deterioration is also one of
the influencing factors on the stone
cultural relics of Anyue County.
Although the influence of atmosphere
on rock material is very slow, which is
often imperceptible, it is affects the
durability of the stone carvings all the
time. With the industrial development,
the air pollution in urban area becomes
more and more serious, and its adverse
impact on the material of the cultural
relics gets more and more remarkable.
Some typical gases which have
relatively great influence on the stone
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EARAT s AL CRidkA. B4 (0,)  carvings are as follows: sulfur dioxide,
sulfur trioxide, ozone and chlorine.

EETR

B 5-2 N AZIETE RS E & 5-3 SEAERE N IR E
Fig.5-2 Damage Caused by Human Fig.5-3 Smoking Disease Caused by Sacrifice
Activity and Perfume Burning
6. NI 6. Influence of Human Activity

DKM 2 A2 s sk Human  activities  have  incredible
. . _adverse influence on the stone carvings
SRCRE G, Py s B JLRR s of Anyue County, and lots of cultural

1, IR SRR, e relics have been destroyed during the
anti-Buddhism  movements in the

G AL RIS R history, some of the stone figures,
emboss carvings and stele inscriptions
in the grottoes were fully devastated.

AL, b6 2 e AT 16 R, B X 4 Witt_} the _thri\_/e_ of tourism, quite a lot
tourists will visit the Yuanjuedong stone

SRR KB IE, W2 1—24A W carving area every year, and some of the

TEENRAE - E EER, W, B FEL incivilization activities as unexpected
writing and inscription, willful destroy,

GALmE (] 5—2), HEBIHTE. FEK etc., will influence on the rock cultural
relics to some extent. Moreover, the
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smoke and fire during sacrifice will
cause smoking diseases on the grottoes.
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Chapter 6 Stability Assessment about the
Unsafe Rocks in Yuanjuedong Stone
Carving Area

According to the onsite investigation, there
are 4 unsafe rocks in Yuanjuedong. The
analysis and assessment of the unsafe rocks
are as follows:

It can be concluded from laboratory
experiments that the density of the
sandstone vy is 21.86kN/m3, the shear
strength coefficients ¢ and ¢ are 500 kPa
and 32° respectively, and the shear strength
coefficients of pelitic siltstone (weak
embedded stratum) ¢ and ¢ are 10 kPa and
23° respectively. Based on the Code for
Seismic  Design of Buildings (GB
50011-2001) and take into consideration of
the value and irreproducibility of the
cultural relics, the seismic intensity should
be grade IV and the horizontal seismic
influencing coefficient ah should be 0.127
(i.e., the horizontall seismic acceleration
rate is 1.27 m/s2) during the design of the
protection projects in Yuanjuedong.

The unsafe rocks in Yuanjuedong are
isolated rock bodies resulted from the
intersect of different fissures and weak
intercalation, and there two possible
destroy types. Type one is sliding destroy
caused by interface movement. Type two is
break down destroy to the rock free face,
which is resulted from the approximate
vertical wide fissure and weather flute, i.e.
the rock body will be pulling apart taking
the deepest point of the flute as the pivot.
The stability coefficient of the rock body is
always calculated by theory of ultimate
equilibrium in geotechnical engineering.

The unsafe rock body is in the state of
ultimate equilibrium when the stability
coefficient K equals 1.0. In the engineering
practice of stone cultural relics protection,
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K equals or a bit of higher than 1.0 does
not means the stone carving in stable
situation, and K must meet the rudimental
safe requirement, which is called allowable
factor of safety i.e. Ks. At present, there is
no specific regulation about the allowable
factor of safety for the reinforcement of the
stone cultural relics. Because of the
importance of the cultural relics, the
recommended allowable factor of safety K
is 1.3 for the stability analysis, and the
standard for the stability analysis is as
follows:

K<1.0 unstable
1.0<K<1.3 metastable
K>1.3 stable

6.1 Stability calculation for No. 1 unsafe
rock

No. 1 unsafe rock lies on the left wall of
No. 7 Jingping Kwan-yin Niche, which is
2.2 m high, 1.22 m wide, 0.9 m thick and
2.9 m above the ground surface. Both on
the bottom and top of the unsafe rock No.
1, a weak intercalation is developed.
Because of the intersect of the relief joint
with 650 dip angle and the weak
intercalation, the upper part of the unsafe
rock is separated from the mountain body,
and only the 0.8 m lower part supports the
load of the whole unsafe rock, which can
be seen from Fig 6-1. The possible destroy
mode of this unsafe rock under the
influence of gravity and circumstances is
downward shear sliding destroy along the
fissure surface.

Annual Report 2007—2009
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Longitudinal Profile of No. 1 dangerous Rock
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Front View of No. 1 Unsafe Rock
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Fig. 6—1 Dangerous rock mass of No. 1

PR TV 2 SR 77 BT AT The equation for one side sliding
destroy resulted from shear force

N /\ L] . . -
HA 57 X8 influence is as follows:
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Gxcosaxtang+cxS

K:%:
W
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W, _ (Gxcosa—Qxsinag)xtang+cx S

(6-1)

GxSina

The calculation equation will be
changed as 6-2 when the seismic
effect is taken into consideration:

K=

(6-2)

W G xsina+Qxcosa

S

s
K—fa A e e R 4L
W—3iti# 71(kN):
W53l 71 (kN);
G—fE A A T JJ(kN), G=v XAXB;
Y —fE A A EE (KN/m®);
A— G FARLE ST EATIRL (mP);
B— A A T 1 ) b
FE (m);
o —f& 2 PR T ZKSF 7 1) (9 % A
OF
Q —1EHTE & 4 & b 17K ¥ Hu 7% J)
(kN), Q =anXG;
— 7K HiLURE R R A
& —fEE BRI I N ERE A (©);
c—fa e RBIA T IR 2R 1) (kPad;
S— & A PRV AEBICIN THI ARG A 870 1
A (m?).,
AN FEHTE A 52 -

Where

K is the stability coefficient of the
unsafe rock

W, is the skid resistance force (KN)

W is the skid force (kN)

G is the gravity of the unsafe rock,
which equals yxAxB, and vy is the
unsafe rock density (kN/m®), A is the
sectional area (m?) and B is the width
perpendicular to the plane section of
the unsafe rock (m)

a is the included angle of the sliding
face to the horizontal direction (°)

Q is the horizontal seismic force

influencing on the unsafe rock, which
equals ayxG, and ay is the horizontal
influencing coefficient by earthquake
¢ is internal friction angle of the
failure plane of the unsafe rock (°)

c is the cohesion force of the failure
plane of the unsafe rock (kPa)

S is the adhesion area of the potential
failure plane of the unsafe rock (m?)

When the seismic influence is not
considered:

Annual Report 2007—2009
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The gravity of the unsafe rock is

G=y XAXB=21.86X1.0X0.9=196. 74 kN

AR IS 1 £ R Bt
$6 S A TS AE RSO THD AR R 25 8 0 1T AR
$=0.97m?.

WAEOL, e

According to the onsite fissure
connection investigation results, the
adhesion area of the potential failure
plane of the unsafe rock is determined,

i.e. $=0.97m’.
B oamssHom A (6-1) 1, 4 Then, it can be calculated from
equation 6-1
K - Wr _ Gxcosaxtang+CxS  196.74x cos65° tan 32°+10 x 0.97 1 001
W Gxsina 196.74 x sin 65° '
2 e RE A FH P 50« When the seismic influence is
considered:

The horizental seismic force is

Q =anxXG=0.127X196.74=24.99 kKN

(Gxcosa—Qxsing)xtang+cxS

KA RE T
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BERAS o E 5 bR N 32 1) 4%
T, S R R E T R BN
0.87, R KRASGa kit A
KNS 15 AR EAT I 4k
B BT A AL B

6.2 2 SfE AR E T H

6

2 S AWML T 7 SN
FIAEE (K 6-2). Z4f J1. J2
107 SEMARE FE R A 5%

Gxsina+Qxcosa

It can be concluded from the calculation
results that the No. 1 unsafe rock is in the
state of ultimate equilibrium when the seismic
influence is not taken into consideration.
However, when the seismic influence is taken
into  consideration, the rock stability
coefficient is only 0.87, which means break
down will occur about this rock. Therefore,
the reinforcement about No. 1 unsafe rock
should be carried out timely, and anchoring
measures are recommended.

.2 Stability calculation for No. 2 unsafe rock

As shown in Figure 6-2, No. 2 unsafe rock
lies on the right wall of No. 7 Jingping
Kwan-yin Niche. J1 and J2 fissure intersect
with the weak intercalation on the upper part
of right wall of No.7 Niche, which is in the
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99 RIS, %55 1.6m,  Position of the apsaras, and lead to an unsafe
.. . rock with 1.6 m high, 0.6 m thick, 1.2 m wide
LHESE 1.2m, FHESE 0.6m, JF 0.6M  in the top and 0.6 m thick in the bottom. The

(e Ak . KR 2Rt 4 T-f stone carving of apsara_s I_ies on the unsafe
rock. The unsafe rock is intersected by the

L e SEE SRR, L fissures, which results in the separation of the

S S A S, AR N4y 5 upper part from the mountain body, and only
o N e . small lower part is adhered on the mountain.
ARG ST o S RN ATRERAIEA The possible destroy mode of this unsafe rock

S VR L R T BV R is shear sliding destroy along the fissure
surface.
2 S AR E ) The gravity of No.2 unsafe rock is

G=y XAXB=21.86X0.53X0.6=69. 51 kN

L T 47 1 755 22 [ ) S R T L According to the onsite fissure connection
o s investigation results, the adhesion area of
2 S R ERIR TR Y1 the potential failure plane of the unsafe

i S=0.48m2. rock is determined, i.e. $=0.48m?.

EARZEWE HVER R When the seismic influence is not
) considered:

B sEei AR (6-1) 1, It can be calculated from equation 6-1 that

/=

1

K = Wi _ Gxcosaxtang+CxS 6951xcos64°xtan 32410048 _ ., .

W, Gxsina 69.51x sin 64° '
I e W 7= 3V T IR S When the seismic influence is considered:
IKFEHTE S The horizental seismic force is
Q =a»XG6=0.127X69.51=8. 83 kN

WO % S8 AL (6-2) th, Itcan be calculated from equation 6-2 that

%3‘:

K _ W, _ (Gxcosa—Qxsina)xtang+cxS
W, Gxsina +Qxcosa -

S

1. 15

HWEEREY], ALk It can be concluded from the calculation
results that the stability coefficient of No. 1

S AULNNE S0 S N e R NS (IE SV unsafe rock is 1.303 when the seismic

PEZECH 1.303, A TRAEIRA. infl_uence is not taken into consideration,
which means the state of stable. However,
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T S R 2SN, Raetk %% when the seismic influence is taken into
consideration, the rock stability coefficient is

A 115, AT REGEIRS, 1.15, which means the state of meta stable,

B8tk F AT i [ b and reinforcement is needed.

Anchoring measures are recommended for the
reinforcement of No.2 unsafe rock.
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Fig. 6—2 Dangerous rock mass of No. 2
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There is a small extrusive local unsafe
rock lies on the top left corner of No. 2
unsafe rock (face to the unsafe rock
area), which is under the intersect of
fissure and weak intercalation, and only
connect very small part with the
mountain. The small local unsafe rock is
in the ultimate equilibrium state, and
break down will occur even under minor
disturb, which will threat the safety of
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tourists and need urgent reinforcement.
Since no inscription lies on this small
local unsafe rock, it is suggested to
remove it.

6.3 Stability calculation for No. 3 unsafe
rock

No. 3 unsafe rock lies on the position of No.
15 “fa#5(GUI HE)” inscription, which is
formed by the scission of two wide fissures
of almost vertical direction. One fissure, i.e.
the relief joint up to the “GUI HE”
inscription, occurs in the angle of 840 /
820, whose top is filled with earth and
growing plants. The other fissure is
approximately vertical with 20 to 40 cm
width, which is also filled with earth and
growing plants. A 5.5m high and 3.6 m thick
separate huge rock body is formed between
these two fissures, which can be seen from
Figure 6-3.

On the very right side of the “GUI HE”
inscription area (facing to the inscription),
between the two weak intercalation, a
weathering flute is developed, and falling
pieces is observed along the flute. The flute
has been restored after its destroy, but the
restoration is loosening now. Under the
influence of gravity and circumstances, the
tensile stress will be concentrated on the end
of the relief joint, which will further deepen
the fissure. Taking the deepest point of the
flute as the pivot, the unsafe rock maybe
break down to the free face, and the splitting
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5 2 0 1 e a AR ) e AamT e of the plant root system in the fissure will
vE exacerbate the destabilization possibility of
’ the unsafe rock.
Fhr S oA 7 X3 TR E Assuming the destroy mode is pulling
, . s breakdown, the equation for the stability
J SN LN A N\ Sh
HET TR R RSN assessment will be as follows:
G, xL, + M
G, xL,

K = (6-3)

K e E AE R, Hal A5 When the seismic influence is considered:

A
G,xL,+M
= —4
GxL +F,xL,+F xL_ (6-4)
~ Where
At M is the moment of the sandstone
M— [ BRI RD A Pidr Skt 2 5 O stretching resistance of | failure plane to
pivot O
ipaFEr L;and L, are the arm of force relative to

Lis Ly—37 £ O P44 g HExt O pivot results from_the rock gravity
beside pivot O respectively

T O S I, Lniand Lo are the arm of force relative
. to O pivot results from the horizontal
Lhis L /KPR SIHIXT T35 O seismic force respectively
Fni and Fp, are the horizontal seismic
A Eﬂ‘:o
70 force respectively

Fris Fro—7KPHUFE J7,

(EARZERE HVER R, % [ fetkm.  When seismic influence is  not
considered, for 1 failure plane: the

WA PR HL 0 ¢ =0. 28MP4; tensile strength of the sandstone o is
0.28MP,
ZE3 0 A On the right side of pivot O:

kT f) G= y X A X B=21. 86 X The gravity of the unsafe rock
LR G1=yxAxB=21.86x8.87x3.0=581.695

8. 87X 3.0=581.695kN, J1%¥ L=1.45m; kN, and the arm of force L; is 1.45 m.

ZE 0 250 On the left side of pivot O:

k) Gy X AXB=21.86x  1he gravity of the unsafe rock
BEBEETD G G=yxAxB=21.86%9.14x3.0=599.401

9.14X3.0=599. 401kN, JJ& 1.2=1. 74m. kN, and the arm of force L, is 1.74 m.
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&S (6-3) th, 78 Then, it can be calculated form equation
- C 6-3 that

G, xL,+M _599.401x1.74 +487.21
G, xL 581.695 x1.45

K =124

S s VR R, % T aEdRE . When  the  seismic influence s

considered, for | failure plane:

YA O AN, HEAET S Fu=an On the right side of pivot O, the
o horizontal seismic force F.= a , X G,

X Gy =0.127X581.695=73.875kN, JJ  =0. 127X 581.695=73.875 kN, and the
Ln=2.53m; arm of force Li; is 2.53 m.

(a) 3 5EAHAMBER (b) 3 S/EAEMAETFEHE
(a) Fissure on the Right Side of No. 3 (b) Plane View of No. 3 Unsafe Rock
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Fig. 6-4 Dangerous rock mass of No.4
YO A, HUEAER ) o= a X On the left side of pivot O, the
horizontal seismic force F.= a , X
=0. 127X599. 401=76. 124 kN, and tt



106

Geological Report

Annual Report 2007—2009

G, =0.127 X 599.401=76.124kN , Jj &
Lpo=2.48m.,

KHSHE A (6-4) ., 15

G,xL,+M

arm of force L, is 2.48 m.

Then, it can be calculated form equation
6-3 that

599401x1.74+487.20

- - =0. 86
G,xL +F,xL,+F,xL, 58L695x1.45+76124x2.48+73875x2.53

HIVH S R T 0, ANH SRR
K=1.24, feaikhREeIREs; fE%E
MRS DL Y, fEa T RERAR, M
AT I A B

6.4 4 SfEaAREETE
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SR T R Juso 4B Jur hy— SR I fr 24
BT, PRl 1520 £81° , 3K IT IR 20cm,
HrP B RAEOR: T R BRI 4 5
fEE R E DI EI . £ FHRE 5%
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F 1o 5 T MDIEI S8 63 53 A hES A
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NSRS AN SUCE e S 67 N )7
5w RN, FECE AR (E
6-4),

It can be conclude from the calculation
results that K is 1.24 when the seismic
influence is not taken into consideration,
which means the unsafe rock is in
meta-stable state. And when the seismic
influence is taken into consideration, the
unsafe rock will be in unstable state, and
urgent reinforcement is needed.

6.4 Stability calculation for No. 4
unsafe rock

No. 4 unsafe rock lies on the left wall
No. 63 Niche, western inscription area
of south wall of the mountain. Two
fissures J;7 and Jig are developed on
the left wall of No. 63 Niche. J;7 is a
relief joint occurs in the angle of 152°
~81° with about 20 cm open width,
which is filled with loose clay and
forms the trailing edge of the cutting
plane of No. 4 unsafe rock. Jig, which
occurs in the angle of 0° £20° is
developed in the lower part of No. 63
niche, and the width of this fissure
ranges from 0 to 15 cm. Because of the
intersect of Ji7 and Jig, the left wall of
No. 63 Niche becomes unsafe rock.
There is a weathering flute developed
along Jig fissure, and the trailing edge
of the rock upper than J;g maybe break
down to the free face by gravity
pulling, which will result in the
destabilization of the rock body.
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BRI TR AP )X S 0 1
JIRiH Fs:

SO A, fER AT Gl=y X
A X B=21.86X2.19X0.82=39.256kN, 7]

B 1,=0.41m;

ST O e, fEEARTE ) Go=v X
AXB=21.86X2.81X0.97=59.584kN;

B% L2:033m o

R&ZHANK (6—3) 1, 15

G, xL,+M 59.584x0.33+134.4

When seismic influence is not

considered:

For I failure plane:
The tensile strength of the sandstone o;
is 0.28MP,

On the right side of pivot O, the
gravity of unsafe rock
G1l=yxAxB=21.86x2.19x0.82=39.256
kN, and the arm of force L; is 0.41 m.

On the left side of pivot O, the gravity

of unsafe rock
2=yxAxB=21.86%2.81x0.97=59.584

kN, and the arm of force L, is 0.33 m.

Then, it can be calculated form
equation 6-3 that

K =
G, xL

2 S AR, Ok T AR
Ifl:

A O A, HEAEM S Fu=anX
G; =0.127 X 39.256=4.986kN, 3
Ly;=0.34m;

SR O 2o, HuREAEH J) Fro=a g
X Gy, =0.127 X 59.584=7.567kKN, Jj¥
Ln»=0.49m,

=1.23
39.256x0.41

When  seismic  influence is
considered, for I failure plane:

On the right side of pivot O, the
seismic force Fri=apxGy
=0.127%39.256=4.986kN kN, and the
arm of force Ly is 0.34 m.

On the left side of pivot O, the
seismic force Fro=anxG,
=0.127x59.584=7.567 kN, and the arm
of force Ly, is 0.49 m.
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G,xL,+M

:Gle1+Fh2th2+Fh1th1

59.584 x0.33+134.4

" 30.256 x 0.41+ 7.567 x 0.49 + 4.986 x 0.34

I TSGR AT, RN R R
BN K=1.23, 4 Sfaakab TR EE
WA FeHEZ A Z= N K=0.92, f&
EHRRAR, NOZAHE A AREAT A
H,

= 0.92

It can be conclude from the
calculation results that K is 1.23 when
the seismic influence is not taken into
consideration, which means the unsafe
rock is in meta-stable state. And K will
be 0.92 when the seismic influence is
taken into consideration, which means
the unsafe rock will be in unstable state,
and urgent reinforcement is needed.
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Chapter 7 Prevention and Control
Countermeasures for the Environmental
Geological Diseases

According to the analysis mentioned above,
the main environmental geological diseases
in Yuanjuedong can be divided into three
types, i.e. rock collapse, weathering and
biological breakdown, and the key reasons
for these diseases are the long term
geological and biological influences on the
stone carvings. Therefore, the basin
principles for the disease prevention and
control are to change the geological
environment, improve the resistance
capacity of the rock to the geological
influences, reduce or eliminate the natural
geological destroy. The countermeasures for
the diseases are as follows:

7.1 Anchoring of the unsafe rock

There are four unsafe rock bodies in
Yuanjuedong. Take into consideration the
influence of earthquake, the stability
coefficient of these rock bodies are below
1.3, and they are in unstable conditions,
which gives threat to the safety of tourists
and cultural relics. Therefore, it is urgent to
take measures to reinforce these rock bodies.

The damage type should be considered
during the reinforcement of the unsafe rocks,
thus to select suitable countermeasures.

