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This research project studies the horizontal shear-bond between 
profiled steel sheeting and concrete when used together to form 
composite floor slabs. After reviewing the existing literature, aspects 
of the behaviour of such slabs have been studied in different ways. 
Firstly, a computer programme was written to find the governing failure 
mechanism of a composite slab. Secondly, another computer programme was 
written to optimise the design of steel sheeting. The efficiency of the 
shear-bond transferring device was then studied using small tests 
developed by the author. These results were compared with those of 
standard slab tests. 

From the first computer programme it was found that most of the 
steel-deck-reinforced slab systems experience the shear-bond mode of 
failure under higher loading. The programme calculates the sectional 
properties of the profiled section and the load-span chart. These 
values have then been compared with values given by the manufacturers. 

The second programme has been developed from the first to enable 
material and geometric properties to be varied to increase the 
efficiency of the profiled sheeting. As an example the effects of 
varying the thickness of the steel sheeting and the angle of the web to 
vertical have been studied. Full theoretical interaction between 
the steel and the concrete was assumed. 

Because shear-bond is the critical failure mechanism when composite 
slabs are heavily loaded, ways of increasing the shear-bond interlock 
between the steel and concrete have been investigated. Ten different 
types of indentations were pressed on the webs of samples of profiled 
steel sheeting. Two different indentation depths and a variety of 
spacings were used. In addition, some specimens had dowel bars passed 
through holes drilled on the centre-line of the webs, and some 
specimens had indentations pressed onto the corner intersection of the 
webs and lower flanges. A series of Push-off tests were performed on 
these specimens after two blocks of concrete had been cast on them. The 
maximum shear-bond capacity was recorded by forcing apart the concrete 
blocks with hydraulic jacks. Six specimens made with plain profiled 
sheeting were tested similarly to find the chemical bond between the 
steel and the concrete. 

Tyo large British Standard tests were undertaken using the most 
efficient shear transferring device, the dowel bar. A theoretical 
approach was followed to correlate the shear-bond capacity of the slabs 
to the results obtained from the small tests. One specimen with 
trapezoidal section of width of one pitch was also tested to check the 
validity of the theoretical approach for trapezoidal sections. The good 
correlation offers the potential replacement of the expensive 
shear-bond tests currently in use with these small Push-off tests. 
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LITERATURE REVIEW 

1-1 General Remarks 

There have been rising costs in recent years in the building and 

general construction industries. This is due to increased wages and 

material costs which have prompted the increased use of cold-formed 

steel members as load carrying structural components. One method for 

cutting costs in labour and materials in multi-storey buildings and 

bridges is by the use of cold-rolled steel decking in the concrete 

floor systems. The cost of conventional construction methods which 

consist of separate forming operation for installing and removing 

wooden or steel forms can comprise 35 to 60% of total cost-in-place 

concreting operation (35). Elimination of this forming operation can be 

accomplished by using corrugated cold-formed steel decking as a form 

which remains as a permanent integral part of the floor slab. 

Hence the most efficient and economical light-weight floor system is 

created by integrating the structural properties of concrete and formed 

steel decking, with the concrete permanently placed over the decking. 

This immediately suggests that there is possibility for composite 

action between the steel deck and concrete. Of course, the two 

materials may also be used in a noncomposite fashion. In either case, 

the steel deck serves both as a form for the wet concrete and working 

platform during the construction stage, with the steel-deck remaining 

permanently in place. Before the advent of composite steel decks, the 

deck was often designed to carry all dead and live loads. When the 

concrete steel-deck floor is designed as a non-composite system, the 

steel decking serves only as a self-sustaining structural form, 

supporting the construction and wet concrete loads. After the concrete 

hardens, the steel deck serves no further purpose and the reinforced 

concrete slab must support the superimposed live loads. 
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However, when the steel deck can provide composite interlocking with 

the concrete, it is capable of performing the dual role of functioning 

as a form during the construction stage, and as positive reinforcement 

for a slab under service conditions. Thus the only additional steel 

necessary in the slab is that required for shrinkage and temperature 

control and in the case of continuous construction to resist negative 

bending. In short, the combination of compositely integrating the 

structural properties of concrete and steel decking may be classified 

as "Composite Steel-Deck-Reinforced Concrete Slab Construction". 

Recently, composite steel-deck-reinforced construction has also been 

extended and designed to act compositely with supporting beams, girders 

and open-web joists. In these cases, shear transfer between supporting 

members and the composite ribbed or cellular slab is secured by the 

usual devices, e.g., by welded steel studs or special shear connectors. 

The construction time is a very important factor, because it is known 

that no income is received from money invested in the construction of a 

multi-storey building, such as a large office block, until the building 

is occupied. For a construction time of two years, this loss of income 

from capital may be 15% of the total cost of the building; that is, it 

may be over half of the total structural cost (29). The construction 

time is strongly influenced by the time taken to construct a typical 

floor of the building, and here structural steel has an advantage over 

in-situ concrete. More time is saved by the composite steel-deck-

reinforced concrete slab construction. 

The use of composite construction is more common in building 

construction in North America (17, 12) and in parts of Europe (9) than 

in the U.K. The composite slabs using corrugated sheeting as formwork, 

have long been used in tall building in North America (22). 

-3-
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1-2 Steel-Deck Reinforced Concrete Slabs 

1.2.1 General remarks 

This research project deals with the use of profiled steel sheets in 

floor slabs (Fig. 1.1) and is concerned with floors spanning only in 

one direction of ribs. Steel decks for composite deck-reinforced floor 

construction are commercially available in a variety of shapes and 

sizes. They normally consist of cold-formed corrugated sheets and are 

designed to provide adequate strength during the construction stage. 

Steel deck yield strengths may vary from 250 kN/m" up to as high as 

780 kN/m^. A typical steel deck unit might be between 610 mm - 760 mm 

in width and up to 12 m in length, from 0.8 mm to 1.5 mm in thickness, 

and between 96 N/m^ and 380 N/m^ in unit weight. Profile heights are 

usually in the range 38 to 75 mm. A summary of different sheeting 

profiles marketed for use in composite slabs in North America and 

Europe is given in Fig. 1.2a (7). There are two well-known generic 

types: the dovetailed or re-entrant profile and the trapezoidal 

profile. Some other types which have come on to the market recently are 

shown in Fig. 1.2b. 

For a steel deck to achieve the necessary composite action between the 

deck and the concrete, the deck must be capable of resisting horizontal 

shear and prevent vertical separation between the concrete and the 

deck. The most common of available decks utilise a fixed pattern of 

indentations or embossments rolled into the deck, thus providing a 

mechanical interlocking device between concrete and deck so that the 

required composite action can be achieved. In order for this to occur, 

however, proper size, depth and orientation of the embossments must be 

recognised and maintained. 

Another type of steel deck relies upon reinforcing bars welded to the 

top corrugations at variable spacings to provide the horizontal shear 

transfer capacity. The bars being attached to the smooth deck and well 

anchored in the concrete also provide the necessary resistance against 

vertical separation. 
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In most cases, such as those of deck profiles shown in Fig. 1.3(a), 

resistance to vertical separation between steel deck and concrete is 

provided by the mechanical shear transfer device, since the decks are 

geometrically open and cannot provide this function. In some cases, 

however, the shape of the deck itself (closed deck. Fig. 1.3(b)) 

provides the function of vertical separation resistance. 

1.2,2 Advantages 

The more important advantages of using cold-formed steel decking as 

reinforcement for a floor slab system can be summarised by the 

following statements: 

1. The steel deck serves as a form for the wet concrete and remains 

permanently in place. By eliminating this forming operation, 

cost-saving benefits can be gained, especially when the contractor 

cannot take advantage of form reuse. 

2. It is very easy to install steel decks. Since the decks are 

manufactured of thin gage steel sheeting, they are light in weight, 

thus resulting in ease of handling and placing, as well as reducing 

installation time and on-site labour. 

3. The steel deck acts as a working platform that also support dead and 

construction loads. After the steel deck has been placed and securely 

fastened to the supporting structural members, a safe and sturdy 

platform for workmen, their tools, materials and equipment is provided. 

4. The likelihood of construction fires is greatly reduced since most 

combustible wooden formwork is removed. 

5. Temporary shoring can be minimised or eliminated. Most steel decks 

presently on the market have adequate strength and rigidity by virtue 

of their geometric shape to carry all the dead and construction loads 

without the necessity of shoring, i.e., when span lengths are kept 
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within reasonable limits as governed by the stress and deflection 

criteria of the accepted design specifications. 

6. The steel deck serves as positive moment reinforcement after the 

concrete is set. Only additional shrinkage, temperature and negative 

moment reinforcement is needed where desired. 

7. It is easy to distribute power circuits and conditioned air within 

floor system. The geometric shape of steel deck permits the formation 

of decking cells within floor systems on its underside. 

8. Fire protection can be easily achieved. The required fire protection 

to either obtain 1 hour, 2 hours or 3 hours Underwriters Laboratory 

rates can be accomplished with various system in the following three 

ways: 

a) No protective fireproofing on the steel deck. 

b) Spray-on-type fireproofing on the steel deck. 

c) With a suspended, fire-rated ceiling. 

9. The steel deck significantly reduces the time of construction since 

casting of additional floors may proceed without having to wait for 

previously cast floors to gain strength to support shoring. 

10. It provides a ceiling surface directly or, in the case of a 

suspended ceiling, provides for easy attachment of support hangers. 

11. The use of steel decking reduces the dead load of the floor slab 

with little or no corresponding loss in load-carrying capacity. 

1-2.3 Types of steel decks 

Steel deck can be classified into three basic categories based on their 

means of developing shear resistance and on the pattern of the 

mechanical shear transferring devices. The three categories are as 

follows: 

- 6 -



CHAPTER 1 

a) Category I Steel deck profiles that provide horizontal shear 

capacity by virtue of a fixed pattern of mechanical devices, i.e., the 

centre to centre spacing of the shear devices is constant for every 

steel deck thickness and depth of slab. Embossments, indentations or 

holes placed in the corrugations used for the shear transfer device 

fall under this category and are shown in Fig. 1.4 and 1.5. 

b) Category II Steel deck profiles that have a variable spacing of 

mechanical devices, i.e., the centre to centre spacing of the shear 

devices may vary with slab depth and steel deck thickness. Transverse 

wires attached to the deck corrugations are an example of this category 

which is shown in Fig. 1.6. 

c) Category III Steel deck profiles that have no mechanical shear 

devices. They rely on chemical bond between the deck and concrete. 

Vertical interlocking is provided by the geometric shape of the deck. 

Fig. 1.7 shows an example. 

1-3 Earlier investigations 

In the early 1930's engineers realised that many advantages could be 

gained by integrating the structural properties of concrete and 

cold-formed steel decking to produce a new light-weight floor system 

for building. Man's constant search for technological advancement 

prompted this realisation along with the several economic factors such 

as possible savings in foundation and steel frame cost. By 1938, 

engineers were starting to use the cellular floor system known as the 

"keystone beam", produced by the H.H. Robertson Co., Pittsburgh, Pa., 

in two and three-storey industrial buildings. The cellular floor was 

used as a noncomposite system only at that time. 

First composite steel-deck-reinforced concrete floor system appeared on 

the market in 1950. The product, known as "Cofar" produced by the 

Granco steel company, St. Louis, Mo., U.S.A., utilised a high strength 

steel deck with high yield reinforcing bars welded transverse to the 
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top of the corrugations. The first significant publication to appear on 

subject by Bengt F. Friberg in 1954 (23). His work not only provides an 

understanding for the design of the particular steel deck 

tested (Cofar), but also presented an excellent cost comparison between 

conventional concrete slabs, and steel-deck-reinforced slab 

construction. 

S. Bryl (8) published in 1967 an investigation of a number of different 

steel-deck profiles acting compositely with concrete. His discussion 

regarding ultimate load carrying capacity of composite steel-deck-

reinforced systems gives a thorough understanding of behaviour. Based 

on numerous test results, Bryl outlined the following important 

behavioural and design characteristics: 

1) Sudden failure of the slab occurs without the use of shear 

devices. 

2) Large plastic deformations are accompanied by considerable 

increase in load carrying capacity in the slab with shear transfe-

rring devices. 

3) The slab should be analysed as an uncracked composite section 

with the criteria for design of concrete bending stresses, bond 

stresses and permissible load on shear transferring devices. 

He also points out that this type of slab construction has many 

cost-saving advantages and will be exploited in the future, opening up 

wider markets to the steel constructors. Both Friberg and Bryl employed 

working stress principles in their respective investigation. 

A brief interesting history of rapid growth and current status of 

cellular steel floors was presented by Dallaire (15). In his article, 

some of today's leading engineers give their reason for choosing 

cellular floor systems in high-rise steel formed building. Iyengar and 

Zils (28) examined some of the reasons and advantages of using a 

composite cellular floor system for the Sear's Tower in Chicago. 
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The Final Report in Ref. (40) on a survey of using steel in combination 

with other materials gives a most comprehensive overview of the sate-

of-art throughout the world on this subject. A state-of-the-art survey 

of composite steel-concrete construction is presented in Ref. (13). It 

contains a section on deck-reinforced slabs and a good brief presenta-

tion of the subject. 

Chapter 3 of the book published in the U.K. by R. P. Johnson (29) 

contains the subject of cold-formed steel structure and designing of 

the form-reinforced composite slab. In the United states a book was 

published in 1973 (60), chapter 11 of which introduces composite design 

as it relates to deck-reinforced slab systems. Only an overview of the 

subject matter is presented. In 1988 a book was published edited by 

R. Narayanan (41) which contains a substantial amount of work on the 

composite slab. 

Design criteria undertaken by the manufacturers 

The current state of the development of steel-deck-reinforced concrete 

slabs is the result of a somewhat independent effort by the individual 

steel deck producers. Each of them, employing sound engineering design 

principles, developed his product by extensive independent research so 

that the approving building code agency would grant acceptance of the 

particular steel-deck system. At present, a number of composite steel 

decks are commercially available and are trade-marked such as "Holo-

deck", "Holorib", "PMF" etc. in the U.K. and "Hi-bond", "Cofar", "Q-

lock", "Grip-deck" and others in U.S.A. Each manufacturer has prepared 

unpublished reports concerning the strength and behaviour of his parti-

cular product. These proprietary research reports indicate that, based 

on experimental beam tests, a shear type of failure tends to be more 

predominant than one of flexure. Resulting from research and based on 

working stress principles, each deck producer has published a catalogue 

pertaining to the design of his product. In general, these catalogues 

give permissible superimposed loads, shoring requirements, deflection 

limitations, amount of shrinkage reinforcement and other design 

criteria i»ivesh'gafe><J by the ma«ufac^u»'ers. 
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1-3-2 Review of development of present design procedures 

A state-of-the-art review concerning steel-deck-reinforced concrete 

floor systems (spanning parallel to the deck corrugations) was 

presented by Ekberg and Schuster (18) in 1968. Particular emphasis was 

placed on how composite action between steel deck and concrete, as well 

as between slab and supporting members, can be and is achieved. 

The design principles for steel-deck-reinforced concrete slab systems 

were then primarily based on conventional reinforced concrete-working 

stress methods (4). In general permissible stress values for concrete 

and steel are obtained from Ref. (4); however, permissible shear or 

bond values were based on test results, as conducted by the deck 

manufacturer. The floor slabs are now designed on ultimate limit state 

concrete principles. The sectional properties pertaining to the steel 

deck alone are calculated in accordance with commonly accepted 

procedures (3). 

Flexural stress calculation of steel-deck-reinforced concrete systems 

were generally based on the following assumptions, accompanied by the 

usual formulae: 

a) Planes remain plane. 

b) Tensile strength of the concrete is neglected below the neutral 

axis. 

c) Composite flexural constants are calculated based on a cracked 

section theory. 

fg = M/Sy and f^ = M/S^ 

where 

fg = the stress in the bottom fibre of the steel form 

~ stress in the top fibre of the concrete slab 

M = the applied bending moment 

^b section modulus of the transformed section, bottom fibre 

of the steel deck 

- 1 0 -
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- the section modulus of the transformed section, top fibre of 

concrete 

The determination of shear transfer stresses could best be illustrated 

by considering, separately, steel deck of CATEGORY I and II (mentioned 

in section 1.2.2). For decks of CATEGORY I, there were two different 

cases to consider, however, which were denoted as CATEGORY 1(a) and 

CATEGORY 1(b) depending on the position of indentations on the sheets. 

CATEGORY 1(a) was the case where the light gage section had embossments 

which were primarily on a horizontal surface at one discrete interface. 

In this case, the design was based on the relationship (33) 

tj = VQ/I 

where 

I = the moment of inertia of transformed section. 

0 = the statical moment 

t^ = the shear transfer force, per unit length at a level of 

horizontal interface 

V = the total shear force 

In case of forms of CATEGORY 1(b), where embossments were arranged on 

inclined surfaces, the following bond relationship was used (26) 

u = V/E^jd 

where 

d = distance from top of concrete slab and to centroid of steel 

deck 

j = ratio which defines arm of resisting couple 

u = the average unit bond stress on contact surface between steel 

and concrete. 

^o ^ contact surface per unit length 

For the forms of CATEGORY II, a relationship for the spacing of the 

welded transverse wires was found from formula 

11-
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V = V/bjd 

where 

b = width of slab under consideration 

V = the horizontal shearing unit stress in the slab between the 

neutral axis and the level of the steel 

Modifying the equation based on the area of slab (s x g') (Fig. 1.6), 

results in a relationship for the maximum weld shear per weld, namely 

iff' (24) 

where 

g = transverse width of the repeating section assuming one within 

each section. 

s = spacing of transverse wires 

W'= maximum calculated weld shear per wire weld 

In this case, permissible weld shear values, on a per-weld basis, were 

given as a measure of the shear capacity. 

1.3.2.1 Comparison of Different Design Techniques 

Resevsky (47) in 1971 reviewed and compared the design techniques 

available and used in 1960s in the U.S.A., the U.K., Australia and 

Europe. These are explained below. 

a) Design Methods Used in U.S.A.. U.K. and Parts of Europe 

In these countries it was considered that composite construction 

was based on conventional reinforced concrete design assuming 

fully cracked cross section, generally to ACI "Building Code 

Requirements for Reinforced Concrete". 

- 1 2 -
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The main variation from reinforced concrete design was the bond 

action with concrete on one side of reinforcement only, and this 

aspect has been the subject of considerable testing and research 

work. For design purposes, bond was assumed to occur around the 

periphery of the ribs only and was limited to 60 psi (0.42 N/mm^) 

for 20 gauge and thicker material, and 40 psi (0.28 N/mm^) for 22 

gauge material. 

In the U.K. for profile sheets without indentation, an allow-

able (i.e., working load) bond stress of 0.05 N/mm^ (7 psi) was 

been proposed, calculated on the whole area of contact, unless 

tests have shown that a higher value can be used (29). 

b) Method Used in Australia (Fig. 1.8) 

Australian design practice closely follows the method used in 

U.S.A., U.K. and Parts of Europe. It aims to conform to 

AS CA2-1963 "Concrete in Building", and is more conservative than 

U.S. practice. 

Calculation of cross section properties took the stiffness and 

bending strength of the tension reinforcement ppoyjded * into^'i^n^-^'^^^' 

deration, thus slightly lowering concrete compressive stress and 

raising steel tension stress. 

Bond stress was assumed to occur at the periphery of the rib only, 

and was conservatively limited to be 40 psi (0.28 N/mm^) irrespec-

tive of material thickness. 

c) Method Used in Switzerland (Fig. 1.9) 

This method treated the composite slab as a completely uncracked 

and fully effective section where all bending stresses were 

carried by the concrete. The contribution of the steel profile to 

the whole section was very small and hence bond stress, calculated 
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as unit shear stress between concrete and steel deck, was very 

small and rarely affected the design. 

This was compatible with plain concrete slabs when designed within 

limits of tension cracking, but was quite conservative when 

compared with other reinforced concrete design or composite slab 

design on a similar basis. 

Resevsky concluded in his review of 1960's design methods that the 

allowable stress design assuming a fully cracked section similar to 

standard reinforced concrete theory, met code requirements and was most 

widely used. It was practical to apply and allowed the prediction of 

performance which conservatively agreed with measured field and test 

values. 

1-3-3 Ultimate strength of steel-deck-reinforced concrete systems 

failing in shear-bond 

In 1970, Schuster (50) outlined and stated the basis for an ultimate 

strength approach in designing one-way steel-deck-reinforced slab 

systems. A semirational ultimate strength concept was developed for 

systems failing in a shear-bond type of mode, which was the case for 

most steel deck systems. 

