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INTRODUCTION TO ACI MALAYSIA CHAPTER

American Concrete Institute - Malaysia Chapter (ACI-Malaysia) is a non-profit technical and
educational society representing ACI Global in Malaysia, which is one of the world’s leading
authorities on concrete technology. Our members are not confined to just engineers; in fact,
our invitation is extended to educators, architects, consultants, corporate, contractors,
suppliers, and leading experts in concrete related field. The purpose of this Chapter is to
further the chartered objectives for which the ACI was organized; to further education and
technical practice, scientific investigation, and research by organizing the efforts of its
members for a non-profit, public service in gathering, correlating, and disseminating
information for the improvement of the design, construction, manufacture, use and
maintenance of concrete products and structures. This Chapter is accordingly organized and
shall be operated exclusively for educational and scientific purposes.

Objectives of ACI-Malaysia are:

s ACI is a non-profitable technical and educational society formed with the primary
intention of providing more in-depth knowledge and information pertaining to the best
possible usage of concrete.

% To be a leader and to be recognized as one of Malaysia’s top societies specializing in
the field of concrete technology by maintaining a high standard of professional and
technical ability supported by committee members comprising of educators,
professionals and experts.

« Willingness of each individual member/organization to continually share, train and impart
his or her experience and knowledge acquired to the benefit of the public at large.
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Membership Subscription 2022

Gentle reminder that 2021 subscription is due.

Kindly note that payment can be made as follows:

Bank
Account Number
Account Name

: Hong Leong Bank Berhad
: 291 0002 0936
: American Concrete Institute — Malaysia Chapter

Once payment has been made, it is important to send

Remittance Slip / Deposit Advice / Bank Transfer Receipt

to our Administrative Office for confirmation, via these channels:

WhatsApp:
E-mail:

+60 (14) 2207 138 or
admin@acimalaysia.org.my

Digital Membership Certificate 2022

Members who have paid their subscription will receive their digital membership certificate.
See sample below.

American Concrete Institute
Malaysia Chapter

Membership Certificate
This is to certify that

"NAME"

Associate Member
of the
American Concrete Institute Malaysia Chapter

Yalid through zozz

Membership No. A0000

WDaey o

American Concrete Institute
Talaysia Chapter

Membership Certificate
This is to certify that

"ORGANIZATION NAME"
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Corporate Member
of the
American Concrete Institute Malaysia Chapter

Vatid through 2022

Membership No.O000)

) WDaey o )
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Internship Programme For ACI Student Members

(Subject to Terms & Conditions Apply by Companies)

PLYTEC FORMWORK
SYSTEM INDUSTRIES
SDN BHD

No. 19, Jalan Meranti Permai
3, Meranti Permai Industrial
Park,

Batu 15, Jalan Puchong,
47100 Puchong, Selangor.

012 - 691 2883
(Mr.Louis Tay)

BIM Engineering Specialist, CME Project
Delivery, IBS & Prefabrication
Construction.

CRT SPECIALIST (M)
SDN BHD

E5-5-25, 10l Boulevard,
Jalan Kenari 5,

Bandar Puchong Jaya,
47170 Puchong, Selangor.

012-3135991
(Mr.James Lim)

Waterproofing Work, Concrete Repair &
Strengthening, Injection & Grouting.

REAL POINT SDN BHD

No. 2, Jalan Intan,
Phase NU3A1,
Nilai Utama Enterprise Park,

71800 Nilai, Negeri Sembilan.

016 - 227 6226
(Mr.Chris Yong)

Concrete Admixture Production.

JKS REPAIRS SDN BHD

Star Avenue Commercial
Center,

B-18-02, Jalan Zuhal U5/178,
Seksyen U5, 40150 Shah
Alam.

017 - 2347070
(Mr.Kathiravan)

Structural Repair Works, Structural
Strengthening, Waterproofing System,
Injection & Sealing, Concrete Demolition
Works, Protective Coating For Concrete
And Steel.

ZACKLIM FLAT FLOOR
SPECIALIST SDN BHD

70, Jalan PJS 5/30, Petaling
Jaya Commercial City (PJCC),
46150 Petaling Jaya,
Selangor.

603 - 7782 2996
(Mr.Zack Lim)

Concrete Flatfloors.

UFT STRUCTURE RE-
ENGINEERING SDN BHD

No 46, Jalan Impian Emas 7,
Taman Impian Emas,
81300 Skudai Johor.

012 - 780 1500
(Mr.Lee)

Structural Repair, Construction Chemical,
Carbon Fibre Strengthening, Protective
Coating, Industrial Flooring, Soil
Settlement Solution, Civil & Structure
Consultancy Services, Civil Testing & Site
Investigation.

SINCT-LAB SDN BHD

No 46, Jalan Impian Emas 7,
Taman Impian Emas,
81300 Skudai Johor.

012 - 780 1500
(Mr.Lee)

Structural Repairing, CFRP Strengthening,
Site Investigation, Civil Testing, Soil
Settlement Solution, Civil And Structural
Design And Submission.

STRUCTURAL REPAIRS
(M) SDN BHD

No. 1&3, Jalan 3/118C,
Desa Tun Razak,

56000 Wilayah Persekutuan,
Kuala Lumpur

012-3836516
(Mr.Robert
Yong)

Carbon Fiber Reinforced Polymer System,
Sealing Cracks With Resin Injection, Re-
Structure Repairs and Upgrade, Diamond
Wire & Diamond Blade Sawing System,
Diamond Core Drilling, Non-Explosive
Demolition Agent.