The most possible damage type for No.1 and
No.2 unsafe rock is single side slide. Since
these two wunsafe rocks have limited
deadweight with only 1 m thick, short
anchorage bar is recommended for the
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reinforcement. On the same time, filling and
cementing method will be used to strengthen
the weak embedded weathering flute.

The most possible damage type for No.3 and
No.4 unsafe rock is as follows: the
deformation and pullapart of the unsafe rock
to the free face, which is resulted from the
influence of gravity, and will finally lead to
break down of the separated rock to the free
face. The supporting and retaining wall can
be constructed in the hanging up area under
the unsafe rock to reinforce it. Furthermore,
anchorage bar technology, which will
penetrate through the relief fissure, can be
adopted to connect the unsafe rock and
mountain. Prestress bar should be used
during the anchoring process, while grouting
and cementing reinforcement should be
carried out for the relief fissure, thus to
increase the integrity of the cliff rock body.

The anchored rock body should be treated in
the style and color of the ambient rock and
carvings, thus to keep the original
appearance of the rock in Yuanjuedong.

7.2 Treatment of the weathering and
biological

The weathering diseases in Yuanjuedong are
mainly in physical and biological type.

7.2.1 Treatment of the physical weathering
diseases

Under the influence of temperature and
humidity difference, the surface layer of the
rock in Yuanjuedong becomes loosening,
and plenty of weathering fissures will be
generated, which leads to the exfoliation of

Annual Report 2007—2009
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the stone carvings. The weathering
phenomenon mentioned above mainly exists
in the peripheral small stone grottoes along
the rock body. Such kind of grotto, which
has limited protection structure, is subject to
the precipitation and solar radiation and in
relatively serious weathering condition.

Condensation effect intensifies the
weathering of the carving rock body.

According to the investigation, the grotto
scale of Yuanjuedong is rather small, and the
eaves work well for the protection of the
statues. Therefore, it is recommended to
restore the original eaves of all grottoes.

7.2.2 Treatment of the chemical weathering

Chemical weathering mainly occurs in the
chemical reaction process between the
aqueous solution and the minerals in the
stone statues, which will destroy the statue
structure, change the rock ingredient, and
produce stable new mineral under certain
ground surface conditions. For instance,
under the hydrolytic action, the feldspar in
the sandstone of the carving area will form

kaolinite, andreattite, chlorite, potassium
hydroxide and silicon dioxide. Both
hydration and oxidation will generate

alternative impregnation of brown hematite
on the carving stone surface.

The mineral and chemical ingredient
analysis of the rock and the chemical
analysis of groundwater in Yuanjuedong
were conducted in this research project,
which provides fundamental data for the
prevention and control of the chemical
weathering disease. It is recommended that a
representative area near Yuanjuedong should
be selected to carry out the in situ
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experiment about the anti weathering
material, and the organosilicon composite
material mainly composed of

methyltrimethoxy silane should be used,
thus to provide basis for the weathering
prevention and control of the sandstone in
Yuanjuedong.

7.2.3 Treatment of the biological weathering

Biological weathering in Yuanjuedong is
mainly resulted from the split effect of the
vegetables root system in the tectonic
fissures, which will widen the fissure and
break down the rock body. The corrosive
influence resulted from moss growing on the
stone carving will generate black sediment
on the rock surface.

The moss and fungi in Yuanjuedong is very
flourishing, which has close relation with the
humid circumstance of this area. The
existing environment of Yuanjuedong stone
carving can be changed through engineering
projects as drainage system construction,
eave restoration and fissure plugging, thus to
keep the dry state of the grotto and to
restrain the growth of moss and bacteria
efficiently.

7.2.3 Environmental pollution prevention
and control

The environmental pollution belongs to the
second type of environmental geological
diseases. The acid rain, sulfur dioxide and
nitrate ion in the air, which is resulted from
environmental pollution, will corrode the
stone carvings.

The influence of environmental pollution,
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TN, eF L Ak 2 BRSO monitoring should be carried out to make
reasonable prediction about the progress of

BT BUS SLIEIR B, DUR) T environmental pollution. The environment

S 2K quality should be improved through
governmental legislation, which is in favor
of the long-term protection of the
Yuanjuedong stone carving.
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Chapter 8 Conclusion and Suggestions

The statues in Yuanjuedong are all distributed
on the sandstone cliff of 6 to 15 m thick. The
silty mud interbedding in the sandstone has low
weathering resistance capacity, which always
leads to weathering flute. The sunshine and
rainfall result in serious weathering on the stone
carving surface. The corrosion caused by
covering of moss and fungi and the split caused
by plant root system result in biological diseases.
The wide and large fissures, which is almost
perpendicular, cut the rocks in Yuanjuedong and
make it unstable, thus lead to breakage diseases.

The basic reason for these geological diseases is
the long-term influence of different geological
process and biological coverage. Therefore, the
basin principles for the disease prevention and
control are to change the geological
environment, improve the resistance capacity of
the rock to the geological influences, reduce or
eliminate the natural geological destroy.

The conclusion and suggestions are as follows:

1. The fissures developed in Yuanjuedong are
mainly tectonic fissure, relief fissure and bedding
fissure, which cut the rock into pieces, and they
are the key factors for the instability of the rock
in this area. It can be concluded from the
investigation and calculation that 4 unsafe rocks
lie in Yuanjuedong, all of which are in unstable
status, and give threat to the safety of the tourists
and stone cultural relics in Yuanjuedong. It is
recommended to take measures of anchoring bar

Annual Report 2007—2009
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and supporting wall to reinforce these unstable
rocks, and the anchored rock body should be
treated in the style and color of the ambient rock
and carvings, thus to keep the original
appearance of the rock in Yuanjuedong.

The No. 8 Grotto of Yuanjuedong in rock carving
area has large depth, which leads to serious water
condensation  in  summer, makes the
circumstances very humid and does harm to the
preservation of the stone carving. It is suggested
to improve the ventilation condition of the grotto,
and dehumidification measures should be taken
during June and August, when the water
condensation is very serous.

The weathering diseases in Yuanjuedong are
mainly in physical and biological type. Lots of
fissures develop under the influence of physical
weathering, which leads to the exfoliation of the
stone carvings. Biological weathering is resulted
from the split effect of the plant root system in
the tectonic fissures and the corrosion and
coverage of moss on the stone carving surface.
New weathering resistance  material is
recommended to prevent and control the
weathering of the sandstone in Yuanjuedong, and
representative area should be selected first to
carry out the in situ experiment, which will
provide basis for the weathering prevention and
control work.

4. It can be concluded from the investigation that
the eaves work well for the protection of the
Yuanjuedong  statues.  Therefore, it is
recommended to restore the original eaves of all
grottoes.

Environmental pollution corrodes the stone
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carvings. It is suggested to carry out effective
monitoring to make reasonable prediction about
the progress of environmental pollution, and the
environment quality should be improved through
governmental legislation, which is in favor of the
long-term protection of the Yuanjuedong stone
carving.

6. Long-term monitoring  about  the
environmental geological diseases should be
improved and strengthened, thus to understand
and assess the efficiency of preservation
measures and the status of environmental
changing.

The preservation technology archives should be
setup and improved, thus to record and classify
the time, condition and scope of all kinds of
diseases, which will accumulate and provide data
for the prevention and control of the
environmental geological diseases.
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Basics

Structure of Rocks

Every rock is made up of various mineral com-
ponents, which influence the stone structure due
to their linkage. The qualitative and quantitative
description of stone can be made based on the pri-
mary petrographic characteristics like mineralogical
composition and structure. Based on these basic
characteristics, material specific values like me-
chanical and thermal features can be derived.

The petrographic characteristics of rocks (min-
erals, structure and chemism) allow them to be
unmistakably classified. The mineral composition
provides for a qualitative and quantitative descrip-
tion of the rock’s components, in other words a
listing of the mineral types and the volume percent
of each mineral. Major components are those miner-
als which comprise more as 10 vol.% of the rock.
Minor components comprise less than 10 vol.% and
accessory components less than 2 vol.%.!

The stone structure is characterised by texture
and pore structure, whereby the pore structure is
described by pore volume, pore size, pore form,
pore distribution and the inner surface of the pores.
The identification of these features allows not only
classification of the stone but also determination of
transport processes of gaseous and liquid phases,
weathering processes as well as the stability of the
stone. In order to control the consolidation treatment
and to prove effectiveness, knowledge about the struc-
ture is imperative. The term structure includes all steric
aspects of the components and their steric relation to
one another. The structure describes the steric aspects
of the single mineral grains, whereas the texture de-
scribes the steric arrangement of the mineral grains.
The structure is described by absolute and relative size
of the grains, the habitus of the components and the
degree of growth of typical grain shapes.?

Weathering

Every stone, as a natural material, is exposed
to factors like climate, biosphere and pollutants.
Alteration due to physical, chemical and biological
weathering processes result in a modification of the
rock’s characteristics. Most of these mechanisms oc-
cur in the surficial pore space, and so the alteration
of a stone is significantly affected by its porosity
values. At the same time, every weathering proc-
ess effects a change in the pore space. Thereby, the
stone’s structure also affects its durability. In ad-
dition, the durability of the single minerals as well
as the linkage of the grains are of importance. The
state of weathering can be evaluated by determining

the stone parameters, which enables the assessment
of changes caused by weathering.

Objective of Stone Conservation

The goal of stone conservation is to improve the
durability of natural stone. Usually the altered stone
structure has to be additionally stabilised and the
capillary water absorption reduced. The application
of the consolidants changes the stone’s physical
behaviour. Scientific analyses are of great impor-
tance, not only to describe the state of weathering,
but also to determine the appropriate consolidation
products and methods, as well as to document the
success of consolidation treatments.’

The standard methodology and its significance
in the field of stone conservation will be described
subsequently, followed by a detailed description of
the examination of the Anyue sandstone, including
the presentation of the results of the study.

Laboratory Analysis

Hygric Values

With the exception of weathering caused by
temperature changes, all the weathering processes
within the stone are connected to the presence of
water. Every stone has specific hygric parameters
which are defined by sorption, desorption and
permeation processes. The behaviour of water
in stone, which depends upon the pore space, is
of significant importance. Different correlations
between pore structure and hygric transport ex-
ist so that the degree of porosity can be defined
according to the amount of water absorption. All
hygric transport and hygric expansion values are
part of the basic data that must be gathered before
consolidation treatment.*

Porosity

All physical and mechanical attributes of the
material depend significantly upon the pore sys-
tem.® The pore structure is of central importance
regarding weathering processes and consolidation
treatments. The pore structure is influenced by the
porosity (volume percent of the pores), as well as
size and shape of the pore spaces (pore structure).

The pore system is very complex, requiring vary-
ing classifications. A basic subdivision can be made
by characterising open and closed pores. Open pores
interact with the surrounding atmosphere whereas
closed pores are completely isolated. Porosity is the
ratio of all pores in the stone to its total volume,
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whereby the amount of pores (n) is the proportion
(%) of spaces filled with liquids or gases.®

100 [Vol.%]

Vp = pore volume, Vs = volume of solids, Vg = total volume

The total porosity includes all pores in a stone
regardless of whether they are open or closed pores.
Therefore, it is the largest possible porosity value
that can be calculated according to the DIN 52501
formula (particle density — bulk density)/particle
density. The actual pore space is defined by deter-
mining the water absorption in a vacuum.

The various pore types have various sizes. Size is
therefore another method of classification. There are
various methods of analysing pore spaces. The clas-
sic method is microscopic analysis of thin sections
of stone. By parallel use of image analyzation, pore
structure, size and form can be quantitatively deter-
mined and statistically interpreted. Only the pores
visible under a microscope are taken into considera-
tion. The most frequently used indirect measuring
method in this case is the mercury porosimetry; the
method which allows the largest amount of pore
space in the stone to be determined. The values are
calculated using standard pore models, whereby
the real pore form cannot be analysed. Using this
method, the distribution of pore spaces in relation
to certain pore radii ranges can be depicted.

The radius of the pore determines the pressure
needed to inject the mercury. Radius and volume
of the specific pore group can be determined by the
pressure used and the amount of mercury injected.’
However, it must be taken into account that pore
radii are pore penetration radii, so that the measure-
ment may deviate from the actual pore size distribu-
tion. A general classification of the pore groups is
listed in table 1.

Table 1: Classification of pore sizes according to ITUPAC,
DIN 66131 and architectural literature

Classification | Radius (IUPAC | Radius

and DIN 66131) | (architectural)®
Macropores > 0,05 um > 100 pm
Mesopores 0,002-0,05 pm 0,1-100 pm
Micropores < 0,002 um <0,1pum

The classification according to [IUPAC and DIN
66131 is not solely used for rocks. Therefore this
report uses the architectural method of classification
for evaluation of the analytical results.

In addition to the total porosity, the distribution
of pore sizes has a significant effect on the physical
property of stone. Compression strength, tensile

strength and water absorption of a stone mainly
depend upon its absolute porosity, while hygric
dilatation for example is more influenced by pore
size distribution.

Water Absorption

Evaluation of water absorption allows deter-
mination of the porosity of stone. This evaluation
additionally allows determination of how water
absorption changes after conservation treatments
are applied. Water absorption and porosity are de-
termined using the Archimedes method, for which
three different methods of weighing are used.®

1 Weighing while dry with air in the pores (m,)
2 Weighing while saturated with water, with
pores full of water (m,)

3 Weighing while saturated with water while un-
der water (m,)

The porosity (n) can than be calculated using the
equation:

{m,-m, )

n= [Vinl. %]

{Im,-m, )

Water absorption under atmospheric pressure is
the highest possible water absorption of stone under
normal pressure, determined using DIN-EN 13755
(formerly: DIN 52103). A sample, dried at 70 °C
and then cooled to room temperature, is immersed
in distilled water for 48 hours before the amount
of water absorbed is measured in relation to the
weight of the dry sample [mass%]. Additionally, the
amount of absorption in a vacuum is measured. The
dry samples are evacuated and immersed in water
for 48 hours before absorption is measured. The
value of saturation is the ratio of water absorption
under atmospheric pressure to water absorption in
a vacuum.

The bulk density [g/cm?] is the density of a
stone including pore space when completely dry.
In accordance with DIN-EN 1936 the buoyancy of
the water-saturated specimen of defined volume
is weighed after drying at 70°C. The density [g/
cm?®] on the other hand is the density of only the
stone substance itself, excluding the pores. DIN-EN
1936 is also used in this case to determine the total
porosity [Vol.%], which is the percent of total pore
volume to the total volume of the stone. The actual
porosity [Vol.%] only includes the pore space in
which gases and liquids can interact.

Isothermal Line of Sorption

The isothermal line of sorption is used to deter-
mine why moisture has penetrated a stone. The series
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of measurements allow assessment of the rock’s
water absorption in the hygric range (between 0 and
98% RH) at various constant and defined humidities.

While planning consolidation treatment, knowing
the isothermal line of sorption is important in order
to define ideal humidity conditions for use during
treatment.'* As a certain amount of water in the pore
spaces is necessary in order for the consolidants to
harden, the isothermal line of sorption allows for
determination of which relative humidity will ensure
the necessary water content in the rock.

Hygric Dilatation (swelling due
to water absorption)

Swelling describes the process of solid matter
that undergoes a change in volume due to exposure
to liquids and gases. The mineral composition of
stone does not change during this process. The
water intake causes an increase in volume, which
in most cases is reversible. The clay mineral content
is significant due to the intercrystalline swelling of
clay, which causes additional swelling in the stone.*?

The quantification of swelling can be measured
by evaluating the change of length of the sample
using distilled water as fluid. The change of length
due to hygric dilatation, as regard to time applied,
asymptotically approaches a maximum value.
Therefore it is necessary to define the end of the
experiment, and thus at which point to take the
final measurement. Only this method can provide
comparable and reproducible values. In general,
sandstones reach a 98 % change of length after
the first 48 hours. Therefore, the 48-hour-value is
used to calculate the hygric dilatation. In practice,
the 48-hour value is of significance because it is
also used to calculate the water absorption and to
determine the degree of swelling and shrinkage.
Nevertheless, specification of the interval and the
period of measurement is important in order to adjust
the results as seen in a greater context.*®

Thermal Values — Thermal Dilatation

Most substances react to heat with an increase
of volume (expansion) and to cooling with a loss
of volume (contraction). In practice, thermal dilata-
tion is important if a stone is exposed to repeated
natural temperature variations, which causes stress
and damage to the material structure.*

The thermal dilatation &I of a stone is, at moder-
ate temperatures and minor temperature changes,
nearly proportional to the original length |_and the
temperature difference £T. The formula is:

ﬂ;l:l_, aT

with | length at 0°C and o as linear dilatation coefficient.

The evaluation of the thermal dilatation coef-
ficient o [pm/m/°C] is based on DIN-EN 14581. It
is the linear dilatation of a specimen related to its
length at 20°C per degree temperature increase. In
practical laboratory work it is measured by heating
the specimen to a defined temperature and measuring
the contraction while cooling the sample.

Mechanical Values

The mechanical characteristics of stone can be
described by determining its strength and hardness.
The difference between strength as mechanical re-
sistance with which a stone resists its deformation,
and hardness as resistance of a stone towards the
distortion of its surface must be taken into account.®

The strength can be determined by the deforma-
tion of a stone specimen placed under pressure,
while the pressure at which the fracture occurred is
quoted. In physics, a fracture is a complex process
involving breaks due to separation, sliding, shearing
and shifting. The break begins with micro-fissures
between the mineral grains.t

Bending Tensile Strength

Every form of weathering causes loss in strength.
Measuring the strength of stone is therefore of great
significance especially when planning conservation
treatments. Strength can be defined as the sum of
bonding energy of a compound.®® In most cases,
there is no pure form of linkage but a coexistence of
bonding types (coagulation contact, atomic contact
and phase contact) (fig. 1). The strength is influenced
by a number of parameters like material composi-
tion, form and size of the specimen, alteration and
treatment of the samples. Strength is therefore not a
value that can be definitely defined physically, and
thus testing standards are necessary to guarantee
comparability of the results.*®

According to the standard DIN-EN 14580 the
measurement of bending tensile strength has to be
performed with slices of stone placed between two
steel rings. The stone slice diameter should be a
minimum of 50 mm, with the ratio of slice diameter
to slice thickness being 1 : 10.

The amount by which a material body is deformed
(the strain) is linearly related to the force causing
the deformation (the stress) (Hooke’s law). With
increasing inelastic deformation, the curve’s course
deviates from that linear curve until the specimens
reaches its breaking point. The elasticity of a mate-
rial is described by Young’s modulus (E-modulus),
which is determined by the increase of the stress-
strain-relation (straight line). A low E-modulus value
indicates great strain with low tension differences,
and a high E-modulus value indicates low strain
with high tension differences.?
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Drill Resistance

The drill resistance measurement is a micro-
destructive method, which is used to determine the
stone’s hardness, whereby obtaining information
about the depth profile is also possible. The basic
principle here is the correlation between drill resist-
ance and strength of the stone material. The method
is based on the characterization of the drilling proc-
ess by using the values of drill speed, torque and
contact pressure. If both the penetration and rotation
values are kept constant, both other values can be
used to determine the drill resistance.

The drill resistance profile gives values as [mm/
min] or ascent angle [°] of the recorded curve (pen-
etration speed) or, for the DRMS machine from the
company Sint which was used for these analyses at
the “Bayerisches Landesamt fiir Denkmalpflege”,
also the drill resistance [N]. The drill hole with a
diameter of two to five millimetres is relatively

small. A depth resolution of one millimetre allows
detection of surficial alterations or contour scaling.
The drill bits are diamond drill bits, which must
be calibrated using a standard material. Every drill
bit used must be named and stored for later use to
obtain comparable measurements.?

Consolidation Treatment

The loss of bonding force caused by different
weathering processes in the stone leads to loss of
strength. The need for conservation treatment can be
determined by analysing the state of the weathering
as well as the parameters of an unweathered stone.
The goal of consolidation treatment is to restore the
weathered stone’s homogenous depth profile, so that
is it comparable to the unweathered stone, by use
of a binder. The first step is therefore determination
of the values of the intact stone. Then, all values of

Table 2: Product specification of the three consolidants as indicated by the manufacturer

KSEOH KSE100 KSE300
Active ingredients [Mass%] | 75 20 99
Catalytic system neutral neutral neutral
Density at 20°C [g/cm?] 0,95 0,79 1,0

Colour clear, yellow touch clear, yellow touch clear, yellow touch
Smell typical typical typical
Table 3: Product specification of the three consolidants after application
KSEOH KSE100 KSE300
gel deposit [g/L] 300 100 300

reaction-related by-product

ethanol (gaseous)

ethanol (gaseous)

ethanol (gaseous)
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the treated samples are again measured, and again
compared to the values of the intact stone. Finally,
the product most suitable for consolidation treatment
is chosen and tested.?

