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DESIGN

iC SOLUTION FOR EARTHQUAKE AND STAIRS
IN BUILDINGS - SPREADSHEET
DYNAMIC FORCES
The dynamic system is simplified due to the sliding solution at the bottom of the stair, preventing constraining
forces. During an earthquake, one landing, together with the connected stair, will follow the displacement and
acceleration of the wall, at the level of the landing connections.
To accelerate the landing and stair, the connections between the landing and wall will (in sum) experience a
horizontal force that equals the product of mass and acceleration, F=M⋅a. Where:
M = Mass of stair + Mass of landing + Mass of live load.
a = design peak acceleration at the relevant floor level (PFA).
EC8 /6/ provides a simplified way of calculating the peak floor acceleration (PFA) based on the peak ground
acceleration. Typically, PFA is found as 1-2,5 times the PGA. Irregular and complex structures may require
more sophisticated evaluations to find a more precise value.
As illustrated in Figure 1, the external force required to accelerate the stair and landing in positive x-direction
will come into the landing as direct pressure (C1) through the grouting around the connections at the rear of
the landing. The force required to accelerate the stair and landing in negative x-direction will be applied as
transverse shear forces (H1) in the connections at the front of the landing. It is assumed that connections do
not carry tension loads and that the compressive stiffness is much higher than the shear stiffness.

Page 1 of 13

www.invisibleconnections.no

MEMO 71

Figure 1: Principal transfer of forces between landing and wall – acceleration parallel and perpendicular
to stair.
The horizontal force required to accelerate the stair and landing in positive y-direction will come into the landing
as direct pressure(C2) through the grouting around the front connection. Rotation caused by the eccentricity to
the mass centres of the stair and landing is prevented by a force couple in x-direction (H2). When the direction
of the acceleration changes, the forces are mirrored, as illustrated.
Dr.techn. Olav Olsen has developed a spreadsheet where the seismic load on the different connections can
be found when PFA is known. The spreadsheet can be downloaded from iC’s homepage.
A user guide for the spreadsheet is found in the following chapter, together with a simplified method for
calculation of PFA.
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DESIGN BASIS - EARTHQUAKE
NB: This Chapter collects information from several Eurocodes. Effort has been made to verify that the
values are referred correctly, but errors may occur. Many parameters are to be decided in accordance
with National appendixes. In these cases, values according to the Norwegian national appendixes are
given. Final design shall always be done in accordance with values and methods taken directly from
the current version of the Eurocode, and applicable National appendixes.
MATERIAL SAFETY FACTOR
Table 1 summarizes the material safety factors for different limit states.
CONCRETE:
Limit state
Ordinary ULS
Seismic DCL
Seismic DCM
STEEL:
Limit state
Ordinary ULS

γc
1,5
1,2
1,5

Seismic DCL
Seismic DCM

Table 1: Material safety factors.

General
Tension
General
Tension
General
Tension

γs
1,15
1,0
1,15
γs (γM)
1,05
1,25
1,05
1,25
1,1
1,25

Reference
EC2 /4/
EC8 /6/
Reference

EC3 /5/
EC8 /6/

MASSES AND LOAD COMBINATIONS
Masses - earthquake forces:
According to EC8 /6/, clause. 3.2.4 (2), the inertia forces shall be calculated using a mass representing an
approximate permanent situation.

� 𝐺𝐺𝑘𝑘,𝑗𝑗 + � 𝜓𝜓𝐸𝐸,𝑖𝑖 ⋅ 𝑄𝑄𝑘𝑘,𝑖𝑖

Where: 𝐺𝐺𝑘𝑘,𝑗𝑗 = 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑄𝑄𝑘𝑘,𝑖𝑖 = 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝜓𝜓𝐸𝐸,𝑖𝑖 = ϕ ⋅ 𝜓𝜓2,𝑖𝑖 , clause. 4.2.4
ϕ =1.0 according to EC8 /6/, Table NA 4.2.
𝜓𝜓2,𝑖𝑖 according EC0 /2/, Table NA. A1.1.

The same value for the permanent and live masses shall be included when calculating the earthquake forces
as when calculating the separate load reactions.
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Combination of actions:
Earthquake is an accidental load. The forces from the earthquake shall be combined according to EC0 /2/,
Table NA.A1.3, see Table 2 below:
Permanent loads

Earthquake load

1,0

1,0

Table 2: Combination of actions, EC0 /2/.

Dominating variabel
load
0,0-0,8
(ψ2)

Other variabel loads
0,0-0,8
(ψ2)

Live load in buildings is related to the use of the building. Load factor ψ2 for approximate permanent situation
is given in EC0 /2/, Table NA. A1.1.
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USE OF IC’s EARTHQUAKE SPREADSHEET
I) INPUT PART:
The spreadsheet is based on the original spreadsheet for calculation of static loads on the landing connections.
The input part of the spreadsheet is illustrated in Figure 2.

