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Abstract: Joints play a significant role in the performance of concrete industrial floors. To achieve
desirable load transfer capability across the joint and meet the flatness and levelness requirements, a
combination of good design and construction practices is required.

Although there might be local guidelines available in some countries, the leading global guidelines are
TR34.4 - Concrete Industrial Ground Floors and ACI360R-10 - Design of Slabs on Ground. Both
standards provide detailed information on joint types, joint layout, load transfer calculation, armouring
of joints and joint sealing.

To choose the most appropriate joint type from the wide array of prefabricated industrial floor joints
available in the market, it is crucial that designers and contractors fully understand the advantages and
disadvantages of each type.

This paper highlights the various design and construction requirements for industrial floor joints, as
delineated in TR34.4, ACI360R-10 and EU Pave Guide for design of jointed plain concrete pavements.
It also provides information on various prefabricated joints in the market along with guidelines on the
maintenance of existing and remediation of damaged floor joints.
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1 Introduction

Joints play a vital role in the performance of an industrial slab as it allows the for efficient flow of traffic
in any industrial facility. A series of expansion, contraction and isolation joints can be used in the
industrial slab as it contracts or expands which helps in avoiding random cracking in the slab. These
joints can also have a load transfer mechanism as well for transferring shear loads across the joint if
required. Proper design and construction of these joints are essential for achieving maximum
productivity in the warehouses and to enable safe handling of the equipment.

In addition to transferring permanent loads across the joint, the effect of Material Handling Equipment
(MHE) on the edges of the joints needs to be considered at the design stage. Proper arris protection
design which comprise of steel armouring solution to the edge of the joint along with an appropriate load
transfer mechanism is essential to prevent any damage to the edges due to the flow of traffic with hard
tyres across the joint.

There are various standards and technical literature available in the industry which are published by
Australian and international concrete institutes and societies which provide guidance regarding the
design and construction of joints in pavements (both residential and industrial). This paper highlights the
provision provided in TR34.4 [1] and ACI360R-10 [2] which focus mainly on industrial slabs. Table 1
provides a summary of the types of joints as defined in TR34.4 and ACI360R-10.

Table 1 — Joint Types as per TR34.4 and ACI360R-10

Code Types of Joints

TR34.4 e Free movement joint (Sawn Joints)
¢ Restrained movement joint

e Tied joint

e Isolation joint

Isolation joint

e  Sawcut contraction joint

e Construction joint

ACI360R-10

The types of joints as defined in all the referenced codes are very similar however in TR34.4,
classification and explanation seem to be more specific and in-depth. As the market trend is to use
leave-in place formworks, having a separate sub-group for formed movement joints in TR34.4 helps
designers and contractors to specify and use the right products.

Generally, reducing the number of joints by increasing their spacings to lower the required floor
maintenance is preferred. Every effort should be made to avoid random cracking by considering all the



parameters in the concrete shrinkage, such as the dosage of added fibre, cement type, slab thickness,
etc.

Formed free movement joint with arris protection

. s @ Isolation joint

Sawn free movement joint

Figure1 — Typical industrial floor joints [7,8]

2 Joint Design

Both TR34.4 and ACI360R-10 include detailed information for slab and joint design. TR34.4 introduces
a calculation model considering the lesser provided capacity by the dowel and concrete to calculate the
load transfer capacity across the joint (Figure 2). In contrast, ACI360R-10 provides design tables for
dowel size and spacings which does not present an optimised design for the joint as the applied load
and joint opening is not taken into consideration. The author believes the design approach provided in
TR34.4 can also be applied to a wider range of slab on ground applications outside the standard heavy-
duty industrial slabs.

Dowel shear failure Dowel bearing/bending failure Concrete bursting failure

Figure 2 — Doweled joint failure modes as per TR34.4

TR34.4 explains the following failure modes that need to be considered while calculating the dowel
capacity. The dowel is defined as a short length of smooth round, rectangular or plate steel profile that
is used to transfer the shear load across a free movement joint with a minimum deferential deflection.
To allow a free horizontal movement, one end of the dowel must be de-bonded from the surrounding
concrete.