In 1972, Schuster (51) focused primarily on the development of a 

concept relating to the ultimate strength of steel-deck-reinforced 

concrete systems failing in shear-bond. The task was divided into 

a) a laboratory test program and 

b) an analytical ultimate strength analysis. 

Initial testing indicated that a shear type of failure would be the 

most predominant mode of failure in most steel-deck-reinforced systems. 

Based on this observation, beam testing was focused primarily on the 

nature of shear transfer between the steel deck and concrete. 

14-
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He concluded from experiment and analytical analysis that shear-bond 

may be classed as a brittle type of failure and is characterised by the 

formation of an approximately diagonal crack, resulting in end-slip and 

loss of bond between the steel deck and concrete. The ultimate 

shear-bond capacity of steel-deck-reinforced systems is a function of 

the compressive strength of concrete, the depth and width of slab, the 

thickness of steel deck, the shear span and two constants to be 

evaluated from experimental test data. A correlation between 

experimental and calculated shear-bond stresses existed. 

He suggested the equation for shear-bond stress for equally spaced 

embossments as 

V , 
bd - L' + (1.1a) 

and for variable spacing of the shear device as 

'uc 1 ^ 1 

bd~ - J I - [ 7 — + V J (l.lb) 

where 

d = distance from the extreme compression fibre to the centroid 

of the steel deck at failure section. 

f'^ = concrete compressive strength 

L' = shear span, distance from the reaction to the load point 

^r' '"r regression constants determined from plotting the experi-

mental results (Fig. 1.10). These coefficients replace the 

coefficients k and m respectively, which appear in the 

reference. 

p = percentage of steel 

s = spacing for mechanical shear transferring device which 

varies from one profile to another. 

= ultimate shear capacity \ c 
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Since and are functions of the experimental results, he noted 

that the shear-capacity of one-way steel-deck-reinforced slab elements 

should be determined from a series of tests. In calculating k and m 
r r 

values he recommended reduced regression line of 15% (in the Y-axis) 

unless 8 or more test are used in the regression analysis in which case 

a reduction of only 10% was recommended. 

Porter and Ekberg (45) studied in 1976 the case of one-way deck slabs, 

subjected to two concentrated line loads . They studied the results of 

353 specimens previously tested to determine strength properties 

(42, 44). They reported from the study that there are three possible 

types of failure which are of primary importance for design: 

1) shear bond, 

2) flexure of an over-reinforced section, 

3) flexure of an under-reinforced section. 

The primary test variables were deck manufacturer and type, shear span 

length L', type and compressive strength of concrete f'^, dead load, 

ultimate load, type of load application, type of failure mode, specimen 

dimensions, spacing of shear transferring devices, s. These tests 

indicated that the shear-bond mode of failure is the one most likely to 

occur in most steel deck slabs. 

Porter and Ekberg (45) then took these results and used linear 

regression to derive design equations for calculating the maximum shear 

capacity and the ultimate moment for over- and under-reinforced 

sections. The equation for the shear-bond capacity per foot width of 

slab suggested by them is given below: 

i) for concentrated line load 

(1.2a) 
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ii) for uniformly distributed load 

(1.2b) 

where 

d = distance from the extreme compression fibre to the centroid 

of the sheet deck at the failure section in inches. 

L = span length in feet 

= weight of slab in lb/ft^ 

- coefficient to account for the amount of end shear carried by 

the composite section after removal of any shore, = 0.625 

for simply supported slab element, = 1.0 for one conti-

nuously supported and = 0.0 for no shore support. 

<l> = reduction factor, recommended to be 0.8, since shear-bond 

failure occurs suddenly without ample warning of impending 

failure. 

Porter and Ekberg also recommended that deflection limitation for 

composite steel deck slab systems should follow current practice as 

provided in the ACI building code, taking the effective composite 

moment of inertia for deflections as a simple average of the composite 

moments of inertia of the cracked and uncracked sections. 

The Equations 1.2a and 1.2b given by Porter and Ekberg has the same 

form as the ACI equation for computing the ultimate shear capacity of 

reinforced concrete members without web reinforcement (10). These 

equations were obtained by replacing the two constants (1.9 and 2500) 

of the ACI shear equation with the coefficients and k respec-

tively (54). The same equation has been used in BS 5950: part 4 (3). In 

this case the coefficients are calculated not only by applying the 

static load, but also after the application of a dynamic load, the 

total explanation of which are stated in that code of practice. 
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In 1968 Zsutty (61) developed an equation for the ultimate shear-bond 

capacity utilising dimensional analysis. The suggested equation is as 

r Pdfc 11/3 

[ — J 
!uc 
bd - "r L I + (1.3) 

The symbols bear the same meaning as in the previous two cases. The 

exponent of one third was determined by statistical analysis of shear 

failures in reinforced concrete beams. 

In 1980 Schuster and Ling (52) introduced a shear-bond equation based 

on results of experimental evidence showing early end-slip prior to 

ultimate load. They suggested that the shear-bond mode of failure is 

considered to be the result of the breakdown of the mechanical 

interlocking capacity between the steel and concrete of the composite 

slab. The equation they suggested is of the form of 

! h c ! £ , 
bd - L' + (1.4) 

The coefficients m^ and k^ appearing in this equation replace the 

coefficients and F, respectively, which appear in the reference. 

This approach is different from the ultimate shear-bond expressions for 

the first two cases given by Equations 1.1 and 1.2, which are based on 

the assumption that the failure crack is caused by the excessive 

principal tension stresses in concrete. Curve 2 of the typical 

load-deflection curve in Fig. 1.11 and Fig. 1.12 are used to describe 

the interlocking (shear-bond) behavioural characteristics of composite 

slabs exhibiting early end-slip during loading. 

The equation does not contain a concrete compressive strength term nor 

the percent of steel parameters which the first two shear-bond 

expressions contain. They concluded that the concrete compressive 

strength and percent of steel parameters do not have an apparent effect 

on ultimate shear-bond load carrying capacity. 
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Seleim (53) in 1979 modified the previous equations for ultimate 

shear-bond capacity of the composite slab and developed a shear-bond 

equation which requires the least possible number of experiments while 

maintaining the accepted level of accuracy of ±15%. 

He concluded, depending on the failure mechanism described in Ref. 

(53), that the ultimate shear-bond capacity of composite slabs is due 

to the combined bending and shear resistances. He suggested the 

equation for ultimate shear-bond capacity as given below: 

\ c ^1^ kg 
bd" = -[7^ + rr + kgt + (1.5) 

where k^, k^, kg, k^ are unknown coefficients to be determined from 

laboratory performance tests for each product type. 

The Equation 1.5 implies that the shear-bond capacity is independent of 

concrete compressive strength and percentage of steel area, like 

Equation 1.4 suggested by Schuster and Ling. However it does imply 

dependence on the thickness of the sheeting. 

Evaluation and comparison of shear-bond equations 

Porter et al. (46) in 1976 analysed the shear-bond mode of failure to 

show the development and evaluation of a design equation for predicting 

the one-way spanning capacity of steel-deck-reinforced slab elements. 

They chose three equations for presentation and comparison. These 

equations were 

bd - L' + (1.1) 

bd - L' + (1.2) 
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= m 
r Pdf' 11/3 

[ — J + k r bd - r L L' J + (1.3) 

All the equations contained the same basic parameters: f , p, s, b, d 

and L'. 

Equations 1.1 and 1.2 are based on the hypothesis that failure was 

initiated by the diagonal tension cracking. Derivation of Equation 1.1 

was given by Schuster (51). Equation 1.2 was the shear equation used in 

the ACI code (10) and also given by Porter and Ekberg (42). 

Equation 1.3 was developed by Zsutty (61) utilising dimensional 

analysis. 

Porter et al. in 1976 (46) analysed 353 test results by using these 

three equations to get the average percent error, correlation 

coefficient. By comparing these quantities the validity of each 

equation was evaluated. Each of the test specimen had a total of 29 

associated variables. They grouped the specimens depending on gauge 

thickness of steel deck, shoring condition, deck type, load type, and 

surface condition. Only results of shear-bond failures were used. They 

used a computer program to calculate the coefficients m and k of the 

equations by regression analysis for each group of results. 

By comparing the average percent error for all three cases, depending 

on the different combination of deck thickness and shoring condition, 

they found that Equation 1.2 gave the best values for all cases, 

especially where only one thickness and one shoring condition were 

used. The other equations also gave pretty close values to those 

obtained by Equation 1.2. Correlation coefficients ranged between 0.9 

and 0.95 and gave slightly better results for Equation 1.1. Percentage 

errors were felt by them to give a more significant basis for equation 

selection than correlation coefficients. Hence they recommended 

Equation 1.2 for design which had the additional advantage of 

familiarity to the design profession. 
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When all the thicknesses and all shoring conditions were considered 

together, all the equations gave worse results. There was as high as 

12.5% average percentage error, 5.1% higher than those which were 

obtained using a single thickness. Hence all these equations fail 

adequately to cater for varying deck thickness. 

In 1982 Seleim and Schuster (54) compared four shear bond equations 

which are given below 

bd - L' + (1.1) 

m^pd 

bd - L' + (1.2) 

\ c \ 
bd - L' + \ (1.4) 

^uc ^1^ ^2 

bd~ " 1 7 + i7 + (1.5) 

As explained before Equations 1.1 and 1.2 are based on the hypothesis 

that failure is initiated by diagonal tension cracking, since early 

experiments showed no end-slip prior to ultimate load. They contain the 

same parameters but in different arrangement. The investigation showed 

no appreciable difference between Equations 1.1 and 1.2. 

Equation 1.4 developed by Ling (36) was based on the results of 

experimental evidence showing early end-slip prior to ultimate load. 

The main difference between Equation 1.4 and the others is that it does 

not contain the concrete compressive strength and the percent of steel 

term. Seleim (53) showed that there is no noteworthy differences 

between the results obtained by using any of Equation 1.1, 1,2 or 1.4 

indicating that the two terms (f'^ and p) have no significant effect on 

the ultimate shear-bond capacity. This has also been concluded by 

Shuster and Ling (52). 
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Considering all the factors stated above Seleim (53) suggested the use 

of Equation 1.5 which is based on the fact that the shear-bond capacity 

of composite slabs is due to the combined bending and shear resistance. 

The failure mechanism he considered is explained in Ref. (54). 

In order to evaluate and compare the shear-bond equations presented 

here, Seleim and Schuster (54) collected experimental data of 196 one-

way spanning composite slabs failing in shear bond. The data comprised 

nine different groups for four different profile manufacturers. Each 

group of the data had the following characteristics in common: 

a) manufacturer's product type, 

b) coating condition, 

c) unit weight of concrete, 

d) steel deck, width. 

Differences in shoring conditions were not considered, as it was found 

earlier (50, 36) that the shoring conditions have no adverse effect on 

the ultimate shear-bond capacity. 

The coefficients m^ and must be evaluated for each product type and 

^sck thickness separately using a linear regression analysis. The 

coefficients through k^ were evaluated for each product type only 

regardless of the variation of steel deck thicknesses, by using 

multi-linear regression analysis. 

To determine which equation resulted in the greatest accuracy with the 

least possible number of experimental data, they studied the four 

equations as follows. They determined the coefficients of each equation 

using a number of specified data. The values of the coefficients were 

then substituted in the corresponding equation in order to compute the 

ultimate shear-bond capacity for each experiment. Then, different 

statistical measures such as the sum of square deviations, the correla-

tion coefficient, percent error etc. were computed to compare the 

computed with the experimental ultimate shear-bond capacity for each 

experiment and for each equation. 
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In step one they found that for the same thickness of each product 

type, all the equations gave good correlation coefficients which were 

close to unity. The plot of experimental versus computed ultimate-bond 

capacities confirmed the similarities between the equations within a 

scatter band of +15%. In the second step where they evaluated the 

coefficients considering all the sheet thickness of each type of 

product, Equations 1.1 and 1.2 gave the correlation coefficient more 

than 10% lower than the previous case, but Equation 1.5 gave exactly 

the same value as the step one. Other statistical measures had also the 

same effect. In third step they only used Equation 1.5 to find out its 

accuracy. They found that for each product type having two or more 

steel deck thicknesses, only two data points are required from each 

steel deck thickness. 

Hence it was concluded that using the Equation 1.5 a total of eight 

suitable laboratory performances are required for each manufacturer's 

product type having four different deck thickness. This total number of 

experiments is about one quarter of the number suggested by Porter, 

Ekberg, Schuster because they recommended eight experiments for each 

thickness to achieve the level of accuracy of +15%. 

From above two comparisons of the existing shear-bond capacity, it is 

clear that the shear transferring device has great effect on the 

equations. Because the constants appearing in each equation mainly 

depended on the interlock and the friction between concrete and steel 

deck, which could be improved by improving the shear transferring 

device, i.e. the characteristics of embossments or indentations. 

1-3.5 Factors Affecting Shear-bond of Steel Decking 

Most of the composite slabs tested by earlier researchers failed by 

shear bond failure. Hence the better the shear bond, the higher the 

load carrying capacity of the slab. The following sections describe the 

factors which have effects on the shear-bond capacity of the composite 

slab i.e., the interaction between steel and concrete. 

-23-



CHAPTER 1 

1.3.5.1 Type of indentations 

Bridge (2) in 1977 tested three composite slabs having steel deck 

profiles as in Fig. 1.13 to establish the influence on the load 

capacity of the slab of mechanical connectors provided between the 

concrete slab and the steel deck. Unlike the profile types described 

before, the deck had the triangular shaped rib and vertical leg to get 

vertical locking of the material (see Fig. 1.13(a)). 

A plain steel deck was used in the initial test where interaction 

between the steel and the concrete depended on surface bond alone. 

Failure occurred by a breakdown in bond and subsequent slip between the 

concrete and the steel deck. This happened at a load of only 33% of 

full theoretical load capacity assuming complete interaction between 

concrete and the steel. 

A similar load test on an identical composite slab, except with dimple 

connectors (Fig. 1.13(b)) rolled into the steel decking, demonstrated 

that while the dimples did not provide sufficient mechanical connection 

for full theoretical load capacity to be attained, slip did not occur 

between the steel and concrete until a load of 55% of this capacity was 

achieved. 

The final load test was on another composite slab with tab connectors 

(Fig. 1.13(c)) formed into the steel decking. It was found that the 

tabs provided sufficient connection between the concrete and the steel 

for the full theoretical load capacity of the slab, assuming complete 

interaction, to be attained. 

Another interesting observation from this final test was that the tabs 

restrained the free edge of the steel deck at the edges of the slab and 

prevented it from separating from the concrete as the slab deflected. 

Such separation at the edges occurred with both the dimple and plain 

sheet decking. 
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It was concluded that the shear capacity of tabs and the mode of 

failure, whether by shearing of steel or by bending of the tabs, needs 

to be established by further testing so that suitable spacing of the 

tabs can be determined to cover the range of possible shear condition. 

Although the tabs gave the 100% interaction between the steel and 

concrete, it is very difficult to manufacture the deck with the tabs on 

commercially. This type of profile is susceptible to the shear of 

decking and the buckling of the leg of the rib may cause problem in 

actual service conditions. 

1-3.5-2 Effect of the Rib of a Profile 

Resvesky (47) compared the performance of various rib profiles. He 

found that the solid, wedge-shaped rib profile showed considerably 

better performance than similar lapped wedge or inverted "L" shapes. 

This indicated that the rigidity of the rib affects bond and probably 

justified the use of higher allowable bond stress values used in U.S.A. 

and U.K. for thicker material gages. 

The solid trapezoidal rib showed an even earlier breakdown of composite 

action when the two materials separated. This indicated that intimate 

vertical locking of the materials is essential to fully develop and 

sustain good surface adhesion. 

1-3.5.3 Contribution of the Flat Pan (tensile flange) 

Fig. 1.14 graphically compares performance difference of composite slab 

with full bonded profile and with bond only around the ribs (47). 

Effective isolation of bond in pans was achieved by placing strip of 

"Visqueen" polythene sheet in pans before placing of concrete. 

The bond in pans contributes approximately 25% to ultimate strength. 

The contribution is disproportional to the increase in bond area and 

lever arm, and it is neglected in calculating bond stress. 
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1-3.5.4 Effect of Surface Finish 

Resevsky (47) compared the performance difference between composite 

slabs with reforms with black and with galvanised surface finishes, 

shown in Fig. 1.15. The figure showed that galvanised sheet had better 

performance than the black sheet. He concluded from the tests that bond 

is partly achieved by friction, with a considerable further improvement 

due to chemical reaction between cement paste and zinc coating of the 

form. This chemical interaction forms a dense, insoluble and adherent 

layer of calcium zincate essential to zinc concrete adhesion. 

Luttrell and Davison (38) tested galvanised, painted and bare metal 

panels. They found that the galvanised panels gave the better and most 

reliable results. Painted panels or bare metal surface did not behave 

well compared to panels with galvanised coating. Their behaviour after 

initial slip was erratic, often resulting in shear failures at low 

load. This would result in load factor requirement making them 

uneconomical for use. 

1.3.6 Push-off test 

Since the beginning of twentieth century Pull-out tests, which are 

sometimes called Push-off tests, have been used to determine the bond 

resistance of reinforcing bars. First, tests were performed on plain 

reinforcing bars and later adapted for use with deformed or embossed 

reinforcing bars. Load-slip curves for a number of diameters and 

embossment patterns are found in the literature (11,21,39) (For example 

see Fig. 1.16). In Ref. (34) the formulae describing the general form 

of the curves are stated. The most important factors determining the 

Pull-out test behaviour are the following: 

- tension cracking strength of concrete 

- concrete crushing near embossments 

- type and spacing of embossments 

- diameter of the reinforcement 
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Mains, in 1951 (37), investigated the transfer of shear force along the 

length of the reinforcing bar for Pull-out and beam tests. The results 

indicated that large differences exist between the average and local 

bond stresses. Pull-out test geometry thus influences test results and 

as a result, Siess in 1957 (55) proposed the generally adopted 

geometries and testing procedures. 

In composite beams consisting of a reinforced slab poured on top of a 

hot-rolled or built-up steel girder, Push-off specimen are used to 

determine slab-girder connection strength. These tests consist of two 

concrete blocks cast on either side of the hot-rolled steel section 

(Fig. 1.17(a)). The specimen is provided with the shear connection 

devices as in the full-scale member. 

Push-off tests have also been performed with slabs poured using 

cold-formed steel sheeting (25, 26). Connections between sheeting and 

girder are established using either conventional welded studs or shot 

fired connectors. In some cases sheeting increases the difficulty of 

welding shear connectors to the underlying girder. El-Shihy in 1986 

(19) studied different types of shear connection that could be used 

in a composite beam slab connection. In addition to the conventional 

welded studs and shot fired connectors he proposed some other shear 

connectors like Angle bracket shear connectors fixed by two shot-fired 

nails, Self-drilling, Self-tapping screws etc. which could be used 

conveniently with desirable results. 

In order to ascertain the relationship between bond capacity and 

embedment lengths for various types and gages of steel decking with 

different embossments, the Push-off tests were performed. These tests 

were done either on a full width of a sheet produced commercially or on 

a specimen of width equal to the width of rib of profile. The main 

purpose of these tests was to obtain data on shear and bonding 

characteristics of the various types of steel decks. 
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Push-off tests for composite-steel slab were first performed by 

Schuster as a part of the research which established the present ASCE 

design method (43). That research involved testing of horizontal and 

vertical types of Push-off specimens. An example of his vertical Push-

off specimens is shown in Fig. 1.17(b). The tests were carried out by 

placing a hydraulic cylinder between the two concrete blocks, and 

merely pushing the two blocks apart. The width of the specimens was the 

cover width of profiled sheeting. Later on this approach was abandoned 

in favour of full-scale one-way slab tests. The main problem of this 

type of test specimen was, due to its large size it was difficult to 

handle. The material cost and time spent to perform this typeJpush-off 

test would be almost same as the full size slab test. 

Abdel-Sayed et al. (1) in 1974 published a paper where they described a 

push-off specimen which they called Push-out test. These specimens 

consisted of two steel sheet of 0.343 m long, 0.305 m apart (outside to 

outside), with concrete between the sheets to a depth of 0.254 m. The 

width of the specimen was the full width of a sheeting. The sheets were 

welded at the top to a heavy steel plate to which a tensile load was 

applied at the centre. A reaction was developed by holding down the 

concrete. The load versus slip was recorded at 500 lb interval and the 

failure load was registered which gave the capacity of that particular 

section. One of the major problem of this set up was the welding of the 

sheeting to a heavy plate to apply the tensile force. It was always 

difficult to apply equal force on the both sheets. Although only one 

concrete block was used instead of two the blocks used by Schuster, the 

size of the specimen was still large to handle it without the help of 

lifting equipment. 