Consolidation Products

For these laboratory tests, pre-selected consoli-
dation products from the company Remmers were
tested: Funcosil stone consolidant OH (KSEOH),
Funcosil stone consolidant 100 (KSE100) and Fun-
cosil stone consolidant 300 (KSE300).2 These three
stone consolidants are, according to the manufac-
turer’s description, suitable for the consolidation
of semi-porous, absorbent, unconsolidated mineral
materials, especially sandstone.? They differ in
regards to their active ingredients, density and gel
deposit, as shown in tables 2 and 3.

The silicic esters (KSE) used here are orthosil-
icic acid H,SiO, esters. These compounds result
from the chemical reaction of silicon halogenides
with alcohols; they are also called ethyl silicates.
Due to their ability to produce silicon dioxide
through hydrolysis (e.g. humidity) by releasing
ethanol, they are used as artificial binders for the
consolidation of natural stone. Today etraethyl-
orthosilic esters are predominantly used; their
ability to consolidate comes from their formation
of amorphous, hydrous SiO,-gels that fills the pore
spaces of the stones.

The chemically and physically induced hardening
process of KSE is a sol-gel process which can be
divided into several phases:®

1. Evaporation of the solvent without a noticeable
increase of viscosity and minor hydrolysis. Only
isolated Si-O-Si-clusters are present.

2. After the evaporation of the solvent, sudden
gel-formation takes place simultaneous to an
increase of viscosity.

3. Inside the gel, further hydrolysis, condensation
and polymerization continues to occur, whereby
alcohol is produced. The alcohol evaporates
and the gel’s density increases. Condensation
reactions cause inner tension in the gel layers.
This tension becomes so strong that it exceeds
the inner strength, leading to fissures.

4. The end product of the gel formation is a brit-
tle, hyaline substance whose general formula
is SiO, x nH,0.

The entire chemical reaction could be described
with the following molecular formula:

Si(OC,H,), + 4H,0 => Si0, x nH,0 + 4C,H,OH

This molecular formula can be schematically divided
into two successive stages:

1. The separation of alkyl groups, called hydro-
lysis, and the protonation of free oxygen to
silanol groups.

2. The condensation and polymerization of SiOH-
HOSi-structures (H,O separation) to disordered
SiO, lattice structures.

These reactions are sensitive to pH-values and tem-
peratures, which influence the gel characteristics
in the same way as the presence of salts does in
the stone.?

Consolidation Treatment

During these laboratory experiments 14 stone
slices (@ 76 mm, 8 mm thick) and 2 cubes (50 x
50 x 50 mm) respectively were treated with the
chosen consolidation products (KSEOH, KSE100
and KSE300). During treatment the laboratory
conditions were kept constant at 50 % relative
humidity and 24°C. Before treating the samples
with the consolidation products their dry weight
was determined. The consolidation product was
absorbed by means of capillary immersion: the
slices were brought into contact with the consoli-
dation product for three minutes on each side,
and the cubes for one minute on each side. The
specimens were then weighed after being swabbed
on all sides, but before being dried (hardening of
the consolidation agent) at 65 % relative humidity
and 20°C. After the drying period of about six
weeks, the treated samples were again weighed.
The values of absorption of consolidation products
shown in figure two are based on these differing
weights.

Parameters

There are various parameters for assessing the
effectiveness of a consolidation product.?’

In theory, the visual properties of the material
should not change as a result of the consolidation
treatment. In fact, most consolidation products
cause a certain darkening of the stone. The criteria
“visual characters” must therefore always be as-
sessed separately for every single case.

Water absorption and penetration should be re-
duced after the treatment. Both values usually drop
due to reduction in the diameter of macro pores
capable of absorbing.

The penetration depth of the consolidant must
pass by the zone of reduced stability and reach the
unweathered zone of the stone. In practice, the de-
sired or necessary penetration depth must be reached
in about two to maximum five minutes.
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The hygric dilatation — the expansion and con-
traction of stone due to presence of moisture - must
not be modified in a way that results in an increase
in the inner tensions of the stone after treatment.
In the best-case scenario, the treatment reduces the
moisture expansion of a stone.

SNETHLAGE refers to the importance of the
relation of strength to the E-modulus, which should
only increase in a constant proportion according
to the quotient of bending tensile strength and the
E-modulus of the unweathered stone.?
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Fig. 2: Differing absorption of the consolidation products by the stone slices
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Fig. 3: Results of the Mercury Porosimetry
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Results of the Untreated Samples

Hygric Values

Porosity — Mercury Porosimetry

The porosity was determined using mercury
porosimetry on six untreated samples by the INSTI-
TUT FUR PALAONTOLOGIE DER FRIEDRICH-
ALEXANDER-UNIVERSITAT ERLANGEN-
NURNBERG. The average-value curve in figure 3
was calculated using the single values of all six
analyses.

The curve indicates the ratio of the pore radii to
the total number of pores. In the case of the Anyue
Sandstone, the curve indicates that macropores are
nearly nonexistent. Around 70 % of all the pores
are mesopores with a radius of between 10 and
1 um (max. height of curve at 5 um). Circa 20 %
of the pores are micropores, classified according
to the architectural method indicated in table 4.
The samples from Anyue are therefore fine-pored
sandstone.

Table 4: Classification of pore sizes according to ITUPAC,
DIN 66131 and architectural literature

Classification | Radius (IUPAC Radius

and DIN 66131) | (architectural) 29
Macropores > 0,05 um > 100 um
Mesopores 0,002-0,05 pm 0,1-100 pm
Micropores < 0,002 pm <0,1 pm

Water Absorption

To assess the water absorption of the samples
from Anyue, they were placed in a cabinet drier with
a temperature of 60°C for 48 hours to reach their
constant mass. Before determining the dry weight
(mo) the samples were placed in an exsiccator until
they reached room temperature.

Determination of water absorption took place
under atmospheric pressure (WAa) in a vacuum
(WAV). Rock under atmospheric pressure absorbs
water through its capillaries. To this end, the samples
are immersed in approximately one centimetre of
water, and the rock absorbs the water through its
capillaries until it reaches the surface of the sample.
The samples are then totally immersed in ca. three
centimetres of water for 48 hours before the wet
weight is determined.

To assess water absorption in a vacuum, the
samples are initially place in an exsiccator for a
minimum of five hours. This is subsequently flooded
with water until the samples are immersed in around
five centimetres of water. Again, the wet weight is
determined after 48 hours. Additionally, by weigh-
ing under water, the buoyancy (determination of
volume) is tested.

Tables 5 and 6 show the resulting values gath-
ered by water absorption, like porosity, saturation,
particle density and bulk density. The complete
results of the analyses can be found in the appendix,
pages 156.

The porosity of the Anyue samples tested is
relatively high (20 Vol.%), so that they must be
called porous rock. The value of 6,5 Mass% of water
absorption under atmospheric pressure is also high.

Table 6: Results of water absorption tests on the slice samples

Sample WAa WAV Porosity Saturation | Particle Density | Bulk Density
[Mass%)] [Mass%] [\Vol.%] [-] [g/cm3] [9/cm3]

W1 6,71 9,38 20,03 0,72 2,67 2,14

W2 6,41 9,25 19,80 0,69 2,67 2,14

W3 6,36 9,64 20,50 0,66 2,67 2,12

w4 6,47 9,31 19,91 0,70 2,67 2,14

W5 6,51 9,69 20,57 0,67 2,67 2,12

Average 6,49 9,45 20,16 0,69 2,67 2,13

Table 5: Results of water absorption tests on the cube samples

Sample WAa WAV Porosity Saturation | Particle Density | Bulk Density
[Mass%] [Mass%] [Vol.%] [-1 [g/cm3] [9/cm3]

21 6,88 8,96 19,34 0,77 2,68 2,16

(2)2 6,49 9,29 19,91 0,70 2,68 2,14

(2)3 6,76 8,92 19,28 0,76 2,68 2,16

(2)4 6,74 8,50 18,54 0,79 2,68 2,18

(2)5 6,81 8,90 19,24 0,76 2,68 2,16

Average 6,74 8,91 19,26 0,76 2,68 2,16
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Table 7: Relative humidity with saline solutions

Salt Relative Humidity at 20°C [%] | Solubility at 20°C [g/100g H20O]
Lithium Chloride 12

Calcium Chloride 32 73,9

Potassium Carbonate 45 110,6

Ammonium Nitrate 63 189,6

Sodium Chloride 75 36,0

Potassium Chloride 86 34,4

Copper Chloride 98 11,1

Isothermal Line of Sorption

The isothermal line of sorption was determined
using the following relative humidity values: 12 %
RH, 32 % RH, 45 % RH, 63 % RH 75 % RH, 86
% RH and 98 % RH. To this end, the respective
humidity values were generated using saline solu-
tions (table 7) in exsiccators.

Measurement of the isothermal line of sorption
was taken for each relative humidity on five slice
samples. Before the samples were placed in the
exsiccators until they reached their constant weight,
their dry weight was determined after being dried
in a cabinet drier at 60°C and cooled in an exsic-
cator. The samples were stored in exsiccators until
they reached their constant weight (four weeks).
After reaching their constant values, the samples
were weighed and the percent of water absorbed
determined. Figure 4 shows the average values of
the five measurements for the respective humidi-

Water content [mass's |

Fi

ties. The moisture content of the samples increased
as the humidity increased, as was to be expected.

Hygric Dilatation

The hygric dilatation of the Anyue Sandstone
was determined at 98 % relative humidity and
under water in directions X, y and z (fig. 6). The
dry weight of the samples (cabinet dryer at c.
60°C and subsequent cooling in an exsiccator)
was determined before they were mounted in the
dial gauge (fig. 5).

The measurement period of the hygric dilatation
under water was 48 hours, the hygric dilatation at
98 % RH until the constant value was reached took
around four weeks. Table 8 shows the average values
of hygric dilatation under water at 98 % relative
humidity for all three directions (fig. 6).

As indicated in table 8, the rock reached its great-
est dilatation in direction z (right angle ss), while

75 B 97

Relative humidicy |5

g. 4: Course of the isothermal line of sorption (red curve) determined using the measured values (gray Curve)
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Fig. 5: Dial gauge for determining hygric and thermic

dilatation

the values of directions x and y are lower. These
results make it quite evident that the rock’s change
of length is three (directions x and y) to five (direc-
tion z) times higher after only 48 hours under water
than after four weeks at 98 % RH.

Thermal Values — Thermal Dilatation

Thermal dilatation indicates how rock either
expands or shrinks depending upon temperature.
Thermal dilatation is determined in a laboratory
by heating the rock up to c. 50°C, mounting it in
a dial gauge (fig. 5) and measuring the change in
size as it cools. The thermal dilatation was also
measured in directions x, y and z. Table 9 shows
the average results.

The thermal dilatation is parallel and at a right
angle to stratification in a comparable scale.

Mechanical Values — Bending Tensile Strength
Using the tension-tensile curve from the biaxial

bending tensile tests, the biaxial tensile strength and
the E-modulus are determined. The biaxial bending

=G
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¥
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Fig. 6: Orientation of the samples in a coordinate system

Table 8: Average values of hygric dilatation under water at

Fig. 7: Test structure for determining uniaxial (a) and biaxial
(b) bending tensile strength

Table 9: Thermal dilatation

98 % RH
Direction Hygric Dilatation | Hygric Direction Linear Expansion
at 98 % RH Dilatation Under Coefficient o
[mm/m] Water [mm/m] [um/m/°C]
X (parallel ss) 0,41 1,36 X (parallel ss) 11,92
y (parallel ss) 0,38 1,39 y (parallel ss) 10,63
z (right angle ss) | 0,47 2,13 z (right angle) 12,71
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tensile strength is the maximum bending tension
that can be reached.

A stone slice is positioned on a bearing ring
(@ 39 mm) and put under pressure by a second
ring (@ 13 mm) until it breaks. Circular pressure
is applied, and the various radii of the rings effect
bending tension in the rock. The measurements,
the results of which can be found in figure 8, were
carried out using the universal testing machine Z010
[10 kN] from the company Zwick. The preliminary
test force was 10 Newtons and then additional force
was applied in steps of 0,50 mm/min.

As already explained, the E-modulus can be de-
termined using bending tensile measurement. The
E-modulus of the untreated Anyue stone sample
was 3,5 kN/mm?.

Drill Resistance

Measurement of the drill resistance was carried
out with a Sint DRMS Cordless. Diaber diamond
bits with a radius of 5 mm were used. The refer-
ence material used was Marcor, a homogeneous
glass-ceramic.*®

Before the first drilling in the rock, a drilling was
made in the Marcor as a reference. This was repeated
after every three drillings in the rock to determine

the percental rise of drilling power needed due to
wear on the bit per drilling.®* The measurements
were carried out in directions x and z. Table 10
shows the adjusted averages of the average force
[N] used for the three Anyue stone samples.

This weathered sandstone is a very soft stone,
which will probably make it quite difficult to test
its drilling resistance. Probably, larger drill bits
(20 mm) will be necessary.

Table 10: Drilling force. Adjusted averages of the force
used for the three samples

Sample Direction X Direction Z
Force [N] Force [N]

w1 2,8 3,6

W2 39 4,2

W3 43 4,8

Average Force | 3,6 4,2

Force |N|

Distance [mm|

Fig. 8: Results of the bending tensile measurements on untreated samples
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Stone values — Anyue Sandstone

Mining Location
China, Sichuan province, city of Ziyang, Anyue
district

Geological Short-Term Description
Reddish to grey-red, fine-grained sandstone

Petrographic Description
Colour

Red with uniform coloration
Structure

Fine-grained
Texture

Not recognizable

Microscopy
Components

82 % components, 15 % binder, 3 % visible
pore space

60 % quartz, 3 % albite, 3 % potashfeldspar,
12 % polycrystal quartz (rock fragments), 5 %
clay consisting rock fragments, < 1 % accessory
components.

Table 11: Stone values

Quartz crystal-clear; Albite with twin-lamella,
kaolinized; Potashfeldspar dull, formation of sericite
(coarsegrained illite); Polycrystal quartz as fine-
grained chert or coarse-grained polyquarz; clay con-
sisting of rock fragments with slately tecture and
bunches of chlorite.

Carbonate and clay binder. Calcite as spandrel
filling has been formed. Clay minerals with rusty
red coloration on the grain surfaces

Grain Size, Grain Size Distribution and Grain Form

Main grain size between 0,15 and 0,30 mm.
Biggest grains up to 0,60 mm, moderatly sorted,
grain forms angular to subangular, grain con-
tacts mostly along the longitudinal axis, point
contacts rare.

Diagenesis
Formation of calcite in the grain spandrels

Classification
Carbonatic-clay-bound sandstone with rock frag-
ments

Density [g/cm?] 2,67
Bulk density [g/cm?] 2,13
Water absorption (atmospheric pressure) [Gew.%)] 6,46
Water absorption (vacuum) [Gew.%)] 9,57
Porosity [\Vol.%] 20,14
Saturation [-1 0,69
Hygric dilatation (95%rF) (right angle ss) | [um/m] 448
(parallel ss) | [pm/m] 391
Hygric dilatation (H?O) (right angle ss) | [um/m] 2134
(parallel ss) | [pm/m] 1375
Thermic dilatation (right angle ss) | [um/°C] 13
(parallel ss) | [um/°C] 11
E- modulus [kN/mm?] 3,45
Bending tensile strength (right angle ss) | [N] 4,2
(parallel ss) | [N] 3,6
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Fig. 10: Slice of the Anyue Sandstone

Fig. 12: 120 x zoom x polarizers Fig. 13: 63 x zoom Xx polarizers, rotavap
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Results of the Treated Samples

Conclusive analysis of treated and untreated
stone can only be reached if the conditions during
testing are identical. Therefore, the tests must be
carried out in the same way and the stone samples
must be the same size.

Hygric Values

Water Absorption

Table 12 shows the definable results of the water
absorption assessment of the stone cubes such as
porosity, saturation, particle density and bulk density
after they were treated with consolidation products
(p.139). The complete results of the analyses can
be found in the appendix on page 157.

Table 12: Results of water absorption tests on cube samples

Isothermal Line of Sorption

Figure 14 shows the average values of every
consolidation product for the respective relative
humidities.

Comparison of the three consolidation products
(KSEOH, KSE100, KSE300) reveals that the water
content in the samples treated with KSEOH is larger
than those treated with KSE300. The lowest water
content is in the samples treated with KSE100.

Hygric Dilatation

The testing period for dilatation under water was
48 hours, the hygric dilatation at 98 % RH was tested
until constant values were reached after around
four weeks. Table 13 shows the average values
at 98 % RH and under water in direction z, as the
largest values can be expected in the perpendicular
expansion.

Sample WAa WAV Porosity Saturation | Particle Density | Bulk Density
[Mass%o] [Mass%] [Vol.%] [-1 [g/cm?] [a/cm?]
WKSEOH 6,31 9,05 19,47 0,70 2,67 2,15
WKSE100 6,42 9,34 19,90 0,69 2,66 2,13
WKSE300 5,90 9,26 19,80 0,64 2,67 2,14
1.0
- KSEOH
A reading
K4ECH
0 5 rrend line
ESE 100
reading
1.5 KSET00
: . rrend line
KSE300
= reading
g 1,0 KSE 300
é rrend line
E 0.5
;;
i 12 32 45 63 75 R 97
Relagive humidity %]

Fig. 14: Progression of the isothermal line of sorption (red curves) of the samples treated with three different consolidation

products
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Thermal Values — Thermal Dilatation

Thermal dilatation indicates how rock either ex-
pands or shrinks depending on temperature. Thermal
dilatation is determined in a laboratory by heating
the rock up to c. 50°C, mounting it in a dial gauge
and measuring the change in size as it cools. The
thermal dilatation was measured in directions x, y
and z. Table 14 shows the average results.

Mechanical Values

Bending Tensile Strength

Tension-tensile curves, determined by testing
bending tensile strength, allow conclusions to be
made about the tensile strength with specification
of the E modulus relating to the respective cross-
section up to maximum force.

The biaxial tensile strength is the maximum bend-
ing tension reached during the tests. A stone ring is
placed on a bearing ring and put under pressure by a
second, smaller ring until it breaks. Circular pressure
is applied, and the various radii of the rings effect
bending tension in the rock. The measurements,
the results of which can be found in figure 15, were
carried out using the universal testing machine Z010
[10 kN] from the company Zwick.

The preliminary test force was 10 Newtons and
then additional force was applied in steps of 0,50.

Table 13: Average values of the hygric dilatation under
water at 98 % RH for KSEOH, KSE100 and KSE300 in
direction z

Test Condition | Hygric Dilatation [mm/m]
KSEOH  KSE100 KSE300

98 % RH 0,50 0,58 0,50

Under Water 2,35 2,70 1,92

Table 14: Thermal Dilatation for direction z with KSEOH,
KSE100 and KSE300

Thermal Dilatation
[Um/m/°C]

Consolidation Product

KSEOH 14,16

KSE100 16,18

KSE300 17,39

400

200

100

Force |N]

0,0

0.2

03 0.4

Dhstance [mm]

Fig. 15: Exemplary results of the bending tensile measurements on samples treated with KSE300
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Drill Resistance

Measurement of the drill resistance was carried
out with a Sint DRMS Cordless. Diaber diamond
bits with a radius of 5 mm were used. The reference
material used was Marcor.

Before the first drilling in the rock, a drilling was
make in the Marcor as a reference. This was repeated
after every three drillings in the rock to determine
the percental rise of drilling power needed due to
wear on the bit per drilling.®* The measurements

Table 15: E-modulus determined for KSEOH, KSE100 and
KSE300 by bending tensile measurement

KSEOH KSE100 KSE300

E-modulus | 7,54 6,88 12,41

[KN/mm2]

Table 16: Adjusted average values of the force used for the
three measured samples

were carried out in directions x and z. Table 16 | Sample Direction X Direction Z
shows the adjusted averages of the average force Force [N] Force [N]
[N] used for the three Anyue stone samples.
W1KSEOH 2,8 3,3
W2KSE100 3,2 4,7
W3KSE300 3,7 7,2
1]
£l
_— T— " -'___, g — . WIKSEL00
. ,-"" = w-clirectm
. o WIKSEIO0
peclarectvn
—WIKSEOH
weelirectiom
WIKSELH
'l 2-dlrectaon
—W2KSEIN0
waddirection
WIKSE1D0
deilirectaan

Strenpth [IN]

& 73 k4 ¥ &

Depth [mm]

Fi

g. 16: Curve progression of drill resistance tests for KSEOH, KSE100 and KSE300 in direction x and z
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Summary

The research was done to choose a consolida-
tion product for further experiments. Based on
the results, as shown in tables 17 and 18, KSE100
should be excluded. A consolidation treatment
with this product affects both hygric and thermic
dilatation in a negative way. Even the specimen
treated with KSE300 shows a noticeable increase

in thermic dilatation, which could be problematic
for consolidation treatments in subtropical envi-
ronments.

