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KS4050 SPIGOT

Figure 1 Complete Line Details (Front View)



BALUSTRADE

ANALYSIS REPORT

5

1. MATERIALS

Properties of Glass
  (Based on the ASTM E1300-12A)

Modulus of Elasticity    E= 7.1*109  kg/m2

Poisson Ratio

Coefficient of Linear Expansion -6 C-1

Density 3

Max allowable stress for fully tempered 
glass 100 Mpa

Acceptable allowable (as per ASTM C-
1040-04) 67 Mpa

Glass deflection allowable L/60 mm

Properties of Interlayers (Trsifol PVB)

Density 3

Tensile Strength 2.3*106 kg/m3

Properties of 6063 T6 Aluminum Alloy
(Based on DIN 4113-1/A1)

Modulus of Elasticity E= 71.000 kg/cm2

Poisson Ratio

Shear Modulus G= 266917 kg/cm2

Coefficient of Linear Expansion -5 K-1

Density -03 kg/cm3

Yield Strength Fy= 215 Mpa

2. DESIGN PARAMETERS
Aluminum material stress controls will be made in accordance with EN 1999-1-1 specification.

Deflection controls will be made in accordance with BS6180:2011 specification.
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3. LOAD COMBINATIONS

Table 1. Load Combinations (Serviceability and Ultimate limit state)

Serviceability Limit State: Ultimate Limit State (for Anchor fixing)

1) 1.0DL + 1.0W 2) 1.35DL + 1.5W

3) 1.0DL + 1.0Q 4) 1.35DL + 1.5Q

4. ANALYSIS

4.1  LOADS

4.1.1 WIND LOAD (W)

W = 1.35 kN/m2

4.1.2 DEAD LOAD (DL)
DL: Self weight of the glass panel

4.1.3 LOAD (Q)
Q = 1 kN/m
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4.2  GLASS MODEL IN ANALYSIS

4.2.1 GLASS MODEL

Figure 2. Glass Model for Analysis (Shell Model)

    1.2m Height , 1.2 m Width and 17.52mm Thickness

Glass Model                                 
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4.2.2 LOAD ASSIGNMENT

Figure 3. Dead and live Load (DL + Q) for 17.52mm Glass
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4.2.2.1 EXPLAINING SUPPORTS AND LOADS 

- At C and D the frictionless support (surface support) constrains the translation on x axis (the 
direction perpendicular to the surface of glass).

- At E and F the remote displacement (Line support) constrains the translation on  y axis (the direction 
of the gravity) to simulate the KS4050 Spigot from the bottm.

- At H and G the remote displacement (Line support) constrains the translation on  z axis to prevent the 
glass from the movement to the right of the left side.

- B is a line force that affects on the top edge of the glass (1kN) as shown in figure 3.  

- H is a Pressue Load that affects on the front surface of the glass (1.35 kN/m2
) as shown in figure 4.  
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Figure 4. Dead and wind Load (DL + W) for 17.52mm Glass
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4.2.3 DISPLACEMENT CHECK FOR TEMPERED GLASS

Under the dead and wind load (DL + W), 8mm+8mm tempered glass had a displacement  value of 
8.31 mm. The allowable value of deformation for tempered glass is L/60 = 1200/ 60 = 20 mm or 
25mm (which is smaller). Therfore tempered glass meets design criteria.

Figure 5. Displacement Check (DL + W) load combination
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Under the dead and live load  (DL + Q), 8mm+8mm  tempered glass had a displacement  value of 
12.287 mm. The allowable value of deformation for tempered glass is L/60 = 1200/ 60 = 20 mm or 
25mm (which is smaller). Therfore tempered glass meets design criteria.

Figure 6. Displacement Check (DL + Q) load combination
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4.2.4 STRESS CHECK FOR TEMPERED GLASS

Under (DL + W) load combination, maximum stress on 8mm+8mm temperded glass is 36.6
MPa. This value is smaller than tempered glass acceptable allowable stress limit of 67 MPa. So 
the glass is adaquate enough to resist applied loads.

Figure 7: Stress Check (DL + W) load combination
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Under (DL + Q) load combination, maximum stress on 8mm+8mm temperded glass is 41.9 MPa. This 
value is smaller than tempered glass acceptable allowable stress limit of 67 MPa. So the glass is adaquate 
enough to resist applied loads.

Figure 8. Stress Check (DL + Q) load combination
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4.2.5 MAXIMUM LIMITS FOR TEMPERED GLASS 
Calculations of the maximum wind and Impact loads were made based on the analysis for glasses with 
width of 1.2m and height of 1.2m.

