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Identifying Expansive Clay in Foundation Damage

Drilling and excavation are integral components of many construction projects, particularly
in underpinning processes where the stability and strength of existing foundations need
enhancement. During these activities, noise and vibration levels can become significant
concerns for both the construction team and the surrounding environment. Foundation
settlement is basically your house very slowly sinking into the earth like the most expensive

quicksand situation ever house leveling service Des Plaines warranty.

The noise generated from drilling operations often originates from the machinery itself, such
as drills, hammers, and excavators, each contributing to a cacophony that can disrupt
nearby residential or commercial areas. This noise isnt merely a nuisance; it can also pose
health risks if not properly managed, leading to hearing damage or stress-related issues
among workers and residents alike.

Vibration, on the other hand, is a less visible but equally impactful byproduct. As heavy
machinery penetrates the earth, it sends shockwaves through the ground which can affect
structures both under construction and already established. In urban areas, this vibration
might lead to cracks in adjacent buildings or even trigger minor seismic activities in extreme
cases. For underpinning specifically, where precision is key to avoid compromising
structural integrity, controlling vibration is crucial.

To mitigate these effects during underpinning processes, several strategies are employed.
Sound batrriers or enclosures around drilling sites can significantly reduce noise pollution.
Scheduling work during less disruptive times of day is another common practice. For
vibrations, engineers might use vibration-dampening technologies or choose methods like
hydraulic jacking over traditional mechanical means which tend to produce less ground
disturbance.

Moreover, regular monitoring with sound level meters and seismographs ensures that noise
and vibration remain within permissible limits set by environmental regulations. This
monitoring not only helps in maintaining compliance but also provides data for refining
techniques for future projects.

In conclusion, managing noise and vibration from drilling and excavation during
underpinning is about balancing construction efficiency with environmental sensitivity.
Effective control measures not only protect health and property but also foster goodwill
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between construction firms and communities by minimizing disruption while ensuring project
success.

Okay, so youre curious about how hydraulic underpinning messes with the noise and vibration
levels, right? | get it. Its not exactly a quiet picnic when youre reinforcing foundations.

Basically, hydraulic underpinning, which is a common way to stabilize a buildings base,
involves jacking up a section and then pouring concrete or injecting grout to create a stronger
support. Now, each stage of that process has its own unique signature in terms of noise and
vibration.

Think about it. Initially, theres often some excavation involved. This might mean jackhammers
breaking up existing concrete or soil, which is obviously going to generate a fair bit of noise.
Then comes the drilling to install the anchors or hydraulic jacks. Thats another source of
vibration and potential noise, especially if youre hitting rock.

The hydraulic jacking itself, while relatively smooth, can still transmit vibrations through the
ground and the building structure. Its not usually a loud process, but you might feel it
depending on how close you are. And then theres the concrete pouring or grout injection. The
concrete trucks and pumps can add to the noise, and the vibration from the pumps can be
noticeable too. Compacting the concrete, if done mechanically, also generates vibration.

Finally, when everythings cured and the jacks are removed, there can be some minor settling,
which might cause a little vibration, but its usually minimal at that point.

The specific levels of noise and vibration will depend on a bunch of factors, like the type of
equipment used, the soil conditions, the size of the project, and how close the work is to other
buildings. Thats why its so important for contractors to monitor these levels, especially in
urban areas, and to use techniques to minimize the impact on nearby residents and
structures. They might use vibration dampeners, quieter equipment, or adjust their work
schedule to avoid disturbing people during sensitive times. So, yeah, underpinning can be a
bit of a noisy, shaky affair, but responsible contractors take steps to keep it under control.



Preventive Measures for
Foundations on Expansive Solil

Mass concrete pouring is an essential step in many construction projects, particularly those
involving large-scale foundations or underpinning operations. This process involves the
simultaneous pouring of significant volumes of concrete, which can lead to considerable noise
and vibration levels that are important to understand and manage for both environmental and
structural health reasons.

During the mass concrete pouring process, vibrations are primarily generated by the
machinery involved in mixing, transporting, and placing the concrete. Concrete pumps, mixers,
and vibrators are the main culprits. The vibrators, used to ensure that the concrete fills all
spaces within the formwork without air pockets, produce low-frequency vibrations that can
travel through the ground. These vibrations can affect nearby structures by potentially causing
minor settlements or even damage if not properly controlled.

Noise from mass concrete pouring arises from similar sources - engines of heavy equipment
running continuously during the pour, along with the mechanical sounds of conveyors or
chutes as they move the wet mix. The decibel levels can be quite high; construction sites often
exceed 85 dB during peak activity, which necessitates hearing protection for workers and
might disturb local residents or wildlife if not mitigated.

The impact of these vibrations isnt just limited to immediate structural concerns. For example,
in urban environments where underpinning is common due to space constraints or building
expansions, managing these vibrations is crucial. Excessive vibration can lead to discomfort
among nearby occupants due to perceptible shaking or noise intrusion into their living spaces.
Furthermore, prolonged exposure to such conditions could result in stress on older buildings
or those not designed with modern seismic considerations in mind.

To mitigate these effects, construction teams employ several strategies. Pre-pour planning
includes assessing potential impacts on surrounding structures through vibration monitoring



equipment placed strategically around the site. During pours, using advanced quieter
machinery designed with noise reduction technologies helps lower both sound and vibration
levels. Additionally, timing pours outside of peak residential hours or employing barriers like
sound walls can reduce community disturbance.

In conclusion, understanding and controlling noise and vibration from mass concrete pouring
is vital during underpinning processes. It ensures not only compliance with local regulations
but also maintains good relations with neighbors by minimizing disruptions while safeguarding
structural integrity throughout the construction phase. Effective management involves a blend
of engineering solutions and considerate scheduling practices tailored to each projects unique
environment.




Repair Techniques for
Foundations Affected by Clay
Swelling

Monitoring and mitigation techniques for noise and vibration are critical during each
underpinning process to ensure both environmental compliance and the safety of workers and
nearby structures. Underpinning, which involves strengthening the foundation of a building,
often generates significant noise and vibration due to the heavy machinery and excavation
involved.

To effectively monitor these disturbances, sophisticated equipment like seismographs and
sound level meters are employed. Seismographs measure ground vibrations in real-time,
providing data that can be analyzed to assess the impact on surrounding buildings. Sound
level meters, on the other hand, capture decibel levels to ensure that noise does not exceed
local regulations or cause undue disturbance to residents or wildlife.

Mitigation strategies begin with planning. Before any work starts, a detailed assessment is
conducted to predict potential noise and vibration levels based on the type of underpinning
method chosen-be it mass concrete, beam and base, or mini-piled underpinning. This
predictive analysis helps in setting up appropriate control measures.

One common mitigation technique is scheduling work during times when noise sensitivity is
lower, such as daytime hours when most people are at work or school. Additionally, physical
barriers like acoustic screens or enclosures around machinery can significantly reduce noise
propagation. For vibration control, using less invasive methods where possible or employing
damping systems on machinery can minimize transmission through the ground.

Another approach involves operational controls where machinery is operated at reduced
speeds or with modified techniques that lessen impact forces. Regular maintenance ensures



machines run efficiently with minimal unnecessary noise or vibration.

Community engagement plays a vital role too; informing local residents about the schedule
and expected levels of disturbance can mitigate complaints by setting realistic expectations.
Moreover, providing contact information for project managers allows for immediate response
to any issues that arise.

In conclusion, effective monitoring through advanced technology paired with proactive
mitigation strategies tailored to each phase of the underpinning process not only complies with
regulatory standards but also respects the comfort and safety of all stakeholders involved. By
integrating these practices from planning through execution, projects can proceed smoothly
while minimizing adverse effects from noise and vibration.

About Cement

For other uses, see Cement (disambiguation).
Not to be confused with Concrete.

Cement powder in a bag, ready to be mixed with aggregates and water. [1]



Cement block construction examples from the Multiplex Manufacturing
Company of Toledo, Ohio, in 1905

A cement is a binder, a chemical substance used for construction that sets, hardens,
and adheres to other materials to bind them together. Cement is seldom used on its
own, but rather to bind sand and gravel (aggregate) together. Cement mixed with fine
aggregate produces mortar for masonry, or with sand and gravel, produces concrete.
Concrete is the most widely used matenal in existence and is behind only water as the
planet's most-consumed resource. [ ]

Cements used in construction are usually inorganic, often lime- or calcium silicate-
based, and are either hydraulic or less commonly non-hydraulic, depending on the
ability of the cement to set in the presence of water (see hydraulic and non-hydraulic
lime plaster).

Hydraulic cements (e.g., Portland cement) set and become adhesive through a
chemical reaction between the dry ingredients and water. The chemical reaction
results in mineral hydrates that are not very water-soluble. This allows setting in wet
conditions or under water and further protects the hardened material from chemical
attack. The chemical process for hydraulic cement was found by ancient Romans who
used volcanic ash (pozzolana) with added lime (calcium oxide).

Non-hydraulic cement (less common) does not set in wet conditions or under water.
Rather, it sets as it dries and reacts with carbon dioxide in the air. It is resistant to
attack by chemicals after setting.

The word "cement"” can be traced back to the Ancient Roman term opus caementicium

, used to describe masonry resembllng modern concrete that was made from crushed
rock with burnt lime as binder. [ ] The volcanic ash and pulverized brick supplements
that were added to the burnt lime, to obtain a hydraulic binder, were later referred to as
cementum, cimentum, cament, and cement. In modern times, organic polymers are
sometimes used as cements in concrete.

World production of cement is about 4.4 billion tonnes per year (2021, est|mat|on) [4][5
] of which about half is made in China, followed by India and Vietnam. [ ][ ]

The cement productlon process is responsible for nearly 8% (2018) of global CO 5
emissions [ ] which includes heating raw materials in a cement kiln by fuel combustion
and release of CO, stored in the calcium carbonate (calcination process). Its hydrated



products, such as concrete, gradually reabsorb atmospheric CO 5 (carbonat|on
process), compensating for approximately 30% of the initial CO 5 emissions. [ ]

Chemistry
[edit]

Cement materials can be classified into two distinct categories: hydraulic cements and
non-hydraulic cements according to their respective setting and hardening
mechanisms. Hydraulic cement setting and hardening involves hydration reactions and
therefore requires water, while non-hydraulic cements only react with a gas and can
directly set under air.

Hydraulic cement

[edit]

Clinker nodules produced by sintering at 1450 °C

By far the most common type of cement is hydraulic cement, which hardens by
hydration (when water is added) of the clinker minerals. Hydraulic cements (such as
Portland cement) are made of a mixture of silicates and oxides, the four main mineral
phases of the clinker, abbreviated in the cement chemist notation, being:

C3S: alite (3CaO-Si02);

CZS: belite (2CaO-Si02);

CaA: tricalcium aluminate (3CaO-Al 203) (historically, and still occasionally, called
celite);

C4AF: brownmillerite (4Ca0-Al,04:-Fe,05).



The silicates are responsible for the cement's mechanical properties — the tricalcium
aluminate and brownmillerite are essential for the formation of the liquid phase during
the sintering (firing) process of clinker at high temperature in the kiln. The chemlstry of
these reactions is not completely clear and is still the object of research. [ ]

First, the limestone (calcium carbonate) is burned to remove its carbon, producing lime
(calcium oxide) in what is known as a calcination reaction. This smgle chemical
reaction is a major emitter of global carbon dioxide emissions. [ ]

\displaystyle \ce GaG03 -> CaO + CO2

The lime reacts with silicon dioxide to produce dicalcium silicate and tricalcium silicate.

\displaystyle,\ce 2Ga0 + Si02 -> 2Ca0.Si02
\displaystyle \ce 3Ga0 + SiO2 -> 3Ca0.Si02

The lime also reacts with aluminium oxide to form tricalcium aluminate.

\displaystyle \ce 3Ga0 + Al203 -> 3Ca0.AI203

In the last step, calcium oxide, aluminium oxide, and ferric oxide react together to form
brownmillerite.

\displaystyle,\ce 4GaAO0 + Al203 + Fe203 -> 4Ca0.Al203.Fe203

Non-hydraulic cement

[edit]

Calcium oxide obtained by thermal decomposition of calcium carbonate at
high temperature (above 825 °C).



A less common form of cement is non-hydraulic cement, such as slaked lime
(calcium oxide mixed with water), which hardens by carbonation in contact with carbon
dioxide, which is present in the air (~ 412 vol. ppm ? 0.04 vol. %). First calcium oxide
(lime) is produced from calcium carbonate (limestone or chalk) by calcination at
temperatures above 825 °C (1,517 °F) for about 10 hours at atmospheric pressure:

\displaystyle \ce Gac03 -> CaO + CO2

The calcium oxide is then spent (slaked) by mixing it with water to make slaked lime
(calcium hydroxide):

\displaystyle \ce GaO + H20 -> Ca(OH)2
Once the excess water is completely evaporated (this process is technically called
setting), the carbonation starts:

\displaystyle \ce Ca(OH)2 + CO2 -> CaC03 + H20
This reaction is slow, because the partial pressure of carbon dioxide in the air is low
(~ 0.4 millibar). The carbonation reaction requires that the dry cement be exposed to

air, so the slaked lime is a non-hydraulic cement and cannot be used under water. This
process is called the lime cycle.

