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 ABSTRACT 

 

This paper presents the safety level assessment of expansion joints in reinforced concrete slabs subjected 

to temperature variations taking into consideration the BS 8110 (1997) code provision of 25 mm expansion 

joint at every 30 m of the slab. Reliability analysis of the expansion joint in reinforced concrete slab to 

ascertain its level of safety was carried out using first order reliability method (FORM).Sensitivity analysis 

was carried out by varying the change in temperature and length of the concrete slab. The results showed 

that there was a general decrease in safety index from 18.60 to 9.46 with increase in temperature change 

from 5 to 20
o
C. The safety index of the expansion joint in slab is conservative and sensitive to temperature 

variation and the length of slab. 
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variation. 

 

 

1. INTRODUCTION 

 

Natural forces such as temperature and humidity 

can cause linear, area and volume changes in 

structural systems with consequent effects such 

as cracks, distortions and crushing that are more 

pronounced on lengthy monolithically cast 

elements (Palmer, 1992). A means of measuring 

and catering for these effect(s) need to be put in 

place so as to ensure a safe operating condition 

of the structure (Palmer, 1992). 

Although, buildings are often constructed using 

flexible materials, roof and structural expansion 

joints are required when plan dimensions are 

large (Fisher, 2005). Dimensional changes in a 

structure and its elements due to variations in 

temperature, relative humidity, or other effects 

shall not impair the serviceability of the structure 

(ASCE 7-02, 2002). As is common with all other 

structural materials, concrete expands when 

subjected to heat and will contract when allowed 

to cool. It also undergoes other strains due to the 

hydration of the cement and other properties of 

the material itself and of its constituent parts. If 

these expansions are restrained, stresses will 

occur which can be of sufficient magnitude to 

cause immediate cracking of the concrete or 

cause cracking to occur later owing to fatigue 

failure due to long-term repetition of the stresses. 

These factors may cause unsightly cracking, 

damage to finishes and even structural failure. 

The possibilities of such cracking should be 

properly investigated in relation to the design, 

exposure of reinforcement and form of the 

member or structure concerned. To prevent or 

limit the effects of such potential cracking, 

expansion joints are provided at predetermined 

locations (BS 8110, 1997). 

Expansion joints are designed to isolate 

structural units so as to make them behave as 

individual units when subjected to the effect of 

settlement or volume changes (Palmer, 1992). 

They are meant to allow the concrete to expand 

freely by providing a space between the two 

structural units and this space is obtained by 

placing a filler joint material against the first 
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unit, which acts as a foam for the second unit 

(ASTM, 2002). They are also provided on long 

span structures to take care of linear expansion 

that normally occur due to change in temperature 

(Fisher, 2005). Occasionally, special expansion 

joint details are required to transfer shear across 

the expansion joint (Fisher, 2005). They are 

usually constructed by installing pre-formed, or 

premolded elastic resilient material of 

approximately 6 – 12 mm thickness as wide as 

the concrete thickness, before the concrete is 

placed and should never be less than 6mm wide 

(Friedman, 2009). Regarding the type of 

structural expansion joint, most Engineers agree 

that the best expansion joint (and  generally the 

most expensive) is to use a line of double 

columns to provide a complete separation in the 

building frame at the joints (Fisher, 2005). When 

expansion joints other than the double column 

type are employed, low friction sliding elements, 

such as Teflon pads are used between the faying 

surfaces. Slip connections are not totally 

frictionless and in addition, they may induce 

some level of restraint to movement due to 

binding or debris build-up. Expansion joints are 

used to isolate walls from floors or roofs, 

columns from floors or cladding, and pavement 

slabs and decks from bridge abutments or piers. 

It is however not possible to state the exact 

requirements relative to distances between 

expansion joints because of the many variables 

involved such as ambient temperatures during 

construction and the expected temperature range 

during the life of a building or structure (Fisher, 

2005). The number, size and location of building 

expansion joints is a design issue not fully 

treated in technical literature (Fisher, 2005). 

However, researches such as determination of 

the annual seasonal daily range of movement and 

the corresponding values of apparent coefficient 

of thermal expansion (ACTE) under service 

conditions by Aboumoussa and Iskander (2003) 

have confirmed the seasonal movement in 

reinforced concrete slabs.  

