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Abstract: Various types of survey shows that many projects collapse accidents show 
the progressive collapse has happened with a variety of factors, including the 
mechanical behavior of the main material, construction defects, design errors, 
foundation failure, etc., but to a large extent ,it depends on the overall structure 
selection, layout, structure and other details. Structural progressive collapse accidents 
are not uncommon, it has become an important issue which seriously threats the public 
safety and economic construction. This paper starts from the definition of progressive 
collapse, emphatically analyses design specifications on concrete frame structure, it 
also refers to the relevant research and obtain concrete frame structure design of 
anti-progressive collapse. 
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1. Introduction 
 
In 1960s, the engineering research researchers began to study the cause in the 
explosion that the progressive collapse may be caused by local failure ofcollision, fire 
and other emergencies in the building by extreme loads, sincluding the collapse of the 
case study, the research design method, numerical analysis, collapse theory and 
experimental research. The earliest continuous collapse accident occurred in May 16, 
1968 London[1].The Ronan Point apartment building system is assembled by plate 
reinforced concrete structure, it is a total of 22 layers, and has the tooth connected 
between precast panels only by grouting. The cause of the explosion is a gas leak by 18 
layers of a household at night, explosion pressure destroyed the wall on both sides of 
the board of the unit and the local floor, a layer of the wall also fall in the fall after losing 
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support, members are lower impact caused by continuous destruction, the 22 storey 
building in a corner place Domino has collapsed end effect from the upper layer. 

Three times in the history of structural continuity formulation and revision of the 
boom collapsed specification [2], respectively happened in 1968 he collapse after a 
Point apartments, 1995 Alfred p. urrah collapse after a federal building, the United 
States in 2001 after the collapse of world trade center. 
 

2. Continuous collapse 
 
There is no universally accepted definition of the progressive collapse. The American 
Society of civil engineering [1] described it as progressive collapse of structure under 
normal conditions of use due to emergencies in structure due to local damage, the 
damage from the initial structure damage position along the transfer member, 
eventually leading to the collapse of buildings or cause the collapse and initial damage 
disproportionate part; the British design code [1] mentioned: progressive collapse that 
is, in the event of an emergency, the local structural failure of adjacent components, 
the failure to continue due to the occurrence of a chain reaction, and finally cause the 
entire structure caused by collapse or partial collapse and initial damage cause 
disproportionate. 

J.E.Breen et al. [3] has analyzed the progressive collapse of all kinds of definition, 
points out their similarities are: (1) the main bearing component failure caused by 
damage; (2) the development of local failure as the "center", extended to the 
surrounding; (3) the "continuity" and "disproportionate damage". 

The typical collapse mode of has two kinds [4]: one is the collapse of the vertical 
direction, part of a structure out of work, so that the upper and lower structure lose 
supporting collapse, collapse caused by the accumulation of more than the design load 
of the constant load and impact force, further caused the substructure damage, the 
mutual influence and gradually the intensification of "chain reaction" leads the 
structure to collapse process is continuous in the vertical direction; The second is the 
continuous collapse in horizontal direction, the level of component damage caused by 
vertical structural member weakened, leading to structural vertical collapse, collapse is 
started from the horizontal direction, the vertical component of horizontal deformation 
to damage and weaken the strength, direction and level caused by insufficient stiffness, 
continuous damage and lead to the horizontal direction the. This kind of collapse can 
be called the image of the "Domino" type of collapse. 
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3. Foreign progressive collapse design specification 
 

3.1 England 
 

1976 UK building regulations: A large range of collapse that is not commensurate with 
the initial failure of the structure under accidental load. In 1996, the design method of 
the progressive collapse of the building load code BS6399 in the United Kingdom was 
proposed the design method of 3 levels in this paper [5]. 

(1) Tying: providing horizontal and vertical pulling structure for the structural 
members and connections, is the most basic structure to ensure the continuity of the 
structure. These Rachel can make the level of structure component play role in the loss 
of catenary vertical components, the structure provides alternate load transfer path. 

(2) Bridging: after the failure of the vertical load-bearing member, the structure 
should be able to span the local damage range, and maintain good overall bearing 
capacity and stability. By selectively removing some of the components that can not be 
pulled, and the remaining structure is analyzed to achieve. The damage caused by the 
dismantling of the member shall not exceed 15% or 70m2 of the corresponding floor 
area. 

(3) Element Key: for the key components, the requirements for the design of the 
accident, should be able to withstand the M2 34kN uniform pressure. 

British concrete structure specification BS8110 also pointed out that the structure 
can be improved by enhancing the Robustness to improve the ability of the structure to 
resist the continuous collapse. 
 

3.2 Europe 
 

Code Euro provides the structure must have sufficient strength to withstand accidental 
loads. The design of anti-progressive collapse in the European code is divided into 2 
aspects: one is based on the specific [4], the other is independent of the accident, 
which is designed to control the local damage caused by the accident. 

In the design of specific incidents, specification recommended 3 ways: reduce the 
occurrence of accidents and reduce the probability of accident damage to the structure, 
increase the strength of the structure, improve the ability to defend against accidents. 
Compared with the British standard, the European standard is also used to pull the knot 
strength method, the dismantling of the component method and the key components 
of the 3 methods. At the same time, the structure must have good integrity, ductility 
and redundancy to control the damage of the structure. 
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3.3 United States 
 

3.3.1 American Concrete Association ACI318-02 
 

The concrete specification is not designed to resist the progressive collapse of the 
design method, but gives the measures to be taken to achieve the ductility and 
integrity of the structure. And section 7.13 points out: "the engineering experience 
shows that the reinforcement structure can be improved significantly and the overall 
stability of the structure can be significantly improved". That is to say, reinforcement 
and component connecting structure between components should ensure Rachel 
connection, enhance the overall structure, including: steel continuous reinforcement 
lap on the bearing, the position and requirements of the bar end hook etc.Vertical, 
horizontal and vertical pulling along the perimeter of the building should be adopted in 
the prefabricated assembly structure. 
 

