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concrete densities provide higher fire-resistance ratings. 
The building code gives guidelines for calculating the 
equivalent thickness of a concrete slab with ribbed soffit, 
which is a function of the slab’s cross-sectional shape and 
dimensions.
   Based on structural end-point behavior, the reduced 
capacity of the reinforced concrete slab is determined using 
multiple charts given in ACI/TMS 216.1-14 for different 
concrete types and durations of fire exposure, which 
correspond to fire-resistance ratings. First, temperatures 
of concrete and bottom reinforcement are determined. 
The reinforcement temperature depends on the concrete 
rib width and the distance from the reinforcement to the 
bottom of the slab. Once the reinforcement and concrete 
temperatures have been established, the reduced strengths 
of the materials are determined using ACI/TMS 216.1-14 
charts, which show percentages of the retained material 
strengths as functions of the material temperatures. Finally, 
the slab’s nominal moment capacity is calculated using the 
reduced strengths of the reinforcement and concrete and 
compared with the unfactored full-service load moment 
in the concrete slab. The bottom reinforcement amount 
is adjusted as needed for the concrete slab to achieve the 
required moment capacity after the required period of fire 
exposure.

Long-Term Deflection Control
According to ANSI/SDI C-2017, additional composite slab 
deflection due to concrete shrinkage and creep shall be 
taken into consideration. The 2015 IBC also requires the 
long-term deflection of floors due to concrete shrinkage 
and creep be considered in the composite slab design. 
Deflection requirements rarely govern the design of 
conventional composite slabs with relatively short spans 
and typical design loads. For slender, long-span composite 
slabs, deflection control is a primary design consideration 
that often governs composite slab design. Research on 
the long-term behavior of composite slabs is limited, 
but the available experimental studies clearly show that 
deflections of composite slabs increase over time under 
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showed the beneficial effect of compression reinforcement on the reduction of long-term 
deflections. For a load duration of 5 years and more, the composite slab long-term deflection 
factor can be calculated using either the ANSI/ASCE 3-91 equation 

λ = [2-1.2(A’s/A”s)] ≥ 0.6 

or the ACI 318-14 equation 

λ = 2/(1+50ρ´) 

where 

A´s and A”s are areas of steel in compression and tension, respectively; 

ρ´ is the ratio of compression reinforcement. 

Therefore, top reinforcing bars between supports reduce composite slab long-term deflections 
and may be a cost-effective alternative of using a deeper section in the cases where deflections 
govern composite slab design. Top reinforcing bars have a small effect on the composite slab 
positive moment capacity and can be conservatively neglected in positive moment capacity 
calculations. If desired, the described GSA method can be used to account for the effect of the 
top bars on the composite slab positive moment capacity.■ 
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constant loads due to concrete shrinkage and creep, 
similarly to deflections of reinforced concrete members.
Due to the limited research on composite slabs, ACI 318’s 
long-term deflection provisions have been considered 
applicable to composite slabs. The long-term deflection 
of a composite slab is determined by multiplying the 
calculated instantaneous slab deflection due to sustained 
loads by the long-term deflection factor, ∆LTD = λΔi,sust. 
The long-term deflection factor is a function of the 
sustained load duration and the amount of reinforcement 
in the concrete compression zone. Experimental studies 
on reinforced concrete flexural members showed the 
beneficial effect of compression reinforcement on the 
reduction of long-term deflections. For a load duration of 
5 years and more, the composite slab long-term deflection 
factor can be calculated using either the ANSI/ASCE 3-91 
equation

or the ACI 318-14 equation

where
A´s and A”s are areas of steel in compression and tension, 
respectively;
ρ´ is the ratio of compression reinforcement.
Therefore, top reinforcing bars between supports reduce 
composite slab long-term deflections and may be a cost-
effective alternative of using a deeper section in the cases 
where deflections govern composite slab design. Top 
reinforcing bars have a small effect on the composite 
slab positive moment capacity and can be conservatively 
neglected in positive moment capacity calculations. If 
desired, the described GSA method can be used to account 
for the effect of the top bars on the composite slab positive 
moment capacity.
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The negative moment reinforcing detailing – including 
the concrete cover, reinforcement spacing, and minimum 
reinforcement area – are determined in accordance with 
ACI 318-14. The tensile strain in the negative moment 
reinforcing bars,  