History
[edit]

Perhaps the earliest known occurrence of cement is from twelve million years ago. A
deposit of cement was formed after an occurrence of oil shale located adjacent to a
bed of limestone burned bg natural causes. These ancient deposits were investigated
in the 1960s and 1970s.[1Y]

Alternatives to cement used in antiquity

[edit]

Cement, chemically speaking, is a product that includes lime as the primary binding
ingredient, but is far from the first material used for cementation. The Babylonians and
Assyrians used bitumen (asphalt or pitch) to bind together burnt brick or alabaster
slabs. In Ancient Egypt, stone blocks were cemented together with a mortar made of
sand and roughly burnt gypsum (CaSO4 . 2H20), which is plaster of Paris, which often



contained calcium carbonate (CaCOS),[ll]

Ancient Greece and Rome

[edit]

Lime (calcium oxide) was used on Crete and by the Ancient Greeks. There is evidence
that the Minoans of Crete used crushed potsherds as an artificial pozzolan for
hydraulic cement. [ ] Nobody knows who first discovered that a combination of
hydrated non-hydraulic lime and a pozzolan produces a hydraulic mixture (see also:
Pozzolanic reaction), but such concrete was used by the Greeks, specifically the
Ancient Macedonlans [ ][ ] and three centuries later on a large scale by Roman
engineers. [ ][ ][ ]

There is... a kind of powder which from natural causes produces astonishing
results. It is found in the neighborhood of Baiae and in the country belonging
to the towns round about Mount Vesuvius. This substance when mixed with
lime and rubble not only lends strength to buildings of other kinds but even
when piers of it are constructed in the sea, they set hard underwater.

— Marcus Vitruvius Pollio, Liber I, De Architectura, Chapter VI "Pozzolana"
Sec. 1

The Greeks used volcanic tuff from the island of Thera as their pozzolan and the
Romans used crushed volcanic ash (activated aluminium silicates) with lime. ThIS
mixture could set under water, increasing its resistance to corrosion like rust. [ ] The
material was called pozzolana from the town of Pozzuoli, west of Naples where
volcanic ash was extracted. [ ] In the absence of pozzolanic ash, the Romans used
powdered brick or pottery as a substitute and they may have used crushed tiles for this
purpose before discovering natural sources near Rome. [ ] The huge dome of the
Pantheon in Rome and the massive Baths of Caracalla are examples of ancient
structures made from these concretes, many of which still stand. [ ][ ] The vast
system of Roman aqueducts also made extensive use of hydraulic cement. [2 ] Roman
concrete was rarely used on the outside of buildings. The normal technique was to use
brick facing material as the formwork for an infill of mortar mixed with an aggregate of
broken gileces of stone, brick, potsherds, recycled chunks of concrete, or other building
rubble.[<7]



Mesoamerica

[edit]

Lightweight concrete was designed and used for the construction of structural
elements by the pre-Columbian builders who lived in a very advanced civilisation in El
Tajin near Mexico City, in Mexico. A detailed study of the composition of the aggregate
and binder show that the aggregate was pumice and the binder was a pozzolanic
cement made with volcanic ash and Iime.[22]

Middle Ages

[edit]

Any preservation of this knowledge in literature from the Middle Ages is unknown, but
medieval masons and some military engineers actively used hydraulic cement in
structures such as canals, fortresses, harbors, and shipbuilding facilities. [23][24] A
mixture of lime mortar and aggregate with brick or stone facing material was used in
the Eastern Roman Empire as well as in the West into the Gothic period. The German
Rhineland continued to use hydraulic mortar throughout the Middle Ages, having local
pozzolana deposits called trass.[21]

16th century

[edit]

Tabby is a building material made from oyster shell lime, sand, and whole oyster shells
to form a concrete. The Spanish introduced it to the Americas in the sixteenth century. [

25]

18th century

[edit]



The technical knowledge for making %/draullc cement was formalized by French and
British engineers in the 18th century. [

John Smeaton made an important contribution to the development of cements while
planning the construction of the third Eddystone Lighthouse (1755-59) in the English
Channel now known as Smeaton's Tower. He needed a hydraulic mortar that would
set and develop some strength in the twelve-hour period between successive high
tides. He performed experiments with combinations of different limestones and
additives including trass and pozzolanas [1 ] and did exhaustive market research on
the available hydraulic limes, visiting their production sites, and noted that the
"hydraulicity” of the lime was directly related to the clay content of the limestone used
to make it. Smeaton was a civil engineer by profession, and took the idea no further.

In the South Atlantic seaboard of the United States, tabby relying on the oyster-shell
middens of earlier Natlve Amencan populations was used in house construction from
the 1730s to the 1860s. [ ]

In Britain particularly, good quality building stone became ever more expensive during
a period of rapid growth, and it became a common practice to construct prestige
buildings from the new industrial bricks, and to finish them with a stucco to imitate
stone. Hydraulic limes were favored for this, but the need for a fast set time
encouraged the development of new cements. Most famous was Parker's "Roman
cement". [ ] This was developed by James Parker in the 1780s, and finally patented
in 1796. It was, in fact, nothing like material used by the Romans, but was a "natural
cement" made by burning septaria — nodules that are found in certain clay deposits,
and that contain both clay minerals and calcium carbonate. The burnt nodules were
ground to a fine powder. This product, made into a mortar with sand, set in 5-15
minutes. The success of "Roman cement" led other manufacturers to develop rival
products by burning artificial hydraulic lime cements of clay and chalk. Roman cement
guickly became popular but was largely replaced by Portland cement in the 1850s. [ ]

19th century

[edit]

Apparently unaware of Smeaton's work, the same principle was identified by
Frenchman Louis Vicat in the first decade of the nineteenth century. Vicat went on to
devise a method of combining chalk and clay into an intimate mixture, and, burning
th|s produced an "artificial cement"” in 1817[27] considered the "principal forerunner"|[

] of Portland cement and "...Edgar Dobbs of Southwark patented a cement of this
kind in 1811. "[ ]



In Russia, Egor Cheliev created a new binder by mixing lime and clay. His results were
published in 1822 in his book A Treatise on the Art to Prepare a Good Mortar
published in St. Petersburg. A few years later in 1825, he published another book,
which described various methods of making cement and concrete and the benefits of
cement in the construction of buildings and embankments. [ ][ ]

William Aspdin is considered the inventor of "modern” Portland cement. [30]

Portland cement, the most common type of cement in general use around the world as
a basic ingredient of concrete, mortar, stucco, and non-speciality grout, was developed
in England in the mid 19th century, and usually originates from limestone. James Frost
produced what he called "British cement in a similar manner around the same time,
but did not obtain a patent until 1822. [ ] In 1824, Joseph Aspdin patented a similar
material, which he called Portland cement, because the render made from it was in
color similar to the prestigious Portland stone quarried on the Isle of Portland, Dorset,
England. However, Aspdins' cement was nothing like modern Portland cement but was
a first step in its development, called a proto-Portland cement. [ ] Joseph Aspdins'
son William Aspdin had left his father's company and in his cement manufacturing
apparently accidentally produced calcium silicates in the 1840s, a middle step in the
development of Portland cement. William Aspdin's innovation was counterintuitive for
manufacturers of "artificial cements”, because they required more lime in the mix (a
problem for his father), a much higher kiln temperature (and therefore more fuel), and
the resulting clinker was very hard and rapidly wore down the millstones, which were
the only available grinding technology of the time. Manufacturing costs were therefore
considerably higher, but the product set reasonably slowly and developed strength
quickly, thus opening up a market for use in concrete. The use of concrete in
construction grew rapidly from 1850 onward, and was soon the dominant use for
cements. Thus Portland cement began its predominant role. Isaac Charles Johnson
further refined the production of meso-Portland cement gmiddle stage of development)
and claimed he was the real father of Portland cement. | 2]



Setting time and "early strength" are important characteristics of cements. Hydraulic
limes, "natural” cements, and "artificial” cements all rely on their belite (2 CaO - SiOZ,
abbreviated as CZS) content for strength development. Belite develops strength
slowly. Because they were burned at temperatures below 1,250 °C (2,280 °F), they
contained no alite (3 CaO - SiO,, abbreviated as C3S), which is responsible for early
strength in modern cements. The first cement to consistently contain alite was made
by William Aspdin in the early 1840s: This was what we call today "modern" Portland
cement. Because of the air of mystery with which William Aspdin surrounded his
product, others (e.g., Vicat and Johnson) have claimed precedence in this invention,
but recent analysis[33] of both his concrete and raw cement have shown that William
Aspdin's product made at Northfleet, Kent was a true alite-based cement. However,
Aspdin's methods were "rule-of-thumb": Vicat is responsible for establishing the
chemical basis of these cements, and Johnson established the importance of sintering
the mix in the Kkiln.

In the US the first large-scale use of cement was Rosendale cement, a natural cement
mined from a massive deposit of dolomite discovered in the early 19th century near
Rosendale, New York. Rosendale cement was extremely popular for the foundation of
buildin%s (e.g., Statue of Liberty, Capitol Building, Brooklyn Bridge) and lining water
pipes.| 4] Sorel cement, or magnesia-based cement, was patented in 1867 by the
Frenchman Stanislas Sorel.[35] It was stronger than Portland cement but its poor
water resistance (leaching) and corrosive properties (pitting corrosion due to the
presence of leachable chloride anions and the low pH (8.5-9.5) of its pore water)
limited its use as reinforced concrete for building construction.[°®]

The next development in the manufacture of Portland cement was the introduction of
the rotary kiln. It produced a clinker mixture that was both stronger, because more alite
(C3S) is formed at the higher temperature it achieved (1450 °C), and more
homogeneous. Because raw material is constantly fed into a rotary kiln, it allowed a
continuous manufacturing process to replace lower capacity batch production
processes.[ll]

20th century

[edit]



The National Cement Share Company of Ethiopia's new plant in Dire Dawa

Calcium aluminate cements were patented in 1908 in France by Jules Bied for better
resistance to sulfates. [ ] Also in 1908 Thomas Edison experimented with pre-cast
concrete in houses in Union, N.J. [ ]

In the US, after World War One, the long curing time of at least a month for Rosendale
cement made it unpopular for constructing highways and bridges, and many states
and construction firms turned to Portland cement. Because of the switch to Portland
cement, by the end of the 1920s only one of the 15 Rosendale cement companies had
survived. But in the early 1930s, builders discovered that, while Portland cement set
faster, it was not as durable, especially for highways—to the point that some states
stopped building highways and roads with cement. Bertrain H. Wait, an engineer
whose company had helped construct the New York City's Catskill Aqueduct, was
impressed with the durability of Rosendale cement, and came up with a blend of both
Rosendale and Portland cements that had the good attributes of both. It was highly
durable and had a much faster setting time. Wait convinced the New York
Commissioner of Highways to construct an experimental section of highway near New
Paltz, New York, using one sack of Rosendale to six sacks of Portland cement. It was
a success, and for decades the Rosendale-Portland cement blend was used in
concrete highway and concrete bridge construction. [34]

Cementitious materials have been used as a nuclear waste immobilizing matrix for
more than a half-century. [ ] Technologies of waste cementation have been
developed and deployed at industrial scale in many countries. Cementitious
wasteforms require a careful selection and design process adapted to each specific
type of waste to satisfy the strict waste acceptance criteria for long-term storage and
disposal.| o]

Types

[edit]
Components of cement:
comparison of chemical and physical characteristics [a][41][42][43]



Siliceous[b Calcareous

Property Portland ] (] Slag Silica
cement cement fume
fly ash fly ash
S0 519 52 35 35 85-97
2
Al 6.9 23 18 12 —
Proportion 03
by mass Fe,
3 11 6 1 —
(%) Oj
CaO 63 5 21 40 <1
MgO 2.5 — — — —
SO4 1.7 — — — —
Specific
2 15,000
surfac?d(]m /kQ) 370 420 420 400 _ 30,000
Specific gravity 3.15 2.38 2.65 2.94 2.22
General Primary  Cement Cement Cement Property
purpose binder replacement replacement replacement enhancer
1. ~ Values shown are approximate: those of a specific material may
vary.

2. » ASTM C618 Class F

3. * ASTM C618 Class C

4. ™ Specific surface measurements for silica fume by nitrogen
adsorption (BET) method, others by air permeability method (Blaine).

Modern development of hydraulic cement began with the start of the Industrial
Revolution (around 1800), driven by three main needs:

o Hydraulic cement render (stucco) for finishing brick buildings in wet climates

o Hydraulic mortars for masonry construction of harbor works, etc., in contact with
sea water

o Development of strong concretes

Modern cements are often Portland cement or Portland cement blends, but other
cement blends are used in some industrial settings.

