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1. Introduction 

This paper is a collection of ideas for a general view of stability.  

The following issues are emphasised: 

• A comprehensive definition of ‘stable/unstable/critically unstable’ in Section 2.  

• The classification of three basic situation that can cause critical instability: mechanism, 
elastic critical load and geometrical. These situations form a basis for a stability analysis of a 
structure. 

• The demonstration of critical load stability as depending on a combination of material 
stiffness and negative geometrical stiffness as expressed by Equation (4) (Section 4). 

• The explanation of geometrical instability in Section 5. 
 
 

2. What is stability? 

Collapse of a structure occurs when it has passed through a critical state from being able to resist 
load to being unable to resist load - Figure 1. When a structure collapses its state changes resulting 
in significant non-recoverable deformation, disintegration or partial disintegration  
Stability is about the condition of a structure in relation to its potential for collapse: 

• A stable structure is not close to collapse. A small change will not cause collapse. 

• An unstable structure is close to collapse. Small adverse changes in the structure or load may 
cause collapse.   

• A critically unstable structure is at the point of collapse. At the critical state, any small 
adverse change will cause collapse.  

There is therefore a well-defined boundary between being unstable and being critically unstable - 
although predicting when the boundary will be reached may lack precision. The boundary between 
being stable and being unstable is not precise. It is a matter of judgement.  
   The above definition of unstable is in common use. A surgeon can say that a spinal fracture is 
unstable if putting even a small load on it is likely to cause further fracturing. 

Critical instability may be due to: 

• loss of strength - the structure being about to become a mechanism - Section 3 

• loss of system stiffness - achievement of an elastic critical load - Section 4. 

• the geometric configuration - achievement of a geometric critical load - Section 5.  

• a combination of such conditions. 
 
A robust structure is resistant to large changes in the load or in the structure, e.g. it is resistant to 
collapse when overloaded or when parts of it are removed or deteriorate. 
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3. Mechanism instability  

At a state of critical mechanism instability, the structure has lost 
strength to a point where it is about to change from a static to a 
dynamic state.  
 
 
 
 
3.1  A simple mechanism condition 
 
The pin-connected frame model of 
Figure 2(a) is statically determinate. 
With no diagonal member - Figure 
2(b) - the frame is not configured to 
support a static load.  It is a 
mechanism.  
 
 

 
3.2   Brittle failure 
 
At brittle failure, the material fails with little or no warning - Figure 
3.  If the diagonal member of the frame of Figure 2(a) was made of a 
brittle material, its failure would convert the system to the 
mechanism of Figure 2(b).  As the point of brittle failure is 
approached, the onset of instability would not be apparent. Such 
behaviour is normally avoided.  
   For example, in the design of a singly reinforced concrete beam, an 
upper limit to the amount of reinforcement is set so as to avoid 
(brittle) compression failure in the concrete.  Codes of practice also 
specify a lower limit to the amount of reinforcement that is based on a requirement that the yield 
moment of the steel should be greater than the (brittle) tensile failure moment for the concrete.  
The latter criterion is simplified in codes of practice by defining the reinforcement as a minimum 

Collapse 

Stiffness may decrease 

Robust Stable Unstable 

Able to resist a static load Dynamic state 

Critically instable  

Figure 1 Features of stability 
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percentage of the area of the beam.  This simplification, as is common in codes of practice, obscures 
the reason for the provision. 
 
3.3  Plastic collapse mechanisms - ductility 

 
 
For the explanation that follows, the stress -strain behaviour of the material is assumed to be 
bilinear as shown in Figure 4(a). There is an elastic phase up to the yield stress, followed by a low 
stiffness plastic phase and finally failure. 
If the diagonal member of Figure 4(b) has these material properties, then the load-deflection curve 
for the system would be as shown in Figure 4(c).  When the stress in the diagonal reaches the yield 
stress, the stiffness of the system will reduce. As the failure stress in the diagonal is approached, the 
system becomes unstable and when it is reached, the structure will fail.  (This assumes that the 
other members of the structure do not reach yield stress.) 

  If the deflection at the yield load (Vy) is y and at failure is c, then the ductility factor -  - is defined 
as: 

          =  c / y       (1) 

Ductility is an important issue in structural design.  It allows gradual deterioration of load carrying 
capacity that may be observed so as to avoid unexpected disaster caused by brittle failure. 

