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Background 
The concrete precast elements have 
gained acceptance in construction, as the global 
prefab element market was 144.6 billion dollars 
in 2022 it is expected to reach 198.9 billion 
dollars in 2027. This implies a global growth of 
approx. 6.6%1. There are many  benefits 
from the constructors point of view for the use 
of prefab elements, such as: 

• Cost reductions, time and handwork
decrease in job excecution.
• Construction improvement due to process
standardization.
• Safety improvement in construction
areas .
• Different to the  in situ constructions,
precast construction requires less resources,
such as cement, steel, water, energy and
handwoork. This generates less waste in the
construction areas2.

The precast concrete elements adopt a 
continuous production model in assembly lines, 
with multiple necessary rotations in one 
day to guarantee sufficient capacity. 
Time since concrete mix production 
until demolding determines the precast plant´s 
efficiency.  Due to the above, depending on 
the type of elements  and their characteristics,  
the development of a percentage of 
mechanical resistance of design  at early ages 
is stipulated to perform element demolding3.

To improve the mold rotation rate and the 
concrete production efficiency, 
constructors usually use two methods to 
accelerate cement hydration: i) the thermal 
curing and ii) chemical admixtures4. 



Thermal curing is a common practice during 
the production process. However, this method 
does not only use a lot of energy and has a 
high carbon footprint, but it also causes 
concrete strength loss in later ages5. For example, 
in some inquieries developed on this cost themes 
in prefab element construction plants in China, it 
was found that the integral energetic 
consumption obtained through the thermal 
curing construction process, approximately 
represents from 88.5 to 93.5% of the integral 
energy consumption of the entire production 
line of the unit product6. 
It was likewise discovered that thermal curing 
increases the proportion of large capillary pores 
within the concrete. This leads to exposure and 
deterioration of the element, with the 
consequence of a decrease in durability of the 
unit product in the long range7. For this 
reason, there is a focus in the exploration of 
technical solutions that may replace termal 
curing  with adequate chemical admixtures. 
In academic research directed by  Xie and 
coworkers it has been discovered that the 
sbstitution of the termal curing with chemical 
admixtures during precast of concrete 
columns  conducts to a notable reduction 
of 72 kg de CO2 per cubic meter of concrete 
produced (72 kg/m3)8. It was also 
discovered that using concrete 
admixture technology to prepare concrete 
for precast elements, CO2 emissions 
decrease approximately 25%, in comparison 
with thermal curing9.
. 

Materials for concretes designed and 
mixed for precast elements. 

As mentioned earlier, the development of initial 
strengths at early ages is fundamental for a 
prefab element plant. So an adequate selection of 
the required materials is vital  in two ways. The 
first is from the point of view of compliance of the 
element´s technical specifications, such as 
mechanical strengths, structural 
specifications,  durability etc. In the second there 
is and it is not less important, cost control. The 
characteristics of the materials used for 
mixing this type of concretes, which are, 
cement, aggregates, and admixtures.



Cement

In a general way the desired cements, due to their 
nature in strength development at early ages, it is 
that according to that described in the American 
standard ASTM C-15010 type III, or the equivalent in 
the  Mexican standard NMXC-41411, 
which corresponds to a cement CPC 40R or CPO 40 
R, with high tricalcium silicate contents (C3S) and 
tricalcium aluminate (C3A), that have been identified 
to be the components responsible for strength 
development at early ages.  However from a 
durability point of view it is not the most desirable  
and less if the elements will be in contact with 
sulfates. 

This type of cements is not available in all parts of 
our country and due to international pressures to 
reduce the carbon footprint, manufacturers are in the 
need to modify cement formulations to reduce clinker 
content or cement morphology to have a lower 
impact on the environment.  Let us remember that 
the cement industry is responsible for generating 
between  5 and 8% of the CO2   emissions at 
a global level12. In some cases the use 
of supplementary cementitious materials such 
as pozzolans, fly ashes, blast furnace granulated 
slag, etc. can help to achieved these goals.   

density, absorption, bleach waste, morphology, 
etc.  Tests related  to water absorption that 
can be present when material with clay 
content is present in aggregates, which 
besides increasing water demand can delay 
strength development at early ages in concrete 
and in some cases even inhibit the dispersive 
effect of some superplatizicers. 

Cements with high limestone content and with 
calcined clays have also been introduced 
to the market as a way to achieve a 
decrease in CO2 emissions. It is worthwhile to 
point out that this does not mean a decrease in 
cement quality, but it can have a delay effect in 
the development of mechanical strengths at 
early ages, which is contrary to what is 
desired in precast concret.

Aggregates

Scarcity of good quality aggregates in our country 
and in different parts of the world has 
become a challenge. Natural origin aggregates are 
less frequent, and crushed aggregates have 
become the most frequent. These show certain 
inconvenience, which can be morphology, clay 
content, slimes and crushing dust that can be 
included in aggregates. The presence of this 
particles increases water demand in mix designs to 
achieve the desired workability.
An interesting complementary method that is 
important to consider in aggregate selection is 
the methylene blue test ASTM C1777-2013. Besides 
traditional testing such as granulometry, 



Admixtures 

To a large degree, the development of modern concretes 
is based in innovation of concrete admixtures. Even due 
to the presures derived from decreasing the carbon 
footprint in the cement industry, important changes are 
taking place in the process and in the cement, this has 
allowed that the admixture technology continue playing 
an important factor in concrete technology. 

