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=================================== RCC structures are primarily composed of reinforced concrete elements such as footings, columns, beams, slabs, and staircases. These components provide stability to the structure, thanks to the reinforcement with steel. The staircase is a crucial component in any RCC structure. In this
article, we will explore various types of staircases and focus on the dog-legged reinforced cement concrete staircase design. Stairs serve as a vital means of accessing different floors in a building. As a result, their location must be carefully considered to provide efficient access between floors. In residential buildings, staircases are typically placed
near the main entrance. On the other hand, public buildings require stairs to be centrally located near the main entrance for quick accessibility to principal apartments. It is essential that all staircases are adequately lit and well-ventilated. Proper lighting prevents accidents, while ventilation ensures a comfortable environment for users. The dog-
legged staircase design is characterized by its unique layout, where succeeding flights rise in opposite directions. The two flights in plan are not separated by a wall; instead, a landing is provided at the level where the direction of the flight changes. Staircases can be classified based on the direction along which the stair slab spans. There are three
types: horizontally spanning stairs, vertically spanning stairs, and longitudinally spanning stairs. Horizontally spanning stairs are supported at each side by walls or at one side by a wall and at the other side by a beam. Vertically spanning stairs, on the other hand, are supported solely by beams or stringers at both ends. When designing an RCC stair,
it is crucial to analyze the various loads that will be imposed on the structure, including dead load, live load, and floor finish. The strength of the staircase is determined by the ratio of steel to concrete used. Steel takes up tension, while concrete bears compression. In multi-storey buildings, ramps, elevators, escalators, and stairs are often employed
to facilitate vertical circulation. Stairs provide essential vertical circulation and access across different floor levels in a building. It is recommended that when an access height exceeds 600mm, a staircase should be provided. Modern architecture emphasizes the aesthetic appeal of stairs, making them an integral part of a building's interior beauty.
There are various types of stairs with distinct configurations, including straight flight staircases, circular staircases, helical staircases, spiral staircases, and combinations thereof. The recommended slope for comfort is 27°, although it can be extended to 35° for practical purposes. Straight stairs are typically arranged in a single flight between two
successive floors or levels, with various possible configurations. ===================================§taircase Structure and Design Guidelines =================================== Helical Stairs are a type of spiral staircase that follows a curved path with multiple centres of curvature.
=================================== Attention should be paid to the optimal line structure and reinforcement when detailing staircases, particularly at points of high-stress concentration. Typically, additional bars are included to prevent crack formation in these areas. A well-detailed corner (edge between flight and landing) is
shown below; additionally, detailed end supports for staircases with landings are also depicted. A staircase's 'three-dimensional' nature and stiffening effect of triangular tread areas often lead to actual stress distributions differing from those calculated, which should be kept in mind during detailing. The typical pattern of internal stresses induced in
a simply supported straight flight stair and reinforcement pattern is illustrated. Simple straight flights can span either transversely (across the flight) or longitudinally (along the flight). When spanning transversely, supports must be provided on both sides of the flight by walls or stringer beams. In this case, the waist or thinnest part of the stair
construction need only be 60 mm thick, as it is the effective lever arm for resisting bending moment. In principle, design requirements for beams and slabs also apply to staircases; however, designers cannot accurately determine deflections in complex stair types. BS 8110 only deals with simple systems and allows a modified span/effective depth
ratio to be used. Bending moments should be calculated from the ultimate load due to total weight and imposed loads, measured on plan, combined with horizontal span. Stresses produced by longitudinal thrust are small and generally neglected in simple system design. A section of a staircase is shown above, with dimensions including width
1160mm, expected carrying capacity, and structural idealisation data such as density of concrete (25 kN/m3), compressive strength of concrete (30 N/mm?2), and yield strength of steel (460 N/mm2). =================================== =================================== The formula provided can be