 

Redundant structure 

If the structure is singly redundant then the load 
displacement relationship may be as shown in Figure 
5.  At first yield Member 1 goes plastic. The load 
increases until Member2 goes plastic - provided that 
Member 1 has sufficient ductility to allow this to 
happen.  The load can then increase until one of the 
members reaches its ultimate load. This is likely to be 
the critical state for the frame. 
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Figure 4 Elastic-plastic behaviour   
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3.4 Structural ductility, alternative load paths 

It may be that when part of the structure fails an alternative load path may be possible. For 
example, if a reinforced concrete beam has tie reinforcement anchored on either side, the 
beam may, if overloaded, deflect to a situation where the ties allow the beam to support 
load by catenary action. 

 
For a new load path to emerge, the structure must be redundant. 
The need to consider such behaviour was brought to the attention of 
structural engineers by the Ronan Point Collapse in 1968. 
 Armer and Zalka3 argue that, the ductility of a large structure is 
governed by the potential for alternative load paths rather than by 
material ductility.   
The existence of alternative load paths is an important issue in seeking 
to avoid instability 

 
 
 
4. Elastic critical load instability 

 
At a state of critical elastic instability, the stiffness of the material of the structure is cancelled by 
negative geometrical stiffness - as explained below under ‘sway critical load’. The structure has no 
stiffness and therefore cannot support further load. At the critical state, the load is denoted as the 
elastic critical load - also known as the buckling load.   

    
 
 
 
 
 
 
 
 
 
 
 
 
 

A structure can buckle in different modes. For example, Figure 6 shows two modes for a simple 
frame model.   
 
No-sway critical load 
The left-hand column can reach a critical state with no horizontal movement at the top and have a 
‘no sway’ critical mode as shown in Figure 6(b). The critical load is defined by the Euler equation for 
columns pinned top and bottom: 

         𝑁𝑐𝑟,𝑒  =   
𝜋2𝐸𝐼

ℎ2                                (2) 
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(a) Frame model  

 

(b) No-sway column   
buckling mode 
mode  

Figure 6 Buckling modes for a frame 

(c) Sway buckling  
mode of frame 
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Sway critical load 
The frame can also have a sway critical mode as shown in Figure 6(c).  In this case the critical load 
(see Appendix 1) is defined by: 
         Ncr,s  =  k1 h                                       (3) 

where k1 = S/1 is the first order lateral top stiffness of the frame, h is the height of the frame, S is 

the horizontal (shear) load and 1 is the first order top lateral deflection due to S  (i.e. the  top 
deflection with no vertical load). 
  In Appendix 1 it is shown that the second order stiffness relationship for the frame (i.e. the stiffness 
taking account of the eccentricity of the vertical load due to the horizontal deflection) is:  

        S = (k1 - N/h) 2   =  k2 2       (4)   

where N is the vertical load on the frame and 2 is the second order lateral deflection.  
Note that the second order stiffness is: 
      k2  = k1 - N/h                           (5) 
This has a material stiffness term and a negative geometrical stiffness term. The critical load is 
established by setting k2 = 0 at which point the resultant stiffness of the frame is zero. For further 
discussion on this see Appendix 1. Study of Appendix 1 is useful for promoting an understanding of 
negative geometrical stiffness. 

For information about elastic critical loads for building structures see Section 6. 
 
 
 

5. Geometric instability 

At a critical state of geometric instability, changes in geometry of the system have reached a point 
where a restoring action is about to become an overturning action. Such instability is normally 
assessed on the basis of rigid body movements. 
 
5.1 Toppling of a rigid block 

  
The diagram shows a block supported on a rigid base.  Issues 
about geometrical instability are discussed. 

A top horizontal load - W - will cause an overturning moment 
about the axis of rotation of magnitude: 

    Mo  =  WH                                 

The mass of the block will result in a gravity force:   
P = mass x g that can be considered to act at the centre of 
gravity of the block.  This will provide a restoring moment 
about the axis of rotation of magnitude: 
   Mr = PD/2 
 

If Mr  >  Mo  then the lateral load  W will not tend to lift the edge of the block - a stable condition. 
At Mr = Mo   i.e. when WH = PD/2, the block will be just about to rotate.   
Hence the lateral load to start lifting the left-hand end of the block is: 

       𝑊 =  
𝑃

2(𝐻/𝐷)
             (6)   

As W continues to be applied, the block will rotate about the axis of rotation but work is needed to 
achieve this.  The restoring moment is provided by positive geometric stiffness. 
 