Stark in 1978 (56) used the similar type of Push-off test as Abdel-

Sayed used. The only difference between these two tests were that 

instead of applying tensile load at sheet, Stark applied compressive 

force in concrete by placing the whole specimen vertically on the 

bottom end of the sheeting (Fig. 1.17(c)). He used only one type of 

sheeting which was Dutch product "Prins-floor" indented with burls. The 
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criticism of this specimen is that buckling of the sheeting is most 

likely to occur when compressive force is applied. The size of the 

specimen is also similar in size to the other two specimens. 

Jolly and Zubair in 1987 (32) tested several Push-off specimens using 

single rib of a particular profile and different types of indentations 

pressed manually mostly on the web of the specimen. The main objective 

of this study was to improve the shear-bond of steel sheeting through 

the modification of embossment shape, size, depth and spacing. The 

details of that published paper will be discussed in this study. 

Recently Daniels (16) used a different type of Push-off test using a 

single rib of different existing profile section. Each specimen, 

consisted of two identical sheetings of one rib spacing in width placed 

back to back. These were separated by a steel attachment plate. 

Identical concrete blocks were cast opposite each sheeting. He used two 

different length of concrete blocks of 300 mm and 500 mm. Holding the 

specimen vertically by gripping the sheeting at the top, load was 

applied directly on concrete (Fig. 1.17(d)). In order to simulate the 

lateral load which might exist in a full-scale slab, a lateral load was 

also applied on the concrete from the sides. 

He used fifteen combinations of sheeting geometry and material 

thicknesses. He tried to find the relationship between initial and 

failure shearing stresses to embossment height, sheet thickness, 

strength of concrete, embedment length and the lateral load. He found 

after analysing the tests that the shear-end slip behaviour is 

characterised by three values; average shear stress at initiation of 

end slip (Tg^) representing chemical bond, ultimate shear stress (z ) 

representing maximum chemical bond or embossment resistance and final 

shear stress (T^^) corresponding to embossment resistance only. He also 

found that there is no effect of lateral load on initial bond stress 

but the final bond stress, i.e., the embossment resistance is directly 

proportional to lateral load. 
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All the Push-off tests explained before except that attempted by the 

author utilised different profile geometry with different indentation 

patterns which are available in the market. These tests were mainly 

performed to find the behaviour under shear-bond which would be present 

in an actual full-scale, one-way spanning slab. No attempt was made to 

improve the shear-bond capacity of the sheeting by improving the 

embossment pattern, their shape, size or spacing. The method suggested 

by Schuster, Abdel-Sayed and Stark used a full width of sheetingf%%n 

not be handled without the use of lifting equipment because of large 

size of the specimen. Although Daniels used a single rib of profile 

width, the test rig used was very complicated. Hence a smaller size 

with relatively easy test set up was suggested by the author in this 

study. The author has been unable to trace any published results on 

pressed indentation in same geometry of profile. 

Daniels tried to find the effect of embossment on the shear bond 

capacity of a specimen. He observed the effect of height of specimen, 

thickness of sheeting etc. of different sheets. Unfortunately it is not 

possible to predict the effect of embossments on the shear-bond 

capacity of Push-off specimen using different profile geometry. This is 

only possible if the tests were done on a profile of same geometry with 

varied thickness and indentation. 

Correlation between Push-off tests and one-way full-size slab 

tests 

Porter and Ekberg (43) attempted to correlate the test results obtained 

from Push-off tests to those for slab tests. They showed that even 

though Push-off test specimens provided different relationships for 

displacement, steel stress, bond stress and embedment length, a 

correlation of these relations and parameters to determine a direct 

computation of the shear and bond strength for flexural members did not 

result in a practical solution applicable to all deck types. Hence they 

suggested the strength of steel-deck-reinforced members should be 

calculated directly from one-way slab element testing. 
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Abdel-Sayed et al. (1) compared the bond stress obtained from Push-off 

test to those obtained from the slab tests. The bond stress from slab 

tests were calculated by using the relationship 

T = V 
y d 

where the symbols have the usual meaning. 

They found the ultimate bond stress in a Push-off bond test is 

considerably greater than the bond stress developed in a slab specimen 

at failure. They also suggested the bond stresses for design purposes 

should be determined from one way slab test. 

Stark (56) followed a different approach to analyse the slab at failure 

and to correlate the test results obtained from two sources. He 

suggested that in the shear span (the distance from exterior loading 

point to the end of slab) the shear-bond force will be developed due to 

the tensile force in steel. Fig. 1.18 shows the approach which Stark 

followed. The ultimate shear-bond force per embossment was calculated 

from the relationship 

Where 

^u ~ Shear force per embossment 

= Yield stress of steel sheeting 

n = Number of embossment in shear span. 

He found that the shear force per embossment obtained from Push-off 

tests were around 15% higher than those obtained from slab tests. He 

justified this increased value as being due to the presence of lateral 

support in the Push-off test which was absent in the slab-test 

specimen. Hence it was concluded that the approach which he had 

followed may be applied as a design method. 
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Daniels (16) compared test results at two load levels using the assumed 

shear stress distribution (Fig. 1.19) for one way slab tests and 

Push-off tests. These levels were 

— initiation of end slip (t^^) 

— ultimate shear stress after the initiation of end slip (t^^). 

He compared them by using the axes proposed by Porter and Schuster 

given by Equation 1.1, assuming the variables were constant for 

identical sheeting. Shear span, was plotted on the x-axis. On the 

y-axis, shear stress, either or was given. Push-off tests, 

independent of shear span length were presented by a straight line. The 

shear stresses in slab tests were calculated from the following 

relationships 

vs 
Before end slip: x = . where: S = A y, 

oA M 
After end slip: x = r - = — where: a = f h T wnere: a = — -

s \ l If 

where 

A^ = area of steel 

bg = un-formed width of sheeting in contact with concrete 

Ijj = second moment of area of uncracked composite section 

= second moment of area of cracked composite section 

Ly = shear span length (to centre line of support) 

^vl" shear span length (to end of slab) 

V = vertical shear force at support 

^h ~ distance between the neutral axis of uncracked composite 

section and the neutral axis of the sheeting 

y^ = distance between the neutral axis of cracked composite 

section and the neutral axis of the sheeting 
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He found from his comparison that at the initiation of end-slip, the 

Push-off test gave reasonable but upper bound estimates of slab 

capacities. On the other hand, after initiation of end-slip. Push-off 

test results gave reasonable lower bound estimates of one-way slab 

capacity. 

All the methods described above compared the Push-off test results to 

those which were obtained from one way slab tests. None has attempted 

to predict the capacity of the slab from the Push-off tests results. In 

this study an attempt was made to predict the slab capacity from the 

corresponding Push-off test results. 
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Fig. 1.2b: Additional sheeting profiles used in composite construction 
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Fig. 1.3 Typical geometric shapes of composite steel decks 
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shear transferring device 
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Fig. 1.6: Example of Category II — transverse wires used 
as shear transferring device 

Fig. 1.7: Example of Category III 
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Fig. 1.10: Regression line deduced by Porter (45) 
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Fig. 1.11: Typical load-deflection and end-slip curves (52) 
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Fig. 1.12: Assumed distribution of resisting mechanical 
interlocking and frictional stress (52) 
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Fig. 1.13 Cross-sections showing steel deck profile used by Bridge(2) 
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Fig. 1.14: Effect of flat pan on bond (47) 
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Fig. 1.15: Effect of surface finish on bond (47) 
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Fig. 1.16; Typical load-slip curves for reinforced concrete 
(slip measured at the free end of the pull-out specimen) 

—42— 



(1) width of one sheeting (400-700 mm) 
(2) one rib width (100-250 mm) 

(a) Typical push-off test 
for composite beams 

(b) SCHUSTER 

(d) DANIELS ( c ) STARK (d) DANIELS 

b),c),d) Push-off test for composite slabs 

Fig. 1.17: Push-off test geometries 
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Fig. 1.18: Stress distribution at ultimate load as assumed 
by Stark (56) 
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Fig. 1.19: Shear stress distribution assumed by Daniels (16) 
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CHAPTER 2 

ANALYSIS OF COMPOSITE SLABS TO COMPARE THE RESULTS OBTAINED 

FROM THE TECHNICAL DATA OF DIFFERENT MANUFACTURERS 

2.1 Introduction 

There are several manufacturers of the profile steel sheeting which is 

used both as a permanent formwork and at the same time positive rein-

forcement of a slab. The main companies in the U.K. are Richard Lees, 

PMF and Alpha Engineering. They provide technical information of their 

own sheeting including the profile geometry, thickness, area of cross-

section, second moment of area, load-span chart etc. This information 

is mainly used for the design purposes. 

In this chapter the parameters which are used to calculate the maximum 

span for each different loading condition and slab thickness are 

determined. They are obtained from the basic sheet geometry and the 

thickness. These parameters are then compared with the information 

given by the manufacturing companies. A computer program has been 

written to calculate the parameters and from them the load-span chart 

for any type of steel sheeting. The load-span chart of Q51 sheeting of 

Quickspan and CF46 sheeting of PMF have been used to verify the result 

obtained from the computer program. The program also shows the failure 

mechanism governing the span. Only the single-span, simply supported 

slab is considered here. 

2.2 Basic Concepts 

Two different conditions of loading are to be considered during the 

design of a composite slab. The maximum span that can be safely 

provided for a particular type of steel section and particular type of 

concrete can be determined by considering these two conditions of 

loading. These conditions are 

a) during construction (when the concrete is wet), and 

b) after construction (when the concrete has hardened). 
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a) During construction: 

The sheeting must support the weight of concrete in the slab being 

cast, excess weight from concrete placement and ponding, the weight of 

the operatives and any impact loads during construction. There are a 

variety of recommendations for this temporary construction load consi-

dered either as a uniformly distributed load or as a single line load 

transverse to the sheeting direction. In BS 5950: part 4: (3), these 

construction loads are specified as 1.5 kN/m^ or 2 kN/m (for spans up 

to 3m), respectively. The corresponding loads in the European 

Recommendations (20) are 1.0 kN/m^ or 1.5 kN/m, and in the American 

Code (57), 1.0 kN/m^ or 2.25 kN/m respectively. No composite action 

occurs during this time. Rather the steel sheeting acts as a temporary 

support of the wet concrete. So during this condition span should be 

restricted by 

i) yielding of steel due to flexure, 

ii) buckling of steel sheeting due to compression, 

iii) deflection of the sheeting, or 

iv) shear capacity of steel sheeting. 

b) After construction: 

When the concrete has hardened the total slab acts compositely, i.e., 

the concrete contributes to resist the loading. At this stage the self-

weight and imposed load are to be considered instead of construction 

loads. The steel sheeting acts as a positive reinforcement of the slab. 

Hence the limiting span should be calculated considering the following 

aspects. 

i) failure due to crushing of concrete, 

ii) failure due to yielding of steel, 

iii) failure due to loss of shear bond between steel and concrete, 

iv) failure due to shear stress, or 

v) excessive deflection of composite slab. 
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2.2.1 Loads 

a) Applied loads: 

The load should be applied in whatever realistic combination is most 

unfavourable for the effect under consideration. In the load-span chart 

the applied load has been quoted within the range 0.75 kN/m^ to 

10.0 kN/m^. 

b) Dead load: 

The dead load is generally the self weight of the concrete slab and the 

sheeting itself. Floor finishes should also be considered as dead load. 

c) Design load: 

The design loads are obtained by multiplying the applied load and the 

dead load by the appropriate value of the partial safety factor for 

load. Values of 

Table 2.1 (3). 

Y£ for strength calculations can be taken from 

Combination Type of loading 
^f 

Dead and imposed 
load 

Dead load* 

Imposed load 

Max. 1.4 
Min. 1.0 

1.6 

Table 2.1: Values of for strength calculation 

* For dead loads, the minimum factor should be used 

that counteracts the effects of other loads causing 

overturning and uplift. 
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2.2.2 Strength of Materials 

The properties of concrete and reinforcement to be used in design 

should follow the recommendation of BS 8110 (4). 

For the profiled steel sheet, the design strength p (in N/mm^) should 

be taken as 0.93 times the characteristic strength for the grade of 

steel used. In the absence of measured results the modulus of 

elasticity of profiled steel sheet should be taken as 210 kN/mm^. 

2.2.3 Evaluation of the Profile Properties 

The section properties of the profile are affected by the behaviour of 

the thin plate elements in compression. In order to calculate the area 

of cross-section contributing the second moment of area, the effective 

widths of the compression flanges and the webs should be known. 

2.2.3.1 Effective width of compression flange 

According to BS 5950: part 4: in the case of a compression flange that 

extends between the webs of adjacent troughs, the effective width is 

given by the expression 

b =828t 
es /py 

except that, where b^/t < 560//p^, the effective width is the full 

width b^ (Fig. 2.1). 

If the tensile stress in the cross-section first reaches the design 

strength p^, the corresponding compressive stress cr̂  (less than p ) 

should be substituted for p^ in that expression. This condition only 

occurs when the tensile flange is smaller than the compressive flange. 
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2.2.3.2 Effective depth of veb 

Where the dimension (Fig. 2.2) as calculated using the effective 

width bgg, is greater than 813t//py, in the calculation for the section 

moduli, the compression zone of the web should be modified and consist 

of and only as shown in Fig. 2.2. 

The portions = 332t//py and 

®e2 " 481t//py 

where ar̂  is less than p^, this value may be substituted for p in the 

above expressions. Where the webs are stiffened by means of web 

stiffeners, the web may be considered as fully effective. 

2.2.3.3 Slab thickness and aggregate size 

The total depth of the composite slab should not be less than 90 mm. 

The thickness of concrete (D^ - D) above the main flat surface of the 

top of the ribs of the sheeting should not be less than 50 mm subject 

to a cover of not less than 25 mm above any shear connection. 

The nominal size of the aggregate h^^^ depends on the smallest 

dimension in the structural element within which concrete is poured and 

should be not greater than the least of: 

a) 0.4(Dg - D) (Fig. 2.3); 

b) bĵ /3 (Fig. 2.3); 

c) 30 mm. 

2-2.4 Failure Mode Limiting Maximum Span During Construction 

During construction when the concrete is wet, the profiled sheeting 

carries the weight of the concrete and the construction load. The 

capacity of the sheeting to carry these loads during construction is 

mainly dependent on the profile depth and the thickness of sheeting 

flanges. 
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In calculating the flexural stress and shearing stress the ultimate 

load is considered. On the other hand, the working load is used for 

deflection calculations. 

2-2.4.1 Span depending on the flexural strength of sheeting 

The yielding of steel either in tension or compression can be found by 

the normal beam formula which is 

Py = "c/IwA 

where c = the furthest point from neutral axis of sheeting 

^NA ~ second moment of area of sheeting considering the effective 

area of the top flange and the web, 

M = maximum moment developed at any section of the slab, 

Py = design strength of steel sheeting 

= 0.93 f 
y 

Hence span, L 
«-y^NA 

we 

where w = {self-weight of wet concrete + self weight of the sheeting + 

construction load} x 1.4 

2.2.4.2 Span governed by the concentrated load 

To avoid local buckling of the webs for cross-sections with webs 

inclined at 6° to the horizontal, the concentrated load, and support 

reactions at intermediate supports should not exceed the local web 

capacity (in N per web) given by 

P, = 71,. /pX 1 - O.lJX] ( 1 , 0.01 [ 2. W ( l̂y] 
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where is the length of the stiff bearing which should not be taken 

as greater than lOOt 

The expression is valid for the profile shown in Fig. 2.4 and in the 

ranges 

R < lOt, 50° < e < 90°, dp/t < 170 

At the end supports and loads on the ends of cantilevers, the above 

value should be halved. 

Hence for simply supported one ^spanning slab considering the support 

reaction, L = P^/w (L = P^/2w for cantilever) 

where L = span governed by concentrated load 

w P - capacity of a web to resist the concentrated load 

2.2.4.3 Span limitation due to shearing strength of sheeting 

The shear capacity (in N) of a web composed of material of design 

strength (204 < < 300 N/mm=') is given by 

a) for d /t < 1385//p 
p - fy 

\ c lesser of 596tVp,, or 0.62 d tp 
y P y 

b) for 1 3 8 5 / / P y < d^/t < 150 

V = 958000 t V d 
we p 

Hence L = 2V /w 
wc 

where L = span limited due to the shearing strength of sheeting 

\ c " shear capacity of a web of the sheeting 
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2-2.4.4 Span limiting the deflection of profiled sheeting 

The deflection of the sheeting under its own weight plus the weight of 

wet concrete but excluding the construction load should not exceed 

a) the lesser of L/180 or D^/10 when the effect of ponding is not 

taken into account. 

b) L/130 when ponding is taken into account, i.e., the weight of 

the additional concrete in the segment formed by the deflected 

sheeting is included in the design of the floor and supporting 

structures. 

Where L is the effective span between supports. The deflection is 

calculated using working load W^, where includes the weight of the 

profiled sheet decking and wet concrete only ( i.e.y^ = 1.0). 

For simply supported span 

- « - 384EjI„^ I§ - « - 3 8 ^ 

L = 
3 

5xl80W or, L = 
w 4 

5oy, 

where should be calculated using the effective width of compression 

flange given in section 17.3 of BS 5950: part 4: 1982 (4) 

Using the minimum of these two values of L the deflection is calculated 

from the above formula. The additional weight of concrete due to the 

deflection is then considered (i.e., the effect of ponding) 

5W L* 
L/130 = S' = 
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L = 
3J 5xl30W 

wc 

where = \ + weight of concrete required to fill the additional 

volume created by the deflection S. A conservative estimate was made by 

assuming the deflection S as constant over the whole span and equal to 

the maximum central deflection, 

2-2.5 Limiting Span When The Slab Acts Compositely 

When the concrete hardens the profile sheet acts as positive reinforce-

ment and the slab acts compositely. The strength of the composite slab 

should be sufficient to withstand the design composite loads. 

2.2.5.1 Span depending on flexural failure 

As for normal reinforced concrete beam theory, the slab may fail by two 

ways depending on the relative amount of steel. These modes are 

i) crushing of concrete 

ii) yielding of steel 

i) Crushing of concrete: 

From BS 8110 the crushing of concrete occurs when K > 0.156 

where K = M/bd^f 
s cu 

where b = effective width of the section 

dg = effective depth of slab 

= concrete cube strength 

M = maximum moment developed due to composite loads. 

Hence L = 
8x0.156bd2f 

s cu 

Wu 

where W^= composite load 
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= (self-weight of concrete + self-weight of sheeting) x 1.4 

+ imposed load x 1.6 

ii) Yielding of steel: 

The maximum moment that the section can carry without yielding of the 

steel can be calculated from the following relationship, as given in 

BS 8110 :part 1: 1985 (4), 

M 0.93A f d 
p y s 

0.5 + 0.25 
M 

0.9bd2f 
s cu 

Solving for M we get 

M = 0.93A f d 
p y s 

0.93A f 
p y 

0.9bd:f 
s cu 

W Lz 
u 

L = 
0.93x8A f d 

P y s 
r 0.93A f 
1 p y 

0.9bd2f 
I s cu 

2.2.5.2 Span depending on longitudinal slip between steel and concrete 

The shear-bond capacity (in N) of any cross-section should be 

determined from the following 

Vg = • bd 
f m A 

where = shear span, the distance from the support to a point within 

span of the slab where a transverse crack in concrete is deemed to 

occur. (This is normally taken as L/4 for slabs carrying uniformly 

distributed load). 

^v' ^s in mm and total area of steel in mm^ 
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and are the factors determined from a British Standard test for 

the particular profiled sheet. 

The shear-bond capacity of the slab is the reaction at the support. 

Considering the shear span is a quarter of total span the following 

expression could be used to calculate the maximum span that could be 

provided under shear-bond failure. 

*bd 
L = 

w 
u 

2-2.5.3 Span governed by the vertical shear failure of the composite 

slab 

The vertical shear capacity, of a composite slab over a width equal 

to the distance between centres of profiles should be determined from 

one of the following 

i) for an open trough profile sheet 

"v • badgVp 

ii) for a re-entrant trough profiled sheet 

where from Fig. 2.3, b^ is the mean width of the trough of the open 

trough profile and by minimum width of a trough of a re-entrant 

profile. 

v^ should be obtained from Table 3.9 of BS 8110: part 1 

0.79 

or from v = 
c 

r looA 1 p 1/3 r 400 ] 1/4 -

J 
m 
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in which lOOAp/bd^ should not be taken as greater than 3.0, nor 400/d 

as less than 1.0. 