The dowel shear capacity (steel only) is calculated as follows:

Psh dowel = 0-6fydAv (1)
where,

fyk
fya= " )

A,= shear area, taken as 0.9 x cross-sectional area of the dowel
¥s= partial safety factor for steel, taken as 1.15

The dowel bearing/bending capacity is calculated as follows,
For round and square dowels;
0.5
Prax dowel = ddz(fcdfyd)o's[(l + aZ) -a] (3)

Where,
dq = diameter of round dowel or width of square bar
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fca = concrete design compressive cylinder strength =

Yc =partial safety factor for concrete, taken as 1.5
0.5

fcd
a=3el(5) 1/da (4)
e = distance of application of load from the face of concrete

For plate dowels;

Prax dowel = 0-5[(b12 + C1)0-5 - bq] (5)
Where,
by =2eks foq Py (6)
C1 = 2Kks fog Pp? t2 g (7)

e = distance of application of load from the face of concrete
ks = 3, a constant determined empirically

f.q = concrete design compressive cylinder strength="f/y.
pp = plate width

t, = plate thickness

f,a = characteristic strength of steel plate.

The dowel bending/bearing capacity is sensitive to the joint opening width. By increasing the gap width,
the dowel bending/bearing capacity drops down to the point that the bending/bearing capacity will
govern the design. It is recommended to specify a thicker dowel to increase the bending capacity when
a wider joint opening is required.

In most situations, at the point of ultimate load, the concrete would typically fail before the dowel. This
failure is typically a punching (bursting) failure. TR34.4 recommends calculating the bursting load of the
concrete by adapting the EC2 [3] approach for punching failure using an effective depth of 0.75 times
the depth between the dowel and the surface of the concrete slab.

The general punching shear equation of EC2 is as follows,

VRd,c=0-035k1 5 fck0'5 U1d (8)
Where,

k=1+(200/d)%5 <2

fa=Characteristic concrete strength

u4= Shear perimeter in 2d spacing from the dowel

d=0.75 time the minimum clearance between the dowel surface and concrete surface

TR34.4 states that for dowel bars, the dowel length for calculating the punching shear perimeter can’t
be taken more than 8 times the bar diameter/thickness. The maximum dowel flexural stress occurs at
the joint, and it drops down quickly by moving toward each end of the dowel. The dowel flexural stress
is negligible for any point further 8 times the dowel diameter/thickness. It has been observed that 600mm
long dowels are normally used in the industry which appears to be longer than the minimum required
dowel length for achieving the design capacity. Table 2 provides a capacity comparison for various
lengths of 24mm round dowels which are calculated as per guidelines provided in TR34.4. The following
application parameters are adopted for the calculation.

Dowel Diameter = 24mm

Concrete Compressive Strength = 32MPa
Slab depth = 200mm

Design Joint Width = 5mm

Table 2 — Single Dowel Design Capacity for Various Lengths of Dowels

Dowel Bending

Dowel Diameter | Length Punching Shear P Bearing Dowel Shear
“d” [mm)] “L” [mm)] Capacity [kN] Capacity [kN] Capacity [kN]

24 600 30.41 39.30 63.73

24 450 30.41 39.30 63.73

24 400 30.41 39.30 63.73




25 330 27.83 42.80 69.15

The analysis provided in table 2 reflects that having a longer dowel than proposed in TR34.4 does not
contribute towards increasing the design capacity of the system. It also compares the capacity that can
be achieved by using the 25mm thick and 330mm long dowel as specified in ACI360R-10 shown in table
3. The calculation reflects that 330mm long dowel is not providing the most optimum design and the
concrete capacity can be increased by using a longer dowel.

Plate dowels provide a higher punching shear capacity as they have a larger punching shear perimeter
compared to the conventional dowel bars. Plate dowels have become the standard solution for industrial
slabs with a minimal record of failure. Plate dowels are typically spaced at a wider spacing than the
dowel bars to avoid overlapping the punching shear perimeter. Positioning the plate dowel exactly at
the mid-height of the slab maximises the punching shear capacity.

The optimum design of the joint does not always involves selecting the thickest dowel available for the
application, especially in normal thickness of slabs(£200mm). A thicker dowel will provide higher steel
capacity, however, for applications using normal thickness of slab, the governing mode of failure is
normally punching/bursting shear of the concrete. The punching shear capacity of concrete will depend
on the amount of concrete above or below the dowel (depending on the direction of loading). Using a
thicker dowel in the centre of the slab results in having less concrete above/below the dowel to resist
punching of concrete. This results in achieving higher steel capacity, however, decreases the overall
design capacity of the system as compared to a thinner dowel as less concrete is available to resist the
punching of the concrete above the dowel which is normally the governing mode of failure. It is therefore
important to consider all sizes of dowels during the design phase to ensure the most optimum dowel is
selected for the application.

