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Abstract

The flourishing growth of tall building construction with advanced technologies adopted fagade structures is the new
trend around the world. This study is mainly focused on the design and construction techniques of the curtain wall
fagade system and its behaviors under dynamic actions. Generally, a unitized curtain wall system is used as a building
lope in the tall building due to its faster installation techniques. The provision of stack joints is a crucial part, especially
at the design stage to accommodate the horizontal and vertical movement of the tall building under cyclic wind and
seismic action. The effect of the deflection, story drift index, and column shortening of the tall building is analyzed
using Finite Element Analysis (FEA) with 41 store building model on the facade wall is well discussed and
recommended suitable measures to increase the life span of the facade wall under heavy dynamic repeated loading.
On the other hand, lateral torsional buckling of the mullion, especially for the long span plays a vital role in the material
and cost of the curtain wall panel. Therefore, this study is focused on the provision of the Anti-Buckling Clip (ABC) to
increase the lateral torsional buckling capacity as well as flexural buckling capacity without increasing the stiffeners of
the mullion.
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Introduction

The curtain wall facade is used as a building envelope in the construction industry to achieve the expected
aesthetic view of the tall building with an acceptable level of comfort in the interior environment with
accommodating the following important properties, such as; fire protection, required ventilation, weather
protection, static and dynamic load resistance [1]. In addition, the facade wall should act as a barrier
structure to avoid people falling from height [2]. Also, important considerations are to be given to the
facade structures at the design, fabrication, construction, and operation stages to avoid unforeseen failures
due to heavy cyclic loading due to wind and seismic loading [3]. It is important to consider the vortex
shedding and funneling effect of the cross-wind action, especially due to twin or more tower construction
at certain spacing, and this type of building arrangement develops the critical dynamic wind forces in the
building envelope including torsional effect [4]. Therefore, wind tunnel tests and simulations are to be
performed to obtain the actual behaviors of the building fagade and wind pressures along the facade

structures as shown in Figure 1[5].
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Figure 1. Wind tunnel test arrangement and variation of the wind pressure along the facade

In order to prove the structural stability and adequacy of the materials’ strength, VMU (Visual Mock-Up)
and PMU (Performance Mock-Up) are to be developed and testing is to be carried out under dynamic load
action. Curtain wall fagade can be categorized as Unitized Curtain Wall (UCW) and Stick Curtain Wall
(SCW), based on the fabrication and installation procedures as shown in Figure 2. The whole unit of the
UCW panel is fabricated at the factory (including mullion, transom, and, glass) and installed the whole
panel at a specified location of the building, for SCW, the frame (mullion and transom) is fabricated and
installed the frame at the site without glass panel. Glass panel will be fixed after completion of the frame

installation and this type of curtain wall is normally used for the low-rise building [6][7].

a) UCW

Figure 2. UCW and SCW curtain wall setup

Curtain wall fagade should be designed to withstand the self-weight of the panel, wind load, seismic load,
and barrier load, and structural adequacy should be ensured through the following design checks under

serviceable and ultimate limit state [8][9]. Such as;

34



a)
b)
<)
d)
e)

Adv. Technol. 2023, 3(1), 33-39

Flexural capacity check

Shear capacity check

Lateral Torsional Buckling capacity check
Deflection check

Axial load carrying capacity check

Generally, a curtain wall panel is designed as a simply supported beam and the top or bottom of the panel

is hooked to transfer the self-weight and the other end is resisted horizontally to avoid the movement of

the structure. Also, sound transmission and energy efficiency of the curtain wall system is ensured the after
installation of the facade wall [10][11].
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Figure 3. Curtain wall arrangement with fixing detail[12]

This curtain wall system mainly acts as a barrier structure, therefore curtain wall panels should be checked

against to the barrier load, such as; line load, area load, and point load to ensure structural adequacy and

safety against falling from height. In addition, the load-resisting capacity of the glass panel is to be assessed

under the above-mentioned loading to ensure the safety of the structures [13].

