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1.1  Variables of surface movement 
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5  Variables  along x-direction of subsidence trough 
 
1) Subsidence:   
 
2) Tilt : 
 
3) Curvature:  
 
 
4) Horizontal displacement: 
 
5) Horizontal deformation:  
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1.2 The factors of house’s damage due to 
subsidence 

F1:	Surface	
deformation 

•  Subsidence 
•  Tilt 
•  Curvature 
• Horizontal	
deforma5on
—main	
influence The greater surface deformation 

is, the heavier house damages  

Two-story house One-story 
house 



F2: Structure 
type of house 

• Brick-concrete or 
frame structure 
• One or  two-story  
house 
• Size of building 
element 

F3: Quality of house 
High	or	lower 

One-story house 

Two-story house 



1.3	Different	deformation	lead	to	
deferent	type	of	damage	

 

 

 

  

 

墙体碎裂 

墙体褶曲 

地面隆起 梁下墙体裂缝 

1)   Damaged	
house	in	

compressive	
strain	area 

Damage		
characteristics	

Land	uplift 

Diagonal	cracks	

Wall	fracture 

panel 

village 



2)	Damaged	
house	in	
tensile	

strain	area 
panels 

Tensile fractures 

  

        

  

Fracture from top 
to bottom 

vertical cracks 

panels 
village 

Cracks frequently 
occur at  windowsill, 
door corner and wall 
corner. 



3)	Severe	
damaged	house	
due	to	great	and	
fast	deformations 



In	Chinese	villages,	new-built	houses	are	two-story	house	

with	brick-concrete.		

two-story house 
one-story house 

1.3	Different	degree	of	damage	for	
different	structure	of	house	

Crack	at	center	of		house	 
Crack	at		the	border	of	two	houses	
													out		of	the		house	 



From book:《Regula/on on design of keeping and mining pillars 
for buildings, railways water bodies and main sha; and 
roadway》, Coal industry press, China.2000.8 

House damage 
level 

Surface deformation value 

Tensile strain 
(mm/m) Curvature(km-1) Tilt(mm/m) 

Ⅰ(slight) ≤2.0 ≤0.2 ≤3.0 
Ⅱ(mild) ≤4.0 ≤0.4 ≤6.0 
Ⅲ(medium) ≤6.0 ≤0.6 ≤10.0 
Ⅳ(severe) ＞6.0 ＞0.6 ＞10.0 

1.4 Damage level and Surface deformation  
For single- story house with brick-concrete structure, 

length <30m. 



Table 2 House damage characteris/cs and treatment 

Damage level Damage characteristics Treatment 

Ⅰ Crack width<4mm 
Simple maintenance or 

not 
Ⅱ Crack width<15mm Simple maintenance 
Ⅲ Crack width<30mm Medium repairing 

Ⅳ 
Crack width≥30mm, 
Structure damage, 

collapse 

Large repairing, 
demolition and rebuilt 

Above is for single- story house, How about two-story house? 



two-story house one-story house 
Ground soil 

Structure 

Foundation Constructional 

columns 

Ring beams 

Ø Comparison	of	one-story	and	two-story	model.	with	ANSYS	software	
Ø The	model	size	is	12	m	×	5	m,	the	height	of	story	model	is	3	m.	

Ø Ground	soil：SOLID45，the	material	model	is	Druker	–	Prager.	

Ø Foundation	&	Structure：SOLID65，material	model	is	Concrete.	

2.1		3D	Zinite	element	model	

2.	Analysis	of	numeric	simulation	
with	3D	FEM	



Ø Surface	deformations	are	changed	to	displacement	
applied	to		models	

(a) tilt

(b) positive curvature (c)negative curvature

(d) compression strain (e) tensile strain



2.2		Numeric	simulation	results	

 

(a) shear stress                                     (b) crack simulation 

one-story	house 

two-story	house 

(1)  The	inZluence	of		tilt	
Ø  The	shear	stress	distribution,	is	basically	the	same. 

Ø  There	is	no	cracks. 



Ø  Location	of	crack	：the	corner	of	door	and	window、middle	of	back	

wall	

Ø  Shape	of	crack：vertical	and	longitudinal	cracks	、“V”	shaped	cracks	

two-story house 

front	wall									back	wall 

(2)	The	inZluence	of	combination	of	positive	curvature	and	tensile	

strain ε=0.4mm/m K=0.4mm/m2 	

 one-story house 



gable	wall 

(3)	The	inZluence	of	building	damage	under	the	condition	of	
combination	of	negative	curvature	and	compressive	
strain ε=-0.4mm/m K=-0.4mm/m2 	
Ø  Location	of	crack	：the	angle	of	doors	and	windows、middle	and	

botton	of	back	wall	

Ø  Morphology	of	crack：horizontal	cracks,	“∧”	shaped	cracks	

one-story	house 

two-story	house 

front	wall	 back	wall 



Ø Based	on	simulating	results,	under	the	condition	of	ground	tilt,	the		one-

story	and	two-story	houses	don’t	produced	cracks.	

Ø Building’s	damage		is	mainly	caused	by	the	curvature	and	tensile	strain.	

Ground deformation 

one-story houses  two-story houses 

  The first floor  The second floor 

positive 
curvature of 

ground（10-3/m) 

0.2 0.19  0.11  0.06 
0.4 11.1  5.9  4.5 
0.6 16.4  8.5  15.1 
0.8 96.7  18.7  18.1 
1.0 145.9  20.3  28.6 

tensile strain  
of ground 
(mm/m) 

2 14.6  1.3  0.08 
4 35.6  14.6  5.8 
6 50.5  19.7  28 
8 97.7  39.2  25.4 
10 159.8  77.8  32 

 

Building weak position hori. deformation 

3.	Evaluation	criteria	of	damage	
of		two-story	house 



(2)	Ground	deformation	in	the	same	condition	of	different	buildings 

    the	ground	deformation	threshold	of	damage	levelⅠ	~	level	Ⅳ	in	
two-story	brick	structure	building	with	ring	beams	and	columns:	
① strain：4	mm/m，7	mm/m，9	mm/m，>9	mm/m 

② curvature：0.2	mm/m2，0.5	mm/m2，0.8	mm/m2，>0.8	mm/m2 

③ Tilt：3	mm/m，6	mm/m，10	mm/m，>10	mm/m	

walls strain value(mm/m) 
positive curvature of ground（10-3/m） 

one-story houses  two-story houses 
0.19 0.2  0.2 
11.1 0.4  0.51 
16.4 0.6  0.75 

walls strain value(mm/m) 
tensile strain of ground（mm/m） 

one-story houses  two-story houses 
14.6 2  4 
35.6 4  7.4 
50.5 6  8.6 

 



4		Conclusions	
(1)  The factors of house’s damage due to subsidence include 

surface deformation, house structure, size, quality, etc. 
house cracks begin from weak position such as wall 
near the doors and windows 

(2)  From FEM simulation results, the same surface 
deformation lead to greater deformation on one-story 
house than two-story house. 

(3)  Based on damage criteria of one-story house, the 
surface deformation of damage level Ⅰ ~ level Ⅳ are 
determined for two-story brick structure buildings with 
ring beams and columns.  




