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Abstract

The most design criteria and specifications in Korea utilized to ensure appropriate quality are based on process and
prescriptive criteria determining materials, measure and methods. It has many problems including a loss of
competitiveness resulting from inhibited creativity of the contractors. The performance-based specifications focused on
final product are being proposed, but have difficulty in adapting to the architectural field. In this study the hybrid
specification prototype for curtain wall construction was suggested. The specification framework was presented
through analysis of linkage between the performance and prescriptive specification cases. Based on the survey with
practitioners, the performance inspection process and the sample specification were developed by identifying the
essential performance test timings. The applicability of the specification prototype was evaluated by interviews with
experts. It was found that the prototype was active and a progressive supporting tool which could support to secure
phased performance during construction as well as final performance.

Keywords : curtain wall, standard specification, phased performance test, performance specification
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-draw concept drawings -case study about height
Co(?ecseip:]ual [-heat flow survey & data -material survey
9 preparing -technical expert meeting
! 2
Schematic | |-prepare specification -structure assessment
design -heat flow assessment
[ 2
-estimate curtain wall -prepare bidding and
Bid/award [ construction cost estimation documents
-implement pre—qualification
[ 2
Shop -mock-up test -unit product & test
drawings / [-structural calculation (including glazing)
manufacturing | |-establish product line
3
] -pre—installation meeting -process check
Inst?ggttlon/ 1-check measurement points -field test
-installation test

Figure 1. Aluminium curtain wall construction process
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Table 1. Structure of curtain wall specification cases

Architectural standard speciﬁcalion” UFGS”

Performance Specification for Leeds College4J

JASS 14”

PART 1 GENERAL
1.1 References

1. General 1
1
1.2 Submittals 1
1
1
1

1.1 Scope of application

1.2 Reference standard

1.3 Required design performance
of metal curtain-wall

1.4 Performance test for metal

.0
A
.2 Terminology
1.3 Requirement for design data 1.3 Scope
1.4 Quality assurance 4

1.5 Glazed curtain wall system

INTRODUCTION
Building Description

Tender Submission
5 Language and Units of

curtain wall requirements Measurement
1.5 Submission for construction 1.6 Qualification of welders .6 Standards
approval 1.7 Delivery and storage

1.8 Warranty
1.9 Interpretation of aws code

1
1
1.6 Quality assurance 1.8 Submittals
1
1
1

2.3 Fabrications and assemblies
2.4 Fabrication and assemblies of
structural steel

2. Materials ) 1.10 Qualifications for the curtain- 1.10 Access to Works
2.1 Apph_cable material for metal wall installer 11 Handover
curtain-wall 1.11 Performance requirements
2.2 Details of materials 1.12 Drawings 2.0 PERFORMANCE
1.

13 Manufacturer's information

PART 2 PRODUCTS

2.1 Materials

2.2 Metals for fabrication

2.3 Nonskinning sealing compound
2.4 Fabrication

2.5 Curtain-wall framing members 5 g pyrapility
2.6 Aluminum doors and frames
2.7 Metal accessories

2.8 Panels

2.9 Thermal insulation materials
2.10 Sealants and caulking

3. Construction

3.1 General

3.2 Preparing work schedule and
work implementation plan

3.3 Installation

3.4 Metal curtain wall Inspection

2.9 Water Pene
Resistance

Technical specification of Seoul2

.7 Contractor Responsibility

.9 Restricted Materials

REQUIREMENTS
2.1 Environmental Conditions ot
2.2 Service Temperature Ranges 53 Pressed Metal (Aluminium)
2.3 Loading Requirements
2.4 Movement Accommodation
and Building Tolerances
2.5 Structural Performance

2.7 Resistance to Human Impact
2.8 Air Leakage 6.0 FINISHES

tration

‘ ! ! 210 Light and Heat Transmission
2.11 Curtain-wall installation materials 2 11 Thermal Transmission

