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BURJ KHALIFA - CONSTRUCTION AND QUALITY CONTROL
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Abstract

This paper presents a snapshot of Construction and Quality Control system adopted during the construction of World’s Tallest
Tower, “The BurjKhalifa Tower”, Dubai, UAE. An effective, well-constructed and well-maintained building is essential for safety
and durability of any structure. In order to achieve this, the safety and quality aspects should be built-in during the design and
construction stage rather than at the inspection stage. The construction practices adopted at BurjKalifa Tower is simply “Do the
right thing, right, first time, every time” by following established approved Project Quality Plan (PQP) and Inspection Test Plans
(ITPs) with well narrated method statements and definite objective checklists/formats. Project Management Information System
(PMIS) was effectively and efficiently used in day-to-day construction activities for ensuring: an advanced information on
construction activity (what, when, where, who, how, with what), with well repository of documents, good track on resources,
providing precise information to subcontractors and keep a tab on commercials. DOKA Auto-climbing formwork was used for the
Tower cores and HunnebeckTable formwork for the Podium slabs and FRP shuttering for walls of circular Car parking ramps.
Aluminum shuttering (MevaDec panel formwork) was adopted for tower slabs. C80 grade concrete was used in tower columns
and shear walls and C50 grade concrete for beams and slabs. Podium rafts was casted with C50 grade concrete. Tower walls
constructed adopting 3-day cycle for each level and reinforcement bars were fabricated for the height of 2 levels with couplers for
the laps for beams and slabs and for nose columns. De-shuttering of tower walls after 10hours of pull-out tests complying with a
minimum strength of 10MPa. Composite link beams were used to connect core walls and nose columns. This multi-purpose, ultra-
high, skyscraper was successfully completed in a record time by the joint venture of Samsung, BeSix and ArabTec sponsored by
Emaar Properties.

Keywords: BurjKhalifa Tower, Quality, Construction, Formwork, Concrete.
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1. INTRODUCTION m? that includes hotel, residential, commercial, shopping,
entertainment, observatory, communication and parking
facilities[10]. The figure 1 is a snapshot of the project
summary.

The BurjKhalifa Tower is a multi-purpose, ultra-high,
skyscraper was successfully completed in a record time by
the joint venture of Samsung, BeSix and ArabTec sponsored
by Emaar Properties. The tower has a total area of 479,830

Project Summary

Project Summary

M Project Brief M Burj Dubai Development

Project The Burj Tower (Main Contract BD-07 T Business Park

Residential (660unit) Office (6 bidg),

nths ('05. 2.1 ~ '08.12.30)

Construction
Period

Contract
Amount
Client
Architect
0Old Town & Dubai Mall
Luxury Villa (400 unit) o (14 Shopping, Entertainment

Consultant  Project Management
Group Supervision Consultant
Quantity Surveyor

. Floors
Building

Height
Fact

Total
Usage Hotel, Residence, Offices

Foundation: Mat 3.7m thick constructed over Piles: 1.5dlameter
43m long; Pouring concrete in 4stages of 12000cum

Fig- 1a: Snapshot of Project Summary — Burj Development, Project Brief
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Project Summary

M Mechanical Work

HVAC, Plumbing - Hot and Cold Water
Storm Drainage, Fuel Sewer Drainage, Fire Protection, Fuel Oil, Steam, Vacuum,

Project Summary

W Building Usage

Gross Area

Pinnacle

479,830 m?
Spire

Site Area 105,600 m?
Tower 279,000 m?

Podium 186,000 m?

Communication (L160)

Boutique Office (L156)

Compressed Air, LPG, Central Gas, Swimming Pool, Kitchen & Laundry, Waste

Management,
Usage
Cooling Load Approximately 10,000 RT Hotal

Capacity Heat Source by District Cooling Plant (by Other Contract)

Guest Room 172 units Residence (L108)

Residences 486 units
Mechanical Floors
Concourse, L17~18, L40~42, L73~75, L109~L111, L136~L138, L155~156 (7)
Equipment

AHU, FCU, Secondary and Tertiary Pump and Plate Heat Exchanger.

