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APPENDIX 1: VisuAL GLOSSARY

fatk

Stone

AAE
Wood

KR
Plaster

&8
Metal

I
Tile






él_{% él_{ﬁ Biological Growth E?I‘Zl‘

EMNRFBONIARLL, FFATRE S BURL 2 18 25 vh STONE

Biological attack resulting in change in surface appearance and possibly erosion or loss of surface material

SRE, TOGHT, T perra——— LT T,
ARy ) o ST R ARTE S
AMREMEDERFETITRMEE o i ey K S5 T 5 R1 4 R R
Huicheng Hall, S Stair, riser Huicheng Hall, S Stair Huicheng Hall, W Platform
Red Sandstone Red Sandstone Red Sandstone
Biological growth on stone surface Biological growth on stone surface Insect nests (and flaking/scaling)

resulting in staining and erosion resulting in staining and erosion

FFZ%L Cracking

HBER T ZORTIT L, n] REAE 1 240 44 A T

Linear breaks visible at surface which may also penetrate into the material

B
"J_- J

ST, TOlbA

Pk Scupper i@ﬂﬂﬁ Paving REE G I RINIERD
AR>S Red Sandstone ZLib4  Red Sandstone Huicheng Hall, NW Corner
W A)ZMA% Cracking along R Cracking and splitting Tuff (yingwuyan)
bedding planes Crack (with surface chipping)

6}% ’ *ﬁ\'ﬂﬁ Disintegration/Powdering

PRI S5 6 J132 0, LAANR Gy Kl /INHLIA'E FH BRI 3 seb LB R D9 ik
Loss of cohesion between grains of stone material characterized by friability of the surface and loss of mate-
rial through minimal mechanical action

Ew

A Paving stones 18 Paving stone (S of Tianwang Hall)
AR e Red Sandstone STRb A Red Sandstone
FAMT PUAR B ™ (A R Disintegration of surface and severe M R Disintegration of one stone
[ ON loss of material
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ﬂ{%ﬁ Efflorescence E?I‘]J‘

1T 76 1 F 15 TR0 P8 b2 A STONE

Surface salt deposits due to capillarity within the stone facilitated by evaporation

2B, AL Huicheng Hall, LT, EANEKEILMMRE  Huicheng Hall, NE Interior sill wall
0 g NE Exterior sill wall PoTich e Tuff (yingwuyan)
hFE Bk Tuff (yingwuyan) TR ks Salt efflorescence

Salt efflorescence

@’iﬂ Erosion

FEAR SRR, BT IEAR  R RE  %

Surface loss of material resulting in uneven surface and rounded edges

ST, G
AR =

IJ TR

iy LM, WOEH, A g W], R AR
Huicheng Hall, S Stair, riser ST Rb ﬁ%ﬂ%%&%&@’ﬂ AR
Red Sandstone R A 51 R T ] AR A B A
Surface erosion Scupper
Huicheng Hall, S Stair, Red Sandstone Shanmen
Tread Eroded edges following loss SE Platform corner
Red Sandstone Red Sandstone
Differential erosion Eroded corners

*ﬁ]ﬁ’? Fissuring

KEIRAM BN TR FAT R4, BHEER 3, SEMEIESE IRk CERAEEERSS B
Deep parallel cracks throughout bulk of stone, often along same plane, resulting in loss of cohesion (com-
mon in local tuff)

fzte
.
R e

Pt y P : Yiyup Building Yiyun Building
B Qingliang Building Tuff (yingwuyan) RS Tuff (yingwuyan)
Pehutay Tuff (yingwuyan) Fissuring block BTERIAEL Fissuring block
A A S Fissuring wall
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FLH /R)Y%  Flaking/Scaling yay )

STONE
AR FE, REEAT T A KR IEA—E 5 2T
Detachment and lifting of thin layer(s) of stone material in small pieces (flaking) or large sheets (scaling),
parallel to surface of stone, but not necessarily along bedding planes

SRR BAEE A Huicheng Hall, W Platform e, MGM WA Huicheng, S Stair splay
AL Red Sandstone aNi>e Red Sandstone
R RIVE Flaking and scaling T Scaling with loss

&5 Graffiti

FH YRR B e MRS B N R 5 728, 38 B MO R AT A
Anthropogenic staining or surface deposit due to deposit of paint or other material on surface, considered
as an act of vandalism

S, JLArim

RS

THERECER K TR - -

E T Wi, dearim

:l}:caedneg Hall, TR AR K B S IR 8 AT, Stone Lion, S of Shanmen
Tuff (yingwuyan) Shanmen, N facade ;JI%I[&%EHE ZUff“f('{I?gM'/uty)an)

Graffiti written Tuff (yingwuyan) yﬂgﬁ;gﬁ—% rarfiti (pain

with paint or ink Graffiti written with paint or ink G

AFTE N T T  Incompatible Interventions
A PR JFR A A, BN O SR LR 1L

Treatments of original stone fabric resulting in evident changes in aesthetics or degradation of condition

. FEIRE, LI
1], BSLT, ¥ Shanmen, S Facade, sill wall ﬁ&E% . ,
AR5 Y8 Red Sandstone ashlar blocks ﬁﬁﬁmﬁ{ﬁﬁzﬁ%ﬂ%ﬁﬁi%ﬁ@%
KR Cement infill Perimeter Wall, S Facade

Rubble “tiger skin” masonry
Incompatible repointing with cement
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@%5’6 Loss E 7|7J‘

AR BRI M R T B C AT STONE

Condition in which stone components or parts thereof are missing or no longer extant

LA, BT

AR
g i S —— SRB, HIICME
i, B, fEE Huicheng Hall, W Platform %@ﬁ N
ARG LA BT Red Sangstone RIS Ly AP SRR
REVEL TR Partial loss of edge of stone Huicheng Hall, N Platform step
Shanmen, S Facade, platform Red Sandstone
Rubble Sandstone and tuff masonry Partial loss of stone, with erosion

Loss of rubble fill

*}H‘Eﬁi”ﬁ'fﬁ Mechanical Damage

HAIWI. HAREN IE A a8 RIHCRIILGOAES . V)N N
Damage to stone through animal, natural, or anthropogenic means most often in the form of abrasion, cuts
or chipping

2P, MDA
RS

& T LTI A
Huicheng Hall, S Stair
Red Sandstone
Scaffolding damage

ST, WA 4 Huicheng Hall, S Stair tread
ARZE) Red Sandstone
Vg ZpukzJialviIn Edge cuts in stone

ﬁkﬁ}%’fﬁ&?ﬂ% Salt-fretting

R EZWIRES, BFAA TR, H&FERERE

Deterioration of surface in etching pattern, often with subflorescence, often leading to surface loss

A, ARAES
iy

ELTCES

TR T RV 5
HAMRIAT ST

e

ST, ARER G LR AT

AP, AL T

it oy
LIRS

L i qE R ARIES Huicheng Hall, NE Sill wall base
Ei??:f;g Fﬁﬁ{i?i?ﬁﬁebase JEHB A B R 5t R R BRI Tuff (yingwuyan) .
Tuff (yingwuyan) Huicheng Hall, E Platform base Flaking/scaling of stone with
Basal surface loss with Red Sandstone severe surface deterioration and
subflorescence Basal surface loss with subflorescence ~ Visible salts
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?73‘;}17]‘_‘ Staining
H Jr A8 32 B AN R AFAE Y 23