Hence V = w L/2 = bd v 
V u s c 

i.e., L = 2bd v /w 
s o u 

2-2.5.4 Span limitation due to deflection of the composite slab 

The deflection of the composite slab due to imposed load should not 

normally exceed L/350 or 20 mm, whichever is the lesser 

Hence for the simply supported span 

5 = L 
350 " 384ELI 

t s 

So L = 
3 

r 384E,I 
f s 

350 X 5W 
w ; 

where = working load excluding the weight of the composite slab 

(Yf = 1.0) 

and Ig = average of second moment of area for the cracked section and 

uncracked section of the composite slab in steel unit. 

2-3 Description of Computer Program 

A computer program was written to calculate the maximum span that could 

be carried by a slab under each particular load intensity. The mode of 

failure governing that span is also included by the program. There are 

two parts of the program. 
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The first part calculates the sectional properties of the sheeting from 

the geometry of the profile and sheet thickness. Two sets of sectional 

properties were required to determine the limiting span of slab. The 

first set was based on the effective length of the top flange and of 

the webs when there is potential loss of stress due to compression 

buckling during the construction stage. The second set was based on the 

total length of the section considered effective when tension develops 

throughout the steel profile because the slab acts compositely. 

The second part of the program calculates the maximum span using the 

sectional properties of the sheeting obtained from the first part of 

the program. The most onerous of all potential failure mechanisms was 

used to obtain each limiting span. Ultimately a load-span chart for a 

particular profile, thickness, and concrete density was produced for 

different slab depths. The charts also show the failure mechanism which 

governed the maximum span of the slab. 

The results obtained from the program were compared with the technical 

data given by PMF for their CF46 and Quickspan Limited^their Q51 

profile. Two main types of profiles viz., re-entrant and trapezoidal 

sections were used to verify their results which are given by the 

manufacturers. The listing of the program is given in Appendix I. 

2.3.1 Input required 

The input data required for the 1st part of the program consists of top 

and bottom width of the flange, bottom opening, depth of the section, 

thickness of sheeting, horizontal projection of sloping member and the 

design strength of steel. 

The second part of the program needs the type of sheeting (whether 

trapezoidal or re-entrant), area of sheeting, weight of sheeting, 

density of concrete, concrete cube strength, modular ratio, the value 

of coefficients m^ and k^ and position of neutral axis as a input data. 
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The variable data are the imposed loading and the depth of the slab. 

The detail of the input required is also given in Appendix I. 

2.4 Results 

Two types of sheeting were used in this chapter to determine the 

governing failure mechanism and to compare their sectional properties 

and load-span chart with the manufacturers' published data. For both 

the CF46 profile and the Q51 two different nominal sheet thicknesses of 

0.9 mm and 1.2 mm were studied. These were the thicknesses supplied by 

the manufacturer in their technical information pack. Both normal- and 

light-weight concrete, of density 2400 kg/m^ and 1900 kg/m^ respective-

ly, were used with both the CF46 and the Q51 profiles. 

2.4.1 PMF Sheeting - CF46 

The typical cross-section of the CF46 is shown in Fig. 2.5. Two major 

comparisons were made. These were between the calculated and published 

values for 

i) the sectional properties, and 

ii) the load-span chart. 

Different charts were produced for each sheet thickness and concrete 

type by utilising the two different sectional properties obtained from 

the following sources. 

a) Published values — using the sectional properties quoted by 

PMF (58). 

b) Calculated values — using the sectional properties calculated 

using the first part of the computer 

program. 
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2.4.1.1 Sectional properties 

Table 2.2 shows the sectional properties of CF46 for two different 

sheet thicknesses. The calculated values shows two sets of sectional 

properties. One is based on the effective top flange and web dimensions 

of the sheeting, and the other one is based on total length of the 

sheeting across its section. 

Thick-
ness 

mm 

Types of 
values 

Area of 
x-section 
cm^/m 

Second 
moment 
of^area 
cm /m 

Wt. of 
sheeting 
kN/mZ 

Distance 
of N.A. 
from top 

0.9 
Published value 
Calculated value 

Effective 
Total 

10.80 

9.52 
10.63 

41.50 

32.35 
40.89 

0.083 

0.086 
0.086 

26.14* 

29.21 
26.14 

Published value 14.59 53.00 0.112 26.14* 

1.2 Calculated value 
Effective 

Total 
13.35 
14.34 

47.95 
55.16 

0.114 
0.114 

28.06 
26.14 

' ' yjLL L..C uj. j-xange ana v 
fully effective 

Table 2.2; Sectional properties of CF46 sheeting obtained from 

different means of calculation. 

2.4.1.2 Load-span Charts 

Several charts were produced showing the maximum span that could be 

provided for different imposed loads ranged between 0.75 kN/m^ and 

10 kN/mS and for slab depths ranging from 96 mm to 160 mm. Only simply 

supported slabs were considered here. Normal weight concrete of density 

2400 kg/m3 and light-weight concrete of density 1900 kg/m^ were used 

for conformity with the published tables. The values of m^ and k^ used 
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were 87.0 and 0.04 respectively. These values were obtained from 

representative slab tests performed in Southampton University (30). The 

value used for the concrete cube strength was 25 N/mm^, the yield 

strength of steel was taken as 280 N/mm^, the modulus of elasticity of 

steel as 210 kN/mm^, and the modular ratio as 15. 

Charts using the normal weight concrete have been presented in 

Tables 2.3b to 2.4c and those obtained by using light-weight concrete 

have been given in Appendix I. 

a) 0.9 mm Sheet Thickness 

The spans quoted by PMF for each slab depth are the same up to 10 kN/m^ 

imposed load as is shown in Table 2.3a. The values decrease with the 

increase of slab depth, and the rate of change of span decreases with 

the increase of slab depth. 

The spans obtained from the program using the sectional properties 

given by PMF (Table 2.3b) were slightly larger than those in 

Table 2.3a, and the variation was similar except under the loads of 9 

and 10 kN/mZ and at slab depths of 96 and 100 mm. Here the predicted 

spans were lower than the published values. The failure mechanism for 

these four cases was shear bond failure between steel and concrete. In 

all other cases, the failures were predicted to be by the flexural 

failure of the sheeting. 

The spans in Table 2.3c were obtained by using the sectional properties 

calculated from the quoted dimensions. Results were around 14.5% lower 

than those given in Table 2.3a and the spans were constant for each 

particular slab depth. The failure mechanism for all conditions within 

the range of this chart was flexural failure of the sheeting. 

b) 1.2 mm Sheet Thickness 

In this case the permissible spans suggested by PMF were constant for a 

particular slab depth except for slab depths of 96 and 100 mm under the 
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imposed load of 10 kN/m^. This is shown in Table 2.4a. Due to the 

increase in sheet thickness by 33% the span has increased only by 8.5%, 

except at 96 and 100 mm slab depths under 10 kN/m^ where the increment 

is even less at only 1.5%. 

By using the same sectional properties quoted in the manufacturer's 

information (58), the spans obtained from the computer program were 6% 

higher than the quoted values. The reduction in span started earlier at 

an imposed load of 8 kN/m^ for slab depths 96 and 100 mm, as shown in 

Table 2.4b. The failure mechanism was flexural failure of the sheeting, 

except for the lower values of spans mentioned, for which excessive 

deflection of the slab and shear bond failure were the causes of 

failure. 

Table 2.4c gives the chart obtained by using the sectional properties 

calculated by the computer program itself. This shows that the span is 

2.5% lower than the values quoted by PMF and the reduction of span 

starts at 9 kN/m^ for 96 mm slab depth and at 10 kN/m^ for 100 mm slab 

depth. Each failure mechanism was the same as in the previous case. 

Similar variations of spans were observed with lightweight concrete as 

with normal weight concrete. This can be seen in Tables I.la to I.2c in 

Appendix I. The concrete strength was assumed to be same for both 

normal- and light-weight concrete. Hence permissible spans were larger 

in general using lightweight concrete than those using normal weight 

concrete, due to lower dead load of slab. 

The most noticeable difference was that the reduction in span due to 

shear bond failure or excessive deflection started under lower load 

than those with normal weight concrete. Hence these mechanisms affected 

a larger part of the charts for lightweight concrete than for normal 

weight concrete. 
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CHAPTER 2 

2.4.2 Quikspan sheeting - Q51 

The typical cross section of Qui kspan 051 is shown in Fig. 2.6. The 

Q51 is a re-entrant section. Two major items were again compared with 

those quoted by the manufacturer. These were 

i) sectional properties 

ii) Load-span charts 

Two nominal sheet thicknesses 0.9 mm and 1.2 mm were used. Both normal-

and light-weight concrete of density 2400 kg/m^ and 1900 kg/m^ were 

considered. 

2.4.2.1 Sectional Properties 

Two sets of sectional properties were considered for comparison. One 

was quoted by Oui kspan (59) and the other was calculated by the 

computer program based on the dimensions of the section. The design 

thickness for 0.9 mm sheet thickness was 0.79 mm and that of 1.2 mm 

sheet thickness was 1.16 mm considering the rolling tolerance and the 

thickness of zinc coating. The sectional properties of both thickness 

are shown in Table 2.5. 

Thick-
ness 

mm 

Types of 
values 

Area of 
x-section 
cm^/m 

Second 
moment 
of^area 
cm /m 

Wt. of 
sheeting 
kN/m* 

Distance 
of N.A. 
from top 

Published value 14.39 53.66 0.128 35.24 

0.9 Calculated value 
Effective 

Total 
14.39 
14.91 

54.98 
61.35 

0.128 
0.128 

35.53 
34.28 

Published value 21.80 85.55 0.182 34.05 

1.2 calculated value 
Effective 

Total 
21.80 
21.90 

88.94 
90.10 

0.182 
0.182 

34.43 
34.28 

means of calculation 
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CHAPTER 2 

2.4.2.2 Load-Span Charts 

Three tables for each sheet thickness have been presented here to show 

the permissible span under different loading and various slab depths, 

and the governing failure mechanisms. One of the values supplied by 

Qui kspan, and other two are calculated by the program using the 

different sectional properties mentioned earlier. The tables presented 

are those obtained using normal weight concrete. The comparable tables 

using lightweight concrete have been given in Appendix I. Only simply 

supported spans were considered. The supplementary data which were used 

to determine the tables were those supplied by the manufacturer. These 

were: the concrete cube strength of 25 N/mmS modular ratio as 15, 

yield strength of steel as 320 N/mm^, modulus of elasticity as 210 

kN/mm^, m^ and k^ as 127.87 and 0.007626 respectively. The m and k 

values were obtained from the shear-bond tests performed in Southampton 

University (31). The slab depths used ranged from 100 to 200 mm and 

imposed loading from 0.75 to 10.0 kN/m^. 

Two sets of sectional properties were needed for calculation of span 

and the governing failure mechanism. When the concrete is fresh, all 

the sectional properties should be calculated on the basis of the 

effective top flange and web. When the concrete has hardened and the 

slab acts compositely, the sectional properties should be calculated on 

the basis of the total top flange width and the total length of the 

web. In the information supplied by the manufacturer, only one value of 

sectional properties was mentioned. Hence the same quoted sectional 

properties were considered effective during the calculation of the 

load-span chart for both statesof concrete. 

a) 0.9 mm Sheet Thickness 

Table 2.6a shows the load-span chart given by Qui kspan and Table 2.6b 

shows the same obtained by using the sectional properties given by 

Qu'ikspan for the 0.9 mm sheet thickness. Both charts were identical 

because the same sectional properties were used. 
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The tables show that, for each slab depth except 100 mm and 110 mm, the 

spans are same up to 10 kN/m^ imposed load. For 100 mm slab depth the 

reduction in span started under an imposed of 9 kN/m^ and for 110 mm 

slab depth a lower span was observed under 10 kN/m^ imposed load. Again 

the general trend of the chart is that the span decreases with the 

increase of slab depth and the rate of reduction decreases at the 

higher slab depths. The failure mechanism was flexural failure of the 

sheeting except for those three cases where the failure mechanism was 

shear bond failure between the steel and the concrete. 

Table 2.6c shows the spans obtained by using the calculated sectional 

properties. Exactly same pattern of variation of the span was observed 

in this table as those shown in the previous two tables. The only 

difference was that of each span was slightly longer than quoted by the 

manufacturer. The failure mechanisms were also as observed in previous 

two tables. 

b) 1.2 mm Sheet Thickness 

The chart quoted by the manufacturer and that obtained by using the 

quoted sectional properties were again identical, as shown in the 

Tables 2.7a and 2.7b. The variation of span was similar to that of 

0.9 mm sheet. Due to the increase of sheet thickness of 33% the span 

was increased on average by 27% for the constant spans and by 20% for 

the reduced spans. The failure mechanisms were again those observed for 

the 0.9 mm sheet. 

Table 2.7c shows the load-span chart that was obtained by using the 

calculated sectional properties for 1.2 mm sheet thickness. The 

variation was similar to that shown in Tables 2.7a and 2.7b. The 

difference was that the spans were increased around 3% for constant 

spans and even less for the reduced spans. The failure mechanisms were 

as shown in the quoted table. 

Tables I.3a to I.4c show the load-span charts for light weight 

concrete. Similar variations, but with longer spans, were observed. 
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CHAPTER 2 

2.5 Discussion 

One trapezoidal section, CF46 and one re-entrant section, Q51 were used 

in this chapter for comparison of their manufacturers' quoted sectional 

properties and load span charts with those predicted by the programme 

developed by the author. The programme used to calculate the span also 

gave the failure mechanism governing the span, which was not available 

from the charts supplied by the manufacturer of CF46. 

2.5.1 Sectional Properties 

Both the manufacturers supplied only one set of sectional properties 

without mentioning whether they were based on effective compressive 

flange and the web or the total area. As shown in Table 2.2 for the 

sectional properties for CF46, values based on both the effective area 

and the total cross-sectional area were much lower than the values 

quoted by the manufacturer. The total area values were close to those 

given by the manufacturer. This indicated that the manufacturers 

considered only the values of sectional properties based on the total 

area in their calculations. 

For Q51, the manufacturer only supplied the values of second moment of 

area. In this case, the quoted second moment of area was also smaller 

than the second moment of area based on either the effective or the 

total area. 

Dimensions given by the manufacturers were considered to be centre line 

dimensions of the section when calculating the sectional properties 

using the computer programme. From the manufacturers' information it 

was not clear whether the dimensions they quoted were the centre line 

dimensions or edge-to-edge dimensions. This was the probable cause of 

^iffsE'snces in the values of the sectional properties. 
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2.5.2 Load-span Chart 

From the comparisons of different charts it was observed that thicker 

slabs under lower load intensity showed flexural failure of the 

sheeting. As the flexural strength of sheeting is mainly dependent on 

the sectional properties, the span was mainly governed by their 

magnitude. The discrepancy between the sectional properties quoted by 

the manufacturers and those calculated by the programme was the main 

cause of difference in results between the quoted charts and calculated 

charts. No position of neutral axis was supplied for CF46. So the 

position was calculated considering the total area effective. The 

difference in the magnitude of sectional properties given by the 

Quickspan and the calculated values were less than that of CF46. So the 

difference in the load-span chart between the quoted values and the 

calculated values was less with Q51 than CF46. Hence the calculation of 

the load-span charts is entirely dependent on the use of appropriate 

sectional properties of the section. 

In the load-span charts of PMF sheeting quoted by the manufacturer for 

normal weight concrete there was no change of permissible span for a 

particular slab thickness, except for 96 mm and 100 mm thick slabs on 

1.2 mm thick sheet under 10 kN/m^ loading. However, the computer 

analysis showed these changes of span for both 0.9 and 1.2 mm sheet 

thicknesses and for both types of concrete. These changes were caused 

by the different failure mechanisms. Failure mechanisms for CF46 

sheeting were not quoted by the manufacturer so direct comparisons were 

not possible. 

In lightweight concrete the permissible span was larger than for normal 

weight concrete. This is because of the lower self weight of the slab 

for each particular slab depth and imposed load. The reduction of span 

for lightweight concrete started one load step before it started for 

the normal weight concrete. This transition failure mechanism was due 

to deflection of the slab exceeding the limit L/350, which was 

independent of the self weight of slab and sheet. 
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Under higher loading (around 10 kN/m^) the failure mechanism was shear-

bond failure between steel and concrete for CF46. In Q51 all the spans 

other than the constant values were governed by this mechanism. Hence 

for 051 slabs under a higher load require increased thickness for 

longer spans. This contrasts with lower loads, when the thinner slab 

would have given the longer span. 

Since the exact magnitude of m^ and k^ used by the manufacturer of CF46 

were not known, the reduced spans governed by shear-bond failure 

obtained from the computer programme were different from those quoted 

in the literature. 

2.5.3 Modes of Failure 

Of the ten potential failure modes considered, only three main modes 

determined the span for these practical ranges of slab depths and 

loadings. These were 

i) Flexural failure of the sheeting. 

ii) Excessive deflection of the slab exceeding the limit of L/350. 

iii) Shear-bond failure between steel and concrete. 

2-5.3.1 Flexural failure of sheeting 

This was the mechanism which determined the constant permissible span 

for each particular slab depth. These spans are independent of load 

intensity variations for all type of sheeting. 

Using stiffeners in the compressive area can improve the sectional 

properties by making more of the compressive area effective. This can 

increase the span governed by this failure mechanism. 
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2-5.3.2 Excessive deflection of the slab exceeding limit L/350 

This criterion is independent of the type of concrete because it is 

calculated depending on the imposed load only. The only way to avoid 

this failure is to increase the composite slab depth to give a larger 

second moment of area for the whole slab. A larger area of steel would 

also increase the second moment of area of the slab. As seen in the 

chart these failures occurred at low slab thicknesses under relatively 

high loads. 

2.5.3.3 Shear-bond failure between steel and concrete 

The span depending on this failure mechanism is dependent on the 

chemical bond and mechanical interlocking between the steel and 

concrete. These physical properties can be represented by two 

parameters m^ and k^. Improvement of these two values could 

consequently increase the span. The calculation of span is highly 

sensitive to change of the shear-bond coefficients. As seen in the 

heavily loaded side of the chart, this type of failure is specially 

likely for the shallower slabs in which the tensile steel stress is 

high. This is because the span depending on shear-bond failure 

mechanism depends on slab depth and total load. To improve the values 

of these two parameters, the mechanical interlock between sheeting and 

concrete should be improved by using a more effective embossment or 

indentation. 

2.6 Conclusion 

The following conclusions were made from the study of the programme: 

a) The safe span for a particular profile is not pfopor>liona\ jq 

changes in sheet thickness. 

b) The general failure mechanism of slab under lower imposed loads was 

flexural failure of the sheeting. This could be avoided by increasing 

the flexural strength of sheeting. Increased steel strength or greater 
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profile depth are the means of improving the flexural strength. 

c) Spans are mainly dependent on the values of m^ and k for slabs 

under higher imposed load. The values of and could be improved by 

improving the effectiveness of shear transferring devices used on the 

sheetings. 

d) Lower slab depths provides larger span for moderate loading, but 

under higher loading greater slab depth would permit a larger span. 

e) The programme may be used to calculate the permissible span under 

different imposed loadings and with different slab depths, if the 

dimension of the section of the sheeting is known. Thus it can be used 

to find the relative advantages of different profiles. The effect of 

the change of the parameters such as depth of sheeting, top flange 

width or bottom flange width etc. have not been considered in this 

chapter. These variations are the subject of the next chapter. 
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Ignored 

Fig. 2.1: Generalized cross-section of profiled steel sheet 

Ignored 

Fig. 2.2: Effective depth of web 
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a) Re-entrant profile 

b) Open trough profile 

Fig. 2.3: Sheet and slab dimensions 

Fig. 2.4: Sheet dimensions and bearing length 
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All dimensions are in mm 

Isfot to scale 
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Fig. 2.5: Cross-section of CF46 
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Fig. 2.6: Cross-section of Q51 
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CHAPTER 3 

OPTIMISATION IN DESIGNING THE PROFILED SHEETING 

3.1 General 

This chapter deals with optimising the design of profiled steel sheets 

which act as a structural member of a composite slab. In designing the 

profiled section, the criteria described in the previous chapter have 

been used to obtain the maximum span. A particular section was designed 

as an example, using the following constraints: a) manufacturing 

constraints, b) geometric constraints, c) strength and deflection. The 

section which minimised the weight of steel required to get the maximum 

possible span was then determined. 

In choosing the section, the depth of profile should be sufficient to 

sustain the load during construction, i.e., when the concrete is not 

hard. On the other hand, too deep a profiled sheet becomes uneconomic 

when the slab acts compositely, particularly when the fire regulations 

for minimum slab depths are satisfied. These two contradictory 

constraints govern the choice of the depth of the profiled sheeting. 