Important Notes:

i)  ACI Malaysia is only a platform for our members to advertise for interns.
i) All application to be made direct to companies and would be subject to their terms and conditions.
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ARTICLE

Reprint from Cl Magazine, Volume 37, No 6, Page 26-30

Modeling and Forming the Turkish American
Community Center

3-D models facilitate the construction of a complex reinforced concrete structure

by Kenneth Graff and Scott Hover

Comprising a large underground parking structure, a mosque, a Turkish bath, and additional
assembly spaces, the Turkish American Community Center (TACC) in Lanham, MD, posed many
challenges for the Center's concrete construction team. Besides the sheer size of the project, its
arched beams, large and small domes, battered walls transitioning into chorded radial walls, and
crescent-shaped columns made it a clear candidate for three-dimensional (3-D) modeling. In fact,
although it was not contractually required, the construction team assembled by the concrete
contractor, Facchina Construction Company, started modeling the project as soon as the contract was
awarded. The modeling investment paid dividends from the outset, as it:

» Facilitated mockup design and construction;

» Allowed Facchina to generate requests for information(RFIs) with professional detail and speed;

» Provided a visual tool for on-site meetings with the design professionals; and

» Provided field personnel with detailed views of areas with reinforcing bar congestion.

The utility of the 3-D model of the reinforced concrete structure was extended even further, as it was
provided to the construction manager and formwork vendors (after signing a disclaimer) as a courtesy
and to assist with their coordination efforts. Concrete construction started in January 2013 and was
substantially completed 13 months later. Largely because the 3-D model allowed detailed
coordination and resolution of potential issues, no remedial work was required.

A Massive Project

The footprint of the TACC is dominated by its underground parking structure (Fig. 1). Because this
portion of the project has a relatively conventional design, the project managers for Facchina directed
that initial modeling efforts would be focused on the most complex structure above the parking level—
the mosque (Fig. 2). The resulting model provided a multi-month look ahead so that formwork
systems and the placement sequencing could be selected. The remainder of the project was then
modeled, including the Turkish bath (Fig. 3) and the community center (Fig. 4).

The model allowed the construction team to identify, communicate, and resolve potential problems
early (Fig. 5), and it facilitated the selection and implementation of the five forming systems that were
ultimately required to construct the project. These formwork solutions are discussed in more detail in
the following sections.

Formwork Systems

Decks and Platforms

Multiple platform systems were used to construct elevated beams, slabs, and domes (Fig. 6). In the
Turkish bath, elevated floors were formed using MULTIPROP shoring, formwork girders, and
SKYDECK panel slab formwork supplied by PERI Formwork Systems, Inc., along with HICO beams
provided by Form Service, Inc. The formwork for the dome framing and domes surrounding the
mosque courtyard were supported on Harsco 20K heavy-duty steel shoring. Finally, the formwork
systems for the main arch platform and main dome of the mosque were supported by plywood
installed on Harsco GASS® aluminum shoring and joists.
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Small domes

The intermediate and small domes

on the Turkish bath and the mosque were cast on expanded polystyrene (EPS) foam forms
(Fig. 7). MEVA Formwork Systems, Inc., was contracted to supply these unique forms, which
were fabricated by a third-party vendor. The blocks were shipped as half domes and were
assembled on-site using straps to hold them together. Because the textured surface of EPS
foam bonds well to concrete, it was necessary to tape polyethylene sheets to the casting
surface prior to placing the reinforcement and concrete. Shipping straps were also taped over
the EPS domes so that the forms could be pulled free of the hardened concrete.

Main dome

The upper reaches of the mosque created two major forming challenges: the arched beams
supporting the dome (Fig. 8) and the dome itself (Fig. 9). The arched beams were constructed
using laminated lumber and shoring combined with PERI TRIO panel formwork to form the
sides. The dome was formed using Radius Track crimped cold-formed steel channels and
plywood sheathing. The Radius Track framing and the lower portion of the sheathing were
assembled on the ground and placed on the dome frame using a tower crane. As with the
smaller domes, the concrete mixture was placed with a bucket (Fig. 10). The slump ranged
from 2 to 5in. (50 to 125 mm) and the thickness was set using depth gauges.

Minarets
The TACC minarets (Fig. 11) had to transition from a square base to a polygonal tower
structure. Dimension lumber

Fig. 1: The TACC facilities have a
footprint of 225,000 ft2 (20,900 m2). An

underground parking structure provides .,
the foundation for much of the center

(illustration courtesy of Facchina
Construction Company, Inc.)

N T
= ‘ 1 Fig. 2: The mosque, seen here in a worm’s
eye view of the BIM model, includes 66
arched beams, 27 small domes (radius of 6
ft 7 in. [2.00 m]), one main dome with a
radius of 22 ft 1 in. (6.72 m), and two, 120 ft
}6.6 m) tall minarets (illustration courtesy of
acchina Construction Company, Inc.)

Fig. 3: The Turkish bath includes multi-story walls, a

swimming pool, cast-in-place concrete seating areas,

ramps, and domes (illustration courtesy of Facchina

Construction Company, Inc.) Fig. 4: The cultural center includes radial stepped slab-
on-ground, C-shaped columns, and skylights (illustration
courtesy of Facchina Construction Company, Inc.)
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Structurally Acceptable. 2 West Main Arch Support Transitions RFI 156 - Sketch 1

v UNOTE: AR main arch longitudinal bars (#9 bot
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embedded to develop the yield strength of
the bars per manufacturer requirements.
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‘_ 142. distance requirements (TYP)
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elevation = EL 141,77
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CONFIRMED
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oy’ SKA-015 for Cap siab should only be used
g as formwork for the main arch
1 S 7 slevations concrete above. Intermediate
3 arches shall have separate
{ rd3 formwork so that their wet
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i 4 the cap slab

8" thick cap slab with .
gk s - Acceptable. Hook all bars at edge
#5 rebar @ 8° O.C x : X
. . of suppornting column. |l using as
T&8. _ formwork 1o support concrete
“~above, make sure concrete has
achieved design strength prior to
pouring above. Only pour main arch
Al minimum, provide (2)-#8 T&B over opening up 10 elev. 143.44', as shown here
with hooks at ends (1o span over opening)

CONFIRMED

Fig. 5: The BIM model not only provided means for identifying potential constructibility issues but it also served as the
communication tool for the resulting RFlIs (illustration courtesy of Facchina Construction Company, Inc.)