D 
W 

H 

Centre of 
gravity 

Axis of 
rotation 

P 

Stable condition 
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The following actions can be taken to guard against toppling instability: 

• Increase the mass of the block (Equation 6) 

• keep the aspect ratio (H/D) low (Equation 6) 

• Keep the centre of gravity low.  The lower the centre of gravity, the more work is needed to raise its 
position to the unstable position and hence the more work is needed topple the block.   

 
5.2  Containers for drinks 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Critically unstable   

P 

By tapering downwards, this 
mug breaks two golden rules 
for geometric stability:  keep 
the base wide and the centre 
of gravity low.  Such a mug 
should not be used for hot 
liquids. 
 
 

This mug does not have 
low aspect ratio but that 
the handle can take a 
whole hand is a good 
feature for stability when 
raised. 
 
 

Wine glasses are 
normally very unstable 
but they are not for hot 
liquids. 
 

This glass, holding hot coffee ,will be unstable when on 
the table - high aspect ratio, tapers downwards therefore 
high centre of gravity - and the base is quite narrow.  
Then when it is raised, the low handle, well below the 
centre of gravity, makes it very susceptible to spilling.  It 
gets first prize for instability. It should not be used for hot 
liquids 
 

Toppling/collapse  

Eventually the centre of gravity of the block will be 
directly above the axis of rotation.  The block is in a 
critical state of geometric instability. 

After the centre of gravity has passed to the right of 
the axis of rotation, the weight of the block provides 
an overturning moment causing the block to topple.  
 

This is a real engineers’ 
mug - low aspect ratio 
and the base broadens 
just a bit.  
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A whisky glass has a low aspect ratio and a thick base that lowers the centre of 
gravity.  It gets a prize for stability.  
 
 
 
 

 
 
 
5.3 Stay support instability     

 
Cable stayed bridge tower 
 
 

 

Stay 

Tower 

Pier 

(a)  Stay supports for a bridge 

(b) View on A-A with tower 
      supported at deck level 

(c) View on A-A with 
     tower supported 
    at the top of  the pier 

A 

A 

 Level  of 
stay 
connection 

Stay 

Deck 

Axis of  
rotation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
This does not mean that cable stayed bridges with the configuration shown tend to be unstable.  While 
having the base of the tower at the top of the pier might help in catastrophic situations having it at deck 
level has advantages in relation to other design criteria. 
 
The cable stayed bridge example demonstrates an important principle in relation to stay supports. The 
tower of the cable stayed bridge shown in (a) is stable because of its width (at right angles to the span) 
and because the line between the stay supports is not far below the bottom of the tower.   When 

Figure (a) shows the tower and 
stays for a cable stayed bridge 
with the bottom of the tower at 
deck level.  Due to the vertical 
curvature of the deck, the line 
between the connection points 
of the stays is below the base of 
the tower. 

When the tower begins to move 
sideways then up to the situation 
shown in the Figure (b) the 
tension in the stays will tend to 
pull the tower back.  When the 
line of the stay has passed across 
the axis about which the tower is 
rotating - the outer edge of the 
tower as shown - then tension in 
the stays will pull the tower 
further outwards and the stays 
will become ineffective 

    Figure (c) is as (b) but with the 
tower support at the level of the 
top of the pier and with the stays 
still at deck level.  The line 
connecting the two stay points is 
now above the support for the 
tower and in all displaced 
positions the tension in the stays 
will tend to be a restoring action.  
There is no critical angle for the 
tower. 
 



8 
 

specifying systems of this type it is best to avoid the situation of Figure (b) but ensure that it is stable if 
such cable support positioning cannot be avoided. 
 
 
King post truss 
 

 

e 

Eccentricity of stay for a king post truss 

stay 

beam king post 

moment connection 
here?  (out of plane) 

 
 
 
The dolphin striker 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Martingale 
stay 

Dolphin 
striker 

On a sailing ship the bowsprit was often held 
down by a stay. To make this stay more 
vertical, a dolphin striker was used as shown.  
To be stable with a single bobstay, the upper 
end of the dolphin striker should be above 
the line between the fixing for the martingale 
stay on the bowsprit and the fixing for the 
bobstay on the hull. The end of the dolphin 
striker looks to be very close to this line in the 
diagram. The lower end of the dolphin striker 
is normally stabilised horizontally by having 
two bobstays fixed at their inner ends to the 
hull on either side of the bow. 
Did the designers of sailing ships use the 
concept of stay support stability?  