3-2 Parameters and constraints involved 

In designing the profiled sheeting, some parameters need to be 

specified to give geometric constraints, manufacturing constraints and 

strength criteria. A symmetric section is always preferable for ease of 

placing the sheeting during construction. Special care must be taken 

about the direction of projection of the indentation in the sheeting 

during placement. 

Either normal weight or lightweight concrete may be used. The shear-

bond strength of the lightweight concrete composite slabs may be lower 

than that of normal weight composite slabs, although tests on existing 

profiles have shown no significant difference. Performance tests should 

therefore be carried out (3). 
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To achieve a better shear-bond, indentations should be pressed on the 

sheeting. The type of indentation, its shape, size and spacing required 

to improve the shear-bond characteristics of a slab will be discussed 

in the next chapter. 

3.2.1 Manufacturing constraints 

The main constraints arise in shaping a prescribed cross-section from 

the plain sheet. The smaller the angle of bend and the smaller the 

sheet thickness, the easier it is to manufacture the profile. However, 

the minimum thickness should be 0.9 mm to reduce the risk of accidental 

damage during the construction phase. 

The height of the web is very much dependent on the web buckling 

failures due to shear, pure bending, or a combination of the two. Web 

buckling can be prevented by employing a deep central longitudinal 

stiffener (48) (see Fig. 2.1). As it is always easier to manufacture 

the section without the stiffener, the height of the web should be 

limited to avoid the use of longitudinal stiffeners tohenevep possible. 

3.2.2 Geometric constraints 

Two general type of profiled section are mostly in use in composite 

slabs. These are trapezoidal and re-entrant (explained in Chapter 1). 

The trapezoidal section has an advantage that it can be stacked econo-

mically, keeping transportation, building and shipping cost to a mini-

mum. On the other hand, although the re-entrant profile section cannot 

be stacked economically, it can be used with the hollowedge system for 

supporting suspended ceilings. Again, due to the geometry of the re-

entrant section, it effectively prevents vertical separation between 

the steel and concrete under loading. No extra device is required for 

re-entrant section to prevent the vertical separation. For a trapezoi-

dal section to match this effectiveness, special devices must be 

used (e.g. high tensile reinforcement may be welded on the top surface 

of the corrugation). Hence it is preferable, when slab integrity is 

important,to design a re-entrant profile rather a trapezoidal section. 
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The minimum gap between the edges of the profile should be kept larger 

than the maximum size of coarse aggregate used in the concrete to faci-

litate its placement. The restrictions on the inclination of the webs 

and the radius of curvature of the bends are explained in Chapter 2, 

section 2.2.4.2. 

3*2.3 Constraints due to strength and deflection 

Due consideration should be given to the effect of buckling in 

compression flanges and webs of the sheeting by using the effective 

flange widths and web heights as described below for the determination 

of section moduli. 

3.2.3.1 Effective width of the compression flange 

i) Strength calculation: 

The effective width of the flange is controlled by the stiffening 

effect of adjacent webs or edge or intermediate stiffeners. In a 

compression flange that extends between the webs of adjacent troughs, 

the effective width is given by the expression (3) 

8281 r 1 181t 1 
es ° /p.. [ 5 7 ^ J (3 1) 

\ 560 

except that where — < the effective width is the full width, b 

(Fig. 2.1). y ^ 

For simplicity, the compression flange was taken as extending between 

webs of adjacent troughs without any intermediate stiffener, and the 

width was calculated as = 560t//py. Calculating the flange width 

from this relationship, the gap between the lower edges of two adjoin-

ing webs was calculated from the inclination of the webs and depth of 

section. If it was less than 15 mm, the top flange was recalculated by 

using the bottom gap as 15 mm. The 15 mm limit on the gap at the top 

was chosen because it is larger than the maximum size of lightweight 
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aggregate which will be used here for design purposes. The effective 

compression flange was then calculated from Equation (3.1). The bottom 

flange was taken to be the width as the top flange to maintain 

symmetry. 

ii) Deflection calculation: 

The deflection under working loads should be obtained using the 

following expression for effective width of compression flange 

ed /a 
c I ' - R I 

\ 580 
except that where — < the effective width is equal to the 

c 
full width b 

w 

In the above expression, is the compressive stress developed at the 

top fibre under the working load. Hence the solution for b ^ must be 
ed 

obtained by an iteration method. 

3.2.3.2 Effective depth of veb 

i) Strength calculation: 

Where dimension (Fig. 2.2), as calculated using the effective web 

width bgg, is greater than 813t//py, the compression zone of the web 

should be modified and consist of s^^ and s^^ only, as shown in 

Fig. 2.2. The portions then used in calculations for the section 

moduli, are = 332t//py and = ASlt/Zp^. 

Where webs are stiffened by means of web stiffeners, the webs may be 

considered as fully effective, provided this has been demonstrated by 

suitable tests. In the absence of test evidence the webs were 

considered to be unstiffened, and hence the effective height of the 

webs was calculated from the above relationship. 
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ii) Deflection calculations: 

The web should be assumed to be fully effective for values of 

dp/t ^ 150. The code does not indicate what should be done if this 

condition is not fulfilled. Presumably, the value for strength 

calculations should be adopted. 

3-3 Description of the computer programme for optimisation of a steel 

section 

The basic concepts used in developing the computer programme are the 

same as those described in Chapter 2. The only difference was that this 

programme first calculated the sectional properties of the section from 

the profile depth, sheet thickness and material properties, and then 

calculated the maximum span that could be provided by that particular 

section for different slab depths and under different imposed loads. 

The listing of the programme can be found in Ref. (62). 

It was not possible to know the values of m^ and k^ for a newly 

designed profiled section without performing the shear-bond 

characteristic tests. Since other developments in this research 

programme were aimed at producing significant improvements in 

shear-bond strength, it was assumed that at this stage the slabs would 

not fail in shear-bond. 

A chart was produced showing the span varying with the angle of 

inclination of web and thickness of sheeting for a particular slab 

depth and imposed load. In the same way, several charts were produced 

with different slab depths, and under two different imposed loads (see 

Tables 3.1a to 3.2g). The results obtained were then compared, to 

choose the most economic section on the basis of span and weight of 

steel provided. 
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3.3.1 Input required 

For a particular table, the constant input parameters required were 

depth of profiled sheeting, imposed loading, concrete cube strength, 

depth of slab, density of concrete, yield strength of steel sheeting, 

modulus of elasticity of steel and the modular ratio for steel and 

concrete. The variable input parameters used were thickness of sheeting 

and angle of inclination of the web with the vertical. Slab depth and 

imposed loading were also varied to get the whole range of tables. 

3.4 Results 

Several tables have been presented in this chapter showing the maximum 

span that can be provided for a re-entrant symmetric profile sheeting 

of depth 60 mm, for different slab depths and under different imposed 

loading. The tables also contain the weight of the steel provided, the 

sectional properties and the governing mode of failure. A particular 

imposed loading was considered for a particular set of tables. Three 

nominal sheet thicknesses, of 0.9 mm, 1.2 mm and 1.5 mm, and angles of 

webs to the vertical, of 10°, 12.5° and 15°, were used. The permissible 

span for each combination of sheet thickness and inclination of web was 

calculated, depending on the criteria explained in Chapter 2 other than 

shear-bond. The main objective was to find the section that could 

provide the maximum span utilising the minimum weight of steel. The 

first set of tables (Tables 3.1a to S.lg) shows the span under 10 kN/m^ 

imposed loading for slab depths of 100 mm, 125 mm, 150 mm, 175 mm, 

200 mm, 250 mm, 300 mm and these spans are compared with the second set 

of spans shown in Tables 3.2a to 3.2g which were obtained by using 

moderately large imposed load of 5 kN/m^. 

The variation of span with respect to the angle of inclination are 

plotted for different slab depth and sheet thickness and are shown in 

Fig. 3.1 and Fig. 3.2 for 10 kN/m^ and 5 kN/m^ imposed loading 

respectively. Fig. 3.3 and Fig. 3.4 show the corresponding span-slab 

depth curves. 
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3.4.1 Sectional properties 

Tables 3.1a to 3.2g give the sectional properties based on the 

effective top width and webs. As the sectional properties are 

independent of the imposed loading and slab thickness, these are 

constant for a particular combination of sheet thickness and web 

inclination in all the tables. 

For a sheet thickness of 0.9 mm the top width was determined from the 

restriction of bottom opening, 15 mm. Hence the weight of steel and the 

second moment of area per unit width decreased with the increase of the 

angle of web inclination. 

The 10° angle of inclination on the 1.2 mm sheet gave the minimum 

weight of steel and second moment of area per unit width because the 

bottom opening was larger than 15 mm. A wider bottom opening gives 

larger top and bottom width hence longer pitch of profiled section 

which eventually reduces the weight of steel and second moment of area 

per unit width. For 1.2 mm, 12.5° and 15° web inclinations restricted 

the bottom gap, hence the magnitude of sectional properties decreased 

with the increase of angle of inclination. 

For the 1.5 mm sheet thickness, the bottom opening was always larger 

than the restricted width, 15 mm. Hence the weight of steel and second 

moment of area per unit width increased with the increase of angle of 

inclination. 

It can be seen that the bottom opening determined the amount of steel 

provided and the second moment of area for a particular sheet 

thickness. The effective steel area is a minimum at 15° angle of web 

inclination with 0.9 mm thickness of sheet, and the maximum effective 

steel area is provided by 1.5 mm sheet at the same angle. 
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3.4.2 Maximum span 

The Tables (3,1a to 3.1g and 3.2a to 3.2g) also show the maximum span 

that can be provided for a particular steel section under two different 

loading conditions and for different slab thicknesses. When the 

concrete is green, all the calculations should be based on the 

effective compressive flange and the effective web. When the slab acts 

compositely the sectional properties should be calculated based on the 

total area of steel. In this chapter in both cases the sectional 

properties used were based on the effective area of steel. This was 

to simplify the approach and was accepted since it would lead to a 

conservative estimation of span. For slabs under 10 kN/m^ imposed 

loading the span generally increased with the increase of slab depth up 

to 175 mm, after that it decreased with the increase of slab 

depth (Fig. 3.3). Under 5 kN/m^ loading this transition point was 

around 125 mm in most cases except for the 1.5 mm sheet thickness, for 

which it was 150 mm. This change in trend was due to a change in the 

general mode of failure. 

Under 5 kN/m^ imposed loading for a particular slab depth the span 

increased with the increase of sheet thickness. Under 10 kN/m^ the same 

trend was followed for the slab depths larger than 175 mm. For slab 

depths shallower than 175 mm, 0.9 mm sheet at an angle of 12.5° and 15° 

gave larger spans than those with 1.2 mm sheet. On the other hand, 

1.5 mm sheet produced a higher span than those with the other steel 

thickness at all web inclinations (see Fig. 3.1). 

Again under 5 kN/m^ imposed loading with the 0.9 mm sheet thickness, 

spans decreased with the increase of web inclination. For 1.2 mm sheet 

thickness the span did not change significantly with the change of 

angle of inclination. However, for 1.5 mm sheet thickness spans did 

increase, with the increase of angle of inclination irrespective of 

slab depth (see Fig. 3.2). 

Under 10 kN/m^ slab depths shallower than 175 mm and with the 1.5 mm 

sheet thickness, the largest spans were obtained at an angle of 12.5° 
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out of three inclinations. 10° inclination produced spans smaller than 

those obtained by 12.5" angle of inclination and 15° inclination 

produced the smallest spans. For slab depths larger than 175 mm larger 

angle of inclination showed larger span for all the three thicknesses. 

3.4.3 Span per unit weight of profiled sheet 

In optimising the design of the profile sheeting one of the most 

important aspect is the economy. The maximum span obtained for a 

particular section does not produce economic optimisation until and 

unless the amount of steel needed relative to the span is known. So a 

relationship between the slab depth and the span per unit weight of 

profiled sheet was determined for both 5 kN/m^ and 10 kN/m^ imposed 

loading. Figs. 3.5 and 3.6 show the relationship between the span per 

unit weight of the profiled section and the slab depth. The magnitudes 

of the span per unit weight of profiled sheet are also shown in the 

Tables (3.1a to 3.2g). 

A similar trend was found in this relationship with respect to slab 

depth as was obtained for the spans. Under 10 kN/m^ loading almost all 

the sheeting showed the increase in span per unit weight of profiled 

sheet up to slab depth of 175 mm. For slab depths larger than 175 mm 

all the sheets showed a decrease of span per unit weight of profiled 

sheet with an increase of slab depth (see Fig. 3.5). Under 5 kN/m^ 

loading this transition point was at 125 mm slab depth. 

Again it was found, under both imposed loadings, that the thinner sheet 

showed higher magnitude of span per unit weight of profile sheet. 

Generally with the thinner sheet, the larger angle of inclination 

showed lower economy. The reverse trend was observed with the thicker 

sheet. 

The maximum magnitude of the span per unit weight of steel was obtained 

for 0.9 mm sheet with the 15° of inclination whereas the maximum span 

was obtained with 1.5 mm sheet thickness under both imposed loading. 

-96-



CHAPTER 3 

3.4.4 Mode of failure 

Three main types of mode of failure were predicted under 10 kN/m^ 

loading, viz., the excessive deflection of the steel sheeting before 

the concrete hardens, the shear of the composite slab, and deflection 

of the composite slab exceeding the limit L/350. One case of failure 

due to crushing of concrete of composite slab, and one flexural failure 

of sheeting, were observed as shown in Tables 3.1a and 3.1g. 

Under 5 kN/m^ loading, only three types of failure mechanisms were 

observed. These were the excessive deflection of the sheeting and the 

excessive deflection of composite slab. Only one combination showed the 

flexural failure. 

Slab depth larger than 175 mm showed excessive deflection of steel 

sheeting under 10 kN/m^ loading whereas under 5 kN/m^ loading and 

longer spans, the transition point changed from 175 mm to 125 mm. All 

the governing failure mechanisms are shown in the tables. 

3.5 Discussion 

Only the re-entrant type of sheeting was considered here, fhe same 

principle could be used for trapezoidal section, but there would be no 

restriction in choosing the gap between the edges of the ribs because 

of its open trough shape. The main aspect of this optimisation was to 

restrict the length of top flange and web in compression, so that they 

are both fully effective. This way the minimum steel would be provided 

for maximum effective sectional properties of a particular thickness 

section. This approach has been followed with some chosen constraints 

to provide an example. 

3.5.1 Sectional properties 

The sectional properties of a re-entrant profiled section depend not 

only on the thickness of sheeting and the inclination of web, but also 

on the restriction which governs the top and bottom flanges. From the 
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tables it is observed that the weight of steel and second moment of 

area per unit width increase with the increase of sheet thickness. The 

rate of increase is not proportional to the increase of sheet thickness 

because of the constraints on the effective dimensions of the 

compression plates. 

Again, as the section was considered symmetric about its mid-height, 

any change in width of top flange due to a restriction on the bottom 

opening will also change the width of the bottom flange. In the 

approach followed here, two cases arose. Either the top width remain 

fixed and the bottom opening varied, or the bottom opening remain fixed 

and the top width varied. When top width was fixed the magnitude of 

sectional properties per unit width increased with the increase of 

angle of inclination as shown in 1.5 mm sheet thickness. On the 

contrary, the reverse effect was observed in 0.9 mm sheet thickness 

tables when the bottom opening remain at constant and the top width 

varied. This was because in the latter case the top width was wider 

than the bottom opening. Thus the maximum weight of steel and second 

moment of area per metre was obtained with sheet thickness 1.5 mm and 

15° angle of inclination and minimum magnitude was found at same angle 

of inclination but with 0.9 mm sheet thickness. 

3.5.2 Maximum spzm 

The maximum span obtained from the output of the programme under 10 

kN/m^ loading was 4.655 m for the 1.5 mm sheet thickness and 12.5° 

angle of inclination combined with a 175 mm slab depth (see Table 

3.Id). The minimum span obtained was 2.62 m for the 1.2 mm sheet thick-

ness, 15° angle of inclination and 100 mm slab depth (see Table 3.1a). 

Under 5 kN/m^ imposed loading the maximum span was 5.02 m for a slab 

depth of 150 mm, sheet thickness 1.5 mm and 15° angle of inclination 

(see Table 3.2c). In this case the minimum span was 3.41 m for a 300 mm 

slab depth, 0.9 mm sheet thickness and 15° angle of inclination (see 

Table 3.2g). The increase of minimum span was higher than that of the 

maximum span with the decrease of imposed load. Again the combination 
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of different parameters to obtain the maximum and minimum spans changed 

with the change of imposed loading. 

For loading of 10 kN/m^, the span increased with the increase of slab 

depth up to 175 mm slab depth and after that the span decreased with 

the increase of slab depth. This was because 175 mm was the transition 

point where mode of failure which governed the span changed. Slab 

depths less than 175 mm mainly failed due to excessive deflection of 

the slab and shear of the concrete. Slab depths higher than 175 mm 

mainly failed due to the excessive deflection of the sheeting. 

This change occurred between 125 mm and 150 mm slab depths under 

5 kN/m^ loading. Hence it may be concluded that the lower the value of 

imposed load, the shallower slab depth gives the maximum span if the 

design is constrained by the specified conditions. 

3.5.3 Span per unit veight of profiled sheet 

The weight of steel provided was dependent on the total area of 

sheeting not the effective area. So the restriction of the bottom 

opening and the width of the top flange determined the amount of steel 

provided. The variation of the weight with respect to different sheet 

thickness and web inclination was similar to other sectional properties 

like area of cross section, second moment of area. Since a symmetric 

re-entrant profile was chosen here, the amount of steel used was much 

higher than those are available in the market. Nevertheless this 

example gives the idea about the variation of span with respect to the 

amount of steel required. 

The thinner sheets showed higher span per unit weight of steel. Under 

10 kN/m^ imposed loading the maximum magnitude was 16.26 m/kN/m^ for 

0.9 mm sheet, 15° angle of inclination and 175 mm slab depth. Under 

5 kN/m^ imposed loading the maximum magnitude was 18.91 m / k N / m ^ for 

same thickness and angle of inclination as under 10 kN/m^ but for 

125 mm slab depth. These combination of parameters were different from 

those for the maximum span. 
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3.5.4 Mode of failure 

Three modes of failure were mainly observed under higher imposed 

loading. These were excessive deflection of the slab, excessive 

deflection of the sheeting, and shear failure of the composite slab. 

Under lower imposed loading, only the first two of these three failure 

mechanisms were mainly predicted. 

The mode of failure governs the maximum span of a slab. The mode of 

failure is itself governed by the imposed loading, the sectional 

properties of the sheeting and slab geometry. 

The deflection limit on the span of a composite slab depends on the 

external imposed loading and second moment of area of the whole slab. 

The deflection of the composite slab was calculated using the imposed 

working load, i.e., excluding the weight of the composite slab. Hence 

the deflection is independent of the self weight of the slab. But the 

second moment of area of the slab is dependent on the slab depth. On 

the other hand, the deflection of sheeting is independent of the 

imposed loading and fully dependent on the sectional properties of 

sheeting and on self weight of slab. Hence the point where in the 

tables the mode of failure changed varied with the variation of imposed 

load for a fixed set of slab depth. In this study the change of mode of 

failure was observed between 150 mm and 175 mm slab depth under 

10 kN/mZ imposed load, and between 125 mm and 150 mm slab depth under 

5 kN/m^. 

3.6 Conclusion 

From the approach followed in this chapter it was clear that the span 

of a one-way composite slab is mainly dependent on the magnitude of 

sectional properties of sheeting and not on the total depth of the 

slab. Slabs with higher depths will not necessarily produce longer 

permissible spans. However, under higher imposed load, greater slab 

depth was essential to permit longer spans. 
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Although the span increased with the increase of sheet thickness, the 

rate of increase was much lower than the rate of increase of sheet 

thickness, (i.e., weight of steel) needed. Hence the span per unit 

weight of sheeting was always much higher with thinner sheet than with 

thicker sheet. 