is required to be at least 0.004 by ACI 318-14 to prevent 
brittle failures. This requirement may prohibit the use 
of large amounts of reinforcement in composite slabs 
with relatively narrow ribs, which will limit the maximum 
negative moment capacity that the slab can achieve. 
If that is the case, the tensile strain in the top bars 
can be increased by providing bottom )compression( 
reinforcement in the slab ribs in the negative bending 
moment region. The larger tensile strain will allow for a 
greater amount of the top reinforcement and a greater 
negative moment capacity of the slab.
Additional Bottom Bars for Moment Capacity
Bottom reinforcement may be provided in composite 
slab ribs between supports to improve the positive 
moment capacity of the composite slab. A greater positive 
moment capacity may be required to attain longer 
spans or to accommodate heavier design loads. Adding 
bottom reinforcement for the higher moment capacity is 
an alternative to using a heavier-gauge steel deck. This 
option may be justified where a heavier-gauge steel deck 
is not available or where the greater moment capacity is 
required for a relatively small slab area, such as the slab area 
adjacent to the opening in Figure 1. Instead of introducing 
a different gage for the steel deck over a small floor area, 
bottom reinforcing bars can be added to the composite 
slab to achieve the required moment capacity. However, 
a heavier-gage steel deck )if available( is generally a better 
option when a greater moment capacity is required over 
a large area of the floor. In those cases, the heavier-gauge 
steel deck will eliminate expenses associated with the 
additional reinforcement installation and will produce 
longer unshored spans, which may reduce or eliminate the 
required deck shoring.
 

Figure 6. Design diagrams for the GSA method.

   The positive moment capacity of a composite slab with 
supplemental reinforcement can be determined using 
a general strain analysis )GSA( method outlined in the 
American National Standards Institute/American Society 
of Civil Engineers’ Standard for the Structural Design of 
Composite Slabs )ANSI/ASCE 3-91(. The GSA method 
is based on the considerations of the composite slab 
internal-forces equilibrium and strain compatibility, as well 
as on the constitutive material models for the steel and 
concrete. Figure 6 illustrates the method. The following 
equilibrium equations of the internal forces and moments 
can be written for the composite slab cross section:

where

                                                 are internal resultant forces 
in concrete, steel deck top flange, steel deck web, steel 
deck bottom flange, top reinforcement, and bottom 
reinforcement, respectively )positive when in tension and 
negative when in compression(;
                                                        are distances from the neutral 
axis of the composite section to the internal resultant 
forces in concrete, steel deck top flange, steel deck web, 
steel deck bottom flange, top reinforcement, and bottom 
reinforcement, respectively )positive when resultant force 
is below neutral axis and negative when resultant force is 
above neutral axis(; and Mn is nominal moment capacity 
of composite section.
   The internal forces in the concrete, steel deck and 
reinforcement are expressed in terms of the internal stresses 
in the slab components and the areas of the components to 
which the stresses are applied. Afterward, the stresses in the 
components are expressed based on the assumed stress-
strain relationships for the materials, as functions of strains. 
The strains in the slab components are related based on the 
hypothesis of plane sections shown in Figure 6.
The resulting equations of the GSA method are quite 
cumbersome and generally require a computer to 
solve. Some deck manufacturers can provide positive 
moment capacities of composite slabs with supplemental 
reinforcement calculated using this method.
    It should be noted that either the ultimate flexural 
strength of the composite slab section or the bond 
between the steel deck and the concrete may govern the 
flexural resistance of a composite slab in positive bending. 
The GSA method, which is based on the assumption 
of the perfect steel deck-to-concrete bond, allows for 
determining the ultimate flexural strength. The composite 
slab flexural capacity governed by the bond should also be 
checked. The bond-governed strengths of composite slabs 
are steel-deck-profile specific and can be provided by the 
deck manufacturer.