Bowsprit 

Bobstays 

In the design of a king post truss, an eccentricity 
e as shown in Figure 2 would be helpful in 
relation to stay support instability.  It may 
however be more economical to provide the 
stability for the king post by a moment 
connection between the end of the king post 
and the beam.    With the eccentricity such a 
moment connection may not be necessary. 
 

Box 2  My first experience of stay support instability was, when as a young researcher, I set up 
a test rig that did have that type of instability.  Not long after that I went on a site visit to the 
Erskine Bridge just before it opened. I asked the Resident Engineer “If you were starting over 
again is there anything that you would do differently?”  He said that they had realised the 
potential instability with the bottom of the tower being above the line between the cable 
fixings on the deck and that they might have taken the towers down to the top of the piers if 
that had been recognised earlier.  The Erskine Bridge is, however, not unstable. 
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6. Stability of building structures 

 

Bracing units 
 
The stability of a building is dependent on its ability to withstand lateral loads.  A ‘bracing unit’ is a 
part of the building which is assumed to take part in resisting lateral load.. Three types of bracing 
unit are shown below. 
 

 
 

Principles for layout of bracing units 
If the plan axes for the structure are in the x and z directions, the minimum requirement for bracing 
is: 

1. a component of stiffness in the x direction 
2. a component of stiffness in the y direction  
3. torsional stiffness 

 
Further principles include: 

• While a single core could provide all three components, the torsional stiffness is normally 
provided by having at least one pair of bracing units that are parallel but not collinear. 

• For torsional stiffness it is best to keep the transverse distance between the bracing units a far 
apart as practical - best on the facades. 

• The centre of stiffness of the structure should be kept as close to the centre of mass of the 
building in plan. A bisymmetric layout will achieve this.  This is important in seismic design 
because if there is an eccentricity between these two positions there will be a tendency for 
torsional global moments to develop when the building is shaken. 

 
  

Diagonally braced 
frame 

Moment resisting 
frame (Vierendeel) 

Shear wall 
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Examples of layouts 

 
 

6.1  Behaviour of buildings under lateral load 
 
When a building deflects laterally, two modes of deformation need to be considered: 
1. With bending mode deformation, the building deflects laterally like a cantilever column in 

bending i.e. with the deflection increasing towards the top due to the rotation of the sections. 
Bending mode is based on the bending equation:   M = EI d2v/dx2  

2. With shear mode deformation, the lateral deflection is based on the shear equation:  V  = Kst 
dv/dx where Kst is the shear stiffness. 
 

Bracing units tend to have the following behaviour in relation to modes of deformation: 

• Shear walls: mainly bending mode especially for high walls.  Shear mode may be important for 
walls with low aspect ratios. 

• Diagonally braced frames:  likely to have a significant proportion of both modes; bending mode 
from the axial deformation of the columns and shear mode from the axial deformation of the 
diagonals and the beams. That the frame of Figure 7(a) has a combination of modes is evident 
from the deflected shape.  That the beams have rigid body rotations is a sign of bending mode 
deformation but the lateral deflection tends to straighten out towards the top due to shear 
mode deformation. 

• Moment resisting frames i.e, vierendeel frames that have no diagonal bracing are very likely to 
deform dominantly in a shear mode as shown in Figure 7(b) where the beams do not rotate and 
the storey height deflections reduce towards the top. 

Centre of stiffness 

Bracing unit 

This plan layout of a building has three braced bays - the 
minimum number for stability. 
However, the planes of the bracing units meet at a point. The 
bracing cannot provide a torsional resisting moment. This 
layout is a mechanism for torsional loading. 

This layout also has just sufficient bracing units to provide lateral 
stability and it can resist a torsional moment. It is therefore valid. 
The centre of stiffness is remote from the geometric centre which 
should be avoided for seismic conditions.  

 This layout has two axes of symmetry resulting in the centre of 
stiffness being at the geometric centre of the plan area.  A bi-
symmetrical layout is worth targeting. That there is more than 
the minimum number of bracing units is good for robustness.   
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The difference between the modes is important because with bending mode, the mode shapes 
corresponding to the global critical loads are whole building height.  With shear mode, the sway 
critical loads depend on deformations within a storey height. 