Portland cement

[edit]



Main article: Portland cement

Portland cement, a form of hydraulic cement, is by far the most common type of
cement in general use around the world. This cement is made by heating limestone
(calcium carbonate) with other materials (such as clay) to 1,450 °C (2,640 °F) in a kiln,
in a process known as calcination that liberates a molecule of carbon dioxide from the
calcium carbonate to form calcium oxide, or quicklime, which then chemically
combines with the other materials in the mix to form calcium silicates and other
cementitious compounds. The resulting hard substance, called ‘clinker', is then ground
with a small amount of gypsum ( CaSO4-2H20) into a powder to make ordinary
Portland cement, the most commonly used type of cement (often referred to as OPC).
Portland cement is a basic ingredient of concrete, mortar, and most non-specialty
grout. The most common use for Portland cement is to make concrete. Portland
cement may be grey or white.

Portland cement blend

[edit]

Portland cement blends are often available as inter-ground mixtures from cement
producers, but similar formulations are often also mixed from the ground components
at the concrete mixing plant.

Portland blast-furnace slag cement, or blast furnace cement (ASTM C595 and EN
197-1 nomenclature respectively), contains up to 95% ground granulated blast furnace
slag, with the rest Portland clinker and a little gypsum. All compositions produce high
ultimate strength, but as slag content is increased, early strength is reduced, while
sulfate resistance increases and heat evolution diminishes. Used as an economic
alternative to Portland sulfate-resisting and low-heat cements.

Portland-fly ash cement contains up to 40% fly ash under ASTM standards (ASTM
C595), or 35% under EN standards (EN 197-1). The fly ash is pozzolanic, so that
ultimate strength is maintained. Because fly ash addition allows a lower concrete water
content, early strength can also be maintained. Where good quality cheap fly ash is
available, this can be an economic alternative to ordinary Portland cement. [44]

Portland pozzolan cement includes fly ash cement, since fly ash is a pozzolan, but
also includes cements made from other natural or artificial pozzolans. In countries
where volcanic ashes are available (e.qg., Italy, Chile, Mexico, the Philippines), these
cements are often the most common form in use. The maximum replacement ratios
are generally defined as for Portland-fly ash cement.



Portland silica fume cement. Addition of silica fume can yield exceptionally high
strengths, and cements containing 5-20% silica fume are occasionally produced, with
10% being the maximum allowed addition under EN 197-1. However, silica fume is
more usually added to Portland cement at the concrete mixer. [45]

Masonry cements are used for preparing bricklaying mortars and stuccos, and must
not be used in concrete. They are usually complex proprietary formulations containing
Portland clinker and a number of other ingredients that may include limestone,
hydrated lime, air entrainers, retarders, waterproofers, and coloring agents. They are
formulated to yield workable mortars that allow rapid and consistent masonry work.
Subtle variations of masonry cement in North America are plastic cements and stucco
cements. These are designed to produce a controlled bond with masonry blocks.

Expansive cements contain, in addition to Portland clinker, expansive clinkers (usually
sulfoaluminate clinkers), and are designed to offset the effects of drying shrinkage
normally encountered in hydraulic cements. This cement can make concrete for floor
slabs (up to 60 m square) without contraction joints.

White blended cements may be made using white clinker (containing little or no iron)
and white supplementary materials such as high-purity metakaolin. Colored cements
serve decorative purposes. Some standards allow the addition of pigments to produce
colored Portland cement. Other standards (e.g., ASTM) do not allow pigments in
Portland cement, and colored cements are sold as blended hydraulic cements.

Very finely ground cements are cement mixed with sand or with slag or other
pozzolan type minerals that are extremely finely ground together. Such cements can
have the same physical characteristics as hormal cement but with 50% less cement,
particularly because there is more surface area for the chemical reaction. Even with
intensive grinding they can use up to 50% less energy (and thus less carbon
emissions) to fabricate than ordinary Portland cements. [46]

Other

[edit]

Pozzolan-lime cements are mixtures of ground pozzolan and lime. These are the
cements the Romans used, and are present in surviving Roman structures like the
Pantheon in Rome. They develop strength slowly, but their ultimate strength can be
very high. The hydration products that produce strength are essentially the same as
those in Portland cement.



Slag-lime cements—ground granulated blast-furnace slag—are not hydraulic on their
own, but are "activated" by addition of alkalis, most economically using lime. They are
similar to pozzolan lime cements in their properties. Only granulated slag (i.e., water-
guenched, glassy slag) is effective as a cement component.

Supersulfated cements contain about 80% ground granulated blast furnace slag, 15%
gypsum or anhydrite and a little Portland clinker or lime as an activator. They produce
strength by formation of ettringite, with strength growth similar to a slow Portland
cement. They exhibit good resistance to aggressive agents, including sulfate.

Calcium aluminate cements are hydraulic cements made primarily from limestone
and bauxite. The active ingredients are monocalcium aluminate CaAI204 (Cao - AIZO
3 0r CA in cement chemist notation, CCN) and mayenite CalZAI14O33 (12 CaO - 7 Al
203, or C12A7 in CCN). Strength forms by hydration to calcium aluminate hydrates.
They are well-adapted for use in refractory (high-temperature resistant) concretes,
e.g., for furnace linings.

Calcium sulfoaluminate cements are made from clinkers that include ye'elimite (Ca4
(AI02)6804 or C4A38 in Cement chemist's notation) as a primary phase. They are
used In expansive cements, in ultra-high early strength cements, and in "low-energy"
cements. Hydration produces ettringite, and specialized physical properties (such as
expansion or rapid reaction) are obtained by adjustment of the availability of calcium
and sulfate ions. Their use as a low-energy alternative to Portland cement has been
pioneered in China, where several million tonnes per year are produced. [ ][ ]
Energy requirements are lower because of the lower kiln temperatures required for
reaction, and the lower amount of limestone (which must be endothermically
decarbonated) in the mix. In addition, the lower limestone content and lower fuel
consumption leads to a CO

2 emission around half that associated with Portland clinker. However, 802 emissions
are usually significantly higher.

"Natural" cements corresponding to certain cements of the pre-Portland era, are
produced by burning argillaceous limestones at moderate temperatures. The level of
clay components in the limestone (around 30—-35%) is such that large amounts of
belite (the low-early strength, high-late strength mineral in Portland cement) are
formed without the formation of excessive amounts of free lime. As with any natural
material, such cements have highly variable properties.

Geopolymer cements are made from mixtures of water-soluble alkali metal silicates,
and aluminosilicate mineral powders such as fly ash and metakaolin.

Polymer cements are made from organic chemicals that polymerise. Producers often
use thermoset materials. While they are often significantly more expensive, they can



give a water proof material that has useful tensile strength.

Sorel cement is a hard, durable cement made by combining magnesium oxide and a
magnesium chloride solution

Fiber mesh cement or fiber reinforced concrete is cement that is made up of fibrous
materials like synthetic fibers, glass fibers, natural fibers, and steel fibers. This type of
mesh is distributed evenly throughout the wet concrete. The purpose of fiber mesh |s
to reduce water loss from the concrete as well as enhance its structural integrity. [ ]
When used in plasters, fiber mesh increases cohesiveness, tensile strength, impact
resistance, and to reduce shrinka ge ultimately, the main purpose of these combined
properties is to reduce cracking. [

Electric cement is proposed to be made by recycling cement from demolition wastes
in an electric arc furnace as part of a steelmaking process. The recycled cement is
intended to be used to replace part or all of the lime used in steelmaking, resulting in a
slag-like material that is similar in mlneralogy to Portland cement, eliminating most of
the associated carbon emissions. [ ]

Setting, hardening and curing
[edit]

Cement starts to set when mixed with water, which causes a series of hydration
chemical reactions. The constituents slowly hydrate and the mineral hydrates solidify
and harden. The interlocking of the hydrates gives cement its strength. Contrary to
popular belief, hydraulic cement does not set by drying out — proper curing requires
maintaining the appropriate moisture content necessary for the hydration reactions
during the setting and the hardening processes. If hydraulic cements dry out during the

curing phase, the resulting product can be insufficiently hydrated and significantly
weakened A minimum temperature of 5 °C is recommended, and no more than 30 °C.
[ ] The concrete at young age must be protected against water evaporation due to
direct insolation, elevated temperature, low relative humidity and wind.

The interfacial transition zone (ITZ) is a region of the cement paste around the
aggregate part|cles in concrete. In the zone, a gradual transition |n the microstructural
features occurs. [ ] This zone can be up to 35 micrometer wide. [ ] 351 Other
studies have shown that the width can be up to 50 micrometer. The average content of
unreacted clinker phase decreases and porosity decreases towards the aggregate
surface. Similarly, the content of ettringite increases in ITZ. [Y7]: 352

Safety issues



[edit]

Bags of cement routinely have health and safety warnings printed on them because
not only is cement highly alkaline, but the setting process is exothermic. As a result,
wet cement is strongly caustic (pH = 13.5) and can easily cause severe skin burns if
not promptly washed off with water. Similarly, dry cement powder in contact with
mucous membranes can cause severe eye or respiratory irritation. Some trace
elements, such as chromium, from impurities naturally present in the raw materials
used to produce cement may cause allergic dermatitis. [ ] Reducing agents such as
ferrous sulfate (FeSO ) are often added to cement to convert the carcinogenic
hexavalent chromate (CrO4 ) into trivalent chromium (Cr 1), a less toxic chemical
species. Cement users need also to wear appropriate gloves and protective clothing. [

56]
Cement industry in the world
[edit]

Global cement production (2022)
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Global cement production in 2022

Global cement capacity (2022)
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Global cement capacity in 2022

See also: List of countries by cement production and Cement industry in the United
States

In 2010, the world production of hydraulic cement was 3,300 megatonnes (3,600 x 100
short tons). The top three producers were China with 1,800, India with 220, and the
United States with 63.5 million tonnes for a total of over half the world total by the



world's three most populated states.[57]

For the world capacity to produce cement in 2010, the situation was similar with the
top three states (China, India, and the US) accounting for just under half the world total
capacity.[58]

Over 2011 and 2012, global consumption continued to climb, rising to 3585 Mt in 2011
and 3736 Mt in 2012, while annual growth rates eased to 8.3% and 4.2%, respectively.

China, representing an increasing share of world cement consumption, remains the
main engine of global growth. By 2012, Chinese demand was recorded at 2160 Mt,
representing 58% of world consumption. Annual growth rates, which reached 16% in
2010, appear to have softened, slowing to 5-6% over 2011 and 2012, as China's
economy targets a more sustainable growth rate.

Outside of China, worldwide consumption climbed by 4.4% to 1462 Mt in 2010, 5% to
1535 Mt in 2011, and finally 2.7% to 1576 Mt in 2012,

Iran is now the 3rd largest cement&roducer in the world and has increased its output
by over 10% from 2008 to 2011.[5 ] Because of climbing energy costs in Pakistan and
other major cement-producing countries, Iran is in a unique position as a trading
partner, utilizing its own surplus petroleum to power clinker plants. Now a top producer
in the Middle-East, Iran is further increasing its dominant position in local markets and
abroad.[60]

The performance in North America and Europe over the 2010-12 period contrasted
strikingly with that of China, as the global financial crisis evolved into a sovereign debt
crisis for many economies in this region [clarification needed] and recession. Cement
consumption levels for this region fell by 1.9% in 2010 to 445 Mt, recovered by 4.9% in
2011, then dipped again by 1.1% in 2012.

The performance in the rest of the world, which includes many emerging economies in
Asia, Africa and Latin America and representing some 1020 Mt cement demand in
2010, was positive and more than offset the declines in North America and Europe.
Annual consumption growth was recorded at 7.4% in 2010, moderating to 5.1% and
4.3% in 2011 and 2012, respectively.

As at year-end 2012, the global cement industry consisted of 5673 cement production
facilities, including both integrated and grinding, of which 3900 were located in China
and 1773 in the rest of the world.