Additional Bottom Bars for Fire Resistance
Bottom reinforcing bars can also be added between slab 
supports to establish fire resistance of the composite slab 
by rational design in accordance with the building code. 
This approach may be justified when an Underwriters 
Laboratory )UL(-approved slab design assembly is not 
available or when the rational design results in a more 
economical solution when compared with the available 
UL designs. The 2015 International Building Code )IBC( 
permits establishing fire resistance of concrete slabs by 
calculations in accordance with ACI/The Masonry Society 
Code Requirements for Determining Fire Resistance of 
Concrete and Masonry Construction Assemblies )ACI/TMS 
216.1-14(. To apply ACI/TMS 216.1-14 to composite slabs, 
the steel deck is neglected in the design for a fire event and 
the slab is analyzed as a reinforced concrete slab. Because 
the steel deck is neglected, the required moment capacity 
of the concrete slab in positive bending is achieved by 
adding bottom reinforcement.
   In a fire, heat transmission and structural end-point 
behaviors govern slab design. Based on heat transmission 
end-point behavior, the concrete slab must meet the 
minimum required equivalent thickness specified in 
the building code. The minimum required concrete slab 
thickness is a function of the required fire-resistance 
rating and concrete type. Thicker concrete slabs and lesser 
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computer to solve. Some deck manufacturers can provide positive moment capacities of 
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slab in positive bending. The GSA method, which is based on the assumption of the perfect 
steel deck-to-concrete bond, allows for determining the ultimate flexural strength. The 
composite slab flexural capacity governed by the bond should also be checked. The bond-
governed strengths of composite slabs are steel-deck-profile specific and can be provided by 
the deck manufacturer. 
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Bottom reinforcing bars can also be added between slab supports to establish fire resistance of 
the composite slab by rational design in accordance with the building code. This approach may 
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a = (fyAtr)/(0.85f´cbb) and all other variables are as defined in ACI 318-14 and in Figure 5. 

 

Figure 5. Composite slab design diagrams for negative bending moment calculations. 

The negative moment reinforcing detailing – including the concrete cover, reinforcement 
spacing, and minimum reinforcement area – are determined in accordance with ACI 318-14. 
The tensile strain in the negative moment reinforcing bars,  εt = [(dtr – c)/c]εcu, 

is required to be at least 0.004 by ACI 318-14 to prevent brittle failures. This requirement may 
prohibit the use of large amounts of reinforcement in composite slabs with relatively narrow 
ribs, which will limit the maximum negative moment capacity that the slab can achieve. If that 
is the case, the tensile strain in the top bars can be increased by providing bottom (compression) 
reinforcement in the slab ribs in the negative bending moment region. The larger tensile strain 
will allow for a greater amount of the top reinforcement and a greater negative moment capacity 
of the slab. 

Additional Bottom Bars for Moment Capacity 
Bottom reinforcement may be provided in composite slab ribs between supports to improve 
the positive moment capacity of the composite slab. A greater positive moment capacity may 
be required to attain longer spans or to accommodate heavier design loads. Adding bottom 
reinforcement for the higher moment capacity is an alternative to using a heavier-gauge steel 
deck. This option may be justified where a heavier-gauge steel deck is not available or where 
the greater moment capacity is required for a relatively small slab area, such as the slab area 
adjacent to the opening in Figure 1. Instead of introducing a different gage for the steel deck 
over a small floor area, bottom reinforcing bars can be added to the composite slab to achieve 
the required moment capacity. However, a heavier-gage steel deck (if available) is generally a 
better option when a greater moment capacity is required over a large area of the floor. In those 
cases, the heavier-gauge steel deck will eliminate expenses associated with the additional 
reinforcement installation and will produce longer unshored spans, which may reduce or 
eliminate the required deck shoring. 
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allow for establishing fire resistance of the slabs. Top bars 
between composite slab supports help to control long-
term deflections of the slabs. Figure 1 shows an example of 
a floor plan with a composite slab including supplemental 
reinforcing bars. Figure 2 illustrates the typical locations of 
the top and bottom bars within the composite slab cross-
section.
 

