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Study on relation between wet deformation of Xuan paper and
quality of mounted calligraphy and paintings
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(1. Department for the History of Science and Scientific Archaeology sUniversity of Science and Technology of China, Hefei 230026 ,China ;
2. Shanxi Museum s Taiyuan 030024 ,China))

Abstract: Most of the harm to the paintings and calligraphy is related to " the force". However, few
studies have been reported on the research of the mechanical behavior. Xuan paper is a primary material of
the mounting of Chinese paintings and calligraphy. Dimensional variation occurs upon changes in its
moisture content during the drying process, and serious deformation may affect the stability of the
paintings and the effects of the mounting. Digital image correlation was used to measure the wet
deformation of single-layer Xuan paper and the sample of a mounted painting on two layers of Xuan paper,
with considerations of dimensional changes caused by wetting and the influences on the deformation from
Xuan paper’s fiber orientation upon drying on the wall. The results show that the mechanical properties
and wet deformation were related to the fiber orientation of Xuan paper, and that fiber orientation was the

main contributing factor in the influence on deformation in drying. In addition, excessive shrinkage in both
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vertical and horizontal directions was observed in new Xuan paper due to the existence of internal stress.

Suggestions are thus provided on improvement, which will help raise the quality of mounting and

restoration of cultural relics such as calligraphy and paintings.

Key words: Xuan paper; wet deformation; mounting techniques; digital image correlation

0 3§

F T 0T A 1m0 2 e A R BT 5 1 e 1 B 5 A
Z A E LA T3 A 2 SO AR 1 AR IR
W28 8 5C 5 s 5 TS A A LA, 93 HE Dt PR 5 2 e b
B E X R B W, Pk EE M
B E AU AR HAT E R B S

T A5 e e T 20rh BRI 58 23 R T T B 4K
22 8 55 RERE A K T 4 1 BT HE AT AR I B AL AN TR
MOBHAS B AH G ) 4 PR RE , i B R8T 4F A R
B 22 5. 24 BRI IR I R 8 A B 1 SZ AL BN 2 AN
(] A 4 1] %) 728 T 26 e 38 R, 1 82 T R A4k i A BB 28
S A T N A 1 S I R P A B A IR
Hor R A2 I 52 ) e K Y 2 R AR T b By FE AR R
AR X AN B o B2 T IR B L A B BR AT
I 35 1 Ty %ok A5 1] 288 S 3 AR 4. 32 4 Ak A i
FNAR BT SC W 1Y BIF 5T AL A5E B A B ORE AR B 1 R
T W T e Ak G R R AR T 5

ARSCE Sl £ S R AR OC % (digital image
correlation, DIO) M & T 84 2 & 4L A0 i8I, I
55 TR S0 45 2, o3 B 1B 4R D 45 4 B X
T AR T R0 7 27 58 B B 52 . 7E B b 38 0 U2
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1 #H5FE

1.1 ##

T, W TRE . NEES (T, XH
FoR rdra). BEE 4R ST 200 mm X 300 mm;
WUZFCAEFE SR 5F 0300 mm X 350 mm.

¥ 60 g INETER 600 ml 3 F KRS, It
FERS). BT RINAES Lo b, =R e M. ¥
MEZEREEMALE T KA.

1.2 XWHE
1.2.1 {¥#
VIC-3D SR-6M 3 4% il 4= 37 ©v 48 W & &R 48

(CSI , American) , RFZE N B PEER N 0. 01 B &

(pixel) s W78 53 B 50 TRV AR (pe) 5 2 HETT RE 5K
FHL(AGX-500).
1.2.2 fHBEHLH S

GB/T 12914 — 2008 € 4G F1 4% He Pt 7 58 & A% )
FEE P L, SE R R AR IR 20°C.55% +£5%
RH /T #47. P 3 A 20 mm/min. 405K 5%
FERSFA MR K 180 mm=+1 mm, % 15 mm+0. 1
mm. 18 5] 3 51ER V) 5 A SRR AT
1.2.3 @A LE

