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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:

❖ 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 : Hong Leong Bank Berhad

Account Number : 291 0002 0936

Account Name : 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: +60 (14) 2207 138  or

E-mail: admin@acimalaysia.org.my

Digital Membership Certificate 2022
Members who have paid their subscription will receive their digital membership certificate.

See sample below.
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Internship Programme For ACI Student Members
(Subject to Terms & Conditions Apply by Companies)

Company Name Company Address
Person To 

Contact
Business Involved

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, IOI Boulevard, 
Jalan Kenari 5, 
Bandar Puchong Jaya,
47170 Puchong, Selangor.

012 - 313 5991 
(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 - 234 7070 
(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 3/118 C, 
Desa Tun Razak, 
56000 Wilayah Persekutuan, 
Kuala Lumpur

012 - 383 6516 
(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.

ii) All application to be made direct to companies and would be subject to their terms and conditions.
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ARTICLE

Page 12

Emerging Geopolymer Research: 

Thin Geopolymer from Industrial Waste

Center of Excellence Geopolymer and Green Technology 

Universiti Malaysia Perlis (UniMAP)

Perlis, Malaysia

In the past decades, research into recycling and repurposing waste materials has risen to 

prominence. The study regarding geopolymers have piqued the interest of researchers due to 

their lower carbon dioxide emission [1]. Besides, the manufacturing of geopolymers consume 

significantly less energy, in comparison to Portland cement, hence it satisfies the widespread 

demand for environmentally friendly building materials.

Geopolymers are amorphous inorganic binders made up of a three-dimensional network, 

formed via the alkali activation of aluminosilicates [2]. The aluminosilicates are materials that 

are rich in silica (Si) and alumina (Al) are the primary requirement in forming the main 

framework of Si–O–Al in a geopolymer structure. Industrial wastes or by-products such as fly 

ash and slag are the common aluminosilicate sources used in the formation of geopolymers [3-

5].

Fly ash (FA), which is primarily composed of spherical glassy particles, is generally 

formed via the combustion of bituminous coal and possesses pozzolanic properties [6]. Ladle 

furnace slag (LFS), which is a type of steel slag, exhibits cementitious characteristics, which are 

suitable to be applied in geopolymer synthesis [7]. However, unlike ground granulated blast 

furnace slag (GGBFS), LFS is less explored in the geopolymer production.

The development achieved in numerous scientific and technological research has 

demonstrated geopolymers exhibited excellent mechanical properties and thermal resistance 

which that are primarily used in the construction field. However, study regarding thin 

geopolymers (thickness of merely <10 mm) have previously received less 

Ng Yong Sing Liew Yun Ming Heah Cheng Yong Mohd Mustafa Al 

Bakri Abdullah



Page 13

attention as geopolymers are typically made in cube, cylindrical, rectangular forms that are mainly used 

as construction materials such as mortars, concretes and bricks which were thicker with a thickness in 

range of ∼70 mm – 100 mm [7, 8]. Thus, there is an urge to explore the development of thin 

geopolymers to enhance their feasibility in wider range of applications. There are a few current research 

which highlighted the optimization in formulation of thin blended geopolymers using waste materials 

(FA and LFS), flexural performance of thin geopolymers at elevated temperature exposure and high-

strength development of thin geopolymers with borax addition.

The optimization in formulation of thin FA/LFS blended geopolymers was determined in terms of 

NaOH molarity, solid/liquid ratio, alkaline activator ratio and weight ratio of FA and LFS (Figure 1) [5]. 

It was found that thin FA geopolymers with NaOH molarity of 12M, 2.5 solid/liquid ratio and 4.0 

alkaline activator ratio, resulted in highest flexural strength and stiffness of 6.2 MPa and 0.14 GPa, 

respectively. A higher alkaline activator ratio of 4.0 was applied to produce slurry with higher viscosity 

and desired workability which prevented bending of thin geopolymer. 40 wt.% LFS inclusion increased 

the flexural strength and stiffness to 7.8 MPa and 0.19 GPa, respectively. LFS acted as both filler and 

precursor simultaneously, producing thin geopolymer with densified and compact structure. Furthermore, 

the gelation of C–S–H in geopolymer matrix was facilitated by calcium-rich composition of LFS, 

improving the flexural strength of thin geopolymer.

Figure 1: Formation and flexural properties of thin FA/LFS blended geopolymers.