(a) =

Fig. 6: Multiple shoring and decking solutions were used for construction of the project: (a) elevated floors in the Turkish bath were
formed using PERI MULTIPROP shoring, formwork girders, SKYDECK panel slab formwork supplied by PERI Formwork Systems, Inc.,
along with HICO beams provided by Form Service , Inc. (photo courtesy of Mostafa Fahimi, EyeConstruction, Inc.); (b) formwork for the
small domes surrounding the mosque courtyard were supported on Harsco 20K steel shoring (photo courtesy of Facchina Construction
Company, Inc.); and (c) support for the main dome arch formwork and the work platform below the main dome formwork were provided
by Harsco GASS aluminum shoring and joists (photo courtesy of Mostafa Fahimi, EyeConstruction, Inc.)

and plywood sheathing were used to produce the custom formwork for the transition. Each polygonal
tower was formed using a hybrid system compris-ing plywood and dimension lumber backed by MevalL.ite
wall formwork.

Miscellaneous challenges

The project also required custom formwork fabricated on-site by carpen-ters. Stepped seating areas in
the Turkish bath, for example, were formed using dimension lumber and plywood sheathing (Fig. 12).
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Fig. 7: The multiple small domes on
the mosque and Turkish bath were
formed using EPS foam blocks cut to
the required radius: (a) after the dome
forms were set on a shoring and
decking platform, plastic sheets and
nylon straps were taped over the
casting surface (to ease stripping),
and a pre-assembled reinforcing cage
was placed; and (b) a2to 5in. (50 to
125 mm) slump concrete mixture was
applied using a template and depth
gauge to set the thickness (photos
courtesy of Facchina Construction
Company, Inc.)

Constructibility

The scope and complexity of the Turkish
American Community Center created many
uniqgue challenges for the concrete
construction team. The large footprint and
complex structures made it essential that
problems were identified and resolved well
before the formwork was erected and the
concrete was cast. The early creation of a 3-
D model was key to minimizing project risk
and ensuring success. Finally, because very
few details were repeated throughout the
multiple  buildings, numerous formwork
systems had to be employed to complete the
project on schedule. Early visualiza-tion
allowed the planners to consider options and
= e - ensure that the right systems were in place

Fig. 8: The mosque structure included a platform for the at the right time.

main dome supported on four arched beams. The

arched beams were formed using a combination of . .
shored structural laminated timber to form the arch and Selected for reader interest by the editors.
PERI TRIO panel formwork to form the sides (photos

courtesy of Facchina Construction Company, Inc.)

Fig. 9: The primary dome on the mosque was too large to be formed using EPS foam, so custom formwork was fabricated from
crimped cold-formed steel shapes and plywood sheathing: (a) the Radius Track cold-formed shapes were assembled at the ground
level; (b) the partially completed assembly was installed using a tower crane; and (c) the remainder of the dome formwork sheathing
was fastened to the framing and the window formwork was installed (photos courtesy of Facchina Construction Company, Inc.)
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Fig. 10: Workers place concrete on the main dome of the

mosque. The final depth and shape of the dome were
achieved using a depth gauge and a curved screed (photo Fig. 12: Seating areas in the Turkish bath were formed

courtesy of Mostafa Fahimi, EyeConstruction, Inc.) using dimension lumber and plywood sheathing (photo
courtesy of Facchina Construction Company, Inc.)

Fig. 11: The minarets comprise rectangular bases and polygonal towers: (a) the transition between base and tower was formed
using dimension lumber and plywood sheathing; and (b) the tower was formed using a hybrid system comprising MevalLite wall
formwork, dimension lumber, and plywood sheathing lifted into place using the site’s tower crane (photo courtesy of Mostafa
Fahimi, EyeConstruction, Inc.)

Project Credits

Owner — Turkish American Community Center

Architect — Fentress Architects

Structural Engineer — SK & A Structural Engineers, PLLC

Construction Manager — Balfour Beatty Construction

Concrete Contractor — Facchina Construction Company, Inc.

Concrete Supplier — Aggregate Industries

Reinforcing Bar and Post-Tensioning System Installer — R&R Reinforcing

Kenneth Graff is a Project Manager with Facchina Construction Company, Inc. His
responsibilities have included coordination of subcontractor and vendor work, analysis of
contract drawings and specifications, reporting quantities and tracking costs, scheduling,
jobsite documentation and submittals, and change order pricing and negotiations as well as
troubleshooting bonded and unbonded post-tensioning systems. He received his BS in
business administration and management information systems from High Point University,
High Point, NC, in 2004.

Scott Hover is a BIM Manager with Facchina Construction Company, Inc. He developed and
managed the building information model for the TACC, among other projects. A LEED Green
Associate, he received his BS in graphic design from Towson University, Towson, MD, in
2001.
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TECHNICAL REPORT

Reprint from Cl Magazine, Volume 37, No 3, Page 59-62

Controlling Early-Age Cracking
In Mass Concrete

Thermal control plans may include near-surface reinforcement to supplement
insulation and other measures

by Ronald L. Kozikowski and Bruce A. Suprenant

Mass concrete placements are conducted using
thermal control plans that provide limits on
maximum  concrete  temperature—to  prevent
concrete damage due to delayed ettringite formation
(DEF)—and on maximum temperature differential—
to minimize the potential for early-age thermal
cracking. Recommendations for temperature limits
and contractor measures for thermal control plans
can be readily found in the literature.1,2,3 These
measures can include reducing the cementitious
material content in the concrete (particu-larly
portland cement), precooling the fresh concrete,
providing internal cooling, or providing external
insula-tion of the placed concrete. Such measures
can add significantly to the construction cost and
schedule.

This article discusses an additional measure that
can be included in thermal control plans—using
near-surface reinforcing steel to help control the
width of cracks that do occur as the result of
. : P temperature differentials. While this approach will
A worker places concrete in a mat foundation not eliminate the need to limit the maximum
with a heavy grid of reinforcing steel that could  temperature differential, the allowable differential
e cari-aa. tharmal- oracking. i ie case,  that can be accommodated for a given crack width
however, the |imiting temperature differential W|” INCrease W|th the amount Of I’elnfOI’CGment. AS a
was selected on the basis of no cracking. This  result, the construction cost associated with the use
ot for 3 moeke taraty Ineeatiy coste and  Of insulating blankets, including labor for placement
the construction schedule (photo courtesy of and removal as well as project delays, may be
Baker Concrete) reduced for some mass concrete placements.