Figure 2. Typical locations of reinforcing bars in slab 
cross-section.

Top Bars for Slab Continuity
Properly designed top reinforcing bars installed above 
interior supports make the composite slab continuous. 
A composite slab without such bars is considered simply 
supported even when the steel deck is continuous 
over several spans. When gravity loads are applied to a 
composite slab without top continuity bars, cracks form 
in the concrete above the interior supports, which causes 
the slab to behave as a series of simply supported slabs. 
The maximum positive bending moment and maximum 
deflection of a continuous slab due to applied loads are 
considerably smaller than those in a simply supported slab 
with the same spans and loads, which allows for longer 
continuous spans when compared with simply supported 
slabs of the same depth )Figure 3(.

Figure 3. Simply-supported and continuous composite 
slabs.
Design of Continuous Slabs
For the analysis, the composite slab is divided into strips 

based on the support layout and loading conditions. For 
example, the single-span composite slab area adjacent 
to the opening in Figure 1 would be one strip, and the 
remaining composite slab area, with three unequal spans, 
would be another strip. Because composite slabs are 
designed as one-way slabs, every strip is analyzed as a 
beam accounting for load combinations required by the 
building code.
For simple cases of approximately equal spans, applied 
moments and shears can be determined using moment 
and shear coefficients tabulated in the American 
Concrete Institute’s )ACI( Building Code Requirements for 
Structural Concrete )ACI 318-14( and Commentary )ACI 
318R-14(, similar to the process for simply supported 
slabs. Composite slab deflections can be calculated using 
deflection coefficients for continuous beams with equal 
spans available in the technical literature. When spans are 
unequal, the composite slab should be analyzed using a 
general purpose structural analysis software considering 
pattern loading and load combinations required by the 
building code. Figure 4 shows an example of such analysis 
and resultant moment, shear, and deflection diagrams.

 

Figure 4. An example of analysis results for a 
continuous slab with unequal spans.

   The calculated composite slab internal forces are 
compared with composite slab capacities calculated in 
accordance with ANSI/SDI C-2017. The composite slab’s 
flexural resistance in positive bending, vertical shear 
capacity, and the average moment of inertia can be 
obtained from the deck manufacturer or can be back-
calculated from composite slab allowable loads published 
in manufacturers’ deck load tables. The negative moment 
capacity of a composite slab is determined in accordance 
with ACI 318-14, neglecting the steel deck contribution, as 
follows:

where

 and all other variables are as defined in ACI 318-14 and in 
Figure 5.

Figure 5. Composite slab design diagrams for negative 
bending moment calculations.

3 
 

 

Figure 3. Simply-supported and continuous composite slabs. 

Design of Continuous Slabs 
For the analysis, the composite slab is divided into strips based on the support layout and 
loading conditions. For example, the single-span composite slab area adjacent to the opening 
in Figure 1 would be one strip, and the remaining composite slab area, with three unequal 
spans, would be another strip. Because composite slabs are designed as one-way slabs, every 
strip is analyzed as a beam accounting for load combinations required by the building code. 

For simple cases of approximately equal spans, applied moments and shears can be determined 
using moment and shear coefficients tabulated in the American Concrete Institute’s (ACI) 
Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 
318R-14), similar to the process for simply supported slabs. Composite slab deflections can be 
calculated using deflection coefficients for continuous beams with equal spans available in the 
technical literature. When spans are unequal, the composite slab should be analyzed using a 
general purpose structural analysis software considering pattern loading and load combinations 
required by the building code. Figure 4 shows an example of such analysis and resultant 
moment, shear, and deflection diagrams. 

 

Figure 4. An example of analysis results for a continuous slab with unequal spans. 

The calculated composite slab internal forces are compared with composite slab capacities 
calculated in accordance with ANSI/SDI C-2017. The composite slab’s flexural resistance in 
positive bending, vertical shear capacity, and the average moment of inertia can be obtained 
from the deck manufacturer or can be back-calculated from composite slab allowable loads 
published in manufacturers’ deck load tables. The negative moment capacity of a composite 
slab is determined in accordance with ACI 318-14, neglecting the steel deck contribution, as 
follows: 

ΦMn = ΦfyAtr(dtr – 0.5a) 

where 

3 
 

 

Figure 3. Simply-supported and continuous composite slabs. 

