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Criteria in Selecting an Appropriate  
Expansion / Seismic Joint System 

A. Overview

Five great threats compromise the integrity of any structure: 
These threats are:

-	 Poor design
-	 Poor execution/workmanship
-	 Movement
-	 Fire
-	 Water

Whilst we have little control over the first of these, the latter 
four all fall within our remit with respect to expansion and 
movement control joints.

It is our philosophy to offer detailed technical support to 
consultants designing a structure and contractors erecting 
that building immaterial of which supplier’s products are 
specified and supplied. If we do not have a product that is 
suitable and one of our competitors manufactures an item 
that is appropriate, then we are duty bound to advise the 
client to use that product.

The purpose of this technical paper  is not to dissect our 
product ranges but rather to educate one and  all - and most 
particularly  structural engineers , consulting  engineering 
support teams and architects 

This education will span:

Understanding the differences between Expansion Joints 
and Movement Control Joints

Knowing the current international codes of practice and 
their directions in respect of control joints, expansion joints .

Expansion Joints

-	 Selecting appropriate Expansion Joints including 
understanding attendant requirements such as 
loading, fire proofing, waterproofing and considering 
environmental issues.

B. Expansion Joints & Movement Control Joints – The 
Differences 

B.1 Expansion Joints -	 also known as Structural 
Movement Joints 

Expansion joints are physical gaps formed between sections 
of a large-scale building. These can range from a few 
millimetres wide to metres wide in some seismic locations. 
Effectively they divide a large scale building into smaller 
sub-buildings and these move independently of each other 
to accommodate deflections arising from: 

-	 Structural settlement 
-	 Planned structural deformation due to loading
-	 Drying shrinkage of structural components 
-	 Ambient thermal gain and loss
-	 Wind loading
-	 Seismic events 

Displayed in figure 1 below is a typical large-scale structure 
showing its divisions into sub-buildings by the use of 
expansion joint gaps.

Expansion joints  are employed to span these gaps and 
move in conjunction with structural deflections arising from 
the various adjacent sub-buildings

B.2 Movement Control Joints -also known as Intermediate 

Santosh Gosai
General Manager (India & Asia Pacific) 
Three R Construction Solutions Pvt Ltd.
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Joints 

Whereas Expansion Joints absorb the large movements 
exhibited by a structure, Movement Control Joints are 
small joints designed to absorb localised stresses. These 
deflections arise from: 

-	 Drying shrinkage of localised and adjacent structural 
components 

-	 Small scale localised structural deformations such as 
creep

-	 Ambient thermal differentials - such as direct sunlight/
no direct sun exposure, winter/summer and day/night 
variations 

-	 Imposed thermal variations such as under-floor heating 
or cooling systems 

Displayed in figure 2 below is the large-scale structure 
depicted in Figure 1 above showing its divisions into sub-
buildings by the use of expansion joint gaps and further 
dividing its floor into a matrix of movement control joints 
simply spaced at the maximum bay sizes (10 metres x 10 
metres) as recommended by current British Standard Codes 
of Practice

cleaning processes and hence take greater punishment 
than their wall equivalent. 

-	 Typically floor finishes are more expensive than wall 
finishes and failures in floors (by either unplanned 
cracking or sealant failure) result in progressive floor 
deterioration due to the aforementioned traffic and 
cleaning regimes. 

-	 Increasingly floor finishes are subjected to Imposed 
thermal variations such as under-floor heating or cooling 
systems. These systems induce additional, rapidly 
forming stresses that, if not accommodated, result in 
collateral damage to paving. 

C. Selecting appropriate Expansion Joints

There exists a sequence of questions that must first be 
asked prior to offering advice on the most appropriate 
expansion joint for a structure. In order these are: 

C.1 Location 

-	 Interior
-	 Exterior

This will in part determine the type and nature of the 
following questions that have to be asked and in addition 
would indicate that water-proofing integrity may be of 
importance and that the joint may sustain loading from 
vehicles not normally experienced within structures (trucks, 
buses etc.) 