For durability, the maximum temperature must be limited within any mass concrete placement.
For safety and utility, cracking must be minimized in structures such as nuclear containment
vessels, liquid natural gas storage tanks, and water reservoirs. Although it may be
unnecessary or uneco-nomical to take extensive measures to avoid cracking in many other
structures, any cracking that does occur can be a source of dispute. That's why it's important
that owners understand that early-age thermal cracking can be consistent with good
construction practices, provided that it has been properly considered as part of a thermal plan
in the design and construction process.
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Precedents for Accommodating Cracksin U.S. Practice
In regard to the design of mat foundations, the ACI 318 Building Code and Commentary
encourages designers to consider reinforcement to control thermal cracking. The current Code,
ACI 318-14,4 has clarified some confusion over the minimum reinforcement requirements that
existed in previous versions of ACI 318. While the amount of reinforce-ment required by the
current Code is the same as in previous versions, the Code now includes different placement
strate-gies. The change in placement strategy is beneficial to mass concrete design. The ACI
318-14 Commentary provides insight into the minimum reinforcement requirements by stating:
“To improve crack control due to thermal gradients and to intercept potential punching shear
cracks with tension reinforcement, the licensed design professional should consider specifying
continuous reinforcement in each direc-tion near both faces of mat foundations.”
Also in the United States, some transportation departments have mass concrete specifications
that allow early-age thermal cracks. The Virginia Department of Transportation, for example,
issues special provisions that supplement and modify the department’s specifications for
hydraulic cement concrete and operations.5 The special provisions include a requirement that:
“The maximum allowable thermal gradient between the core and skin temperatures of a pour is
limited to 35F, unless the analysis submitted under section C.3.b.(d) demonstrates that the
element is sufficiently reinforced to prevent crack widths in excess of those listed on the plans
or in Table 4.1 of ACI 224.” The referenced analysis is required to include:
» A table of calculated peak temperatures for the range of expected air and concrete
temperatures at the time of placement;
* A calculation of maximum temperature gradients within the element during the curing period;
* A calculation of time to peak temperature; and
* A calculated curve of maximum allowable temperature differential as a function of concrete
strength for each element under consideration.
Figure 1 shows Table 4.1 from ACI 224R-01(08),6 which provides reasonable crack widths
versus exposure conditions based on a historical perspective, and Fig. 2 illustrates examples of
calculated curves of maximum allowable temperature differential.7
In addition to ACI 224R-01(08),6 the noted calculations are to be based on recommendations
outlined in ACI 207.1R-958 and ACI 207.2R-95.9
The most recent specification issued by the Florida Department of Transportation provides
various dispositions for cracked concrete, depending on the crack width, the
cracking significance (based on the total cracked surface area relative to the total surface
area), and the aggressiveness of the ambient environment.10 In mild environments, the
specifica-tion indicates that cracks as wide as 0.008 to 0.012 in. (0.20 to 0.30 mm) may require
no repair.

Table 4.1—Guide to reasonable* crack widths, In European Practlce
reinforced concrete under service loads In Europe, engineers have long advocated
Crack width using reinforc-ing bars to control early-age
Exposure condition in. mm thermal cracking.11,12 “Early-age thermal
Dry air orprotective membrane 0.016 0.41 Crack Control In Concrete (CIRIA C660)"13
Humidity, moist air, soil 0.012 0.30

provides a simplified design procedure to

Deicing chemicals 0.007 0.18 . . . .
: : assist engineers in checking the amount of
Seawater and seawater spray, wetting and drying | 0.006 0.15 .
— : steel required to control early-age thermal
Waler-retaining structures 0.004 0.10 . o

- 7 cracking. The indicated document also

It should be expected that a portion of the cracks in the structure will exceed these . . .
values. With time, a significant portion can exceed these values. These are general prOVIdeS gUIdance on SEIeCtlng an
guidelines for design to be used in conjunction with sound engineering judgment. appropriate CraCk Wldth and an eq Uation for

"Excluding nonpressure pipes

calculation of crack widths. The calculation
approach has been made more
manageable with the inclusion of a compact
disc with Excel spreadsheets.

Fig. 1: Table 4.1in ACI 224R-01° provides guidelines for reasonable
crack widths to be expected in reinforced concrete structures

ACl-Malaysia Chapter | November 2023
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The minimum amount of steel As,min is determined using the assumption that the steel force
after cracking will be equal to the tensile force in the concrete just prior to cracking. The area of
concrete in tension is estimated as 20% of the thickness of the member (Fig. 3). The steel is
assumed to be at yield stress fky, and the concrete tensile zone is assumed to have area Act
and a triangular stress distribution with a maximum stress of fct, eff :
=0.54, oo <
Jky
CIRIA C660 provides guidance for setting fct,eff based on the compressive strength class and
age at which cracking is a concern (3 days for early-age cracking). Finally, in addition to
providing a method for estimating crack widths, the document lists considerations for selecting
the target crack width based on three categories:
» Cracking that leads to durability problems and consequent-ly a reduction in structural
capacity (limit crack width to 0.012 in. [0.3 mm]);
» Cracking that leads to a loss of serviceability of the structure such as water or radiation leaks
or damages to finishes (limit crack width to 0.002 to 0.008 in. [0.05 to 0.20 mm]); and
» Cracking that is aesthetically unacceptable (crack width should be limited to 0.012 in. [0.3
mm)] but could be wider based on requirements for appearance).
It notes that achieving small crack widths requires considerably more reinforcement than
As,min—4 to 5 times that amount will be needed to keep the stress in the steel in the elastic
range and limit crack widths to about 0.012 in. (0.3 mm). In effect, this measure will reduce the
stress induced by thermal differential to 20 to 25% of the yield strength.

