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 BSF - SEISMIC PROPOSAL 
 

Basic design philosophy 
In seismic design the ductility of a structure is a central concept, defined as follows: 
Ductility is the ability to deform beyond the elastic limit without losing strength or function. 
In seismic events the actions will vary dynamically, primarily with equal magnitude in opposite 
directions. To maintain strength and function during a seismic event, three conditions must be 
satisfied: 
− The materials must have sufficient deformation capability. 
− The components (joints, beams, columns, slabs, diaphragms and shear walls) must be able to 

absorb large repetitive deformations, strains or curvatures. 
− The load carrying structure must be composed of the ductile components to form a 

deformation mechanism. 
 

 

Ductility classes 
The European standard on seismic design [EN 1998-1:2004, Design of structures for earthquake 
resistance. Part 1: General rules, seismic actions and rules for buildings. (EC8), reference \1\] 
defines three ductility classes: 
− Ductility Class Low (DCL). 
− Ductility Class Medium (DCM). 
− Ductility Class High (DCH). 
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Relationship between design calculations and ductility classes. 
In DCL the design can be carried out according to the usual standards used for calculation of 
capacities. EC8 is used only to determine the actions from the earthquake. 
 In DCM a ductile deformation mechanism must be identified. The mechanism is normally 
secured by using an “overstrength” factor for areas of the structure where plastic hinges may 
make the deformation mechanism unstable. The design procedure will lead to seismic actions 
smaller in DCM than in DCL. EC8 has detailed requirements to the calculation procedure and 
execution at the site. 
 Designing in DCH is carried out as in DCM, the difference being that there are stricter and more 
detailed requirements to the calculation procedure and execution at the site. 
 
 

Damage experiences with precast structures 
There are several articles written to try to take advantage of the experiences and conclusions that 
can be drawn from earthquakes, notably references \2\, \3\, \4\ and \5\. 
 Conclusion in reference \4\: “Most of the precast buildings behaved remarkably well because 
they had better regularity and higher concrete grade than ordinary reinforced concrete 
structures.” 
 Conclusion in reference \5\ (encompassing nine different earthquakes): “Not one concrete 
building with shear walls has collapsed. Buildings with normal reinforced shear walls, reinforced 
brick walls and frames with in-filled brick walls have capacity to withstand large earthquakes, in 
many cases without serious damage.” 
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Important design rules based on earthquake experiences. 
There are many approaches and design rules for seismic design of precast structures. However, 
experience is telling us that the principles with regularity horizontally and vertically are important. 
It also seems that buildings with shear walls (increased stiffness) give a better safety against 
collapse than flexible frames alone. 
 Frame structures with large deformation capability are overrepresented in number of collapses, 
especially buildings with so-called soft stories. A soft story is a building where the stiffness of one 
floor is less than that of the others. Normally this will be the ground floor, but not necessarily. 

 
 
In this category we also find one story industrial 
buildings with cantilevering columns and hinged 
column-beam connections. The large movements of 
the top of the columns require a firm connection 
between column and beam in both directions, which 
still have to allow for the movements. 
 
For further information and design aid several 
references are given in section 7: Some are dealing 
with limitations and requirements, others discussing 
design methods and special considerations for 
precast structures. 
  

 
Figure 1a. Example of soft story collapse. 

 
Figure 1b. Example of soft story collapse. 

 
Figure 1c. Example of soft story collapse. 
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Examples of possible solutions with Invisible connections™ 
 
The horizontal forces are carried by 
reinforcement on top of the beam 
through holes in the columns, as well as 
reinforcement in the joint between the 
floor slabs and the beam. The number, 
size and positioning of the reinforcing 
bars will depend on necessary negative 
moment capacity and the magnitude of 
the earthquake forces. 
 
 
 
 

 
The horizontal forces are taken by either flat steel or wire straps bolted to the beam, in both cases 
hidden behind the end of the floor slabs. The size of the flat steel and number of bolts, as well as 
the number of wire straps to be determined from the magnitude of the seismic forces. 

 
a) Flat steel for continuity.                                b) Wires for continuity. 

 

Figure 3. Inverted T-beam.   

 
Figure 2. Inverted T-beam with topping. 
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This solution is suitable when the 
forces from the earthquake are 
strong, and the beam and column 
dimensions are comparatively 
large. It permits quick precast 
erection, and the in-situ 
concreting is independent of the 
erection schedule. 
 
 

 
 

a) Two BSF units in a relatively small beam section. 
 

 
 

b) Two BSF units in a larger beam section 
 

Figure 4. Precast U-beams with in-situ concreting. 
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This solution is suitable 
for moderate to large 
horizontal forces. The 
installation of the bolts 
can be carried out 
independent of the 
precast erection 
sequence. 

 
a) Beam ledge for slender slabs (i.e. hollow core). 

 

 
 

b) Beam ledge for deep slabs (i.e. double T). 
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These solutions are suited for relatively small seismic 
forces. The beams functions as freely supported for 
dead loads, and as continuous for live loads and 
seismic forces in solutions a) and b). Solution c) is 
freely supported also for live loads. 
The connections have also a capacity for torsional 
moments and horizontal forces. The anchorage of 
the welding plates and size of welds depends on the 
magnitude of the forces. 
 
  

 
a) Bar(s) through column. 

 
b) Angle.  

 

 
 c) Steel plate. 

 

Figure 6  Beams with extra connection in 
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REVISION HISTORY 
Date: Description: 
26.06.2011 Issued as memo 56 
01.10.2013 First Edition memo 507. This memo is a direct copy of Memo 56 written by Sven 

Alexander. The different illustrations shows the old BSF connection, but this has no 
influence on the principal design.  

29.11.2013 Minor adjustments in bottom text. 
23.05.2016 New template 
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