C.2 Type of Joint 

-	 F:F Floor to Floor        	W:C Wall to Ceiling 

-	 F:W Floor to Wall          C:C Ceiling to Ceiling 

-	 W:W Wall to Wall           R:W Roof to Wall - Exterior only 

-	 C:W Corner Wall           R:R Roof to Roof - Exterior only 

When working on a structure that require more than one 
of the above such as where a F:F (Floor to Floor) joint and 
a W:W (Wall to Wall) joint are needed and they meet each 
other, it is vitally important to define the floor joint first. The 
reason for this is that floor joints require more rigorous 
definition than wall joints in that they may: 

-	 Need to sustain loading 
-	 Have to be water-proofed

Having selected the floor joint you may continue to choose 
a matching wall profile. 

C.3 Expansion Gap Width 

Knowing the expansion gap width is important in that you 
will have to select joints that do not cantilever out over the 
structural gap edge. Having an aluminium footplate jutting 

Codes of Practice indicate locations and spacing on 
movement control joints in floors and walls, however, the 
emphasis of this paper will be directed at joints in floors. 

The reasons for this are three-fold: 

-	 Floor joints are more problematic than wall joints in that 
they have to sustain traffic and sometimes-vigorous wet 

Expansion Joints
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unsupported over the edge of the structural gap - see figure 
3 - is to create a point of possible future failure.

It is also advisable - if the structure has already been erected 
- to seek to find out the actual gap width formed on site 
rather than the gap width shown on the architect’s drawings. 
Architects tend to draw idealised details that when translated 

horizontal plus and minus movements where the expansion 
gap changes direction by 90o.

C.5   Loading 

As with shear movement discussed above, the type and 
nature of loads placed upon expansion joints has either 
been ignored or is poorly understood. Yet over 90% of joint 
failure (not attributable to poor installation) arises from the 
wrong joint being selected with respect to the traffic loads it 
will have to accommodate. The following table is a synopsis 
of the findings of an independent survey conducted ten 
years ago into the causes of expansion joint failure:

by site workmanship differ somewhat from the original intent. 

C.4 Anticipated Movement 

The magnitude of movements should be determined in 
three planes: 

-	 Horizontal movement perpendicular to the joint opening 

This movement is normally defined as a plus (+) movement 
indicating the gap opening and a minus (-) movement 
showing the gap closing. The movement may also be 
defined as a percentage of the gap width - hence a gap 
width of 50mm with +/-50% movement has an anticipated 
horizontal deflection of +/-25mm. 

-	 Vertical deflection 

This type of movement arises from settlement of the 
structure allied with planned structural deformation due to 
loading. What this means is that the load of the building 
will gradually cause it to sink (or in certain instances rise) 
and that for example columns supporting the structure 
may shorten or twist due to the individual load they have 
to support. In addition, some planned vertical deflections 
arising from seismic events may have been planned. 

-	 Shear Movements 

Opposing movements parallel to the expansion gap 
openings may also occur and these can be clearly seen in 
figure 4 below where a horizontal movement in one plane 
is translated into a shear movement equal to the sum of the 

Floor Expansion Joint Cover Failure

Cause of Failure %

Poor Installation 63

Joint Overloading 32

Support Substrate Failure 3

Anchorage Failure 1

Other 1

The magnitude of loading which a joint has to sustain 
therefore forms a critical element in the joint selection 
process and any load in excess of the system design load 
may cause the system to fail. 

Loading considerations apply solely to F:F (Floor to Floor 
and to a lesser extent F:W Floor to Wall) joint systems. 