Change in appearance of surface due to localized disc

T, A PEEE T
RS
TR ER SR K

Shanmen, W Interior sill wall
Red Sandstone
Staining attributed to rising damp

e, VEALIH, BEEM

oY)

STONE

oloration

ARy
T 5 R T

Huicheng Hall, W Facade, S corner of
platform

Red Sandstone

Rusting of lightning rod resulting in
staining

%ﬁmﬂ:{/ﬁﬁ Surface Deposit / Residues
SRR Cangvkl. B3, SRS AR, BRERE AR N LT

Accumulations of a wide variety of materials or residues (e.g. paint, droppings, dirt) on surface, including

previous incompatible interventions

Tl SEPSLE - Shanmen, interior iijy, gl L Shanmen, N Sill wall
R e AR IS Red Sandstone STb Red Sandstone
Huicheng Hall, fiigh ERIHERRY), Deposit on paving 55 Residue staining
N Facade HEMIRE LARTE T stones, presum-
3% Tuff (yingwuyan) 4 fz ably from prior
Bird droppings work on roof
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HM)TEZSD  Biological Activity ANAF

WOOD

YRR G AL Cie i . R TRHERR) B 98 2 (R A 0 3 J 0O
Biological attack resulting in change of appearance (e.g. holes, surface deposits) and/or strength of wood
(e.g. fungal rot)

Lo, duar
I, A
SRR Tl LT
e b 1% (300£5)
T S 1 L
| 41 g U R
2%, F4OLIfI Huicheng Hall, S Facade Huicheng Hall, S Facade B EFASD
¥ Column ) ] ) ~ Column  Huicheng Hall, N Facade, column
duli (5JEF5)  Exit holes of insects Spiders resident in hole W|t_h spl_der SEM image (300x)
(and erosion) webs (and splintering)  wood cell deterioration due to

fungal attack (brown rot)

;?E@ Bleaching/Greying
BRI XA AR Tl CERAMER IR KA E TR, KM EREEE R, &R LR

Loss of natural color of wood due to weathering (UV deterioration and frequent wetting/drying) resulting in
washed out appearance of surface

e, Jbarm )

F e, AL

AR FIEZ %ﬁ

Huicheng Hall, N Facade = -

Column Huicheng Hall, S Facade

Enclosure frame

Bleaching of E half of column )
Greying

gﬁﬂﬁﬂ:%, 5%%% Cracking and Splitting

R UBR ) B T BRAL SRR AR M BRI PR, REETTFE MRl (B2
Linear breaks in wood due to mechanical stress or weathering (cracking); cracks occurring through entire
thickness of wooden element (splitting)

e, FAOLIE

b B 1]

BER

Huicheng Hall,

S Facade =

oony baffieboard  sopy, SR, BT
KA KA
REE PO TY R mrR
Huicheng Hall, S Facade Huicheng Hall, S Facade
Architrave Architrave
Crack with original plaster infill Progressive cracking
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)E%:?I‘G Erosion 7[(*7,[‘

WOOD
R B 401 T AP R T2 B3 i B P
Loss of wood resulting in change in surface morphology
2Tk, dbaLim 2afef, JbSTIE
FER FER
JEEx JEE#

Huicheng Hall, N Facade
Base of Column
Erosion

Huicheng Hall, N facade
Base of Column
Erosion

A

ﬂ(ﬁ‘%@ Exposed Wood
JEAT AL B B DA, AR o IR Hh 2% Bk (1R

Condition of wood in which it is unprotected by plaster and/or paint coatings originally present

IR, AROLTH FAE

. Huicheng Hall, E Facade,
Upper Eave

Greater Architrave
Exposed wood

2x3felt, JLAZM Huicheng Hall, N Facade
SN Doors, windows, architrave
Y NJE 3T Exposed wood

*}Lﬁﬁ]ﬁ’flﬁ Mechanical Damage

HZEIY) . EARECA RIE BRI, 8 RISk GONE R U108
Loss of surface through animal, natural, or anthropogenic means most often in the form of abrasion, cuts
or gouges

P g S (A )

FE S THIAE

R A b

Huicheng Hall, N Facade
Column and enclosure frame
Gouge marks and scoring

23, Jhsr Huicheng Hall, N Facade

FOHEJZ 1T Enclosure frame and door

% R K i Gouge marks and scoring
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éj‘(fiﬂ[ﬂj Raised Grain y\%

WOOD

ARHA 2T HH T 50 B A R 1) B A 52 S T O RE E AN [R], TG IR e A i R 28, ML
LISy

A ridged pattern on the surface of wood due to differential erosion of soft earlywood and harder latewood,
the latter forming the ridges

ST, FEALTH e, FEOLH

eiuy sl SUH

Huicheng Hall, S Facade Huicheng Hall, S Facade
Raised Grain Raised Grain

H"Uﬁﬂ:% Splintering

TR AR ZARR B, I T B0 R F BRI Rk

Detachment of slender pieces of wood, in layers, often resulting in preferential erosion and/or loss

53 eS80

N _ ' 2%, ®iSrd Huicheng Hall, N
23R, FOLE Huicheng Hall, £9%W, #CE  Huicheng Hall, FEM R HATIE 1] Facade
A S Facade ke S Facade I hE Base of column
FORIFE IR Column FORIFZ R34 Column FrRFFR R R and adjacent door
Splintering and ero- W KRR Splintering with frame
sion resultant loss Splintering and
erosion

%Efﬁﬂ:{ Surface Deposit / Residues

MY IR, 53, HE) AR RN, B EAMEIEE AL
Accumulations of a wide variety of materials (e.g. paint, droppings, dirt) on surface, including remnants of
original materials (e.g. plaster residue)

ST, AL
IR, =N, L /N
3 T 3 RIHHER (3%)
RIMHERL CR R H AL 2% )5 1 ;

Huich Hall
M L) e e
Huicheng Hall, Interior, Lesser Architrave
N corridor Surface deposit (bird
Wood panel wall droppings)

Surface deposit (remnant
plaster after significant
plaster loss)
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5l warping INFF

WOOD

BRI AR AL

Distortion of wood member in the form of a variation from its true plane

SR, RO : '
....... s %z*ﬁﬁj- - -.-"....:..“....]...."'; [
:.. .0'. glﬁﬂ 5 : : ; .
Huicheng Hall,
E Facade,
Lower Eave |
Flat tie beam |
S Warping
229, PESrI, A% Huicheng Hall, W Facade, '
AR upper eave
Ui Sk 25 Flat tie beam

Warped ends
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PR cracking H AL 53K K
PLASTER / STUCCO
ST LRI, RS ARDE

Linear breaks visible at surface which may also penetrate into the material

e, P

ARER7 ¥/

AR 3

Huicheng Hall, W Facade
Red-colored stucco
Cracking

e S
[ITN P (VA T} Shanmen, N Facade
ARER7 ¥/ Red-colored stucco
AR 3 Cracking

f—é’g Detachment

TR/ AL T JZ A ORGP 2%

Loss of adhesion of stucco/plaster to substrate

S, VO 2T, VHALTH

EAREE7 9/ FANELE7 9/
?%&:‘?Fﬁi&ﬁ’ﬂ%%& NI I 7 358 3 6 25 %
St % Huicheng Hall,
Huicheng Hall, W Facade