586 units

231 units

Equipment

Boutique Office 37 floors

Communication 4 floors from156

Hotel (L39)

Observatory Level 124

NSC (Nominated Subcontract)
Contract Amount : AED 830,000,000 (USD 226,158,000) Mech. 60%, Elec. 40% Parking 3,000 lots.
MEP Subcontract Awarded Sept.12th. 2005 T Communication [l Residential
Boutique Offices [ Hote! Residences
[ Luvwury Residential Hotel

Contract

Fig- 1b: Snapshot of Project Summary — Building Usage, Mechanical

Project Summary Project Summary

M Elevator & Escalator
M Electrical Work
L157

L138

Dual Power Source DEWA

Aircraft Warning Light

Anemometer System

Central Computer System

Digital Integrated Addressable Control

Smart Home Automation system

Other High & Low Voltage Distributing Systems

L111

System

"
§

Transformer(11KV/400V Dry type): Customer 49MVA, DEWA 60 MVA

Capacit
Apacty Generator - 5 sets 11KV 2500KVA +1set 650 KVA = 13,150 KVA.

11 Con. Con GRD.

139
azmaz

9 L15 II

P
ol ; :
iR a W
B, Office & Observ.
20 8+ 6 (Shuttle) 6 6 8

Electrical Reom  Concourse, L17, L40, L73, L109, L136, L155 (7)

Hotel Group Residential Service Office Annex Escalator

10.0 mps (shuttle)
1600 KG

9.0 mps
4,500 KG (fire)

.75 mps
1,800 KG

5.0 mps
1,800 KG

Total 54 Numbers of Elevators and 8 Numbers of Escalators
Observation Elevator is a double deck & max. speed is 600m per minute
17 elevators will be used for construction

Fig- 1c: Snapshot of Project Summary — Electrical, Elevator & Escalator

7.0 mps 0.5 mps Generator (2500KVA 3 Nos. , 650KVA 1 Nos.)
- Transformer <Dry Type> (49MVA) 4000A TPN BUSDUCT

11KV Switch Gear Panel

Main Equipment

1.1 Design Overview

The architectural design concept was derived from Blue

Dick, the flower of the desert[8].

e The plan is reducing in a spiral pattern, symbolizing the
Dubai economy.

e Seek the model of Future city for Middle East By the
beauty of shape & scale

An effective, well-constructed and well-maintained building
is essential for safety and durability of any structure. The
tower has adopted the most stabilized Y-Shape, which
provides stability by building weight shifts to end of the
wings and structure considering both stability,
constructability[9].
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Design Overview

M Architectural Design Concept

- b
The plan is feducing in a
Desert Flower(Blue Dick) L spiral pattern.
(16 times except spire)

Design Overview

M Structural Concept

* Type & Function
Nose Columns

An saged f . t Hammerhead “Flange” Walls
e engaged for increasing momen YT w———

of inertia
(Same role as Hammer Head Wall)
I Shape Wing

Hammerhead “Flange” walls

High flexural stiffness

“Web walls Resist shear force

Minimizes torsional behavior

Connects each wing wall

Emergency evacuation is given prime importance during
design development stage. The construction practices
adopted at BurjKalifa Tower is simply “Do the right thing,
right, first time, every time” by following established
approved Project Quality Plan (PQP) and Inspection Test
Plans (ITPs) with well narrated method statements and
definite objective checklists/formats[3]. Project

Design Overview

M Life Boat Evacuation

- Typical Mechanical Floor
Upper Mechanical / Area of Refuge(AOR)

NOR level 138

Observatory level 124
Sky lobby level 123

AOR level 111

Lobby level 76
OR level 75

Sky Lobby level 43
AOR level 42

Stair Case ‘Sky Lobbies
N Area of Refuge 1 Area of Refuge

Fig- 3: Desig Overview — Structural

Fig- 4: Life boat evacuation and Stack effect

Design Overview
M Structural Summary Pinnacle

Steel Beam

- Structure
Structural Type Reinforced Concrete  (Up to Level 156)

Steel Structure- Steel Braced Beam  (Above L157) Communication

**+ Cf) Structure similar to Tower Palace 3.

Live Load Dead Load
Slab Load

Coriiition Hotel, Residence 500 kgt/ 770kgf/m

office 250kgf/m

Foundation Type R
CD Pile ( D=15 o einforced Concrete
RCD Pile ( D=1.500, L=48 t o Stuctis
RCD Pile ( D=900, L