 
 
 
6.2   Estimating global critical loads for a building 
A global critical load defines a state of elastic instability for vertical loading on the whole building.  In 
former times critical loads for single bracing units were identified but structural codes of practice for 
buildings now require that whole building behaviour is considered. For example Clause 5.2.1.(3)  of 
Eurocode 3, Design of Steel Structures, states that, when using elastic analysis for lateral load 
analysis of buildings, second order effects can be neglected if 

    cr  10. 

where cr = Ncr/N,  Ncr is the global critical load and N is the total vertical design load on the building. 
 
The critical load ratio is a useful metric for assessing the stiffness of a structure in general and in 
relation to susceptibility to elastic critical load instability. 
The limiting value of 10 is commonly used because it implies that for this value or greater, the 
second order effects will not increase forces and deflections by more than about 10%.  
    
Critical load ratios by eigenvalue extraction 
The modern approach to estimating critical load ratios is to work from a 3D FE model of the 
structure and call for eigenvalue extraction of the critical load ratios (the eigenvalues) and the mode 
shapes (the eigenvectors).  For a building model, the lowest load ratio that corresponds to a global 
sway mode (identified by considering the mode shapes) is the one to use.  It is likely that the global 
critical load will be in a bending mode where the mode shape will involve full height deformation.  
However, if the lateral resistance is provided by moment resisting frames leading to shear mode action, 
the sway global critical load could be confined to a storey level.  

     If for the lowest sway mode of the building: cr > 10 (or other value as specified in a code of 
practice) then the sway second order effects may be neglected. No-sway second order effects will be 
catered for by code of practice provisions for members in compression.  

If    cr < 10 then: 

(a) Crossed-braced frame 
Combined bending and 
shear modes 

(b) Vierendeel frame 
Shear mode 

Figure 7 Deformation modes 
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• the code provisions that allow for second order sway effects may be used or  

• second order geometry effects may be included in the analysis model or 

• the structure may be stiffened to increase the critical load ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The equivalent column 
Building structures can be modelled as an equivalent column to estimate critical load values.  A 
differential equation is established and solved.  Zalka (4,5) has developed such models that are 
impressively comprehensive but these are not ‘back of an envelope’ calculations.  Software to 
implement them is needed.   
A simplified approach that can be set up on a spreadsheet is described in references 6 and 7 and in 
Appendix 2 a back of an envelope model is outlined. 
 Working with simplified models is good for checking of FE models and for developing understanding 
of behaviour. 
 

7. Conclusion 

If viewed as the relationship between the state of a structure and its potential for collapse, then 
stability is one of the most important issues in structural design. Structural engineers therefore need 
to have a good understanding of the concept. 
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Box   Seismic design and elastic critical load stability 
In the early days of design for seismic conditions the philosophy was:  

Buildings vibrate in an earthquake so to keep the accelerations and hence the forces 
low, the building should have low natural frequency and hence low lateral stiffness.  
Therefore, a moment resisting frame is the preferred type of bracing unit.   

The buildings in Anchorage, Alaska in 1964 and in Caracas, Venezuela in 1967, for 
example, did not seem to understand this design logic when subject to severe 
earthquakes.  Particularly in Caracas, stiffer shear wall buildings had better survival 
rates and buildings with non-symmetric layouts tended to be more heavily damaged. 
Events of this type significantly changed the philosophy of seismic design of buildings. 
  With more flexible structures that have lower global critical load ratios, the second 
order effect of the vertical load may give significant magnification of displacements and 
internal forces resulting in damage under seismic loading.  Therefore, having higher 
values of elastic critical load ratios for buildings that may suffer earthquakes is worth 
considering. 
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Appendix 1  Derivation of the second order sway stiffness and the sway elastic 
critical load for a frame 
 

  
 
Establish the second order stiffness of the frame 
Figure 9(a) shows the frame model to be investigated.  We want to find its second order stiffness i.e. 
the effective lateral stiffness when the vertical load is present.  From that, the elastic critical load can 
be established. 

 
The top stiffness is defined as the lateral (shear) 
force - S - to cause unit top lateral deflection.  
If the frame has no vertical load (Figure 9(b)), the 
first order top stiffness relationship is defined by 
Equation (a). 
 
 

 
Taking account of the effect on stiffness of the vertical 
load - Figure 9(c), the top stiffness is defined by Equation 
(b).  This is the relationship to be established.    
 