The programme developed here could provide necessary charts which could 

be used to choose the optimum designed section depending on the 

requirements. The programme might also be used to optimise the design 

of a composite slab with either open trough or re-entrant profile 

section, provided the shear-bond between steel and concrete required 

fully effective. 
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cî  [t, k, [i, 

C 4J 43 O -H 
<B W (1) X U (W W) 
c o <d iw p 
O 43 0) U 
U 0) 4J TJ U 

O 3 
4J #-4 

o o o 

<D rd 0) (1) Q) 
3 iM 3 3 3 
TJ T) TJ T3 
d) nj <1» 0) (D 
3 3 3 3 3 
•h d) -h -h -h 

h ro nj nj 
th u« [l> cu cli 
I t I i I 
I I I I I 
-» rj m m 
II II II !l (I 
C P C P C P C P C P «TJ <Ti ftj fd rtj 
[l. [l. [l. [l. [l̂  

43 u 

tp 
c 

CP 1 c 43 A a 
fO irj d) o, 

@ w 
d) c d) 
43 •H U 

4J U u 
d) c C 

O 43 O 
TJ CP L, 
rd c u 
O H 43 0 c 43 r-i 44 o flj 0) u 
Tf # 43 «w 
44 U) c o 
rd u o 
U d) CP 
-M 43 c 

- 1 0 4 -



j3 o 
4J rH Q» 
(D "O 

tJ 0) 

A O 
td CL 

6 
to H 

6 M 
S g 

O z 
• ^ 

m 
r~ o 

tr 
(0 
k r-

N o 

«H 

•H 
tfS u CP 
H rd 4J 

"Q" 
> <D 

U) CP 
0) O @ in u +J Q 

O E 
tn 

C c 
< 

D* 
10 ffl •p 
u b4 
CU a 
3 w 
jJ 
C 
G 
ITS 
U 
a 
IM 

u 
+j c 
o 
u 
8 
3 
6 
•H 
W 
(0 S 

w 
0) 
0 
.% u 
H E 
E 

JJ o 
4J 
Q) 
0) 
J3 
W 

^ o in cr\ 

m o m cr, 
in o o M O \0 M 

o ct> 
vo o in <yi 

o in vo m 

I I I I 
I I I I 

( N E E 
E E S 

S 
^ Xjyjz 

•H 73 
CP c H 
G O » 

•P O E 
(D o 
0) g 4J 
j3 o 4j 
W +j O 

4J JH 
o 

(w co u) 
o 

B «w M 
\ o e 
V \ 
6 • B 
o -4-> J.; 

^ 3 \ 

« j j ^ 

C tn 
«j 3 c 

\ H *w a 4J 
o m a> 

on 0) 
J-> W 
c in 

73 
c 

in o •?f 
r j o in fNi 

o in cr» 

ro o <o (N 

M m cn m 

o <ti o co 

lilt 
I I I I 

fN e B 
E E S 

Z 
jd CPJ3 
•—• C 4J 

•H 73 
tn c -h 
c 0) 5 
•P O E 

<U E -M 
x: o -M 

4J 

i 
\ O E 
V \ 
8 ' Z U 4-> J.J 

^ 3 \ 
E 

(-1 c cp iTj 3 C 
(w C *J 

qi 0) 4J W J3 
C m 

TJ 
C 

r- VD fN 

m in w 

o rH m 

(n \0 m os 
m Cl r4 CO 

till 
I I I I 

( N E E 
B E G 
^ 
Z 
^ Cnj3 
^ C 4J 
•H 73 

tp c -h 
c <d s 
•m o s 
d) o 
<1> 6 4J 
J3 O 4J 

•M j ] 
O 

t , m I* 

I 

b (w fs 
\ O 8 
^ \ 
E • Z 
u 4J 

^ 3 \ 
E 

0) -H 
U C CP 
flJ 3 C 

y-» c 4j 
O td (D 

Qi 0) 
4J W J3 G M 

73 
e 

j] o 8 
nj in E 

# m \ o 
e U N 

4J 4J >4 
<1) H J3 

O A 
W fO « 

g rh rh 
* o M m 

J3 U 

m J3 ^ 
j3 4j 4j 

CniM o o 
c o 

•H c C 

0) 0) jj 4j 
•h u u >1 W 0) 0) 
0) 0) ^ U-i 

jC m m 
-p -p 73 73 

0) 0) 0) 0) 
3 3 3 3 
73 73 73 73 

rtj ftl <tj (tj 
[u cu £u 

lilt 
I I I I 
\o r~ co o\ 
II It It II 

J3 
U 

T P T P C P T 7 > U 
N J F O F O F O C 

C B C L I [ X 4 C L I 

o 
* 

C 
0) C P 

73 c 
rd 

(n iq 1 
c x: xi C « 

CL A > C P 4 J W W 0) c a> 
J3 H JJ lU 

73 * c 
C 0) 0 0) 
o j : u 

W < D 

TJ 0> 01 U 

(0 G O L, U 
O -H J3 O C 
rH .p IM O (d 

EH 
73 ® iM pQ 
0) ,C O iw 

•p w Co 
O «J -H CP 

•P J3 0) 4J C 
C 4-» J3 0 -H 
0) W 0) J3 

U U - L >~t V) 
C O * *W 3 
O JC (U L, 
U <1» 4J 73 L> 

(1) Id (D <U 0) 

3^333 
73 73 73 73 
<1> (d 0) 0) 0) 

3 3 3 3 3 
• H ( 1 ) - H - H H 

I D T - H N J R D N J 

( L I U. Cb b* U< 
1 1 1 1 1 
1 1 1 1 t f-f rvi m in 
II II II II II 
C P C P T R * C P C P 

N J I D < 0 F D N J 

[ L . 1 X 4 B . B . [ L I 

-105-



Cn 
4J Q 

t r 
a < 

Cn 
iQ 

tu 

a 
e 73 

73 <D 

Si O ns a 
•-t 6 

I fN 
E 8 

o a 

o , cu 
3 

JJ 
G 

6 
3 
B 

M 
(0 
a 

o m CTi 

m o m (t, 

rvl O VD (N 

n o o> 
vi) o in cTi 

o m vo m 

I I I I 
I I I I 

m o vo 
rsj o m (N 

fO O V£} «N 

w m cn ui 

<N 6 g 
G E E 

a 
^ D>jC 
^ C +j 

• H T J 

D> C H 
C @ 3 

•H Q| 
•M O 6 
(D O 
<i> e -M 
J3 O 4J 
(n 4J O 

•M xi o 
iw m 
o I 

a • 

a <w n* 
\ O E 
V \ 
E • Z 
U jj ̂  

^ 3 \ 
E 

(0 4J 
0 ) - H U C CP 
«d 3 a 

\ 
^ C 4J 

A 
•M V) 43 
C 

"O 
c 

1 1 1 1 1 

E E S 
G G G \ 0 E 

Z E ' z 
cpx; u 
C JJ — 3 \ 

E 

c @ 3 <D 
Q| u C 0^ 

4J 0 8 # 3 C 
<D 0 \ H 
<D B - M » M C 4 J 

0 JJ 0 (Q 0) 
0 O4 0) 

4-» ^ 4J w x: 
0 c 

E 
a 0 
0 E 
EH 

> "0 

r- ko r\i 

<N vo rsi (y, m o\ r4 CO 

I I I I 
I I I I 

fx e G 
E E E ^ 

S B ^ tPX o 
—' c -P — 

•H TJ 
tr C -H Id 
C * 3 @ 
•H Q4 ki 
•P O E rB 

(D G 4_* (W 
J3 O +J O 
in j j o 
4J ja 4J 
o a 

< 4 - 1 C O 0 ) 

O B 

O E 

S ^ TJ 
C 

E (N 
\ O B 

' Z 

» \ 
8 

C T 7 > 

3 C 
\ H 
C -M 
(0 0) 
CL a> 
w JS 

JQ O 8 
nj in 6 

C J rg 

-w >4 > , 
(1) H J3 
@ m 

x; o XI 

W 04 fl fO 
E 1-4 r4 

@ o m m 
.C U 

* J3 JG 
iu J3 JJ 4J 
O 4J 

Cptu o o 
C O 

•H c c 

TJ VJ O O 

0) 0) 4J 4J 
>1 tn (D 0) 
<D d) IM lu J3 d) <U 
4J 4J TJ TJ 

J3 
U 

0 m m <D A 
3 3 3 3 d> 

TJ TJ TJ TJ 3 

<D 0) <U 0) 
0 

3 3 3 3 

C 
flS TJ ffl <TJ 

[L, H, 
1 1 1 1 fd 
1 1 1 1 C 

vo r*' CO CT> 
II II II II 
CP CP CP CP u 
nj rtj fO c 
[14 tu U4 CLI 

IM 

d) 
C 
* Cr> 

T) C 
<d 

CP fd t 
C J3 C 

"H (d «0 
4J 0) #-4 CU d) CP 4J V) w 
* c m 

J3 -H U y j 
in j j 0 0 <D d> c 
C 0) 0 d) 
0 J3 U jJ 

m d) 
TJ D> 0) U 
@ C @ U u 
0 -H 0 c Xi .- t 4J -M tM 0 rd 

d) d) u 
T> <|) IM jQ 
o ^ o tm 

4 J W C O ea U o u <ti as -H tjy 
JC 0) -y C 

C 4J J3 u -H 
® in (D J3 

c o <D y-t 3 
o x: <D u 
o a» jj TJ u 

u 
O 3 O O O 
•U •-» 4J 4-» 4J 

•H 
1) nj 0) d) 0) 
3 «W 3 3 3 

TJ TJ TJ TJ 

3 3 3 3 3 

h ®) -h -h -h 
U iH <TJ <T3 rO 
u« [l( []-• [li cirf 
11:11 
I I I I I 
-H fN CO rr m 
M It It II II 
CP tT> CP tp tr» 
nJ nj fd rfl nj 
Ci, k, [14 Ek (u 

- 1 0 6 -



Ul +J u 
O TJ 0. a 

JS O 3 
•4J eH 
d 
at TJ 4J 73 * d 

0) J] o d 
M E E 
W M 
G fS A 
E E 

w-i o Z O 

Ul 
@ 

G 
# 
U 

G 

3 
G 

X 
(d 
S 

4J Q 

Cr» c 
< 

V o ui m 

fo o m <Tt 
fN O VO IN 

m O <T* CTi 
"sO o m 
(N O tH m 
o m vo m 

I I I I 
(ill 

(NEE SEE \ ̂  ̂  
g 
tj»x: 

•—• C 4-» •H TJ 
CP d H 
C <U 3 
•WOE 
0 O 
<D S +J 
J3 O 4J 

o 
M-l CO Ui 
o 

E 
\ O G 
V \ 
G ' a 
U 4J ̂  
^ a \ 

E 

^ C tJi 
rtJ 3 C 
\ H 

<M C -U 
O (Tl 0) 
A 0) J-» W J3 

c m 

c 
o 
u 

in o ko 
CM o LD rsj 

o tn <T» 

ri O O 01 
m o vo <N 

»H m o> m 
O 0> O CO 

I I I I 
lilt 
E E E 

E G G \ O G 

Z E ' z 
tPJd U 4J ̂  d 4J 3 \ 
•H 73 E 

o> d -H 
d ® 5 
•H 04 u c t n 
4J O E m 3 d 
0) O \ H 
(D E 4-> (M d 4J M 0 4J o 
-P O 
•P J ] 4J w .d o d 
CO Ul <D 

G 
a 0 o G 

7) 
C 

"kO (N 

O CO W V£) 

M \0 IN 0\ 
m <n 1-1 CO 

III! 
I I I I 
fN e e 
EES 
Z 
tr.c —' C Jj 
•h TJ 

Cn C -H 
0*3 •H A 
•M O E 
a> E -p 
.C O 
-M A 
o 

<4-1 CO ^ 
o 

a 

I 
E u-j rg 
\ o e 
V \ 
G . B 
U 4J 
^ 3 \ 

E 

w G cr 
«J 3 d 
«-» d 4J 
O nS (p 
•U W JS 
d M 
E 
o 
E 
TJ 
d 

XI o e 

H m 
0) -H ja ja 
CD W 

O A J ) 
w Qj nj trj 
E "H I—I 

D o in u) 
^ U 
a> xj x: 
J3 4-i 4J 

o -u 
CT>".W o o 
d o 
H c d 

"O U o o 

* (D 4J 4J 
•H J3 U U 
>i W <D 0) 
0) 0) tu iu 11 z: 0) m 
•U 4J 73 TJ 

J3 U 

0) 0) d) (U A 
3 3 3 3 * 

T) T) 73 73 3 
0) <D (!) 0) 

O 3 3 3 3 
d o 

nj fU flj fO H (LI (i4 bj DLI 
1 1 i 1 NX 1 1 1 1 d 
^ r~ 00 o\ It II II II •—4 CP CP CP tP U 
nj fO oJ <fl d 
Cb (u bu 

W 0) d a> tn -o d 
rtj 
1 c .d A d 
rtj 
Qi 0) CP 4-» tn w 

@ dm Jd H U UJ 
W JJ L) O y-i m d 1-H d mom 
O X O 4J 

tn 0) TJ CP m u # 
(Q d m L, u i-H O -H J3 o d A 
-P 4J M-l o irj 4) 0) U H 73 ® y-» 

m J3 o (w 
4J tn do 
® fO -fl CP 

-M J3 0) 4J d 
d +J x; u -H 
<D M 0 Jd 
u MJ -H tn 
d o Q) IM 3 
O jg * W 
U ® 4J 73 U 

4J rH 4J 4J 4J 
d) IT] 0) <P (D 
3 lu 3 3 3 
13 TJ TJ 73 
0) (d d) (D (D 
3 3 3 3 3 
•H (l> -H -H -H 
rtj r-t fO tTJ (TJ k, Cu [t, Ci* k. 
1 1 1 1 1 
1 1 1 1 1 
r4 ry m Tf m II II II II m 
CP CP CP CP CP 
rtJ TJ flj nj nj 
[l4 [U [14 (b 

-107-



u •H 
•P 

Cn 
o * 
4J Q 

CP c 

m 
4-» 
U o 

73 o, 
flJ cu 

j3 O 3 
•P ̂  a 
0) 73 
73 @ d m 
.0 o d 

flj 
-H 8 8 W H 
8 a 
E 8 

&p o a o 
• 

(0 o o 
o 

d 
u 
8 
3 
•H 
X 
(d g 

CP 
flj 
<—1 tu 

o m cTi 
tn o -qi \o 
<N o m rsj 

m o m m 

•n o vd (n ro o vo rg 

m o a\ cTi 
O m (Tt 

o in vo m 

I I I I 
I I I I 

M B 8 SEE ̂ 
S 
tnz: —' C 4J 
•H 73 

CP C H 
C * 3 
•H Qi 
u o e 
® o 
(D e 4J 
^ O 
W -U o 
-M A 
o 

M-l CO ca 

\ O 8 
^ \ 6 • S O *J ^ , 
— &X. 

E 

u C CP I 
fO 3 C 
^ C 4J 
a < 

•P W J3 
c 

m m m ui 

I I I I 
<N E S S ̂  rsj e 6 e \ o E \ ̂  ̂  \ 
B G . Z 
^ CPUS U -P ̂  
e *j ̂  3 \ 

E •H tJ 
tP C -H 
COS 
•H a 
•M O E 
0) o 
«> e 4J 
J3 O 4J 

O 

4J TJ 
C 

# 
p C CP 
ITJ 3 c 
\ H 

n-l C 4J 
Qj 0) 

•p ja +j w JC 
o c M 

E 
a o 
o E 
EH 
TJ 
C 

0) 
c 

E 
Z3 E 
4J 

ro ON rH 
O CO M ko 

m i~t vo 

fN vo rg cr» 
0> tH 00 

III! 
till 

(NEE SEE ̂ 
Z 
^ cnx 
H tJ 

CP d -H 
c e 3 
•p O 6 
d) o 
<t) E -P 
J3 O 4J 
W» 4J o 
•p Si 
o 

ip CO La 

I 
E tu fN 
\ o e 
V \ 
E . S U 4J ^ \ 
^ ̂  E 

U C cn 
flj 3 C 
\ H 

MJ C -P 
O (0 <D 
0, <D 

-p CO J3 
C tn 

T5 c 

JQ o 8 
(13 ir» e 

r-l m 
#m\o 
C »J rs» 

• H 0) 

0) tn 
^ O i3 XJ 
to Qj «tl flj 
E "H i-H 

0) O tf} W 
J3 U 
<D J3 ̂  

*w J3 4J 4J 
O JJ 
Cn«4-t o o 
C o 
•H d c 
"O U o o 
•-h 03 -h -h 
<1) <1) p 4J 
•H U U 
>1 (/} a> 0) 
(t> a> u-i lui 
J3 J3 (D 0) 
4J JJ T3 T3 
0 o o o 

<D <b 0) m 
3 3 3 3 
tJ TJ XT XT 
0) <D 0) 0) 
3 3 3 3 
D n) fO m3 
[l, k, du a, 
1 I I I 
11(1 
•-o co o> 
II II II m 
CP tn 
u "3 flj ftj 

(r 
d 

13 

jC XI 

: * 
i u tu 
) u O 
» d 
> O 0) 
: o 4J 
I <u 
u u 
o d 

73 CP 
flj d ® 
O -H Jd 

73 ® *M J3 
) J3 O iw 
4J W C O 

o 
p 0) «o -H tr 
4J J3 0) +J d 
d +j J3 O -H 

I 0) JS 
U .-I in 
com 

J3 ) tp 3 : <u p 
* T) u 

O 3 O 
JJ rH 4J 

o o 
•P 4-> 

3 0) 0) 0) 
3 M-i 3 3 3 
%) 73 73 Tf 
<1» "3 <1) <D 0) 
3 3 3 3 3 
X 4 r-l 

nj t-H td nj 
k, [iw k, k, k, 
I I I I I 
I I I I I 
4 fm m v m 

II It II II 
CP CP CP CP cn 
rtJ flJ nj fO (TJ 
k k, k, [t, [t, 

x: 
u 

A 
<0 

- 1 0 8 -



w m (y, in tn (n 

-P w ̂  4J w J: 

tJ flj fO (T! ll. [l| [i4 cl, 

Cr> cr» tr> tj» 
(Q fO <TJ fO 

M 
C 
<D 

CP 
G J3 J3 

* 

0) C u 
u 

0) c C @ 0 0 J3 u +J 
a> "U Cn (D Ul td a 0) u u 

0 •H J3 0 c 
rH •M (w 0 <D 0) u 

U 0) 4J Tl 

tJ 0) 0) 0) 
3 «-i 3 J 3 
TJ TJ T3 TJ 
© « (1) 0) (D 

el, u. u. u. |x< 
t I I I I 
I I I I I 
tH fNJ ro •:?» 10 
M II II II II 
CP cn tji Cn 

10 nj flj flj (Tj 
k k k k, k, 

J3 
U 

tn 
c 

A 
A) 

-109-



CP c 
< 

u 
o 

13 0, 
flj a 

J3 O 3 4J »H V) O, 
OJ t3 4-» 13 (D c 
W @) 

O G 
flj 1 E E 

W M 
E oj A E E 

\ y-i o B o 
' ^ 

&n U) 
* 

+J 
C 
0 u 
8 
3 
8 
•H 
X 
fO S 

Cr» 
m 
»—f 
h 

o m m m o v ko 
rM O tn CM 

ro o m cn 
(N O "ja fM 

ro o vo rsi 

ro o (T» CTi 
ko o m 

o m vo n 

"h m 0> it) 

<N S g SEE ̂ 
Z 
.x cnj3 

• H 1 3 

CP C -H 
C 0 » 
-M O 6 

0) 
c 

* E -P 
O *J 

W 4J o 
•p ja 
o 

(u m wi 
o 

Oi 
• o 
JJ 
S 

I 

\ O 8 

U +j 
^3\| 
^ ̂  e 
C en I 

«d 3 c 
\ H 

*W C 4J 
O ro a> 
Qi 0) 

•M W J3 
C 
0) 

I t I I 
I I I I 

8 
e 
•a 
c 
o 
u 
<D 
to 

B a EES ̂ 

tr u: 
•— C 4J 
•H "O 
c -h 

C (D 3 
•H Qj 
4J O g 
<D O 
D e 4J 
J3 O +J 
W +J O •u Si 
o 

«W CO V* 
o 

Q. 
O 

g ^ 

e "4-1 fN 
X O 8 
; 
U 4J 
^ 3 X 
<0 4J ̂  
u C Cn 
<0 3 C 
\H 

*w CS 4J 
o (d 0) 
Qi a> 

4J W J3 

«*> if> vo 
o V r4 tn 

fN VO (N Oi 
m m w co 

I I I I 
CN E E 
8 8 8 
\ ^ 
Z 
^ Cn£ 
C 4-> 
•H Tf 

D> C -H 
c » » 
•MOB 
# 8 4J 

jC O 4J 
W 4J o •M X3 
o 

iw m *« 
O 

I 

\ O 8 

U 4J 
3 \ 

E 

u 

u ti tj as 3 C 
(W C 4J 
o* m 

•P W J3 C tn @ 
E 

& O 
) E 

TJ 
C 
o 
u 

m I c 

XI o E 
m tr> E 

J ° 

-w -w >, >, 
* tn 
JG O jQ J] 
in 04 rd n] 
E «-4 4 

(i> o in If) 
X U 

<l> J3 J3 
•« j3 4j jj 

d O 
4 tw 

0) (1) 4J 4J 
>i ui 0) 0) 
(D (1) iw iw 
X jC <!) 0) 
•P 4J 73 73 
O O O O 

d) (i) <d 0) 
3 3 3 3 
T3 73 13 73 

:3 3 3 3 

TI <0 «TJ fO 
[t, H, It, k 
I I I I 
^ r~ co os 
it II II II 
tn cn 01 

tJ ftJ ttl nj 

CP 
C jQ 

TJ 
<D >-l 

C 0) 