(IHHEFEL

3 DIC 248, % 91210 mm) 5 #E#5 E
AR E , MBI FR 2/ 40 cm X 60 em s N — T H 4K
r A 3 T AN [ 9 AR AR VD L SR S i 2. R IAR
KRN 218 20 em X 30 em. % DIC & B i 55T
VR T H A 5 43 1 22 BB, BT SR A T v AR, T
KA Y, FE B T B /N R w550
HEAT NN, 35 A s 25 0 3 AR /N, B 10 min P [A] B
I min MR — W, HWHEERKYIBE.IFART
P B AU TR S R G R A BB 1min 40
Bk A

2 b PG B AR AR S5 SR 4 IR T S
L8 N = 2 | Rt |5 2 S| B 2 ol i N 1 B
[E] DL 2% 1. I PR EE AR O i B 20°C £5°C L AH X IR
B 40% +5%.

CID) BUZ FEHAE S

& DIC &40, ¥EH 14 X10(10 mm) 45 5E M b
E MBI H 60 cm X 70 cm, SCI A B &1 R
ME 20°C £5°C AR 40% £5%. RUZFLHEAE
i ]ROF 28 30 em X 35 em, HiH A 4L A9 RH g K F
WL DU JE BB 2~3 cm. 76 AR 0 4 & 48 3 1 4
il FCBE 8 B CST 2 w36 Bl i /0B dil /8 T 5, BT H
A5 R B ROK O B e, FEAR AT A A HUBE Y )2
LG EACE T RS LB RS ENS S
KA.

T Oy 5 i 406 389 6 A ) 1) 5 40, L3 Rk sl A &
Dy 1) — 20, WIR 1. % AL Ge 1 AT R 3 AT AR . 0
T [ T R A, SR PH IS 25 R 1O i N
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Tab.1 The moistening-drying time for

single layer of Xuan paper

S PEAR KA % /min - T /min E1 #REEZTEE
W T NO. 1 0~10 11~170 Fig. 1 The schematic of the mounting of Xuan paper
IH 4% NO. 1 0~10 11~162 R2 RESH
Tab.2 The samples parameters
NO. 2 163~173 174~351
Bl 2 = A B C
NO. 3 352~361 362~489
iy 4% i IH IH
NO. 4 490~499 500~639 .
TP i i IH
,3-_,"T — 1 > S >7| N S 54— y ,[) NNA - -
AR IR 1) A A EOR0 TEA T HEAER DL (I DIC H XA b7 B 5
I FR ORI 26 8 B A () T RE T R AR B 25 R R S . - \b 2= e
MR e 9 U T L S T St 2k X R S5 B R 53 9 30 5 A S
< BTEN ZEANE N H 2N, AN Zz2 1yl — N N N ¥
o il S BT AL A8 5L A5 0 B R DIC A 6 2 50 0
M Y) 5 ZN.
- = % 3.

X3 DICH*XEH

Tab.3 The correlation parameters of DIC system

SRR SRR RO
w3k SchneiderXenoplan 2. 0/28-0901 SchneiderXenoplan 2. 0/28-0901
pixel 2736 X2192 2736 X2192
SR LED FJ% LED At
B8 3k /R it ] B 5 B 3K ) R B HE PR ES 125 em  AHALIAIEE 37 em Sk AE R FEES 160 cm, AHMLIATEE 37 cm
pixel/mm 5 i 3% 5. 28pixel = 1 mm 3. 45pixel=1 mm
BLH 53 B 0. 01pixel 0. 01pixel
M 5 B8 23 B SR 1T 5045 B 1 Rij A% 73 B R 6.313p¢ 8. 281pe
N AR A 50pe 50pe
ROI 400 mm X 600 mm 600 mm X700 mm
Subset, step 75,19 65,16

VIC-3D R 48 A B0 B WA AR SC e 3R oL 1L BB A G B, 0. 1 W B, = T
VAL DL 2 AN 4L MSCPE M e R L B R 2E 0L 1 R ITELBEA (R A G PR AR

—OHSEad | A wBjEs 2~ cvOoRCeXOR
(EECREREE] '
= S ..

