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Description
Title of Invention :

[0001] Precast concrete box (cellular) segments with the potential to construct
earthquake-resistant building structures and optimize their energy usage

efficiency

Technical Field

[0002] The technical field of this invention relates to construction industry, particularly
the precast concrete buildings. In addition to utilizing high performance concrete
during the manufacturing process, the design and calculations of this invention
have been carried out so that it be a stable structure, capable of optimizing
energy usage efficiency. These features altogether can provide comfort,
tranquility, safety, and health for the inhabitants, while easing inspection and

maintenance of the utilities.

Background Art

[0003] A patent with the number W0O/2020/056276 and the title FRAGMENT,
OVERPRESSURE, RADIATION, AND TOXIC-RESISTANT EMERGENCY
SAFETY SHELTER has been filed in the patent cooperation treaty, which
discloses precast concrete segments that have four closed sides and two open
ones. In above-mentioned invention, the designed foundation is uniformly placed

under the floor of the structure.

[0004] The precast segments lack a place for the passage of utilities and the
installation of thermal and sound insulators on all sides of each segment.
According to the proposed figures, both walls of the roof and floor in each
segment have a flat cross-section. All the above-mentioned features are different

from those claimed in this invention.

Technical Problem

[0005] The construction of cast-in-situ concrete structure, in which concrete is
produced in the field and formworks are in-situ installed, causes the damage to
formworks, the occurrence of human errors, the usage of extensive manpower,

and too much waste. In this regard, further issues have been indicated as follows:
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[0006] - Regarding construction in urban areas, due to congestion and traffic, it is not
easy to transport materials to the construction site.

[0007] - In rural areas, because of the distant location of the construction sites and
unsuitability of the rural transportation roads, transportation of materials to the

construction site is too expensive.
[0008] - The rate of construction is slow in the conventional methods.

[0009] - In the conventional construction system, owing to the absence of integrated
and professional supervision, in addition to being cast-in-situ, hand-made
concrete with normal strength (often less than grade C30) is usually used.

[0010] - The energy loss of conventional structures is substantial as a result of not

insulating walls and floors.

[0011] - Fast and high-quality construction of this building system in accordance with
the relevant standards makes construction cost-effective and leads to a reduction
in the materials and manpower wastage compared to conventional construction.

Other aims of this invention are as follows:

[0012] - Increasing the efficiency and rate of construction in comparison to

conventional urban and rural construction;

[0013] - Reducing the construction-induced noise pollution or disturbances that
cause annoyance of neighborhood;

[0014] - Providing the usage of plant-made concrete, which is quality-controlled in
terms of workability, strength, and durability;

[0015] - Optimum utilization of maximum materials bearing capacity and sections

geometry;
[0016] - The landscape aesthetic;
[0017] - Flexibility in design and geometric dimensions;

[0018] - Well-organizing the appropriate pass of electrical and mechanical utilities
(installations) through the contrived sidewalls;

[0019] - Ensuring structural stability on the basis of sections modification and
lightweight construction approaches;
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[0020] - Considering the integrated shell of this design, it is not possible for insects

and rodents to enter the structure, thus improving health indicators;

[0021] - This system makes it feasible to suitably use of insulators between the outer

and inner walls, hence, it also saves energy;
[0022] - This structure is earthquake-resistant;

[0023] - Given the integrated concrete shell of this structure, it has a higher reliability

and safety factor.

Solution to Problem

[0024] This invention is a durable concrete building system that was invented to
expedite the construction process and improve the quality of precast concrete
structures. This system includes precast concrete foundations and segments
connected to each other with bolts and nuts connections.

[0025] This system can be regarded as innovative when viewed from the two general
scopes as follows: The first scope is related to construction management, in
which due to the plant-made production of segments and their connection to each
other with bolts and nuts, the rate of installation and construction will be

increased to a much greater extent.

[0026] The second scope of this system innovation stems from its production with
high-strength and durable concrete, as well as shell-based design, which lead to
a lower structure weight and consequently lower absorption of earthquake energy
according to the following equation: V=CW, where V denotes the seismic base
shear force, C is the seismic base shear coefficient and W is the weight of the

building.