Total cement capacity worldwide was recorded at 5245 Mt in 2012, with 2950 Mt
located in China and 2295 Mt in the rest of the world. [6]



China

[edit]
Main article: Cement industry in China

"For the past 18 years, China consistently has produced more cement than any other
country in the world. [...] (However,) China's cement export peaked in 1994 with 11
million tonnes shipped out and has been in steady decline ever since. Only 5.18 million
tonnes were exported out of China in 2002. Offered at $34 a ton, Chinese cement is
pricing itself out of the market as Thailand is asking as little as $20 for the same
quality."[61]

In 2006, it was estimated that China manufactured 1.235 billion tonnes of cement,
which was 44% of the world total cement production. [62] "Demand for cement in China
is expected to advance 5.4% annually and exceed 1 billion tonnes in 2008, driven by
slowing but healthy growth in construction expenditures. Cement consumed in China
will amount to 44% of global demand, and China will remain the world's largest
national consumer of cement by a large margin."[63]

In 2010, 3.3 billion tonnes of cement was consumed globally. Of this, China accounted
for 1.8 billion tonnes.[64]

Environmental impacts

[edit]
Further information: Environmental impact of concrete

Cement manufacture causes environmental impacts at all stages of the process.
These include emissions of airborne pollution in the form of dust, gases, noise and
vibration when operating machinery and during blasting in quarries, and damage to
countryside from quarrying. Equipment to reduce dust emissions during quarrying and
manufacture of cement is widely used, and equipment to trap and separate exhaust
gases are coming into increased use. Environmental protection also includes the re-
integration of quarries into the countryside after they have been closed down by
returning them to nature or re-cultivating them.
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[edi]

Global carbon emission by type to 2018
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Carbon concentration in cement spans from ?5% in cement structures to ?8% in the

case of roads in cement. [ ] Cement manufacturing releases CO» in the atmosphere

both directly when calcium carbonate is heated, producing lime and carbon dioxide, [

][6 ] and also indirectly through the use of energy if its production involves the

emission of CO

2 The cement industry produces about 10% of global human-made CO

ag emissions, of which 60% is from the chemical process, and 40% from burning fuel. [
] A Chatham House study from 2018 estimates that the 4 billion tonnes of cement

produced annually account for 8% of worldwide CO

2 emissions.[5]

Nearly 900 kg of CO

o are emitted for every 1000 kg of Portland cement produced. In the European Union,
the specific energy consumption for the production of cement clinker has been
reduced by approximately 30% since the 1970s. This reduction in primary energy
requirements is equivalent to approximately 11 million tonnes of coal per year with
corresponding benefits in reduction of CO

2 em|SS|ons This accounts for approximately 5% of anthropogenic CO

1%



The majority of carbon dioxide emissions in the manufacture of Portland cement
(approximately 60%) are produced from the chemical decomposition of limestone to
lime, an ingredient in Portland cement clinker. These emissions may be reduced by
lowering the clinker content of cement. They can also be reduced by alternative
fabrication methods such as the intergrinding cement with sand or with slag or other
pozzolan type minerals to a very fine powder. [ ]

To reduce the transport of heavier raw materials and to minimize the associated costs,
it is more economical to build cement plants closer to the limestone quarries rather
than to the consumer centers. [ ]

As of 2019 carbon capture and storage is about to be trialed, but its financial viability is
uncertain. [ ]

(6{0)
2 absorption

[edit]

Hydrated products of Portland cement, such as concrete and mortars, slowly reabsorb
atmospheric CO2 gas, which has been released during caIC|nat|on in a kiln. This
natural process, reversed to calcination, is called carbonation. [ ] As it depends on
CO2 diffusion into the bulk of concrete, its rate depends on many parameters such as
environmental conditions and surface area exposed to the atmosphere. [ ][75]
Carbonation is particularly significant at the latter stages of the concrete life - after
demolition and crushing of the debris. It was estimated that during the whole life-cycle
of cement products, it can be reabsorbed nearly 30% of atmospheric CO2 generated
by cement production. [ ]

Carbonation process is considered as a mechanism of concrete degradatlon It
reduces pH of concrete that promotes reinforcement steel corrosion. [ ] However, as
the product of Ca(OH)2 carbonation, CaCO3, occupies a greater volume, porosity of
concrete reduces. This increases strength and hardness of concrete. [7 ]

There are proposals to reduce carbon footprint of hydraulic cement by adopting non-
hydraulic cement, lime mortar, for certain applications. It reabsorbs some of the CO
2 during hardening, and has a lower energy requirement in production than Portland
cement.[77]

A few other attempts to increase absorptlon of carbon dioxide include cements based
on magnesium (Sorel cement). [ ][7 ][ ]



Heavy metal emissions in the air

[edit]

In some circumstances, mainly depending on the origin and the composition of the raw
materials used, the high-temperature calcination process of limestone and clay
minerals can release in the atmosphere gases and dust rich in volatile heavy metals,
e.g. thallium,[81] cadmium and mercury are the most toxic. Heavy metals (TI, Cd, Hg,
...) and also selenium are often found as trace elements in common metal sulfides
(pyrite (FeSZ), zinc blende (ZnS), galena (PbS), ...) present as secondary minerals in
most of the raw materials. Environmental regulations exist in many countries to limit
these emissions. As of 2011 in the United States, cement kilns are "legally allowed to
pump more toxins into the air than are hazardous-waste incinerators." [82]

Heavy metals present in the clinker

[edit]

The presence of heavy metals in the clinker arises both from the natural raw materials
and from the use of recycled by-products or alternative fuels. The high pH prevailing in
the cement porewater (12.5 < pH < 13.5) limits the mobility of many heavy metals by
decreasing their solubility and increasing their sorption onto the cement mineral
phases. Nickel, zinc and lead are commonly found in cement in non-negligible
concentrations. Chromium may also directly arise as natural impurity from the raw
materials or as secondary contamination from the abrasion of hard chromium steel
alloys used in the ball mills when the clinker is ground. As chromate (CrO 42?) IS toxic
and may cause severe skin allergies at trace concentration, it is sometimes reduced
into trivalent Cr(lIl) by addition of ferrous sulfate (FeSO4).

Use of alternative fuels and by-products
materials

[edit]



A cement plant consumes 3 to 6 GJ of fuel per tonne of clinker produced, depending
on the raw materials and the process used. Most cement kilns today use coal and
petroleum coke as primary fuels, and to a lesser extent natural gas and fuel oil.
Selected waste and by-products with recoverable calorific value can be used as fuels
in a cement kiln (referred to as co-processing), replacing a portion of conventional
fossil fuels, like coal, if they meet strict specifications. Selected waste and by-products
containing useful minerals such as calcium, silica, alumina, and iron can be used as
raw materials in the kiln, replacing raw materials such as clay, shale, and limestone.
Because some materials have both useful mineral content and recoverable calorific
value, the distinction between alternative fuels and raw materials is not always clear.
For example, sewage sludge has a low but S|gn|f|cant calorific value, and burns to give
ash containing minerals useful in the clinker matrix. [ ] Scrap automobile and truck
tires are useful in cement manufacturing as they have high calorific value and the iron
embedded in tires is useful as a feed stock.|[ 4]. p. 27

Clinker is manufactured by heating raw materials inside the main burner of a kiln to a
temperature of 1,450 °C. The flame reaches temperatures of 1,800 °C. The material
remains at 1,200 °C for 12—-15 seconds at 1,800 °C or sometimes for 5-8 seconds
(also referred to as residence time). These characteristics of a clinker kiln offer
numerous benefits and they ensure a complete destruction of organic compounds, a
total neutralization of acid gases, sulphur oxides and hydrogen chloride. Furthermore,
heavy metal traces are embedded in the clinker structure and no by-products, such as
ash or residues, are produced. [ ]

The EU cement industry already uses more than 40% fuels derived from waste and
biomass in supplying the thermal energy to the grey clinker making process. Although
the choice for this so-called alternative fuels (AF) is typically cost driven, other factors
are becoming more important. Use of alternative fuels provides benefits for both
society and the company: CO

>-emissions are lower than with fossil fuels, waste can be co-processed in an efficient
and sustainable manner and the demand for certain virgin materials can be reduced.
Yet there are large differences in the share of alternative fuels used between the
European Union (EU) member states. The societal benefits could be im roved if more
member states increase their alternative fuels share. The Ecofys study| ] assessed
the barriers and opportunities for further uptake of alternative fuels in 14 EU member
states. The Ecofys study found that local factors constrain the market potential to a
much larger extent than the technical and economic feasibility of the cement industry
itself.

Reduced-footprint cement

[edit]



Growing environmental concerns and the increasing cost of fossil fuels have resulted,
in many countries, in a sharp reduction of the resources needed to produce cement, as
well as effluents (dust and exhaust gases). [ ] Reduced-footprint cement is a
cementitious material that meets or exceeds the functional performance capabilities of
Portland cement. Various techniques are under development. One is geopolymer
cement, which incorporates recycled materials, thereby reducing consumption of raw
materials, water, and energy. Another approach is to reduce or eliminate the
production and release of damaging pollutants and greenhouse gasses, particularly
CO

2.[88] Recycling old cement in electric arc furnaces is another approach. [89] Also, a
team at the University of Edinburgh has developed the 'DUPE' process based on the
microbial activity of Sporosarcina pasteurii, a bacterium precipitating calcium
carbonate, which, when mixed with sand and urine, can produce mortar blocks with a
compressive strength 70% of that of concrete. [9 ] An overview of climate-friendly
methods for cement production can be found here.| l]

See also

[edit]
o Asphalt concrete
o Calcium aluminate cements
Cement chemist notation
Cement render
Cenocell
Energetically modified cement (EMC)
Fly ash
Geopolymer cement
Portland cement
Rosendale cement
Sulfate attack in concrete and mortar
Sulfur concrete
Tiocem
List of countries by cement production

o O 0 0O 0O 0O 0O O O O O O

References

[edit]

1. ~ "Draeger: Guide for selection and use of filtering devices" (PDF). Draeger. 22
May 2020. Archived (PDF) from the original on 22 May 2020. Retrieved 22 May
2020.

2. “ab Rodgers, Lucy (17 December 2018). "The massive CO
> emitter you may not know about”. BBC News. Retrieved 17 December 2018.

3. » Cement Analyst, Milan A (2015), Lancaster, Lynne C. (ed.), "Opus
Caementicium", Innovative Vaulting in the Architecture of the Roman Empire: 1st



11.

12.

13.

14.

15.

16.

17.

18.

to 4th Centuries CE, Cambridge: Cambridge University Press, pp. 19-38, ISBN
978-1-107-05935-1, retrieved 7 March 2025

Nab "Cement" (PDF). United States Geological Survey (USGS). Retrieved 26
September 2023.

N a b ¢ "Making Concrete Change: Innovation in Low-carbon Cement and
Concrete". Chatham House. 13 June 2018. Archived from the original on 19
December 2018. Retrieved 17 December 2018.

" a b Hargreaves, David (March 2013). "The Global Cement Report 10th Edition”
(PDF). International Cement Review. Archived (PDF) from the original on 26
November 2013.

A Cao, Zhi; Myers, Rupert J.; Lupton, Richard C.; Duan, Huabo; Sacchi, Romain;
Zhou, Nan; Reed Miller, T.; Cullen, Jonathan M.; Ge, Quansheng; Liu, Gang (29
July 2020). "The sponge effect and carbon emission mitigation potentials of the
global cement cycle". Nature Communications. 11 (1): 3777.
Bibcode:2020NatCo..11.3777C. doi:10.1038/s41467-020-17583-w. ISSN 2041-
1723. PMC 7392754. PMID 32728073.

A "Cement's basic molecular structure finally decoded (MIT, 2009)". Archived
from the original on 21 February 2013.

N "EPA Overview of Greenhouse Gases". 23 December 2015.

. M "The History of Concrete". Dept. of Materials Science and Engineering,

University of lllinois, Urbana-Champaign. Archived from the original on 27
November 2012. Retrieved 8 January 2013.

NabcdefghiBlezard, Robert G. (12 November 2003). "The History of
Calcareous Cements". In Hewlett, Peter (ed.). Lea's Chemistry of Cement and
Concrete. Elsevier. pp. 1-24. ISBN 978-0-08-053541-8.

A Brabant, Malcolm (12 April 2011). Macedonians created cement three centuries
before the Romans Archived 9 April 2019 at the Wayback Machine, BBC News.
A "Heracles to Alexander The Great: Treasures From The Royal Capital of
Macedon, A Hellenic Kingdom in the Age of Democracy". Ashmolean Museum of
Art and Archaeology, University of Oxford. Archived from the original on 17
January 2012.

A Hill, Donald (19 November 2013). A History of Engineering in Classical and
Medieval Times. Routledge. p. 106. ISBN 978-1-317-76157-0.

A "History of cement”. www.understanding-cement.com. Retrieved 17 December
2018.

A Trendacosta, Katharine (18 December 2014). "How the Ancient Romans Made
Better Concrete Than We Do Now". Gizmodo.

A "How Natural Pozzolans Improve Concrete". Natural Pozzolan Association.
Retrieved 7 April 2021.

A Ridi, Francesca (April 2010). "Hydration of Cement: still a lot to be understood”
(PDF). La Chimica & I'Industria (3): 110-117. Archived (PDF) from the original on
17 November 2015.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

A "Pure natural pozzolan cement" (PDF). Archived from the original on 18
October 2006. Retrieved 12 January 2009.cite web: CS1 maint: bot: original URL
status unknown (link). chamorro.com

N Russo, Ralph (2006) "Aqueduct Architecture: Moving Water to the Masses in
Ancient Rome" Archived 12 October 2008 at the Wayback Machine, in Math in
the Beauty and Realization of Architecture, Vol. IV, Curriculum Units by Fellows
of the Yale-New Haven Teachers Institute 1978-2012, Yale-New Haven
Teachers Institute.