W Facade Red-colored stucco

Red-colored stucco
Detachment with
adjacent cracking
and loss

Detachment, as seen
through adjacent loss

KE Graffiti

DAY BH S PRk B R T 5 R Bz, N OSBRI AT
Anthropogenic vandalism in the form of deposit of paint or other material on surface or incising/carving of
surface

e, PEALIE oI, VEALTH
ARER7 Y/ FAREE7 V3

W5 MR W5 IR
Huicheng Hall, Huicheng Hall,
W Facade W Facade

Red-colored stucco
Graffiti and gouging

Red-colored stucco
Graffiti and gouging
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Z:*ﬂi%ﬁj\]:q:ﬁ Incompatible Interventions iﬂ{’f}t—lﬁﬂﬁﬁ(

PLASTER / STUCCO

N AR R R 1 T B0 B O BOIR LR 4K
Anthropogenic treatments of original fabric resulting in evident changes in aesthetic or degradation of con-
dition

(I VAT ]

ARERZ VN

22 L) TR AN

S EETE7 /]

Shanmen, S Facade
Red-colored stucco
Incompatible replastering
around new sign

Wi, EESLIH Shanmen, S Facade
AREE7 /3 Red-colored stucco
AFERIHT IR K Incompatible replastering

Hﬁﬁ% Loss

PRI/ AL 58 A BER 7 i v 3 R R A SR

Complete or partial loss of plaster/stucco, exposing substrate

STk, VLT, b

ARER7 ¥/

o Xk

Huicheng Hall, W Facade, N end
Red-colored stucco

Area of loss

ST, VEALT, R

%%gﬁ; KEB, ZAPEH  Tianwang Hall,

” R E interior
Huicheng Hall, W Facade, S end Wi 7 X 455, Plaster
Red-colored stucco Area of loss
Area of loss

*}Lﬁﬁ]ﬁ’flﬁ Mechanical Damage

B, HAREN NS R IR IR, 2% R RIEE BT . Y1080 0
Deterioration of surface through animal, natural, or anthropogenic means most often in the form of abra-
sions, cuts or gouges

SR, AROLI e, HALIH, VE

EAREE7 ¥/ FAREE7 W3
W KR R /N IR A KR
Huicheng Hall, E Facade Red- Huicheng Hall,

S Facade, W end
Red-colored stucco
Gouges and scratches

colored stucco
Holes caused by gouging
and projectiles
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FLARBETE Pitting Hb Ak 5 £ 2K

PLASTER / STUCCO

R ACRL, CLVF 2 %8N BARE T N LK BNV RHE
Point-like loss of surface characterized by many close small cavities with diameter generally of a few mil-
limeters

G LT, EAh 7, =4
ARGEZVN EARGRZ V]
| LRI IR FLRIETE e IR

Shanmen, S Exterior
Red-colored stucco
Pitting and gouging

Shanmen, S Exterior
Red-colored stucco
Pitting and gouging

]73‘;‘@‘) Staining

o5 A €038 % T AL ) AR

Change in appearance of surface due to localized discoloration

iy, dbazim

AREEZ V'Y
RS2 IR 28
Shanmen, N Facade
Red-colored stucco
Band of staining from

( ’f" ~.-'-fi;f1{ $493434

moisture
FEHG, WLIBAvE, Ml Site wall, W of Shanmen, Interior > e
e "‘g’g
HAREE7 ¥/ Red-colored stucco CE O ) o

TR SR Band of staining from moisture

%ﬁ%fﬂ Surface Deposit

R CanghE. B3, B AR R, AR FIHARER N T
Accumulations of any of a wide variety of materials (e.g. paint, droppings, dirt) on surface, including earlier
incompatible interventions

W, FESLIE, PR

ARGEZ VY

IRAHERRA LA K 378 9 B 4 SR8
Shanmen, S Facade, W bay
Red-colored stucco

Dirt accumulation with paint
drips

23k, Jbor Huicheng Hall, N Facade

ARGE7 V3 Red-colored stucco
VIR HERR I 19 2% Dirt accumulation and
JefE bird droppings
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[E}E"L’ﬂ Corrosion ﬁ%

METAL
T SERA 5% MXHREE. S5 RNEERK A, BSOS R

Electrochemical deterioration due to reaction with environmental conditions (pollution, RH, oxygen, etc.)
that results in color change and loss of material

S, FEALIH
T A,
A (gD

Huicheng Hall,
S Facade

Door fitting,
cuprous metal
Oxidation

SR AL
AT,
A5

Huicheng Hall, S Facade
e, JALSZIH Huicheng Hall, N Facade (patina) Attachment for decorative fitting, fer-
FET4k4, #4J@ Column hoop, ferrous rous metal

A T metal Rust
Rust with loss

ﬂ:% Cracking

OB L ROERYERRE, AT RE BT 27 AT REAS BT 57 MR 9 L

Linear breaks in material that may or may not pass through entire width of material

e, FALIH
[T T T2

Huicheng Hall, S Facade
Door fitting, cuprous metal
Cracking

LA, LSLIH
k4
TP RS

Huicheng Hall, N Facade
Column hoop, ferrous metal
Cracking and rust
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i%i‘& Biological Growth

FE T B K B A S S CnboR . REY . BED , HEE R AT Dl o R R g% ALRE Rk
%
Presence of biological activity (e.g. plant, microbiological, fungal) in or around tile, which can result in crack-

ing and/or displacement or loss of elements

SR, Jbarh TR, Jbarih
THE F#E
T aE FLT0 T35 BT
[ELVIEERIS GELYIEERIS
Huicheng Hall, Huicheng Hall,
N facade N facade
Lower eave Upper eave
Glazed roof tiles Glazed roof tiles
Plant growth Plant growth

%%ﬁfﬂij’ﬁ Cracking and Breakage

R UG ERAIEIT R, Al s LA A 8, BN 2 N
Linear breaks in glaze and/or fired tile that may result in complete separation (breakage) of tile into multiple
pieces

N

e LN

STl LT, P Hulgheng Hall, N facade,
W side
. i Lower eave
SR, Tl Huicheng Hall, W gable Eﬁfﬁﬁ R Glazed roof tiles
fb’ﬁ%ﬁ G|aZﬁF| tiles BRI (PIAFIERAL Cracking and Breakage (in
Ff-54 Cracking two areas)

1'1‘_[7]‘% Displacement

B A 7 5

Movement of tile from its original location

£k P ]

”/(*’/J/I R i
S0 s V2 Enclosure wall, W of Shanmen
Roof tile

Displacement of one tile
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ﬂ;ﬁ% Loss

BERT PLBSCET 7y BLAA 1 B0l 10 30 70 SRR B8 A P v

Condition in which a complete or partial component of fired tile or its glaze is missing or no longer extant

i1, LT e, LS, Huicheng Hall,

I ERL N facade, E side LT, L Huicheng Hall
IS i Lower eave ?@’ﬂx’ R e
Shanmen, S Facade AR Glazed orna- BiFs I Lower eave
Roof tiles TR PEER S L% ments T Glazed tile
Partial loss Partial loss of

Loss of glaze
roof elements

HRIERAG TF GRS Assessment Report on Shuxiang Temple, Chengde 173



2% H

REFERENCES

Bucher, Ward (ed.). Dictionary of Building Preservation. New York: John Wiley & Sons, Inc., 1996

Carlson, Amy. “Glossary of museum materials: Terminology for condition assessment.” Minerva Online. (Vol.
1: Spring/Summer, 1998) http://www.sfsu.edu/~museumst/minerva/carlson.html

Ching, Francis D.K. A Visual Dictionary of Architecture. New York: John Wiley & Sons, Inc.1997.

