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ABSTRACT

An element of a building deviates from its theoretical dimensions and position due
to movements after the element is constructed. Whilst this is common to all structures,
movements in tall and irregular buildings such as Ilham Baru (IB) Tower need specific
consideration because of the natural accumulation of gravity and eccentric load effects
as a result of the building size and shape. The movement develops both in vertical
(axial shortening) and horizontal (deviation from verticality) directions due to
accumulated loading, time-dependent material properties such as creep and shrinkage
of concrete, and construction sequence. It is a very important issue in the design and
construction of tall buildings since it causes various structural and non-structural
problems. Regarding this perspective, DICT, a research department of Daewoo E&C,
has undertaken proposed movement control of the IB Tower and helped the site team
to successfully finish the construction.

1. INTRODUCTION
The construction works for IB Tower was successfully completed in the summer
of 2015. The Tower boasts its unique exoskeleton made of mega columns and slanting
columns among abundant tall buildings in the City Center of Kuala Lumpur (see Fig. 1).
Daewoo E&C demonstrated their full capacity in accomplishing the beautiful tall
building and DICT, Daewoo Institute of Construction Technology, has continuously
supported the site team and major consultants of the project from the tender period to
the end of construction to prevent possible adverse effects arising from the Tower’s
movement during construction.
The Work includes the following major engineering activities:
 Theoretical prediction of the Tower’s movement during construction and
designated period after occupancy;
 Laboratory testing and non-linear regression of long-term properties of concrete
to identify actual creep and shrinkage behaviors;
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Fig. 1 Completed view of Ilham Baru Tower, Kuala Lumpur, Malaysia
 Sensor-based field measurement of member deformation for selected columns
and core walls during construction; and
 Optical survey and 3-dimensional laser scanning for as-built condition of the
Tower at designated intervals during construction.

2. CONSTRUCTION STAGE ANALYSIS
This activity is a core of the work. The Tower’s movement were predicted using
the in-house software called ASAP (Advanced Stage Analysis Program, see Fig. 2). A
preliminary construction stage analysis has been carried out at tender stage based on
the assumption of 7-day work cycle and without core wall precedence nor the effect of
temporary support. PCA model was adopted for creep and shrinkage of concrete (Fintel
1986). The result already exhibited that a maximum leaning of the Tower to its front
direction is 92 mm with a maximum axial shortening of 139 mm. These values have not
changed much since then: the final analysis without considering the applied
compensation values gave a maximum deviation of 100 mm and an axial shortening of
144 mm.
The analyses have been carried out more than 10 times during the construction
stage starting from the first one in Jul 2012, which provided a compensation program
for the structural construction (see Fig. 3). The follow-up analyses mostly went side-byside with the progress of construction by revising the analyses based on the results of
material tests and field monitoring.

Final construction stage analysis was carried out in Aug 2015, which corresponds
to 3 years after the first construction stage analysis. The analysis considered the most
up-to-date information on the construction such as the established construction
schedule and the surveyed result of foundation. The latter was made possible using
one of the upgraded features of ASAP, such as revised algorithm to consider the longterm relaxation (Casalegno 2015), interaction of foundation and super-structure,
implementation of constrained construction, and comparison with measured strain
within the software. The result of analysis was compared with that of the previous
analysis and also with field monitoring data.

Fig. 2 ASAP GUI showing 3D structural model of Tower with results of analysis (left),
and identification of vertical members under consideration for staged analysis (right)

Fig. 3 Tower’s movement in the x direction and proposed compensation amounts

3. MATERIAL TEST
Testing of concrete properties was carried out to provide actual input values to
the revised construction stage analysis. Concrete specimens of G40, G50, and G60
grades were sampled from the batcher plant for the construction and were delivered to
DICT in Mar 2013 by air mail in a safe package.
The tests for compressive strength and modulus of elasticity were conducted at
28 days – see Fig. 5 for comparison with code predictions – after which the creep and
shrinkage tests have started and continued for six months until 21 Oct 2013. The test
results were processed with nonlinear regression analyses and gave specific creep and
ultimate shrinkage values for each grade of concrete as shown in Fig. 6. They were
used in the revised construction stage analysis performed in Nov 2013.

Fig. 4 Progress of concrete tests

Fig. 5 Comparison of concrete elastic modulus between test and code values

Fig. 6 Results of tests on shrinkage and creep, and comparison with assumed values

4. FIELD MONITORING
Two types of field monitoring have been carried out during the construction: a
sensor measurement of the axial deformation of selected columns and walls at the
Ground Level, and a periodic as-built survey of the structure by both a conventional
survey method and a 3-dimensional laser scanning.
The targets of axial deformation measurement are six mega columns along the
perimeter of the Tower, three mega columns beside the core, and five locations within
the core region. Vibrating wire strain gauges were embedded in the members and
wired to an automatic data logger system. The deformations were measured hourly and
sent to a data server installed at the site office. The measurement started on 8 Jun
2012 and lasted until 31 Jan 2015. A measurement specialty company, Jooshin
Industry, installed the sensors and collected the data during this period.
Fig. 7 shows the measured variation of the members’ axial deformation from the
start of monitoring until 8 Nov 2013. All the columns and walls exhibited continuous
increase of negative axial strain, i.e. shortening of length but of all the members, SC1A,
which is located in the Tower’s front, experienced the greatest shortening and deemed
to have contributed to the Tower’s lateral deviation to the front.
The measured axial strains were compared with the predicted values from the
analysis to validate the current analysis and revise the next one. The comparison is a
time-consuming and complex job working to and from different software. In the final asbuilt analysis, the work process was made efficient by importing the measured strains
inside ASAP and compare them with analysis results in a user-friendly window (see Fig.
8).

Fig. 7 Location of sensor measurement and measured axial strains at ground level

Fig. 8 Comparison of axial strains between predicted and measured data in ASAP
An optical survey work has been undertaken by SURTECH to inspect the as-built
condition of the Tower’s structure: the deviations of major locations – 16 points within
the Tower’s plan at every 10th level and the settlement of mat foundation at 10
locations. The surveys works were basically a monthly mission that Level 10 has been
inspected 15 times from Apr 2013 to Jul 2014, and Level B4 has been surveyed for
settlement 27 times from May 2012 to Jul 2014.

Fig. 9 Comparison of survey results of lift core GL1 by different survey methods

Another as-built survey using a laser scanner is also conducted to complement
the conventional survey. The Tower has been scanned 9 times in total focusing on the
horizontal deviation of the longest lift core and the progress of foundation settlement.
The scanned data was processed to be compared with the results of optical survey
(see Fig. 9) or to yield a meaningful data for monitoring the movement as shown in Fig.
10. The exterior of the Tower has been also scanned for the as-built condition of the
mega columns and slanting columns.

Fig. 10 Post-processed representations of foundation settlement: changes in the
methodology for improved identification

5. CONCLUSIONS
Predicting and controlling the movement of the complex RC tall building in the
sub-centimeter level was a much demanding work but Daewoo E&C have performed it
well with a comprehensive approach including a multitude of construction stage
analysis, long-termed concrete tests in the climate chamber, real-time measurement of
member strains, and periodic survey of the Tower’s as-built dimensions as roughly
explained in this paper. Detailed explanation of the process of works and their results
can be found in the final report on movement control of Ilham Baru Tower (Ha 2016).
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