 

 
 

The vertical load N, eccentric by an amount 2, results in an 

overturning moment on the frame - N
2 

  This is equivalent to a couple - Fh - as shown. The equivalence is 
defined by: 

      Fh =  N
2 

hence:  F =N2/h              (d) 

 
 

 
 

 

1 
N 

h 

N 

(a) Frame model  

S 

(b) First order stiffness, 
 no vertical load 

2 S 

(c) Second order stiffness, 
 with vertical load 

Figure 9 Frame model with first order and second order effects 

S = k1 1             (a)  

First order lateral 
stiffness  

Top lateral 
load 

First order top lateral 
deflection  

S = k2 2             (b)  

Second order 
lateral stiffness  
 

Top lateral 
load 

Second order top 
lateral deflection  


2
 

F  
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F  
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The lateral stiffness of the frame is provided by the 
triangulated diagonal member and the right-hand 
column. The top stiffness of that can be represented 
by a spring of stiffness k1 as shown. In the second 

order case, the force in the spring is k12 

 
 
 
 
 

Now write the equation for horizontal equilibrium at the top of 
the structure and using Equation(d): 

     S + N
2
/h =  k12            (e) 

S and N
2
/h are 'overturning' forces and  k12 is a resisting 

force. 
Rearranging (e) gives:  

     S = (k1 - N/h) 2       (f) 
Therefore, the second order stiffness is: 
       k2 = k1 - N/h             (g) 

 
The second order stiffness (g) has two terms: 

• k1 - the first order stiffness i.e. the stiffness of the material    

• -N/h - the negative geometric stiffness. 
This demonstrates the concept of negative geometrical stiffness.  
 
Establish the elastic critical load 
As N increases, N/h starts to approach the value of k1 and the system becomes unstable. When  

k2 = 0 the system becomes critically unstable - i.e. at  
     N =  Ncr =  k1h                                (h)       
Ncr is the elastic critical load - as note on page. 
 
Establish the magnification factor 
The deflection of the frame is S/k. The second order effect magnifies the deflection by a factor:    

          
𝑆/𝑘2

𝑆/𝑘1
                      (i) 

Defining cr = Ncr/N  as the critical load ratio, and using (h) gives 

Magnification factor =  
1

1−
1

𝛼𝑐𝑟

      (j)   

The frame being considered here deforms laterally in a shear mode. That makes the behaviour 
simpler than with bending mode.  If bending is present the governing equilibrium relationship 
corresponding to Equation (e) is a differential equation and an expression such as (f) with the 
stiffnesses clearly separated in not possible.  In this case, the magnification factor, Equation (j), is not 
an approximation.  The same factor is used with critical loads involving bending but it is then a first 
order approximation to the change in deflection.   

Shear stiffness 
As for shear strain, the shear stiffness of a frame is defined as the ratio of the shear force and the 
angle of rotation. The shear stiffness for the frame of Figure 9(b) is: 

        S/  =  S/(/h)  = k1h  =  Ncr      (k) 
Therefore, the expressions for the shear stiffness and the shear critical load are the same. 

2 

k12 S 

 

k1 

2 

k12 N
2
/h 

N 
S 
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It is also worth noting that the shear stiffness, and hence the shear critical load, is independent of 
height. 
 
In the sway critical load situation, the shear stiffness and the critical load have the same value and 
the critical load is not a function of the height of the frame.  This is explained in Appendix 1. 
 
 

Appendix 2   Using estimates of lateral deflection to calculate global critical 
loads 
 
The method outlined here can be used for ‘back of an envelope’ estimates of global critical loads of 
multistorey buildings8. 
 
Bending mode (full height) critical loads 
1. Apply a UD horizontal total load - W - to the analysis model of the building structure in the 

required direction. 

2. Find the top deflection -  - in the line of this load. 

3. Calculate Ncr using:   Ncr  = KH    = WH/       (a)  
where K is the top lateral stiffness and H is the total height of the structure. 
 

Shear mode (storey height) critical loads 
1. Use a model of the building with a UD lateral load - or any lateral load distribution; 
2. Calculate the shear at each storey level Si  
3. Calculate the change in horizontal displacement at each storey level (the storey height ‘drift’)  -  

si 
4. The critical load at each storey is then: 

            Ncr,i  =  0.9kh  =  0.9Si h/sI        (b) 
    The 0.9 factor allows for the effect of bending in the columns and beams.  h is the storey height. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 