Probabilistic design is concerned with the 

probability that the structure will realize the 

functions assigned to it (Oriolaet al., 2012; 

Afolayan and Abubakar 2003). According to 

Abubakar and Ma’aruf (2014), a structure is only 

strong as its ‘weakest element’, and so members 

with good measure of reliability do contribute 

significantly to overall structural reliability. One 

of the objectives of structural design is to fulfil 

certain performance criteria related to safety and 

serviceability of the structure. These 

performance criteria are usually formulated as 

limit states, which are mathematical description 

of the limits between performance and non-

performance (Thelandersson, 2003). Engineering 

design decisions are surrounded by uncertainties 

that result from the random nature of loading, 

strength and stiffness parameters, dimensions 

and geometrical imperfections as well as the load 

and resistance prediction models. The effect of 

such uncertainties is included in design by safety 

factors that are based on engineering judgment 

and previous experience with similar structure. 

Because safety involves a consideration of 

random variables and the realization of the 

limitations in design by the deterministic 

method, it is now generally accepted that the 

rational approach to the analysis of safety is with 

probabilistic models (Abubakar, 2006). 

The question of reliability of expansion joints in 

reinforced concrete slabs is to assess the 

provision for expansion in relation to the 

uncertainty from stress related expansions. 

Accordingly, this study is to evaluate the safety 

of such slabs subjected to temperature effects 

taking cognizance of BS 8110 code provision in 

order to reduce structural accidents. BS 8110 

code is widely adopted in many countries, 

especially developing countries such as Nigeria, 

for design of reinforced concrete structures.    
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2. MATERIALS AND METHODS 

 

2.1 First Order Reliability Method 

(FORM) 

FORM is an analytical approximation in which 

the reliability index is interpreted as the 

minimum distance from the origin to the limit 

state surface in standardized normal space (u-

space) and the most likely failure point (design 

point) is searched using mathematical 

programming methods. Because the performance 

function is approximated by a linear function in 

the sample space at the design point, problems of 

accuracy occur when the performance function is 

strongly nonlinear (Melchers, 1999). 

In the special cases where the failure surface is 

linear and all basic variables are normally 

distributed it is easy to show that there is a direct 

relation between the failure probability (Pf) and 

reliability index (β) as described by the equation: 

 

       β            … (1) 

Where: Ф is the standardized normal distribution 

function.  

 

In general, the failure surface is non-linear, and 

the basic variables non-normal. The generalized 

reliability index βg can be defined by  

 

   = -   (  )    (2) 

 

The reliability is the compliment of the 

probability of failure (1 - Pf). 

 

2.2 Structural Analysis and Design of 

Expansion Joints in Slab 

The analysis and design of the expansion joint in 

slab (Figure 1) was based on temperature 

variations taking into consideration the BS 8110 

(1997) code provision of 25 mm expansion joint 

at every 30 m of the slab. The information 

required for the analysis of joint is shown in 

Table 1. 

  

 

 

 
 

Figure 1: Expansion joints in reinforced concrete slab 
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 Table 1: Design information for the analysis of expansion joint. 

Parameter Value used 

Length of slab (L) 

 

30000 mm 

Depth of slab (h)  150 mm 

Breadth of slab (b) 1000 mm 

Grade of concrete 25 N/mm
2
 

Elastic modulus of concrete 25 kN/mm
2
 

Temperature change 10
o
C 

 

 

 

2.2 Reliability Analysis of Expansion 

Joint  

The design procedure for the expansion joint of 

slab subjected to temperature variation is to 

ensure that the expansion of slab does not exceed 

the expansion joint provided. The performance 

function for the failure is presented in equation 

(3). 

 

                 … (3) 

 

Where; α is expansion of concrete (1 x10
-5 

°C or 

5.5 x 10
-6 

°F), L is length due to strain and ∆  is 

change in temperature. 

The reliability analysis of the expansion joint 

was carried out using FORM5 (Gollwitzer et al., 

1988). FORM5 is a Software written in 

FORTRAN based on first order reliability 

method, used to estimate the safety index (β) or 

probability of failure (Pf) of structures. The 

flowchart for the reliability analysis is shown in 

Figure 2. Table 2 shows the stochastic variables 

with their probability distributions and statistical 

parameters used in the reliability analysis of the 

expansion joint. 