Na b Cowan, Henry J. (1975). "An Historical Note on Concrete". Architectural
Science Review. 18: 10-13. doi:10.1080/00038628.1975.9696342.

A Cabrera, J. G.; Rivera-Villarreal, R.; Sri Ravindrarajah, R. (1997). "Properties
and Durability of a Pre-Columbian Lightweight Concrete". SP-170: Fourth
CANMET/ACI International Conference on Durability of Concrete. Vol. 170. pp.
1215-1230. doi:10.14359/6874. ISBN 9780870316692. S2CID 138768044. cite
book: |journal=ignored (help)

N a b Sismondo, Sergio (20 November 2009). An Introduction to Science and
Technology Studies. Wiley. ISBN 978-1-4443-1512-7.

N Mukerji, Chandra (2009). Impossible Engineering: Technology and Territoriality
on the Canal Du Midi. Princeton University Press. p. 121. ISBN 978-0-691-14032-
2.

Nab <Taves, Loren Sickels (27 October 2015). "Tabby Houses of the South
Atlantic Seaboard". Old-House Journal. Active Interest Media, Inc.: 5.

A Francis, A.J. (1977) The Cement Industry 1796—-1914: A History, David &
Charles. ISBN 0-7153-7386-2, Ch. 2.

A "Who Discovered Cement". 12 September 2012. Archived from the original on
4 February 2013.

AN Znachko-lavorskii; I. L. (1969). Egor Gerasimovich Chelidze, izobretatel?
tsementa. Sabchota Sakartvelo. Archived from the original on 1 February 2014.
A "Lafarge History of Cement". Archived from the original on 2 February 2014.

A Courland, Robert (2011). Concrete planet : the strange and fascinating story of
the world's most common man-made material. Amherst, N.Y.: Prometheus
Books. p. 190. ISBN 978-1616144814.

A Francis, A.J. (1977) The Cement Industry 1796-1914: A History, David &
Charles. ISBN 0-7153-7386-2, Ch. 5.

A Hahn, Thomas F. and Kemp, Emory Leland (1994). Cement mills along the
Potomac River. Morgantown, WV: West Virginia University Press. p. 16.

ISBN 9781885907004

N Hewlett, Peter (2003). Lea's Chemistry of Cement and Concrete. Butterworth-
Heinemann. p. Ch. 1. ISBN 978-0-08-053541-8. Archived from the original on 1
November 2015.

N a b "Natural Cement Comes Back". Popular Science. Bonnier Corporation.
October 1941. p. 118.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

A Stanislas Sorel (1867). "Sur un nouveau ciment magnésien”. Comptes rendus
hebdomadaires des séances de I'Académie des sciences, volume 65, pages
102-104.

N Walling, Sam A.; Provis, John L. (2016). "Magnesia-based cements: A journey
of 150 years, and cements for the future?". Chemical Reviews. 116 (7): 4170—
4204. doi:10.1021/acs.chemrev.5b00463. ISSN 0009-2665. PMID 27002788.

N McArthur, H.; Spalding, D. (1 January 2004). Engineering Materials Science:
Properties, Uses, Degradation, Remediation. Elsevier. ISBN 9781782420491.

AN "How Cement Mixers Work". HowStuffWorks. 26 January 2012. Retrieved 2
April 2020.

N Glasser F. (2011). Application of inorganic cements to the conditioning and
immobilisation of radioactive wastes. In: Ojovan M.I. (2011). Handbook of
advanced radioactive waste conditioning technologies. Woodhead, Cambridge,
512 pp.

~ Abdel Rahman R.O., Rahimov R.Z., Rahimova N.R., Ojovan M.l. (2015).
Cementitious materials for nuclear waste immobilization. Wiley, Chichester 232
PP-

A Holland, Terence C. (2005). "Silica Fume User's Manual" (PDF). Silica Fume
Association and United States Department of Transportation Federal Highway
Administration Technical Report FHWA-IF-05-016. Retrieved 31 October 2014.
AN Kosmatka, S.; Kerkhoff, B.; Panerese, W. (2002). Design and Control of
Concrete Mixtures (14 ed.). Portland Cement Association, Skokie, lllinois.

N Gamble, William. "Cement, Mortar, and Concrete". In Baumeister; Avallone;
Baumeister (eds.). Mark's Handbook for Mechanical Engineers (Eighth ed.).
McGraw Hill. Section 6, page 177.

AN U.S. Federal Highway Administration. "Fly Ash". Archived from the original on
21 June 2007. Retrieved 24 January 2007.

AN U.S. Federal Highway Administration. "Silica Fume". Archived from the original
on 22 January 2007. Retrieved 24 January 2007.

A Justnes, Harald; Elfgren, Lennart; Ronin, Vladimir (2005). "Mechanism for
performance of energetically modified cement versus corresponding blended
cement" (PDF). Cement and Concrete Research. 35 (2): 315-323.
doi:10.1016/j.cemconres.2004.05.022. Archived from the original (PDF) on 10
July 2011.

" Bye, G.C. (1999). Portland Cement. 2nd Ed., Thomas Telford. pp. 206—208.
ISBN 0-7277-2766-4

N Zhang, Liang; Su, Muzhen; Wang, Yanmou (1999). "Development of the use of
sulfo- and ferroaluminate cements in China". Advances in Cement Research. 11:
15-21. doi:10.1680/adcr.1999.11.1.15.

A Munsell, Faith (31 December 2019). "Concrete mesh: When to use fiber mesh
or wire mesh | Port Aggregates”. Port Aggregates. Retrieved 19 September 2022.
A "Plaster / Stucco Manual" (PDF). Cement.org. 2003. p. 13. Retrieved 12 April
2021.



51.

52.

53.

o54.

95.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

AN Barnard, Michael (30 May 2024). "Many Green Cement Roads Lead Through
Electric Arc Steel Furnaces". CleanTechnica. Retrieved 11 June 2024.

A "Using cement based products during winter months”. sovchem.co.uk. 29 May
2018. Archived from the original on 29 May 2018.

N ab Scrivener, K.L., Crumbie, A.K., and Laugesen P. (2004). "The Interfacial
Transition Zone (ITZ) between cement paste and aggregate in concrete.”
Interface Science, 12 (4), 411-421. doi: 10.1023/B:INTS.0000042339.92990.4c.
Nab c H. F. W. Taylor, Cement chemistry, 2nd ed. London: T. Telford, 1997.

A "Construction Information Sheet No 26 (revision2)" (PDF). hse.gov.uk. Archived
(PDF) from the original on 4 June 2011. Retrieved 15 February 2011.

A "CIS26 — cement" (PDF). Archived from the original (PDF) on 4 June 2011.
Retrieved 5 May 2011.

A United States Geological Survey. "USGS Mineral Program Cement Report.
(Jan 2011)" (PDF). Archived (PDF) from the original on 8 October 2011.

~ Edwards, P; McCaffrey, R. Global Cement Directory 2010. PRo Publications
Archived 3 January 2014 at the Wayback Machine. Epsom, UK, 2010.

A "Pakistan loses Afghan cement market share to Iran". International Cement
Revie. 20 August 2012. Archived from the original on 22 September 2013.
Retrieved 2 November 2024.

N ICR Newsroom. Pakistan loses Afghan cement market share to Iran Archived
22 September 2013 at the Wayback Machine. Retrieved 19 November 2013.

N Yan, Li Yong (7 January 2004) China's way forward paved in cement, Asia
Times

A "China now no. 1 in CO emissions; USA in second position: more info". NEAA.
19 June 2007. Archived from the original on 3 July 2007.

A "China's cement demand to top 1 billion tonnes in 2008". CementAmericas.
November 2004. Archived from the original on 27 April 2009.

A "Uses of Coal and Cement". World Coal Association. Archived from the original
on 8 August 2011.

A Scalenghe, R.; Malucelli, F.; Ungaro, F.; Perazzone, L.; Filippi, N.; Edwards,
A.C. (2011). "Influence of 150 years of land use on anthropogenic and natural
carbon stocks in Emilia-Romagna Region (Italy)". Environmental Science &
Technology. 45 (12): 5112-5117. Bibcode:2011EnST...45.5112S.
doi:10.1021/es1039437. PMID 21609007.

A "EIA — Emissions of Greenhouse Gases in the U.S. 2006-Carbon Dioxide
Emissions”. US Department of Energy. Archived from the original on 23 May
2011.

A Matar, W.; Elshurafa, A. M. (2017). "Striking a balance between profit and
carbon dioxide emissions in the Saudi cement industry”. International Journal of
Greenhouse Gas Control. 61: 111-123. Bibcode:20171JGGC..61..111M. doi:
10.1016/}.ijggc.2017.03.031.

N "Trends in global CO

2 emissions: 2014 Report" (PDF). PBL Netherlands Environmental Assessment



69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Agency & European Commission Joint Research Centre. 2014. Archived from the
original (PDF) on 14 October 2016.

N Mahasenan, Natesan; Smith, Steve; Humphreysm Kenneth; Kaya, Y. (2003).
"The Cement Industry and Global Climate Change: Current and Potential Future
Cement Industry CO

2 Emissions”. Greenhouse Gas Control Technologies — 6th International
Conference. Oxford: Pergamon. pp. 995-1000. ISBN 978-0-08-044276-1.

A "Blended Cement". Science Direct. 2015. Retrieved 7 April 2021.

N Chandak, Shobhit. "Report on cement industry in India". scribd. Archived from
the original on 22 February 2012. Retrieved 21 July 2011.

A "World's first zero-emission cement plant takes shape in Norway". Euractiv.com
Ltd. 13 December 2018.

N a b Pade, Claus; Guimaraes, Maria (1 September 2007). "The CO2 uptake of
concrete in a 100 year perspective". Cement and Concrete Research. 37 (9):
1348-1356. doi:10.1016/j.cemconres.2007.06.009. ISSN 0008-8846.

A Xi, Fengming; Davis, Steven J.; Ciais, Philippe; Crawford-Brown, Douglas;
Guan, Dabo; Pade, Claus; Shi, Tiemao; Syddall, Mark; Lv, Jie; Ji, Lanzhu; Bing,
Longfei; Wang, Jiaoyue; Wei, Wei; Yang, Keun-Hyeok; Lagerblad, Bjorn
(December 2016). "Substantial global carbon uptake by cement carbonation".
Nature Geoscience. 9 (12): 880—-883. Bibcode:2016NatGe...9..880X.
doi:10.1038/nge02840. ISSN 1752-0908.

Na b Cao, Zhi; Myers, Rupert J.; Lupton, Richard C.; Duan, Huabo; Sacchi,
Romain; Zhou, Nan; Reed Miller, T.; Cullen, Jonathan M.; Ge, Quansheng; Liu,
Gang (29 July 2020). "The sponge effect and carbon emission mitigation
potentials of the global cement cycle". Nature Communications. 11 (1): 3777.
Bibcode:2020NatCo..11.3777C. doi:10.1038/s41467-020-17583-w. hdl:
10044/1/81385. ISSN 2041-1723. PMC 7392754. PMID 32728073.

A Kim, Jin-Keun; Kim, Chin-Yong; Yi, Seong-Tae; Lee, Yun (1 February 2009).
"Effect of carbonation on the rebound number and compressive strength of
concrete". Cement and Concrete Composites. 31 (2): 139-144.
doi:10.1016/j.cemconcomp.2008.10.001. ISSN 0958-9465.

N Kent, Douglas (22 October 2007). "Response: Lime is a much greener option
than cement, says Douglas Kent". The Guardian. ISSN 0261-3077. Retrieved 22
January 2020.

N "Novacem's 'carbon negative cement™. The American Ceramic Society. 9
March 2011. Retrieved 26 September 2023.

N "Novacem". imperialinnovations.co.uk. Archived from the original on 3 August
20009.

A Jha, Alok (31 December 2008). "Revealed: The cement that eats carbon
dioxide". The Guardian. London. Archived from the original on 6 August 2013.
Retrieved 28 April 2010.

A "Factsheet on: Thallium" (PDF). Archived (PDF) from the original on 11 January
2012. Retrieved 15 September 2009.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

" Berkes, Howard (10 November 2011). "EPA Regulations Give Kilns Permission
To Pollute : NPR". NPR.org. Archived from the original on 17 November 2011.
Retrieved 17 November 2011.

A "Guidelines for the selection and use of fuels and raw materials in the cement
manufacturing process" (PDF). World Business Council for Sustainable
Development. 1 June 2005. Archived from the original (PDF) on 10 September
2008.

A "Increasing the use of alternative fuels at cement plants: International best
practice" (PDF). International Finance Corporation, World Bank Group. 2017.

A "Cement, concrete & the circular economy” (PDF). cembureau.eu. Archived
from the original (PDF) on 12 November 2018.

A de Beer, Jeroen et al. (2017) Status and prospects of co-processing of waste in
EU cement plants Archived 30 December 2020 at the Wayback Machine.
ECOFYS study.