Wind Load

al Statistic : Max. Win

Quantities Comparison
Conct Rebar
Tower
Podium
Steel
L157-1160
Pinnacle

Design Overview

M Structural Concept
= Wind Engineering Design Approach

« Optimize building dynamic characteristics
« Balance mass, stiffness damping and mode shapes

* Disorganize vortex shedding

- Variation of building shape along height
- Vertically tapered profile
- Vertically reduced wind sail

- Creation of irregularities along the building’s
exterior surface (surface roughness)

« Drift Expectation

Location
_ Top Communication  +6049
Top Office +569.7
Observatory +4421
Top Residential +375.3

* With 10m Height, 50 year wind event, includes P-Delta Effect
Tower can with stand Earthquake up to 7 on Richer Scale

ETABS 8.4 was used for Structural Analysis

Management Information System (PMIS) was effectively
and efficiently used in day-to-day construction activities[2].
JV Operation Processed by Computer System and allows
Information Real Time Update (Manager Group of JV
Informed Instantly) and Ubiquitous Access (Site — EMO —
Headquarter) to all stakeholders.

Design Overview

M Stack Effect

® Occurs when temperature difference between exterior and
interior air induces air movement

® In a cold climate, warmer inside air rises through building,
colder outside air rushes in at the base

® Process is reversed in a hot climate like Dubai :
colder air inside falls, drawing in hot outside air at top of building

® Mitigated through :

- Revolving doors/air locks/gaskets
- Mechanical systems balancing
- Airtight construction of continuous shafts and exterior wall
= Interruption of continuous shafts through use of:
Air locks
Revolving doors
Intermediate level lobbies
Areas of refuge
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2. PROJECT QUALITY PLAN

Samsung JV considers the Project Quality Planning is a
crucial step and it should be done well before construction
work is due to commence[3,4]. It is amalgamated with the
traditional project planning in such activities as nomination

construction methods, construction programming, logistics
plan, site layout, identification of manpower requirements
and training needs, material and plant acquisition, etc. The
following diagram depicts the development of the Project
Quality Plan.

of subcontractors and suppliers, determination of
Quality Manual Quality Procedures ErojeciMeanagement [nformationiSystcin
I e 3
B Main Functions of PMIS
Items Contents
Manpower - Management of 3,500 Workers Using RFID Card
. - Efficient Management of Direct-managed Works,
Contract Requirements Statutory and Regulatory Hansgement | subdnision i
Material Manage | - Concreting Live Update
Requirementg (Concrete) - Steel Rebar Bring In Managing
. N - Database of Construction Drawing & Specification
Project Quality lan (PQP) e | ough et

(Latest Version)
- Instant unication Search;

WAL -All ommmm inSoﬂOo(:yM ; e Manpowec
- Purchase & Order, Bring In Managing By Computer -——————
-NSC Daily Report

Inspection and Test Plans Project Specfic Procedures and Work i) jon and
I . h Etc. -'Irluemal M;]I;gcealh;r. Bulletin Board, Site Pictures, i
structions/Method Statements elephone Director, Ec. e

Fig-5: Project Quality Plan development and PMIS

2.1 Logistics Plan

The tower was located in the middle of Burj Dubai
Development Site and there are favorable Access &
Security (Air, Water, Road, Rail), mutual interface with
other Burj Dubai project (Dubai Mall & Lake,

Development Plan). The construction access is a crucial
factor for safe and timely transport of material, equipment
and manpower.

- Tower Section is enclosed by Podium

Genenalillogistic Plan
E 3 3

M Logistic Plan for Overall site

* Scheme to Procure Stock Yard & Access

- To ensure stock yard & access, Podium Zone A, B & C structural work will be separated

2005 2006
4 I 5 [ 6|7 (8|9 |10/21/22/1|2)3 I 4 ‘ 5 ] 6|7 (8|9
Zone | Inner Rebar Pre-fab
A 1 T T
Outer ] J‘ {
Zone | Inner ¥ i Main Pumping Area / Tower Materlal Lifting
B | outer i 1 Access / Material Stock Area
n T i ‘ | ot
Zone | INNer | ! =
c 1
Outer = femfe}

-Zone B-> Zone A-> Zone C
-« Work sequence in Podium Area
:Zone B-> A-> C(Tender : Zone A-> B->C)
: Partial site take-over, Drawing release schedule
: Zone C will be used as a stock area & prefab yard until completion of Zone B

-

Eenenaifltogistic Plan

M Logistic Plan for Overall site

Works) Works) Works)

: Zone C - Main Stock Yard : Zone B - Main pumping : Zone A : Stock Yard

: Zone A - Stock yard & main area & rebar prefab area 1 Start Zone C Inner Area

T/C erection area :Zone C - Stock yard after Completion of Zone A
~(After completion of pile works -

- Tower Section works, like stocking, lifting & concrete
pumping, occur at the same time with  Podium Works.