Table 2. KS 4050 Glass analysis Results / without handrails

1.2 m height, 1.2 m width

12 mm Glass 13.52 mm Glass 15 mm Glass 17.52 mm Glass 21.52 mm Glass

kN/m2 kN/m2 kN/m2 kN/m2 kN/m2

Max Wind 1.1 1.4 1.75 2.5 3.9

kN/m kN/m kN/m kN/m kN/m

Max Impact 0.55 0.76 1.05 1.55 2.4

Table 3. KS 4050 Glass analysis Results / with handrails 

1.2 m height, 1.2 m width

12 mm Glass 13.52 mm Glass 15 mm Glass 17.52 mm Glass 21.52 mm Glass

kN/m2 kN/m2 kN/m2 kN/m2 kN/m2

Max Wind: 4 5.6 4.9 6.1 7.2

kN/m kN/m kN/m kN/m kN/m

Max Impact: 9.55 9.7 7.7 8.2 9.8

1.1 1.4 1.75
2.5

3.94

5.6
4.9

6.1
7.2

0.55 0.76 1.05 1.55
2.4

9.55 9.7

7.7 8.2

9.8

12 13.52 15 17.52 21.52

KS4050 Glass Analysis Results 
Without Handrails - Wind (kPa) With Handrails - Wind (kPa)

Without Handrails - Impact (kN) With Handrails - Impact (kN)
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Important Note

- Under wind loads of 1.8 kPa, and for glasses with thickness of 21.52mm, 17.52mm, and 15mm the reaction 
forces affecting on each wall connector for any mounted handrail approximately equals to 460 N.

- Under wind loads of 1.8 kPa, and for glasses with thickness of 13.52mm, and 12 mm the reaction forces 
affecting on each wall connector for any mounted handrail approximately equals to 500 N.

- Under impact loads, for glass of any thickness the reaction forces affecting on each wall connector for any 
mounted handrail approximately equals to ( impact load / 2).
Example
for KS 4050 Glass-spigot with handrails - 21.52 mm Glass ---> the reaction forces affecting on each wall 
connector equals to ( 9.8 / 2) = 4.9 kN

- The aforementioned reaction forces should be considered when selecting the wall connector of any 
handrail.
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4.3 ANALYSIS MODEL 

4.3.1 LOAD ASSIGNMENT
In the following sections the model and the applied combinations in the analysis phase were
explained. The translations across (x,y,z) axis were restricted for the 8 holes existed in the bottom side 
of KS4050. Also frictionless contacts were used to simulate contacts between glass aluminum. Fixed 
joints were also used to model the behaviour of screws in order to minimize the computaional 
complexity of the moedel. The materials used in the analysis phase and the quality of the mesh were 
as folllows:

Figure 9. The materials used in the analysis phase

Figure 10. The Quality of the mesh
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4.3.1.1 Wind AND IMPACT LOAD ASSIGNMENT(1.35D + 1.5 W)
For the load combination (1.35D+1.5W) we have used many boundary conditions as explained below. 

Figure 11. (1.35D + 1.5W) load combination assignment 

For the load combination (1.35D+1.5Q) we have used many boundary conditions as explained below. 

Figure 12. (1.35D + 1.5Q) load combination assignment
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4.3.2   STRESS AND DEFORMATION CHECK FOR SPIGOTS
Maximum stress on KS 4050 due to 1.35DL + 1.5W loading combination is 344.4 MPa. Although this value is 
greater than AW6063 aluminum alloy yield stress of 215 MPa, KS4050 can be considered safe, meets design 
criteria, and adequate to resist applied loads for a main reason which is: the model used for analysis was 
elastic model where there was no consideration for plasticity in which yielding was not considered. In 
addition, stress peaks are locally limited and non-critical as will be shown later. 

Figure 13. Stress Check for KS4050 system under (1.35DL+1.5W) load combination

Figure 14. Deformation Check for KS4050 system under (1.35DL+1.5W) load combination
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Figure 15. Stress Check for KS4050 under (1.35DL+1.5W) load combination

Figure 16. Deformation Check for KS4050 under (1.35DL+1.5W) load combination

Note: stress peaks are locally limited and non-critical
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Figure 17. Stress Check for Part_1 of KS4050 under (1.35DL+1.5W) load combination (Front View)

Figure 18. Stress Check for Part_1 of KS4050 under (1.35DL+1.5W) load combination (Back View)

Note: stress peaks are locally limited and non-critical
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Figure 19. Stress Check for Part_2 of KS4050 under (1.35DL+1.5W) load combination (Front View)

Figure 20. Stress Check for Part_2 of KS4050 under (1.35DL+1.5W) load combination (Back View)

Note: stress peaks are locally limited and non-critical
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Figure 21. Stress Check for Part_3 of KS4050 under (1.35DL+1.5W) load combination (Front View)

Figure 22. Stress Check for Part_3 of KS4050 under (1.35DL+1.5W) load combination (Bottom View)

Note: stress peaks are locally limited and non-critical
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Finally, as glasses with holes of a 25mm outer diameter are being used with KS4050 besides M8 screws, 
we need to check the directional deformation of Glass across Y axis to make sure that screws and glass 

to prove that our desgin can be considered safe.

Figure 23. Directional deformation check (Y-axis) under (1.35DL+1.5W) load combination
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Maximum stress on KS 4050 due to 1.35DL + 1.5Q loading combination is 365.4 MPa. Although this value is 
greater  than AW6063 aluminum alloy yield stress of 215 MPa, KS4050 can be considered safe, meets design 
criteria, and adequate to resist applied loads for a main reason which is: the model used for analysis was 
elastic model where there was no consideration for plasticity in which yielding was not considered. In 
addition, stress peaks are locally limited and non-critical as will be shown later. 

