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裝潢書畫，秋為上時，春為中時，夏為下時，暑濕及
凝寒俱不可裝裱               ———《長物志》 

良工用糊如用水，止在多刷，刷多则漿水沁透纸，凝
结如抄成者，不全恃糊力矣    ———《裝潢志》 

凡煮糊，必去筋，稀緩得所，攪之不停，自然調熟。  
                         ———《歷代名畫記》 

裱房惡地濕而憚風燥，喜溫潤而愛虛明。裝板須高，利
畫堅挺。必安地屏，杜濕上蒸。 ———《裝潢志》 
 

Paste, mounting skills, humidity, weather, etc.  

上壁宜潤，貴其濕潤，下壁宜燥，庶平瓦患，燥潤失宜，
優劣繫焉。          ———《裝潢志》 
 



Collaborators 

Ming-Han Chou（周明翰，清大物理系） 
Wei-Chao Shen （沈維昭，清大物理系） 
Yi-Ping Wang（汪依平，清大物理系）    
Sun-Hsun Hong (洪順興，國立故宮博物院) 



• Introduction（15 min.） 

• Curling edges on scrolls, aka Qi-Wa 起瓦（5 min.） 

• Background knowledge on mounting（5 min.） 

• Experiment, theoretical model, and MD simulation

（10 min.） 

• Remedies to mitigate Qi-Wa（5 min.） 

• Conclusions and discussions（5 min.） 

Outline 
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Gutenberg-Richter law 



Ubiquity of power law 

1. Pareto’s law of income distribution, aka 80-20 rule 
2. Number of cities having a certain population 
3. Sizes of earthquakes 
4. Sizes of craters on the moon 
5. Sizes of solar flares 
6. Foraging pattern of various species 
7. Activity patterns of neuronal populations 
8. Frequencies of words in most languages 
9. Frequencies of family names 
10.The species richness in clades of organisms 
11.Sizes of power outages 
12.Sizes of war 
13.Criminal charges per convict 



Sand pile explains it all? 



Universality from RG? 



Power laws for energetics 

Tom Witten, Chicago 



Ridge length distribution 



Average ridge length and number 



Crumpling noises 



Gutenberg-Richter law 





Co-crumpling 



Universality? 
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Collection of scrolls in National Palace Museum, 
Taipei dated back to the Six Dynasties (222-589) 

女史箴圖 顧愷之(345-406)  



裝潢書畫，秋為上時，春為中
時，夏為下時，暑濕及凝寒俱
不可裝裱。    
  ——《長物志，明 文震亨》 

良工用糊如用水，止在多刷，刷多则漿水沁透纸，凝结如抄成
者，不全恃糊力矣…上壁宜潤，貴其滋潤，下壁宜燥，庶平瓦
患，燥潤失宜，優劣繫焉…裱房惡地濕而憚風燥，喜溫潤而愛
虛明。裝板須高，利畫堅挺。必安地屏，杜濕上蒸。  

  ——《裝潢志，明 周嘉胃》 

凡煮糊，必去筋，稀緩得所，攪之不停，自然調熟。  
              ———《歷代名畫記，唐 張彥遠 》 

Ancient Chinese literature on Qi-Wa 



Traditionally Qi-Wa is treated as a part of cockling 

and curling due to moisture, consistency of paste, 

and defects from mounting procedures 



We demonstrate that spontaneous extrinsic 

curvature incurred from storage is more essential 



In contrast to conventional factors whose effects 

are less predictable, plastic deformations due to 

spontaneous curvature are a well-defined 

mechanical problem 



• Introduction（15 min.） 

• Curling edges on scrolls, aka Qi-Wa（5 min.） 

• Background knowledge on mounting（5 min.） 

• Experiment, theoretical model, and MD 

simulation（10 min.） 

• Remedies to mitigate Qi-Wa（5 min.） 

• Conclusions and discussions（5 min.） 

Outline 



Mounting is an old trade 

with strict traditions and 

aesthetic standards (and 

tons of jargons) 



覆背紙材 纖維長度 纖維方向性 接紙方式 接紙貼法 裏打 

中式 宣紙 短 有 邊緣重疊 不規則 無 

日式 楮皮紙 長 有 毛邊接合 規則 有 

中式裝裱和日式裝裱比較 

裱件組成：四紙三漿 

Chinese v.s. Japanese mounting 
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Home-built profilometer 



Qi-Wa height v.s. width of scroll 

U V 



Theoretical models 



Phase diagram 
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Molecular Dynamics simulations 



U-shaped scroll 

U-shape L l 

PET 0.9 0.069 0.6 

Paper 0.85 -0.133 0.5 

M.D 0.8 -0.013 0.4 



V-shaped scroll 

V-shape L l 

PET 0.53 0.96 0.47 

Paper 0.36 0.9 0.43 

M.D 0.8 1.04 0.51 



Check the K-dependence 

U 

V 
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Remedies to mitigate Qi-Wa 

1. Reorient main fiber direction to parallel the length 

2. Increase border thickness 

3. Perforate backing paper with a stiff brush 

4. Change patching pattern 

5. Increase roller radius 



(a) Align fiber directions (b) Adding layers of width 
l/2 – x to side borders (c) Poking 

U-shaped scroll 

W ~ 1cm 
l ~  5 cm 
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Conclusions 

1.Moisture, paste, and mounting techniques are 
important to prevent cockling, but spontaneous 
curvature is more essential to causing Qi-Wa. 

2. Instead of relying on experience and luck, we 

propose a scientific method to treat Qi-Wa. 
3. Our model for curling edges is general 
and can be applied to flexible 
electronic paper. 
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