Fitzner, Bernard. and Heinrichs, K. Photo atlas of weathering forms on stone monuments. (2004)
http://www.stone.rwth-aachen.de

Foulks, William G (ed.). Historic Building Facades. New York: John Wiley & Sons, Inc., 1997.
Grimmer, Anne E. (compiler). A Glossary of Historic Masonry Deterioration Problems and Preservation
Treatments. Washington, D.C.: Department of the Interior National Park Service Preservation Assistance

Division, 1984

Weaver, Martin E. Conserving Buildings. New York: John Wiley & Sons, Inc., 1997.

174 TRAERRAG TR @ FUE T EIRIGIESL Condition Assessment of Architecture and Architectural Elements



P2 SEFUARHAT AR

APPENDIX 2: ARCHITECTURAL MATERIALS TESTING REPORTS

TN SO R WERAR SR IR SRAE . 40 AT 5 a6 B ™= A 1 2 A 58 10 S PR30 2 4 S R
Ao X R I A S0 S RS Zl AR AE A BTl i S A e
The following documents are partial examples of the full documentation generated by the sampling, analysis,

and testing of architectural materials from Shuxiang Temple. Complete versions of these reports, as well as
additional documentation, is included in the full Analytical Binder.

AR Architectural Samples:

Akt (SAFES)

FE RS HC. FO2. S09,  SX. HC. F03.S12, SX.HC.Su01, SX.HC.Su02, SX.HC.Su03, K} Ktk
H Robert Blanchette 1@ flt. ZREIEEMHINMLERMAEIITNE N, KEESREAKIE
WRBIMA, "TREAK T SRR AR A KRB R . RPN ARET SAEA 2 R B+ A
BN FTIE AR . — AR ™ B AR AR, B (BEDK) RILH T EAEA WA
— R AR R R A AR BURE A AT 122 oK IR o FEARAA i H B P 52 2 1 22 ] e A HL
o RIHARH S AT T RE VG BR,  BOA AT BEAE A MBS B I N PRI B .

Wood (5 Samples)

Sample reports: SX.HC.F02.S09, SX.HC.F03.S12, SX.HC.SuO1, SX.HC.Su02, SX.HC.Su03, images and
descriptions submitted by Robert Blanchette.

Huicheng Hall column cladding wood samples have been identified as Picea (Spruce). The wood appears to
be from a tree that was very slow growing, possibly growing at a high elevation or in adverse conditions.
Fungal activity in the form of brown rot was identified in two wood cores taken. One core, from the badly
eroded lower portion of a column, showed significant decay throughout its length (3cm), while another from
healthier wood, 1.5m above the column base in the same column, showed decay to only Tmm of depth.
Intact hyphae are present in the wood samples and may still be viable. Therefore, the decay could still be
active or could possibly reactivate in the presence of moisture.

att: BRE CRERAGHES)  (FAHERW)

FEmdR i SX.HC. Su04. S04,  SX. HC. Su04. S05, L2575 LR B 78 AT B9 G 5 pR G & Wife
B (CERFURMESAAROOER» » FPF2) .

Stone: tuff (new samples from quarry) (2 Samples)

Sample reports: SX.HC.Su04.S04, SX.HC.Su04.505, GCI science reports on tuff (see Vol. 2, Condition
Assessment of Architecture and Architectural Elements, Appendix 2)

At SROMAKEE  CREahR HRTRE R o A SEAEHE) (PO ih)
PRI SX.HC. Su04. S06, SX. HC. Su04.S07, SX.HC. Su04.S08, SX.HC. Su04.S09, .7 %R
WA A IR GZIRSUES =, CRSURIEE SR UL » » B2 .

B A MR RIL “ RIRE) ZB AR BURFIE. M ARG 5 B B S a M R R i
JERIEOLS AR RS A T, SECAMBEE. AN, BRETT R NIREE HETA
AAEGIILERER, FEAT PCIRAGIORT o o B RS EAT KR R SR8 7 H KR A &2 /0T L2y Fl
W — Ko SZURRREENA, T 53— O Rl — % R T -
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Stone: green and red sandstone (samples collected from broken stone fragments of pavers
and architectural ruins in situ) (4 Samples)

Sample reports: SX.HC.Su04.506, SX.HC.Su04.507, SX.HC.Su04.508, SX.HC.Su04.509, GCI Science report
(October 2004), GCI science reports on sandstone (see Vol. 2, Condition Assessment of Architecture and
Architectural Elements, Appendix 2)

All stone samples showed signs of inherent susceptibility to deterioration, as clay content of all stones
suggests hygric expansion will result in shear stress and fracturing when exposed to elevated moisture
content. Furthermore, visual examination under the microscope shows high porosity in all samples, with
microfracture networks present. Freeze-thaw testing of tuff has revealed that at least two qualities of tuff
exist, one susceptible to freeze-thaw, the other somewhat resistant.

BN R (—AFE)
FEA AR . SX.HC. F02. S05 HH 55 % (R3S BHF A #4E (20034E6 H 18 H)

NTHEARKIVRAE (REGH S B WHEREAT e KRIFEARD N2ZE: MEkKE
RH ERAEHKZ . TULE IS4, ERKERTERRAF LA, EEAOKFEEKSH
Hz A KER, R K.

Exterior Masonry Wall Stucco (1 Sample)
Sample reports: SX.HC.F02.S05, report by GCI science (June 18, 2003)

The sample was investigated to characterize exterior stucco and identify the principal components, such
as binder and aggregates. The sample contains two layers: a red-colored lime-based stucco on an earthen
plaster base. Fibers are visible. In the lower plaster, clay and quartz components were identified. The
upper stucco layer contains dolomitic limestone aggregate and possibly crushed brick. The source of the
characteristic red color has not been categorically identified, though it is thought to be due to an inclusion
of hematite.
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Huicheng Hall, Shuxiang Temple, Chengde

Sample #: SX HC FOZSOQ (SXEW02'1 )

Sample location: wood sample from exterior north facade,
base of column of Huicheng Hall. Sample was collected in
September 2002.

Sample description: deteriorated piece of wood

Sampling rationale: to identify wood species and
understand decay

Analysis: Optical microscopy (Professor Robert
| Blanchette)

Comments (Robert Blanchette — February 2003):

The wood appears to be Picea (Spruce) or Larix (Larch). The sample is so fragile that it is hard to get a
good section for light microscopy to see the type of ray pitting needed to make a definite determination.
The wood also appears to be from a tree that was very slow growing - maybe from high elevation since
the growth rings are very narrow (indicating a very short growing season or one where the tree is
growing under adverse conditions).

Some selectivity has occurred in the attack of the wood. The slow growing trees used for the wood
have produced thick-walled latewood cells that resisted attack more than the early wood cells. Since
intact hyphae are present in the wood and they may be still viable, the decay could be still active or can
reactivate if moisture is present.