The flexural properties and thermal performance of thin geopolymers were evaluated by thermal 

treatment at elevated temperatures of 300 – 1150 °C [4]. In comparison to the unexposed specimens, LFS 

inclusion and heat treatment enhanced the flexural strength of thin geopolymers by 161.3% to 16.2 MPa 

and 208.9% to 24.1 MPa for FA geopolymer at 1150 °C and FA/LFS geopolymer at 1100 °C, respectively 

(Figure 2). The flexural strength trends in this work differed from those reported by other studies, as 

significant strength loss was recorded for heated geopolymers with thickness more than 40 mm. Uniform 

heating was achieved in 10-mm thin geopolymers, leading to higher degree of phase transition and vapour

pressure dissipation. New crystalline phases such as albite, nepheline and anorthite were formed at high 

temperature, which were beneficial to high strength development of thin geopolymers.
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Figure 2: Flexural properties of thin geopolymers at elevated temperature and heating mechanism of 

geopolymers with various thickness.

The high strength development of thin geopolymers was achieved with the addition of borax 

decahydrate (Figure 3) [3]. Heat treatment stimulated the fluxing properties of borax decahydrate, which 

enhanced the flexural strength of the thin geopolymers. Borax decahydrates formed molten B2O3 at 

elevated temperature exposure, which functioned as a flux, provided an adhesive medium to assemble the 

aluminosilicates and thus produced a compact integration and improved the interparticle connectivity. 

This led to a drastic rise in flexural strength, as FAB2 (2 wt.% of borax) and FAB8 (8 wt.% of borax) 

geopolymers reported a flexural strength of 26.5 MPa and 47.8 MPa, respectively, at 1000 °C. 

Figure 3: Effect of borax addition on the flexural properties and microstructure evolution of thin FA/LFS 

geopolymers.

In conclusion, this article introduces development of thin geopolymers based on waste materials of 

fly ash and ladle furnace slag and their performance. This is essential as it could broaden the functionality 

of thin geopolymers to be utilised in various application such as thin wall panels, floor imprint, and 

especially tile manufacturing for walls and flooring.
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A New Way to Deliver
Protection from Freezing 
and-Thawing Damage
Blending microspheres with mineral powder minimizes agglomeration and
ensures durability
_________________________________

by Emmanuel K. Attiogbe

Air entrainment has long been known as an effective

means for protecting concrete from cyclic freezing and-

thawing (F-T) damage; air voids in the matrix

provide spaces for ice crystals to grow and thereby relieve

internal tensile stresses that can cause cracking of the

concrete. Air bubbles are entrained in fresh concrete by the

mechanical action of mixing the ingredients, and they are

stabilized by using a surfactant, known in the industry as an

air-entraining agent (AEA). However, the amount of stable air

that is entrained can be controlled only indirectly through the

adjustment of the amount or type of AEA added to the

concrete. Further, researchers have found that AEAs may not

be effective if they do not support the generation of a

consistent spacing of air voids in the concrete. Many

producers encounter difficulties in achieving consistent void

spacing because the effectiveness of surfactants is affected by

the ambient environment and the mixture constituents. Hence,

it is desirable to have an alternative to air entrainment in

which void structures are incorporated into concrete without

requiring air bubbles to be stabilized during mixing. This has

led to the development of technologies such as those that

comprise hollow-core polymeric microspheres.1-5

A recent study provides a micromechanics-based

explanation of how such microspheres protect concrete from

F-T damage.6 Commercially available hollow-core

microspheres have polymeric walls and inner spaces filled

with a liquid or a gas. The polymer shell and the filler

materials have high rates of thermal expansion and

contraction, enabling the microspheres to contract relative to

the concrete during temperature drops. This differential

contraction creates a spherical void between the microsphere

and the concrete surface that was formed by the microsphere

when the concrete set.

One type of microsphere known to protect concrete from

damage due to cyclic F-T is trademarked Expancel®. This

product is available in two forms: 

• Gas-filled, wet-expanded microspheres in a wet foam or slurry 

form; or 

• Gas-filled, dry-expanded microspheres in dry powder form.

In both forms, the microspheres have low densities, and

they tend to adhere to each other and form agglomerations.