Design of Continuous Slabs 
For the analysis, the composite slab is divided into strips based on the support layout and 
loading conditions. For example, the single-span composite slab area adjacent to the opening 
in Figure 1 would be one strip, and the remaining composite slab area, with three unequal 
spans, would be another strip. Because composite slabs are designed as one-way slabs, every 
strip is analyzed as a beam accounting for load combinations required by the building code. 

For simple cases of approximately equal spans, applied moments and shears can be determined 
using moment and shear coefficients tabulated in the American Concrete Institute’s (ACI) 
Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 
318R-14), similar to the process for simply supported slabs. Composite slab deflections can be 
calculated using deflection coefficients for continuous beams with equal spans available in the 
technical literature. When spans are unequal, the composite slab should be analyzed using a 
general purpose structural analysis software considering pattern loading and load combinations 
required by the building code. Figure 4 shows an example of such analysis and resultant 
moment, shear, and deflection diagrams. 

 

Figure 4. An example of analysis results for a continuous slab with unequal spans. 

The calculated composite slab internal forces are compared with composite slab capacities 
calculated in accordance with ANSI/SDI C-2017. The composite slab’s flexural resistance in 
positive bending, vertical shear capacity, and the average moment of inertia can be obtained 
from the deck manufacturer or can be back-calculated from composite slab allowable loads 
published in manufacturers’ deck load tables. The negative moment capacity of a composite 
slab is determined in accordance with ACI 318-14, neglecting the steel deck contribution, as 
follows: 

ΦMn = ΦfyAtr(dtr – 0.5a) 

where 

4 
 

a = (fyAtr)/(0.85f´cbb) and all other variables are as defined in ACI 318-14 and in Figure 5. 

 

Figure 5. Composite slab design diagrams for negative bending moment calculations. 

The negative moment reinforcing detailing – including the concrete cover, reinforcement 
spacing, and minimum reinforcement area – are determined in accordance with ACI 318-14. 
The tensile strain in the negative moment reinforcing bars,  εt = [(dtr – c)/c]εcu, 

is required to be at least 0.004 by ACI 318-14 to prevent brittle failures. This requirement may 
prohibit the use of large amounts of reinforcement in composite slabs with relatively narrow 
ribs, which will limit the maximum negative moment capacity that the slab can achieve. If that 
is the case, the tensile strain in the top bars can be increased by providing bottom (compression) 
reinforcement in the slab ribs in the negative bending moment region. The larger tensile strain 
will allow for a greater amount of the top reinforcement and a greater negative moment capacity 
of the slab. 

Additional Bottom Bars for Moment Capacity 
Bottom reinforcement may be provided in composite slab ribs between supports to improve 
the positive moment capacity of the composite slab. A greater positive moment capacity may 
be required to attain longer spans or to accommodate heavier design loads. Adding bottom 
reinforcement for the higher moment capacity is an alternative to using a heavier-gauge steel 
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Figure 1. Floor plan with composite slab and supplemental reinforcing bars. 

Reinforcing bars can be added in three different locations. Top bars above interior supports 
provide composite slab continuity. Bottom bars between composite slab supports contribute to 
improved positive moment capacity and allow for establishing fire resistance of the slabs. Top 
bars between composite slab supports help to control long-term deflections of the slabs. Figure 
1 shows an example of a floor plan with a composite slab including supplemental reinforcing 
bars. Figure 2 illustrates the typical locations of the top and bottom bars within the composite 
slab cross-section. 

 

Figure 2. Typical locations of reinforcing bars in slab cross-section. 