[0027] On the other side, U-shaped cross-section concrete elements, because of
having a higher moment of inertia, bear and distribute all exerted loads, which
increases the geometric stability of the system in terms of resistance against
gravity and seismic loads. In this design, all the walls of each segment are
designed so to have a U-shaped cross-section. On the other hand, the same U-
shaped cross-section allows the pass of utility pipes between the two shells and
the installation of thermal and sound insulators between the two walls,
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consequently leading to less energy consumption and better accessibility to the
utilities and installations.

[0028] Constructing this system requires a foundation in separate segments that their
location follows the architectural plans. The main segments can be installed in
any required plans; subsequently almost all architectural spaces are achievable.

[0029] In other words, in the structure of this building, the roof, the floor, and the
walls on both sides are built integrally and simultaneously with high-strength
concrete in the shape of a concrete segment (Figure 1a).

[0030] Once produced, these segments are placed next to each other with a crane
(Figure 1d) and connected to each other by high-strength bolts and nuts (Figure 2,
No. 10) or double-end threaded bolts (Figure 2, No. 11 and 12) in the place of the
contrived holes in the ties (beams) around the segment (Figure 2, No. 8). In this
way, the segments are placed adjacent to each other and all the holes are
connected with screws and metal gaskets, thereby forming architectural spaces
(Figure 3, No. 13).

[0031] Accordingly, this system has the potential to longitudinally expand and in
particular cases, it is possible to create a wide variety of architectural spaces
(Figure 4, No 15).

[0032] A foundation is essential to provide the stability of the structure against gravity
and lateral loads (Figure 7, No. 54). The main segments (Figure 5, No. 17) must
be placed on isolated foundations (Figure 5, No. 18a). The segment is connected
to the foundation by a pair of steel bolts (Figure5, No. 18b), extending from
foundation through the segment’s floor, plus a plate on each bolt (Figure5, No.
18d). Afterward, in-situ concrete is poured into the contrived sheath, then the
screws are tightened to ensure the suitable connection (Figure5, No. 18c).

[0033] The separated foundations built of precast concrete, are placed on lean
concrete below the main segments based on a specific pattern derived from
architectural and structural drawings. (Figure 6, No. 20 and Figure 7, No. 54).

[0034] It is possible for this system to have more than one story, for which a special
roofless segment is manufactured (Figure 8, No. 29). The staircase (Figure 8, No.
30) is also embedded inside this segment (Figure 8, No. 31).
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[0035] Subsequently, on the next story, a segment (Figure 9, No. 32) is placed on
this staircase and this way the staircase construction procedure is completed
(Figure 8, No. 31b). Then, the other segments of the second story are placed on
the first story segments (Figure 9, No. 32) and connected to each other by bolt
and nut through the relevant holes (Figure 9, No. 33).

[0036] At this stage, the upper story segments (Figure 10, No. 35b) of the structure
are placed on the lower ones (Figure 10, No. 35c¢) (Figure 10, No. 34) and
constructed according to the drawing. Next, the upper and lower segments are
screwed to each other using bolt and nut (double-end threaded bolt) (Figure 10,

No. 35d) passing through the corresponding hole (Figure 1, No. 1b and No. 1c).

[0037] Additionally, this system has the potential to be expanded in the transverse
direction (Figure 3, No. 14). The segments can be placed with an end-to-end
orientation, so their concrete walls be adjacent to each other (Figure 10, No. 35¢),
while being connected to each other with bolts and nuts (Figure 10, No. 35a)
passing through contrived holes. Additionally, this system has the potential to be
expanded in the transverse direction (Figure 3, No. 14). The segments can be
placed with an end-to-end orientation, so their concrete walls be adjacent to each
other (Figure 10, No. 35¢e), while being connected with bolts and nuts (Figure 10,
No. 35a) passing through contrived holes.

[0038] At this stage, all pipes of electrical and mechanical utilities are passed through
the circular or bean-shaped holes in the edge beam of the segment on the floor,
ceiling, or wall (Figure 11, No. 36 and 37) and are screwed on concrete with
metal fasteners or nails (Figure 11, No. 38). The pipes corresponding to electrical
utilities are passed through the upper holes of the segment, on its ceiling (Figure
16, No. 51).