This particle agglomeration is detrimental to performance

because the microspheres must be uniformly dispersed

throughout the concrete to protect the concrete from damage

during cyclic F-T. Further, microspheres supplied as dry

powder are difficult to handle, as the dry powder causes

dusting. While the latter issue implies that the wet-expanded

microspheres in slurry form would be preferred for use in

concrete, the slurry creates challenges in concrete production

because the very low-density microspheres segregate from the

liquid medium during storage. To overcome this inherent

instability, the slurry is best produced at the point of addition

into the concrete.3 This leads to high production and logistics

costs that have stifled the introduction of the microsphere

technology into general practice.

This article presents test data that show the effectiveness of

a new method of delivery of microspheres into concrete. The

new method is based on a microsphere-powder blend that

eliminates or minimizes particle agglomeration and eases

handling and delivery of the microspheres into concrete

mixtures. Test data are provided to show the effectiveness of

the delivered microspheres in protecting concrete from

damage in standard tests for durability per ASTM C666/C666M,

“Standard Test Method for Resistance of Concrete to Rapid

Freezing and Thawing,” and ASTM C672/C672M, “Standard

Test Method for Scaling Resistance of Concrete Surfaces
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Fig. 1: Photomicrographs showing well-dispersed mineral-blended polymeric microspheres
with an average particle size of 40 μm (0.0016 in.) and a density of 25 kg/m3 (1.56 lb/ft3):

(a) at 5× magnification; and (b) at 40× magnification

Fig. 2: Photomicrograph of agglomerations

of polymeric microspheres at 20×
magnification. Agglomerations occur when
little or no mineral powder is present

Exposed to Deicing Chemicals.” The effectiveness of the

microsphere-powder blend is also compared to the

effectiveness of conventional air entrainment produced with

commonly available AEAs.

Mineral-Blended Polymeric Microspheres
Blending dry-expanded polymeric microspheres with an

adequate quantity of mineral powder enables the surfaces of

the microspheres to be coated. The coating prevents the

microspheres from sticking together and agglomerating to

form larger particles prior to being added to a concrete

mixture and facilitates uniform dispersion of the microspheres

into a concrete mixture. Also, for ease of handling, the

microsphere-powder blend can be dispensed into the concrete

mixture in a sack that disintegrates and disappears during

mixing, thus avoiding the problem of dusting. Application of

the microsphere-powder blend in concrete to provide

protection from damage due to cyclic F-T is covered by U.S.

Patent No. 10,730,794 B1.7

Photomicrographs of the microsphere-powder blend from

optical microscopy are shown in Fig. 1. The photomicrographs

show that the spherical microspheres are quite well dispersed

in the powder blend. When no or an insufficient quantity of

the mineral powder is blended with the microspheres, the

microsphere particles are severely agglomerated, as shown in

the photomicrograph in Fig. 2. The size labels on the

photomicrographs represent the sizes for selected microspheres

and mineral powder particles. As explained from the analysis

in Reference 6, the quantity of agglomerated microspheres,

either in dry powder or slurry form, by volume of concrete

needed to achieve a durable concrete would be higher

compared to that of the nonagglomerated, well-dispersed

microspheres. Figure 3 is a photomicrograph obtained in

cross-polarized light showing well-dispersed spherical

microspheres with mineral powder adhering to them. When

the microsphere-powder blend is mixed in concrete, the

mineral powder is dispersed because its electrostatic attraction

to the microspheres is broken.

The patented microsphere-powder blend is formulated to

reliably protect concrete from damage at a fixed volume

Fig. 3: Photomicrograph of mineral-blended polymeric microspheres

in cross-polarized light at 200× magnification, showing adherence of

the mineral powder particles on well-dispersed microspheres

fraction in typical concretes. The powder blend formulation

represented by the photomicrographs in Fig. 1 and 3 has a

consistent particle size distribution. The quantity of mineral

powder used in the formulation ensures that agglomeration is

sufficiently reduced while also ensuring a sufficient quantity

of microspheres to deliver the intended performance without

using an excessive dosage of the powder blend in the concrete.

Test Program
Three mixture categories were prepared (Table 1): 

• Category A mixtures comprised basic constituents of 

aggregate, water, and cement; 

• Category B mixtures comprised the same basic constituents 

as Category A, plus a commonly used AEA (surfactant); and

• Category C mixtures comprised the same basic constituents 

as Category A, plus mineral-blended microspheres.