- Comparatively long distance from gate to Tower and
disrupted by Podium construction.

It is necessary to provide sufficient well planned Stock
Yards for the storage of material for project and limited
Stock area for Tower Section. The tower site area is about
105,600m? and which includes the tower and podium. The
podium is dived into zone —A Office Annex, Zone-B the
Pool Annex and Zone-C the parking areas.

* Stock Yards Procurement Scheme : Phase by phase

zoneB & ~*\ ZoneC ZoneB /O

£ - \

e [osiigse A

\

\[/ Pile/Stock Yard | \ )
L S e = 4

Zone A

- Phase 1 (Zone B, Structural - Phase 2 (Zone A, Structural

- Phase 3 (Zone C, Structural

Fig- 6: Logistics Plan for Overall site
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Genenaiillogistic Plan

* M+37 months (Mar.08)
1. Status
- Completion of Podium Structure
- Completion of Tower Structure
Completion of Tower C/Wall

2. Stock Yard
- Finish work material : Zone B, A
- Proceeding with waterproofing
work : Zone B, A

3. Access
- Podium Zone A, B : Use

underground floors

4. Major control points

2.2 Quality Control and Safety Plan

Quality Policy Statement is to ensure a totally Customer
driven approach that meets and exceeds customer
expectations  through  effective  management and
performance, good co-ordination  increased productivity
and greater focus on business objectives.

Quality Control Procedures will be developed in line with
the project specification, ITP, approved relevant documents,
submittals and approved method statements. All the

QuElity/ASatiety: Control
£ S 2

M Main Action Plan
* Quality Control Action Plan

QA / QC Manual

Fig- 7: Logistics Plan for site for 37+ months and Plan for tower

Generalillogistic Plan
E W 3
M Logistic Plan for Tower

* Equipment Layout

procedures will be developed and submitted formally to the
consultant for approval and accordingly distributed to all
concerned.

Repairs and Retrofitting if any should be carried with
approved method statements and with approved materials[1,
5]

BurjKhalifa safety program has been developed considering
4 phases as illustrated below.

Quality/ASarety: Control
£ s S

M Quality Control

= Concrete Quality Control
+ Pumping ability for high rise
- Pumping Simulation Test : 600m length - horizontal
- Improvement Pumping ability : Aggregate Size & Rheology method
- Monitoring Concrete properties : Every 10th Level (Flow, temp, strength, etc)
- Monitoring Pumping Pressure : Every 10th Level (site monitoring)

[ | e Aii‘lli = (Relate to the project of technical research in 2006 )
On going Training ‘ ogular ngct o - Technical data base for the high rise construction
(Activites) Inspection & Test Plan Procedures & Follow up 5
I Materials)
| I * Hot Weather Concreting
- Approved Dweg. Specification = Specification & Characteristics -Technical data Base for mix design & QC for Raw Material in Middle East
i Rpeed Mettiod simjenent [ Selection haser oa confomky - Temperature control for the concrete
~ Inspection of works (hold point) Total with above
~ Establishment of NCR's on ~ Verification of Conformity.
i devietion Quality Control Plan — Further material testing by ;
— Monitoring / Testing Concrete for Burj Dubai independent laboratories * Curing
~ Reporting ~Reporting - Verify the proper curing method for each member’s construction
: - Quality improvement based on =CQually improvement Eaeed cn - -Curing Material & Method
= the above above =
- = . - =

Fig- 8: Quality Control action Plan
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Quzﬁt;// Safiety: Control

i
M Safety Program
FOUR PHASES

1) Engineering

2) Administration

3) Performance
monitoring

4) Improvement
awareness)