A

s,min

In Japanese Practice

For over 25 years, the Japan Concrete Institute (JCI) has provided guidelines for control of
cracking of mass concrete.14 In addition to recommendations for contractor measures for
thermal control plans, the guidelines provide estimates for the probability of cracking and crack
width. These estimates are largely based on a thermal cracking index Icr developed from a
study of cracking (or noncracking) of 728 members from 65 structures. Icr is the ratio of the
splitting tensile strength of the concrete and the tensile stress in the member. While tensile
stresses are generally determined using a three- dimensional finite element analysis, the
guidelines also provide simple equations for lcr for wall-type, layer-type, and column-type
structures.
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Fig. 2: Calculated maximum allowable temperature differential as a function of concrete strength for: (a) an 8 ft (2.4 m) square beam with
822 Ib/yd3 (488 kg/m3) total cementitious material content (70% slag cement) and f'c of 6500 psi (45 MPa); and (b) a 6 ft (1.8 m) square pier
cap with 585 Ib/yd3 (347 kg/m3) total cementitious material content (40% Class F fly ash) and f'c of 3000 psi (20 MPa). The curves were
submitted as part of a contractor’s thermal control plan5, 6 and they allow determination of the maximum allowable temperature
differential based on no cracking or on the indicated crack width limits (based on Reference 7)
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Fig. 3: Idealized structural model showing the areas A.. subjected to tension as the result of
internal restraint as the concrete responds to the temperature profile (based on Reference 13)

Not a Defect

Cracking in reinforced concrete is not a defect. The very basis of reinforced concrete design is
that concrete has no significant tensile strength and that sufficient reinforcement is provided to
control crack widths. The designer should make the owner aware that cracking is an inherent
part of reinforced concrete and that, if controlled, will not be detrimental to the performance of
the structure. Selecting the appropriate target crack width is an important step. And it should be
remembered that crack widths in a structure are highly variable.

Both CIRIA C660 and the JCI guidelines provide equations to calculate crack widths.
Designers in the United States are more familiar with, and are likely to use, the crack width
prediction equations in Chapter 4 of ACI 224R-01. However, it should be pointed out that these
equations apply to cracks caused by external effects (bending and tension) rather than intrinsic
effects (thermal differential and shrinkage).

Concluding Remarks

Designers must understand the limitations of controlling early-age thermal cracking with

reinforcement. Each project is unique (the service environment of the structure is an impor-tant

consideration in choosing the most appropriate approach), and the strategy for minimizing

thermal cracking (add reinforcement, rely on measures to limit temperature differen-tials, or a

combination of both) must be selected by the design and construction team based on a cost

analysis and in consul-tation with the owner.

In conducting the assessments, the team must be cognizant of multiple factors, including:

+ Internal restrainté€”temperature differentials cause internal restraint. The resulting cracking
is different than cracking caused by external restraint such as a thick wall restrained by its
foundation. Provided that the yield stress of the steel is not exceeded, cracks that may have
been caused/widened due to internal restraint will contract along with the concrete surface
as the temperature differentialsthat created the crack diminish. The widths of cracks caused
by external restraint do not decrease, as theyare restrained by adjacent element(s). (The
methods summarized in this article are focused on cracking due to internal restraint.);

+ Strains and crack widths for thermal effects and external effects are not necessarily
additived€”’CIRIA C660 reports that it has not been common practice to add early-age
strains or crack widths to strains or crack widths due to structural loading. This is another
important distinction between members with internal versus external restraint. As long as the
reinforcement stress is below its yield stress, it remains elastic. Thus, as the concrete cools,
the steel stresses decrease and the cracks get smaller. This does not happen for members
with external restraint;
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Reinforcement will not help in avoiding DEF—maximum temperatures must be controlled
regardless of how thermal differentials are addressed;

Reinforcement will not eliminate the need to consider the effects of maximum temperature
differential on cracking. When properly designed, reinforcement will allow a higher
differential to be accommodated for a given crack width; and

To control crack widths, reinforcement must be distrib-uted—while the reinforcement
provided to resist external loads may be sufficient to control thermally induced cracks,
additional steel may be needed (for example, on the vertical sides of deep members).
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CASE STUDY

Reprint from Cl Magazine, Volume 37, No 6, Page 31-35

Construction of Undulating Walls
Using Dry-Mix Shotcrete

Expansive concrete surface creates the main spatial element inside the Museum of
the History of Polish Jews in Warsaw, Poland

by Jozef Jasiczak, Wtodzimierz Majchrzak, and Wtodzimierz Czajka

The impact of the rich, 1000-year history of Polish Jews on today’s Poland was the basis of the
decision to create the Museum of the History of Polish Jews (MHPJ) in Warsaw, Poland. In
January 2005, the City of Warsaw, the Polish Ministry of Culture and National Heritage, and the
Association of the Jewish Historical Institute of Poland signed an agreement establishing a joint
cultural institution. An international competition for the design of the MHPJ was soon initiated.
Hundreds of entries were submitted, including proposals by prestigious designers such as
David Chipperfield, Peter Eisenman, Zwi Hecker, Kengo Kuma, and Daniel Liebeskind. On
June 30, 2005, the Association of the Jewish Historical Institute of Poland announced that
Finnish architects Rainer Mahlaméki and limar Lahdelma were the winners of the competition.
In June 2009, a contract was signed between the main contractor, Polimex-Mostostal SA, and
the Polish Ministry of Culture and the City of Warsaw. Eventually, SPB TORKRET Ltd.,
Poznan, Poland, was selected as a subcontractor, responsible for completion of a three-
dimensional (3-D), curvilinear wall designed as the main spatial element of the entryway of the
museum. TORKRET completed this unique shotcrete project—26 m (85 ft) high walls with
almost 6000 m2 (65,000 ft2) of surface area—in 2011 and 2012.1

Building Construction

The museum building consists of two parts with an expansion joint between them. The first part
(Fig. 1) is the main building with plan dimensions of 67.3 x 67.3 m (220 x 220 ft) and a total
height of 26 m (85 ft). The main building has four aboveground floors and one underground
level, and it was designed as a reinforced concrete structure with monolithic external walls. The
facade was designed to comprise slanted narrow vertical glass panes, fixed to the reinforced
concrete structure with a light steel structure made of galvanized steel square tubes. The
second part of the building, visible in Fig. 2, is the services compound, which consists of a
single underground floor with plan dimensions of 67.3 x 41.7 m (220 x 136 ft).