'O bi (D L, 
«0 C * U u 
o -H J3 O c 
•H 4-> -M M-l O 
® (DO v $ W4 ja 

* J3 O (w 4J W CO 
(0 l4 o 
»-• ® fO -H 4J J3 ® 4J C c 4J x: u -H 
<D 10 ® J3 
C O 0) »W 3 
O tt» 4J TJ O L, 
0 3 O O O 
•P •-< 4J 4-> 4J 
(!> nj 0) a» 0) 
3 U-i 3 3 3 
TJ TJ TJ 73 
(!) fl5 0) 0) a> 
3 3 3 3 3 
•h 1) h h -h (Q M (Q fO iLt Cli (w bu 
1 I I I I 
I I I I I 
w (n m ^ m 
II II II II II 
Cn CP CP Cn (0 <Tl fO iQ (Tl 

I iH i—t CL. CL, (b Ch (L. 

u 

0) 
J3 

- 1 1 0 -



in 
-M 
U 
0 

TJ 0, 
0, 

^ 0 3 
in 

a 
# TJ JJ 
73 0) C 

<D 
J3 0 G (0 Qj rd 
^ E E 
10 M 

E rvi Oi 
E E 

y-i 
0 s 0 

in 

0) 
4J 

G 
U 

8 
3 
S 

X 
m* 
S 

CP 
<TJ 

o in CD 

m o m 
<N O >«0 fN 

fo o <y> <Tt 
vo o ui m 
o in vo m 

I I I I 
MSB 
E E G 
\ 
Z 

tn c -H 
C @ 3 

•p O 6 

0 e 4J JS O 4J w 4J O 
4J ja 
o 
m ui 

o 
Oi o 

I 

E 4-1 CM 
X o 8 

U 4J .% 
^ 3 \ 

B 
J-I c CP 
«s 3 G 
\ H c *J 

O n) <t> 
A m 

•n w J3 C in 
0) 
E 
O 
E 

"O 
c 
o 
u 

lA O ̂  VO 
fN o in <N 

ro O VO Ol 

•-H m cn in 

O {T» O 00 

I I I I I 
I I I I \ 

fN 6 6 E ^ CM 
eeexoB \ ^ V \ 
Z 8 . 2 
^ «j>J3 U JJ 
^ C ^ 3 \ 

•H TJ E 
Cn C -H nj jJ 
B <D 3 « H 
-H D4 Li c cn 
•M O E <0 3 C 
* o 
0 E -U U-l c 4J 

i3 O 4J o n} 0) 
M JJ o Qj <D 

-M JQ 4J C/) J3 
O c w 

(w m lg (d 
o G 

Qj O 
O 6 

g 
C 
u 

ro o> TH 

«*> IT) W VD 

<n "o (n cri 
«*> 1-f <o 

I I I I 
fN G 6 
SEE \ ̂  ̂  
Z 
^ 0>J3 
C 4J 
•H T3 

tP C H 
C @ 3 

4J O E 

o e *j 
JS O *J 
w +J o 

-»-> -Q 
O 

(w m L« 

E ' 
\ O 

• s e 
U 4J 

E 

u a ^ 
nj D C 
\ H 

tu e 4j 
a (D 

4J W J3 C in <D 
E 

73 
C 

o 8 

4J ti >, 
m H z) ̂  
<D M 
j3 o ̂  ja 
in oi fo (tj 

E •—I rH 
<1> O 10 to 
j3 U 

<3i s: XI 
4-4 ̂  4j 4j 
O J-» 
tpu-j o o 
c o 
•H c C 
"O u o o 

(D 0) 4J -M 
•H x: u u >1 in 0) 0) 
* @ (W (U 
J3 ̂  (1) (D 
•P JJ TJ TJ 

0) 0) 0) (!> 
3 3 3 3 
tj 73 tj 73 

fd <0 flj flj 
[w k, h, [l, 
I I I I 
flit 
^ r*» 00 
M II II It 
cp tp cp tr 
<0 nj nj ftj 

£b cb [b {i4 

CP 
c J3 ja 

c 

U JJ 

c 
o 
»H 4-» 
Q) 

TJ # 
J3 
(/) 

fl) 
U <D 
•P J3 
C -M 

•H JC O C 

c o 
o 
o # 
3 

4J rH 

3 H-t 
TJ 

*M ja 
O «M 

c o 
u o 
(D 4J c 
X U H 
W 0) J3 
0) «w 3 
JZ # u 
JJ 73 u 
000 
J-> 4J 4J 

3 3 3 
TJ TJ TJ 

<1> iQ 0) <U <D 
3 3 3 3 3 

•H 0) -H H H 
<0 f-H rtj rtl fl [h [t« {L. [L. [li 
i I I t I 
I I I I t 
"H oj m in 
II 11 II II It 
CP CP CP CP CP 
tj flj fo nj 

k, k. k [&, 11, 

A 

C P 

e 

-111-



w a « IT3 

(!> (d 4j -u 

>1 10 <U <U 

> # 

m m m vo 
•U -O TJ T3 
0) (V (1) (D 

ro (q (q (m 
u4 el« cl, 

(p tr tP (n 
fo <0 fO fit J3 O 

•u rh & 

0) 73 
TJ 0) 

r-i m cn ui fn ch 
m cn w co 

ili 1x4 cu iti 

g B *w M E E 6 <4j <N 
E 6 e \ o E 

a ~~ g - a 
^ tnjg u 4J ̂  
e 4J 3 \ 

tpx: u 4J 

'O ® «4-i ja 
O 4J o <d 

m-l qq t« oj m-l cq t« 

3^333 
TJ 73 "d TJ 

tP 
C 

ja 
flj 
Eh 

(14 ti4 tb {14 
I I I I 
III 
pm m m 

.. II II 11 II 
D> Cn CP tT> 
fO <TJ 01 (0 nj 

(l« CL, U* h* [14 

- 1 1 2 -



-2 Q 

tn 
C < 

to •M 
Li 
0 73 0, 
Oi J3 0 3 

4J ̂  
A 

<D 73 
" 0 # C 

. 0 0 C 
flj 0, 
—4 g G w 
8 fM Q I 

E 8 X 
0 z 0 

M 

c 
4) 
U 

8 
3 
6 

•H 
X 
(D 

% 

Cn 
flj 
r-l 
k 

^ o m o> 
&n o v 
<N O m fM r- vo fvi ̂  

M O M d 
fN O rs) m o vo m rn m w vo 

m o <y\ (j\ 
^ o in CTi 

o m ko m 

•-H m cn in 

I I I ! 
M 8 e 
R G B 
\ ^ ^ 
Z 

^ Cnj3 
•H D 

CP a H c e » 

4J o e 
9 0 -u 
J3 O 4J 
W 4J O 
•M Xi 
o 

(W CO VI 

I 

\ o e 

; 
U 4J ̂  
3 \ 

(0 4J ̂  
u c tp 
«fl 3 c 
\ H *M C JJ 

O 
Qi # 

•«-» to jC 
c 

I I I I 
III: I 

<n rsj o> 

I I I I 

Q I O 
o S 
H 
TJ 
a 
o 
u 
<D 
W 

n, 8 g 
8 8 B 

^ 
Z 
^ cnx: 

C 4J 
•H 73 

Cn C -H 
C » 3 

• M O B 

# 8 4J 
J3 O 
W 4J O 
•»j s> 
o 

(M CQ cS 
O E 

O g 
g 

c 
o 

6 M-t rsi 
\ o a ^ \ 

8 . Z 
O 4J ̂  , 

3 \ I 
ra 4J ̂  
C Cn I as a C 
\ I <W C 4J 

O IT) 0) 
Q I d) JJ CO JS 

c 

E g E M-i fsi 
8 8 8 \ 0 8 

Z E ' z 
^ Cnj3 U •p ̂  •— C JJ 3 \ 
•H 73 g 

0̂  C -H fO •M «— c # > * •H 
•H 0« Li A CP 
-»-> 0 E « 3 fl 
0) 0 X H 
m g 4J *w C 4J J3 0 4J 0 (D @ 

W 4J 0 QI <D 
4J ja 4J U) JS 0 C 
M UI * 

0 g 
0 e 

4J H 
73 a 

XI o e 

tn ( 
G \ o 

-M >i >, 
<1J H J3 
O J3 XI 

uj oi fo fo 
S •—I •—I 

@ o w m 
J3 U 

m .C .C 
OJ J3 4J +J 
O 4J 
Cnu-i 
C o 

o o 
H c c 
"O w O O 
(D 0) -P 4J 
•h jc u u 
>1 W 0) 0) 
(1> 0) (Ui lU 
J3 J3 (1) 0) 
4-> 4J T3 TJ 

<D 0) (1) <U 
3 3 3 3 
T3 Tf tJ tJ 

fO <0 (TJ flj 
[L| tt4 &< [b 
I I I I 
r~ CO 

II II II II 
cn ct» tt» tn 
<tj fo fo (0 

[k Du k, k, 

(P 
C 

<D 
jS 

M 
C 
0) 
D 

flj 
JS JQ «q 
0) fh 

: m 
I u *u 
* u o 
' c: 
I o a) 
I O -P * 
(i> 

I u 
o 
u 

I 

; G ' 
O H J3 -

•h 4j 4j (m 
0 

"o ® ja 
) J3 O <M 
J W £3 0 
} U o 
* a> <0 -h cr> 
•M J3 ffi 4J c 
c jj x u -h 

0) 43 
U 4-1 rH U1 
c O 0) «*4 3 

* u 
* . 

I 3 
4J M . 

J 73 

O 

# * * # # 
3 y-i 3 3 3 
TJ TJ 73 TJ 
Q) (d <1> <i) (!) 
3 3 3 3 3 
•h (d h h 
fO •—I fO fO nj 
Il< [La U4 U4 U4 
I I I I I 
I I I I I 
» in n tj« in 

II II II II H 
Cr> tr» CP tp CP 
fo nj fo m ftj 
4 »—# r—i rH I 

b, k k [L, k, 

jO 
<D 
5 

tn c 
<0 
I 
c 
wx O4 
(0 

A 
(d 
e-« 

-113-



to 
+J 
u 
O 

73 O, 
rO O, 

J3 O 3 
•P rH 
Oi 
* 13 

73 m a 
w o 

.0 o a 
^ E 8 
V) M 

8 tN a 
e E 

(p 
O g o 

10 
P 

•P 
c 
u 
B 3 
B 

M 
<0 
S 

(p 
iQ 

<D # > 
CP 

oj 

^ o 
w V o m oi 
W «N O tH (N 
m o m r~ r4 

o v so 
<N O to (N 

m o m cr» 
fN O ̂X> (N m o vo f\i 

m o m m 
uj o in ch 

o ul ko m 

w m cn tn 

O CTi O CO 

I i I I 
till 

( N E E 
S E E ̂ 

Z 
Ag tpj: 

•H T5 
t7> C3 H 
C * 3 

4J o E 

o e 4J 
J3 O 4J 
w 4J o 
4j jq 
o 

(w m lg 
o 

I 

\ O B 
^ \ 

E . a 
U 4J Jg ^ \ 

(0 4J ̂  
U C D1 
as a G 

\ H 
m c -M 
O 10 * 
Qi * 

+J to ^ 
C 
(D 

I I t I 
I I I I 

E 

O E 

TJ C 
o 
u 

IN e 8 
E E E 

a 

•H T3 
Cn C -H 
C # 3 

-M O E 
O O 
<D E 4J 

J3 O 4J 

•M A 
O 

(w co t* 
o 

a 

3: 

I 

\ o e 

U Jig ^ \ 

fo jj ̂  

Ij c tT« 
« 3 C 

\ H 
U-l C -P 
O rd (D 
Qi * 

4J V) 45 
C tn 
e 
o 
E 

ko cm ̂  

ro m rH 

<N rvj <T1 
rn cr> t—t co 

I I I I 
till 

73 C 
O 
u 
@ 

to 

<N E E 
S E E 
\ ^ % 

•H TJ 
0> C H 
c ® s 

•H Qi 
+J O E 

(D E -P 
J3 O 4J 
W Jj o 

•p ja 
o 

^ m cs 
o 

& o 

3 ^ 

I 

\ O 8 

O 4-> ^ 
3 \ 

E 

0) H 
U C Di 
flJ 3 C 

*M C +J 

4J W jC 
C M 
m 
s 
o s 

73 
c 
o 

ja o g 
«Tj in e 

i-H m 
tn to \ o 
C J fM 

4J >4 > , 

<i> -H ja j3 
o ja ja 

W Q< (TJ (TJ 
S I ( 

<11 O M m jC U 

0) J5 x: 
y-l J3 4J 4J 
O JJ 

C O 

IM « 
o o 

•H d c 
"U W O o 
0) (D 4J 4J 
H ^ U U 
>4 M * # 

0) <d im 
J3 @ m 

-P 4J V V 

u o c 
O 4J 

» 

V CP 
(Q C 01 
O H X 
•H 4J 4J • 

<U 
D * (w . 
® J3 O 

•U « C o 

^ ® <0 -H 0> 
*j X! 0) 4J C G JS O -H 
® w ® j3 
U <W rH tn a o 
o j : 

u 
O 3 O 

# 
u 

o c 
J 44 o 
® V 

4 A 

[» OJ 3 
. Li 
) 73 O 

O 
4J 4J 

® fQ ® o @ 
3 3 3 3 

TJ tJ 73 73 

3 3 3 3 3 
^ x 1-4 »—i 
•h (u h -h -h 
<0 •—« nj nj flj 
cu cb cu (&. b4 
I I I I I 
I I I I i 
«H CM ro LO 
II II II It li tn tr» CT> tjt cn 
<tj <tj <tj flj 

x: 
O 
to ® ® 0) m ja 3 3 3 3 (D TJ 73 73 TJ 3 

W ® 0) <D UJ o 
3 3 3 3 

c 
tJ TJ flj fO 

4J 1 1 1 1 flj 1 i 1 1 c 
^ CO o\ II II II II 
tp tp en tp u 
fJ fd nj 03 c 
[li Ut [t4 

W4 o 
* 

C 
* Cn "U C 

ffl KP m 1 c J2 ja c 
« 

•p ® M a 
* tP -p to w 

ja 
nj 
EH 

Cta Cirf (l< bu 

-114-



"0 A ns 0. 
J3 O 3 JJ M 
& 

0) Tf 
73 0) d 
JQ O d 

CO • E 8 
M H 
E <N a 
8 E 

U-i o B o 
• ^ 

o 
u 
* 

d 
m 
o 
8 

3 
6 

X 
M 
S 

4J Q 

CP C < 

H E 
J3 e 
+J 

•=5' o m m 

m o m m 
in o (n 

ri o m o\ 
o m <Tv 

o in vo m 

I I I I 
I I f I 

<N e B 
8 8 8 

S 
^ tT>J3 
C *J 
•H 73 

d> c h 
C <D > 
•h qi 
•U O B 
(D g 4J 
j3 O 4J 
W +J O 
4J ̂  
o 
ffl ^ 

E lu rg 
\ O 8 
V \ 
8 ' Z 
U 4J ̂  
3 \ 

rd ̂  ̂  
>-< C tr» 
«o 3 C 
\ H 
C +J 

O (0 <D 
Qi <D 

•P W jC G U) 
(D e 
o 
s 
•d 
c 

m o vo 
rsj O LO rg 

o ifi r - cr, 

m o w fn 

o m »-» vo 

--h m cti m 

o <r» o CO 

I I I I 
I I I I 

<N 8 8 
E E E ^ 

^ tnjC 
c +J 

•H 73 
tr c "H 
C <D 5 

I 

8 *LI M 
\ O 8 
V \ 
8 • B 
U 4J jg 
^ 3 \ 

E 

o, kl 
4-> o E n) 3 d $ O X-H 
<D E *J %4 d -M JS o •P o 
JJ o 0, Q) 
4J 4J W o c 
CO 

E 
O E 
EH > "U 

r* \o *N ̂  

m in w ko 
o ̂  1-4 m 

(N m m 
m m 1-4 co 

I I I I 
I I I I 

<N E E 
E E E 

a 
^ CPXJ 
^ C 4-» 
•H V 

CT d -H 
cog 
•h qi 
-M O E 

<» E 4J 
^ O 4J 
•P JQ 

I 

E (W (N 
\ O 8 
V \ 
E • S 
U 4J ̂  
^ 3 \ 

E 

OJ -M 
u c cj1 
(Q 3 q 
X-H 

«« C 4J 
O (0 4) 
o, # 

4J W jC 
C (n 
0) 
E 

T3 a 

O E 

C J fN 
4J >i 

@ M 
O J3 J) 

ui qj nj n] 
E "H »-H 

0) o u) yj 
J3 U 
0) jG x; 

u-t j3 4j 4j 
O 4J 

o o c o 
^ c d 
rh <tj -h m 
0) 0) 4j 4j 
•H J3 u U >1 01 (1> 0) 
(1) (V lu 

-d 0) d) 
4J 4J T3 TJ 
o o o o 
4J 4J JJ 4J 
0) 0) d) 0) 
3 3 3 3 
TJ TJ TJ 73 

nj flj fo (tj 
cu tb b* [i4 
I I I I 
I I I I 
w r~ 00 o\ 
II II II II Cr» CP CP CP U Tj rt! nj 
cl4 [li ch (i« 

d 4J J3 U H 
# V) 0) 43 
u «u rh w 
d O (W 3 
O ^ 0) U 
O «> -U TJ O 
O 3 O O O 
rH JJ 4J 4J 

3 3 3 3 
"U TJ TJ TJ 
1—4 

0) n) 0) <t) Q) 

3 3 3 3 3 
•h q) -h »4 -h 
nj I—I »TJ <0 (0 
Cl4 b4 tu [l« Cl4 
I I I I I 
I I I I I 
#-* f\* m rf m 
II II II II II 
CP CP CP CP CP Tl nJ nj nj fO 
•-H «—4 ̂  •—I I—I 
(i« [h u< bj u> 

j3 
U 

CP 
d 

tn nj 1 d J2 ja d 
<TJ 

4J o, 
<D CP 4J M 
0) d w 

£ •H U 4-» o 
* d 

o D* 
d # 
o JQ U 

W 
4J * 

13 CP * 
<0 d 0) u V O •H J3 O d A 
f—4 4J o (0 O u E4 V 
<D JS o M-l 4J V) c O 
(4 U o 
U m CP 
•M J3 c 

-115-



(0 

1 
w 
w 
'g 

2 

o - 9 mm SLAB DEPTH 1 00mm 

a. 1 - 2 mm 

+ 1 • S mm 

X - 9 mm SLAB DEPTH 1 25mm 

0 1 - 2 mm 

"t- 1 .5mm 

X -9mm SLAB ' DEPTH 1 50mm 

z 1 - 2 mm 

Y 1 . vS mm 

K - 9 mm SLAB DEPTH 175 mm 

X 1 . 2 mm 

E 1 • 5 mm 

1 -9 mm SLAB DEPTH 200 mm 

O 1 - 2 mm 
t - 5 mm 
- 9 mm SLAB DEPTH 250 mm 

! 1 •2mm 
" 1 ' 5 mm 
n - 9 mm L A 5 DEPTH 300 mm 
s 1 - 2 mm 
' / i . T. m 

1 2 . 0 0 9 . 0 0 
I r 

1 3 . 0 0 1 0 . 0 0 I 1 . 00 

Angle of inclination of webs (degree) 

T r 
14 .00 1 5 . 0 0 

Fig. 3.1: Span-web inclination curves under 10 kN/m^ 
iitposed loading 

- 1 1 6 -



0 

+ 

X 

<!> 
f-
X 

z 
Y 

X 
% 

I 

* 

9 mm S L A B D E P T H 1 0 0 mm 

9 mm S L A B D E P T H 1 2 5 mm 

9 mm S L A B D E P T H 1 5 0 mm 

9 mm S L A B D E P T H 1 7 5 mm 

9 mm S L A B D E P T H 2 0 0 mm 

9 mm S L A B D E P T H 2 5 0 mm 

9 mm S L A B D E P T H 3 0 0 mm 

\ 0 - 00 9.00 
I r 

1 1 . 0 0 
1 r 

1 2 . 0 0 1 3 . 0 0 1 4 . 0 0 I S . 0 0 

Angle of inclination of webs (degree) 