Sample location: wood sample from exterior north
facade, base of column of Huicheng Hall.
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SX.HC.F02.S05

Photo J11-1-1 shows 3 annual layers over a very small area. The wood appears to be attacked by
a brown rot fungus that has degraded the early wood cells more than the late wood. This type of
decay causes very severe strength losses to occur and the weakened early wood cells can be seen
fragmenting (see Photo's J11-2-3 and ]I 1-2-4, || |-2-4a, ]| |-2-6 (high magnification of the
fragmented cells, ]I 1-2-7). Note all of the micrographs from J11-1-1 to J11-2-7 are transverse
sections of the wood sample.
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Jl11-2-4a

J11-2-7, high magnification of the fragmented cells
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Micrographs J11-3-1 to || 1-4-4 are radial sections showing fungal hyphae in the cells and some ray
parenchyma anatomical detail that is used to identify the wood. The fungi that colonized the wood are
found throughout the cells of the samples. The structurally weak cells are evident by the fractured cell
walls around the mycelium. Typically, brown rot fungi will degrade the cellulose and hemicellulose from
the wood leaving lignin behind. Without cellulose, the cells have little integrity left.

J11-3-1
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GREY TUFF

Volcanic fine-ash tuff with vitrophiric matrix

fine-grain matrix quartz and feldspar grains with abundant glassy splinter (ash) - (Fig. 4Yb-3)

crystal rarely quartz and feldspar crystal (millimeter- submillimeter size) - (Fig. 4Yb-1)

rarely lapilli (millimeter - centimeter size) well oriented; this fragment are porphiric texture with

rock fragments abundant fenocrystal (feldspar and subordinate plagioclase) - (Fig. 4Yb-2)

micro-porosity well distributed in fine-grain matrix; Secondary porosity is due to devetrification

porosity of glass splinters - (Fig. 4Ta)

VITRIC ASH TUFF

PUMICE E
GLASS SHARDS

LITHIC
ASH

CRYSTAL
ASH

CRYSTALS ROCK FRAGMENTS
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glassy splinter
(ash)

PLM microphotographs of tuff
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Chengde T uff:
Physical characterization and Freeze-Thaw Resistance testing

[ OB ECLIVES. ...ttt et h bbb et e et a e bt e e et 2
T 1 oo RSP 2
Porosity accessible to water (RILEM 1.1) ..o e e 2
Free porosity (Nug) RILEM . L. ...ttt 2
Bulk density and real density (RILEM 1.2) .....oovoiceriree et s 3
SPECITIC SUMACE ArEA (BET) ...ccueeeeeeiereisiesieste sttt e e e e e et s e te et saesneese e e e e enee e enseseenaesnsesrennens 3
Ultrasonic velocity measurements and dynamic modulus of elastiCity .........c.coeeeveneiencnniencccnenens 3
Water uptake coefficient and capillarity rise (1SO 15148) ........ccoevrnennienenienieseneienns 4
Water vapor permeability and diffusion resistance coefficient pu-value (EN 1SO 12572) .................. 4
Bi-axial flexural SIrENQEN ... ....coi i bbb e e n e 5
Freeze-thaw Cycles (DIN EN 12373) ..o e e e 6
LTI, RESUIES. ...ttt sttt s bbb e e et et e e b e b e be s e et et e nenne e 7
[11.1. Properties of the fresh tUFfS.......cviiiicece e 7
[11.2. Properties Of aged tUFTS.........ci it et 9
Y @ g Tox 11T o) PSPPSR 13
V. FULNEr CONSIAEIALIONS. .....ueiiiiiiiieieieeeesie ettt sttt e ens 13
V1 REFEIEINCES ...ttt et et b b b et et ne et e b e nne st 13

FRIERAZ TR Assessment Report on Shuxiang Temple, Chengde 183



BRG A rek

Turr (YINGWUYAN) CHARACTERIZATION

I. Objectives

The objectives of the study are:

- To determine whether freeze-thaw cycles result in deterioration (cracking,
splitting) of ornemental tuff from Chengde as seen in exposed architectural and
sculptural tuff at the site.

- To determine whether tuff from different levels in the quarry near Chengde show
different deterioration rates, as is believed by site staff.

Stone samples were taken at two different sequence levels, one on the lower level of the
quarry, stone 1, and one at the upper level of the quarry, stone 2. Used as a building
material, these two stones showed some difference in their resistance to freeze-thaw
cycles.

Physical mechanical testing may help to understand the different behavior of these two samples.

I1. Methods
All measurements including freeze-thaw cycles are reproduced three times for each sample type.

Porosity accessible to water (RILEM 1.1)

After drying the samples to constant mass (M;) at 60°C, they were placed in desiccators, under
vacuum (20 mmHg) for 24 hours to eliminate the air contained in the pores. Water was slowly
introduced into the vessel, while the vacuum was maintained for 24 hours. Finally the samples
were left under water at atmospheric pressure for another 24 hours.

The samples were then weighed in water (hydrostatic weighing: M) and in air (Ms).

The porosity (N; [%]) is expressed as the ratio of the volume of the pores accessible to water to
the bulk volume of the sample:

M,—M
N, =———1x100
AQ_A@

Free porosity (N4g) RILEM 11.1

Free porosity N (%) determines the open porosity accessible to water by capillarity under
atmospheric pressure and is comparable to natural absorption and immersion conditions.

Mys - M
Nag (%) =
Vi

The sample first absorbs water slowly by capillarity during 2 hours at atmospheric pressure and
then is immerged under water for 48 hours.
Mgg: mass of the sample after 48h
M;: mass of the dry sample
V. total volume of the sample
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The free porosity is comparable with interconnected porosity. From this measurement the
Hirschwald coefficient or Saturation coefficient can also be calculated, expressing the water
saturation of the sample:

Nyg
Sug =

N
Bulk density and real density (RILEM 1.2)

The bulk density (or apparent density): Syuic [kg/m?] is the ratio of the mass to the bulk volume of
the sample.

The real density (8 [kg/m?]) corresponds to the volume mass of impermeable material. It is the
ratio of the mass to the impermeable volume of the sample.

The bulk and real densities were calculated with the mass determined in the experiment for water
accessible porosity:

M.
S, =————x1000
M3 _Mz
3 ol M 1000
M1 _Mz

Specific surface area (BET)

The specific surface area in m?/g is defined as the sum of the area developed by each particle
composing a mass unit of the porous material.

The BET theory was originally elaborated by Brunauer, Emmett and Teller (Brunauer, E&T
1938). The determination of specific surface by means of the BET theory is based upon the
phenomenon of physical adsorption of gases on the external surfaces of a porous material.

The volume of gas is determined as a function of partial pressure from the de-sorption branch of
the isotherm after cooling to the liquid nitrogen temperature (BET Nitrogen Adsorption ASTM
C1069-86, DIN 66131 modified). Knowing the area occupied by one adsorbed molecule the
specific surface area of solids can be calculated.

Va C (p/po)
Vm (1-p/po) (1+ (C-1) p/po)

Where V, is the volume adsorbed at relative vapor pressure p/po (p is the actual vapor pressure, po
is the vapor pressure at saturation) Vy, is the volume of adsorbate forming a monolayer on unit
mass of adsorbent and C is a constant related to the energy of adsorption in the first adsorbed
layer and consequently its value is an indication of the magnitude of the adsorbent/adsorbate
interactions.