Within each category, mixtures were prepared with a

water-cement ratio (w/c) of either 0.52 or 0.42 (Table 1) using

a rotary drum mixer. For all but one mixture in Category B, a
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Table 1:
Concrete mixture proportions, slump, air content, and density

Constituents and properties

Concrete mixtures

A1 B1 C1 C2 A2 B2 C3

Cement, kg/m3 335 400

Coarse aggregate, kg/m3 1104 1042 1104 1104 1068 1009 1068

Fine aggregate, kg/m3 739 695 707 699 736 692 704

Water, kg/m3 174 168

w/c 0.52 0.42

AEA, mL/m3 — 96.2 — — — 230.8 —

Microsphere 
content, vol. % 
of concrete

— — 1.0 1.25 — — 1.0

HRWRA (Type F), mL/m3 923 — 1235 1104 2762 962 2623

Slump, mm 155 140 140 140 115 135 110

Air content, vol. % of 

concrete

2.3 5.8 2.7 2.2 2.1 5.9 2.6

Density, kg/m3 2336 2248 2314 2307 2375 2277 2320

Note: 1 kg/m3 = 1.7 lb/yd3; 1 mL/m3 = 0.026 fl oz/yd3; 1 mm = 0.04 in.

Type F high-range water-reducing admixture (HRWRA) was

used to achieve a 125 to 180 mm (5 to 7 in.) target slump.

Category B mixtures were prepared with a commercially

available Vinsol® resin-based AEA at a dosage needed to

achieve an air content of about 6%. Category C mixtures were

prepared with a mineral-blended microsphere powder added

with the cement. Category C mixture proportions were based

on the proportions of Category A mixtures, with the fine

aggregate volume reduced to compensate for the volume of

the added powder blend.

The microsphere-powder blend used to prepare Category C

mixtures had a specific gravity of 0.25. Two powder blend

dosages were used: 1.2 and 1.5% by volume of the concrete.

These dosages were designed to yield microsphere dosages of

1.0 and 1.25% by volume of the concrete, respectively. These

values were selected because the minimum volume fraction of

microspheres in concrete needed to achieve durability against

cyclic F-T is about 1.0%.6

The microsphere-powder blend for Mixture C3 was

dispensed into the concrete mixture in a sack that disintegrated

and disappeared during mixing. This sack was made of

patented white paper that disintegrates more easily than

typical paper sacks that have a high lignin or “glue” content.8

Basic tests
For each batch of concrete, unit weight and air content

were measured per ASTM C138/C138M, “Standard Test

Method for Density (Unit Weight), Yield, and Air Content

(Gravimetric) of Concrete,” and ASTM C231/C231M,

“Standard Test Method for Air Content of Freshly Mixed

Concrete by the Pressure Method,” respectively (refer to Table 1

for results). Also, three 100 x 200 mm (4 x 8 in.) cylinders

were cast for compressive strength testing at 28 days per

ASTM C39/C39M, “Standard Test Method for Compressive

Strength of Cylindrical Concrete Specimens.”

Durability tests
Also for each batch of concrete, three 75 x 100 x 405 mm

(3 x 4 x 16 in.) specimens were cast for testing in accordance

with ASTM C666/C666M, Procedure A, and further, the

mixtures with w/c of 0.42 were tested for salt scaling in

accordance with ASTM C672/C672M, using two 300 x 300 x

100 mm (12 x 12 x 4 in.) specimens for each batch.

Evaluation of quality assurance test methods
In a separate study, concrete mixtures with microsphere

volume fractions in the range of 0 to 2% were tested to

determine if standard quality assurance test methods could

be used to verify microsphere content in the field. The

methods were: 

• ASTM C173/C173M, “Standard Test Method for Air Content 

of Freshly Mixed Concrete by the Volumetric Method,” 

modified only by omitting the addition of isopropyl alcohol9; 

and
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Table 2:
Concrete strength and performance under repeated cycles of F-T

Test results

Concrete mixtures

A1 B1 C1 C2 A2 B2 C3

w/c = 0.52 w/c = 0.42

28-day compressive strength, 

MPa

37.3 33.9 36.6 35.4 51.

4

41.8 45.7

Durability 
factor, % (≥60%
at300cycles)

Fail 88 85 86 Fail 90 84

Relative durability 
factor, % (≥ 80% at 
300 cycles)

— 100 97 98 — 100 93

Scaling rating at 50 cycles — — — — 5 1 1

Scalingmasslossat50
cycles,g/m2 (≤ 800 g/m2

after 50 cycles)

— — — — 901 123 65

Note: 1 kg/m3 = 1.7 lb/yd3; 1 mL/m3 = 0.026 fl oz/yd3; 1 mm = 0.04 in.; 1 MPa = 145 psi; 1 g/m2 = 0.003 oz/ft2

The Super Air Meter (SAM) testing device,10 applied in

accordance with AASHTO TP 118, “Standard Method of

Testing for Characterizing of the Air-Void System of

Freshly Mixed Concrete by the Sequential Pressure Method.”