Formation in a continual loop so that the system will be continually improved and
awareness growing, it is a continual process with inputs from policy, regulations, and
objectives, scope of work, method statements, HSE inspections, audit results and
feedback from performance measurement that will be used to improve the plan

l

O Inputs are analyzed by process owners and the HSE manager to prepare safetyand
methods for into

Euality/ASatety Control

o
W Safety Program Procedure

-

HSE policy & objectives
i
| Newprocess | process hazard 10|

*

[ Risk d | | Phase 1
Safety programme |
Safety administration
Imm Material management
decisions, Safe machinery
assignments & Safety signs posting
resources / Safety procedures
(s | Methad staiements
| Work permi
Implementation | }{ Phase 2 | | B protective
Management equipment 4
review & Safety inspections
performance | Gl Emergency planning =
analysis I Phase 3 ]

PHASE 1: ENGINEERING PHASE (HAZARD IDENTIFICATION & RISK ASSESSMENT)

Method statements in preparation

Information from work floor

Previous accident incident and near misses records

Local regulations, scope of work

Existing building best practices

Material specifications and recommendations for using materials and machines safely
Machines and tools.

PHASE 2:

ON AND IMPLI
Explain the plan to the work force
Provide the resources needed to achieve the HSE objectives, in particular :

- HSE awareness training on safe working practices
- Site rules, appli ions, the

methods and

Fig- 9: Safety Contro

I Program and procedure

- Facilities for handling materials

- Safe plant and machinery

- Safety signs and warning signs of potential hazards
- Personal protection equipment to cover residual risks
- Emergency mitigation facilities

PHASE 3 : PERFORMANCE MEASUREMENT AND MONITORING PHASE

Investigation of HSE incidents or accidents, non- conformances and
corrective actions taken

ion of HSE vil and discipli

y actions taken;
Inputs from the work force representatives

Performance measurements shall include:

e = :

Fig- 10: Safety Control Program and procedure

2.3 Construction Equipment and Plan

The three tower crane were installed in tower Cores 1,2 and 3:

@EoRsHHUCHOR EquUipments

M Tower Crane Specification
Main Modification & options considered M1 M2 M3
Engine replaced for higher lifting capacity Model Favco Favco Favco ’ !
-M440D / M380D : CAT C16 Engine (600HP) M440D | M380D | M220D |
e
- M220D : CAT C9 Engine (350HP) Capacity 25ton 25 ton iiton |
Single Fall used to pinch up the lifting speed Boom Length 55m 55m 55m N
-M440D / M380D : 220m/min 220 - ‘
-M220D : 145m/min Lifting Speed m/min 220 m/min m/min
Deck / Frame Modifications
- Deck & A-Frame change to fit with the Engine 600 HP 600 HP 350 HP
g Erection Height | 8™ by gl
reinforced & corrected (12 Masts) | (12 Masts) | (12 Masts)
Mast reinforcement 36 times +
-wind load condition(55m/sec) & Climbings Telescopin | 36 times
| equipment self load escalated g
| Mast Section reinforced Spire
) Erection

Consitruction Equipments

M Tower Crane Location Plan

M3(220D)
Tall Radius : 7.0m

M2(380D)
Tall Radius : 6.5m
\

Fig- 11: Construction Equipment and plan
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@ostRuCHER Equipments
B Pumping Plan M Concrete Pumps
= Plan for concrete pumping
Elevation Method * Concrete Pumps

Ground - 1154 | 5745m | Direct Pumping Model Output Pressue | Engine |  Purpose Location
1143-1160M 624.1m Re-pumpin =

pumpng Pump#1-#3 | BSA14000SHPD | 71/36 m3/hr | 185/320bar | 470 kw P""r:"l'n Ground Level b
L160M-Spire1 | 681.7m Hopper by TC ping - )

Pumphd. BSA2100HP | 110m3/hr | 220/260 bar | 200 kw s.;’:";‘"?:" 1124 -
- Re-pumping station at : 1124 Ping
- Re-pumping station can be placed up to : L143 (521m) i
» Concrete Placing Boom
= Pipeline Schedule
Model Boom Length Stand Height Location
Location Elevation
cPB#L Mx32 32m 20m Center Core
Line#1 | Center Core L160 (621m) CPB#2 - South Wing
Line#2 | South Wing 1139 (503m) CPBA2-#4 mx28 26m 16m CPBH3 : West Wing ‘
Line#3 | WestWing 1124 (442m) CPBAS - Bex U Jl!
Line#a East Wing L1112 (390m) + CPBs have been redesigned from its origins to support the site conditions and installing locations. 2
Line#s | Center Core 1160 (621m) - Counter weight removed g
- Mast stiffness enhanced
with design if i phase

Fig- 12: Construction Equipment — Pumping Plan

3-day Cycle for walls and slabs have been adopted and sequencing of pouring concrete is shown below.