-
, e
~ae

Fig. 1: The Museum of the History of Polish Jews Fig. 2: The connecting tunnel from the second
in Warsaw, Poland. The mgseum stands in what part of the building, the services compound,
was once the heart of Jewish Warsaw—an area which consists of a single underground floor

which the Nazis turned into the Warsaw Ghetto
during World War II. The building’s simple form is
split by a wide fracture directly opposite the
nearby Monument to the Ghetto Heroes

AC|-Malaysia Chapter | November 2023

19



Undulating Walls

The Initial Design Concept

In the main hall of the building, two undulating walls are the most important elements shaping

the interior aesthetics as well as serving as the structural support of the entry hall ceiling (Fig.

3). Both walls start from the ground floor and cover the entire height of the building from the

foundation to the roof. The walls were originally designed as precast glass fiber-reinforced

concrete (GFRC) shells attached to H-section rolled steel profiles using a system of adjustable
fasteners. The H-section profiles were to be connected to a substructure comprising steel tubes
rolled from EN 10210 Grade S355J2H steel (similar to ASTM A500 Grade C or CSA G40.21

Grade 50W).

Vertical elements in the substructure were 273 mm (10.75 in.) diameter tubes with wall

thicknesses varying from 16 to 20 mm (0.62 to 0.79 in.). These vertical tubes were bent in one

plane and braced with horizontal, 193.7 mm (7.63 in.) diameter tubes with 12 mm (0.47 in.) wall
thickness. The substructure at the ceiling comprised 244.5 mm (9.62 in.) diameter steel tubes
with 16 mm (0.62 in.) wall thickness connected to the concrete roof using rigid inserts.

The GFRC panels, which were to form the finishing layer of the curvilinear walls, were designed

to be 15 mm (0.6 in.) thick. The panels were to be diamond-shaped with areas of several

square meters, with four fasteners located at the corners for mounting onto the substructure.

The panels had to have double curvature to comply with a digital model developed by the

architect (Fig. 3), and they had to meet the following conditions:

» Color "Stained concrete with a shade similar to pale yellow limestone, approved by the
Architect on the basis of samples, and resistant to UV staining. The color was inspired by the
color of the Western Wall in Jerusalem. Panels impregnated with anti-graffiti protection;

* Geometry ”15 mm (0.6 in.) thick panels with edges thickened to 40 mm (1.6 in.) to strengthen
the joints and deepen the gap between panels; and

» Functional condition and in-use performance "The contractor was obligated to develop the
details of the fastening system with the provision that the system must provide load-bearing
capacity and stability, meet the requirements of fire regulations, and enable the installation of
the panels on both sides of the hall.

Due to a number of difficulties, an alternative finish system shotcrete applied directly at the

jobsite—was investigated.

Fig. 3: A 3-D model was generated to set Fig. 4: Mockup of curvilinear wall divided into
the geometry of the thin-wall shell of the diamond-shaped elements. One of the designers,
entry hall of the museum, including the Rainer Mahlamé&ki, is on the far right

locations for the shell’s expansion and
control joints
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Proving the Alternative System

Before shotcrete could be used, structural research and calculations were made, taking into
account the need to fulfil the color, geometric, functional, and in-use performance requirements
defined in the original design concept. Knowing the possibilities of curvilinear surfaces formed
using shotcrete technology, TORKRET prepared three mockups of the wall. In September
2010, TORKRET hosted a meeting with the architect and representatives of the investor and
main contractor. There, the wall construction method and the mockups were presented (Fig. 4).
After the visit, positive feedback was received; however, static and fire resistance tests of the
models were required before final approval could be granted.

Samples of the wall elements underwent destructive structural testing as well as tests of fire
resistance. It must be emphasized that the wall is not merely a decorative element and a work
of art, but also serves as a partition between walking routes for visitors, as well as technical and
office premises.

Laboratory studies were carried out at Poznan University of Technology (Fig. 5) on two 2.10 X
0.80 x 0.05 m (83 x 32 x 2 in.) reinforced shotcrete elements. The tests demonstrated that the
shotcrete panel system and its mounting on the steel support construction was the right
solution. It was determined that the full-scale structure worked as a continuous concrete shell
with multiple anchors spaced at 0.8 m (32 in.) in each direction.

The 50 mm (2 in.) thick panels were reinforced with 100 x 100 mm (4 x 4 in.) welded wire
reinforcement with 4.5 mm (0.18 in.) diameter deformed bars. The reinforcement was centered
at the midplane of the wall section and was designed to secure the structure against complete
destruction in the event of exceptional loads (for example, accidental impact or anchor failure).
This role of the welded wire reinforcement was confirmed by laboratory tests. Point loads were
applied at anchor points in the test panels suspended between steel beams. The panels
deflected 41 and 35 mm (1.61 and 1.37 in.) under applied forces of 4.5 and 5 kN (1010 to 1120
Ib), respectively, before the concrete sections were fully cracked. Fire resistance tests were
conducted at the Fire Testing Laboratory of the Building Research Institute, Warsaw. These
showed that the concrete shell would achieve the required fire resistance.

Shotcrete Implementation

After completion of the basic load-bearing structure of the building (Fig. 6), the implementation
of the feature walls began. The dry-mix shotcrete was prepared at TORKRET'’s mixing plant
with a production unit exclusively dedicated to he construction of the curvilinear walls. The first
layer of concrete was applied using a traditional shotcrete mixture containing 2 to 4 mm (0.08 to
0.2 in.) rounded quartz aggregates, portland cement (CEM | 42.5R), silica fume, and a non-
alkaline accelerating admixture. The second layer was made of quartz aggregates up to 2 mm
(0.08 in.) in size, but the binding material was white cement (CEM | 42.5R) with adequately
matched dyes including oxide iron yellow and titanium white. Maintaining a uniform color to
match that of the Western Wall was one of the biggest challenges. Shotcrete samples (Fig. 7)
were used as references.