simplified as: mEd = (41.119 x 106)/(30 x 1000 x 1692) = 0.0479 Since k < 0.167, no compression reinforcement is required. z = d[0.5+ v((0.25 - 0.882k)] = z = d[0.5+ v(0.25 - 0.882 x 0.0479)] = 0.95 dAs1 = MEd/(0.87fykz) = (41.119 x 106)/(0.87 x 460 x 0.95 x 169) = 639.96 mm2/m To calculate the minimum area of steel required, we need to
follow these steps: fctm = 0.3 x fck(2/3) = 0.3 x 3023 = 2.896 N/mm?2 (Table 3.1 EC2) As,min = 0.26 X fctm/fyk x b x d = 0.26 x 2.896/460 x1000 x169 = 276.631 mm2/m Checking if As,min < 0.0013 x b x d (219.7 mm2/m), we get: Since, As,min = 276.631 mm?2, the provided reinforcement is adequate. k = 1.0 for simply supported beams and
slab p = As/bd = 753/(1000 x 169) = 0.004455 < 10-3v30 L/d = k [11 + 1.5V (fck) p0/p + 3.2V(fck) (pO/p - 1)1.51 L/d = 1.0 [11 + 1.5v30 x (0.005477/0.004455) + 3.2v30 (0.005477/0.004455 - 1)1.5] = 1.0 (21.1 + 1.9258) = 23.0258 Modification factor ps = 310/osos = (310fykAs,req)/(500As,prov) = (310 x 460 x 639.96)/(500 x 753) = 242.358
N/mm2ps = 310/242.358 = 1.2789 Taking the distance between supports as the effective span, L. = 4.35m Allowable span/depth ratio = fs x 23.0258 = 1.2789 x 23.0358 = 29.460 Actual deflection L/d = 4350/169 = 25.739 Since 25.739 < 29.460, deflection is ok. Ultimate shear force VEd = 35.358 kNv = VEd/bd = (35.358 x 1000)/(1000 x 169) =
0.209 N/mm?2 VRd,c = [CRd,ck(100p1fck)1/3] = (Vmin)CRd,c = 0.18/yc = 0.18/1.5 = 0.12k = 1 + v(200/d) = 1 + v(200/169) = 2.087 > 2.0, therefore, k = 2 Vmin = 0.035k1.5fck0.5Vmin = 0.035 x 21.5 x 300.5 = 0.5422 N/mm2p1 = As/bd = 753/(1000 x 169) = 0.0044556 < 0.02VRd,c = [0.12 X 2(100 x 0.0044556 x 30)1/3] = 0.569 N.mm2 Since
VRd,c > VEd , no shear reinforcement is required. Shear is okStaircase Characteristics and Design Considerations =================================== The radius of curvature for a small-stair design might necessitate column support, whereas stairs function by employing various structural components. These include flight
elements consisting of multiple steps connecting different floors or levels. Functional Components of a Staircase # Flight A series of connected steps forming the main pathway up and down stairs. # Guard Protective barrier along stair edges to prevent accidents during use. # Landings (Platforms) Provided at turns where passengers need to pause,
these are wide enough as the stairs themselves with an adequate 1000mm length. # Step Combination of riser and tread on which footsteps occur. # Rise Vertical distance measured between floors in a staircase. # Run Total horizontal distance of stairs including landings. # Riser Vertical face or step’s upward portion, typically its height is the
vertical distance to the next tread. # Tread Horizontal surface or step's downward section. # Nosing Tread extension beyond the riser below providing safety support. # Soffit Underside of a stair forming structural protection. # Railing Framework providing handrails while safeguarding users from accidents.The staircase's structural design is a
complex task that requires careful consideration of various factors, including the type of span and deflection considerations. ===================================== Supports are necessary on both sides of the flight when spanning transversely, while longitudinal spans require deflection analysis to determine waist thickness. In
simple systems, stresses produced by longitudinal thrust are small and generally neglected in design. The staircase's dimensions are 1160mm wide, with a concrete cover of 25mm and an imposed load of 4 kN/m2. The structural idealization shows a waist thickness of 200mm and a depth of riser of 150mm. Gravity loads are applied in the global y-
direction, and the load at the waist is converted to this direction using the angle of inclination. This results in a UDL from the waist of 4.124 kN/m?2, with a total dead load on the flight area of 7.199 kN/m?2. Variable loads on the staircase are also considered, including the live load of 4 kN/m2. The load on the landing is calculated as 14.370 kN/m?2 at
ultimate limit state. Design calculations show that the ultimate bending moment diagram due to ultimate loads is a critical factor in determining the required reinforcement. For this particular case, a design moment MEd of 41.119 kNm is used, resulting in a minimum area of steel required of approximately 639.96 mm2/m. The provided reinforcement

meets the required standards, and the modification factor Bs is calculated to account for any potential issues with gs.the calculation of deflection and ultimate shear force is 0k. =================================== Shear reinforcement can be ignored as VRd,c > VEd. ===================================To0
download the full paper in PDF format, click HERE =================================== A concrete staircase serves an essential function, connecting different levels of a building while also becoming a significant architectural element. =================================== The design of a reinforced concrete
staircase is crucial to ensure that it seamlessly fits the surrounding environment and the functional needs of the building. =================================== The rise and run ratio is one of the fundamental principles in the design of reinforced concrete staircases, ensuring safety, comfort, and compliance with design standards.