4.3 Mild Steel Components 1. General provisions

4.4 Stainless Steel Components 1.1 Scope

4.5 Flat Glass 1.2 classification

4.6 Insulation 1.3 Terminology

4.7 Weather Sealants

4.8 Primers and Cleaners

49 Setting Blocks

4.10 Gaskets

4.11 Secondary Weather
Membranes

4.12 Vapour Control Layers

5.0 COMPONENTS,
FABRICATIONS and
ASSEMBLIES

5.1 Insulating Glazing Units

5.2 Glass to Glass Corners

2. Performance

2.1 General

2.2 Fireproof

2.3 Structural safety

2.4 Wind pressure resistance

2.5 Earthquake resistance

2.6 Temperature difference resistance
2.7 Load combination Safety

2.8 Watertight

2.9 Airtight

2.10 Sound insulation

2.11 Thermal and solar radiation shielding
2.12 Condensation prevention measure
2.13 Endurance-life

2.14 Other

2.15 Full-scale test, etc.

5.4 Fasteners and Anchors
5.5 Fixing Assemblies

5.6 Welding Metals

5.7 Metalwork (Mild Steel)

5.8 Insulated Spandrel Panels g Material

.1 General
3.2 Material
6.1 Polyester Powder Coat onto

Aluminium
6.2 Polyester Powder Coat onto
Hot Dipped Galvanised

4. Creating a construction document

4.1 General

4.2 Creating a setting performance
confirmation, etc.

. Steel
1. General . PART 3 EXECUTION R 63 Wet Paint Finishes on 43 Crealing construction drawings, etc.
}:13 ac?pe of aﬁip\\cdatlgn 31 General g}i '/;\QOUSIIC Performance Steelwork 4.4 Creating construction plans, etc.
3 Reference standar Co 14 Fire , ,
1.4 Submittals 32 Ei?;'lf;}fﬁ 2.15 Ventiation 64 gfeteP'pped Galvanised 5. proguction
1.5 Quality assurance 3% Finishes 2.16 Security 5.1 General ‘
1.6 Transporting, storage, handing 5’ Field tosts gg IC?rrosion 7.0 METHODS of 5.2 Production of metal curtain wall
. ' ; ; .18 Infestation CONSTRUCTION ;
3 - ’ . rotection General ’ i
24 Vanufastire 39 Fastening to construction-in- 30 PERFORMANCE 73 Pl Hn velume DOOTS 64 Giazing
2.5 Manufacturing tolerances place TESTING 4 Jincows and Loors 6.5 Fire preventing floo

26 Qualty management of materials 310 Setting masonry anchorage
devices

3.11 Field-welding steel and
3.1 Confirmation of construction touchup painting

conditions 3.12 Installation tolerances
3.2 Installation of metal curtain wall 3.13 Placing curtain-wall framing
3.3 Dimensional tolerance of members

installation position 3.14 Panel installation
3.4 On-site quality management 3.15 Inspection and acceptance
3.5 Site cleanup provisions

3. Construction Wall

3.4 Fire Testing

4.1 General

3.1 Laboratory Testing - Gener_al 75
32 Laboratory Testing = Curtain 76 Copings, Soffits and Facials

3.3 Site Water Testing

4.0 BASE MATERIALS

4.2 Aluminium Alloy Components

I[ronmongery

Barriers General 6.6 Sealing wor

6.7 Finishing work

7.7 Tolerances gg 8|Uerg,¥ging

7.8 Transportation, Site 6.10 Safety
Handling and Storage ’

7.9 Protection 7. Inspection

7.10 Completion 7.1 General

7.2 Manufacturing process inspection
7.3 Construction process inspection

1) The Architectural Institute of Korea (2013), Korean Architectural Standard Specification (Curtain Wall)

2) Seoul Metropolitan Government (2011), Technical specification of Seoul (Architectural part)

3) USACE, NAVFAC, AFCEC, NASA (2013), Unified Facilities Guide Specifications (UFGS)
4) Leeds College of Art (2010), Performance Specification for the Installation of Curtain walling, Windows, Doors and Roof Level Balustrades
5) Architectural Institute of Japan (2012), Japanese Architectural Standard Specification 14-Curtain Wall Construction
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Hybrid Prototype of Performance and Prescriptive Specifications in urtain Wall Construction

Table 2. Performance requirements of Standard/Technical Specification

Type Contents
Standard 1.3.3 Performance requirements for airtightness, watertightness
specification and heat insulation

a. airtightness : follow project specifications, if no airtightness
related pre-specified rules, requirements follows: (omission)

2) (ommission) If no airtightness related pre-specified rules,
test should be done with 75 Pa up to 299 Pa. Air
leakage amount should be designed equal to or less
than 18.3 #/m?-min (fixed window) and 232 ¢
/m?:min (vent window).

Technical ~ 2.1.2 Aluminium windows and frames
specification (3) Performance items
- wind pressure resistance: () grade
- airtightness: () grade (does not exceed the criteria
specified in KS F 2292)

Table 3. Performance requirements of UFSS, PSL, and JASS 14

Type Contents

1.4.3.3 Air Infiltration Test

Air infiltration through the wall, when tested in accordance
UFGS with ASTM E283, shall not exceed 0.005 cms per sg.m 0.06 c¢fm

per square foot of fixed wall area, plus the permissible allowance

specified for operable windows within the test area.

28 AR LEAKAGE

2.8.1 Curtain Wall and Windows

The air leakage rate through the Contractors works shall not

exceed the following when measured in accordance with the
PSL procedure contained in section 3.0 of this specification.