Fig. 3.2: Span-web inclination curves under 5 kN/m^ 
imposed loading 

-117-



I 
0) 

r—I 

.-2 
(/) 
W 

• H 
E 
M 
oi 

\o 

a 
r~ 

a 

a 
CN 

a 
in 

a 

a 
M 

a 
0\ 

a 
in 

o 0.9 MM ID 0 DEGREE ANGLE 

12 5 DEGREE ANGLE 

+ 15 0 DEGREE ANGLE 

X 1 .2 MM to 0 DEGREE ANGLE 

0 1 Z 5 DEGREE ANGLE 

4- 1 5 0 DEGREE ANGLE 

K 1 .5 MM ID 0 DEGREE ANGLE 

m 1 2 5 DEGREE ANGLE 

> 1 5 0 DEGREE ANGLE 

I 1 1 1 I I I I I I 1 1 
5 0 . 0 0 1 0 0 . 0 0 I 5 0 . 0 0 Z O O . 0 0 2 5 0 - 0 0 3 0 0 . 0 0 3 5 0 . 0 0 

Slab depth (mm) 

Fig. 3.3: Span-slab depth curves under 10 kN/m imposed loading 

- 1 1 8 -



(U 

3 
w 
(0 

-H 
B 

a 
in 

a 

XI 

o 
r-

in 

a 
n 

a 
in 

a 

a 
M 

O 
(X 

a 
in 

o 0.9 MM 1 D 0 DEGREE ANGLE 

1 2 5 DEGREE ANGLE 

+ 15 0 DEGREE ANGLE 

X 1 .2 MM 1 0 Q DEGREE ANGLE 

e 12 5 DEGREE ANGLE 

4- 15 0 DEGREE ANGLE 

K 1 .5 MM ID 0 DEGREE ANGLE 

m 12 5 DEGREE ANGLE 

> 15 0 DEGREE ANGLE 

(Ni 1 r I 
5 0 . 0 0 1 0 0 . 0 0 

1 I j I j j I I I" 
5 0 . 0 0 2 0 0 . 0 0 Z 5 0 . 0 0 3 0 0 . 0 0 3 5 0 . 0 0 

Slab depth (mm) 

Fig. 3.4: Span-slab depth curves under 5 kN/m imposed loading 

- 1 1 9 -



rs] 

I 
<D 
<—H 
• H 

U) 
• H 
E u 

a 
in 
r\i_ 

a 
a 

a 
in 

^ _ 
S a 

^ a 
Qi CO-
C3 '— 
4-1 
(U 

I 

3 
• H 
4-1 

a 

0 
& 

• H 

1 

a 
in 

a 
a 

a 
in 

a 
a 

a 
in 
a. 

a 
a 

a 
in 

0 0.9 MM 1 D 0 DEGREE ANGLE 

4 1 2 5 DEGREE ANGLE 

+ 15 0 DEGREE ANGLE 

X 1 .2 MM to 0 DEGREE ANGLE 

o t 2 5 DEGREE ANGLE 

4- 1 5 0 DEGREE ANGLE 

IX ! .5 MM ID 0 DEGREE ANGLE 

m 1 2 5 DEGREE ANGLE 

> 1 5 0 DEGREE ANGLE 

5 0 . 0 0 
1 ! I I I I I r 

1 0 0 . 0 0 1 5 0 . 0 0 2 0 0 . 0 0 2 5 0 . 0 0 3 0 0 - 0 0 3 5 0 . 0 0 

Slab depth (mm) 

Fig. 3.5: Relationship between permissible span/unit weight of 
profiled sheeting and slab depth under 10 kN/m 
imposed loading 

- 1 2 0 -



(N 

•H 

I 
a 

I 
Q) 
r 4 

a 
(0 
U) 
•rH 

e 

• in 

a 
a 

a 
in 

a 
a 
0 0 -

a 
in 

"8 

a 
a 

0 1'-

6 . 

1 s 

a 
a 

a 
in 

© 0 .? MM ID 0 DEGREE ANGLE 

1 Z 5 DEGREE ANGLE 

+ 15 0 DEGREE ANGLE 

X 1 .2 MM ID 0 DEGREE ANGLE 

o I Z 5 DEGREE ANGLE 

f 15 0 DEGREE ANGLE 

IX 1 .5 MM ID 0 DEGREE ANGLE 

m t 2 5 DEGREE ANGLE 

> 1 5 0 DEGREE ANGLE 

• a 

a 
in 

1 I 1 1 1 r 
5 0 . 0 0 1 0 0 . 0 0 1 5 0 . 0 0 2 0 0 . 0 0 

Slab depth (mm) 

2 5 0 . 0 0 
T 

3 0 0 . 0 0 
T 

3 5 0 . 0 0 

Fig. 3.6: Relationship between permissible span/unit weight of 
profiled sheeting and slab depth under 5 kN/m 
imposed loading 

-121-



CHAPTER 4 

PUSH-OFF TEST 

-122-



CHAPTER 4 

PUSH-OFF TEST 

4.1 Introduction 

To develop composite action, the bond between the concrete and steel in 

the deck must be able to resist horizontal shear. It must also prevent 

vertical separation between the concrete and steel deck profile. The 

most common composite deck systems on the market today utilise a fixed 

pattern of indentations or embossments (mechanical interlocking devic-

es) to develop physical as well as chemical composite action between 

the concrete and steel deck. The effect of different indentations on 

the shear-bond developed between concrete and sheeting was studied in 

these tests. A newly-devised Push-off test was used on using different 

shapes, sizes and depths of indentation with various spacings. The same 

profile shape of sheeting and the same concrete mix were used for each 

test specimen at this stage. 

The standard test for shear-bond interlock described in BS 5950: 

part 4: 1982 (3) would require at least six test slabs to be cast for 

each distinct indentation. The span of these slabs would typically vary 

between 1.8 m and 4.0 m, and the width would be the cover width of the 

profiled sheeting. It would have been prohibitively expensive and 

time-consuming to do this full standard test on every variation of 

indentation considered. An initial, simpler and smaller comparative 

test was therefore devised to eliminate the less effective 

indentations. 

4.2 Description of test specimens 

A total of 46 Push-off tests were carried out to test 13 different 

shapes and two depths of indentation in the steel sheeting. The shape 

of indentations used were 
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1) Square 

2) Diamond 

3) Vertical 

4) Inclined 

5) Plus 

6) Cross 

7) Split vertical 

8) Split inclined 

9) Staggered circle 

10) Ring 

11) Corner projection 

12) Dowel bar 

13) Plain sheet without indentation 

The detail of each type of indentation is explained later. 

4.2.1 Steel sheet 

A typical section of the steel sheeting is shown in Fig. 4.1. A single 

profile was used, of length 650 mm and width 150 mm. The indentations 

were embossed on the sides of the two ribs of the sheeting. Two 

concrete blocks, each of length 300 mm and depth 150 mm, were cast on 

both ends of the sheet, leaving 50 mm in between them. The thickness of 

the sheeting used was 0.9 mm and height of the profile was 40 mm. 

4.2.2 Concrete mix 

A normal weight concrete mix was used for all the specimens. Ordinary 

Portland cement, siliceous sand and crushed stone were used. After 

making trial mixes, the proportion of cement, sand and coarse aggregate 

was taken as 1: 2.37: 4.03 by weight with a water-cement ratio of 0.60. 

The mix gave a slump of 20 mm and a compressive cube strength of around 

47 N/mm2 after 28 days. The density of the concrete was 2350 kg/m^. 
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4.2.3 Indentations 

The main aim of the indentation is to transfer stress into the steel so 

that it can develop the tensile force necessary to produce a moment of 

resistance. The transfer of stress could occur most effectively if the 

surface area of the sheeting were completely smothered with these 

indentations. Other design constraints preclude this on profiled 

sheeting. The wet concrete loading condition on the sheeting requires 

the flanges to act one in tension and the other in compression. Where 

the sheeting is continuous over supports these actions can be reversed. 

It IS undesirable to have indentations acting as initial deformations 

in the compression flange and thus predisposing the flange to buckle. 

It is equally undesirable that substantial indentations occur in the 

tension flange, since that would result in straightening and lead to 

excessive deflections. 

The most desirable location for such indentations is therefore along 

the webs. This may adversely affect the shear resistance of the webs in 

the profile under the wet concrete loading condition, but this is 

rarely a critical constraint. Positioning indentations on the webs also 

causes severe production problems when rolling the re-entrant profiles. 

All the indentations were pressed into a 300 mm length in each half of 

the test piece, and in both ribs of the profile. They were placed 

symmetrically on the centreline of the sloping rib of the profile. 

Individual male and female dies were machined for each indentation. 

They were carefully aligned and then pressed hydraulically to form each 

indentation. Various parameters have been used in choosing the 

indentations. These are 

i) depth, 

ii) shape and size, 

iii) spacing. 
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4.2.3.1 Depth 

Two different nominal depths were used for several types of indenta-

tion. The nominal shallow indentation depth was 2.6 mm and the nominal 

deep indentation depth was 4.1 mm. The latter was found to be the 

maximum depth that could be achieved in this thickness of sheeting 

without causing it to rupture. To get the same depth in different 

thickness sheet, a different radius of curvature should be used. 

4.2.3.2 Shape and size 

Several shapes, in the largest size capable of being fitted onto the 

web, have been used to get the maximum efficiency of that particular 

type of indentation. The different shapes and their geometry are 

described below. 

a) Square: 

As the name suggests the indentation has equal sides, which were 18 mm 

long. The sides of the indentation were placed parallel to the edge of 

the rib and half way up the rib. Fig. 4.2a shows the plan of the square 

indentation. Both depths have been used for this shape of indentation. 

Fig. 4.2c shows the section for the shallow version, and Fig. 4.2d that 

of the deep version. Plate 4.1 shows the panels on which square inden-

tations with different spacing have been pressed. 

b) Diamond: 

The dimensions of the diamond indentation were the same as the square 

indentation, but the dies were rotated so that the sides of the inden-

tation were inclined at 45= to the flanges. Both shallow and deep 

depths were again used for this type of indentation. The plan is shown 

in Fig. 4.2b and their sections are shown in Fig. 4.2c and 4.2d. 

Plate 4.1 shows the diamond indentations pressed on to the panels. 
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c) Vertical: 

The vertical indentations were placed perpendicular to the edge of the 

rib. Their height was 30 mm and width was 10 mm. Again both depths were 

used. The plan and the sections are shown in Figs. 4.3a, 4.3c and 4.3d 

respectively. Plate 4.2 shows the panels on which vertical indentations 

have been pressed. 

d) Inclined: 

The inclined indentation was the same as the vertical indentation 

rotated through an angle of 45°. Two different orientations were used. 

One had the mirror image at each end of the specimen, and the other had 

the indentations inclined in the same direction at both ends of the 

specimen. Both depths were used with first orientation. Only the 

shallow depth was used in the latter orientation. Fig. 4.3b shows the 

plan orientation. Plate 4.2 shows the panels on which inclined indenta-

tions have been pressed oriented in two opposite directions on the ends 

of each of the webs. 

e) Plus: 

As its name implies, this indentation was in the form of an addition 

sign. Both strokes of the shape had the same geometry as the vertical 

indentation. The plan of this type of indentation is shown in 

Fig. 4.4a. Only the shallow depth was used. It was difficult to form 

deep indentations of this type because the sheeting tended to split. 

The section of a limb of the indentation is shown in Fig. 4.4b. 

Plate 4.3 shows the specimen on which plus indentations have been 

pressed. 

f) Cross: 

This was a rotated version of the plus. The plus indentation was 

rotated by 45° to get this type of indentation. Only the shallow depth 

was used. The plan of the cross is shown in Fig. 4.5a and cross-section 
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of a limb is shown in Fig 4.4b. The panels on which cross indentations 

have been pressed is shown in Plate 4.3. 

g) Split vertical: 

The total length of these indentations was 30 mm, the same as the 

vertical ones. It was split into two equal parts, each of length 

13.5 mm, leaving a 3 mm gap between them. The width was 10 mm. Only the 

deep version of this type was used. Fig. 4.6a shows the plan and 

Fig. 4.6c shows the cross-section of one part. Panels with three 

different spacings of split vertical indentation are shown in 

Plate 4.4. 

h) Split inclined: 

This was same as the split vertical except that it was inclined at 45° 

with the rib. Only the deep one of this type of indentation was used. 

Fig. 4.6b shows its plan and 4.6c shows cross-section. Plate 4.4 also 

shows the panel on which split inclined indentations have been pressed. 

i) Staggered circle: 

In this type of indentation two circular indentations were placed at an 

angle of 45°. Only the deeper depth was used here. The diameter of each 

circle was 14 mm and centre to centre distance between the circles was 

16 mm. Fig. 4.7a shows the plan of the staggered circles and Fig. 4.7b 

shows the cross section. Plate 4.5 shows the panels on which staggered 

circle indentations have been pressed. 

j) Ring: 

As its name suggests, this was a circular ring protruding outward leav-

ing the central area flat. The outer diameter of the ring was 30 mm and 

the inner diameter was 10 mm. Only the shallow depth of this geometry 

was used. The plan of the indentation is shown in Fig. 4.8a and the 
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cross section along the diameter of circles is shown in Fig. 4.8b. 

Plate 4.5 shows the panels on which ring indentations have been 

pressed. 

k) Corner projection: 

This type of indentation is different from the previous types. Instead 

of protruding out the sloping rib, the joint between the lower edge of 

the rib and the adjoining flange was pressed outwards at intervals. The 

projected section of the corner was around 40° with the horizontal and 

had a depth of 7 mm. The height of projection along the sloping member 

was 8 mm and horizontal length was 12 mm. The width of the projection 

at the top was 8 mm and it became 16 mm at the bottom to allow for the 

radius of curvature in the sheeting. The cross section along the 

projection is shown in Fig. 4.9a and the side elevation of the 

projection is shown in Fig. 4.9b. Plate 4.6 shows panels on which the 

corner projections have been used as a shear transferring device. 

1) Dowel bar: 

This was a substitute for using a steel bar welded to the top of the 

corrugations, which had been suggested by users. The main disadvantage 

of using welded bar is that it is very difficult to weld to galvanised 

sheet. Special care should be taken during welding and the weld might 

not be as strong as desired. To overcome these difficulties, the bar 

was passed through holes drilled in the rib along the mid height of the 

web. To avoid rusting of the bar it is recommended to use the 

galvanised bar. 

The length of bar used was 104 mm and the diameter was 6 mm. The bar 

was fitted tightly enough so that it could not displace during 

concreting. This also reduced to a negligible quantity the loss of 

grout through the gap between the bar and the hole. The bars were 

placed symmetrically about the rib. Plate 4.6 shows two representative 

panels with the dowel bars in place. 
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m) Plain sheet: 

Six different specimens were tested without any indentation. These 

specimens were used to determine the frictional force and the adhesive 

force between plain steel sheet and concrete. The size and shape of 

specimen is identical to that used earlier. The effect of introducing 

the indentations could be obtained by comparing the other results with 

those for the plain sheet. 

4.2.3.3 Spacing 

The length of each part of the specimens was 300 mm. Depending on the 

number of indentations used in this 300 mm length, the spacing was 

determined. 2, 3, 4, 5, 6, 9 and 10 indentations were placed in each 

side for various shapes. Hence the spacings were 150, 100, 75, 60, 50, 

33.33 and 30 mm, respectively. The first indentation was always placed 

half a spacing from the end of the sheet. The numbers of each 

indentation tried are tabulated in Table 4.1. 

4.2.4 Nomenclature of specimen 

A total of 46 specimens were made using 9 batches of concrete. Although 

the mix proportions were the same, the cube strength varied slightly. 

Table 4.2 shows the nomenclature of different specimens. The first 

letter indicates the number of the concrete batch from which the 

specimen was made and the second letter indicates the nominal depth of 

the indentation (D for deep and S for shallow). The depth of 

indentation was irrelevant for the plain samples and those with dowel 

bars. The next two letters indicate the shape of indentation in an 

abbreviated form, and the final number indicates the number of 

indentations in each rib of each end of the specimen. In Table 4.2 the 

average cube strength, cylinder tensile strength and prism flexural 

strength for each batch are also shown in the first column. 
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4.3 Test details 

In Fig. 4.1 the specimen of steel sheeting has been shown. As described 

earlier, two concrete blocks each of length 300 mm and depth of 150 mm 

were cast on the two ends of the sheet. Hence a 50 mm gap was kept 

between the concrete blocks for the loading system. Fig. 4.10 shows the 

isometric view of the test specimen used with end elevation. 

Nominal depths 

Type of 
indentation 

Shallow 
(2.6 mm) 

Deep 
(4.1 mm) Total no. 

Square 2,3,6 3,6 5 

Diamond 2,3,6 3,6 5 

Vertical 3,10 3,9 4 

Inclined 3,6,6 3,6 4 

Plus 3,4 2 

Cross 3,6 2 

Split vertical 3,6,9 3 

Split inclined 3,6 2 

Staggered circle 3,9 2 

Ring 3,6 2 

Corner projection 3,6,9 3 

Dowel bar 1,2,3,4,5,6 6 

Plain 6 

Grand total 46 

* 6 inclined in same direction not included in analysis 

Table 4.1: Number of different types of indentations used in each 

Push-off test specimen 
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Test 

batch no. 

1 1SSQ2 

51.43* 1SDM2 

5.17^ IPLNl 

4.32® 1PLN2 

1PLN3 

2 2SVL3 

2SIN3 

49.20* 2SSQ3 

4.86^ 2SDM3 

3.30® 2SCR3 

Name of 

specimen 

3 3SCR6 

3SIN6 

47.83* 3SSQ6 

4.51^ 3SVL10 

4.25® 3SDM6 

4 4PLN1 

4PLN2 

41.88* 4CPR3 

4.40^ 4CPR6 

3.33® 4CPR9 

4SIN6 

5 5DVL3 

48.00* 5DVL9 

4.19^ 5DSQ3 

3.20^ 5DSQ6 

Type of 

specimen 

Shallow square 

Shallow diamond 

plain 

plain 

Plain 

Shallow vertical 

Shallow inclined 

Shallow square 

Shallow diamond 

Cross 

Cross 

Shallow inclined 

Shallow square 

Shallow vertical 

Shallow diamond 

Plain 

Plain 

Corner projection 

Corner projection 

Corner projection 

Shallow inclined 

Deep vertical 

Deep vertical 

Deep square 

Deep square 

No. of 

indentation 

3 

3 

3 

3 

3 

6 

6 

10 

6 

3 

6 

9 

6 

3 

9 

3 

6 

Failure load 

kN 

12.22 

8.73 

9.31 

6.99 

6.99 

12.22 

11.06 

12.22 

12.80 

10.48 

12.21 

14.66 

14.15 

23.79 

14.98 

9.30 

8.84 

11.30 

13.02 

14.88 

10.81 

18.00 

31.79 

15.81 

20.01 

Table 4.2: Nomenclature and maximum load resisted by each Push-off 

specimen 
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Table 4.2 — continued 

Test 

batch no. 

Name of 

specimen 

Type of 

specimen 

No. of 

indentation 

Failure load 

kN 

45.75 

4.60* 

3.01^ 

7 

47.15^ 

5.24* 

3.17* 

47.40 

4.92* 

3.13* 

37.20 

4.60* 

3.07* 

6DSC9 

6DSPV3 

6DSPV6 

6DSPV9 

6DSPI6 

6PLN1 

7DDM3 

7DDM6 

7PLUS3 

7PLUS4 

8DSC3 

8DSPI3 

8BAR2 

8BAR6 

8DIN3 

8DIN6 

9BAR1 

9BAR3 

9BAR4 

9BAR5 

9RG3 

9RG6 

Staggered circle 

Split vertical 

Split vertical 

Split vertical 

Split inclined 

Plain 

Deep diamond 

Deep diamond 

Plus 

Plus 

Staggered circle 

Split inclined 

Dowel bar 

Dowel bar 

Deep inclined 

Deep inclined 

Dowel bar 

Dowel bar 

Dowel bar 

Dowel bar 

Ring 

Ring 

9 

3 

6 

9 

6 

3 

6 

3 

4 

3 

3 

2 

6 

3 

1 

3 

4 

5 

3 

6 

24.05 

15.97 

19.00 

23.04 

16.31 

11.60 

12.11 

21.36 

12.45 

13.96 

16.15 

13.62 

19.34 

58.70 

16.65 

27.25 

14.47 

31.79 

40.87 

54.16 

13.62 

15.64 

* Average cube strength in N/mm^ 

£ Average tensile strength from cylinder test in N/mm^ 

@ Average tensile strength from the prism test in N/mm^ 

Table 4.2: Nomenclature and maximum load resisted by each Push-off 

specimen 
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