Fig. 5: Structural testing of a 2.10 x 0.80 x 0.05 m (83
X 32 x 2in.) panel cut out from a mockup wall.
Anchors were spaced at 0.8 m (32 in.) and load was
distributed by the steel channel in the center
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Fig. 6: The concrete and steel structure of
the museum’s entry hall defined the basic
form of the undulating interior walls

(a) (b)

Fig. 7: Shotcrete samples—two-layer concrete with an external pale yellow architectural
coat made according to the “cut” technique: (a) cross section; and (b) finished surface

The shotcrete panels are attached to the vertical tubes in the substructure through a system of
rigid anchors. Each anchorage point comprises a steel plate with a central hole for a fastener.
The concentrated load applied to the anchorage is distributed into the shotcrete section via 4.5
mm (0.18 in.) diameter bars welded in a radial pattern on the plate (Fig. 8(a)). The anchorage
forces were therefore distributed to the welded wire reinforcement in the wall. During
placement, the welded wire reinforcement was anchored to a profiled substrate made of
flexible, water-resistant, and fire-resistant plywood (Fig. 8(b)). This substrate also served as a
stay-in-place form for the shotcrete.

Specially designed polymer strips were embedded in the shotcrete at expansion and control
joints (Fig. 9). The strips enabled maintaining a uniform thickness of shotcrete and delineated
the outer surface. They also enabled installation of plastic sheets to prevent moisture loss as
well as provide protection against shotcrete overspray from subsequent placements. The
expansion joint strips were later removed and replaced by a fireproof silicone material. The
control joint strips were inserted in the shotcrete after placement, in a pattern specified by the
architect, and they were left in place in the completed walls.

The most important issue from the wall profile shaping perspective was transferring of the 3-D
design coordinates to the wall space. This was achieved by marking the intersections of joints
or other typical points. The polymer strips were mounted on stay-in-place plywood formwork
panels. Once the joint-defining strips were formed and fastened, two layers of shotcrete were
applied. Aliva 246 dry-mix shotcreting machines were used, along with booster pumps that
provided water to the nozzle.

The fresh shotcrete was cured using plastic sheets hanging from the top of the finished walls
(Fig. 10). Completion of the curvilinear wall took 13 months of substructure preparation and
several months of finishing work. The walls were completed in August 2012. The final results
are shown in Fig. 11.
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Fig. 8: Anchorage/stress
distribution elements: (a)
individual anchorage plate with
radially welded 4.5 mm (0.18 in.)
diameter bars; and (b) view of
the anchorage plates and
welded wire reinforcement
anchored to the profiled
substrate made of water-
resistant plywood

. X Fig. 10: Shotcreting process. In the lower section
-— . : = of the photo, the finished shotcrete wall is

Fig. 9: After plywood panels were installed as covered with plastic sheets to protect it against
stay-in-place formwork defining the wall contamination by mortar overspray and provide
curvature, anchors and welded wire curing to limit drying shrinkage

reinforcement were installed, polymer strips
were set to form expan-sion joints and to
serve as depth guides, and the first layer of
shotcrete was applied

Fig. 11: Finished curvilinear shotcrete
wall before and after installation of the
entry hall’s glazing system. The large
hall divides the building, and its high,
undulating, and textured walls create a
dramatic space

before

Construction-Related Issues

Major portions of the surface area of each wall were constructed in the open space of the
building. The roofing, about 600 m2 (6500 ft2) of glazing, and the entrance structure were
finished at the end of the project. This forced the work to be organized so that preliminary
stages could be completed during periods of low temperatures. Shotcrete was then applied
during advantageous weather conditions. A major execution-related problem was accessing
individual wall elements. While it would have been more convenient to apply shotcrete from
scaffolding, that solution was ruled out because of the ongoing need for surveys of the spatial
location of the wall surfaces.
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Hydraulic boom lifts and scissor lifts were thus used instead of scaffolding. To access the
highest wall elements, a temporary platform was installed. A crane track with a suspended
scaffold was then mounted to the temporary platform. This solution made it much easier for the
client to set, control, and verify the shotcrete surface.
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Topic: Poetics Of Concrete HRDF CLAIMABLE
Speaker: Ar. Alan Teh Yee Neng

TOPiC! Nature’s Beauty In Concrete
Speaker: Ar. Tan Lee Teck, Oscar

Topic: Popular Options of Decorative Concrete Facade
in Malaysia
Speaker: Mr. Oscar Teng

Topic: Mix Design for Decorative Concrete
Speaker: Ts. Alex Yap

Topic: Colors in Decorative Concrete Systems
Speaker: Ts. Eric LS Soong

Topic: Lightweight Materials And Fibers In Decorative
Concrete

Speaker: Ts. Dr Leong Geok Wen 1

SYNOPSIS OF THE TOPICS

concrete finishes in its sky terraces. Concrete has been perceived as a structural component of a building but never os
finishing material. It has not been accepted widely yet in this region as an accomplished building finish material not until
recently with the "industrial” trends moving up the interior design sectors. In the upcoming seminar, Alan will showcase
two of his projects that P the design concept.

‘ Secretariat :I‘::Y‘:'»""‘:ﬂ“:;':“: ! i‘
C Name: el I 2
+6014-220 7138 e 2910403%—926 : Poetics Of Concrete
Bank Nome ong Leong Bank Speaker: Ar. Alan Teh Yee Neng
Email Address /’é ¥ B A Ateller Alan Teh Architect (AATA) is an award-winning architecture practice
), o Z headquartered in Petaling Jaya and with a branch in Penang. AATA has won 3 PAM Awards in different categories
admin@acimalaysiu.org g Link: hi 111 amongst other awards including the much acclaimed Univ360 Sofo Suites in Serl Kembangan that employed fair face

TOP'CZ Nature’s Beauty In Concrete

Speaker: Ar. Tan Lee Teck, Oscar

Concrete is i of ion. The bigger &amp; higher a building, the more concrete
i used to build the building. Most of the time, the cancrete is hidden within layers of topping-up finishes just because we
don't believe the concrete has the aesthetic value the worid demand. But if we assess carefully, concrete is the closest
man-made substance to nature building material. It has the strength of tiles, it has the non-repstitive grain like the stone,
ond it aged just like any living thing

We have experimented with concrete in a variety of contexts because we are fascinated by the idea of producing
geographically distinct architecture. The extreme weather and the limitations on ability and craftsmanship are all
defining elements in our design.