Pressure Difference Air Leak Rate (m'/p/m* )
Pa Infiltration Exfiltration
+50 0.29

2.9 airtightness performance
(1) description and test method
(omission) estimate unit area of wall and air flow amount per
unit time using follows:
q=(Q/A) < (P, X T;))/(Py X T})

JASS
14
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Table 4. Structure of project specification cases

Project A Project B Project C

1. General
1.1 Specification scope
1.2 Reference standards

1. General
1.1 Specification scope
1.2 Applicable project

1. Introduction
1.1 Project summary
1.2 Specification scope

criteria 1.3 Submittals
2. General 1.3 Project scope 1.4 Design criteria of
2.1 General 1.4 Explanatory curtain wall

2.2 Material test
2.3 Safety management

1.5 Warranty
16 Transporting, storing

paragraph for project
1.5 Design criteria of

24 Site management curtain wall and handling
2.5 Project management 1.6 Bidding (omission)

26 Applicable project scope 1.7 Warranty

2.7 Applicable project criteria 1.8 Mock-up test 2. Materials
2.8 Project scope 1.9 Quality management 2.1 General

2.2 Aluminum extrusion
2.3 Aluminum exterior
24 Stainless steel sheet

2.9 Explanatory paragraph for project
2.10 Description of curtain wall system
2.11 Design criteria of curtain wall

2. Production
2.1 Manufacturers

2.12 Warranty 2.2 Materials panels

2.13 Quality management 2.5 Steel

2.14 Related test 3. Fabrications and 2.6 connecting materials,
assembles anchors

3. Production 3.1 Summary 27 Finish

2.8 Thermal insulation
29 Thermal breaker

3.1 Manufacturers

32 Materials 3.2 Join members

3.3 Fabrication in factory

h 2.10 Back panel
4. Fabrications and assembles >4 Fectoy Glazing 211 Sealant
(Unitized curtain wall)
4.1 Summary 2.12 Gasket

35 Field Glazing

3.6 Protection measures
for contact with
dissimilar metals

3.7 Welding

38 Installment of gaskets
and affiliated materials

3.9 Cut section of
extruded material

3.10 Fabrication of unit

4.2 Process and fabrication in factory

4.3 Assembly tolerance

44 Shop glazing

4.5 Protection measures for contact
with dissimilar metals

4.6 Welding

47 Installment of gaskets and
affiliated materials

4.8 Installment of insulation and back
panel

49 Cut section of extruded material

2.13 Setting block

2.14 Interlayer fire
Compartment

2.15 Flue equipment

2.16 Window hardware

2.17 Louver

2.18 Flashing gutter

2.19 Screen windows

2.20 Manufacturing

4, Installment 2-1 anstrulction

4.1 General .1 General
L 42 Installment tolerance 3.2 Installment tolerance
5.1 General

4.3 Anchorage 3.3 Anchorage

4.4 Packing, carrying and 3.4 Packing, carrying
protection measure and protection

45 Sealing 35 Sealing

4.6 Curing, cleaning, test 3.6 Curing, cleaning, test
and maintenance

5.2 Installment tolerance

5.3 Anchorage

54 Lifting, packing, carrying and
protection measure

55 Sealing

56 Curing, cleaning, test and maintenance
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Table 5. Performance requirements of project specification cases

Type Contents

(9) Air leakage
a) pressure difference under constant pressure is 75PA (7.6
kg/m), referenced to ASTM E283.
b) Air leakage tolerance
- FIX windows : 0.0183 m/min.m?
- Open and close windows : 0.0232 m*min.m?
c) air leakage performance of Curtain-wall including glass and
the opening and closing windows mugt malmaln a
ventilation volume of less than 2.0 m*/min.m*

project A

(7) Air leakage

1) pressure difference under constant pressure is 75 PA,
roiect B referenced to ASTM E283.
proj 2) Air leakage tolerance by window typg
a) FIX : 0.06 CFM / FT2 (0.0182 m’min.m’)
b) Open and close : 0.25 CFM / FT (0.0232 m?/min.n?)

project C equal to project B

4.2 MEZA
SAAA ] S B RALE Pl AieRAkE A
Al5tSiet. Table 61 Zo] ASY A ARAF 15 oA
o7 FAFHEE Ul ol A3} ESlE E3f 20124 99E
E1 11-%7]%] AELS. % oﬂo]_OﬂE]. 5;(4145 jui 47_-] ] =8 =
gH /\3%;@7-1 o]—.}E’_‘_"L/\‘],,] x%x%/d _,_];H /\4 ;<474 /\]XD% 7; g]\
S 58 AR BANE BEeilr,
Table 6. Composition of respondents
' Working
Type of business - : .
(Multiple choice) Position exgﬁrrllgir;]c%va v;lllth Age
Design firms 2 executive 4 0~5 1 30 5
(12%) (27%) years (7%) ~40 (33%)
S » 5 department ( 1 ) 6~10 3
upervision head 7%, %,
BOM @ 5 veas @,
eputy 11~15 3 ~50 (47%)
department  (20%) o
General 6 hegd years (20%)
contractor  (35%) more than 7
section chief (2;4%) 15 years (53%) more 3
Specialty 4 than  (20%)
contractor  (24%)  geputy 3 non- 1 80
(curtain wall) section chief (20%) response  (7%)
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Table 7. Correlation matrix analysis result between standard specification and PSL