Figure 24. Stress Check for KS4050 system under (1.35DL+1.5Q) load combination

Figure 25. Deformation Check for KS4050 system under (1.35DL+1.5 Q) load combination
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Figure 26. Stress Check for KS4050 under (1.35DL+1.5 Q) load combination

Figure 27. Deformation Check for KS4050 under (1.35DL+1.5 Q) load combination

Note: stress peaks are locally limited and non-critical
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Figure 28. Stress Check for Part_1 of KS4050 under (1.35DL+1.5 Q) load combination (Front View)

Figure 29. Stress Check for Part_1 of KS4050 under (1.35DL+1.5 Q) load combination (Back View)

Note: stress peaks are locally limited and non-critical
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Figure 30. Stress Check for Part_2 of KS4050 under (1.35DL+1.5Q) load combination (Front View)

Figure 31. Stress Check for Part_2 of KS4050 under (1.35DL+1.5Q) load combination (Back View)

Note: stress peaks are locally limited and non-critical
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Figure 32. Stress Check for Part_3 of KS4050 under (1.35DL+1.5Q) load combination (Front View)

Figure 33. Stress Check for Part_3 of KS4050 under (1.35DL+1.5Q) load combination (Bottom View)

Note: stress peaks are locally limited and non-critical
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Finally, as glasses with holes of a 25mm outer diameter are being used with KS4050 besides M8 screws, 
we need to check the directional deformation of Glass across Y axis to make sure that screws and glass 

the maximum deformation was 1.28 mm which is enough 
to prove that our desgin can be considered safe.

Figure 34. Directional deformation check (Y-axis) under (1.35DL+1.5Q) load combination
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4.4 FASTENER for BALUSTRADE

In the analysis, it is assumed that the balustrade profile is connected to the ground with 8 anchorage 
element . However, number of anchorage elements may increase or decrease due to environmental 
conditions such as concrete grade and edge distances. In this section the forces affecting on 8
anchorage members were given in the below table (based on hand calculations)

Table 4. Forces affecting on the anchorage elements

Anchor forces at ultimate limit state in kN

KS4050
Glass height 1000mm Glass height 1100mm Glass height 1200mm
Tension Shear Tension Shear Tension Shear

- - - - 26.85 1.5
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N 
Under maximum limit loading of Spigot, using 8 mechanical anchorage member (M10) with an 
embedded depth of 41.6 mm adequate enough to resist 26.85 kN tensile and 1.5 kN shear force.
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5. MAXIMUM LIMITS FOR KS4050 SYSTEM
Calculations of the maximum wind and Impact loads were made based on the analysis for glasses 
with width of 1.2m and height of 1.2m.

Table 5. KS 4050 Glass-spigot analysis Results / without handrails

1.2 m height, 1.2 m width

12 mm Glass 13.52 mm Glass 15 mm Glass 17.52 mm Glass 21.52 mm Glass

kN/m2 kN/m2 kN/m2 kN/m2 kN/m2

Max Wind: 1.1 1.4 1.75 2 2

kN/m kN/m kN/m kN/m kN/m

Max Impact*: 0.55 0.76 1.05 1.5 1.5

Table 6. KS 4050 Glass analysis Results / with handrails 

1.2 m height, 1.2 m width

12 mm Glass 13.52 mm Glass 15 mm Glass 17.52 mm Glass 21.52 mm Glass

kN/m2 kN/m2 kN/m2 kN/m2 kN/m2

Max Wind: 2.4 2.4 2.4 2.4 2.4

kN/m kN/m kN/m kN/m kN/m

Max Impact*: 9.55 9.7 7.7 8.2 9.8

1.1 1.4 1.75 2 22.4 2.4 2.4 2.4 2.4

0.55 0.76 1.05 1.5 1.5

9.55 9.7

7.7 8.2

9.8

12 13.52 15 17.52 21.52

KS4050 Glass-Spigot Analysis Results 
Without Handrails - Wind (kPa) With Handrails - Wind (kPa)

Without Handrails - Impact (kN) With Handrails - Impact (kN)
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Important Note

- Under wind loads of 1.8 kPa, and for glasses with thickness of 21.52mm, 17.52mm, and 15mm the reaction 
forces affecting on each wall connector for any mounted handrail approximately equals to 460 N.

- Under wind loads of 1.8 kPa, and for glasses with thickness of 13.52mm, and 12 mm the reaction forces 
affecting on each wall connector for any mounted handrail approximately equals to 500 N.

- Under impact loads, for glass of any thickness the reaction forces affecting on each wall connector for any 
mounted handrail approximately equals to ( impact load / 2).
Example
for KS 4050 Glass-spigot with handrails - 21.52 mm Glass ---> the reaction forces affecting on each wall 
connector equals to ( 9.8 / 2) = 4.9 kN

- The aforementioned reaction forces should be considered when selecting the wall connector of any 
handrail.
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1. Properties of 6063 T6 Aluminum Alloy

Figure 35. Aluminium design manual (2010) - The Aluminium Association
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2. Handrails details
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