[0039] Next, all the sewage and rainwater pipes are installed in the contrived
locations (Figure 12, No. 40 and 41) and (Figure 16, No. 52). Also, hot and cold
water pipes in addition to radiator pipes (Figure 16, No. 53a and 53b) are passed
through the relevant holes. After Completing all piping procedures beneath the
ceiling and walls, the thermal insulations are glued on the wall, floor, and ceiling
(Figure 12, No. 42 and Figure 15, No. 49b) and then they are covered with sheet

rock (Figure 13, No. 43). After completion of floor piping, the flooring process is
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done by means of precast concrete tiles (Figure 13, No. 44), while the cement
grout is poured in between them to ensure fixation. Following piping and their
covering, other architectural operations are carried out considering the demands
and orders of the customers. Eventually, the spaces between all precast concrete
segments are filled with special sealant and segments are tuck-pointed (Figure
13, No. 45 and Figure 14, No 47). Subsequently, the building is ready to be
painted from the exposed surface (Figure 14, No. 48).

Advantageous Effects of Invention

[0040] The construction of cast-in-situ concrete structure, given the concrete
manufacturing in the field and in-situ installing of formworks, causes the damage
to formworks, the usage of extensive manpower, and too much waste. However,
in this invention, due to the production of formworks for segments and
foundations and their availability and reusability, the construction will be cost-
effective. Meanwhile, with frequently producing the typical segments and
foundations, the workers will be gradually skillful and experienced in
manufacturing process. Other advantages of this invention are listed below:

[0041] 1- In urban construction sites, because of congestion and traffic, it is difficult
to transport materials to the construction site. However, the construction of this
system is element-based, in which immediately after preparing the elements of a
structure, all of them are carried to the construction site at once and then installed.
This feature can be effective in reduction of the construction-induced traffic and

transportation.

[0042] 2- In rural areas, because of the distant location of the construction sites and
unsuitability of the rural transportation roads, it is very expensive to transport the
materials to the construction site. However, in this method, frequent
transportation is avoided as the whole structure elements are transported

together at once.

[0043] 3- Considering the minimal need to construction operations with this system,
those works having noise pollution are minimized in the field. Actually, with
installation of the segments that is usually without noise pollution, the
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construction process ends as short as possible, thereby minimizing the
annoyance of the construction site neighbors.

[0044] 4- This structure can be erected in a very short time, for example, a two-story
building with 120 square meter of area can be erected in less than a day and
inhabited in less than two weeks (in particular cases less than 3 days). However,
in the traditional cast-in-situ concrete system, completing the just structure of a
concrete building takes at least one month or more.

[0045] 5- In the traditional system, due to the lack of integrated and intensive
supervision, as well as being cast-in-situ, ready-mixed concrete with normal
strengths (usually grade C30 or C35) is used; whereas, in this method, the

production of concrete with grades of C40 or C50 is easily achievable.

[0046] 6- With this method, owing to the use of plant-made concrete, the maximal
use of the physical features of concrete such as strength and durability is
possible. Accordingly, the appropriate sections and geometries can be employed
so that the maximum second moment of area (moment of inertia) be obtained.
However, in the conventional method, designer should consider the safety factors

and uncertainties corresponding to the cast-in-situ construction.

[0047] 7- In this invention, owing to using the precast metal formworks, the concrete
surface is very polished, which can even be considered as a finished surface. In
some cases, by applying appropriate color additives, almost all demands of
designers and customers can be satisfied. However, in cast-in-situ structure,
there are some imperfections such as concrete dripping, porous and grubby
concrete, and concrete leakage from formworks, making the concrete surface

rough, which is impossible or expensive to be modified.

[0048] 8- As this system is designed and manufactured in a modular form based on a
certain geometric rationale, it can meet the demands of the designers for a

modular design in all three longitudinal, transversal, and altitudinal directions.