ACI360R-10, in contrast with TR34.4, provides a design table with pre-calculated values for dowel sizes
and spacing for different slab thicknesses (Table 1). The table refers to manufacturer recommendations
for plate dowels due to the variety of available solutions in the market.

Table 3 — ACI360R-10 Dowel Selection Guide

Dowel Size and Spacing for Construction Joints

. L Dowel Spacing
Slab depth, Dowel Dimension, in. (mm) Center-to-Center, in. (mm)
in. (mm) Construction Joint Contraction Joint Plate | o | square | Plate
Round Square Round Square Dowel q Dowel
3 3 3 3
5t06 $X10 +X10 2 X13 7 X13 12 14 18
(130to 150) | (19X 250) | (19 X250) | (19X 330) | (19X330) | M/R* | (300) | (360) | (460)
7t08 1X13 1X13 1X16 1X16 12 14 18
(180 to 200) (25 X330) | (25X 330) | (24 X410) (25 X 410) M/R¥* (300) (360) (460)
1 1 1 1
9to 11 13X 15 13X 15 I x 18 13X 18 12 12 18
(23010 280) | (32X 380) | (32X 380) | (32 X460) | (32X460) | M/R* | (300) | (300) | (460)

#*M/R = manufacturers’ recommendation. Because of the previous plate dowel geometries and installation devices
available from different manufacturers, the manufacturers should be consulted for their recommended plate dowel
size.

3 Available Solutions
In the current market, there are various options available for joint solutions. To select the appropriate
solution for a specific project, TR34.4 outlines certain factors that should be taken into account.

- The load transfer mechanism should be engineered to reduce vertical movement to a minimum.

- The joint must be able to carry all the applied loads without unacceptable deflection, cracking
or damage to the arris.

- The load transfer system should allow for lateral movement to avoid cracking, especially at the
panel corners.

- Any point load, including the mezzanine columns and racking, must take into the account.

- Dowels must remain square to the joint to avoid any future cracking.

- The arris protection system must meet the flatness and levelness requirements.



According to TR34.4, the accepted load transfer system is steel dowels with debonding features such
as plastic sleeves. While some solutions rely on the concrete key between two sides of the joint for load
transfer, they are not included in the TR34.4 guidelines. Although aggregate interlock is considered a
mode of load transfer in ACI360R-10, it is not suitable for industrial floors. For sawn contraction joints,
a common method is to use a prefabricated basket to hold the dowels in place, with the basket height
typically half the slab height to ensure maximum load transfer capacity. Typical dowel baskets are
illustrated in figure 3.

Figure 3 — Dowel baskets with plate, round and square dowels [8]

The conventional approach for creating a free movement joint without armoured arrises involves the use
of plate dowels. This is achieved by nailing a plastic sleeve onto the timber shuttering on the first pour
side, and then inserting the plate dowels into the sleeve after removing the shuttering (as shown in
Figure 4). It is crucial to ensure that the sleeve is sufficiently rigid to prevent unexpected deformation
during the concrete pour. Deformation of the sleeve can prevent proper insertion of the plate dowel or
cause it to be positioned at an angle with respect to the joint. By using individual dowels, designers and
contractors have the flexibility to select any spacing. Typically, the sleeves are nailed at the mid-height
of the timber shuttering to achieve the highest concrete punching resistance. Additionally, armouring
solutions are available for timber shuttering formworks, with armouring bars fixed onto the shuttering
using a special bracket.

Figure 4 — Forming free movement joints using timber shuttering with and without arris
protection [7,8]

When arris protection is necessary, a prefabricated system is typically used to create a free movement
joint. These systems are referred to as armoured joints and utilise a steel profile to safeguard the joint
arris from the impact of wheels.

Although the type of arris protection system may differ, the principles remain the same. TR34.4 and
ACI360R-10 both cover the topic of joint arris protection in detail. According to TR34.4, the width, grade,
and flatness of the steel profile are crucial considerations when specifying an armour system. The
armour system must be firmly anchored to the concrete to transfer the impact of MHE wheels and be
sufficiently rigid to resist deformation.

The basic arris protection system involves a cold-drawn steel bar with welded headed anchors, which
has tight tolerances and sharp edges. These features enable contractors to use the joints in super flat
floors and minimise the risk of spalling. Another variation of the anchorage system involves a perforated
wing that provides continuous anchorage and increases the stiffness of the top strip.

All prefabricated systems use a divider plate as a leave-in-place formwork to maintain dowel spacing
and position per the designer's specifications and keep joint parts together. To prevent dowel
misalignments caused by unexpected deformation due to concrete pressure, it is crucial to consider the
divider plate's stiffness, especially for deeper slabs.