INPUT EARTHQUAKE

Figure 2: Input part of IC spreadsheet.
To calculate the load on the connections, three new input parameters are defined:
1) Dead load factor ALS:
This parameter sets the part of the defined dead load masses that becomes included when calculating the
earthquake forces on the connections.
2) Live load factor ALS:
This parameter sets the part of the defined live load masses that becomes included when calculating the
earthquake forces on the connections. «Live load factor ALS»= ψ2
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3) Horizontal design acceleration = Peak floor acceleration (PFA):
Horizontal design acceleration in the building at the actual level of the connection between the landing and the
wall. (Maximum occurring horizontal acceleration including amplifications factors due to soil conditions and
magnification factor due to building height).
The peak floor acceleration is assumed to work in an arbitrary direction, and the spreadsheet calculates the
maximum forces in the landing and stair connections for three separate situations:
•
•
•

PFA works parallel to stair, see Figure 1
PFA works perpendicular to stair, see Figure 1
PFA works in direction αmax to the stair, where αmax represents the angle yielding maximum
axial force (NMAX) in the joints between the stair and the landing. NMAX and αmax is calculated
in the spreadsheet.

In some cases, PFA can be calculated in accordance with simplified equations. Section 4.3.5.2 in EC8 treats
the verification of non-structural elements. According to /1/ one can argue that the stair and landings are nonstructural elements, and Eurocode provides a way of calculating the floor acceleration based on the peak
ground acceleration:
𝑆𝑆𝑎𝑎 = 𝛼𝛼𝛼𝛼 ∙ �

𝑧𝑧

3 �1 + �
𝐻𝐻

2
𝑇𝑇𝑎𝑎
�𝑇𝑇 �
1
Reformulated this can be written:

1 + �1 −

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃𝑃𝑃 ∙ �
Where:

𝑧𝑧

3 �1 + �

1 + �1 −

𝐻𝐻

− 0,5� ≥ 𝛼𝛼𝛼𝛼

2
𝑇𝑇𝑎𝑎
�𝑇𝑇 �
1

− 0,5� ≥ 𝑃𝑃𝑃𝑃𝑃𝑃

PGA = Peak ground acceleration at the fundament of the building, included amplification due to soil
condition. Where:
z = Floor height
H = Roof height
Ta = Fundamental period of part
T1 = Fundamental period of structure

Assuming the fundamental period of the stair is much less than that of the structure (Ta/T1=0), the expression
simplifies and the magnification factor at the top story becomes 2.5. This is illustrated in Figure 3.

Page 6 of 13

www.invisibleconnections.no

MEMO 71

Figure 3: Floor height coefficient according to EC8, assuming Ta<<T1.
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II) OUTPUT PART:
Results for inserts in landing.

RESULTS EARTHQUAKE

Figure 4: Results for inserts in landing.
The load on the inserts in the landing can be found on the left side in the result part of the spreadsheet. At
top, the forces for the ULS situation are given (static evaluation), while the forces in earthquake situation is
given at the bottom. The maximum vertical load, together with the simultaneous working horizontal load, is
given for the front inserts, as these are supposed to experience the worst load combination. A combined
utilization factor for the inserts is also calculated according to EC3.
Results for joints in flight.
The load on the flight joints can be found on the right side in the result part of the spreadsheet. At top, the
forces on the two TSS 25 L inserts are given in the ULS situation (static evaluation). At the bottom, the
calculated forces occurring in the reinforced joints during the earthquake situation is listed.

Figure 5: Results for joints in flight.

RESULTS EARTHQUAKE

The forces are reported in accordance with the axis and sign convention in Figure 5.
VEd,x : Horizontal force working in axial direction of the insert.
VEd,y : Horizontal force working transverse to the direction of the insert.
VEd,z : Vertical support force.
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Figure 6: Definition of axis.
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EKSAMPEL
Assuming a building where the horizontal acceleration (PFA) at the relevant level is calculated as: 1g=9.81m/s2.
Assuming 60% live load during the earthquake.
Geometry. See also input part in spreadsheet, Figure 6:
• Floor height: approximate 3m
• Thickness landing: 250mm
• Width of stair and landing: 1200mm

Figure 7: Example – results from spreadsheet.
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Landing - wall connections:
The maximum forces on the landing connections are found as:
Maximum vertical force:
Maximum horizontal force:

Fva,front = 33,13kN
Fha,front = 27,03kN

The utilization of the TSS 101 unit is low.
Stair – landing:
The stair and landing are cast separate. The maximum forces in the reinforced joints are found as:
Maximum tension:
Maximum shear:
Maximum vertical force:

VEd,x = 49,75kN ≈ 50kN
VEd,y = 14,47kN ≈ 15kN
VEd,z = 35,63kN ≈ 36kN

The forces in the stirrups are calculated according to the illustration in Figure 7 (simplification):

Figure 8: Forces in the joints between stair and landing.
Reinforcement in landing: 𝐴𝐴𝑠𝑠 = 50𝑘𝑘𝑘𝑘/500𝑀𝑀𝑀𝑀𝑀𝑀 = 100𝑚𝑚𝑚𝑚2 ⇒ Select 2ø8 stirrups: As=200mm2
Reinforcement in stair: 𝐴𝐴𝑠𝑠 = 62𝑘𝑘𝑘𝑘/500𝑀𝑀𝑀𝑀𝑀𝑀 = 124𝑚𝑚𝑚𝑚2 ⇒ Select 1ø10 stirrup: As=157mm2

E.g., Ø25 reinforcement bar as transverse “locking bolt” in the centre of the stirrups.

The example is not completely detailed. The project specific design must take care of all details in the force
transfer and reinforcement detailing.
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