Positive values were obtained for the samples
treated with KSEOH. With this product, however,
health and environment issues must also be con-
sidered. While doing treatment, respirators must
be worn, and any left-over product must not be al-
lowed to permeate the ground water (WGK2) and
therefore disposed of separately.

Table 17: Comparison of the values of the untreated sample to the treated samples (KSEOH, KSE100 and KSE300) each in

direction z

Results Original KSEOH KSE100 KSE300
Water absorption [mass%] 6,49 6,31 6,42 5,90
Water absorption vacuum [mass%] 9,45 9,05 9,34 9,26
Porosity [vol.%] 20,16 19,47 19,90 19,80
Density [g/cm?] 2,67 2,67 2,66 2,67
Bulk density [g/cm?] 2,13 2,15 2,13 2,14
Hygric dilatation 97%rH [mm/m] 0,47 0,50 0,58 0,50
Hygric dilatation (water) [mm/m] 2,13 2,35 2,70 1,92
Thermic dilatation [um/°C] 12,71 14,16 16,18 17,39
Young’s modulus (Ym) [kN/mm?] 3,72 11,11 7,04 13,05
Bending tensile strength (bts) [kN/mm?] | 2,43 5,53 4,16 577
Ratio bts/Ym 0,65 0,50 0,59 0,44
Drill resistance [N] 4,2 3,3 4,7 54
Health

Danger symbols Xi, Xn,F, T Xn, Xi, T Xn, Xi, T
Environment

WGK 2 2 1 1
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Table 18: Assessment of the consolidation products KSEOH, KSE100 and KSE300

Results KSEOH KSE100 KSE300
Water absorption atmosphere v v v
Water absorption vacuum v v v
Porosity v v %
Density A4 v %
Bulk density v v v
Line of isothermal sorption v v %
Hygric dilatation 97%rFH Al - v
Hygric dilatation under water \ -- v
Thermic dilatation v - -
Ratio bts/Ym 4 s -
Health -- v v
Environment -- v v

Endnotes

REINSCH 1991.
REINSCH 1991.
SNETHLAGE 2005.
SNETHLAGE 2005.
REINSCH 1991.
KOCHER 2004.
REINSCH 1991.
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11 SNETHLAGE 2005.
12 KOCHER 2004.

13 KOCHER 2004.

14 KOCHER 2004.

15 KOCHER 2004.

16 REINSCH 1991.
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18 KOCHER 2004.
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19 KOCHER 2004.

20 Internal document for the evaluation of mechanical
values prepared by TUCIC.

21 SNETHLAGE 2005.

22 SNETHLAGE 2005.
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27 SNETHLAGE 2005.
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DIN-Standards (selection)

DIN 12407

DIN EN 13755

DIN EN 14581

DIN EN 1926

DIN EN 1936

DIN 52008

DIN 52009

DIN 52100-1

DIN 52102

Method of testing natural stone — petrographical test

August 2006

Method of testing natural stone— Determination of water absorption under
atmospheric pressure, October 2007

Method of testing natural stone — evaluation of the thermal dilatation coefficient
March 2005

Method of testing natural stone — Determination of the uniaxial compression strength
March 2007

Method of testing natural stone — Determination of density, bulk density, open
porosity and total porosity, Februar 2007

Method of testing natural stone — assessment of resistance to weathering

March 2006

Method of testing stone grains — Determination of water absorption under pressure
February 2006

Natural stone — petrographic analyses — general and overview

June 2007

Method of testing stone grains — Determination of bulk density when dry with the
measuring cylinder method and calculation of the degree of density

February 2006
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Appendix

Water Absorption of Untreated Samples

Sample identification

Wl Anyue sandstone untreated, Water absorption vakuum
W2 Anyue sandstone untreated, Water absorption vakuum
W3 Anyue sandstone untreated, Water absorption vakuum
W4 Anyue sandstone untreated, Water absorption vakuum
WS Anyue sandstone untreated, Water absorption vakuum
We Anyue sandstone untreated, Water absorption atmeospheric pressure
W Anyue sandstone untreated, Water absorption atmeospheric pressure
W Anyue sandstone untreated, Water absorption atmeospheric pressure
wa Anyue sandstone untreated, Water absorption atmeospheric pressure
wWo Anyue sandstone untreated, Water absorption atmeospheric pressure
Measurement
Sample Water absorption vakuum (Wav) Sample Water absorption atmospheric (WAa)
Dy weight Under water Wetlair Diry weight Wet weight
W 515,64 LN 56398 Wa 4895 522,35
w2 574,03 358,99 627.11 w7 544,22 579,08
w3 407,42 311,219 545,37 ws 550,33 585,31
Wi 427,76 267,626 467,57 wo 519,16 563,42
WS 539,67 337,845 5923 w10 572,04 610,26
Results
WA Wia Waval. Poros. Saturation Buld density Diensity
M9 M7 Vol. % Vol % glfem?® glem®
9,375 6,711 14,336 20,027 07la 2,671 2,136
9,247 6,405 13,714 19,797 0,693 1668 2,141
2,640 6,356 13,503 20478 0,659 2,671 2,124
9,307 6,474 13,851 19,911 0,696 2,671 3,139
9601 6,514 13,823 20,566 0,72 2,671 3,122
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Water Absorption of Treated Samples

Sample idenrificarion

WIKSFOH Anyue sandstone conselidated KSEOH, Water absorgstion vakomn
WIkSL100 Anvee sandstone conselidared KSLE1M, Warer absorprion vakuum
WAKSEIOD Anvue sandstone consolidared KSEH, Warer absorprion vakuum
WeksFOH Anyue sandstone consolidated KSEOH, Water absorptuwon aomeplier
WTKSELOD Anvue sandstone consolidated KSELOQ, Warer absorption atmosphenc pressure
WERSE 00 Anyue sandstone consolidared KSE 3K, Warer absorprion armosphene pressure
Measurement
Sample Woarer absorption vakuum {(WAv: Sample Warer absorptios atmesphenc (%A
Dy weighe Llnder warer Werfair Diev weighe Wer weight
WIKSEOH s1573 | 3az;r | se2aw WeKSEOH 492,446 513,53
WK SE T /313 ix 614 [ WoORSETOH LE LI SE1L 14
WAKSE3 497,39 10881 4343 WAKSEH 553,35 585,57
Results
Wiy Wia WhAval Purer. Saturation Fuldl chensiey Theneinry
M% M% Vol % Vol ! glem? ghem?
Q047 w312 13,583 19 465 0,98 2672 2152
.34 G420l 13,676 15 By L GET 21654 2130
e T3] LR 12 604 19,758 LU 266 L1159
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Bending Tensile Strength of the Untreated Samples
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Bending Tensile Strength of the Samples treated with KSE100
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Results of the X-ray Crystallography
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3-D-Vermessung und Texturierung der Grotte Nr. 10
des Buddha Shakyamuni und der Grotte Nr. 37
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3-D-Vermessung und Texturierung der Grotte Nr. 10
des Buddha Shakyamuni und der Grotte Nr. 37

Felix Horn

Ziel der Vermessungsarbeiten in Anyue/China
war die Vermessung der Grotte Nr. 10 des Buddha
Shakyamuni mit 3-D-Laserscanning und Streifen-
projektionstechnik sowie digitaler Fotografie und
die Uberfiihrung in ein hochaufgelostes, fotorealis-
tisches 3-D-Modell. Das erstellte 3-D-Modell soll
spater zur 3-D-Dokumentation, Schadenserfassung
und als Grundlage fur die Erstellung eines Schutz-
daches verwendet werden.

Besonderer Wert bei der Erfassung lag dabei
auf der Figur des Buddha Shakyamuni selbst, auf
den Verzierungen der Rickwand sowie auf den
Strukturen in der Felswand. Neben der Erfassung
der Grotte Nr. 10 wurde auch die Grotte Nr. 37
erfasst.!

3-D-Vermessung
Eingesetzte Messtechnik: 3-D-Laserscanner

Fir die Erfassung der Gesamtgeometrie der
Buddhafigur sowie der Felssituation kam der La-

serscanner LMS-Z 420i der Firma Riegl-Laser-
Measurement-Systems zum Einsatz.

Tab. 1: Angaben des Herstellers tiber Arbeitsbereich und
Genauigkeit

Arbeitsbereich (je nach Reflektivitit
des Zieles) 2-1000 m

Maximale Auflosung 0,002°
Genauigkeit einer Einzelstrecken-
messung +-5mm

Genauigkeit bei Mehrfachmessung |4 mm
Horizontaler Arbeitsbereich 0°-360°
Vertikaler Arbeitsbereich 0°-80°

Aufgrund seines groRen Aufnahmefeldes, der
schnellen Datenaufnahme und der hohen Genauig-
keit der Entfernungs- und Richtungsmessung ist er
fiir die Aufnahme von Bauwerken, Topografie und
anderen Objekten in den Bereichen Denkmalpflege,
Archéologie und Architektur effektiv einsetzbar.

Wahrend des Messvorgangs werden dreidimensi-
onale Koordinaten des Messobjekts erfasst. Zusatz-

lich werden digitale Bilder tiber eine Digitalkamera
(Nikon D100) aufgezeichnet, sodass eine fotorealis-
tische Darstellung des Objektes mdglich ist.

Eingesetzte Messtechnik:
Streifenprojektionssystem QT-Sculptor

Zur Erfassung der komplexen Detailgeometrie
und Verzierungen kam das Streifenprojektionssys-
tem PT-M 1280 in Verbindung mit der Software
QT-Sculptor zum Einsatz. Der Arbeitsbereich des
Systems liegt zwischen 0,5-4 m, seine Genauigkeit
bei max. 0,1 mm. Das Gerat arbeitet dabei standard-
malig mit Hochgeschwindigkeitskameras mit einer
Auflésung von 1024 x 768 Pixel.

Aufgrund seiner hohen Genauigkeit, der Még-
lichkeit komplexe Objekte aus wahlfreien Auf-
nahmerichtungen zu erfassen, die Messdaten in
ein fehlerfreies 3-D-Modell zu tberfiihren und das
gewonnene Modell fotorealistisch zu texturieren,
ist es besonders fur die Aufnahme von Skulpturen,
baulichen Details und kleineren Einzelobjekten
geeignet.

Abb. 1:
3-D-Laserscanner
LMS-Z 420i der
Fa. Riegl
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Abb. 2: Das Messsystem QT-
Sculptor PT-M 1280

Allgemeine Bemerkungen zum Messprozess

Die Vermessungs- und Dokumentationsarbei-
ten am Buddha Shakyamuni untergliederten sich
in folgende Schritte:

»  Erfassung der Texturinformation mittels di-
gitaler Spiegelreflexkamera Nikon D 100

» 3-D-Laserscanning der Gesamt-
geometrien und der Detailinforma-
tionen mit Riegl LMS-Z420 i

* Vermessung der erreichbaren Bereiche mit-
tels Streifenprojektionssystem QT-Sculptor
PT-M 1280 in maximal moglicher Auflésung

Abb. 3: Vermessung der
Grotte Nr. 10 mit dem
Riegl-Laserscanner auf
dem fahrbaren Gertist mit
Stiitzkonstruktion
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o o o [
Abb. 4: Vermessung der Grotte Nr. 10 mit dem Riegl- Abb. 5: Messungen innerhalb der Grotte Nr. 10 mit dem
Laserscanner Riegl-Laserscanner

Aufgrund der Hohe und der Tiefe der Grotte  Tab. 2: Aufnahmekonfiguration der Digitalisierung von
war bereits im Vorfeld abzusehen, dass bestimm- ~ Grotte Nr. 10

te Bereiche nicht zu erfassen sein wirden. Dies
betraf vor allem die Haube des Buddhas sowie | Aufnahmekonfigurationen fiir Grotte Nr. 37
verdeckte Bereiche am Kopf und den Schultern.
Aulerdem war am aufsteigenden Wandabschluss | Auflésung Grottenbereich: 2-5mm
wegen zu steiler Zielungen und in den Bereichen
hinter den seitlich angeordneten Figuren wegen | Aufldsung Felsenbereich: 5-10 mm
zu geringem Aufnahmeabstand mit Aufnahmeli-
cken zu rechnen. Anzahl Scanpositionen: 10
Fiir die Vermessungs- und Fotografiearbeiten
stand ein fahrbares Gerist zur Verfugung. Dies | Genauigkeit (gemittelt): 5mm

musste fiir ein stabiles und sicheres Arbeiten mit
Stangen am Boden abgestiitzt werden.
Erfassung der Objekte mittels 3-D-Laserscanning

Die dreidimensionale Vermessung der Gesamt- Tab. 3: Aufnahmekonfiguration der Digitalisierung von
situation der Grotte mit dem Laserscanner Riegl ~ Crote N 37
LMS-Z 420i erfolgte von mehreren Positionen
aus. Dabei wurde der Laserscanner zuerstin einem | Aufnahmekonfigurationen fiir Grotte Nr. 37
Abstand von 20-30 Metern aufgestellt, um die

Gesamtsituation von Felsen und Grotte zu erfassen. | Auflosung Grottenbereich: 3-5mm
In einem n&chsten Schritt entstanden in der Grotte
Nahaufnahmen, um Scannerschattenbereiche zumi- | Anzahl Scanpositionen: 4

nimieren. AbschlieRend erfolgten Aufnahmen vom
Gerust. Durch die Drehung des Scanners innerhalb | Genauigkeit (gemittelt): 5mm
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seiner Kippvorrichtung konnten auch schwierig zu
erfassende Bereiche vermessen werden.

Wihrend der Aufnahmen wurden gréfitenteils
Scansequenzen, d.h. Mehrfachaufnahmen der Be-
reiche mit anschlieRender Mittelung zur Genauig-
keitssteigerung der Daten durchgefuhrt, um eine
optimale Erfassung aller Merkmale zu gewahr-
leisten. Eine Uberlappung einzelner Messszenen
wurde zugelassen.

Fur die Visualisierung der Grotte in ihrer Ge-
samtsituation wurde in einem letzten Schritt die
gesamte Felswand mit den benachbarten Grotten
und Figuren mit 3-D-Ubersichtsaufnahmen und
kombinierter Fotografie mit dem Laserscanner
erfasst.

Erfassung der Objekte mittels Streifenprojektion

Die Vermessung der Gesamtgeometrie des Bud-
dha Shakyamuni sowie der Detailgeometrien und
Verzierungen im Grottenbereich — besonders der
Verzierungen an der Riick- und Seitenwand — er-
folgte nach Einbruch der Ddmmerung am friihen
Abend bis spét in die Nacht hinein mit einer héheren
Auflésung. Die zu erfassenden Bereiche wurden
dabei mit strukturiertem Licht beleuchtet und mit
Hochgeschwindigkeitskameras aufgezeichnet. Aus
der bekannten Aufnahmekonfiguration des Mess-
systems und den Messbildern lassen sich in Echtzeit
3-D-Koordinaten der Objekte ableiten.

Wegen der tiefen Position der Buddhafigur in
der Grotte (2—4 m), der Hohe der Grotte und den
eingeschrankten Positionierungsmdglichkeiten des
Gerlstes vor der Grotte gestalteten sich die Auf-
nahmen schwierig.

Das Messsystem QT-Sculptor wurde daher auf
den maximal mdglichen Aufnahmebereich konfigu-
riert, um uberhaupt eine Datenerfassung moglich zu
machen. Um eine anndhernd lickenlose Aufnahme
zu gewdhrleisten, wurde ein GroRteil der Aufnahmen
bereits vor Ort registriert. Somit konnten Aufnah-
mellicken weitestgehend ausgeschlossen werden.

Tab. 4: Aufnhahmekonfiguration der Vermessung des Buddha
Shakyamuni in Grotte Nr. 10

Aufnahmekonfigurationen fiir Grotte Nr. 37

Messentfernungen: 3,3-4,1 m bzw.
0,9-1,4m

Max. Aufnahmefenster: 1,5x 1,5 m bzw.
0,5x0,5m

Auflésung: 1 mm

Mittlere Messgenauigkeit: | 0,5 mm

Anzahl der Aufnahmen: 380
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Abb. 7: Tiefenbild einer Scanposition (2-D)
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Abb. 8: Ansicht der beim Scannen entstandenen Punktwolke, Aufnahme mit QT-Sculptor
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Abb. 9: Beispiel fir ein Texturbild mit Blitzlicht

Abb. 10: Beispiel fiir ein Texturbild ohne Blitzlicht
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Aufnahme digitaler Bilder Auswertung

Um fotorealistisch texturierte 3-D-Modelle der  Grundlegender Arbeitsablauf
Grotte zu erzeugen, war eine besonders sorgfaltige
Aufnahme digitaler Bilder notwendig. Die Textur- ~ Von den aufgenommen Messdaten bis zum
bildaufnahme erfolgte dabei mit der Digitalkamera  fotorealistisch texturierten 3-D-Modell ist ein
Nikon D100 (Auflésung 6,1 Megapixel). Bestimmte ~ komplexer Arbeitsablauf zu absolvieren, der die
Teilbereiche, besonders an den nicht erreichbaren  reine Messzeit vor Ort um ein Vielfaches ubersteigen
Regionen am Kopf des Buddhas, konnten nicht  kann. Im Rahmen des Verarbeitungsprozesses
vollstandig mit Fotoaufnahmen erfasst werden. Hier ~ werden dabei die Messdaten registriert,
erfolgt im Texturierungsprozess eine Interpolation  tiberfliisssige Punkte eliminiert, ein konsistentes
der Farbwerte. dreidimensionales Dreiecksnetz erzeugt und dieses

\oraussetzung fur die Aufnahme von Texturbil-  tber aufgenommene digitale Bilder fotorealistisch
dern sind gleichbleibende Beleuchtungsverhéltnisse  texturiert. Danach sind vielseitige Visualisierungs-
bzw. keine direkte Sonne. Fir gleichmaRige Textur-  und Darstellungsmethoden mdglich.
aufnahmen waren die Lichtverhaltnisse in der Grotte
an den meisten Tagen eher zu dunkel, sodass alle
Bilder von der Buddhafigur und den Grottenwénden
mit Blitzlicht aufgenommen werden mussten. Die
Aufnahmen der Felsen erfolgten ohne zusétzliches
Blitzlicht. Die Anzahl der aufgenommen Digital-
bilder fiir die Texturierung des 3-D-Modell betrug
etwas 600 Stiick.

Regstrienng der EinzelawWnanmen zu einer
BGesamipunkiwolie Ober
beiannte Punkie undioder Tchenbasiens
Zuordnungsveriannen,

Kolonierte Punktwole

*
| Filterung und Segmenlienng

l

Gesamipunitwoke

Rammmmw Generienng der Optimierung des . Reduklion der Creiecks-
R sl A " Ausgangsvermaschung | | Dreiecksneizes | | anzahl (ergebrisorientiert)

Drelecrsnetzes mil Hoac oS raer am

VRML-Modetie Orthafotos | cAD: Hzwv-schnite

Abb. 11: Schematisierter Arbeitsablauf
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Registrierung der Einzelaufnahmen
und 3-D-Modellierung

Buddha Shakyamuni

Zur Nachbearbeitung der gewonnenen Mess-
daten zu hochaufiésenden 3-D-Modellen kam die
Software QT-Sculptor zum Einsatz. Mit ihr wurden
auch die Daten des Riegl-Laserscanners iber eine
spezielle Konvertierungsschnittstelle weiterverar-
beitet (Abb. 10).

Die Panorama- und Detailaufnahmen der Auf-
nahmen aller Standpunkte des Laserscanners wur-

Abb. 12: Konvertierte 3-D-Laserscannerdaten in QT-Sculptor

den im ersten Schritt zu einer Gesamtpunktwolke
registriert. AuRerdem erfolgte eine Registrierung
der Streifenlichtscans zueinander. Danach wurden
die Aufnahmen der komplexen Detailgeometrie und
Verzierungen der Grotte Nr. 10 zusammen mit den
jeweiligen Bereichen der Laserscanneraufnahmen
Uber eine Best-Fit-Ausrichtung aneinander angepasst
(Abb. 11). Durch die Registrierung entstandene
Uberlappungsbereiche konnten im Folgeprozess
beseitigt werden, sodass eine eindeutig definierte
Oberfliche bestimmt wurde. Uber diese Objekt-
oberfliche wurde eine hochauflésende Dreiecks-
vermaschung berechnet (Abb. 12).