A "Alternative fuels in cement manufacture — CEMBUREAU brochure, 1997
(PDF). Archived from the original (PDF) on 2 October 2013.

AN "Engineers develop cement with 97 percent smaller carbon dioxide and energy
footprint — DrexelNow". DrexelNow. 20 February 2012. Archived from the original
on 18 December 2015. Retrieved 16 January 2016.

A "How to make low-carbon concrete from old cement". The Economist.

ISSN 0013-0613. Retrieved 27 April 2023.

N Monks, Kieron (22 May 2014). "Would you live in a house made of sand and
bacteria? It's a surprisingly good idea". CNN. Archived from the original on 20
July 2014. Retrieved 20 July 2014.

A "Top-Innovationen 2020: Zement lasst sich auch klimafreundlich produzieren”.
www.spektrum.de (in German). Retrieved 28 December 2020.

Further reading

[edit]

o

Taylor, Harry F. W. (1997). Cement Chemistry. Thomas Telford. ISBN 978-0-
7277-2592-9.

Peter Hewlett; Martin Liska (2019). Lea's Chemistry of Cement and Concrete.
Butterworth-Heinemann. ISBN 978-0-08-100795-2.

Aitcin, Pierre-Claude (2000). "Cements of yesterday and today: Concrete of
tomorrow". Cement and Concrete Research. 30 (9): 1349-1359.
doi:10.1016/S0008-8846(00)00365-3.

van Oss, Hendrik G.; Padovani, Amy C. (2002). "Cement manufacture and the
environment, Part I: Chemistry and Technology". Journal of Industrial Ecology. 6
(1): 89-105. Bibcode:2002JInEc...6...890. doi:10.1162/108819802320971650.
S2CID 96660377.

van Oss, Hendrik G.; Padovani, Amy C. (2003). "Cement manufacture and the
environment, Part Il: Environmental challenges and opportunities” (PDF). Journal
of Industrial Ecology. 7 (1): 93-126. Bibcode:2003JInEc...7...930. CiteSeerX



10.1.1.469.2404. doi:10.1162/108819803766729212. S2CID 44083686. Archived
from the original on 22 September 2017. Retrieved 24 October 2017.

Deolalkar, S. P. (2016). Designing green cement plants. Amsterdam: Butterworth-
Heinemann. ISBN 9780128034354. OCLC 919920182.

Friedrich W. Locher: Cement : Principles of production and use, Disseldorf,
Germany: Verlag Bau + Technik GmbH, 2006, ISBN 3-7640-0420-7

Javed I. Bhatty, F. MacGregor Miller, Steven H. Kosmatka; editors: Innovations in
Portland Cement Manufacturing, SP400, Portland Cement Association, Skokie,
lllinois, U.S., 2004, ISBN 0-89312-234-3

"Why cement emissions matter for climate change" Archived 21 March 2019 at
the Wayback Machine Carbon Brief 2018

Neville, A.M. (1996). Properties of concrete. Fourth and final edition standards.
Pearson, Prentice Hall. ISBN 978-0-582-23070-5. OCLC 33837400.

Taylor, H.F.W. (1990). Cement chemistry. Academic Press. p. 475. ISBN 978-0-
12-683900-5.

Ulm, Franz-Josef; Roland J.-M. Pelleng; Akihiro Kushima; Rouzbeh Shahsavari;
Krystyn J. Van Vliet; Markus J. Buehler; Sidney Yip (2009). "A realistic molecular
model of cement hydrates”. Proceedings of the National Academy of Sciences.
106 (38): 16102—-16107. Bibcode:2009PNAS..10616102P. doi:
10.1073/pnas.0902180106. PMC 2739865. PMID 19805265.

External links

[edit]

Ynm found or type unknown

Wikimedia Commons has media related to Cement.

o

o
o
o

"Cement" . Encyclopaedia Britannica. Vol. 5 (11th ed.). 1911.
Y
t
e
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Necessities

Social

Major technologies

o Agriculture

o Domestication

o Grafting

o Working animal
Clothing

o Sewing machine
Cooking

o Beer

o Bread

o Cheese

o Milling

o Wine

o Food storage
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o Pottery
Sanitation

o Plumbing

o Toilet
Tool / Equipment

o Blade

o Hammer

o Plough

o Wedge
Weapon

o Gun
Accounting

o Calculation

o Abacus
o Calendar

o Cryptography
o Lock and key
o Money

o

(0]

o Banknote

o Coin
Musical instrument

o Phonograph
Toy

o Game

o Video game
Writing

o Book

o Map

o Printing press

o Typewriter
Aqueduct
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Criticism

Ecotechnology

Policy & politics

Progressivism

Studies

o

Perspectives

Appropriate technology
o Low technology
Luddite
o Neo-Luddism

o Precautionary principle
o Environmental technology

o Clean technology
Sustainable design
o Sustainable engineering

o Government by algorithm
o Intellectual property

o O O O O O

o

o Patent

o Trade secret
Persuasive technology
Science policy
Strategy of Technology
Technology assessment
Technorealism
Futures studies

o Technology forecasting
Technological utopianism

o Technocracy movement

o Technological singularity

o Transhumanism
Diffusion of innovations

o Technology transfer
History

o Timeline of historic inventions
Philosophy

o Social construction of technology

o Technological determinism
Technology acceptance model



Related concepts

Applied science

Innovation

o
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Agronomy

Architecture

Construction

Engineering

Forensics

Forestry

Logistics

Medicine

Mining

Navigation

Surveying

Design

High tech

Invention

Mature technology
Research and development
Technological convergence
Technology lifecycle
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Concrete
History

o O O O O

Ancient Roman architecture

Roman architectural revolution
Roman concrete

Roman engineering

Roman technology



o Cement
o Calcium aluminate
o Energetically modified
o Portland
o Rosendale
Water
Water—cement ratio
Aggregate
Reinforcement
Fly ash
Ground granulated blast-furnace slag
Silica fume
Metakaolin
Plant
Concrete mixer
Volumetric mixer
Reversing drum mixer
Slump test
Flow table test
Curing
Concrete cover
Cover meter
Rebar
Precast
Cast-in-place
Formwork
Climbing formwork
Slip forming
Screed
Power screed
Finisher
Grinder
Power trowel
Pump
Float
Sealer
Tremie

Composition

Production

Construction
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Properties
Durability
Degradation
Environmental impact
Recycling
Segregation
Alkali—silica reaction
AstroCrete
Fiber-reinforced
Filigree
Foam
Lunarcrete
Mass
Nanoconcrete
Pervious
Polished
Polymer
Prestressed
Ready-mix
Reinforced
Roller-compacting
Self-consolidating
Self-leveling
Sulfur
Tabby
Translucent
Waste light
Aerated

o AAC

o RAAC
o Slab

o waffle

o hollow-core

o voided biaxial

o slab on grade
Concrete block
Step barrier
Roads
Columns
o Structures

Science

Types
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Applications
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o American Concrete Institute
Concrete Society

Institution of Structural Engineers
Indian Concrete Institute
Nanocem

Portland Cement Association
International Federation for Structural Concrete
Eurocode 2

EN 197-1

EN 206-1

EN 10080

See also o Hempcrete
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Organizations

Standards
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Natural sector

o Arable farming
Cereals
Legumes
Vegetables
Fiber crops
Oilseeds
Sugar

o Tobacco
o Permanent crops

o Apples et al.
Berries
Citrus
Stone fruits
Tropical fruit
Viticulture
Cocoa
Coffee
Tea
Nuts
Olives
Medicinal plants

o Spices
o Horticulture

o Flowers

o Seeds
o Animal husbandry
Beef cattle
Dairy farming
Fur farming
Horses
Other livestock
Pig
Wool
Poultry
Beekeeping
Cochineal
Shellac

o Silk
o Hunting

o Fur trapping
o Silviculture

o Bamboo
o Logging
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Industrial sector

o Food
Animal feed
Baking
Canning
Dairy products
Flour
Meat
Prepared
Preserved
Sweets

o Vegetable oils
o Beverages

o Beer

o Bottled water

o Liquor

o Soft drinks

o Wine
o Textiles

o Carding
Dyeing
Prints
Spinning
Weaving
Carpets
Lace
Linens

o Rope
o Clothing

o Accessories

o Dressmaking

o Furs

o Hatmaking

o Sewing
Shoemaking

o Tailoring
o Printing

o Bookbinding

o Embossing

o Engraving

o Secure

o Typesetting
o Media reproduction

o Cassette tapes
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Light industry



Service sector

o Retall
o Car dealership
Consumer goods
General store
Grocery store
Department store
Mail order
Online shopping
o Specialty store
o Wholesale
o Auction
o Brokerage
o Distribution
o Cargo
Air cargo
Intermodal
Mail
Moving company
Rail
Trucking
Passenger transport
o Airlines
o Car rentals
o Passenger rail
o Ridesharing
o Taxis
Warehousing
o Self storage
Foodservice
o Drink service
o Cafes
Catering
Fast food
Food delivery
Restaurants
Teahouses
Hotels
Financial services
Banking
Credit
Financial advice
Holding company
Money transfer
Payment cards
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Transport
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Classification
standards

Inputs
& outputs

Related

Production-based
o ANZSIC
o ISIC
o NACE
o NAICS
o SIC
o UKSIC

o Market-based

o GICS

o ICB

o TRBC
Other

o Aftermarket

o Generic

o OEM
Externalities

o Community

o Crime

o Culture

o Pollution

o Well-being

o Funding
o Goods

o Commodities
o Final

o Intermediate
o Raw material

o Innovation
o Primary inputs

o Labor
o Natural resources
o Physical capital

o Services
o Technology
o Centralization

Cartel
Conglomerate
Horizontal integration
Mergers and acquisitions
Monopoly
Monopsony
Vertical integration
Decentralization

o Enforced breakup
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About Piling

United States

France

BnF data

Japan

Czech Republic

Spain

Latvia

Israel

IdRef

Historical Dictionary of Switzerland

For other uses, see Piling (disambiguation).
This article needs additional citations for verification. Please help improve

en

Jhis article Ry adding citations to reliable sources. Unsourced material may be
challenged and removed.
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2022) (Learn how and when to remove this message)

Drilling of deep piles of diameter 150 cm in bridge 423 near Ness Ziona,

Israel



A deep foundation installation for a bridge in Napa, California, United States.

Pile driving operations in the Port of Tampa, Florida.

A pile or piling is a vertical structural element of a deep foundation, driven or drilled
deep into the ground at the building site. A deep foundation is a type of foundation that
transfers building loads to the earth farther down from the surface than a shallow
foundation does to a subsurface layer or a range of depths.

Deep foundations of The Marina Torch, a skyscraper in Dubai



There are many reasons that a geotechnical engineer would recommend a deep
foundation over a shallow foundation, such as for a skyscraper. Some of the common
reasons are very large design loads, a poor soil at shallow depth, or site constraints
like property lines. There are different terms used to describe different types of deep
foundations including the pile (which is analogous to a pole), the pier (which is
analogous to a column), drilled shafts, and caissons. Piles are generally driven into the
ground in situ; other deep foundations are typically put in place using excavation and
drilling. The naming conventions may vary between engineering disciplines and firms.
Deep foundations can be made out of timber, steel, reinforced concrete or prestressed
concrete.

Driven foundations

[edit]

Pipe piles being driven into the ground



lllustration of a hand-operated pile driver in Germany after 1480

Prefabricated piles are driven into the ground using a pile driver. Driven piles are
constructed of wood, reinforced concrete, or steel. Wooden piles are made from the
trunks of tall trees. Concrete piles are available in square, octagonal, and round cross-
sections (like Franki piles). They are reinforced with rebar and are often prestressed.
Steel piles are either pipe piles or some sort of beam section (like an H-pile).
Historically, wood piles used splices to join multiple segments end-to-end when the
driven depth required was too long for a single pile; today, splicing is common with
steel piles, though concrete piles can be spliced with mechanical and other means.
Driving piles, as opposed to drilling shafts, is advantageous because the soil displaced
by driving the piles compresses the surrounding soil, causing greater friction against
the sides of the piles, thus increasing their load-bearing capacity. Driven piles are also
considered to be "tested" for weight-bearing ability because of their method of
installation. lcitation needed!

Pile foundation systems

[edit]

Foundations relying on driven piles often have groups of piles connected by a pile cap
(a large concrete block into which the heads of the piles are embedded) to distribute



loads that are greater than one pile can bear. Pile caps and isolated piles are typically
connected with grade beams to tie the foundation elements together; lighter structural
elements bear on the grade beams, while heavier elements bear directly on the pile
cap.[citation needed!

Monopile foundation

[edit]

A monopile foundation utilizes a single, generally large-diameter, foundation
structural element to support all the loads (weight, wind, etc.) of a large above-surface
structure.