Forr_n\;vork 8 Re-bar

M 3 Day Cycle - Slab

Day1(Dayofpour) Day 2 Day 3 Day 4 (Day of pour)
- Re-bar completed. -Erect prop &panel. (n+1) - (n+1) -Re-bar 1)
_ Concrete pouring (n+0) - Remove Panels aftor 24 hours - Ro-bar. (n+1) - Concrete pouring.(n+1)
or 15 Mpa achieved (1+0) - Re-shoring the props.(n-2)
s b

s

Unit ]
COP 1L ~ 3R[600*10,500| 6 pos | (2 story height)
CIP_ 1L ~ 3R 600%7,900 pes | (2 story height)
CC_1L ~ 3R 600*1,600 pes | (2 story height)

Total 18 pes

Unit | Size | No. Height
WEC1-4 |600%3,500| 4PCS | (2story height)
WEC 5-6 |60072,500| 2PCS | ( 2story height)
Wii-4 |600%4,000| 4PCS | (2story height)

Total 10 pes

- = = 3 e . e =
Fig-13: 3 day Cycle for Formwork and Rebar fabrication yard
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Slabs

“Tower

ey

LA =

|

2.4 Concrete and Testing:

High performance concrete C60 and C80 grade concrete
was used for vertical members, and C50 grade concrete was
used for horizontal members.

Highistriength Concrete

M Concrete Quality Control

* Curing Methods & Procedure
= Proper Curing: Consider Construction Sequence
= Mass Concrete: Thermal Crack Control (Mock-Up Test)
* Tower: Vertical & Horizontal (Curing Compound)
= Podium: Vertical (Curing Compound), Horizontal (Water Ponding)

* Hot Weather Concreting

= Control Concrete Temperature

- Chiller Plant & Ice, Shelter for Aggregate, etc.

- Normal Concrete: at Mixing 31°C

- Mass Concrete: at Mixing 28°C(t<1.5m), 25°C(t>1.5m)
* Hot Weather Concreting

- Night Pour, Control the Concrete Delivery (interval)

>

* Quality Control for Concrete Supply
= Monthly Test Report: Raw Material, Cube Strength, etc.
" * Quality Control F at Plant:

=

-
—ts
b=

= .

ik

ey

E L = i
Il Mix Design Summary & Application
= Tower Concrete
Stump /
Flow (m) | Compressive | EModulus
Strength () (@) 6040
550+75 | 80.0 (@56D) 43.8 (@90D) ” ]
Verbical 600475 | 80.0(€56D) | 41.0(©56D) 2
Member
650450 | 80.0 (@56D) | 41.0 (¥56D) ¥C0040
650+50 | 60.0 (@28D) | 37.6(&28D)
Horizontal 500475 | 50.0 (928D)
Member 60050 | 50.0 (928D)
= Podium Concrete
Slump/ | Compressive
‘Grade of Concrete Application
Flow(mn) | Strength (i)
600-750 | 60.0 (@28D) Piling
E P-C50(G) 150+25 | 50.0(&28D) Internal
== P-C50(M) 150425 | 50.0(©28D) | Mat, External 62-
==
= 350(0280) |  Blinding
{ . 4
-_— e

Fig- 15: Concrete Mix design Summary and Testing

<mmmmmmum>

W Concrete Mix Design & Testing

* Mix Designs for High Strength Concrete

y M Properties: C
= Mass Concrete (Thick Section): Low Heat, HVFA Concrete
= Achievement of High Early Strength: 3-Day Cycle

= High-Pumpability Concrete: High Flowable Concrete

P

= Testing for the Applications

Ci

= Creep & Creep &
- Main Test (CTL, Chicago), Supplemental Test (Tech. Institute of Samsung)
* Pumping Simulation: max. 600m Horizontal
- Evaluate Concrete Properties & Pump Pressure
= Site Mock-Up Test: ®2.1m Column & t:1.3m Wall (C80A)
- Evaluate Heat of Hydration, Curing, Overall Construction
= Pull-Out Test: in-Situ (Early
= Heat of Hydration Test & Analysis

=

= .