Abb. 14: Gesamtpunktwolke: Kombination der Laserscanner- und Streifenlicht-Aufnahmen mit QT-Sculptor an Grotte Nr. 10
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Abb. 15:
Gesamtansicht
des 3-D-Modells
(schattiert)

Um flr die verschiedenen Objektbereiche einen
optimalen Kompromiss zwischen Auflésung und
Speicherplatz zu erreichen, wurde die Dreiecks-

. berechnung, -optimierung und -reduktion in zwei
Tab. 5: Projektparamenter fur Grotte Nr. 10 des Buddha 9, -op g

Shakyamuni Objektbereiche untergliedert:
Projektparamenter fiir Grotte Nr. 10 des
Buddha Shakyamuni Tab. 6: Optimierung und Reduktion der Daten fiir
Grotte Nr. 10 des Buddha Shakyamuni
Anzahl Laserscans: 60
Auflosung der Ausgangsdreiecksvermaschung
Anzahl Streifenlichtscans: | 378
Modell Buddha mit Riickwand: | 1-5 mm
Gesamtpunktanzahl: ca. 25
Millionen Modell Grottenwénde und Felsen: | 5-10 mm
Registrierungsgenauigkeit Ergebnis der Dreiecksoptimierung und
-reduktion
Laserscannerdaten: 5,6 mm
Modell Buddha mit Rickwand: | ca. 2 Millio-
Streifenprojektionsdaten: 0,6—-1mm nen Polygone
Best-Fit-Optimierung aller Modell Grottenwande und Felsen: | ca. 2 Millio-
Daten: 4,0 mm nen Polygone
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Einige Bereiche am Kopf des
Buddha, hinter der rechten Hand
und im Schulterbereich sowie die
rechte Seite des Mdnches an der
linken Grottenwand, konnten nicht
erfasst werden. Hier entstanden im
3-D-Modell Fehlvermaschungen,
die im Nachhinein manuell besei-
tigt werden mussten. Das Modell
wurde an diesen Stellen vereinfacht
geschlossen, um Locher zu vermei-
den. In diesen Bereichen muss mit
Abweichungen vom Originalzu-
stand gerechnet werden.

Abb. 16: Dreiecksvermaschung aus
Laserscanner- und Streifenlichtdaten
im Detail (schattierte Ansicht oben und
Gitternetz unten)

&
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Abb. 17: Nicht erfasste Bereiche und dadurch manuell geschlossene Bereiche am Kopf des Buddhas
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Fir die Weiterverarbeitung im Texturierungspro-
zess sowie die Verwendung in gangigen 3-D-Pro-
grammen liegen nun folgende Modelle im Format
STL vor:

Tab. 7: Anzahl der Polygone der 3-D-Modelle (LOD1 und LOD2)

Modell Grotte Nr. 10 Detailstufe 1 (LOD1): 100 % Detailstufe 2 (LOD2): 50 %
Gesamtmodell 4 Millionen 2 Millionen
Teilmodelle

Buddha mit Riickwand: 2 Millionen 1 Million

Grotte Seite links: 356000 180000

Grotte Seite rechts: 375000 193000

Boden: 183000 98000

Decke: 141000 74000

Felsen: 1,2 Millionen 600000

Grotte Nr. 37

Zusétzlich zu Grotte Nr. 10 mit der Figur des
Shakyamuni Buddhas wurde auf der Std-West-
Seite des Felsmassivs die Grotte Nr. 37 zu einem
3-D-Modell ausgearbeitet.

Tab. 8: Projektparameter fiir die Grotte Nr. 37, Stid-West-Wand des Felsmassivs

Projektparamenter fiir Grotte Nr. 37

Anzahl Laserscans: 9

Gesamtpunktanzahl: 5,4 Millionen

Registrierungsgenauigkeit

Laserscannerdaten: 3 mm

Auflosung der Ausgangsdreiecksvermaschung

Modell Grotte Nr. 37: 2-5mm

Ergebnis der Dreiecksoptimierung und -reduktion

Modell Grotte Nr. 37 und umliegende Bereiche: | ca. 770000 Polygone

Modell Grotte Nr. 37: 390000
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Abb. 19: Gesamtansicht des 3-D-Modells Grotte Nr. 37 (schattiert)
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Texturierung der Einzelmodelle

Durch die Kombination digitaler Bilder mit den
3-D-Modellen kdnnen fotorealistisch texturierte
Modelle erstellt werden. Dies erfolgte durch diffe-
rentielle Entzerrung der Digitalbilder (iber markante
Punkte auf dem 3-D-Modell bzw. Gber Mapping-
Verfahren. Zur Anwendung bei der Texturierung
kam hierbei ebenfalls die Software QT-Sculptor.
Die Fotoaufnahmen mussten aufgrund der teilweise
wechselnden Lichtverhéltnisse farblich angepasst
werden, um eine einheitliche Texturqualitat zu
erreichen.

Als Ergebnis der Texturierung liegen fotore-
alistisch texturierte 3-D-Modelle vor, die fir die
Betrachtung in gdngigen VRML-Viewern geeignet
sind und fir die Dokumentations- und Kartierungs-
arbeit verwendet werden konnen.

Bereiche des Kopfes, der rechten Hand und der
Schultern sind mit Farbwerten interpoliert worden,
die nicht der originalen Farbgebung entsprechen.
Hier kann in einer manuellen Nacharbeit eine Ver-
besserung erreicht werden.

Zur Betrachtung der Daten und der Uberfiihrung
in einen Digitalisierungsprozess, z. B. fir eine
Schadenskartierung direkt am Objekt, stehen die
Daten im ALO-Format zur Verfligung. Fir eine Be-
arbeitung dieser Daten wird die Software aspect3D
eingesetzt. Sie ermdglicht es, Dokumentations- und
Kartierungsarbeiten direkt am 3-D-Modell aus-
zufuhren und ist mit einer Datenbank verbunden.
Dadurch lassen sich die eingegebenen Daten filtern,
d. h. nach gewiinschten Merkmalen sortieren und
entsprechend in Listen ausgeben.

Orthofotos

Aus den texturierten 3-D-Modellen und den
kolorierten Punktwolken lassen sich schnell und
einfach maRstéblich entzerrte Orthofotos ableiten.
Dazu wurde die Software aspect3D verwendet.
Nach Definition der Orthofotoebene und der Wahl
der maximal mdglichen Auflosung (hier: 300 dpi)
wurden fir einzelne Ansichten Orthofotos in ver-
schiedenen Mal3stdben berechnet. Sie liegen in den
Formaten BMP, PDF, sowie eingebunden in eine
AutoCAD-Zeichnung vor.

Folgende Orthofotos wurden erstellt und liegen als
Ubersichtsplan vor:

» Gesamtansicht der Felswand
mit allen Buddhafiguren

*  Buddha mit Rickwand
» Felsen von Grotte Nr. 10

» Grottenseiten

Endnoten

1 Die Vermessung der Grotte Nr. 10 des Buddha
Shakyamuni und der Grotte Nr. 37, die Erzeugung
der 3-D-Modelle und ihre Texturierung wurde von
der Fa. ArcTron in Auftragsarbeit ausgefuhrt.
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Abb. 21: Texturiertes 3-D-Modell der Grotte Nr. 10
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3-D-Dokumentation der Grotte Nr. 10 des Buddha Shakyamuni
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3-D-Dokumentation der Grotte Nr. 10 des Buddha Shakyamuni

Felix Horn

Zur Dokumentation der Grotte Nr. 10 wurden
unterschiedliche Methoden eingesetzt: Digitalfo-
tografie, Videoaufnahme, Zeichnungen und 3-D-
Scanning. Die Digitalisierung der raumlichen Form
von Grotte Nr. 10 erfolgte mit 3-D-Scanning. Ziel
der Vermessungsarbeiten in Anyue war die Vermes-
sung der Grotte Nr. 10 des Buddha Shakyamuni mit

Abb. 1: Buddha Shakyamuni,
Grotte Nr. 10, Grottenanlage
Yuanjuedong

3-D-Laserscanning und Streifenprojektionstechnik
sowie digitaler Fotografie und die Uberfiihrung in
ein hoch auflésendes fotorealistisches 3-D-Modell.
Das erstellte 3-D-Modell dient dabei als Grundlage
fur die 3-D-Dokumentation und kann spater u. a. zur
Befunddokumentation oder fur die Bauforschung
genutzt werden.
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Dokumentation am 3-D-Modell

Die visuelle Wahrnehmung des Menschen er-
moglicht Tiefenwahrnehmung und erlaubt dadurch
rdumliches Sehen von Gegenstanden. Verdeckte
Teile, Hinterschneidungen und Riickseiten einer
Skulptur sind in einem Foto nicht, in einer Zeich-
nung nur bedingt darstellbar. Entsteht bei klassi-
schen Abbildungsverfahren ein zweidimensionales
Abbild der dreidimensionalen Wirklichkeit, ist es
mit Hilfe von 3-D-Modellen mdglich, von Kunst-
gegenstanden ein virtuelles dreidimensionales
Abbild zu erzeugen.

Die 3-D-Dokumentation an dreidimensionalen
Modellen bietet hier neue Méglichkeiten, da statt
auf vielen unterschiedlichen 2-D-Ansichten direkt
mit und auf dem 3-D-Objekt gearbeitet werden
kann.

Zur 3-D-Dokumentation wird die Software
aspect3D eingesetzt. Sie ermdglicht es, Doku-
mentations- und Kartierungsarbeiten direkt am
3-D-Modell auszufiihren und ist mit einer Da-
tenbank verbunden. Dadurch lassen sich die ein-
gegebenen Daten filtern, d. h. nach gewiinschten
Merkmalen sortieren und entsprechend in Listen
ausgeben. So kann man in der Datenbank gezielt
nach gewdiinschten Attributen wie z. B. Rissen oder
Bauteilen suchen und sich diese dann gleichzeitig
anzeigen lassen. Zur Betrachtung der Daten steht
ein kostenloser aspect3D-Viewer zur Verfiigung,
sodass zur Nutzung der Modelle keine spezielle
3-D-Software angeschafft werden muss.

Auswertung von 3-D-Modellen

Neben einem Soll-Ist-Vergleich zweier ahnlich
geformter 3-D-Modelle lassen sich bei der Aus-
wertung und Vermessung eines Modells Mal3e und
Flachen ermitteln. Auch ist es méglich beliebige
Schnitte durch den dreidimensionalen Kérper zu
legen. Eine Entnahme von MalRen kann jedoch
nicht nur am 3-D-Modell erfolgen, ebenso kénnen
mit gewissen Einschréankungen dafiir Orthofotos
verwendet werden.

Orthofotos

Ausgehend von den texturierten 3-D-Modellen
und den kolorierten Punktwolken lassen sich schnell
und einfach maRstéblich entzerrte Orthofotos be-
rechnen. Dazu wurde die Software aspect3D ver-
wendet. Nach Definition der Orthofotoebene und
der Wahl der maximal mdglichen Auflosung (hier:
300 dpi) wurden fir einzelne Ansichten Orthofotos
in verschiedenen Malistaben berechnet. Sie liegen
in den Formaten BMP, PDF sowie eingebunden in
eine AutoCAD-Zeichnung (Abb. 2) vor.

Folgende Orthofotos wurden erstellt und liegen
als Ubersichtsplan vor:

»  Gesamtansicht der nordlichen Fels-
wand der Grottenanlage

» Frontalansicht des Buddha
Shakyamuni mit Grottenriickwand

* Umgebendes Felsmassiv von Grotte Nr. 10

»  Seitenwéande sowie Boden und
Decke der Grotte Nr. 10

Diese hoch aufgel6sten Orthofotos bieten die
Madglichkeit, Masse aus dem Bild zu entnehmen,
da Felskanten oder Strukturen, die parallel zur Pro-
jektionsebene verlaufen, in wahrer Grolie wieder-
gegeben werden. Verlaufen die Strukturen jedoch
schrég zur Projektionsebene werden sie verkirzt
wiedergegeben.

Mit Bildverarbeitungs-Software kdnnen somit
die Orthofotos des Buddha Shakyamuni vermessen
werden. So ist es z. B. mit Adobe Photoshop CS
3 Extended mdglich, Mal3e aus den Orthofotos zu
extrahieren. Dazu muss in Photoshop zunéchst die
Messskala anhand einer im Bild bekannten Mess-
strecke definiert werden. Ist dies erfolgt, konnen
mit Hilfe des Messwerkzeuges Entfernungen ent-
nommen werden.

Auf diese Weise erfolgte die Vermessung der
Balkenldcher und anderen kiinstlich geschaffenen
Aussparungen in der Auflenwand des die Grotte
Nr. 10 umgebenden Felsmassives (siehe Tab. 1
und 2). Als Basis fir die Vermessung wurden eine
zur Figur des Buddhas mittig verlaufende vertikale
Mittelachse und eine auf Niveau des urspriinglichen
Bodenhorizontes verlaufende horizontale Achse
angelegt. Die Aussparungen im Felsen wurden
durchnummeriert (A1 bis A38) und mit einem um-
hillenden Rechteck versehen (Abb. 3).

Horizontale Strecke (Strecke a)

Gemessen wird hier vom Schnittpunkt der Dia-
gonalen des Rechtecks, welches die Aussparung
(Abb. 3) umfangt, bis zur vertikalen Mittelachse.
Die Aussparung ist dem Rechteck sozusagen ein-
geschrieben.

Beispiel: Fur die Aussparung A16 betragt die
Strecke a = 2,23 m (siehe Abb. 4, Tab. 1 und 2).

Vertikale Strecke (Strecke b)

Die vertikale Stecke wird vom Schnittpunkt der
Diagonalen zur horizontalen Achse (entspricht etwa
dem Niveau des urspriinglichen Bodens) gemessen.

Beispiel: Fur die Aussparung A16 betragt die
Strecke b = 2,79 m (siehe Abb. 4, Tab. 1 und 2).
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Distanzen der Aussparungen
(Balkenlocher) in der Fassade der
Aullenwand des Felsmassivs (A1-A20)

Distanzen der Aussparungen
(Balkenlocher) in der Fassade der
Auflenwand des Felsmassivs (A21-A38)

Tab. 1: Grotte Nr. 10, Distanzen der Aussparungen

(Balkenlécher)

Tab. 2: Grotte Nr. 10, Distanzen der Aussparungen

(Balkenlécher)

Messstrecke Distanz Messstrecke Distanz
Al - Mittelachse (vertikal) 0,20 m A21 — Mittelachse (vertikal) 2,11 m
Al — Achse (horizontal) 11,39 m A21 - Achse (horizontal) 3,51 m
A2 — Mittelachse (vertikal) 1,27m A22 — Mittelachse (vertikal) 3,64 m
A2 — Achse (horizontal) 10,76 m A22 — Achse (horizontal) 4,68 m
A3 - Mittelachse (vertikal) 0,06 m| | A23 - Mittelachse (vertikal) 3,65m
A3 — Achse (horizontal) 9,87 m A23 — Achse (horizontal) 4,20 m
A4 — Mittelachse (vertikal) 1,69 m A24 — Mittelachse (vertikal) 4,92 m
A4 — Achse (horizontal) 9,79 m A24 — Achse (horizontal) 4,53 m
A5 — Mittelachse (vertikal) 0,30 m A25 — Mittelachse (vertikal) 4,11 m
A5 — Achse (horizontal) 9,19 m A25 — Achse (horizontal) 4,63 m
A6 — Mittelachse (vertikal) 2,27 m A26 — Mittelachse (vertikal) 3,77m
A6 — Achse (horizontal) 7,26 m A26 — Achse (horizontal) 4,75 m
A7 — Mittelachse (vertikal) 2,26 m A27 — Mittelachse (vertikal) 5,60 m
AT — Achse (horizontal) 7,36 m| | A27 — Achse (horizontal) 3,95m
A8 — Mittelachse (vertikal) 2,32 m A28 — Mittelachse (vertikal) 3,99 m
A8 — Achse (horizontal) 6,68 m A28 — Achse (horizontal) 4,02 m
A9 — Mittelachse (vertikal) 2,33 m| | A29 - Mittelachse (vertikal) 3,72m
A9 — Achse (horizontal) 6,21 m A29 — Achse (horizontal) 4,13 m
A10 - Mittelachse (vertikal) 2,35m| | A30 - Mittelachse (vertikal) 2,87Tm
A10 - Achse (horizontal) 5,78 m A30 — Achse (horizontal) 4,27 m
All - Mittelachse (vertikal) 2,36 m A31 - Mittelachse (vertikal) 3,15 m
A1l - Achse (horizontal) 5,18 m| |A31-Achse (horizontal) 3,98 m
Al12 — Mittelachse (vertikal) 2,34 m A32 — Mittelachse (vertikal) 3,77 m
Al12 — Achse (horizontal) 4,76 m| | A32 - Achse (horizontal) 3,35m
Al13 - Mittelachse (vertikal) 2,32 m A33 — Mittelachse (vertikal) 3,74 m
Al13 - Achse (horizontal) 4,42 m A33 — Achse (horizontal) 3,00 m
Al4 — Mittelachse (vertikal) 2,27 m A34 — Mittelachse (vertikal) 4,65 m
Al4 — Achse (horizontal) 3,91m A34 — Achse (horizontal) 3,09 m
A15 — Mittelachse (vertikal) 2,21 m| | A35 - Mittelachse (vertikal) 3,86 m
A15 - Achse (horizontal) 3,43 m A35 — Achse (horizontal) 1,29 m
Al6 — Mittelachse (vertikal) 2,23 m| | A36 — Mittelachse (vertikal) 4,37 m
Al16 — Achse (horizontal) 2,79 m A36 — Achse (horizontal) 0,00 m
A17 — Mittelachse (vertikal) 2,19m A37 — Mittelachse (vertikal) 3,98 m
A17 — Achse (horizontal) 4,69 m A37 — Achse (horizontal) 0,01 m
A18 — Mittelachse (vertikal) 2,32 m A38 — Mittelachse (vertikal) 0,12m
A18- Achse (horizontal) 4,46 m A38 — Achse (horizontal) -0,13m
A19 — Mittelachse (vertikal) 2,07 m

A19- Achse (horizontal) 4,04 m

A20 - Mittelachse (vertikal) 2,32 m

A20 — Achse (horizontal) 3,91m
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Abb. 5: Kartierung und Vermessung der Grotte Nr. 10 des Buddha Shakyamuni
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Bearbeitungsspuren in Form von Balken- oder Pfostenauflager

Tab. 3: Buddha Shakyamuni, Grotte Nr. 10, Bearbeitungsspuren

Nr. Lage Beschreibung Abmessungen
befindet sich auf Mit- Hohe ca. 9 cm,
Al telachse von Grotte und stufenférmige Aussparung im Fels Breite ca. 36 cm,
Buddha, ca. 4,2 m iber Tiefe ca. 12 cm
Level Grottendecke
ca. 0,8 m rechts von Mit- Hohe ca. 9 cm,
A2 telachse (ausgehend vom stufenférmige, durchgeboge- Breite ca. 54 cm,
Budda), ca. 3,6 m tber ne Aussparung im Fels Tiefe ca. 17 cm
Level Grottendecke
befindet sich auf Mittel- nicht sehr tiefe Aussparung mit oben | Héhe ca. 35 cm,
A3 achse der Grotte, ca. 2,6 m | ausgerundeten Ecken, nach unten frei |Breite ca. 30 cm,
tber Level Grottendecke auslaufend; Balken- oder Pfostenloch?; | Tiefe ca. 17 cm
Aussparung fir Giebelanschluss?
Ad ca. 1,6 m rechts von Mit- ovale, trichterférmige und Hohe ca. 20 cm,
telachse, ca. 2,6 m tber nicht sehr tiefe Aussparung Breite ca. 18 cm,
Level Grottendecke Tiefe ca. 8 cm
Ab befindet sich etwa auf Mit- Hohe ca. 16 cm,
telachse der Grotte, ca. 2m | runde, nicht sehr tiefe Aussparung Breite ca. 17 cm,
tber Level Grottendecke Tiefe ca. 10 cm
A6 ca. 2,2 m links von Mit- hochrechteckige Aussparung, Hohe ca. 23 cm,
telachse, ca. 0,01 m (iber vermutlich Balkenauflager Breite ca. 16 cm,
Level Grottendecke Tiefe ca. 21 cm
A7 (wird fortgesetzt)

Dimensionen des Buddha Shakyamuni

Tab. 4: Vermessung des Buddha Shakyamuni, Grotte Nr. 10

Messung
Messstrecke Distanz | Nr. Photoshop | Zahlpunkt—Zihlpunkt
Hohe Grotte (max.) 6,53m | 0001 (Lineal 13) | 1-5
Ho6he Buddha (ohne Sockel) 503 m | 0007 (Lineal 19) | 2-3
Ho6he Buddha (mit Sockel) 564 m | 0002 (Lineal 14) | 2-4
Hohe Sockel 0,61 m | 0005 (Lineal 17) | 3-4
Breite Grotte (auf Hohe der rechten Hand) | 3,64 m | 0006 (Lineal 18) | 6-7
Breite Buddha (auf Hohe der Ellenbogen) | 1,85 m | 0003 (Lineal 15) | 8-9
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Ursula G. Drewello, Mathias Kocher

Results of the
Analysis:

AN 1994

Location, Object:

Test Material,
labels

Research Questions:

Methods of
Identification:

Botanical Examination:

China, Szechuan Province,

Anyue Grotto, sandstone construction.
Written by Prof. Dr. R. Snethlage on 11.12.2008

Sample la: dark green moss, above no. 38;
Sample 1b: stone test with moss (dark green, dry und light green, dry),

Sample 2a: dark green moss, leafy, upper right side;
Sample 2b: stone test with moss (dark green, non-vascular leaves),

Sample 3a: light green moss, dry, lower right;
Sample 3b: stone test

What species can be found on and in the stone substrate?
How far has the biogenic covering penetrated the stone?
What methods should be used to remove it?