Table 1. Barrier load with building occupancy class [14]

Building Occupancy

Design Loads

Line load in kN/m run

UDL in kN/m2 applied

Concentrated load in

Class applied 1100mm above | to the whole of the infill | kN applied to any part
finished floor level panel below the line of the infill panel below
load height the line load height
1 0.36 0.5 0.25
2 0.74 1.0 0.5
3 15 15 1.5
4 3.0 15 15

Also, a barrier load should be applied at 1m height from the finish level of the floor and generally 0.74kN/m

line load is applied to the curtain wall panel. The strength and deflection are checked with possible

combinations of other lateral loads.
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Factors to be considered in the curtain wall design

Deflection and storey drift index of the tall building play important roles in the curtain wall design. In this
study, 41 storey building with 133.25m height was considered under wind and seismic action. Also, a
double-shear core with a framed envelope was taken into consideration as shown in Figure 4. The wind
load on the building was calculated based on Eurocode and seismic action was applied using available

ground motion data as shown in Figures 5 and 6 [15][16][17].
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Figure 4. Building arrangement Figure 5. Wind action Figure 6. Ground motion data

Figures 7 and 8 show the variation of the deflection and storey drift index with building height for the wind
and seismic action. Based on the outcomes, it is proven that deflection and storey drift index is dramatically
changed with the building height and these parameters are greatly affecting the performance of the
building envelope. Therefore, the provision of the stack joint with the required amount of spacing to

accommodate the horizontal and vertical movement under lateral loading is shown in Figure 9.
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Figure 7. Deflected mode (a), variation of displacement (b) Figure 8. Variation of displacement
and variation of storey drift index(C) under wind load under seismic load
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In addition to the deflection and storey drift index, the following parameters are also, to be considered in

the stack joint design of the curtain wall to avoid failures [18][19].

a) Deflection of the slab and beam (p)

b) Column shortening (q)

¢) Thermal expansions of the members[20] (r)
d) Installation tolerances (x)

e) Fabrication tolerances (y)

Improper design of the stack joint leads to cracks and damage on the glass panel as well as the curtain wall

frame. The required spacing on the stack joint calculation can be represented by Equation 1.

Minimum stack joint spacing =p+q+r+x+y Equation 1

Stack Joint arrangement

Figure 9. Stack Joint arrangement of the curtain wall

Therefore, the provision of vertical and horizontal stack joints with adequate spacing is one of the key

design considerations at the time of design stage.

Recommendations
Structural adequacy and cost of the structures play a vital part in the curtain wall facade design and more
thickness is to be added to the mullion profile to satisfy the lateral torsional buckling capacity of the male
and female mullion. The following techniques have been adopted in the curtain wall system to improve the
structural load-carrying capacity under lateral loading.

a) Provision of the horizontal transom with adequate spacing

b) Provision of “Anti-buckling clip” between male and female mullion as shown in Figure 10
The provision of an “Anti-buckling clip” in between the male and female mullion act as a combined
structure along the minor axis and becomes stiffened than the individual profile along the minor axis and
also introduces the “Anti-buckling clip”, reducing the effective length of the mullion along the minor axis.
The stress variation of the mullion profile was analyzed under lateral loading and the provision of the

transom and Anti-buckling clip location can be decided accordingly as shown in Figure 11.
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Figure 10. Provision of the Anti-buckling clip Figure 11. Stress pattern of the mullion

Conclusion

Inadequate design of the curtain wall system leads to unforeseen failures under lateral loading. Therefore,
detail analysis of the curtain wall fagade is important using wind tunnel test outcomes and CFD simulations
to obtain the more accurate design outputs. The provision of the transom with adequate spacing and Anti-
buckling clip are highly recommended improve the lateral torsional buckling capacity of the mullion
without increasing the profile thickness. The horizontal and vertical stack joint are important, and stack
joint gap should be designed with the consideration of all the design parameters to avoid cracks and

damage on the glass panel, mullion, and transom profile.

Conflicts of Interest

Author declare that, no conflicts of interest.

References

[1] E.E. Boafo, J.-H. Kim, J.-G. Ahn, S.-M. Kim, J.-T. Kim, In Situ Experimental Investigation of Slim Curtain Wall
Spandrel Integrated ~ with ~ Vacuum Insulation ~ Panel, Buildings. 2022, 12(2), 199.
https://doi.org/10.3390/buildings12020199.

[2] K. Jeyamohan, Supporting condition is an important factor in the behaviour of the facade system, IESL Annual
transaction (Northern chapter), 2020.