SS (Level 1) 1. General 2. Materials 3. Construction
SS (Level 2] 1.1] 12 3 14 [ 15] 16| 21] 22 23 24 31] 32 33 34
Py SS (Level 3 13113213313414.1142 21122122023 23223923423523624 2424924445 331334333334
50 COMPONENTS, FABRICATIONS AND ASSENBLIES
5.1 INSULATING GLAZING UNITS ] HA NA ANN
52 GLASS TO GLASS CORNERS A ]
53 PRESSED METAL (ALUMNUM) HANA AN
HA A1

54 FASTENERS AND ANCHORS

HANA

A : Prescriptive items,

B : Performance items during construction,

Table 8. Structure of hybrid specification prototype

ltems Reference
1. General
1.1 Project summary
1.2 Scope 12 Specification scope
1.3 Units of measurement pst 1.5 Language and Units of Measurement
1.4 Reference standards 1.3 Reference standards
1.5 Submittals 14 Submittals
1.6 Experience 185 Experience
[sd 1.10  Qualification
1.7 Implementation details of s 288 Implementation details of contractor
contractor
1.8 Restricted materials Pst 19  Restricted materials
1.1 Handover
1.9 Quality warranty 15 Quality warranty
1.10 Transporting, storing and 1.10 Transporting, storing and handling
handling
2. Materials
2.1 Manufacturers pst 185 Experience
2.2 Aluminum materials B 2.1 Aluminum materials
2.3 Steel and stainless steel 22 Steel and stainless steel
materials materials
24 Subsidiary materials 22 Steel and stainless steel
materials
2.5 Production 24 Production
2.6 Manufacturing tolerances 25  Manufacturing tolerances

2.7 Materials quality. management & 2.6

Materials quality management

3. Construction

3.1 Identify construction conditions @ 3.1
32 Metal curtain wall installation 32
33 Installation location tolerance 33

of main components

Identify construction conditions
Metal curtain wall installation
Installation location tolerance
of main components

34 Site quality management 34  Site quality management
35 Site clearance 35 Site clearance
4. Performance test
4.1 Mock-up test B 141 Mock-up test
264 Mockup test
4.2 Manufacturer test 213 Quality management
25  Manufacturing tolerance
4.3 Material inspection 2.1.1 Aluminium materials
[psa) 2,13 Quality management
[se) 22 Materials
44 Quality inspection egual to 4.3
45 Installation verification and 7.1. Vertical curtain walling general
inspection 77  Tolerances
4.6 Site visual inspection 33 Installation location tolerance
of main components
34.1 sfatus inspection of construction
77  Tolerances
4.7 Field test B 142 Site, visual and other tests
Ps4l 214 Related tests
5. Warranty
Ps4) 212 Warranty
Psel 1.7 Warranty
(_] 262 Warranty and predicted service life
[psal : Project specification of case A, : Project specification of case B

[psc] : Project specification of case C,
B : Korean architectural standard
specification

: Technical specification of Seoul City

: Performance Specification for Leeds College

O : Performance items after completion of construction

&, ANEY g0t BAR AFPE 2 A,
T FolA A 2 AU BT AR
@ o= FyEr

Table 9. Sample of hybrid specification prototype

4.2 Manufacturer test
4.2.1 general
The owner and supervisor are entited to inspect whether the manufacturer
comply with the procedures at the factory.
4.2.2 test period and scope
the test should be done during and/or after factory work of the curtain wall
materials
423 test method and criteria
a. tolerances inspection
1) tolerances of curtain wall aluminum alloy casting products (mm)
items tolerances items tolerances
perimeter +3 diagonal length error 5

b. finishing status inspection
1) extrusion, calibration, cutting
The surface should be in good and free from detrimental defects to practical
using. (omission)
4.2.4 performance related liability clauses
a. Contractors and manufacturers should implement on-spot attending inspection
for shape, measurement, materials and finishings when required by
construction supervisors. (omission)
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Table 10. Analysis result of interview
Evaluation Item 94? S‘%%M ?% Pg Avg.

1. Field applicability 42 4.0 4.0 30 381
2. Appropriateness of phased

performance test timings 40 40 40 35 388
3. Effectiveness to quality improvement 4.5 40 4.0 40 438
4. Effectiveness to productivity 42 50 50 35 418

improvement
5. Effectiveness to cost saving 4.0 3.0 3.0 35 338
# GC : General contractor SC : Specialty contractor

S&CM: Supervision and CM  DF : Design fi
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