Lichtmikroskopie (LM); Fluoreszenzmikroskopie, Rasterelektronen-
mikroskopie (REM);

Treatment and Evaluation of Materials:

Dipl.-Biol. Ursula G. Drewello

Labor Drewello & Weiimann GmbH
GeyersworthstralRe 6b

96047 Bamberg

Lichen Identification:

Prof. Dr. Rosmarie Honegger
Institut fir Pflanzenbiologie
Universitat Zurich
Zollikerstrasse 107

CH-8008 Zirich

Moss ldentification:

Dr. Edi Urmi
Institut flr Systematische Botanik
dto.
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Results of the Analysis:

Sample 1a, b:

This sample is a piece of red sandstone on which
amoss with small, nonvascular leaves have grown.
On the outermost layer of stone, the moss has built
up a 1*-millimetre thick layer of humus. In the mean
time, it has dried out and is easily removed from
the stone. On the layer of humus, there appears to
be an optically light, damaged biogenic area that
goes approximately one to two millimetres into the
stone. In the layer of humus, the thick, brown rhiz-
oids of the moss and the fine hypomyces mycelium
creates a covering that extends into the biogenic
layer. As the moss’ rhizoids thin out over the intact
stone area of the sample (up to 1,5 cm) and are able
to penetrate the stone, the fine, transparent fungal
hyphae can be found throughout the entire sample.
In the sample, there is the typical musty to earthy
smell of mold, which is a by-product of metabolic
processes. A complex mixture of volatile organic
compounds belonging to the material classes of the
alcohols, ketones, terpenes, and aromatic compounds
are responsible for this.

The overdeveloped biogenic area is evident
because of its visibly thickened outer layer. The
plentiful residue of crystallized compounds have
materialized because of microbially induced pre-
cipitation. It has created a layer over the main part of
the sample that is visible under a light microscope.

The species and genus of the moss cannot be
precisely classified. A conservative assessment is
that there are characteristics specific to the species
Gyroweisia sp. from the Pottiaceae family. In Bry-
opsida flora from China, there is only one type of
this and this is not it, so if it is a type that has not
yet been described, it is definitely new to China.

There is also growth of the moss species Gyro-
weisia on shady stone walls in our area.* Gyroweisia
Schimp. is one type present in Baden-Wirttemberg;
worldwide there are about 10 types.?

In the corresponding thin section (< 20 pm), the
inspection of a cross-section of up to 7 mm located
over the stone matrix confirms the penetration of
moss rhizoids through the test sample. Decomposing
biogenic material collects in its many pores and ap-
pears to be a diffused brown mass. The intact moss
rhizoids appear to be fibrous, structured plant pieces.

Sample 2a, b:

Just as in Sample 1, there is a piece of red sand-
stone, on which a piece of moss with wide, non-
vascular leaves has grown. In this sample, a 1*-mil-
limetre thick layer of humus has built up under the
layer of moss. The thicker this layer is, the more
easily it can be removed. In this sample, the layer
of humus has dried out.

Justas in Sample 1, the layer of humus had been
penetrated with moss rhizoids and fungus mycels.
This layer microbial area under the layer of humus is
less distinctive than in Sample 1. The typical moldy
smell is more noticeable in this sample.

The Marchantiophyta is a Plagiochsma appen-
diculatum/Lehm. et Lind. Order: Marchantiales,
Family: Aytoniaceae (although the material is sterile,
an exact identification cannot be made, because this
genus is being revised).

The moss is covered with a number of white
rhizoids that, from the bottom of the thallus, ap-
pear to be flat. It is located on the outermost layer
of stone and penetrates through the sandstone. The
dark brown rhizoids in the layer of humus as well
as in the stone have resulted from a previous moss
growth; under the Marchantiophyta, there is a dead
layer of gametophytes, consisting of a small stem
made up of small, curly nonvascular leaves, point-
ing to a Bryopsida.

In the related area (< 20 pum) is to be detected,
that before all things the dark brown rhizoids of
the preceding Bryopsida colony over the entire
area went up to 1,3 cm in the sandstone. The pores
are filled with biogenic metabolic products, dead
biomasses, a rich microbe population and sporadi-
cally also with algae colonies.

Special features of Plagiochasmia appendicula-
tum/Lehm. et Lind.: Plagiochasma appendiculatum
allows for specific biomonitoring of the bodies of
water with mercury and copper, as these elements
cause damage to the thallus and chlorophyll produc-
tion. However, zinc, chrome and lead barely harm
Plagiochasmia appendiculatum, if at all.®

In addition, because of antimicrobial properties,
there is evidence that Plagiochasma appendiculatum
appears to be able to help heal wounds and has an
antioxidant effect as well. In some tribes, pastes
from this moss are used for the treatment of skin
ailments.*
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Sample 3a, b:

The red sandstone, as in Samples 1 and 2, is
covered with a white-green lichen. Under this layer
of lichen is a moss growth that has already been
largely displaced from the lichen. The Bryopsida
can only sporadically be identified.

By the grown crust of the layer, it is a question
of Lepraria sp. (testing could not determine the
exact type)®

There are two clearly identifiable areas in the
lichen layer. In the outer layer, the algae partner
(photobiont), which is responsible for the light green
appearance of the lichen, has become integrated
into the white mycelium of the mushroom partner
(mycobiont). In contrast, the other layer of lichen
consists almost entirely of the mycobionts” white
mycelium.

The lichen thallus of this species is typically
powdery (leprous) and consists of small particles,
which can be anywhere in shape and size between
small and fine to large and almost cotton-like. From
these particles, which make up the thallus, the mycel
filaments stick out in all directions, like a hedgehog.

In contrast to Samples 1 and 2, in which a multi-
millimetre thick layer of humus could build up on
the stone, here, there is a visible, thin layer of moss
rhizoids adhering to the stone. There is a microbial
area that has affected the stone and, as described in
Sample 1, appears to be lighter and goes 1-2 mm
into the stone.

On the other hand, the stone matrix is infiltrated
by metabolic products, which appears to be more
finely structured lets the layer. The large variety of
metabolic products, which are being disposed of in
the form of crystalline phases of the microorganisms
and surrounded the hyphen of the mushroom partner,
are clearly visible in the raster electron microscope.

There are a number of additional microbes to
be identified by the raster electron microscope,
creating the impression that there is a complex
biological environment. Aside from the lichen, there
are, among others, additional fungi, bacteria, and
actinomycetes, and diatoms (brown algae).

In comparison to Samples 1 and 2, there is almost
no noticeable moldy smell.

In the accompanying thin section (< 20 pm) it is
noticeable that the moss rhizoids over the entire cross
section go up to 0,7 cm into the sandstone and the

few dense sandstone structures within it are filled
with biomass and metabolic products.

Cleaning, Removal:

The removal of moss from the outer layer of stone
should be relatively simple if the layer of humus on
top of the stone is also removed.

In order to prevent moss growth over the long
term, the conditions of the area must be changed over
the long term, too, keeping moisture at a minimum.
Then it is important to pay attention, that the mois-
ture in the stone substrate plays a lesser role than
humidity. This is not because mosses do not absorb
water through their rhizoids but instead through
their nonvascular leaves and thalli. Maintaining
a dry environment with lots of sunlight is helpful
in drying out existing colonies and preventing the
growth of new ones.

At the moment, it is unclear if it would be benefi-
cial to remove mosses and lichens from the stone.

The following issues should be considered:

» The removal of the moss always leads to a
removal of the outermost layer of the stone.

»  The moss rhizoid growth goes deep into the
stone, so a complete removal is impossible.

» Endolithic lichens that have grown into the
stone can only be removed at the surface
layer.

» Because the partner fungi deeply pen-
etrates the stone, a mechanical removal is
not going to be able to completely remove
the growth, either. The lichens regener-
ate themselves in many cases, so that a
removal merely leads to a loss of the out-
ermost layer of stone.

» Inaddition, the method of burning off lichens
and/or using biocides is not recommended,
because the lichen population will surely
be affected, and because it is highly likely a
new colony will grow. There is the danger
that because of the slight competitive pres-
sure, a quickly-growing lichen will grow in
a species-poor population, leading to a sig-
nificantly thicker settlement in the outermost
layer of stone which can even begin to grow
before treatment is over.

»  Aspecies-rich lichen and moss population on
the outermost layer of stone is actually better
to have than a new growth of a species-poor
population after a cleaning.
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» Asarule, mosses and lichens are typically
more protective of than damaging to the
stone. The sandstone that is present here
has over a loose, very porous structure,
through which moss rhizoids easily grow.
Their growth can also help to consolidate
and strengthen the sandstone structure.

» There are negative consequences of the re-
moval of the green moss thallus. As a result
of its removal, the rhizoids dry out, and the
exposed outer layer of stone can weather
more quickly.

» The subtropical weather in Szechuan Prov-
ince means that, year-round, there is rela-
tively high humidity in the Anyue grotto.
This, and the low number of sunny days in
the province, leads to the rapid moss, lichens
and microbe re-colonization after of virtually
every method of stone cleaning.

+ Inaddition, the fact that the Gyroweisia sp.
moss found in Sample 1 has not yet been seen
in China. In this instance, it is possible that
it is a type that has not yet been discovered!
If circumstances allow, this biodiversity-
enriching new moss should be left in place.

The identification of other microflora, which
consists of a number of different types of bacteria
and fungus, has been made. It can be completed by
additional surveys.

Endnotes

1 Werner, J. (1985): Einige bemerkenswerte Moose an
der Dreilédnderecke bei Schengen, Bull. Soc. Nat.
Lux. 85 (1980-82), p. 77-81.

2 Nebel, M., G. Philippi (Ed.) (2000): Die Moose Ba-
den-Wirttembergs, Vol. 1, p. 329.

3 S. Ghate and S. B. Chaphekar (2000): Plagiochasma
appendiculatum as a biotest for water quality assess-
ment. Environmental Pollution, Vol. 108, Issue 2, p.
173-181.

4 M. Singh, R. Govindarajan, V. Nath, A. Kumar, S.
Rawat, A. Kumar and S. Mehrotra (2006): Antimi-
crobial, wound healing and antioxidant activity of
Plagiochasma appendiculatum Lehm. et Lind. Journal
of Ethnopharmacology, Vol. 107, Issue 1, p. 67-72.

5 A monograph of the genus is currently being put to-
gether. The author of this monograph has offered as-
sistance to this project.

6 Brickwedde, F., Carl Beierkuhnlein, Rainer Drewello
(Ed.) (2009): Leitfaden zur naturvertraglichen Restau-
rierung von historisch bedeutsamem Mauerwerk aus
Sand- und Kalkstein. Berlin, Erich Schmidt Verlag (in
press).

7 The lightmicroscope photos have been taken by Ursula
G. Drewello.

8 The images from the raster electron microscope were
taken by Prof. Dr. R. Honegger.
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PHOTO DOCUMENTATION Sample 17 PHOTO DOCUMENTATION Sample 1

Image 1: Overview of Sample 1: Sandstone with Image 2: Detail of Sample 1: The small, non-

vigorous moss growth (LM, approx. 16x). vascular Bryopsida appears to be Gyroweisia sp.
(LM, ca. 40x)

Image 3: Overview of the Sample: In this photo, Image 4: Detail: Under the moss, a layer of

the different layers of humus and the original layer humus about 1 mm thick has built up and is easily

of sandstone are visible (LM, approx. 11x) removed from the outer layer of the stone (LM,
G ] approx. 20x)

Image 5: Detail: The biogenic area seems to be )

more grainy than the stone that lies underneath it Image 06: Detail: Moss rhizoids (red brown) have

(LM, approx. 40x) completely grown through the layer of humus (LM,
approx. 50 x)
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PHOTO DOCUMENTATION Sample 1

PHOTO DOCUMENTATION Sample 1

Image 7: Thin Section/Cross Section: Moss

rhizoids under the layer of humus mixed with
particles from the outermost layer of stone
(LM/POL, approx. 50x)

Image 9: Thin Section/Cross Section: In the lower
portion of the 7-mm-thick cross section, a similarly-
sized moss rhizoid growth is present and the
biogenic component is recognizable (LM/POL
approx. 50x)

Image 11: Thin Section/Cross Section: In the detalil,
lower portion: dark brown moss rhizoids (arrow)
grow up to 7 mm through the stone matrix (LM/POL
approx. 200x)

Image 8: Thin Section/Cross Section: In
unpolarized light, the dark-colored amorphic
biogenic components in the stone matrix stand in
contrast to the light-colored layer of particles in the
sandstone (LM, approx. 50x)

Tl &

B

Image 10: Thin Section/Cross Section: Moss

rhizoids and additional biogenic material that has
been stored in the porous stone matrix are
recognizable (LM/POL approx. 100x).

Image 12: Thin Section/Cross Section: In the detalil

above section: moss rhizoids are growing through
the porous sandstone (LM/POL approx. 200x)
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PHOTO DOCUMENTATION Sample 2

PHOTO DOCUMENTATION Sample 2

Image 1: Overview of Sample 2: Sandstone with
moss, whose green wide thalli are curling up
because of dry local conditions (LM, approx. 11x)

Image 3: In the cross section The light
Marchantiophyta rhizoids, which are one-celled and
more delicate than the dark brown rhizoids of the
previously existing moss colony (LM, approx. 20x)

Image 5: Cross section of Sample 2: In this probe,

it is remarkable that there is a barely noticeable or
missing biogenic layer (LM, approx. 11x)

Image 2: Overview of Sample 2: In some spots,
there are traces of a previously existing moss
colony. Here is the dead stem with small pieces of a
Bryopsida (LM, approx. 11x)

Image 4: Overview of the outer layer of stone after
removal of the moss growth, with the light rhizoids

of the Marchantiophyta and the dark brown rhizoids
of the Bryopsida (LM, approx. 40x)

Image 6: Cross Section of Sample 2: In the layer

of humus, pieces of higher-order plants can be
found, just as in layers where germination can
occur (LM, approx. 32x)



196 Biological Investigations of Grotto No. 37 Annual Report 2007—2009

PHOTO DOCUMENTATION Sample 2 PHOTO DOCUMENTATION Sample 2

Image 7: Thin Section/Cross Section: The wide Image 8: Thin Section/Cross Section: In the detail,

Marchantiophyta thallus has become separated the “holes” filled with biogenic material are visible
from the stone (LM, approx. 50x) (LM/POL, approx. 100x)

Image 9: Thin Section/Cross Section: In Image 10: Thin Section/Cross Section: Here in

unpolarized light, the dark-colored amorphous detail, the structure of the rhizoids and the
biogenic components of the stone matrix are seen amorphous material of dead biomasses, with its
in contrast to the light-colored stone particles (LM, own microbial colony and stored metabolic
approx. 100x) processes, can be distinguished from each other

(LM/POL, approx. 100x)

Image 11: Thin Section/Cross Section: In the lower  Image 12: Analog Image 11 under UV light: there

area of the 13-mm-wide stone cross section, are algae that fluoresce red in this layer of stone
biomasses are also recognizable in the pores (LM/UV, approx. 500x)
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PHOTO DOCUMENTATION Sample 3

PHOTO DOCUMENTATION Sample 3

Image 01: Overview of Sample 3: Sandstone with
the lichen Lepraria spec., whose name already
hints at its “leprous,” powdery form (LM, approx.
11x)

0,2 rm

Image 03: Detail: The lichen Lepraria spec. has a
relatively simple construction. Cotton-like particles
break down the thallus into fine particles (LM, ca.
64x)

Image 05: Overview of Sample3: On the outermost

layer of the stone, rhizoids from a previous moss
growth are visible (LM, approx. 32x)

Image 02: Detail: Lepraria spec. can establish itself
on a bryopsida. The lichen growth has almost
completely pushed back the moss. In addition, the
green, algae-rich area is present in the outer area
of the lichen thallus (LM, approx. 20x)

-

3.1 mm

Image 04: Detail: Green algae is imbedded into the
small pieces which make up the white fungus
mycelium (LM, approx. 144x)

Image 06: Overview of Sample 3: There are also

moss protons next to the rhizoids (LM, approx. 40x)
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PHOTO DOCUMENTAION Sample 38

oo1ze =300 um —

Image 13: Cross Section of Probe 3 with
lichen thallus over the moss growth, into which

000123 — Gpm——1

Image 15: Detail: Hyphae of the lichen Lepraria
spec., with residue from secondary material

e
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Image 17: Detail from Image 13: A thick webbing

made up of other mold mycelium and actinomyceta-
ceae has built up on the lichen mycelium

PHOTO DOCUMENTATION Sample 3

— 300 prn —

Image 14: Cross Section of Sample 3: Continuation
of Image 13

B e

U028 70 pm ———

Image 16: Detail from Image 13: A matrix that has

grown from the mycelium out of pieces of stone and
humus

Image 18: Detail from Image 16: The lichen
neutralizes acids, such as chalk particles that have
become cauterized in the stone matrix
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PHOTO DOCUMENTATION Sample 3 PHOTO DOCUMENTATION Sample 3

000145 o ' — 30 prn —

000139 Fdnhppdeen ina Rauierdn f— LI s—

Image 19: Detail: The lichen fungus is infested with ~ Image 20: Detail: In addition, diatoms have been
bacteria imbedded in the biogenic covering

000146 ' G M ——1 000154 —— 8 pm——

Image 21: Detail of Image 20 with diatoms Image 22: Detail. Moss protonemata and mold
spores that are not from the lichen mycobiont

000160 N —T0 um 000153

— & um ———
Image 23: Cross Section of Sample 3 in the intact Image 24: Detail of Image 23: In the intact stone
stone structure there are fungus hyphae, bacteria, and

actinomycetaceae as well, but in fewer quantities
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Fig. 1: Situation in the 1980’s, begin of the reforestation

Garden maintenance- and Landscape management plan

Zhang Jinfeng, Mathias Kocher, Melanie Eibl, Felix Horn

One significant damaging factor concerning
the stone of the grottoes of Yuanjuedong is the
vegetation. Vegetation in this context refers to
plant life like trees, bushes, ferns and moss, but
also the colonization of the stone surface through
microorganism.

Actual situation
Tree Population

According to the image (fig. 1), at the beginning
of reforestation in the 1980°s, there were compara-
tively few trees. There are two possibilities: there
were always only a few trees before 1980°s, or there
were a lot of trees before 1960°s, because there ex-
ists a period to cut down wildly tree in 1960°s in the
Chinese history and the grottoes usually were built
in the mountains with lush trees in ancient China,
which is related closely to the Buddhism doctrine, if
itis suitable to trees. There is no document to verify
which possibility is reality. During reforestation
steps in the 1960’s and 1980°s the population of
trees was raised enormously. This dense vegetation
causes shadow, which — in combination with the high
relative humidity — leads to an increased growth of

moss, ferns and microorganisms. Furthermore the
trees have developed a deep entering system of
roots, which destroys the stone substance.

Moss and ferns, which are covering the grottoes
in part flat, are able to store humidity. This leads
to a permanent raise of the stone moisture onto
and within the covered area, with the long term
consequence of a considerable structural damage
of the stone.

Fig. 2: Today’s situation, peak of hill Yunju
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Fig. 3: Lush natural cover
of moss, predominant at the
south side of the grottoes no.
35-40

Fig. 4: Scaling as a reason
of permanent moisture
penetration

Fig. 5: Example of
discoloured surface areas
as a reason of biological
colonisation, grotto no. 10,
upper left hand side corner
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Microfauna, Microflora

Because of the climatic and therefore optimum
growth conditions, the grottoes are colonized by a
rich microflora. Biofilm-building took place onto
the stone surface and a biofilm supports intensively
the growth of complex communities of different
microorganisms, like fungi, bacteria or lichen. On
the other hand biofilms possesses a great capacity to
store humidity, which causes problems comparable
to that of moss growth. Moreover the secreted by-
products of microorganisms metabolic activities
are also an important damaging factor.

Some stone surfaces had been darkened because
of the presence of the microflora, which can prob-
ably cause problems, if the stone is exposed to
direct radiation of the sun. By the solar radiation the
darker fields warmed up faster than the surrounding
undyed stone surface, resulting in tensions within
the stone matrix which leads consequently to a
crack formation.

Package of measures
Tree population

The specific cut down of the plant life is urgently
necessary. The botanic definition of the vegetation
would be a support concerning the criteria because
of which trees are to be chosen for cutting down. In
case of existing botanic definition through a botanist

within the scope of creating the protection plan for
the grottoes of absolute enlightenment, it would be
useful to supplement the protection plan with the
Latin botanic terms of the plant species.