<Site Mock-Up Test for Column &

Fig-17: High Strength concrete

Quality Control Testing and Pouring
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[ = QA/QC DEPARTMENT Sp—
Pecy sscen:Tursen remmaTionss
ok covsn v e
CONCRETE TESTING REGISTER [PACKAGE: BD-07 MAIN CONTRACT
QA/QC DEPARTMENT
e caadiectae MIX:C80A ( BURJ (New) BATCHING PLANTS)

PERIOD: 11.Feb.2005 TO 07.Apr.2006

MIX : CBOA ( TOWER) CCONCRETE COMPRESSIVE STRENGTH PROFILE

UNIMIX BURJ (New) BATCHING PLANTS

PERIOD: 11.Feb.2006 TO 07.Apr. 2006

FOR 7, 28, 56 AND %0 STRENGTH REPORTS
Comoresie St o W
Serio | Cast Date Locations frampte ria] oot T Rernarks.
Obes ™ ™ Ao | w0 WO Mepa80| K0 S50 AvpSio| S0 HO w300
- | 7000 3
| o a0 =
| » sot0 —
- . 4000 | (N/mm2) 7days  28deys | S6days =
90days 7 Days Avg Comp.Strenglh
z2 3040 - —26 Days Avg Comp Sengh |
— Minimum Strength 6500 8475 9250 9250 - % %
2000 {—|Maximum Strength 9200 11625 12625 127,50+ 96 Doy g Corrp. englh
w | s Average 7836 1013 1980 10898 =00 Die Avg. Cous. Swwngth
T ~|Standard Deviation 6.46 6.84 7.79 681 - ——
] onddOedaon 596 oM P OB
. >, D, 9, S ORL BN,
FREEEORE P,

e =
Fig- 18: High Strength concrete Testing Register and Strength Profile of Tower C80 Concrete

2.5 Spire Erection Plan

= Erection Sequence

‘ Support Beam & Lifting Equipment Installation

tem Ad. 249 Ad. 249

§

’ Lifting Block Installation & Assembling ’

1 Height of Building 7049 m 808 m 1031im(+)
’ Spire A Lifting & Connection Block Erecti | 2TmWt | it | Loateton | im0
9
’ Temporary Spire Bottom Block Engaging | E“..:'m" t:;.:l:: 1:393: :‘/ 3699:;.?‘)
g
’ Completion of Lifting | 4. Lifting Height 509 m 112m 521m(+)
5. ifting Weight 576 Ton 1,500 Ton 924 Ton (+)

’ Dismantling of Temporary Spire Bottom Block |

Fig- 19: Spire Installation sequence

2.6 Building Movement Monitoring System

monitoring system was develdped
to ensure the verticality of the structure.

= Purpose of Monitoring

A. To measure the building and ly
B. To measure the actual member strains
C. To monitor the load distribution due to

creep/ shrinkage/ elastic properties of the concrete material
D. To suggest a correction program if the in-situ results differs
from the predicted results

/ Horizontal movement Monitoring
Monitor wind directi (Verticality Control)

speed, temperatu
humidity with the h

Vertical level Monitoring
(Adjust column shortening)

N Monitor column shortening
and load distribution Monitoring

Load Cell
Mat F

| - = [ ;
Fig- 20: Building Movement monitoring and Checking Verticality of Tower walls
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3. CONSTRUCTION PHOTOGRAPHS

Zi\ |
r{{}

Fig- 21: Auto CIirﬁffiﬁg Formwork
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4, CONCLUSION

The successful completion of the BurjKhalifa tower is
mainly attributed to the adoption of latest construction
technology, construction materials and Auto-climbing
formwork in addition to the excellent Project Quality Plan,
which encompasses Logistics plan, Equipment Plan, Spire
Erection plan and consistently adhering to Inspection Test
plans for materials, equipment, and work inspections. The
BurjKhalifa Tower becomes an objective evidence of
‘Quality Icon’, which demonstrates the construction of an
Ultra High skyscraper which meets all the technological and
constructional challenges and stands as a benchmark for
future construction of super ultra-high skyscrapers.
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