[0049] 9- Considering the double-wall shells of this system, the empty space
between them can serve as a conduit for passing of utility pipes. This is a great
advantage of this system for the sake of inspection and repair of the electrical

and mechanical utilities with minimum expense and destruction.
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[0050] 10- Because of utilizing excellent structural materials (concrete and steel) with
minimal dimensions, the structural dead loads of this system have been reduced
as much as possible. Furthermore, considering the technique adopted for
passing of utility pipes, it also has the minimum non-structural dead loads. Such
properties are almost absent in cast-in-situ structures built with traditional

technology and method.

[0051] 11- Due to the integrity of the structural system in this building, the entrance of

insects and vermin into this structure will be impossible.

[0052] 12- Since this structure is double-walled, it can easily be insulated to prevent
the loss of energy from the building, thus leading to at least 60 to 80 percent

saving in energy consumption of this system compared to conventional structures.

[0053] 13- Given that this structure is designed as seismic-resistant, therefore it will
be completely safe against the earthquake loads. Whereas, in cast-in-situ
structures, due to the presence of non-structural elements that sometimes fall or
slip, provided that the main structure be stable during earthquake, some special

details must be designed and implemented to inhibit such situation.

[0054] 14- Considering the fact that the outer surface of this structure is built of
reinforced concrete, it has a greater security indicator than those conventional
buildings constructed with bricks and masonry materials.

Brief Description of Drawings
[0055] Figure 1- Schematic of segments

[0056] 1- Holes for connecting two segments in the transverse and end-to-end

direction
[0057] 1a- Representation of the main segment
[0058] 1c¢- Holes for connecting the upper floor to the lower one

[0059] 1d- Representation of the connection of two main segments next to each
other

[0060] 3-Bean-shaped holes for the pass of utility pipes
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[0061] 4- Holes embedded for the pass of mechanical utility pipes, including sewage
and rainwater pipes, to the outside of the structure or vice versa

[0062] 5- The concrete struts to reduce the thickness of the concrete shell around the

segment
[0063] 6 and 1b- Holes for connecting the lower floor to the upper floor
[0064] 7- Holes for connecting two segments in the longitudinal direction
[0065] Figure 2 - location and type of connections
[0066] 8- Holes embedded in beams with diameter ranged from 20 to 24 mm
[0067]9- M16 or M18 screw
[0068] 10-Nut
[0069] 10a — Metal gasket
[0070] 11- Double-end threaded bolt
[0071] 12- The location of double-end threaded bolt
[0072] Figure 3 - Connected segments
[0073] 13- Segments connected in the longitude direction
[0074] 14- Segments connected in the transverse direction
[0075] Figure 4 - 3-D views of various architectural plans
[0076] 15- Examples of some particular architectural forms with this system
[0077] Figure 5 - The details of segment-foundation connection
[0078] 17- The segment connection to the foundation
[0079] 18a- The location of segment’s connection to the foundation
[0080] 18b- bolt for connecting the foundation to the segment
[0081] 18¢c- The segment-foundation connection by bolts and cast-in-situ concrete
[0082] 18d — The plate of segment-foundation bolt connection
[0083] Figure 6 - 3-D view of the isolated foundation

[0084] 20- Isolated foundation
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[0085] Figure 7 - Foundation plan
[0086] 54- Isolated foundation placement plan

[0087] 55- Peripheral ties of segments that act as strip connector of the isolated

foundations
[0088] Figure 8 — Roofless segment
[0089] 29- Roofless segment
[0090] 30- Stairs
[0091] 31- The cross-section of the stairs between floors

[0092] 31b — Schematic of placement of the roofless and floorless segments and

stairs
[0093] Figure 9 — Floorless segment
[0094] 32- Floorless segment
[0095] 33- Junction of roofless and floorless segments
[0096] Figure 10 — Schematic of segments’ connections
[0097] 34- Placement of two floors on top of each other
[0098] 35e- Connection of the upper floor to the lower one

[0099] 35- Installation of segments with an end-to-end orientation to extend the width
of the building

[0100] 35b- Upper floor segment
[0101] 35¢- Lower floor segments

[0102] 35d- Schematic of the bolts and nuts for connecting the upper floor to the

lower one

[0103] 35a — Schematic of the bolts and nuts for connecting two segments in an end-
to-end direction