Top Bars for Slab Continuity 
Properly designed top reinforcing bars installed above interior supports make the composite 
slab continuous. A composite slab without such bars is considered simply supported even when 
the steel deck is continuous over several spans. When gravity loads are applied to a composite 
slab without top continuity bars, cracks form in the concrete above the interior supports, which 
causes the slab to behave as a series of simply supported slabs. The maximum positive bending 
moment and maximum deflection of a continuous slab due to applied loads are considerably 
smaller than those in a simply supported slab with the same spans and loads, which allows for 
longer continuous spans when compared with simply supported slabs of the same depth (Figure 
3). 2 
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Figure 1. Floor plan with composite slab and 
supplemental reinforcing bars.
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یا ضخامت ورق عرشه ی  برای کاهش ضخامت دال و  باشد،  زیاد 
 Figure فوالدی، باید از میلگردهای خمشی استفاده کرد )شکل های
1 و Figure 2(. این مقاله درباره ی چگونگی طراحی این میلگردها 
بحث می کند. هرچند معمواًل طراحی این سقف ها بر اساس جداوِل 
از پیش آماده صورت می گیرد. میلگردهای دال بتنی رویه ی سقف 
باالیی  میلگردهای  می کنند.  ایفا  را  مختلف  نقش  سه  کامپوزیت 
مهیا  را  تکیه گاه ها  بین  بتنی  دال  پیوستگی  تیرچه ها،  روی  بر  دال 
می کنند. دقت شود حتی اگر ورق عرشه ی فوالدی از روی تیرچه ها 
محل  در  باالیی  میلگردهای  بدون  کند،  عبور  پیوسته  صورت  به 
نظر  در  پیوسته  را  تیرچه ها  روی  کامپوزیت  دال  نمی توان  تیرچه ها 
گرفته و عملکرد دال بین دو تیرچه  باید به صورت تیر دو سر ساده 
فرض شود. دلیل این مطلب آن است که بدون وجود این میلگردها، 
بر  دال  بودن  پیوسته  می خورد.  ترک  تیرچه ها  محل  در  بتنی  دال 
روی تکیه گاه، باعث کاهش لنگر خمشی مثبت و خیز دال بین دو 
تیرچه می شود )شکل Figure 3(. میلگردهای تحتانی دال بین دو 
تیرچه نیز، باعث ایجاد مقاومت خمشی مثبت دال شده و هم چنین 
می توان دال را در برابر حریق مقاوم فرض کرد. میلگردهای فوقانی 
بتنی  دال  بلندمدت  خیز  کنترل  به  نیز  تیرچه  دو  بین  فاصله ی  در 
کم  تیرچه های  فاصله ی  برای  چند  هر  می کنند.  کمک  کامپوزیت 
و در دال های با ضخامت کم، از یک الیه  شبکه ی مش میلگرد در 

میانه ی دال بتنی استفاده می شود، در سقف های با فاصله  ی تیرچه ی 
تحتانی  و  فوقانی  میلگرد  دو  هر  و  بیش تر  دال  ضخامت  از  زیاد، 

استفاده می شود. 
به عملکرد یک طرفه ی  توجه  با  رویه،  بتنی  دال  برای طراحی     
دال، فرض می شود مقطع دال بتنی کامپوزیت به صورت یک تیر بر 
روی تیرچه های فوالدی قرار گرفته و با محاسبه ی لنگر و برش و 
کنترل خیز این تیر، ضخامت دال و میلگردهای خمشی آن محاسبه 
با طول  پیوسته  لنگر و برش دال  برای محاسبه ی مقادیر  می شود. 
 ACI318 دهانه های یکسان می توان از ضرایب گفته شده در جداول
برای تحلیل دال ها استفاده کرد. فرمول های محاسبه خیز نیز برای 
تیرهای پیوسته با طول دهانه های یکسان در جداولی آماده موجود 
از پیش آمده برای تحلیل دال،  از جداول  هستند. به جای استفاده 
 Figure می توان از نرم افزارهای تحلیل سازه نیز استفاده کرد )شکل
دقت  باید  زنده،  بارهای  برابر  در  تحلیل  برای  صورت،  این  در   .)4
داشت که اثر الگوهای بارگذاری مختلف بار را نیز در تحلیل لحاظ 
کرد. پس از محاسبه ی لنگر خمشی، برای محاسبه ی ظرفیت مقطع 
دال کامپوزیت، از اصول و فرضیات کلی حاکم بر تحلیل مثل روابط 
تعادل، روابط سازگاری، روابط تنش- کرنش و فرض مسطح ماندن 
و   5  Figure استفاده می شود )شکل های  بعد خمش  و  قبل  مقطع 