[3] E. Ding, A. Kareem, Tall Buildings with Dynamic Facade Under Winds, Engineering. 2020, 6, 1443-1453.
https://doi.org/10.1016/j.eng.2020.07.020.

[4] K. Jeyamohan, C.S. Bandara, J.A.S.C. Jayasinghe, Vortex Shedding-Induced Fatigue Analysis for High-Mast
Lighting Towers, 12th International Conference on Structural Engineering and Construction Management. Lecture Notes
in Civil Engineering. 2023, vol 266. https://doi.org/10.1007/978-981-19-2886-4_6

[5] C.A.Varela-Boydo, S.L. Moya, R. Watkins, Study of wind towers with different funnels attached to increase natural
ventilation in an underground building, Front. Archit. Res. 2020, 9, 925-939.
https://doi.org/10.1016/j.foar.2020.05.007.

[6] B.Cross, Installation Guidelines, Pract. Handb. Photovoltaics, Elsevier. 2012, 805-817. https://doi.org/10.1016/B978-0-
12-385934-1.00024-6.

38



Adv. Technol. 2023, 3(1), 33-39

[7] M. Gargallo, B. Cordero, A. Garcia-Santos, Material Selection and Characterization for a Novel Frame-Integrated
Curtain Wall, Materials (Basel). 2021, 14, 1896. https://doi.org/10.3390/ma14081896.

[8] Performance considerations for designing glazed aluminum curtain walls, 2015.

[9] C.D. Clift, Curtain Wall Designs for Wind and Blast: Three Case Studies, J. Archit. Eng. 2006, 15, 150-155.
https://doi.org/10.1061/(ASCE)1076-0431(2006)12:3(150).

[10] E. Ilter, A. Tavil, O.C. Celik, Full-scale performance testing and evaluation of unitized curtain walls, J. Facade Des.
Eng. 2015, 3, 39-47. https://doi.org/10.3233/FDE-150028.

[11] W. Wong wan sie, Analysis and Design of Curtain Wall Systems for High Rise Buildings, 2007, 39-53.
https://www.cairns.qld.gov.au/__data/assets/pdf_file/0010/54586/CSDG_p40_55.pdf.

[12] K. Jeyamohan, Construction & design techniques using curtain wall system, IESL Annual transaction (Northern
chapter). 2022.

[13] AD. Lee, P. Shepherd, M.C. Evernden, D. Metcalfe, Optimizing the architectural layouts and technical
specifications of curtain walls to minimize use of aluminium, Structures. 2018, 13, 8-25.
https://doi.org/10.1016/j.istruc.2017.10.004.

[14] Glass & Guarding / Barriers Full height protective barrier Barrier with glass infill panel, 2011.

[15] C. Geurts, C. van Bentum, Wind Loading on Buildings: Eurocode and Experimental Approach, Wind effects on
buildings and design of wind-sensitivie structures. 2007, 31-65. https://doi.org/10.1007/978-3-211-73076-8_2.

[16] S.B. Uduweriya, K.K. Wijesundara, P.B.R. Dissanayake, K.A.S. Susantha, H.N. Seneviratne, Seismic Response of
Sri Lanka using PSHA Technique, Eng. |. Inst. Eng. Sri Lanka. 2020, 39. https://doi.org/10.4038/engineer.v53i2.7411.

[17] 05-SS EN 1991 - 1-4 2009 - Eurocode 1 Actions on structures, Part 1-4 General actions - Wind Actions.

[18] A.M. Memari, N. Simmons, R.L. Solnosky, Unitized curtain wall systems joint performance with re-entrant corners
under seismic racking testing, J. Build. Eng. 2021, 40, 102715. https://doi.org/10.1016/j.jobe.2021.102715.

[19] A.M. Memari, N. Simmons, R.L. Solnosky, Developing FEM Procedures for Four-Sided Structural Sealant Glazing
Curtain Wall Systems with Reentrant Corners, Buildings. 2021, 11, 597. https://doi.org/10.3390/buildings11120597.

[20] D. De Witte, M.L. De Klijn-Chevalerias, R.C.G.M. Loonen, ].L.M. Hensen, U. Knaack, G. Zimmermann, Convective
concrete - Additive manufacturing to facilitate activation of thermal mass, |. Facade Des. Eng. 2017, 5 107-117.
https://doi.org/10.7480/jfde.2017.1.1430.

39