A large number of monopile foundations[l] have been utilized in recent years for
economically constructing fixed-bottom offshore wind farms in shallow-water subsea
locations. [2] For example, the Horns Rev wind farm in the North Sea west of Denmark
ut|I|zes 80 large monopiles of 4 metres diameter sunk 25 meters deep into the seabed,
[ ] while the Lynn and Inner Dowsing Wind Farm off the coast of England went online
in 2008 with over 100 turbines, each mounted on a 4.7-metre-diameter monopile
foundation in ocean depths up to 18 metres. [ ]

The typical construction process for a wind turbine subsea monopile foundation in
sand includes driving a large hollow steel pile, of some 4 m in diameter with
approximately 50mm thick walls, some 25 m deep into the seabed, through a 0.5 m
layer of larger stone and gravel to minimize erosion around the pile. A transition piece
(complete with pre-installed features such as boat-landing arrangement, cathodic
protection, cable ducts for sub-marine cables, turbine tower flange, etc.) is attached to
the driven pile, and the sand and water are removed from the centre of the pile and
replaced with concrete. An additional layer of even larger stone, up to 0.5 m diameter,
is applied to the surface of the seabed for longer-term erosion protection. [ ]

Drilled piles
[edit]



A pile machine in Amsterdam.

Also called caissons, drilled shafts, drilled piers, cast-in-drilled-hole piles (CIDH
piles) or cast-in-situ piles, a borehole is drilled into the ground, then concrete (and
often some sort of reinforcing) is placed into the borehole to form the pile. Rotary
boring techniques allow larger diameter piles than any other piling method and permit
pile construction through particularly dense or hard strata. Construction methods
depend on the geology of the site; in particular, whether boring is to be undertaken in
‘dry' ground conditions or through water-saturated strata. Casing is often used when
the sides of the borehole are likely to slough off before concrete is poured.

For end-bearing piles, drilling continues until the borehole has extended a sufficient
depth (socketing) into a sufficiently strong layer. Depending on site geology, this can
be a rock layer, or hardpan, or other dense, strong layers. Both the diameter of the pile
and the depth of the pile are highly specific to the ground conditions, loading
conditions, and nature of the project. Pile depths may vary substantially across a
project if the bearing layer is not level. Drilled piles can be tested using a variety of
methods to verify the pile integrity during installation.

Under-reamed piles

[edit]

Under-reamed piles have mechanically formed enlarged bases that are as much as
6 m in diameter.lcitation needed! The form is that of an inverted cone and can only be



formed in stable soils or rocks. The larger base diameter allows greater bearing
capacity than a straight-shatt pile.

These piles are suited for expansive soils which are often subjected to seasonal
moisture variations, or for loose or soft strata. TheE/ are used in normal ground
condition also where economics are favorable. [5] full citation needed!

Under reamed piles foundation is used for the following soils:-

1. Under reamed piles are used in black cotton soil: This type of soil expands when
it comes in contact with water and contraction occurs when water is removed. So that
cracks appear in the construction done on such clay. An under reamed pile is used in
the base to remove this defect.

2. Under reamed piles are used in low bearing capacity Outdated soil (filled soil)
3.Under reamed piles are used in sandy soil when water table is high.

4. Under reamed piles are used, Where lifting forces appear at the base of
foundation.

Augercast pile

[edit]

An augercast pile, often known as a continuous flight augering (CFA) pile, is formed by
drilling into the ground with a hollow stemmed continuous flight auger to the required
depth or degree of resistance. No casing is required. A cement grout mix is then
pumped down the stem of the auger. While the cement grout is pumped, the auger is
slowly withdrawn, conveying the soil upward along the flights. A shaft of fluid cement
grout is formed to ground level. Reinforcement can be installed. Recent innovations in
addition to stringent quality control allows reinforcing cages to be placed up to the full
length of a pile when required.[citation needed

Augercast piles cause minimal disturbance and are often used for noise-sensitive and
environmentally-sensitive sites. Augercast piles are not generally suited for use in
contaminated soils, because of expensive waste disposal costs. In cases such as
these, a displacement pile (like Olivier piles) may provide the cost efficiency of an
augercast pile and minimal environmental impact. In ground containing obstructions or
cobbles and boulders, augercast piles are less suitable as refusal above the design
pile tip elevation may be encountered.[citation needed!



Small Sectional Flight Auger piling rigs can also be used for piled raft foundations.
These produce the same type of pile as a Continuous Flight Auger rig but using
smaller, more lightweight equipment. This piling method is fast, cost-effective and
suitable for the majority of ground types. [5][6]

Pier and grade beam foundation

[edit]

In drilled pier foundations, the piers can be connected with grade beams on which the
structure sits, sometimes with heavy column loads bearing directly on the piers. In
some residential construction, the piers are extended above the ground level, and
wood beams bearing on the piers are used to support the structure. This type of
foundation results in a crawl space underneath the building in which wiring and duct
work can be laid during construction or re-modelling. [7]

Speciality piles
[edit]

Jet-piles

[edit]

In jet piling high pressure water is used to set piles. [8] High pressure water cuts
through soil with a high-pressure jet flow and allows the pile to be fitted. [9] One
advantage of Jet Piling: the water jet lubricates the pile and softens the ground. [10]
The method is in use in Norway.[ll]

Micropiles

[edit]

Micropiles are small diameter, generally less than 300mm diameter, elements that are
drilled and grouted in place. They typically get their capacity from skin friction along
the sides of the element, but can be end bearing in hard rock as well. Micropiles are
usually heavily reinforced with steel comprising more than 40% of their cross section.



They can be used as direct structural support or as ground reinforcement elements.
Due to their relatively high cost and the type of equipment used to install these
elements, they are often used where access restrictions and or very difficult ground
conditions (cobbles and boulders, construction debris, karst, environmental sensitivity)
exists or to retrofit existing structures. Occasionally, in difficult ground, they are used
for new construction foundation elements. Typical applications include underpinning,
bridge, transmission tower and slope stabilization projects. [6][12][13][14]

Tripod piles

[edit]

The use of a tripod rig to install piles is one of the more traditional ways of forming

piles. Although unit costs are generally higher than with most other forms of piling, [citation nee
it has several advantages which have ensured its continued use through to the present

day. The tripod system is eas[y and inexpensive to bring to site, making it ideal for jobs

with a small number of piles. lclarification needed

Sheet piles

[edit]

Sheet piles are used to restrain soft soil above the bedrock in this
excavation

Sheet piling is a form of driven piling using thin interlocking sheets of steel to obtain a
continuous barrier in the ground. The main application of sheet piles is in retaining

walls and cofferdams erected to enable permanent works to proceed. Normally,

vibrating hammer, t-crane and crawle drilling are used to establish sheet piles. [citation needed



Soldier piles

[edit]

A soldier pile wall using reclaimed railway sleepers as lagging.

Soldier piles, also known as king piles or Berlin walls, are constructed of steel H
sections spaced about 2 to 3 m apart and are driven or drilled prior to excavation. As
the excavation proceeds, horizontal timber sheeting (lagging) is inserted behind the H
pile flanges.

The horizontal earth pressures are concentrated on the soldier piles because of their
relative rigidity compared to the lagging. Soil movement and subsidence is minimized
by installing the lagging immediately after excavation to avoid soil loss. [citation needed!
Lagging can be constructed by timber, precast concrete, shotcrete and steel plates
depending on spacing of the soldier piles and the type of soils.

Soldier piles are most suitable in conditions where well constructed walls will not result
in subsidence such as over-consolidated clays, soils above the water table if they have
some cohesion, and free draining soils which can be effectively dewatered, like sands. [citation

Unsuitable soils include soft clays and weak running soils that allow large movements
such as loose sands. It is also not possible to extend the wall beyond the bottom of the
excavation, and dewatering is often required.[citation needed!

Screw piles

[edi]



Screw piles, also called helical piers and screw foundations, have been used as
foundations since the mid 19th century in screw-pile lighthouses. [citation needed!
Screw piles are galvanized iron pipe with helical fins that are turned into the ground by
machines to the required depth. The screw distributes the load to the soil and is sized
accordingly.

Suction piles

[edi]

Suction piles are used underwater to secure floating platforms. Tubular piles are driven
into the seabed (or more commonly dropped a few metres into a soft seabed) and then
a pump sucks water out at the top of the tubular, pulling the pile further down.

The proportions of the pile (diameter to height) are dependent upon the soil type. Sand
is difficult to penetrate but provides good holding capacity, so the height may be as
short as half the diameter. Clays and muds are easy to penetrate but provide poor
holding capacity, so the height may be as much as eight times the diameter. The open
nature of gravel means that water would flow through the ground during installation,
causing 'piping' flow (where water boils up through weaker paths through the soil).
Therefore, suction piles cannot be used in gravel seabeds. lcitation needed!

Adfreeze piles

[edit]

Adfreeze piles supporting a building in Utgia?vik, Alaska



In high latitudes where the ground is continuously frozen, adfreeze piles are used as
the primary structural foundation method.

Adfreeze piles derive their strength from the bond of the frozen ground around them to
the surface of the piIe.[citation needed!

Adfreeze pile foundations are particularly sensitive in conditions which cause the
permafrost to melt. If a building is constructed improperly then it can melt the ground
below, resulting in a failure of the foundation system. lcitation needed

Vibrated stone columns

[edit]

Vibrated stone columns are a ground improvement technique where columns of
coarse aggregate are placed in soils with poor drainage or bearing capacity to improve
the soils.lcitation needed

Hospital piles

[edit]

Specific to marine structures, hospital piles (also known as gallow piles) are built to
provide temporary support to marine structure components during refurbishment
works. For example, when removing a river pontoon, the brow will be attached to
hospital pile to support it. They are normal piles, usually with a chain or hook
attachment.lcitation needed

Piled walls

[edit]



Sheet piling, by a bridge, was used to block a canal in New Orleans after
Hurricane Katrina damaged it.

Piled walls can be drivene or bored. They provide special advantages where available
working space dictates and open cut excavation not feasible. Both methods offer
technically effective and offer a cost efficient temporary or permanent means of
retaining the sides of bulk excavations even in water bearing strata. When used in
permanent works, these walls can be designed to resist vertical loads in addition
lateral load from retaining soil. Construction of both methods is the same as for
foundation bearing piles. Contiguous walls are constructed with small gaps between
adjacent piles. The spacing of the piles can be varied to provide suitable bending
stiffness.

Secant piled walls

[edit]

Secant pile walls are constructed such that space is left between alternate ‘female’
piles for the subsequent construction of 'male’ piles. [clarification needed] Construction
of 'male’ piles involves boring through the concrete in the ‘female’ piles hole in order to
key 'male’ piles between. The male pile is the one where steel reinforcement cages are
installed, though in some cases the female piles are also reinforced. [citation needed!

Secant piled walls can either be true hard/hard, hard/intermediate (firm), or hard/soft,
depending on design requirements. Hard refers to structural concrete and firm or soft
is usually a weaker grout mix containing bentonite. [citation needed! Al types of wall
can be constructed as free standing cantilevers, or may be propped if space and sub-
structure design permit. Where party wall agreements allow, ground anchors can be
used as tie backs.



Slurry walls

[edit]

A slurry wall is a barrier built under ground using a mix of bentonite and water to
prevent the flow of groundwater. A trench that would collapse due to the hydraulic
pressure in the surrounding soil does not collapse as the slurry balances the hydraulic
pressure.

Deep mixing/mass stabilization techniques
[edit]

These are essentially variations of in situ reinforcements in the form of piles (as
mentioned above), blocks or larger volumes.

Cement, lime/quick lime, flyash, sludge and/or other binders (sometimes called
stabilizer) are mixed into the soil to increase bearing capacity. The result is not as solid
as concrete, but should be seen as an improvement of the bearing capacity of the
original soil.

The technique is most often applied on clays or organic soils like peat. The mixing can
be carried out by pumping the binder into the soil whilst mixing it with a device
normally mounted on an excavator or by excavating the masses, mixing them
separately with the binders and refilling them in the desired area. The technique can
also be used on lightly contaminated masses as a means of binding contaminants, as
opposed to excavating them and transporting to landfill or processing.

Materials

[edit]

Timber

[edit]
Main article: Timber pilings

As the name implies, timber piles are made of wood.



Historically, timber has been a plentiful, locally available resource in many areas.
Today, timber piles are still more affordable than concrete or steel. Compared to other
types of piles (steel or concrete), and depending on the source/type of timber, timber
piles may not be suitable for heavier loads.

A main consideration regarding timber piles is that they should be protected from
rotting above groundwater level. Timber will last for a long time below the groundwater
level. For timber to rot, two elements are needed: water and oxygen. Below the
groundwater level, dissolved oxygen is lacking even though there is ample water.
Hence, timber tends to last for a long time below the groundwater level. An example is
Venice, which has had timber pilings since its beginning; even most of the oldest piles
are still in use. In 1648, the Royal Palace of Amsterdam was constructed on 13,659
timber piles that still survive today since they were below groundwater level. Timber
that is to be used above the water table can be protected from decay and insects by
numerous forms of wood preservation using pressure treatment (alkaline copper
guaternary (ACQ), chromated copper arsenate (CCA), creosote, etc.).