Topic: Popular Options of D ive C Facade in Malaysia
Speaker: Mr. Oscar Teng

The topic will focus on the types of decorative concrete available in malaysia and general surface treatment options
available in malaysia . On top of that, commeon bench mark of concrete finishing will also be discussed.

Topic: Mix Design for Decorative Concrete

Speaker: Ts. Alex Yap

The design and construction of decorative concrete play a pivotal role in modern architecture, offering both aesthetic

appeal and structural integrity. This synopsis explores the critical aspects of mix design for decorative concrete,

eemphasizing the significance of achieving the right balance between strength, durability, and cesthetics. The critical
of i

factors involved in mix design for decorative concrete, izing the i to meet both
aesthetic and structural demands. The blend of innovative materials, quality control, and sustainability considerations is
driving ion of decorative i

Topic: Colors in Decorative Concrete Systems

Speaker: Ts. Eric LS Soong

Concrete does not have to be grey all the time, Decorative concrete has been around since 70A.D, and is driven by many
to enhance the visual aesthetics and value of its environment. Colour creates buildings and structures that stand out.
Coloured concrete as @ modem building material combines the qualities of functionality, distinction, and sentiments.
This presentation will focus on how colours can be incorporated into decorative concrete systems that can enhance the
visual impact of its surroundings.

Topic: Lightweight Materials And Fibers In Decorative Concrete

Speaker: Ts. Dr Leong Geok Wen

The research on lightweight concrete has been an area of interest in the construction industry since low selfweight can
ease the transportation process and speed up construction time. Past research has found that the inclusion of lightweight
materials and fibres in concrete can enhance its thermal insulation properties and tensile strength. Thus, these properties
can aliow greater degree of freedom and creativity in producing decorative concrete. Therefore, this presentation will
cover a brief introduction to lightweight aggregates such as fly ash cenospheres and perlite microspheres and the effect
of discrete and continuous fibre reinforcement in lightweight concrete.
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PAST EVENT
MBAM ONE BUILD

ACI Malaysia Chapter’s Concrete Clinic at MBAM ONEBUILD having 15 specialists on-site to advice on concrete
related matters.
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Website: www.acimalaysia.org eMail: info@acimalaysia.org

Membership Application Form
Type of Membership (please tick “M” one option only)

Joining Fees (Total)(RM) (Entrance Fee +  Subscription Fee per annum)
O Organizational Member: A Firm, Corporation, Society, Government Agency or other organizations.

RM800.00 (RM500.00 + RM300.00)

[ Associate Member: An individual who is not a member of ACI International but American Concrete
Institute — Malaysia Chapter only.
RM200.00 (RM100.00 + RM100.00)

0 Student Member: RM30.00 (RM30.00 + RMO0.00)

To be admitted as a Chapter Member", return this form together with Crossed-cheque (any outstation
cheque to include Bank Commission)/ Online Bank Transfer/ Cash Deposit made payable to:

Account Holder Name: American Concrete Institute — Malaysia Chapter
Bank: Hong Leong Bank Berhad (HLB)
Account Number:  291.0002.0936

Once payment has been made, it is important to send Remittance Slip/ Deposit Advice/ Bank Transfer Receipt
to our Administrative Office for confirmation, via these channels:

WhatsApp: +60 (14) 2207.138 (ACI.my Administrative-2); or
eMail: admin@acimalaysia.org
(*) Benefits provided by ACI International for Chapter Members:

1. Digital subscription to Concrete International magazine; 2. Access to the ACI Membership Directory; and
3. 3-Tokens to ACI University Courses; 4. Printable AC| Membership Certificate

Important Notes:
<+ Benefits will be accessible via Temporary Password sent to your email account either in the month of June or December,
depend on time slot of Chapter Member List update to ACI International;

.

< All benefits are subject to change without prior notice.

Personal Particulars:

Are you a Member of American Concrete Institute International (ACI International)?
3O No.
O Yes. (Please provide your ACI Int'| Membership Number: Since (Year): )

Name: (First) (Last)
Salutation / Title: (Mr./ Ms./ Mdm./ Ir./ Ar./ Dr./ Prof./ ) Other:

NRIC/ Passport No: Nationality:

Mobile Number: +60(1 )- Email:

Company / Organization: Designation:

Postal Address:

Postal code: State:
Tel.: Fax: Email:
| am introduced to ACI-Malaysia Chapter by:

Applicant Signature Date
For Office Use Only
Membership No: ‘ | - | | | | | Receipt No.: Date:
Verified by: (Name: ) Date:

ACI-Ma@WNF R aptd@ PRBrenPRB 0230 MRR - OGgIC  ORwal  Olinvi 0 18R O MF/PoP/I&GR-F  3()




PREMIUM SPONSORSHIP

NCL CHEMICAL & EQUIPMENT SDN BHD
BUILDING PROTECTION AND REPAIR SOLUTIONS

b

.....

www.ncl.my

Ground Floor, 50A, Jalan PJS 1/46, Taman Petaling Utama, 46000 Petaling Jaya, Selangor, Malaysia.
Tel: +603-7773 0929 Fax: +603-7772 8456 E-mail: ncl.cne@gmail.com

ACI-Malaysia Chapter | November 2023



LOYAL SPONSORSHIP

Space available for sponsorship
Please contact: +6014 220 7138

Space available for sponsorship
Please contact: +6014 220 7138

AC|-Malaysia Chapter | November 2023
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