There is no doubt that superplasticizers are in the center 
of technology of chemical admixtures14, first of all in their 
capacity to improve concrete workability, which can result 
in cost savings and secondly for their high volume. 
Superplasticizers base on polycarboxylates (PCEs), 
are a Japanese technology developed in 1981 by Dr. 
Tsuyoshi Hirata, as a response to materials problem´s for 
example low durability and other factors encountered by 
concretes at the time in Japan15. 

PCEs have gained a great position in the field of 
precast element concretes. New productors 
continuously enter the market with new products 
based on the existing technical knowledge or 
on a new advanced molecular design adapted to 
local requirements.
The principal characteristic of PCEs is a high dispersive 
power. This becomes concrete production with a very low 
water to binding materials ratio. 

This has become an excellent strategy, in 
combination with the adequate materials to allow 
concretes to have strength development at early 
ages. In spite of its great benefits and through them, 
ultra-high concretes can be produced, or other type of 
concretes, PCEs, admixtures have some points that can 
decrease or deplete its performance. 
For example, they´re extremely sensitive to clay 
impurities or silt in aggregates, which can significantly 
reduce it´s effectiveness in terms of fresh concrete 
workability and  compressive strength of hardened 
concrete16.

 Diverse research showed that all clays and individual 
clay minerals are damaging, and the montmorillonite 
present is the most damaging material for PCEs17. In 
general superplasticizers can react with clays 
through two mechanisms:
1) Adsorption in its positively charged surfaces
and
2) Through chemisorption (=intercalation)

between the principal surfaces  (= aluminosilicate 
sheets) de montmorillonite (see Fig. 1). It is 
important to keep in mind that chemisorption is 
specific for montmorillonite clay and does not occur 
with most clays. The reason is that after the 
hydration the space between the aluminosilicate 
montmorillonite surfaces open due to the entry of 
water (=swelling), and then PCEs can also enter that 
space between layers or sheets18. Although some 
strategies recently exist within product formulations 
based on PCEs to overcome this problem. 
It has also been established that concrete 
formulated with low water to binding materials ratio 
exhibits a viscous consistency similar to honey, 
which is highly undesirable, however product 
technology exists that is capable of increasing flow 
speed or reduce stickiness, adherence, or viscosity of 
said concretes. 

Fig.1. Interaction modes between anionic 
superplasticizers and clay particles: (above) 
superficial adsorption; and (below) chemical 
intertwining of  PCE with ethoxylated lateral chains 
in the space between layers of montmorillonite clay  
reproduce from reference 18 18.



Development in  “high way: Macro 
libramiento Mexiquense stretch 0 Puente de 

Vigas (Vehicle junction)” Río de los 
Remedios in Naucalpan Estado de México

Specifications for Precast 
concrete elements 

Project consists of the production 1890 beams 
AASHTO TYPE  V. Materials used in the project are: 
type SR cement (sulfate resistant), crushed limestone 
aggregates, and superplasticizer admixture based PCE 
modified.    
It is important to mention that a PCE technology 
tolerant to clays has been used; developed by our 
Element5 Quimica Aplicada research and development 
department. That product is e5 PCE A Clays SR,  this 
besides helping the early age strength development and 
presenting clay resistance, it helps in the development 
of mechanical strengths at early ages with a consistency 
retention period of at least  2 hours. 
With the use of  PCEs available in the market, 
superplasticizer high demand problems are present due 
to the presence of clay materials and silt in aggregates, 
resulting in delays in initial strength development. 
On the other hand and due to the nature of cement 
with CPC 40 RS characteristics for the specs mentioned 
in Table 1, the development of strength at early ages 
has been an important challenge as it is not the nature 
of SR cements.

Most important specifications of the concrete 
are shown in Table 1, that follows. Likewise, 
the criteria established in NMX-C-530-
ONNCCE-2018 were reviewed.

Fig. 1. Plant for precast element production 
HOLPRE. Atitalaquia  Estado de Hidalgo, México. 

Table 1.  Concrete specifications.



Fig. 3. Placin of precast elements HOLPRE. 
Atitalaquia, Estado de Hidalgo, México. 

Table 2 shows some results of the concretes mixed. 

Currently the 80% strength of f’c has been modified 
from 12 to 18 h, in compliance with the other specified 
parameters. A very careful quality control has been 
pursued for each one of the components, such as rock 
aggregates, cement and admixtures.

Conclusions 

The concrete mix design complies with the 
established technical specifications in table 1, 
which is required by the customer, and as 
required by the job´s mix design. 
With a job coordinated between the technical 
departments from: 

i) adequate materials selection
ii) the mix design
iii) the tests for spec compliance (pilote and
industrial)
iv) the operations area in charge of the concrete
mix preparation taking care of operating
conditions.
v) placing  of adequate concrete
vi) protection and demolding
vii) Transport and adequate placing of elements
at the site.

Fig. 2. Demolding and movement of precast 
elements.
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