Splicing timber piles is still quite common and is the easiest of all the piling materials to
splice. The normal method for splicing is by driving the leader pile first, driving a steel
tube (normally 60—-100 cm long, with an internal diameter no smaller than the minimum
toe diameter) half its length onto the end of the leader pile. The follower pile is then
simply slotted into the other end of the tube and driving continues. The steel tube is
simply there to ensure that the two pieces follow each other during driving. If uplift
capacity is required, the splice can incorporate bolts, coach screws, spikes or the like
to give it the necessary capacity.

Iron

[edit]

Cast iron may be used for piling. These may be ductile. [citation needed!

Steel

[edit]



Cutaway illustration. Deep inclined (battered) pipe piles support a precast
segmented skyway where upper soil layers are weak muds.

Pipe piles are a type of steel driven pile foundation and are a good candidate for
inclined (battered) piles.

Pipe piles can be driven either open end or closed end. When driven open end, soll is
allowed to enter the bottom of the pipe or tube. If an empty pipe is required, a jet of
water or an auger can be used to remove the soil inside following driving. Closed end
pipe piles are constructed by covering the bottom of the pile with a steel plate or cast
steel shoe.

In some cases, pipe piles are filled with concrete to provide additional moment
capacity or corrosion resistance. In the United Kingdom, this is generally not done in
order to reduce the cost.[citation needed! In these cases corrosion protection is
provided by allowing for a sacrificial thickness of steel or by adopting a higher grade of
steel. If a concrete filled pipe pile is corroded, most of the load carrying capacity of the
pile will remain intact due to the concrete, while it will be lost in an empty pipe pile. The
structural capacity of pipe piles is primarily calculated based on steel strength and
concrete strength (if filled). An allowance is made for corrosion depending on the site
conditions and local building codes. Steel pipe piles can either be new steel
manufactured specifically for the piling industry or reclaimed steel tubular casing
previously used for other purposes such as oil and gas exploration.

H-Piles are structural beams that are driven in the ground for deep foundation
application. They can be easily cut off or joined by welding or mechanical drive-fit
splicers. If the pile is driven into a soil with low pH value, then there is a risk of
corrosion, coal-tar epoxy or cathodic protection can be applied to slow or eliminate the
corrosion process. It is common to allow for an amount of corrosion in design by
simply over dimensioning the cross-sectional area of the steel pile. In this way, the
corrosion process can be prolonged up to 50 years. [citation needed!

Prestressed concrete piles

[edit]



Concrete piles are typically made with steel reinforcing and prestressing tendons to
obtain the tensile strength required, to survive handling and driving, and to provide
sufficient bending resistance.

Long piles can be difficult to handle and transport. Pile joints can be used to join two or
more short piles to form one long pile. Pile joints can be used with both precast and
prestressed concrete piles.

Composite piles

[edit]

A "composite pile" is a pile made of steel and concrete members that are fastened
together, end to end, to form a single pile. It is a combination of different materials or
different shaped materials such as pipe and H-beams or steel and concrete.

'Pile jackets' encasing old concrete piles in a saltwater environment to
prevent corrosion and consequential weakening of the piles when cracks
allow saltwater to contact the internal steel reinforcement rods

Construction machinery for driving piles into the ground
[edit]

Construction machinery used to drive piles into the ground: [15]



o Pile driver is a device for placing piles in their designed position.

o Diesel pile hammer is a device for hammering piles into the ground.

o Hydraulic hammer is removable working equipment of hydraulic excavators,
hydroficated machines (stationary rock breakers, loaders, manipulators, pile
driving hammers) used for processing strong materials (rock, soil, metal) or pile
driving elements by impact of falling parts dispersed by high-pressure fluid.

o Vibratory pile driver is a machine for driving piles into sandy and clay soils.

o Press-in pile driver is a machine for sinking piles into the ground by means of
static force transmission.[16]

o Universal drilling machine.

Construction machinery for replacement piles
[edit]
Construction machinery used to construct replacement piles: [15]

o Sectional Flight Auger or Continuous Flight Auger
o Reverse circulation drilling
o Ring bit concentric drilling

See also

[edit]

o Eurocode EN 1997

o International Society for Micropiles

o Post in ground construction also called earthfast or posthole construction; a
historic method of building wooden structures.

o Stilt house, also known as a lake house; an ancient, historic house type built on
pilings.

o Shallow foundations

o Pile bridge

o Larssen sheet piling
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Soil

Types

Properties

Clay

Silt

Sand

Gravel

Peat

Loam

Loess
Hydraulic conductivity
Water content
Void ratio

Bulk density
Thixotropy
Reynolds' dilatancy
Angle of repose
Friction angle
Cohesion
Porosity
Permeability
Specific storage
Shear strength
Sensitivity
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About Cook County

Driving Directions in Cook County

Driving Directions From 42.051159627372, -88.202951526236 to

Driving Directions From 42.092671011935, -88.097873714537 to

Driving Directions From 42.027864686476, -88.178784129852 to

Driving Directions From 42.080861469688, -88.119629346452 to

Driving Directions From 42.092626312283, -88.191267040052 to

Driving Directions From 42.102378896248, -88.203932774646 to

Driving Directions From 42.101413863629, -88.180736768318 to

Driving Directions From 42.098479365503, -88.089470502033 to

Driving Directions From 42.111332166598, -88.176665125485 to



Driving Directions From 42.124515141614, -88.154087492577 to

https://www.google.com/maps/place//@42.088525008778,-
88.079435634324,25.2z/data='4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!16s%2F

https://www.google.com/maps/place//@42.027868101227,-
88.201484266296,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!165%2F

https://www.google.com/maps/place//@42.123218788085,-
88.126952116598,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!16s%2F

https://www.google.com/maps/place//@42.092671011935,-
88.097873714537,25.2z/data='4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!165%2F

https://lwww.google.com/maps/place//@42.047032134576,-
88.098995182737,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!16s%2F

https://www.google.com/maps/place//@42.065087517466,-
88.15992051705,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!165%2F

https://lwww.google.com/maps/place//@42.06644270516,-
88.070480361513,25.2z/data='4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!16s%2F

https://www.google.com/maps/place//@42.084497102953, -
88.190051001931,25.2z/data='4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!165%2F

https://www.google.com/maps/place//@42.074356029813,-
88.201502527745,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!16s%2F


https://www.google.com/maps/place//@42.088525008778,-88.079435634324,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.088525008778,-88.079435634324,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.088525008778,-88.079435634324,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.027868101227,-88.201484266296,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.027868101227,-88.201484266296,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.027868101227,-88.201484266296,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.123218788085,-88.126952116598,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.123218788085,-88.126952116598,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.123218788085,-88.126952116598,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.092671011935,-88.097873714537,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.092671011935,-88.097873714537,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.092671011935,-88.097873714537,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.047032134576,-88.098995182737,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.047032134576,-88.098995182737,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.047032134576,-88.098995182737,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.065087517466,-88.15992051705,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.065087517466,-88.15992051705,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.065087517466,-88.15992051705,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.06644270516,-88.070480361513,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.06644270516,-88.070480361513,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.06644270516,-88.070480361513,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.084497102953,-88.190051001931,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.084497102953,-88.190051001931,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.084497102953,-88.190051001931,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.074356029813,-88.201502527745,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.074356029813,-88.201502527745,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.074356029813,-88.201502527745,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/

https://www.google.com/maps/place//@42.097741706932,-
88.179450902143,25.2z/data='4m6!3m5!1sNone!8m2!3d42.0637725!4d-
88.1396465!165%2F

https://lwww.google.com/maps/dir/?api=1&o0rigin=42.092671011935,-
88.097873714537&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4dkY3RRh9U&travelmode=driving&query=interior+drain+tile+installatio

https://lwww.google.com/maps/dir/?api=1&0rigin=42.038374354424,-
88.069590651599&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=soil+settlement+correction+k

https://www.google.com/maps/dir/?api=1&origin=42.01327789761,-
88.112190106391&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4dkY3RRh9U&travelmode=driving&query=concrete+foundation+stabiliz

https://www.google.com/maps/dir/?api=1&origin=42.082467075372,-
88.143636013203&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=sinking+basement+floor+Bol

https://www.google.com/maps/dir/?api=1&origin=42.028247351896,-
88.203081257419&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4kY3RRh9OU&travelmode=transit&query=foundation+crack+repair+Chi

https://lwww.google.com/maps/dir/?api=1&origin=42.043388050405,-
88.092126808539&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4dkY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chi

https://lwww.google.com/maps/dir/?api=1&0rigin=42.074356029813, -
88.201502527745&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=wall+crack+sealing+Skokie

https://www.google.com/maps/dir/?api=1&origin=42.069119136624-
88.222428718336&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2(
wSxDtinD4gRiv4dkY3RRh9U&travelmode=driving&query=hydrostatic+pressure+relief+


https://www.google.com/maps/place//@42.097741706932,-88.179450902143,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.097741706932,-88.179450902143,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/place//@42.097741706932,-88.179450902143,25.2z/data=!4m6!3m5!1sNone!8m2!3d42.0637725!4d-88.1396465!16s/
https://www.google.com/maps/dir/?api=1&origin=42.092671011935,-88.097873714537&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=interior+drain+tile+installation+Orland+Park
https://www.google.com/maps/dir/?api=1&origin=42.092671011935,-88.097873714537&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=interior+drain+tile+installation+Orland+Park
https://www.google.com/maps/dir/?api=1&origin=42.092671011935,-88.097873714537&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=interior+drain+tile+installation+Orland+Park
https://www.google.com/maps/dir/?api=1&origin=42.038374354424,-88.069590651599&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=soil+settlement+correction+Barrington
https://www.google.com/maps/dir/?api=1&origin=42.038374354424,-88.069590651599&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=soil+settlement+correction+Barrington
https://www.google.com/maps/dir/?api=1&origin=42.038374354424,-88.069590651599&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=soil+settlement+correction+Barrington
https://www.google.com/maps/dir/?api=1&origin=42.01327789761,-88.112190106391&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=concrete+foundation+stabilization+Palatine
https://www.google.com/maps/dir/?api=1&origin=42.01327789761,-88.112190106391&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=concrete+foundation+stabilization+Palatine
https://www.google.com/maps/dir/?api=1&origin=42.01327789761,-88.112190106391&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=concrete+foundation+stabilization+Palatine
https://www.google.com/maps/dir/?api=1&origin=42.082467075372,-88.143636013203&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=sinking+basement+floor+Bolingbrook
https://www.google.com/maps/dir/?api=1&origin=42.082467075372,-88.143636013203&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=sinking+basement+floor+Bolingbrook
https://www.google.com/maps/dir/?api=1&origin=42.082467075372,-88.143636013203&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=sinking+basement+floor+Bolingbrook
https://www.google.com/maps/dir/?api=1&origin=42.028247351896,-88.203081257419&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.028247351896,-88.203081257419&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.028247351896,-88.203081257419&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.043388050405,-88.092126808539&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.043388050405,-88.092126808539&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.043388050405,-88.092126808539&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=foundation+crack+repair+Chicago
https://www.google.com/maps/dir/?api=1&origin=42.074356029813,-88.201502527745&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=wall+crack+sealing+Skokie
https://www.google.com/maps/dir/?api=1&origin=42.074356029813,-88.201502527745&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=wall+crack+sealing+Skokie
https://www.google.com/maps/dir/?api=1&origin=42.074356029813,-88.201502527745&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=wall+crack+sealing+Skokie
https://www.google.com/maps/dir/?api=1&origin=42.069119136624,-88.222428718336&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=hydrostatic+pressure+relief+Plainfield
https://www.google.com/maps/dir/?api=1&origin=42.069119136624,-88.222428718336&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=hydrostatic+pressure+relief+Plainfield
https://www.google.com/maps/dir/?api=1&origin=42.069119136624,-88.222428718336&destination=,+2124+Stonington+Ave,+Hoffman+Estates,+IL+60169,+USA&destination_place_id=ChIJ-wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=hydrostatic+pressure+relief+Plainfield

https://www.google.com/maps/dir/?api=1&o0rigin=42.065087517466,-
88.15992051705&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2C
wSxDtinD4gRiv4kY3RRh9U&travelmode=transit&query=home+foundation+leveling+A

https://www.google.com/maps/dir/?api=1&origin=42.058152929124, -
88.07818344298&destination=%2C+2124+Stonington+Ave%2C+Hoffman+Estates%2C
wSxDtinD4gRiv4kY3RRh9U&travelmode=driving&query=mudjacking+services+Carol

United Structural Systems of Illinois, Inc
Phone : +18473822882
City : Hoffman Estates

DL

Address : 2124 Stonington Ave

Google Business Profile

Company Website : https://www.unitedstructuralsystems.com/
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home foundation leveling

basement foundation repair
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