B 2 VIC-3D B BB R 2 1F & & subset #E

Fig. 2 Speckle assessment and subset size suggestion from the VIC-3D system
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Tab.4 The evaluation of the correlation for some images
S MoORPE/R R RE/MBRR

01-0000_0. tif 36443 0.82 1.30574  0.017719
01-0001_0. tif ~ 36443 0.81 2.25178  0.01743
01-0002_0. tif ~ 35459 1. 68 1.77403  0.019521
01-0003_0. tif 35434 0.79 2.02881 0.021406
01-0004_0. tif 35412 0.77 1.66418  0.015567
01-0005_0. tif ~ 35412 0.77 1.77229  0.018783
01-0006_0. tif 35392 0.78 1.48144  0.025247
01-0007_0. tif ~ 35392 0.77 1.87961  0.02378
01-0008_0. tif 35167 0. 81 1.32415  0.023723
01-0009_0. tif 35152 0.78 1.49546  0.022638
01-0010_0. tif 35150 0.77 1.79927  0.026012
01-0011_0. tif 35055 0.78 1.45099  0.024109
01-0012_0. tif 35031 0.77 2.0154  0.026381

2 H#RE5WE

2.1 ERpRfRiEaE

AR — B S AR R RE L fb S
[ AR 5 o 2 475 5 20 R0 SE ) e st S5 A 2 1) L ) —
JO7 AR i DL T 3. 37 AF S 56 2 O 20 mm/ min, A [
(7 14 T 28 08 A T ) A

stress /GPa

0 g y T — 0 T y . T )
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Fig. 3 The stress-strain curves of Xuan paper

in the vertical and horizontal directions
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Fig.4 The paper curtain and its motion, the orientation of

fibers arrangements and the curtain pattern of Xuan paper
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Fig. 5 The strain distribution in vertical direction of

Xuan paper in 120min in natural drying
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Fig. 6 The deformation rate in the vertical and horizontal

directions of Xuan paper in the five wet-treatments
B IH B AT 26 0 T REAE M A R 28 4k EAFTE—E 1Y
2.
x5 EREREREIDTEE(%
Tab.5 The deformation rate in the vertical and horizontal

directions of Xuan paper in the wet-treatments (%)

R B 1) h1a]
Bk A 0.424+0.033  0.329-0. 008

TR (WA R —0.50040. 070 —0. 2460, 031

IH4% BTN
FHR(FMASIEF)  —0. 053420, 043 —0. 01840, 019
SEBRARIE

6 N R EAAE 5 U AL LAY AN [RLR A I A
i B Z L. o SRR AR R A O AR SR B
Z 28 A TR A 1 e R T AL TH AR FE UG AL
BN RS AT LMK AR T 3B/ 5 2~ 5 T 25
AR R 2 (o / ) 20 2 7R T 8 3L 32 i 4R 5K
TR TY 1 32 B8 R R AT PR AT AR W B L 2F 2 (E] 45 5 L 1
L AR AS (KRS8 B Ml A0 £ B L xS
TR — M AR A O ) AR T 22 5 A 3 EOR IR
LA LT AE ). A AR AR SR T 2 b AR (T b
1)) 77 [i (9 38 A8 JE AR T A B Ty 1), £ 4
RN~ FE X (0 SN EA R 3 AR 3 8 TS
e RRARTE I L 25 HE YN 18] HEB T 18] (9 38 A2 T2 RO T
21 YRR 1) IR R W UL AR AR e R
EAA YR 251k W 6 Fg 5 rha] I, 5 480
BT AR T AT YA AT LA A m] y O 25 4 Y K

0.9244-0.019 0. 5864-0. 005

—0.956+0.041 —0.592+0. 0223
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JEE 7 1) AL A9 2 4R 5K T 4 1) O ), DU 3. R 6
AL UL B SEPRABTE A A Z AR T 405K AR B 11
P T, A B 2T 2 B B e M, P 2 R 1. 613, IR
DA B, 2 0 2 A R A 1) AR B 22 S 2 5 LB
(EAHZEBOR. BEA IRAL B HEAT . i T R AR AT LU
RS RS RN ) 22 22 S 5 S BR AR I R o/ y
{EAH 22 55/,
xk6 BEEREIBMTEEZL (/)
Tab. 6 The ratio of the deformation rate in the horizontal

direction to vertical directions of Xuan paper (x/y)