The volumetric air content tests were performed under the

assumption that the microspheres in a test sample would

segregate from the concrete and conglomerate at the top of the

graduated cylinder. The tests were conducted without the

standard isopropyl alcohol because this chemical is a solvent

that could cause the microspheres to collapse. The SAM

investigation was performed under the assumption that the

pressures used in the testing could compress the microspheres

in the concrete mixture and enable the test to be sensitive to

the microsphere content of the concrete.

Test Results and Discussion
The test data in Table 2 show that the compressive strength

of Mixtures C1 and C3 with a microsphere content of 1.0% by

volume of the concrete was about 10% higher than the

strength of Mixtures B1 and B2 with about 6% air content.

Therefore, from the standpoint of sustainability and cost

benefits, concrete mixtures with the mineral-blended

polymeric microspheres can have somewhat lower amounts

of cementitious materials and yet match the strengths of

mixtures with conventional AEAs.

Cyclic F-T
Per ASTM C666/MC666, Procedure A, for a concrete

mixture to be considered able to withstand an F-T

environment, it must achieve a durability factor of 60% or

greater. Also, the durability factor of the concrete relative to

that of an air-entrained concrete (that is, the relative durability

factor) must be 80% or greater. The results show that

concretes containing the microsphere-powder blend passed

the cyclic F-T test at microsphere contents of 1.0 and 1.25%,

with durability factor values within a narrow range of 84 to

86% (refer to Mixtures C in Table 2). Also, relative durability

factor values in the range of 93 to 98% show that these

concretes were comparable to the air-entrained concretes

(Mixtures B). As expected, the non-air-entrained concretes

(Mixtures A) failed the cyclic F-T test.

Figure 4 shows that the concretes containing the

microsphere-powder blend and the air-entrained concretes

passed the cyclic F-T test at relative dynamic modulus values

Fig. 4: Relative dynamic modulus versus number of cycles of F-T:
(a) for Mixtures A1, B1, C1, and C2 with w/c = 0.52; and (b) for
Mixtures A2, B2, and C3 with w/c = 0.42
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that were quite stable from about 35 cycles to the end of the

test, at 300 cycles of F-T. Microsphere contents of 1.0 and

1.25% yielded the same performance, as shown in Fig. 4(a),

indicating that using more than the minimum microsphere

content needed to achieve a durable concrete is not warranted.

Figure 5 shows that for the concrete mixtures with a w/c of

0.42, the surface-scaling levels of Mixtures C (with

microspheres) and Mixtures B (air-entrained) were comparable

after the 300 cycles of rapid F-T in water.

Surface scaling
The visual surface-scaling ratings of the specimens

evaluated for salt-scaling resistance (ASTM C672/C672M) as

reported in Table 2 show that Mixture C3, containing the

microsphere-powder blend, performed similarly to the

air-entrained concrete (Mixture B2) with an average scaling

rating of 1 (very slight scaling), compared to the scaling rating

of 5 (severe scaling) for the non-air-entrained concrete

(Mixture A2). The mass loss values were 65 g/m2 (0.20 oz/ft2)

for Mixture C3 with microspheres, 123 g/m2 (0.37 oz/ft2) for

Fig. 5: Concrete specimens prepared with w/c = 0.42 shown after
300 cycles of rapid F-T per ASTM C666/C666M, Procedure A:
(a) air-entrained concrete; and (b) microsphere concrete

Mixture B2 with air entrainment, and 901 g/m2 (2.70 oz/ft2)

for Mixture A2 with no air entrainment. These values indicate

acceptable performance for the microsphere concrete and the

air-entrained concrete as per Canadian specifications that

impose a limit of 800 g/m2 (2.40 oz/ft2) for mass loss after

50 cycles of F-T.11

Figure 6 shows the surface appearance of a test specimen

containing microspheres compared to that of the non-air entrained

and air-entrained specimens after 50 cycles of

testing. Superior performance is observed for the microsphere

concrete and the air-entrained concrete compared to the severe

scaling of the non-air-entrained concrete.