  

Table 2: Stochastic variables and statistical parameters 

Variables Distribution 

Type 

Expectation 

E(x) 

Coefficient of 

variation (COV) 

Standard 

deviation (Sx) 

∆θ (°C) Log Normal 10 0.02 0.20 

L (mm) Normal 30000 0.03 900 

 Source: JCSS (2002) 
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Figure 2: Flow chart for the reliability analysis of expansion joint of slabs 

 

3.      RESULTS AND DISCUSSION 

 

3.1 Results 

3.1.1 Deterministic Design and Reliability 

Analysis of Expansion Joint: The summary the 

deterministic and reliability analyses are 

presented in Table 3.  

3.1.2 Sensitivity Analysis: The result of the 

sensitivity analysis of the expansion joint is 

presented in Figures 3 and 4. 

 

 

Table 3: Summary of deterministic and reliability analyses of the expansion joint 

 

 Parameter Value 

Expansion (mm) 3 

Safety index (β) 14.0 

Start 

Input mean, standard deviation, 

Distribution function, coefficient of 

Variation of design variables 

Check for limit state condition 

to BS 8110 (1997) 

Reliability Analysis 

Calculate Safety 

Index (β) 

Stop 

End 
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 Figure 3: Safety index against temperature variation of reinforced concrete slab 

  

 

 Figure 4: Safety index against length of structural unit of reinforced concrete slab 

 

3.2 Discussion of Results 

3.2.1 Deterministic Design and Reliability 

Analysis of Expansion Joint: The analysis of the 

expansion joint for a reinforced concrete slab of 

length 30 m subjected to a temperature change of 

10
o
C shows that the slab will expand by 3 mm. 

Therefore the code requirement of 25 mm 

expansion joint to be provided for every 30 m 

slab is very adequate even at higher temperature 

changes during the service life of the slab. This 

provision may not be adequate in extreme 

conditions of temperature change in the slab 

which may result in excessive expansion, but due 

to restraint in expansion, tensile stresses would 

be generated which may lead to cracking of the 

concrete slab, consistent with Moseley et al. 

(1999).  

The reliability assessment of the expansion joint 

subjected to temperature change of 10
o
C shows 

that the expansion joint has a safety index (β) of 

14.0. This is very conservative when compared 

with JCSS (2002) target safety index of 1.5 at the 

serviceability limit state. 

3.2.2 Sensitivity Analysis: Figure 3 shows a 

relationship between safety index and 

temperature variation of the reinforced concrete 

slab. There was a general decrease in safety 

index from 18.60 – 9.46 with increase in 

temperature change from 5–20
o
C. The decrease 
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in safety index could be attributed to increase in 

thermal stresses generated in the slab. It was 

however observed that the safety indices were 

far higher than the JCSS (2002) recommended 

value of 1.5 at the serviceability limit state. It 

can be inferred from the safety temperature 

variation that provision of 25 mm expansion 

joint for every 30 mm length of concrete slab 

would be very adequate for all temperature 

variations due to environmental changes. By 

extrapolation of the curve in Figure 3, the 

expansion joint safety index may be lower than 

the minimum recommended value of 1.5 for 

temperature variations above 35°C.  

The effect of varying the length of structural unit 

of reinforced concrete slab on the safety index is 

shown in Figure 4. A general decrease in safety 

index for all temperature changes considered was 

observed as the length of structural unit of 

reinforced concrete slab was increased from 10 

to 50 m. It was noted that safety index was 

higher than the recommended value for all slab 

length considered. This indicated that BS 8110 

code provision of expansion joint spacing in 

reinforced concrete slabs seemed conservative 

for most environmental exposure conditions. 

However, there is the need to recognize the 

balance between safety consideration and 

economy, as noted in Afolayan (1995).

 

 

 4.     CONCLUSIONS 

 

Based on the reliability assessment carried out 

on expansion joints in reinforced concrete slab 

subjected to temperature changes, the following 

conclusions are drawn: 

The BS 8110 (1997) code provision of 25 mm 

expansion joint gap for every 30 m length of 

reinforced concrete slab is adequate to prevent 

cracking from temperature variation due to 

environmental changes. 

Reliability analysis of expansion joint in 

reinforced concrete slabs showed that the design 

is conservative. 

The safety index of the expansion joint in slab is 

sensitive to temperature variation and length of 

slab. 
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