==================================x= 10 calculate the total rise and run, use the following formulas: R = H/N and R = L/N, where R represents the vertical distance (rise) between two consecutive steps and the depth (run) of each step. =================================== According to Blondel's formula, the
ideal rise and run ratio should be 2R + R = 62/64 cm, resulting in an ideal rise of approximately 16 cm and a ideal run of 30 cm.Accessible and Sustainable Reinforced Concrete Staircase Design =============================== =================================== FQr staircases used both indoors and outdoors,

there are various design options available. One popular choice is the sloping slab stair, which features inclined steps ideal for areas with limited space. The structure must be carefully designed to ensure stability and safety. Knee-beam stairs offer additional support and stability by incorporating a horizontal element into the staircase's design.
=================================== [,00king at modern staircase designs, it's clear that innovation plays a key role in creating functional and aesthetically pleasing spaces. One area of focus is internal staircase design, which should blend seamlessly into the surrounding environment while meeting building needs. # Executive
Table: Staircase Design Details A reinforced concrete staircase requires careful consideration to ensure smooth integration with the surroundings and adequate functionality. Key aspects include rise and run ratios, accessibility features, and architectural style. # Rise and Run Ratio The ratio of vertical distance (rise) to step depth (run) is fundamental
in defining a safe and comfortable staircase design. Calculations must consider this balance to meet design standards. A commonly used formula by architect Francois Blondel provides a foundation for optimal ratios: 2R + R = 62/64 cm. This suggests ideal rise and run values of approximately 16 cm and 30 cm, respectively. # Accessibility and Safety
Staircase design must prioritize accessibility and safety for all users, regardless of physical abilities. Features like handrails, non-slip steps, adequate lighting, and sufficient width ensure smooth passage. Compliance with local building regulations is also essential to meet minimum safety standards. # Harmony with the Environment A well-designed
reinforced concrete staircase should harmoniously integrate into its surroundings, taking into account material, color, and style. This balance between form and function creates a cohesive building design that showcases the staircase as an integral element. # Compliance with Building Regulations Compliance with national building regulations is
critical in reinforcing concrete staircase design. These guidelines establish minimum requirements for safety and accessibility, ensuring that architects and engineers prioritize these aspects during project development. # Materials and Construction Techniques The selection of materials and construction techniques also plays a vital role in
determining the overall success of a reinforced concrete staircase design.Paraphrased text here =================================== The structural integrity of reinforced concrete staircases is heavily reliant on the quality of the concrete used and the strategic placement of reinforcements to ensure a safe and durable staircase
over time. It is crucial that the design process takes into account various factors, including structural calculations, to prevent collapse or damage. The second step involves designing the span section, which encompasses the steps and other structural elements. It's crucial to determine the necessary reinforcement to ensure structural integrity. Data
such as bending moment, section dimensions, and materials are taken into account. The vertical bars used for weight (bars) are compared to slabs or horizontal bars. Dowel bars are provided at the top and bottom landings, serving as the main reinforcement of the stairs. The lower dowel is the upper bar of the stair, and the upper dowel will be