Ultrasonic velocity measurements and dynamic modulus of elasticity

The aim of this measurement is to determine the velocity of ultrasonic longitudinal waves V, as a
ratio of the distance between a transmitter and a receiver to the corrected time (time going from
the transmitter to the receiver). The velocity is related to physico-mechanical characteristics such
as the mineralogical composition, intercrystalline connections, porosity, and moisture content. To
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determine V, a portable measurement device USG 20 (Fa. Krompholz Geotron Elektronik, FRG)
was used with a 250 kHz emitter (USG -T) and receiver (USE-T).

Determining the Poisson-ratio the dynamic modulus of elasticity is calculated (from additional
shear wave, resonance frequency).

(1+0)(1-2y)

Ed = pVy’
(1-v)
With:
(Vo/Vs)? -2
1
v=E ——
2 (Vp/Vs) -1

v = Poisson coefficient

p = apparent density

V, = velocity of compressional wave
V; = velocity of shear wave

Water uptake coefficient and capillarity rise (ISO 15148)

The water absorption coefficient is the mass of water absorbed by a test specimen per face area
and per square root of time. The lower surface of the specimen is in contact with water (level of
water 5 mm) and the change in mass of the specimen is measured over a period of time of 24
hours. The measurements are carried out perpendicular to the banding of the stone sample and
taken after 1 min, 5 min, 10min, 15min, 30 min, 1 h, 2 h, 4 h, and 24 h.

The water uptake coefficient is calculated from the linear part of the curve, as:

m
W=————  [kg/m?h%9]
At

with:
m: amount of water at time t

The capillarity rise or B-value, is also linear as a function of the square root of time, as:
h
\t

where:
h: the water height in cm

Water vapor permeability and diffusion resistance coefficient u-value (EN 1SO 12572)

The water vapor permeability is the quantity of water vapor passing per time unit and surface
units through a porous material under isothermal conditions. Fick’s law describes this
phenomenon:

6 =A.d/S. P(V)
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where:

& = water vapor permeabilty

d = thickness

S = surface area

P = partial water vapor pressure

A = coefficient of proportionality between the weight loss and the time

Two units are used: & = g/m.h.mmHg or the System International (SI) kg/m.s.Pa
With: 1 g/m.h.mmHg = 20.8.10"° kg/m.s.Pa

The diffusion of the water vapor in the air is not direct and we can also determine the diffusion
speed and the water vapor permeability of an air layer, with air pemeability at: 0.09 g/m.h.mmHg
or 1.9.10" kg/m.s.Pa
The water vapor diffusion resistance coefficient of a material is the ratio of the air permeability to
its own permeability:

p =0.09/5

This ratio is dimensionless, a material with a p coefficient close to 1 is a material very permeable
to the water vapor, a waterproof material will be characterized by p = oo,

The wet cup procedure is followed with the gradient of 100% RH water H,O to 45% RH
controlled room condition. The samples disk used has a diameter of 40 mm and a thickness of 5
mm.

Bi-axial flexural strength

A slice of stone is placed between two steel rings. A load (/") is applied on the sample. First an
elastic deformation takes place and allows determining the static E-modulus in kN/mm? (E =
Young modulus) according to the equation [1]. E static is measured at one third of stress — strain
curve The increase of the load results in microcracking in the sample until the breaking point is
reached (maximum load); The bi-axial flexural strength (o) expressed in N/mm? can be
calculated by using equation [2] (Wittmann, Prim, 1983)

(a® —b?)(3+v)

e F 1 b
E=15-"-—=(1-v") [b*In

A ot 2aey) ]
b 2 -b*)(L- 2
o = 473[% 2@+ + (a az)( V) %] 2]

v = Poisson ratio (v=10.25)

a = Radius of the lower ring (¢ = 18 mm)
b = Radius of the upper ring (» = 6.5 mm)
/., = Displacement (mm)

h = Thickness of the slice (mm)

F = Load (N)

R = Radius of the stone slice (mm)
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Freeze-thaw cycles (DIN EN 12373)

Each cycle consists of a six hour freezing period at -20°C, followed by a six hour thawing period
during which the specimen is immersed in water. The cycles are repeated until the specimen fails
or a given maximum number of cycles is reached.

The control measurements to determine the freeze/thaw resistance are:
- Visual inspection, which rates the samples on the following scale is done after each

cycle:

o 0 specimen intact

o 1 very minor change (minor rounding of corners and edges) which does
not compromise the integrity of the specimen.

o 2 one or several minor cracks (< 0.1 mm width) or detachment of small
fragments (< 10 mm? per fragment).

o 3 one or several cracks, holes or detachments of fragments larger than
those defined for the “2” rating, or alteration of material in veins

o 4 specimen broken in two or with major crack

o 5 specimen in pieces and disintegrated

- Measurement of the apparent density (e.g.0)

Measurements of changes in apparent density during the freeze-thaw cycles makes it possible
to calculate the total loss of material due to the deterioration. Deterioration is considered to
have occurred on a specimen when the reduction in apparent density reaches 1 % of the
original apparent density. This measurement is calculated every 12 cycles.

- Measurement of the dynamic modulus of elasticity (Young’s modulus)
By measuring the change in the dynamic modulus of elasticity during the freezing-thawing cycles
it is possible to detect some deterioration, such as microcracks. It is necessary to dry the samples
to constant mass before performing the measurement. The percentage decrease in dynamic
modulus of elasticity is calculated as follow:

(Eo - En) x 100
AE =

Eo

Where Ej is the initial measurement in a dry condition performed before cycling starts and E, the
measurement in a dry condition after n cycles.

The number of cycles at which the decrease of dynamic modulus of elasticity reaches 30 % shall
be noticed.

The test continues until two or more specimen are classed as failed using any of the following
criteria:

- the score of the visual inspection attains 3;

- the decrease of apparent density reaches 1 %;

- the decrease of dynamic modulus of elasticity reaches 30 %.
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For our study the total disintegration is not necessary and the score 2 or 3 at the visual inspection
should be sufficient. Moreover the decrease of the dynamic modulus of elasticity appears to be
the most accurate measurement to notice start of cracks in the specimen.

I11. Results

111.1. Properties of the fresh tuffs

Table 1 summarizes the physical-mechanical properties of the two tuffs types.

) . : & 2 — — <
Bz 2| 24 4 & Tal 4l <&l < o el 2 E
85| 225|588 5 3 SE| 2| 5.5 | ¢ 0f| &3
ool 02 o 2 z z %) o X o X T ) oY o £ W X

1 (lower) 2.1 2.6 18.5 11.6 0.6 3.1 3.1 20.5 3.6 3.4 34.5 14.5 24.8

1 (lower) 2.1 2.6 18.5 11.9 0.6 3.1 2.9 19.1 3.3 3.1 29.1 12.3 20.6

1 (lower) 2.1 2.6 18.5 11.7 0.6 3.6 3.4 31.8 13.8 28.5

2 (upper) 2.1 2.6 21.8 19.6 0.9 3.1 2.6 13.8 6.1 3.5 30.6 10 15.1

2 (upper) 2.0 2.6 22.3 20.0 0.9 2.6 2.5 14.5 6.2 3.4 29.4 7.6 13.8

2 (upper) 2.0 2.6 22.2 19.7 0.9 5.9 3.4 30.6 10.9 20.7

Table 1. Results obtained on the fresh tuff samples 1 and 2; (3 replicates for each tuff).