[0104] Figure 11 — Location of the installations
[0105] 36- Built-in holes for water or electrical utility installations

[0106] 37- Built-in holes for water or electrical utility installations

10
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[0107] 38- Nails or screws and wall anchor for screwing installations on concrete
[0108] 39- Utilities pipe as an example

[0109] Figure 12 - Location of contrived holes in segments
[0110] 40- Built-in holes for rainwater pipes

[0111] 41- Built-in holes for sewer pipes

[0112] 42- Placement of thermal insulation

[0113] Figure 13- Finishing

[0114] 43- Sheetrock (drywall) to cover the roof and walls
[0115] 44- Precast concrete tiles for flooring process

[0116] 45- Sealant paste for sealing segments

[0117] Figure 14 - Sealing

[0118] 47- Sealant paste in the spaces between the segments
[0119] 48- The building is ready to be painted

[0120] Figure 15- U-shaped cross-section

[0121] 49- U-shaped cross-section of each segment

[0122] 56- Sheet rock or cement panel

[0123] 49b- Thermal insulators

[0124] Figure 16:

[0125] 51 - The position of the bean-shaped hole on segment’s roof for the conduit of
electrical utilities

[0126] 52- Circular hole for accommodating sewage and rainwater-collecting pipes

[0127] 53a - The position of the bean-shaped hole on the segment’s wall for

accommodating heating or cooling pipes

[0128] 53b- The position of the bean-shaped hole on the segment’s floor for passing

of hot or cold water supply pipes

Examples

11
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[0129] In this method, because of employing various transportation and installation
equipment such as carriers, trailers, and huge cranes, it is necessary to ensure
that the neighborhood of the construction site does not make any disturbance to
the installation process. Therefore, it is reasonable to use this method of
construction in the suburb or garden sites.

[0130] The factory-made precast segments, after gaining the minimum strength for
transportation that is generally 60% of characteristic strength (with a 12-hour
streaming system), are ready for transportation and installation in the field.

Industrial Applicability

[0131] One of the applications of this invention is the construction of one- and two-
story buildings in rural areas or villas in the garden sites. On the other side, this
invention can be used in commercial and office buildings, light storage
warehouses, medical, sanitary, and military buildings, as well as office buildings
on construction and industrial sites. Also, the transportation and quick installation
capabilities of this system make it feasible for temporary accommodation or even

permanent housing of disaster victims.

12
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Claims

[Claim 1] Precast concrete segments with four faces in a cube-like shape (figure 1),

[Claim 2]

[Claim 3]

in which the cross-section of each face is U-shaped (figure 15)

comprising:

a. Multiple rows of longitudinal reinforcements on the edges of the

segment that are tied together (figure 15);

b. Connection of the edge reinforcements of the segment to each other
along the segment’s length (figure 1, No. 5) and the location of the

segments’ connections (figure 10, No. 35 and 35e);

c. Connection of the segments to each other through the multi-row
reinforcements (figure 10, No. 35 and 35e);

d. Precast foundation segments (figure 6);

in which the multiple rows of tied reinforcement used at the edges of each
segment make the cross-section of segment’s faces be U-shaped, the
segment’s edges are connected with each other through transverse tied
reinforcements at regular intervals along the segment’s length and the
connection of the segments with each other is made by bolts and nuts and
contrived holes in the edges.

Precast concrete segments which according to claim 1, If it is required to
construct a 2-story building, the upper face of the precast concrete
segment is removed (figure 8, No. 29), and a floorless segment (figure 8,
No. 31b) is installed on top of that using bolt and nut (figure 9, No.33) and
the connection holes (figure 1, No. 1¢ and 1b) and the accessibility to the
second story is provided by the staircase (figure 8, No. 31).

After placing the precast concrete segments, on the precast concrete
foundation, the contrived bolt (figure 5, No.18b) is passed through the
relevant connection hole (figure 1, No. 2), which is subsequently filled with
cast-in-situ concrete (figure 5, No. 18c) then a metal plate, on which the
location of the bolts has been punched, is mounted on the hole and the

nuts are screwed.

13
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