Frangible fasteners made from nylon are typically used to hold both sides of the joint tightly. The nylon
bolt yields when the joint starts to open, eliminating the need to remove the bolts before pouring
concrete.



Wide joint openings and small wheels of material handling equipment (MHE) can cause wheel impact
issues, leading to reduced operating speed to decrease the impact. To avoid lowering the travelling
speed, an impact-free joint is necessary. Basic armoured joints have a linear joint, but a trapezoidal
shape is required to form an impact-free joint. The trapezoidal shape ensures the wheel contacts both
sides of the joint when crossing it. Adding an intermediate plate under the top trapezoidal plate
eliminates the need for sealing as the intermediate plate protects the joint gap from external debris. This
design feature is particularly useful in foodstuff warehouses or food preparation areas where pest control
is essential.

Figure 5 — Typical armouring solutions [7]

4 Construction

To achieve desirable industrial floor joints, high-quality construction practices are essential, in addition
to a well-designed plan. Any errors during joint installation and concrete placement can result in concrete
spalling or unexpected cracking, which are time-consuming and costly to repair. Therefore, it is crucial
to utilise the best construction methodologies to avoid such errors. Both TR34.4 and ACI360R-10
emphasise the importance of maintaining dowel alignment during concrete pouring. Dowel misalignment
may cause joint lock-up or crack alongside the joint.

For sawn contraction joints, the timing of the saw cut is critical as uncontrolled cracking can occur if it is
not completed within the specified time frame by the slab designer. ACI360R-10 provides a more
detailed explanation of saw cut details than TR34.4, introducing three types of saw cut tools with relevant
explanations. Early saw cuts can damage the joint arris, while late saw cuts can cause uncontrolled
cracks. The saw cut depth is also critical to ensure the formation of a weakened plane.

If the armoured joints layout forms an intersection, it is essential to ensure all the corners are free from
connection to each other, as per TR34.4 guideline. To achieve this, prefabricated intersections should
be used instead of on-site welded intersections. Figure 6 displays a typical 4-way intersection, but joint
manufacturers also supply 3-way and 2-way intersections.

Figure 6 — Typical intersection post of armoured joint

It is important to ensure that the installation of armoured joints does not result in any restrictive
movements at the joint aperture. The traditional technique of 'pin and weld' raises this likelihood and
can result in cracking as the concrete begins to contract. Conversely, utilizing installation jacks supplied



by the joint manufacturer eradicates this risk and guarantees more precise installation. Figure 7 depicts
both installation approaches.

Figure 7 — Preferred installation method of using jacks(right) vs conventional method of 'pin
and weld'(left)

5 Maintenance/Repair

All joints are prone to damage especially due to the movement of small, hard tyres of MHE across the
joint arris. To keep the industrial facility running, either armoured or saw cut joints need to be
appropriately maintained. A regular joint inspection plan should be in place to investigate any sign of
joint arris deterioration or sealant damage.

Minor damage normally does not affect serviceability of the industrial slab however any damage
identified either to the sealant or the joint arris needs to be rectified immediately because further
deterioration occurs at a much higher rate once it has started. A wider joint opening is more susceptible
to joint damage under not just high traffic loads but also when experiencing light traffic with small hard
tyres like pallet movers or trolleys.

The smaller damaged areas up to 10mm can be filled with a sealant, but more significant damage is
normally fixed with a cut-back and fill method using special grout or resin. Timing is critical in any repair
plan to avoid keeping the operation shut down for long. An appropriate solution should be chosen if the
damaged arris joint is going to be replaced with an arris protection system. In this case, the top section
of the joint will be replaced, and the load transfer mechanism will remain in place. Figure 8 shows
different steps of replacing a damaged free movement joint with an arris repairing solution.

Figure 8 — Installation of arris repairing solution

6 Conclusion

The most important part of an industrial facility is the floor, as it is a work platform for moving vehicles
and storing the material. Floor joints play a significant role in the performance of an industrial concrete
floor. To increase the floor life span and minimise repairs, designers and contractors should do their
best to design, specify and construct an appropriate joint solution. Both TR34.4 and ACI360R-10 have
specified minimum requirements for concrete floor joints. TR34.4 seems to be more comprehensive
regarding the shear resistance calculation of the load transfer mechanism. Even though the scope of
TR34.4 is limited to industrial slabs, the joint design guidelines can still be applied to other slab on
ground applications.
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