Microsphere dosing and quality assurance
As previously noted, the microsphere-powder blend was

added to Mixture C3 in a sack designed to completely

disintegrate and disappear during mixing. To dose a 0.76 m3

(1 yd3) batch of concrete, for example, one 20 L (0.71 ft3) sack

is required to be added to the mixture. Other sack sizes can be

used as deemed appropriate. This method of dispensing the

powder blend into a concrete mixture facilitates handling and

eliminates any issue regarding dusting of the material. This

method also facilitates adding the right quantity of the

microsphere-powder blend by simply counting the number of

sacks added instead of weighing the powder for every batch of

concrete produced. In addition, tests of batches containing a

range of dosages show that the modified ASTM C173/C173M

test method can be used to verify the microsphere content of

the concrete prior to concrete placement (Fig. 7). A layer of

microspheres collects in the graduated neck of the volumetric

meter beneath a small layer of foam. The thickness of the

microsphere layer, in volume percent of the concrete, gives a

measure of the microsphere content of the concrete. The

preliminary evaluations conducted for this study showed that

for a microsphere content of 1.0% by volume of concrete, the

measured values were in the range of 1.0 ± 0.1%.

Tests conducted using the SAM testing device showed that

non-air-entrained concrete mixtures with microspheres had

similar SAM numbers as mixtures without microspheres. This

Fig. 6: Surfaces of concrete specimens prepared with w/c = 0.42 after 50 cycles of salt-scaling testing per ASTM C672/C672M: (a) non-airentrained
concrete; (b) air-entrained concrete; and (c) microsphere concrete
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Fig. 7: The
microsphere content
of a concrete mixture
can be evaluated
using a volumetric
meter

implies that the pressures used in the test are not high enough

to compress the microspheres and yield readings that would

vary with the microsphere content of the concrete. As such,

the SAM testing would not be a suitable means of quality

control for concrete containing microspheres. Carefully

counting the number of sacks of the microsphere-powder

blend added into a concrete batch, along with performing the

ASTM C173/C173M test without using isopropyl alcohol,

would verify that the microspheres are present in the right

quantity prior to concrete placement.

Potential Benefits
Environmental benefits
The microsphere-powder blend, while eliminating the

practical problems encountered in air entrainment, would also

enable the large-scale use of fly ash with high unburned

carbon content as a supplementary cementitious material.9

Such low-grade fly ash is usually landfilled as it is considered

unusable without further treatment because it makes air

entrainment of concrete difficult or impossible. Also, use of

the microsphere-powder blend to replace an equal volume of

sand while achieving an F-T durable concrete would contribute

to conservation of concrete sand as a natural resource.

Constructability benefits
Hard troweling of air-entrained concrete floors or slabs

carries the risks of reduction in surface air content and

delamination or blistering. Use of the microsphere-powder

blend in place of air entrainment should allow for dense,

polished, machine-troweled surfaces to be specified for

concrete slabs in environments that could be at risk of

exposure to cyclic F-T. Also, roller-compacted concrete and

pervious concrete that are difficult to air entrain because of

their stiff consistency12,13 can be made durable against cyclic

F-T with the addition of the microsphere-powder blend.

Recently, it has been shown that air bubbles dissolve in the

fresh concrete when concrete is pumped but are reformed

prior to hardening of the concrete.14 As such, the air content of

the hardened concrete would tend to be higher than the air

content of the fresh concrete measured after pumping. This

observation may also apply to wet-mix shotcrete, which is

used in a variety of structural and repair applications.15

Because the microsphere-powder blend will offer a more

reliable and robust protection of pumped concrete from

damage caused by F-T, it would eliminate the production and

placement issues related to pumping of air-entrained concrete.

Concluding Remarks
The work reported here and in Reference 6 shows that

precoating dry-expanded polymeric microspheres by blending

with a mineral powder can minimize agglomeration of the

microspheres and promote their uniform dispersion and

distribution in a concrete mixture. The use of a disintegrating

sack to dispense the material into a concrete mixture

facilitates adding the right quantity of the microsphere-powder

into a concrete batch simply by counting the number of sacks

added instead of weighing the powder for every batch of

concrete produced.

Cyclic F-T and deicing salt-scaling testing show that the

microsphere-powder blend at a microsphere content of 1.0%

by volume of the concrete is as effective as air entrainment in

protecting concrete from F-T damage, but it is not saddled

with the uncertainties associated with air entrainment.