 .)6 Figure

Composite steel deck-slabs, referred to hereafter as 
composite slabs, have been successfully used without 
supplemental reinforcing in buildings with relatively short 
spans and typical design loads. As slab spans become 
longer or slab design loads become heavier, adding 
reinforcing bars is an effective alternative to making 
the composite slabs deeper and the steel decks thicker. 
Properly designed supplemental reinforcing allows 
for light, slender composite slabs that can span longer 
distances and results in large open interior spaces. This 
is in addition to the benefits of conventional composite 
slabs, such as reductions in construction time and cost. 
This article discusses different strategies for achieving 
economical composite slab designs by adding steel 
reinforcement and gives practical guidelines for the design 
of composite slabs with supplemental reinforcing bars.

Typical Designs
Designers usually specify composite slabs based 
on composite steel deck load tables developed and 
published by deck manufacturers. The load tables are 
generally applicable to simple-span slabs; although, load 
tables for continuous slabs with supplemental top bars 
over interior slab supports are available. Allowable loads 

Composite Steel Deck-Slabs
 with Supplemental Reinforcing Bars

By Vitaliy 2019 ,STRUCTURE magazine, Feb
Degtyarev, Ph.D., P.E., S.E

published in these load tables have been determined 
based on comparisons of slab capacities for different limit 
states with slab internal forces. The American National 
Standards Institute/Steel Deck Institute C-2017, Standard 
for Composite Steel Floor Deck-Slabs )ANSI/SDI C-2017(, 
gives provisions for calculating slab capacities. The 
internal forces are determined from structural analysis of 
a composite slab as a beam. For simply supported slabs 
and uniform loads, the structural analysis consists of using 
well-known expressions for maximum shear, moment, and 
deflection in a simply supported beam. Slab deflections 
are calculated using the average of cracked and uncracked 
moments of inertia of the transformed section and are 
compared to required deflection limits.
   To achieve a longer span or greater allowable loads for a 
simply supported composite slab without reinforcement, 
the designer should specify a deeper slab, a heavier deck, 
or greater strengths of the materials. Adding properly 
designed reinforcing bars may be a more appealing 
option, which results in a shallower composite slab formed 
on a lighter steel deck.
   Reinforcing bars can be added in three different locations. 
Top bars above interior supports provide composite slab 
continuity. Bottom bars between composite slab supports 
contribute to improved positive moment capacity and 
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به  نیاز  عدم  علت  به  فوالدی،  عرشه ی  با  کامپوزیت  سقف های 
قالب بندی و شمع بندی )به طور معمول( و هم چنین، سرعت باالی 
برای  می شوند.  استفاده  فوالدی،  اسکلت  ساختمان های  در  اجرا، 
طراحی این نوع سقف ها معمواًل از ضوابط آیین نامه ی AISC360 و 
استاندارد )SDI Steel Deck Institute( استفاده می شود. استاندارد 
SDI یکی از جامع ترین آیین نامه های طراحی و محاسبات سقف های 

کامپوزیت با عرشه ی فوالدی هستند. 
طراحی  شامل  فوالدی،  عرشه ی  با  کامپوزیت  سقف  طراحی     
رویه  بتنی  دال  و طراحی  فوالدی  عرشه ی  ورق  تیرچه ها، طراحی 
است. طراحی تیرچه ها بر اساس معیارهای خمش، برش، کنترل خیز 
و ارتعاش و برای حالت قبل و بعد از گیرش بتن )در حالت اجرای 
بدون شمع( صورت می گیرد. طراحی بقیه ی سقف شامل ضخامت 