B ok FA REARRA A THE
WK
1 1.332 2.009 1.603
2 1.690 —1.520 1. 606
3 1.597 4.752 1.628 1.613
4 1.576 4.008 1. 605
5 1.560 2.506 1.624

2.3 REHERELE

Fel ABLC X2 F ARZ IR B AE &, W
K 2. MURFEHAE AL BOIRAZIE b, DLim G FE 4 BT+
BARE N HRIRES RES HEIR. B 7 R
[ S 2 A8 R — I () 5C ZR PR, 3R 7 O SRR b AR TR
BT BRI R KL AR AL o, P B
RN TIRREBILZ %52/ y WY LT Z L.
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Zooo4d Lo i
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£0002f | TTTTMNL
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CEPE A8 s T B 8O y)
7 REEREAEDTEE-—HEXRE
Fig.7 The deformation rate of the mounted samples

in the horizontal and vertical directions
M7 0T UL R 2 I FERAE Al B R X AR Y 7
O 1w) 49 4 J2 K L 3 H TSRO TR A R AR K A
BRI SE R IK  B0n. 52 E AL, BT
HRR £ U P 7 1 ORI D] K T 4 K g Ty

] B G AR R e HES S M By Tl
SR YR 7 1] R = 7 e AR I R KTy O
. A dh A VB C BFFTEIX — I Ik B XUZ 2 4R A
vt PR N 1) 722 32 By £ 24 I ) Tk S 1 4 IO O
[6] B4 22 FE A/ T H e 5 1L X e = R i A R 2
ARG AT TR R KB TR LR C>B>
AL JE T IHACTE IR 2 i 1Y 2 JIK A8 2 38 K TR e
PRI o felE T TH AR I, FE AR AR it R R 1) A8 et 38 o
x7T REEREIRFHTRE (%)
Tab.7 The average deformation rate of the mounted samples

in the horizontal and vertical directions( %)

wiR A KW EBEEEERA

x 0 0.258  0.152 —0.105

A Y 0 0.195  0.079 —0.115
x/y 1.323 1.924 0.913

x 0 0.380  0.320 —0.060

B Y 0 0.270  0.120 —0.150
x/y 1.407  2.667 0. 400

x 0 0.524  0.473 —0.051

C y 0 0.323  0.119 —0. 204
x/y 1.622  3.975 0. 250

NCHR B3 Hp i BR 4 B AL R 29k 26, 26" ~
35. 02" AR 4 AR B AR R BT I BE S 1 m
NIRRT AR B B 29 1. 273X 10" m ~
1.698X10 " m, A 0.127 mm~0. 169 mm. i %
7T Y RRER ST 1T m X1 m B B ) AR
TE 359 Ry 2 KBRS, 200 PR AT HEIR Y X RS T DA
BRE 15 T A A R DA T 5 i 5 1 2 4 4 A
din . AR L BE L 4R 1S S — R A T —
TE TR E B AL i, ACSK 2T dE R 24 &, E R
SRR 5 R RIS 0 R AIG L B M B s T X 4R
T BEAR Y AT Y A A A T AZ 3 R P i T 2
AU B o X BE AR T BT REAE T R RE A i 52 AR L TR
I T S 2 RV %4, 4 T s T S ) 22 4 RS E

PR G A o 1) 1 15 T B o 1 e 28 0[] e
B HMAEAE TR, BT R & 0 8 2 1) 28 A X
TR OEIR S I K 0. Xt b = bR i R A 1 £ 28
WRZIW x/y (IR DERSM T AR LT 1,91
HF AR KT, R 4 AT 5 4800 ) R £F
HeEHARTT I, HOR AR Y K F 9 1), Bl 5 M A 4
TS R N 1) 2 S5 A 3% A5 16 K, £ G B 1) 5 ) 3% A 3
K. NEBRARTE 3 A 0] UL, K ) 52 R AR T2 24 /8 F 90
] AR B AN C e, TH AR A (5 (5 4 ) 5K B AR B 2R
AP Y\ ) S PR AR T 30 AL R, R 2 ) A2 TR
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~F5 1) 25 A 5 SR B R 10 22 4 P RIDUR /DN 2 e AR T Xt
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