Performing the modified ASTM C173/C173M test without

isopropyl alcohol would verify that the microspheres are

present in the right quantity prior to concrete placement.

Also, as shown in Reference 6, the minimum quantity of

microspheres by volume of concrete needed to protect the

concrete from cyclic F-T is determined based on the required

maximum spacing of the particles. As such, the spacing

requirement is expected to be met when the minimum quantity

of microspheres calculated from the equations in Reference 6

is used in the concrete. Therefore, microscopical analysis of

the microsphere content and distribution in the hardened

concrete based on ASTM C457/C457M, “Standard Test

Method for Microscopical Determination of Parameters of the

Air-Void System in Hardened Concrete,” would need to be

developed. An appropriate range of magnification to use in

the microscopical examination of the microsphere concrete

would need to be established because the microspheres are

much smaller than the typical size of entrained air voids.

Preliminary evaluations of concretes containing microspheres

using the current ASTM C457/C457M test method at higher

magnifications than typically used, such as 200×, indicate that

an acceptable level of accuracy would be achieved in

quantifying the amounts of microspheres in the hardened

concretes.
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A Precast Shear Wall 
Case Study
Constructing the International Arrivals Facility for Seattle-Tacoma International
Airport

by Anthony P. Harasimowicz

The Port of Seattle’s new, expanded International

Arrivals Facility (IAF) at the Seattle-Tacoma

International Airport in SeaTac, WA, USA, will address

the facility’s continued growth by significantly increasing the

number of international-capable gates and passenger capacity.

A unique feature of the IAF’s main terminal building was the

incorporation of 37 precast concrete shear walls along the

west side of the structure. These walls are exposed to view at

the interior and exterior of the building, so a quality finish 

was

essential. The units are 2 ft (0.6 m) thick and 8 ft (2.4 m) 

wide

at the base with rounded ends, and each wall has a unique

height—up to a maximum of 80 ft (24 m).

Design and erection challenges included: 

• The wall designs had varied geometry—one of the 

rounded ends was sloped over much of the height, and 

each wall was a different height to support the 

sloped/curved roof; 

• Custom steel formwork was produced and modified for 

each wall;

• The walls contained welded bar couplers at the base, 

complicated reinforcing, and a variety of embeds for the 

connection of wide flange beams, collectors, and braced 

frame gussets. Many of these embeds were required at the 

rounded ends of the walls; 

• The structural engineering team worked closely with 

Concrete Technology Corporation, Tacoma, WA, 

throughout the design and detailing of the walls to allow 

the reinforcing bars to be configured to help ease 

construction of the cages; 

• All walls were cast horizontally, with formed surfaces on 

one long side and the two radiused ends. The other long 

side was manually completed with a hard-troweled finish. 

The form-finished sides were designed to face into the 

passenger flow direction of the terminal. The manually 

finished surfaces (the “backs” of the walls) also 

incorporated lifting inserts used for handling and erection; 

• The walls were delivered to the site using specialty

Partial structural model of the IAF, looking southeast. The precast
concrete shear walls, shown in red, varied in height to match the
swooping roof geometry

A typical concrete wall section and an assembled reinforcing cage



This allowed each wall to be set and anchored to the

foundation using traditional cast-in-place anchor rods. The

walls were set rapidly with no issues, which was critical to

the overall schedule as the steel framing erection followed

closely behind each group of walls.
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transport trailers and erection was completed using two

sets of lifting inserts (one set for truck off-loading and one

set for final lifting and setting); and 

• Each wall incorporated an additional base plate that was 

welded to the cast-in embed plate at the bottom of the wall.

Shear-bolt couplers were welded to steel embed plates to connect
longitudinal bars at the base of each wall

Workers are shown placing embeds in the steel form. After the
reinforcing cage was installed, the top halves of the side forms were
bolted in place to form the 180-degree radiused ends of the wall unit

Walls weighed from 45 to 93.5 tons (41 to 85 tonnes) and were
delivered using special transports

Wall units were handled using rigging inserts placed on the manually
finished side, and they were anchored to foundations using cast-inplace
anchor rods
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A view of the walls as the project nears completion

Project Credits
• Architect: Skidmore, Owings & Merrill 

• Engineer: KPFF Consulting Engineers 

• Contractor: Clark Construction Group, LLC 

• Precast Supplier: Concrete Technology Corporation 

• Formwork Supplier: Helser Industries
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