ورق عرشه ی فوالدی، ضخامت و میلگردهای دال بتنی رویه، 
می تواند به دو روش صورت گیرد. در روش اول ورق عرشه ی فوالدی 
فقط به عنوان قالب در نظر گرفته شده و از قابلیت مقاومت کششی 
آن در خمش صرف نظر می شود. در این حالت ورق می بایست قادر به 
تحمل وزن بتن خیس و خشک و بارهای زنده حین ساخت )کارگر 
و ابزار کار( باشد )مطابق SDI C-2017 مقدار این بار حداقل برابر 
100 کیلوگرم بر مترمربع است(. در این حالت سقف به عنوان یک 
دال بتنی مسلح مستقل در نظر گرفته شده و ضخامت و میلگردهای 
آن طراحی می شود. این نحوه ی طراحی، با توجه به صرف نظر کردن 
مقدار  افزایش  موجب  کشش،  تحمل  در  فوالدی  عرشه ی  ورق  از 
میلگرد محاسباتی مقطع می شود. در این روش میلگردهای کششی 
در کف کنگره نیز قرار داده می شوند. هم چنین، مقدار حداقل میلگرد 
دال بتنی به اندازه ی میلگردهای مورد نیاز افت و حرارت و بر اساس 
ملزومات ACI318 )0/0018 یا 0/0020 روی سطح مقطع کل دال 
بتنی( در نظر می گیرند. در روش دوم طراحی، ورق عرشه ی فوالدی 

به عنوان المان کششی مقطع در خمش در نظر گرفته شده و مقطع 
شامل ورق عرشه ی فوالدی و دال بتنی رویه به صورت کامپوزیت 
محاسبه می شود. در واقع، در این حالت درگیری بتن و ورق عرشه ی 
فوالدی به اندازه ی کافی فرض شده، به  طوری  که در برابر لنگر و 
برش های موجود با یکدیگر به صورت یکپارچه عمل می کنند و دچار 

لغزش نسبی نمی شوند. 
رول  هنگام  در  فوالدی  ورق  سطوح  تمامی  در  که  زائده هایی 
تضمین  زیادی  میزان  به  را  عملکرد  این  می شود،  ایجاد  فرمینگ 
می کند. طراحی با استفاده از این فرضیات باعث کاهش میلگردهای 
محاسباتی دال بتنی رویه و اقتصادی تر شدن سقف عرشه ی فوالدی 
می شود. در این حالت معمواًل تنها نیاز به میلگردهای افت و حرارت 
روی   0/00075 عدد  به  آن  مقدار  و  بوده  عرشه  باالی  قسمت  در 
 ،2017-SDI C سطح مقطع کل دال کاهش پیدا می کند. بر اساس
بجای این میلگردها حتی می توان از الیاف های فوالدی )15 کیلوگرم 
در هر مترمکعب بتن( استفاده کرد و دال بتنی رویه بدون میلگرد اجرا 
می شود. مطابق SDI 2017-C، برای کف های با کاربری پارکینگ 
)مثل  سنگین  نقلیه ی  وسایل  چرخ های  بارهای  که  کف هایی  یا  و 
)فرض  طراحی  دوم  روش  از  استفاده  می کنند،  تحمل  لیفتراک( 
مجاز  رویه(  دال  با  فوالدی  عرشه ی  ورق  کردن  عمل  کامپوزیت 
نبوده و کل بارهای وارد به آن را بایستی دال بتن مسلح به تنهایی و 

بدون کمک ورق عرشه ی فوالدی تحمل کند.
   با توجه به روال گفته شده، در صورتی که فاصله ی بین تیرچه ها کم 
بوده و بارهای اعمالی نیز بارهای معمولی باشند، هم چنین در صورتی 
که ورق عرشه ی فوالدی در برابر حریق محافظت شده باشد )مثاًل به 
وسیله ی پوشش های ضدحریق(، می توان از عملکرد کامپوزیت ورق 
عرشه ی فوالدی و دال بتنی استفاده کرده و دال بتنی بدون میلگرد 
باشد. اما در صورتی که فاصله ی بین تیرچه ها زیاد و یا بارهای وارده 

روال طراحی سقف های کامپوزیت با عرشه ی فوالدی 
داود صفریو چکیده ای از مقاله به فارسی

دکترای سازه و نماینده ی گروه تخصصی عمران در فصل نامه ی »گزارش«
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