spliced with a minimum of 40 times the diameter of the rebar. The distribution bars are placed perpendicular to the main reinforcement, while nosing bars provide additional support for the steps. Straight-run stairs have standard measurements: a stair width of 36 inches (91.4 centimeters), a tread depth of 11 inches (28 centimeters), and a riser size
of 7 inches (18 centimeters). The length is typically 10 feet (3 meters) from the bottom to the top of the stairs. Concrete Stairs Foundation and Support ===================================================== 2, Ensuring a Solid Base for Concrete Stairs The foundation is crucial in transferring loads from the stairs to the
ground and preventing movement. If a plinth beam is present, reinforcement steel bars can be connected to it. Otherwise, a small concrete foundation or stone masonry is built, typically at the roof beam or slab. 3. Building a Strong Formwork Structure Proper formwork inspection is vital. The line of flight, thread, and risers should be marked on the
wall for accurate shuttering or fixing. Thick boards (at least 2 inches) support the concrete weight, while 4 x4 posts secure the lateral formwork structure. 4. Strengthening Concrete Stairs with Steel Reinforcement Steel bars are added to strengthen the stairs, transferring loads to the ground. A structural engineer determines the size and number of
steel bars based on projected loads. 5. Pouring a Solid Layer of Concrete Concrete is poured in layers, starting below and moving upward. The concrete mix should be strong and durable, with a typical ratio of 3 cement, 2 sand, and 4 gravel. 6. Waiting for the Right Moment to Remove Formwork The formwork removal must wait at least 21 days after
drying before it can be done. Proper curing is essential during this period to avoid stair cracks caused by thermal expansion. 7. Finishing Concrete Stairs with Style After removing formwork, concrete stairs can be finished in various ways, depending on the intended use. Options include cement tiles, granite, or a simple trowel finish. Staircases come
in various types, including straight, circular, curved, helical, and spiral designs. **Straight Stairs** Straight stairs are those without any curvature or change in direction between floors. They can be arranged in several ways, such as a single run between floors or multiple runs with changes in direction. Straight stairs can also be classified based on
their configuration, such as parallel stairs or angle stairs. * **Parallel Stairs**: These stairs change direction by 180 degrees and are also known as half-landing stairs. * **Angle Stairs**: These stairs change direction by 90 degrees and are also known as quarter-turn stairs. **Circular and Curved Stairs** Circular stairs follow a circular path with a
single center of curvature and a large radius. Curved stairs, on the other hand, follow a curved path with multiple centers of curvature. * **Helical Stairs**: These stairs have a helical shape and are supported by a central column. * **Spiral Stairs**: These stairs are similar to circular stairs but have a smaller radius and are often supported by a
central column. *Functional Parts of a Staircase** * **Flight**: A series of steps extending from one floor to another. * **Guard**: A protective barrier along the edge of a stairway. * **Landing**: A platform that provides a transition between different sections of a staircase. * **Step**: A combination of a riser and a tread. * **Riser**: The vertical face
of a step. * **Tread**: The horizontal face of a step. *Design Considerations** * **Headroom**: The minimum vertical distance from the nosing of a tread to overhead construction should be at least 2100 mm. * **Stairway Width**: The width of a stairway depends on its purpose and the number of people it needs to accommodate. * **Step Sizes**:
Risers and treads should be proportioned for comfort and accessibility. **Safety Features** * **Handrails**: Protective barriers that provide support and guidance for users. * **Balusters**: Vertical members that support handrails. * **Balustrades**: A railing composed of balusters and handrails. By considering these factors, architects and builders
can design safe and functional staircases that meet the needs of users. =================================== The ratio of riser to tread on stairs increases as the slope steepens, with a minimum of three risers per flight being recommended. When designing stairs, it's crucial to consider the theoretical procedures for structural
analysis, which involves idealising the structure into a line and including additional reinforcement to mitigate cracking at high-stress points. The actual stress distribution in a staircase differs from the calculated one due to its 'three-dimensional' nature and the stiffening effect of triangular tread areas, highlighting the need to account for these
factors when detailing the structure. In simple straight flights, supports can be provided on both sides of the flight by walls or stringer beams. When spanning transversely, the waist thickness should not exceed 60mm, while longitudinally, deflection considerations determine the waist thickness. The design requirements for beams and slabs apply to
staircases as well, but complex systems cannot be expected to determine deflections without computational analysis. BS 8110 deals with simple types, allowing a modified span/effective depth ratio. A full structural analysis of the staircase is required using EC2, taking into account factors such as concrete density, compressive strength, yield
strength, and imposed load. The idealisation of the staircase involves calculating the stresses produced by longitudinal thrust, which are generally neglected in simple designs.The ultimate shear force diagram and shear force equation are provided below; A little consideration will show that it is best to use the design moment MEd = 41.119 kNm to
design the entire stairs.MEd = 41.119 kNmd = h - Cc - ¢/2Assuming ¢p12mm bars will be use for the constructiond = 200 - 25 - 6 = 169mm; b = 1000mm (designing per unit width)k = MEd/(fckbd2) = (41.119 x 106)/(30 x 1000 x 1692) = 0.0479Since k < 0.167 No compression reinforcement requiredz = d[0.5+ V((0.25 - 0.882k)] = z = d[0.5+
v(0.25 - 0.882 x 0.0479)] = 0.95dAs1 = MEd/(0.87fykz) = (41.119 x 106)/(0.87 x 460 x 0.95 x 169) = 639.96 mm2/mProvide Y12mm @ 150mm c/c BOT (As,prov = 753 mm2/m)To calculate the minimum area of steel required;fctm = 0.3 x fck(2/3) = 0.3 x 3023 = 2.896 N/mm2 (Table 3.1 EC2)As,min = 0.26 x fctm/fyk x b x d = 0.26 x 2.896/460
x1000 x169 = 276.631 mm2/mCheck if As,min < 0.0013 x b x d (219.7 mm2/m)Since, As,min = 276.631 mm?2, the provided reinforcement is adequate.k = 1.0 for simply supported beams and slabp = As/bd = 753/(1000 x 169) = 0.004455 < 10-3v30Since p < pOL/d = k[11 + 1.5V (fck) p0/p + 3.2V(fck) (p0/p - 1)1.5]L/d = 1.0 [11 + 1.5V30 X
(0.005477/0.004455) + 3.2v30 (0.005477/0.004455 - 1)1.5] = 1.0 (21.1 + 1.9258) = 23.0258Modification factor Bs = 310/osos = (310fykAs,req)/(500As,prov) = (310 x 460 x 639.96)/(500 x 753) = 242.358 N/mm2Bs = 310/242.358 = 1.2789Taking the distance between supports as the effective span, L. = 4.35mThe allowable span/depth ratio = Bs x
23.0258 = 1.2789 x 23.0358 = 29.460Actual deflection L/d = 4350/169 = 25.739Since 25.739 < 29.460, deflection is ok.Ultimate shear force VEd = 35.358 kNv = VEd/bd = (35.358 x 1000)/(1000 x 169) = 0.209 N/mm2VRd,c = [CRd,ck(100p1fck)1/3] = (Vmin)CRd,c = 0.18/yc = 0.18/1.5 = 0.12k = 1 + v(200/d) = 1 + v(200/169) = 2.087 > 2.0,
therefore, k = 2Vmin = 0.035k1.5fck0.5Vmin = 0.035 x 21.5 x 300.5 = 0.5422 N/mm2p1 = As/bd = 753/(1000 x 169) = 0.0044556 < 0.02VRd,c = [0.12 x 2(100 x 0.0044556 x 30)1/3] = 0.569 N.mm2Since VRd,c > VEd , no shear reinforcement is required. Shear is ok