3.3.2 U.S. public affairs administration GSA2003 
 

The United States Public Affairs Management Bureau prepared a "federal government 
office buildings and large modern building progressive collapse analysis and design 
guidelines" which provided for existing or new government office building collapse risk 
assessment reference process, and suggests relevant measures to improve the design 
of new buildings to resist progressive collapse of the ability of [1]: enhanced structural 
redundancy degree, ductility, continuity and consider the reverse loading, and provides 
a structure size and detail structure initial design process for designers in the appendix. 
 

3.3.3 US Department of Defense DoD2005 
 

The main goal of structural progressive collapse defense facilities standard "building 
progressive collapse resistance design proposal for" anti is [1]: the increasing 
construction costs and changing the structure form, reduce defense facilities due to 
unpredictable events caused by the potential risk of collapse. 3 storyes and 3 storyes of 
buildings need to be designed to prevent progressive collapse, but the design method 
is only to control the overall collapse of the structure, and can not guarantee that the 
structure does not occur local damage. Specifications will be divided into very low, low, 
medium and high 4 security levels, corresponding to different security levels from 
simple to complex design methods. 
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4. Comparison of foreign codes 
 
In Britain, more than 30 years ago, the progressive collapse design method was 
incorporated into the structural design process. During the use of these design 
methods, the collapse of a variety of accidental loads under the control of the local area, 
it shows that the early British resistance to progressive collapse design method is 
effective. But the British standard by strengthening the connection between the 
component and the ductility and bearing capacity of the structure of the building to 
improve the ability to resist progressive collapse of building structure, these are just the 
internal request, not not building safety classification and make corresponding design 
requirements, thus greatly improving the project cost, the economy has reduce [1]. 

On the basis of the British standard, the European norms on the safety of buildings 
were classified [5], and according to different levels of the building put forward 
different design requirements. This makes the design more targeted, reduces the cost 
of the project, improves the economy. European norms also through the construction 
of the requirements to reduce the probability of occurrence of sudden incidents of 
damage to the building. 

The preparation of the United States in various sectors of the specification are 
relatively perfect, not only clear requirements from the structure, but also reduce the 
building from the building damage probability of unexpected events, will also be 
building security level classification, make the design more reasonable and more 
economical. 

The importance of the concept design of progressive collapse resistance is 
emphasized in all the countries. The research shows that the structure has good 
integrity and ductility, and it can resist the occurrence of progressive collapse to a 
certain extent, considering the design of wind load and seismic load. Therefore, to take 
some conceptual design measures for the accident, not only can achieve good results, 
but will not increase the cost of the project too much. However, there are still many 
differences between the norms of various countries, mainly in the following aspects 
[1]: 

(1) The scope of the collapse of the collapse of the limit is different; 
(2) The PC design and the calculation of the load combination of different. 

 
5. Concrete frame structure progressive collapse resistance design method 
 
Our country has not made a clear regulation in resisting progressive collapse, only in 
the GB50010 "concrete structure design specification" provisions in article 3.1.6: the 
structure should have the overall stability, local damage of the structure should not 
lead to large scale collapse. 
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Progressive collapse resistance design methods can be divided into two categories of 
commonly used in foreign codes [4]: one is direct method, it is clear on the design and 
calculation of structure failure form or load; two is the indirect method, it improve the 
ductility of the structure, robustness and redundancy etc. to take certain measures to 
achieve resistance progressive collapse. 

Among them, the direct design method includes Alternative path methods and 
Specific load resistance methods. After changing the load path design method, it is 
required that the members of the damaged parts can effectively share and transfer the 
load of the damaged parts after the failure of the local members of the structure, thus 
ensuring the integrity of the structure. A part or a member of the structure, which is 
required to resist the local damage method, can resist the specific and unconventional 
loads directly without damaging the structure. But for most buildings, it is difficult to 
predict the form, size and location of accidental loads, so it is difficult to predict the 
local damage. Therefore, most of the international norms, including the United States 
standards, are used to transform the load path method. 

For the alternative path method "direct design method in the design of structures to 
resist progressive collapse" (DoD2005) standards provides three analysis methods, 
respectively: linear static method, nonlinear static method, nonlinear dynamic analysis. 
The following features of three analysis methods are [4]  : linear static method, the 
geometric stiffness matrix for linear (small strain), the analysis process for the removal 
of a key component of the vertical load; nonlinear static analysis method, the 
geometric stiffness matrix for nonlinear (large deformation), the analysis process for 
the removal of key components, vertical progressive loading; nonlinear dynamics 
method, the geometric stiffness matrix for nonlinear (large deformation), the analysis 
process for the applied load, actual removal of key components. 

The paper 4 mainly adopts the design method of direct path load transform design 
method, guides the federal government office buildings and large modern building 
progressive collapse analysis and design of the public affairs administration system 
"(GSA2003) building progressive collapse design preparation and American 
Department of defense" (DoD2005) and the design in accordance with the current 
standard the four layer, six layer, eight layer concrete frame structure continuous 
collapse simulation using general finite element software SAP2000. 
 

6. Conclusion 
 
In the probably progressive collapse of the structure and function of the accident under 
load, the designer first needs to ensure the rationality of the structure system and 
structure of the program, for the key components and the safety and structural 
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continuity, structure partition, component connection structure, detail reinforcement 
structure, structure redundancy, structural ductility should be integrated consider, and 
needs to use the knowledge structure and structure design principle. At the same time, 
we should draw lessons from the various engineering structures, and continuously 
enrich the structure design experience of progressive collapse. 
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