Along the paths the cut-down of trees could be
carried out without hesitation. But in the direct
surroundings of the grottoes the cutting of the trees
should be performed gently because of the fact
that the existing trees are protecting the grottoes
against the sun radiation. In this context it would
be useful to guarantee the shadow for the grot-
toes until measures against the microorganisms
are carried out.

Contrary to that, it is necessary to remove moss,
ferns and sprouts, which are growing onto the stone
of the grottoes within a radius of about one meter.
The therefore required measures, like mechanic and/
or chemo-physical methods should be performed
exemplary on one selected grotto.

Microfauna, Microflora

As to decide which steps are the most effective
and safe to remove microorganisms, the existing
microflora should be determined. The characteri-
zation of the microflora could be performed with
non destructive-techniques like batch-sampling,
ATP-measurement and microscopically analyses.
Corresponding to the results of microbial inves-
tigation, the next step would be to create concrete
strategies against growth and damage through the
microbiological impact.
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Die Kunst der Grotte Nr. 10 in der Grottenanlage Yuanjue

Lin Chunmei

Die vom 8. bis zum 12. Jahrhundert gefertigte
Grottenanlage Yuanjue liegt auf dem Hugel Yunju,
etwa zwei Kilometer 6stlich der Kreisstadt Anyue
in der Provinz Sichuan, China.

Es gibt dort 103 Grotten mit insgesamt 1933
Figuren?, die teils vollplastisch oder in Hochrelief
gearbeitet sind. Die dargestellten Figuren prasen-
tieren sich mit folgenden Themen: Buddhas in drei
Generationen; Sieben Buddhas; Reines Land im
Westen; Der Nordliche Himmelskdnig Bishamen-
tian; 16 Arhats; Kshitigarbha (Dizang) mit zehn
unterirdischen Richtern; Avalokiteshvara; Ava-
lokiteshvara mit Tausenden Handen und Augen;
Buddha Shakyamuni beim Halten einer Blume und
Daoistische Gottheiten u.a.

\or allem die Darstellung des Buddha Shakya-
muni beim Halten einer Blume ist ein vollig neues
Thema, das die zeitliche Entwicklung des buddhis-
tischen Glauben widerspiegelt und auch Einfluss in
der Umgebung des Kreis Anyue ausubt®. Gerade
die Grotte dieses Buddha Shakyamuni ist durch
eindringendes Wasser gefahrdet. Die Begleitfigur
des Shakyamuni und das Stifterehepaar darin leiden
unter der Verwitterung — so sind die beiden Stifter
nur durch ihre Haltung und noch vorhandene Ge-
wandpartien zu identifizieren.

Die Grotte Nr. 10 (Abb. 1) wurde deswegen
zur Konservierungsforschung ausgewéhlt. Im
Folgenden wird diese Grotte beschrieben und die
Ikonographie der dargestellten Figuren und ihr
Stil vorgestellt.

Beschreibung der Grotte Nr. 10

Die Grotte ist 6,40 Meter hoch, 4 Meter breit
und 3 Meter tief. Der nach rechts blickende Buddha
steht aufrecht in der Mitte. Neben dem Buddha
befinden sich seine Begleitpersonen: unten in der
Grotte links ist ein Mdnch dargestellt, den Kopf
zum Buddha erhoben.

Rechts findet sich das Ehepaar, das den Grot-
tenbau gestiftet hat. Oben, in Gesichtshohe des
Buddha, ist je ein himmlisches Wesen dargestellt.
Hinter dem Buddha ist die Riickwand mit Aureolen
und Blumen geschmiickt.

Abb. 1: Der Buddha Shakyamuni in Grotte Nr. 10

Der Buddha Shakyamuni und
sein Schiiler Mahakasyapa

Der sechs Meter hohe Buddha wendet sich mit
lachelndem Gesicht nach rechts, seine rechte Schul-
ter ein wenig in die gleiche Richtung neigend. Der
frontale Betrachter blickt auf ein Zweidrittel-Profil
des kantigen Gesichts. Buddha hélt seine Arme vor
der Brust: Seine rechte Hand mit der Geste des
Lehrens streckt sich nach oben und hélt dabei eine
Blume mit dem Daumen. Seine linke Hand ruht
horizontal mit der Handfliche nach oben. Uber
dem linken Unterarm hangt ein Zipfel des Oberge-
wandes (jiasha). Besonders bemerkenswert ist das
nicht frontal dargestellte Gesicht. Die Gewandfalten
kennzeichnen sich dadurch, dass die Falten der tiber
den Arm fallenden langen breiten Offnungen der
Armelpartien in Dreiecksform fast parallel drapiert
sind.
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Abb. 2: Kasyapa in der Grotte Nr. 10

Die teils verwitterte Figur im Monchsgewand
unten links in der Grotte richtet den Blick nach
oben zum Buddha und legt die H&nde anbetend
zusammen. Trotz der Verwitterung des Kopfteils
sind die bis auf die Wangen fallenden langen Au-
genbrauen und die Falten um die Mundpartie noch
zu erkennen — die Figur ist als Kasyapa (Abb. 2)
zu interpretieren.

Kasyapa ist einer der zehn beriihmten Schiiler
des Buddha Shakyamuni und wird oftmals als al-
tere und erfahrungsreiche Gestalt zusammen mit
einem anderen Schiiler, Ananda d.J., als Vertreter
der Schuler des historischen Buddhas dargestellt.
Nach Buddhas Eingehen ins Nirwana hatte er 500
Arhats gesammelt und die Reden des Buddha in
Form der Sutren dokumentiert.

Der historische Buddha war der Prinz Siddharta
Gautama. Er wird von den chinesischen Buddhis-
ten Buddha Shakya oder Shakyamuni (,,Einsiedler
der Shakya“) genannt. Er lebte etwa im 6. bis 5.
Jahrhundert v. Chr. in Nordindien. Sein Vater war
das Oberhaupt der Adelsfamilie der Shakya. Nach
Erlangung der Erleuchtung begann er alle Menschen
an seiner Lehre teilhaben zu lassen. Er predigte, wie
man durch rechtes Wissen vom leidvollen Leben und
durch rechtes Tun, die Sinnesreize zugeln kann, um
den Weg zur Aufhebung des Leidens zu erlangen
und zur Ruhe zu kommen.

Buddha Shakyamuni beim Halten einer Blume
und der zum Buddha blickende Kasyapa l&sst er-
kennen, dass es sich bei dieser Darstellung um das
Lehren durch das Halten einer Blume handelt:

Als Buddha Shakyamuni vor einer grofen Schi-
lerschar auf dem Geierberg lehrte, hielt er dabei
schweigend eine Blume, um seine Lehre, den Dhar-
ma, darzustellen. Wahrend alle anderen Schuler
nicht begriffen, was er damit aussagen wollte, ver-
stand ihn nur sein Schuler Kasyapa und l&chelte.

Daraufhin sagte der Buddha: Ich habe den Augen-
Schatz des wahren Dharma, das wunderbare Nirwa-
na-Bewusstsein, die wahre Form der Nicht-Form,
das geheimnisvolle Tor des Dharma. Kashyapa, Du
wirst betraut, diese Lehre weiter zu verbreiten und
nicht unterbrechen zu lassen.

Kasyapa, der auf dieser Weise durch den Buddha
den Namen Mahakasyapa erhalten hatte, wurde so
der erste Patriarch in der indischen Ubertragungsli-
nie des Chan, das lautlich aus dem Sanskrit Dhyana
stammt und bezeichnet in der indischen Yoga-
Philosophie die hoheren Bewusstseinszusténde der
Meditation oder der Versenkung.

Fliegende himmlische Wesen,
Gandharva und Kinnara

Oben an beiden Grottenwanden fliegt je eine
Figur, eine Blumenschale haltend, auf Wolken nach
innen. Diese fliegenden Wesen tragen einen mit
einer kleinen Blumenkrone geschmiickten Dutt.
Der Oberkorper ist nackt, der Unterkdrper in einen
langen Rock gewickelt. An der Taille ist ein Schutz-
teil mit einem Gurtel in zwei Stufen umgeschlagen
und darauf noch ein kurzes Schmuckstlck unter
dem Giirtelband verziert. Ein Rockteil flattert zwi-
schen den Beinen nach oben wie das himmlische
Gewand, das, durch ein langes Band verkorpert,
sich hinter dem Kopf und unter den Armen in zwei
Teilen nach oben schlangelt. Die volutenférmig
abstrahierten Wolken reihen sich aneinander wie
eine Hangematte (Abb. 3) zum Halt der fliegenden
Wesen. Zu Beginn der Christianisierung erscheinen
solche ,,wehenden Wolken* hiufig — als Symbol fiir
einen Gluckwunsch — mit dem Drachenmotiv. All-

Abb. 3: Das himmlische Wesen an der linken Wand von
Grotte Nr. 10

méhlich begleiten diese Wolken die buddhistischen
himmlischen Figuren beim Fliegen. Sie stellen sich
im 6. Jahrhundert in einer langlichen Form dar und
spater, ab dem 7. bis zum 9. Jahrhundert, in bunt
bemalter Schneckenform.
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Das fliegende Wesen an der linken Grottenwand
halt mit zwei Handen eine Schale mit Blumen,
wahrend das himmlische Wesen an der Gegen-
wand (Abb. 4) mit jeder Hand je eine Schale mit
einem vollerbliihten Lotus und eine Lotusknospe
tragt.

Fliegende himmlische Wesen, Gandharva und
Kinnara, sind himmlische Musiker und Beschiitzer
der buddhistischen Lehre, um einerseits die Gotter
und Géttinnen zu unterhalten und andererseits die
buddhistische Lehre zu schiitzen. Im Buddhismus
spielen sie meist nur eine untergeordnete Rolle.
Wo Buddha erscheint, tanzen sie am Himmel und
streuen frische Blumen. Beschiitzend dienen sie
dem Buddha mit Musik, Tanz, frischen Blumen und
Essen. Sie leben im Bereich der Gétter (Devas),
einer gliicklichen Sphére, sind aber noch — genauso
wie Menschen und andere Lebewesen —dem Kreis-
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Abb. 4: Das himmlische Wesen an der rechten Wand der
Grotte Nr. 10

lauf des Geborenwerdens, Alterns und Sterbens
unterworfen.

Links und rechts oben an der Riickwand, wo sich
die Aureolen des Buddha Shakyamuni befinden,
sind je drei oder vier Bliten zu sehen, die von den
beiden fliegenden Wesen verehrend zum Lehren des
Buddha unterzustreuen sind. Diese beiden Darstel-
lungen im Hintergrund des Buddha bekraftigen den
Akt des Belehrens.

Stifter

Die zwei stark verwitterten Figuren (Abb. 5)
unten vor der rechten Grottenwand sind von Hand-
haltung und Gewandung als Stifter und Stifterin zu
identifizieren. An der Figur innen sind noch die Ar-
mel und der untere Teil des Gewandes zu erkennen.

Abb. 5: Ehepaar, Stifter der Grotte Nr. 10

Da der rechte Armel ein wenig héher liegt, kdnnte
es sein, dass ehemals ein Rauchergerét vorhanden
war, das vollig verwittert ist. Der Seitenschlitz mit
den angedeuteten Falten rechts am Unterteil des
Gewandes belegt einen Ménnerkaftan.

Die Figur auBen lasst sich von Handhaltung und
Faltenrock als weibliche Figur identifizieren. Zwi-
schen ihren Handen ist noch eine kleine dreieckige
Decke fiir die Opfergabe zu erkennen. Ein gutes
Vergleichsbeispiel liefert das Ehepaar in der Grotte
Nr. 14 (Abb. 6). Hier tragt die weibliche Figur ein
langes Tuch fur die Opferschale.

Abb. 6:
Ehepaar,
Stifter der
Grotte Nr. 14
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Abb. 7: Der Bodhisattva Avalokiteshvara in Grotte Nr. 14

In der Grottenanlage Yuanjue finden sich noch
zwei Grotten in &hnlicher GroRe. In beiden ist je
ein Bodhisattva Avalokiteshvara dargestellt: Der
eine halt seine Hande gekreuzt vor dem Bauch.
Ein Lotusknospenzweig (Abb. 7) wird in der rech-
ten Hand gehalten, mit der Knospe nach unten.
Dieser Avalokiteshvara ist stilistisch noch deutlich
der Zeit der Finf Dynastien (907—960) verhaftet:
voll gerundetes Gesicht, dekorative Darstellung
der Wolken in Voluten- oder Wirbelform, eng an
den Korper gelegte Gewandung, Lotussockel mit
geometrischem Blumenblatt. Die von himmlischen
Wesen verstreuten Blumen &hneln sehr denen in
der Grotte Nr. 10. Die Grotte Nr. 14 ist durch die
Inschrift der Stifter auf 1108 datiert.

Der andere Bodhisattva Avalokiteshvara (Abb.
8), mit einem kurzen Weidenzweig in der rechten
Hand und mit einer Wasserflasche in der Linken,
gehort zu der in das Jahr 1153 datierten Grotte
Nr. 7. Im Vergleich mit dem Buddha Shakyamuni
und dem Avalokiteshvara mit der Lotusknospe ist
die Faltendarstellung des oberen Gewandes wesent-
lich schlichter aufgelockert. Zum Beispiel sind an
der uber die Hand mit der Vase herunterhdngenden
Armelpartien drei Schichten zu erkennen. Unten
neben dem Handgelenk ist eine gerade Linie, die
auBere daneben lauft in drei Falten und oben, nah

zum Ellbogen in zwei, wahrend die Armelparti-
en des Buddha Shakyamuni und des Bodhisattva
von Grotte Nr. 14 mit mehr Falten und schérferen
Konturen dargestellt sind: die Faltenanzahl bei den
Armelpartien des Buddha ist geringer als bei den
des Avalokiteshvara mit der Knospe. Auch wird die
Gestaltung des Flammenmotivs auf der Aureole bzw.
des Wolkenmotivs in der Zeit immer abwechslungs-
reicher. Die Flammen in Grotte Nr. 7 zum Beispiel
sind aus zwei bis vier einzelnen Haarnadel-Formen
mit unregelmaliigen, breitgerundeten Nadelkurven
gruppiert. Die friheren Darstellungen haften noch
deutlich dem Stil der Flammendarstellung seit den
Flnf Dynastien (907—-960) an: Sie prasentieren
sich vereinzelt nebeneinander auf der Randpartien
der Aureole. Die Flammendarstellung in der Grotte
Nr. 10 neigt zur Auflockerung, indem ihre Haar-
nadelstdbchen kurviger eingeritzt und ihre Lange
nicht gleich sind.

Aus den genannten Vergleichspunkten I&sst sich
sagen, dass die Grotte Nr. 10 zwischen den beiden
Grotten fir die Avalokiteshvara erstellt wurde, also
zwischen 1108 und 1153.

Vergleichsbeispiele

Interessanterweise gibt es in der N&he der Kreis-
stadt Anyue noch zwei Buddhas in &hnlicher Hal-
tung: Der eine liegt in dem Dorf Yunguang des
Bezirks Gaosheng in Kreis Anyue und ist durch
eine Inschrift auf das Jahr 1193 datiert. Der andere
liegt in dem Dorf Luohan des Bezirks Gutian (Abb.
9) in dem Nachbarkreis Zizong und ist ebenfalls

Abb. 8: Der Bodhisattva Avalokiteshvara in
Grotte Nr. 7
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durch Inschriften der Besucher in die Ara Zhenghe
(1111-1118) datiert. Im Folgenden wird die Grot-
te in Zizong zur genaueren Datierung der Grotte
Nr. 10 in Yuanjue stilistisch analysiert.

Die Grotte Nr. 2 im Dorf Luohan
des Bezirks Gutian-Zizong

Die Konstruktion der Grotte Nr. 2 im Dorf Luo-
han ahnelt zwar der in der Grotte Nr. 10 der Grot-
tenanlage Yuanjue in Anyue, Abweichungen sind
jedoch zu erkennen:

» Kasyapa steht nicht rechts vom Buddha.
Der Buddha wendet seinen Blick tber
seine linke Schulter zum Kasyapa.

» Die Anzahl der kurvigen Falten des
Obergewandes sind geringer, aber im
Vergleich zu Grotte Nr. 7 in der Grotten-
anlage Yuanjue ist die gerade Linie un-
ter der Offnung der linken Armelpartie
noch mit zwei kleinen Kurven geziert.

» Der Stil der Ziermotive ist aufgelockerter:
Die von himmlischen Wesen gestreuten Blu-
men verteilen sich nicht mehr symmetrisch,
sie finden sich sogar an der Wand Shaykapa
gegeniiber und sind naturhafter dargestellt.

Die genannten stilistischen Analyse belegen, dass
die Grotte Nr. 10 mit den Figuren in der Grottenan-
lage Yuanjue fruher als die Grotte Nr. 2 (zwischen
1111-1118) im Dorf Luohan gefertigt worden ist.

Abb. 9: Buddha Shakyamuni und Kasyapa im Kreis
Zizong

Schlussfolgerung

Die Entwicklung der Chan-Buddhismus in der
Nordlichen Song-Dynastie liefert auch die Datie-
rungsmoglichkeit fir Grotte Nr. 10. Vorab musste
die Entstehung der Geschichte tber Buddhas Lehre
durch das Halten der Blume geprift werden.

Nach den buddhistischen Meistern® beginnt diese
Geschichte erst in der Nordlichen Song-Dynastie
(960-1127). Meister Yinshun* weist darauf hin, dass
der groRBe Chan-Meister Qi Song (1007-1072) in
seinem zwischen 1049 und 1053 verfassten Buch
Authentische Biographien der Chan-Meister die
Authentizitat dieser Geschichte in Frage gestellt
habe. Nach dieser Untersuchung fallt die friiheste
Erzahlung dieser Geschichte in das erste Jahr der Ara
Tiansheng (1023) und wird geschildert in dem Werk®
der Erweiterten Biographien der Chan-Meister.

Dass diese zu Beginn des 11. Jahrhunderts be-
liebten Geschichten nach knapp hundert Jahren in
der ersten Halfte des 12. Jahrhunderts in Anyue
als szenische Darstellung in den Felsen geschla-
gen wurden, h&ngt wahrscheinlich mit dem be-
rihmten Chan-Meister Yuanwu Keqin (15 572 ),
1063-1135)°¢ zusammen, der aus dem Kreis Pixian,
nordwestlich der Stadt Chengdu in Sichuan stammite,
und etwa ab dem Jahr 1104 als Oberbonze am Tem-
pel Zhaojue und dem Tempel Baoguang der Stadt
Chengdu tatig war. Im ersten Jahr der Ara Zhenghe
(1111-1118) dankte er von dieser Tatigkeit ab und
fuhr nach der Provinz Hunan. Er traf in Jiangling
den Kanzler Zhang Shangying (1043-1121), der ihn
als Chan-Meister hoch verehrte und ihm die Position
des Abtes am Kloster Lingquan im Kreis Lixian
anbot. Dort begann Yuanwu Keqin die knappen
Dialoge der fruheren beriihmten Chan-Meister zu
interpretieren und erhielt vom Kaiser Huizong die
Auszeichnung Chan-Meister ,,Buddhafrucht* und
ein purpurnes Gewand geschenkt. Zwischen 1119
und 1125 wurde er vom Kaiser zum Oberbonzen
des Tempels Tianning in der Hauptstadt Kaifeng
berufen. Wegen des Krieges kehrte er danach wieder
in die Stadt Chengdu zurtick und blieb bis zu seinem
Tod im Jahre 1135 im Tempel Zhaojue.

Aus dem Lebenslauf des berihmten Chan-Meis-
ters Yuanwu Kegin kann man die Schlussfolgerung
ziehen, dass die Bauzeit der Grotte Nr. 10 mit seiner
Tatigkeit in Chengdu zu tun hat und vermutlich
zwischen 1108 und 1111 entstanden ist. Um die
Darstellung dieser Grotte zu interpretieren, ist
die Entwicklung des Chan-Buddhismus von den
Funf Dynastien bis zur Nordlichen Song-Dynastie
weiter zu untersuchen.
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Endnoten

1 Nach Liu Changjiu, S. 7; Hu Wenhe hat 1931 Figuren
angegeben: S. 180.

2 In dem Bezirk Gaosheng des Kreises Anyue und in
Dongyan des Kreises Zizong befindet sich je ein seitlich
blickender Buddha Shakyamuni.

3 Meister Shengyan: Der Buddha hélt eine Blume und
der Kashyapa l&chelt. Taibei: Fagushan Wenhua Shiye,
1999, S. 185-186.

4 http://a112.com/0207/0-a2/b3.htm: fii Z {3 & (Der
Buddha hélt eine Blume und der Kashyapa lachelt);
29.12.2007.