The two stones reveal a great difference in their porosities. Indeed, stone 2 (upper) showed a
higher total porosity than stone 1 (lower) (Nt, measured under vacuum) and also a free porosity
(N48, porosity open to water by capillary) (Figure 1). It demonstrates that stone 2 (upper) has
higher pore connectivity, which allows the water to penetrate easily by capillary.

25 25
—_—
20 20 ==
—_—

15 < 15
S =3
= @ —_—
z

10 Z 10

5 5

0 T 0 T

1 (lower) 2 (upper) 1 (lower) 2 (upper)

Figure 1. Total porosity and free porosity at 48 hours measured on stone 1 and 2.

These properties lead to a greater Saturation coefficient or Hirschwald coefficient, which
potentially indicates susceptibility of stone to freezing damage (Figure 2).

Hirschwald coefficient ranges determine the susceptibility of a stone to frost:
S > 0.85 susceptible; 0.75 < S < 0.80 moderate resistance; S < 0.75 frost resistant

As well, a coefficient at 0.9 might reveal a high susceptibility to frost damage, while a coefficient
of 0.6 may show a stone resistant to frost damage (Hirschwald J., 1908).
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Figure 2. Saturation coefficient measured on stone 1 and 2.

Additionally, the stone 1 (lower) reveals also a lower water uptake coefficient, higher moduli of
elasticity and strength (Figure 3 and 4), which explains its better durability.
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Figure 3. Water uptake coefficient measured on stone 1 and 2; Figure 4. Bi-axial Flexural Strength.

Capillary rise (B-value) as well as the water vapor resistance coefficient (i) doesn’t show any
further distinction between the two samples (Table 1).

Moreover the two samples present different specific surface area (BET) (Figure 5). The tuff 2
(upper) shows a specific surface area twice as high as the tuff 1 (lower). High surface area
indicates a greater percentage of very fine pores, higher in the tuff 2 (upper) than in the tuff 1
(lower), pores < 0.1 um. The presence of very fine pores may involve an increase of the water
absorption but may also lead to more damage. In fact, thermodynamic properties play a great role
in the susceptibility of a stone to frost damage. Several authors (Everett, 1961; Fitzner and
Snethlage, 1982) explain that small pores connected to larger pores could show a more damaging
effect when a stone is exposed to frost. For thermodynamics reasons the pressure applied on the
pores walls is proportional to their size, and mechanical failure may occur if this pressure exceed
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the strength of the porous material. The following equation shows that the pressure p is greater
more the pore sizes of the material are different:

p =20 (1/r-1/R)

where o is surface tension; r is radius of the small pores; and R is radius of coarse pores.
Therefore, water may stay liquid in the smaller pores (below 0.1 pum zone of capillary
condensation) and serves as a substantial reservoir for the growth of the ice crystals in the coarse
pores. If the coarse pores are filled up with crystals, these tend to grow into the small adjoining
pores.

The higher amount of fine pores of the stone 2 (upper) demonstrated by BET measurement could
be the main factor leading to faster damage (Figure 5).

Study on tuffs from Italy and Ecuador (Rossi-Manaresi, 1990) shows the influence of wet/dry
cycles. Indeed, molecular layers of liquid water can be structured in very fine pores and exert as
much pressure as crystalline water. In thin pores the entire volume of the pores is filled by water
and can exert pressure on the pore walls. The authors calculated the different pressure related to
each class of pores of two different tuff and prove that the total pressure generated in one of the
tuff by its high percentage of fine pores, greatly exceed its compressive strength; mechanical
failure can be very rapid.

16
1.4
1.2
1
£ 08 5
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0.4
0.2

0 T
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Figure 5. BET (Specific Surface area, m?/g) measured on the two stones.

111.2. Properties of aged tuffs

By measuring the dynamic modulus of elasticity it is possible to monitor deterioration and
determine the freeze/thaw resistance of the samples.

The dynamic modulus of elasticity of the tuff 2 (upper) decreases after 12 freeze-thaw cycles
while tuff 1 (lower) remains stable (Figure 6). The internal decay is manifest even if it is not
necessarily visible from the external face of the samples (Figure 7); then after 70 freeze-thaw
cycles, the tuff 2 (upper) shows a decrease of 66 % of the dynamic modulus of elasticity, while a
level 3 of observation of the stone decay is observed (one or several cracks are visible) (Figure 9).
Level of observation 4 was also noticed (specimen broken in two or with major crack) for one of
the sample of tuff 2 (upper) (Figure 9). No decay was observed on the tuff 1 (lower) after 70
freeze-thaw cycles (Figure 10), but a decrease of 10% of the dynamic modulus of elasticity
reveals some changes in the internal stone structure.
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Freeze-thaw cycles

Figure 6. Dynamic modulus of elasticity measured at T, , 12 cycles and after 70 cycles.

Figure 7. The two stones after 12 freezing-thawing cycles (8cm height). On the left hand side the
stone 1 (lower) and on the right hand side the stone 2 (upper) — samples don’t show any external
damage.
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Figure 8. A smaller sample (4cm height) of stone 2 (upper) after 12 freezing-thawing cycles shows
cracks parallel as well as perpendicular to the banding.

Figure 9. Stone 2 (upper) after 70 freezing-thawing cycles- Sample on the left hand side shows a level
3 of decay with open cracks, while sample on the right hand side shows a level 4 of decay, the sample
is broken in two.
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Figure 10. Stone 1 (lower) after 70 freezing-thawing cycles — no deterioration can be observed.

Changes of physical properties can also be observed after freeze-thaw cyles (Figure 11). The total
porosity Nt (measured under vacuum) is quite similar for both tuffs before and after aging, while
the free porosity N48 (measured under atmospheric pressure) reveals a slight increase for the tuff
1 (lower) and a clear increase for the tuff 2 (upper). Such a measurement shows that freeze-thaw
cycles change the porosity structure of the material. Crystallisation pressure developed within the
pores may have modified and increased the pore connectivity. Therefore, the saturation
coefficient or Hirschwald coefficient is also increased for both tuffs (Figure 12); the saturation
coefficient of the tuff 1 (lower) passed from 0.6 to 0.7 and can be still considered as frost resistant
(<0.8), while the tuff 2 (upper) almost reached a saturation coefficent of 1. Free water can
penetrate pore network more easily after freeze-thaw cycles and fill the whole pore structure for
the tuff 2 (upper).

Nt (%)

25 25
—s : %
20 +-——--——-- - 20 +-—-—-—-—-—-—--"-—-"-"--—-—--= -
L .
15 - R A5
0 —_— +
10+-—-—----"-"-"-"-"""""“"“"""“"“"~"~"~-~-~——~——- <Zr 10 +-—-—-—---"-"-"-""""""“"“""“"“"“"~"~""-~~"—~—~——-
5+ - 5+
0 T T T 0 T T T
1-fresh 1-freeze 2-fresh 2-freeze 1-fresh 1-freeze 2-fresh 2-freeze
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Figure 11. Total porosity and free porosity at 48 h. on the two tuffs before and after freeze-thaw
cycles.