Vehicle loading values have been derived from the two 
leading international standards: 

-	 DIN 1055: Part 3: ‘Loading of Forklift Trucks and Standard 
Vehicles having solid tyres’ 

-	 DIN 1072: ‘Standard Moving Loads from vehicles having 
pneumatic tyres’ 

These standards are internationally recognised as the most 
rigorous of their type and define vehicle types, loading 
magnitudes, individual wheel loads and wheel contact 
areas from which the load ratings of 3R expansion joint 
range are derived. 

‘As you may know our catalogue only specifies the loading 
capacity of our joint systems based upon DIN 1055 ‘Loading 
from Forklift Trucks and Standard Vehicles’. The reason for 
this protocol is that forklift trucks, having solid tyres and a 
smaller area in contact with the joint, place greater load per 
mm2 than an equivalent laden vehicle with pneumatic tyres 
-such as buses. 

Detailed below are the loading calculations for the 3R 
JOINT & SEAL systems 

-	 DIN 1055 Forklift Loading 

Expansion Joints
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Loading from a forklift truck, with a gross weight of 7.0 
tonnes (70.0kN), and an individual wheel load of 3.25 
tonnes (32.5kN), applied over a contact area of 200mm x 
200mm. This methodology complies with the requirements 
of DIN 1055.

-	 DIN 1055 Forklift Loading

Load Data

Gross load Applied		  70kN -  (7.1  Tonnes)
Individual Wheel Load 		  32.5kN – (3.25 Tonnes)
Wheel Contact Area  (200mm x 200mm)	 40000mm²

Plate Data
Plate Type			   304 St. Steel
Allowable Bending Stress		  19.6kg/mm²
Span of Plate at max opening	 87.3mm
Plate Length – in contact		  200mm
Plate Thickness			   6.00mm

*Load Calculation

Unit Load Applied		  0.08125kg/mm²
Load Applied on Plate		  1418.6kg
Maximum Bending Moment	 30961.5 kg mm
Effective Plate Length		  290.0mm
Section Modulus			  1740.0mm²
Applied Bending Stress		  17.97kg/mm²

As may be seen the Bending Stress applied to the centre 
plate of the joint - 17.97kg/mm2 - is less than the Allowable 
Bending Stress for the 6.0mm thick Stainless Steel plate 
- 19.6kg/mm2. Hence the joint meets the load rating 
required. 

-	 DIN 1072 Loading from Vehicles with Pneumatic Tyres 

Loading from a bus or truck having pneumatic tyres, with 
a gross weight of 30.0 tonnes (300kN), and an individual 
wheel load of 5.0 tonnes (50kN), applied over a contact 
area of 200mm x 400mm. This methodology complies with 
the requirements of DIN 1072 ‘Standard Moving Loads’ 

The 3R comprises 5.0mm thick 6063 T6 Aluminium side 
plates linked by a 6.0mm thick 304 Grade Stainless Steel 
centre plate. The joint has a movement capacity of +/-
25mm and uses a steel centring bar to locate the centre 
plate directly over the structural gap through the entire 
movement cycle.

-	 DIN 1072 Loading from Vehicles with Pneumatic Tyres 

Load Data

Gross load Applied	 300kN -  (30.0  Tonnes)
Individual Wheel Load 	 50kN – (5.0 Tonnes)
Wheel Contact Area  (200mm x 400mm)	 80000mm²

Plate Data

Plate Type			   304 St. Steel
Allowable Bending Stress		  19.6kg/mm²
Span of Plate at max opening	 87.3mm
Plate Length – in contact		  400mm
Plate Thickness			   6.00mm

*Load Calculation

Unit Load Applied		  0.0625kg/mm²
Load Applied on Plate		  2182.5kg
Maximum Bending Moment	 47,633.1 kg mm
Effective Plate Length		  490.0mm
Section Modulus			  2940.0mm²
Applied Bending Stress		  16.2kg/mm²

As may be seen the Bending Stress applied to the centre 
plate of the joint - 16.2kg/mm2 - is less than the Allowable 
Bending Stress for the 6.0mm thick Stainless Steel plate - 
19.6kg/mm2. Hence the joint meets the load rating required. 