5 Erweiterte Biographien der Chan-Meister. Juan 2,
7135-612a1-3 (KEL R 845 55 ), aus CBETA
T V1.33 3 R

6 Wei Daoru (Zi& 17, 1990): Die Geschichte des Chan-

Buddhismus in der Song-Dynastie (A4<fUf# 52 5).
Gaoxiong: Foguangshan Wenjiao, 2001, S. 88-118.

Abbildungsnachweis

Nach Liu Changjiu: Zhongguo shiku quanji : Sichuan.
Chongging, Bd. 8, 2000: Abb. 4: Abb. 113; Abb. 7: Abb.
114; Abb. 8: Abb. 109; Abb. 9: Abb. 200
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Arbeitsbericht 2008 des BMBF-Forschungsprojektes ,,Deutsch-

chinesische Zusammenarbeit im Kulturguterschutz*

Zhao, Zhou M.A.

Dem Arbeitsplan von 2007 nach (zugestimmt

von dem Projektleiter Prof. Ledderose) sollte ich
mich fiir 2008/09 unter anderen auf zwei Themen
konzentrieren, ndmlich

die Bearbeitung des Grottenvorbaus so-
wie die historische Forschung und

die kunsthistorische Forschung fir die
Kulthdhlen/-nischen in Sichuan mit
dem Shuilu Ritual als Schwerpunkt.

Fir 2008 besteht der Schwerpunkt der Arbeit

in der Bearbeitung des Grottenvorbaus sowie der
historische Forschung, von denen die folgenden
Vorhaben durchgefiihrt sind:

Diskussionen und Gesprache mit dem beiden
fiihrenden japanischen Architekturhistorikern
Prof. Tanaka Tan und Associate Professor Funa-
yama Toru vom Institute for Research in Huma-
nities, Kyoto University zum Thema ,,Schutz-
bauten®, bei den Veranstaltungen ,,Principle of
Japanese Architecture* und ,,Restaurierung der
historischen Architektur in Japan®.

Teilnahme am Workshop ,,Authenticity What?
— Concepts of Authenticity in Architectural
Heritage Preservation. An international Work-
shop of the Cluster of Excellence: Asia and
Europe in a Global Context.” mit dem Vortrag
“The Construction of a Porch to the Cave no.
10 at Yuanjuedong in Anyue County.” Dazu
Meinungsaustausch mit den Professoren des
Excellenzclusterprojekts der Universitat Heidel-
berg sowie weiteren europdischen Architekten
und Denkmalpflegern in Europa.

Organisation des Workshops ,,Before and Behind
the Great Buddha“ an der Universitat Heidelberg
mit dem Vortrag ,,The Wooden Porch and the
Shuilu rite in Sichuan®. Beim Workshop waren
Projektteilnehmer aus Beijing, Sichuan, Taiwan
und Miinchen versammelt, es wurden Meinungen
ausgetauscht und das Projekt diskutiert.

Gemeinsame Feldforschung mit Kollegen der
Technischen Universitat Miinchen im Oktober.
Untersuchung und Diskussion vor Ort mit den
lokalen Denkmalpflegern, um die Fragestellun-
gen der Form und des Stils fiir den Schutzbau zu
beantworten. Untersuchung der Kultstatten mit
hélzernen (Schutz-)Vorbauten aus der Qing-Zeit
im Kreis Anyue, die fur die Bearbeitung eines
Schutzbaus fiir die Grotte Nr. 10 beispielhaft
sein kénnen.

Bericht Giber die historische Forschung der Grot-
tenvorbauten in Sichuan sowie die Bearbeitung
und Planung eines hélzernen Schutzbaus fir die
Grotte Nr. 10 und eventuell eines 3-D-Models
(in Arbeit).

Die kunsthistorische Forschung ist der Arbeits-

schwerpunkt fir das Jahr 2009, folgende Forschun-
gen sind bereits im Jahr 2008 erfolgt:

Ubersetzung der Inschrift tiber ein im Jahr 1107
abgehaltenes Shuilu Ritual aus der Grotte Nr.
13, Yuanjuedong; Erwerbung und Erforschung
eines historischen Manuals fir Shuilu aus der
Princeton University; Studie tber das Verhaltnis
zwischen dem Wasser-und-Land-Ritual und der
Ikonographie der Felsenskulpturen in Sichuan
(in Vorbereitung).

\ortrag: ,, The Three Teachings in the Rock Car-
vings* beim Symposium ,,Buddhist Epigraphy
in China, State of the Field and New Methodo-
logies* vom 3. bis 6. Juli 2008 in Heidelberg.

\ortrag: ,,Gipfel der Schatze — Buddhistische
Skulpturenkunst in Sichuan und Chongging* im
Deutsch-Amerikanischen Institut Heidelberg,
August 2007.

Erforschung der relevanten, fur die kunsthisto-
rische Forschung der Region wichtigen histori-
schen Kultstatten mit buddhistischen Skulpturen
(Feldforschung in Zusammenarbeit mit den
chinesischen Kollegen, Oktober 2008).
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* Arbeit an der Dissertation ,,Three Teachings
in the Rock Carvings of the Song Dynasty
in Chongging and Sichuan”, die sich mit der
spezifischen Ikonographie der Felsenskulpturen
beschéftigt (in Arbeit).

Im Herbst 2008 hat von chinesischer Seite der
Kunsthistoriker Dr. Lei Yuhua die Verteilung und
Arbeitsabfolge der Grotten und Nischen auf den
Felswénden in Yuanjuedong untersucht, um diese
zu datieren. Gemeinsam mit den deutschen Kollegen
erfolgten an anderen Kultstétten des Kreises Anyue
Feldforschungen, u.a. in Antangsi und Kunfosi, die
gleichzeitig und kunsthistorisch relevant mit den
Nischen in Yuanjuedong sind. Ein Untersuchungs-
bericht fir Antangsi wurde verfasst.
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Frontal Buildings and Niche No. 10 at Yuanjuedong in Anyue County

Zhao, Zhou M.A.

Located about 2 kilometres southeast of the coun-
ty town of Anyue County and distributed mainly on
the north and south side of a hill called Yunjushan,
the rock carvings at Yuanjudong (30°05°21.50“N
105°20°35.10“E) are altogether 103 numbered
niches and grottoes carved between the 8" and
12" century.t

Carving no. 10?% is a large niche — 6.53 metres
high and 3.64 metres wide — enshrining a stand-
ing Buddha of 5.64 metres height with assistant
figures.® Finished in the years between 1108 and
1153, the standing Buddha Shakyamuni holding
a flower in his hand and smiling at his disciple
Kasyapa is iconologically related with chinese
Chan Buddhism.*

The niche is chosen as an example of protection,
as the lower part of the Buddha statue is heavily
weathered and it is commonly agreed by all the
experts of the project that constructing a frontal
building for the niche would be an effective meas-
ure for the protection of the statue. This article
looks into the historical and present situation of the
frontal buildings to Buddhist grottoes and niches in
North China and the Sichuan region and thereupon
makes a preliminary plan of the protective building
for the niche no. 10, especially from a viewpoint
of art history.

Frontal Buildings of the Buddhist grottos and
niches in North China and the Sichuan region

On the facades of the Buddhist grottoes in India
the elements of wooden architectures were imitated
in stone, which granted the grottoes in mountains an
architectural appearance.® As Buddhism was intro-
duced into China, the tradition of building grottoes
was continued. Since in some places in Central Asia
the sandy mountains were not suitable for carving,
certain wooden structures were built as the facades
of the grottoes. The earliest extant wooden frontal
buildings of Buddhist grottoes in China were found
in Dunhuang, with a total of five buildings dating
from the 9" to the 11" century.®

Traditionally, the wooden constructions added
to the Buddhist grottoes are called “roof of the
grotto”, in Chinese Kuyan i1, and they appear
similar to the porches in European architecture.’

The archaeological research shows that nearly all
the grottoes in Dunhuang were built with wooden
frontal buildings as the transition from outer to
the inner space.® Actually, the frontal buildings
in Dunhuang were indivisible parts of Buddhist
grottoes and served important religious functions.
Though the frontal buildings in the grottoes in
North China are mostly destroyed, it is known
that their architectural forms and styles were usu-
ally in accordance with local and contemporary
architecture.®

The size and form of the Buddhist grottoes and
niches in the Sichuan®® region differ from those
in North China. In the North, the prominent Bud-
dhist grottoes are normally large in scale with a
deep space, which form mostly the Buddha halls
together with the frontal buildings. In Sichuan, the
Buddhist statues were principally made within small
or medium-sized niches (therefore called “rock carv-
ings”), to which usually no wooden frontal buildings
were built. However, the fieldwork of the project
has uncovered traces around the entrances of large
grottoes or niches in Yuanjuedong and confirmed
that there definitely had been frontal buildings, but
regrettably none of the original ones from the Song
Dynasty (960-1279) still exist.!t

In the Sichuan region, the earliest extant frontal
buildings to the Buddhist rock carvings are dated
to the late 19" century and found among others in
the three counties of Anyue (Huayandong), Dazu
(Thousand-armed-and-eyed Guanyin) and Hechuan
(Erfosi), where they were built with statues or caves
in large scale. Those wooden structures are func-
tionally similar to those in the north and they form
the Buddhist sanctuaries together with the statues.
In Dazu it is a wooden hall built before the huge
Guanyin statue; in Hechuan the wooden structures
shelter the large and small Buddhist statues carved
alongside a hill; and in Anyue the frontal buildings
are added directly to the grottoes. Both grottoes at
Huayandong in Anyue County (Fig. 1) are deep
and almost form two halls; the frontal buildings
function as transitional parts from the outside to
the inside as well as protection for the exquisite
statues in the grottoes.

As the best preserved ones from the Qing Dy-
nasty in Anyue County, both frontal buildings at
Huayandong are important references for the one
to the niche no. 10 at Yuanjuedong.
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Fig. 1: Two grottoes with frontal buildings at Huayandong in Anyue County

The modern protective buildings are builtinthe  statues in niches from further weathering. They
sites with numerous small and medium-sized niches,  are also built in the style of the traditional local
such as in Beishan (Fig. 2) and Shizhuanshan in  architecture and appear stylistically consistent with
Dazu, and Xiyan in Zizhong, etc., protecting the  the rock carvings.?
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Fig. 2: Protective structure at Beishan in Dazu County
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Fig. 3: Two grooves above no. 10 at Yuanjuedong

Constructing a frontal building
to the niche no. 10

Present situation

Generally speaking, Buddhist grottoes are large
and deep caves carved in mountains for monks to
live, meditate or carry rituals before Buddha stat-
ues; niches are mostly small and shallow concaves
in walls that only enshrine holy statues. Although
niche no. 10 at Yuanjuedong is in huge scale, it
is shallow and does not form a cave; rather, it re-
sembles more a greatly enlarged niche. Therefore,
the architectural form of no. 10 at Yuejuedong is a
niche, not a grotto, as properly named by a histori-
cal inscription thee.

Those types of constructions forming Buddha
halls with statues in grottoes are not applicable
for the huge niche no. 10 and no historical frontal
buildings for niches exist in Sichuan. However, the
traces outside the niche itself offer a large amount
of information about the former wooden frontal
buildings.

The traces show that there has been more than
one wooden construction built in front of the niche,
of which two constructions could be identified ac-
cording to the grooves above the niche (Fig. 3).
The grooves in the reversed V-form were chiselled
into the rock and supported the roofs of the frontal
buildings. Of the two groups of traces and grooves,
the higher one has been more weathered and would
have been the earliest one, properly sized and larger
than the second one. The lower and smaller one

seems to be less weathered and thus carved later,
presumably after the old one was destroyed. The
modern protective frontal building should be built on
the basis of the oldest traces, since it assures better
lighting and ventilation for the statue in the niche.

Halfway up the niche on both sides there are
also many traces and grooves, of which those on
the left side of the niche are heavily weathered
and have mostly fallen off. On the right side at the
same height, several grooves are found correspond-
ing to the traces above the niche, for the grooves
of a particular period are generally parallel to each
other (Fig. 4). Like the traces above the niche, the
higher and older traces here are from the earliest
frontal building, while the lower ones belong to

Fig. 4: Traces and holes on the right side of niche no.10
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Fig. 5: Traces of frontal buildings outside niche no. 10

—

the wall outside and inside the niche that obviously
were left by the beams of the structures.

The traces of the two frontal buildings show the
profiles of two structures with a double roof (Fig.
5). Considering the practical situation, the former
frontal buildings added to niche no. 10 might have
been semi-hexagonal pavilions with a double roof.

Pavilions are freestanding covered structures
without surrounding walls and usually seen in Chi-
nese temples or gardens, often with varying appear-
ance and forms. Constructed mostly from stone and
wood, pavilions are often classified as round, square,

hexagonal and octagonal according to their shape.
They provide visitors with a resting place or offer
space for statues or bells, and as attractive struc-
tures they also become part of the scenery.

In Sichuan, pavilions as freestanding architectures
— mostly of the Qing Dynasty — are preserved in
plentiful numbers. One type is with a square ground
plan, a closed structure and often two-storied, which
is often used as a bell tower and not suitable for the
Buddhist niche. Another type with a hexagonal or
octagonal ground plan might be practical for niche
no. 10 at Yuanjuedong. Close to Yuanjuedong there
are some referable pavilions, such as Kuixingge
Pavilion in Jiangjin County, Shiyiting Pavilion in
Shehong County (about 100 km north of Anyue),
and a pavilion about 200 metres east of the niche
at Yuanjuedong (Fig. 6). A modern reference in
traditional style is the Pavilion for the Script of
Filial Piety built in the 1960°s at Beishan in the
neighbouring Dazu County (Fig. 7).

In Sichuan, many Buddhist grottoes have traces
of the pavilions as the frontal buildings, although
no original ones still exist. This phenomenon is not
seen in North China and might be a local charac-
teristic in Sichuan. In Anyue County, those traces
are found mostly outside the niches and grottoes in
Yuanjuedong as well as in other sites such as Wo-
foyuan, etc.

A preliminary plan
Though built on the old grooves and traces, the

planned frontal building to niche no. 10 is more a
modern protective building in a traditional style

Fig. 6: Pavilion at Yuanjuedong
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Fig. 8: Ground plan of the planned pavilion for niche no. 10

than a reconstruction of the original one, since no
original one from the Song period is known to us.
The building certainly serves for the purpose of pro-
tection without a religious function. With the holes
in the wall and ground analysed and re-used, if they
are still suitable for use, the appearance and style of
the planned pavilion should be in accordance with
the traditional architecture in the Sichuan region,
whereas the extant traditional architectures there
would play an important role for the designing and
construction of the pavilion. Above all, the actual
protective effects should be taken into consideration
in the designing of the pavilion, while the experi-

ence of modern protective structures at other sites
should be critically studied and referred to.

The sketch presented here is made on the basis
of the grooves and traces outside the niche and
drawn by modifying the Shiyi Pavilion from County
Shehong, a hexagonal pavilion with a double roof
built in the late Qing period .

The ground plan (Fig. 8) of the protective frontal
building is a semi-hexagon with a diameter of 8
meters, about 2/3 of the height of the pavilion, the
three sides 4 metres long and the distance from the
frontal side to the niche 3.46 metres. Four support-
ing pillars stand at the corners of the half pavilion.

The profile of the pavilion is the same as a half of
a double-roof pavilion of approx. 12 metres height
with two raised roof corners, while the rear roofs
are to be built against the rock wall using the older
grooves. From the top of the roof to the top of lower
roof is about 4.3 metres and from the lower roof to
the platform about 7.7 metres.

Seen from the elevation (Fig. 9), the upper roof
is built on the higher groove with two raised roof
corners and grey roofing tiles. The roof'is carried by
the wood columns and beams connected by cross-
ing brackets. No walls will be built between the
columns for the sake of lighting and ventilation.

Fig. 9: Elevation of the planned
pavilion in front of niche no. 10
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The lower roof will be built in a similar way and
the weight of the upper part should be carried by
the four columns of the lower part through diago-
nal beams. The platform is about 60 cm high from
the present ground with three steps leading the vis-
itors into the pavilion. A brick or stone wall with
seats and a balustrade above the platform could be
built and left in its original colour in consistence
with the grey roofs and red columns.

As pointed out, what is presented here is pre-
dominantly a preliminary plan and suggestions
from viewpoints of art history. The ultimate plan
of the protective frontal building needs to be fur-
ther discussed together with the Chinese and Ger-
man experts and it should finally be drawn by pro-
fessional architects.

Wooden construction as a protective
measure for all the grottoes and niches
on the north side at Yuanjuedong

In fact, building protective constructions as an
effective measure for keeping the rock carvings
from further weathering has been taken in many
sites in nearby Dazu County, where the groups of
rock carvings were listed as a UNESCO World Cul-
tural Heritage site in 1999.

In Yuanjuedong, the examination of other niches
and grottoes shows that the former frontal wood-
en building for the niche no. 10 was by no means
a single case; rather, there are traces of historical
wooden constructions outside almost all the nich-
es and grottoes on the north side. They are niche
no. 14, the Guanyin with Lotus-bud; niche no. 12,
the King of Vidya; grotto no. 8 of Complete En-
lightenment; niche no. 7 of Kundika Guanyin, and
niche no. 4 of 13-storied Pagoda (Fig. 10 a—d) etc.

As mentioned above, building frontal structures
for the Buddhist grottoes and niches is in accordance
with the Chinese tradition. In viewing this it should
be pointed out here that in future all the niches and
grottoes at Yuanjuedong are to be protected under
the wooden protective structures, what is also to be
taken into consideration while building the frontal
building for the niche no. 10. To protect all the nich-
es and grottoes on the north side at Yuanjuedong,
it is practical to build pavilions for the larger nich-
es and connect them with corridors sheltering the
smaller ones between them, whereas the practices
in nearby Dazu County, in Baodingshan, Beishan
and Shizhuanshan, should also be further studied.

Fig. 10 a—d: Traces of frontal buildings outside the niches at
Yuanjuedong
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Endnotes

1 HuWenhe, Sichuan daojiao fojiao shiku yishu, p. 73.

2 According to the earlier numbering it is no. 16. Ibid.,
p. 74.

3 All data come from the measurement made by project
colleague Felix Horn.

4 For more information on the study of the statues
in the niche in terms of art history see the article
by Lin Chunmei in this publication “Die Kunst der
Grotte Nummer 10 in der Grottenanlage Yuanjue-
dong”.

5 See Jean-Louis Nou : Ajanta, Miinchen: Metamor-
phosis Verlag, 1993, p. 213.

6 For the study of the four remaining frontal building
of grottos in Dunhuang see Xiao, Mo: Dunhuang
jianzhu yanjiu. [The Art of Architecture in Dun-
huang] Beijing: Jixie gongye chubanshe, 2003, p.
335-367.

7 Because of the difference concerning the appearance,
function and relation to the architecture between a
porch and kuyan, in avoiding misunderstanding the
wooden constructions to a Buddhist grottoes or niches
will here be called frontal buildings.

8 See Pan, Yushan and Ma, Shichang: Mogaoku kugian
diantang yizhi. [Ruins of the Frontal Buildings Added
to Mogao Grottoes] Beijing: wenwu chubanshe, 1985,
p. 135-139.

9 Forthe study of frontal buildings in Yungang see Liu
Jiajun: “Yungan di jiu shi ku kugian liaodai jianzhu
yuanzhuang tantao.” [A Study of the Original Form
of the Frontal Buildings of Liao Dynasty (916-1125)
before the Grottoes no. 9 and 10 in Yungang], in:
Wenwe shijie (2004.5), p. 34-37, 29.

10 The name of Sichuan in the article refers to its histori-
cal meaning, that is, including the province Sichuan
and the directly governed city region Chongging
founded in 1997.

11 Since no original wooden frontal buildings of the
Buddhist grottoes remain, no research on the porches
of Buddhist caves in Sichuan and Chonging has ever
been undertaken.

12 The experiences from those protective wooden con-
structions are no doubt meaningful references to the
design of the frontal building to the niche no. 10 at
Yuanjuedong. Unfortunately, no publications of such
wooden constructions are available.

13 The niche no. 14, carved in the same period and having
the same format as niche no. 10, is called kan niche,
according to a contemporary inscription preserved
inside. See Hu Wenhe: Sichuan daojiao fojiao shiku
yishu, p. 74.

14 Gao Zhenming and Tan Li: Zhongguo gu ting. Taipei:
Natian shuju, 1992, p. 30-72.

15 It is an important issue if the religious function of
the statue should be taken into consideration. It is
noticeable that red ribbons are donated to the Bud-
dha and incense is frequently burnt on site. At least
building a frontal construction would not hinder the
worship of this kind.

16 The pavilion was built after 1880 according to the
chronicle of the county, when the county magistrate
rebuilt the site. See Chen Longzhun at al.: Shehong
xianzhi [Chronicle of Shehong County.], Chengdu:
Sichuan daxue chubanshe, 1990, p. 36.
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