Changes in the pore network due to freeze-thaw cycles influence slightly the water uptake
coefficient. Indeed, the tuff 1 (lower) shows a small decrease of the water uptake while the tuff 2
(upper) reveals a slight increase of the water uptake coefficient. Changes of pore structure of the
tuff 1 may not have been important enough to have an impact on the water uptake coefficient,
total porosity and free porosity were very slightly changed. The decrease observed can be due to a
standard deviation; the measurement was done on different samples before and after freeze-thaw
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cycles. On the other hand, pore size also has a great influence on the capillarity and may have
been modified such that the pore size negative influence the water uptake coefficent.

As well, the high quantity of fine pores in the tuff 2 (upper) as it was proved through the BET
measurement, may have influenced the pore network after freeze-thaw cycles, increasing the free

porosity and the water uptake coefficient.
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1-fresh 1-freeze 2-fresh 2-freeze 1-fresh 1-freeze 2-fresh 2-freeze
Figure 12. Saturation coefficient on the two tuffs Figure 13. Water uptake coefficient meseasured on
before and after freeze-thaw cycles. the two tuffs before and after freeze-thaw cycles.
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1VV. Conclusion

Pore properties influence directly the resistance of the two tuffs to frost damage. The high
pressure that develops in fine pores may lead to greatest change in the pore network increasing
pore connectivity and the capillarity of the stone. Crystallisation pressure on the pore walls can
exceed the strength of the material and mechanical failure can occur very quickly; It has been
proven through the measurement of the modulus of elasticity and visual observation: tuff 2
(upper) illustrates the characteristics of a highly decayed stone (66% decrease of the modulus,
state 3 and 4 of visual decay), while tuff 1 (lower) stays intact after 70 cycles.

Therefore, both objectives above were positive. Differences in two types of tuff can be attributed
to different porosity and pore size distribution.

V. Futher considerations

Is it possible to equate number of freeze-thaw cycles in laboratory testing with freeze-thaw
weather data for the site?

V1. References

Everett D.H., 1961, the thermodynamics of frost damage to porous solids, The Faraday Society,
Scotland, pp.1541-1551.
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Hirschwald J., 1908, Die Priifung der natiirlichen Bausteine auf ihre Wetterbestdindigkeit. Berlin:
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GREEN SANDSTONE

Volcanic sandstone, matrix supported - Framework grains are floating in a finer grained material (the matrix); grain
size: 1 - 0.3 mm (coarse-medium sand)

Wacke - Sandstone with > 10-15 % mud (ternary diagram A)

MATRIX clay with silt-sized particles of quartz and other minerals
FRAMEWORK Grain Size: between 1 and 0.05 mm; well rounded, moderately sorted
quartz Quartz predominantly occurs in monocrystalline grains, rarely with undulatory extinction

Orthoclase and microcline (Sanidine ?). They show the effects of alteration (growths of micro-
feldspar crystalline clay minerals along cleavage planes)

lithic fragments prevailing fine-grain volcanic rocks, greatly altered

secondary porosity is very abundant: along grain boundary; cleavage plain in feldspar, in mi-

POROSITY crofractue network

SUB LITHIC-ARENITE

RED SANDSTONE

Volcanic sandstone, clast supported - Framework grains are in contact with one another; grain size: 0.5 - 0.005 mm
(medium- very fine sand)

Arenite - Sandstone with < 10-15% mud (ternary diagram A)

CEMENT Calcite, common cement in sandstones does not tend to fill all pore spaces completely, but
occurs as patchy cement.
FRAMEWORK Grain Size: between 400 and 50 microns, well rounded, moderately sorted
quartz Quartz predominantly occurs in monocrystalline grains
feldspar Feldspars more abundant than quartz; less altered than Green sandstone.

lithic fragments prevailing fine-grained volcanic rocks, greatly altered

POROSITY secondary porosity is very abundant: along grain boundary and in microfracture network

FELDSPATHIC LITHARENITE
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GRAVEL

Well sorted
conglomerate
or breccia

A

Compton (1962)

75% pebbles, etc.

Conglomerate
or breccia

50

muddy sandy
conglomerate] conglomerate
or breccia ot breccia
ebbly arenite
Pebbly Pebbly A
mudstone wacke
Red sandstone

MUD 111 %1sAND

Green sandstone

Q - quartzarenite
Q SA - subarkose
SLA - sublithic-arenite
A - arkose
LA - lithic arkose
FL - feldspathic litharenite
L - litharenite

Green sandstone

& Red sandstone

F L
feldspar lithic
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volcanic fragment

&\

microfracture network

PLM microphotographs of red sandstone
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Huicheng Hall, Shuxiang Temple, Chengde

Sample #: SX HC F02305 (SXE)

Sample location: sample was collected from an area of loss of the
exterior wall plaster from the west facade Sample was collected
in September 2002.

Sample description: sample contains a pink-colored upper layer of
plaster on a lower clay plaster base.

Sampling rationale: to characterize the plaster used on the
building exterior.

Analysis: optical microscopy, thin-section, ESEM/EDS

Approximate
sample
location
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SX.HC.F02.S05

Summary of Analytical Investigation Results

Plaster:

Sample has two easily distinguishable layers, the first is an earth-based plaster found to
contain clay and quartz. The upper plaster is lime plaster with a dolomitic limestone
aggregate and crushed red brick dust. The brick dust gives the plaster its pink color.
Fibers are visible.

Layer | Layer 2

Clay plaster Pink-colored
plaster
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SX.HC.F02.S05

__Surface Layer

Dolomite

-

L

. Brick Dust
‘__ .

&

y

Clay and Quartz

Polished thin-section of SX.HC.F02.505

Sample measures 2cm across. The thin-section shows the texture of the sample. The
major features are fibers, complex iron rich aluminosilicate particles (most likely brick
dust), dolomite aggregate in the upper plaster layer and clay and quartz in the lower
plaster layer.

The sample is characterized by several parallel layers. From top to bottom, these include
a surface layer that includes aluminosilicate dust, the main lime plaster layer containing
brick dust, dolomitic limestone aggregate and fibers (straw?), and a lower base layer
containing quartz aggregate in a clay matrix.

Orientation: Particles and pores are randomly oriented; some areas of the section are
occupied by single large aggregate grains.

Structure: grains angular to subangular; some large aggregate grains but bulk amount of
the sand-silt sized grains well sorted; moderate amount of clay and fine silt in lower layer;
some air voids and interstitial pores

ARG VPR TS Assessment Report on Shuxiang Temple, Chengde 203



A FE

STtucco CHARACTERIZATION

204

SX.HC.F02.S05

SEM Dot map and Spectra

The results document the elemental composition of the plaster sample including grain size
and distribution of phases in the plaster sample. Complex iron-rich aluminosilicate particles
are present, which appear to be crushed brick dust.

Spectrum 10 Al, Ca rich

Lime

Quartz

CaAlSi
(brick dust)

‘ul Scale 7026 cds Cursor 2764 ke (135 ds) ke
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SX.HC.F02.S05

Optical Microscopy

Optical microscopy of the thin-section in PLM and UV micrographs. The iron-rich areas in the
ESEM correspond to the red particles in the optical microscope.

Polished thin-section, in
transmitted light

Polished thin-section, in
UV reflection mode
showing fluorescence of
fibers.

CWP Fibers UV modae {1 0x)
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ARG SV, Assessment Report on Shuxiang Temple, Chengde
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