*Calculation Basis 

Unit Load Applied = Individual Wheel Load/Contact Area 

Load Applied on Plate = Contact Area x Unit Load 
Applied 

Maximum Bending Moment = (Load Applied on Plate x 
Plate Span)/4

Effective Plate Length = Plate Length + (15 x Plate 
Thickness) 

Section Modulus = (Effective Plate Length x (Plate 
Thickness)2)/6 

Applied Bending Stress = Maximum Bending Moment/
Section Modulus’ 

It should be noted that all load calculations are based upon 
the joint being at its fully open position - in other words 
where the expansion gap has opened to its widest predicted 
width - hence the unsupported span of the centre plate is 
at maximum and the load is applied therefore across this 
maximum span. 

C.6  Depth of Finishes 

3R  manufactures a very wide range of expansion joint 
(covers) and the primary reason for this is to accommodate 
the varying depths of finishes that are applied to floors, 
walls and ceilings. 

-	 For floors we manufacture joints up to 70mm deep such 
that the joints are sufficiently deep to fit beneath virtually 
all the possible finishes that can be applied - ceramic 
tiles, marble, granite, slate, vinyl tiles, carpet etc. 

Expansion Joints
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-	 For walls and ceilings we manufacture joints up to 
25mm deep to accommodate the deepest renders. 

-	 In some instances such as at floor to wall and wall to 
ceiling interfaces varying depths of footplate side to 
side will have to be used to accommodate differing 
finishes depths. 

C.7 Fire Proofing Requirements 

we feel it is of such importance that it is also repeated here 
as an integral part of Expansion Joint selection process. 

As expansion joint gaps extend throughout a structure, 
rising from basement level and passing through slabs, 
walls, ceilings and roofs, they act as chimneys in the event 
of fire. They pass through fire compartment walls and floors 
and are often either: 

-	 Ignored or accidentally omitted from fire planning for the 
building or 

-	 Filled with Rockwool or other mineral wool barrier 
(possibly topped with a fire rated sealant) - and then ignored. 

3R manufactures a range of fire barriers which are designed 
to complement our expansion joint ranges and which 
similarly deflect in response to structural movement whilst 
fully retaining the integrity of the structure in respect of toxic 
smoke and fire. 

C.8 Waterproofing/weatherproofing Requirements 

As with fire, waterproofing is one of the five great threats 
that compromise the integrity of any structure. Whilst this 
is clearly a concern for expansion joints that are installed 
externally, it is sometimes overlooked for joints used in 
internal wet wash-down zones. 

With some of our joint ranges either total or partial 
waterproofing is in-built: 

-	 The 3R100 Series is totally watertight and will support a 
head of  water up to 22 metres 

-	 The 100 Series has a synthetic rubber seal that helps 
prevent the ingress of water. In addition we can supply 
vapour barriers with this Series to help halt the passage 
of moisture. 

-	 The 3R terrace copings Series are totally water and 
weatherproof. 

With other joints, waterproofing is provided by additional 
membranes (EPDM or Butyl Rubber or pvc) that are 
fitted beneath joint footplates to provide watertight and 
weatherproof seals. If such joints are selected - and we 
are considering primarily the high load, all metal systems 
in this regard ¬then the designer must be advised to make 
provision for drainage of these membranes. 

C.9 Environmental Considerations 

This   must cover very wide remits. For example: 

-	 The metal visible surface profile of Expansion Joints 
employed in Food Processing facilities should only be 
manufactured from 316¬grade stainless steel. 

-	 Expansion Joint Coping Systems where wind speeds 
are anticipated to exceed 120kph should employ a 
locking mechanism to ensure that they remain in place 
during wind loading in excess of that value. Similarly, 
coping systems used in corrosive environments (close 
to factories, power stations and similar) should be 
manufactured from 316-grade stainless steel or have 
protective acid and alkali coatings applied after fabrication

Expansion Joints
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