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Basic Principles of Concrete Structures
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Task 1-1: Observe and judge the building structure type of the school teaching building.
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Concept and classification of concrete structures
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Task 1-2: Determine which building structure the buildings in Fig. 1-1 belong to.
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Figure 1-1 Buildings with different structural materials

(a) A building under construction in Beijing; (b) A building undergoing concrete pouring in Beijing;

(¢) Tsinghua University library
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Concrete structure refers to the structure with concrete as the main material according
to the need of the rational allocation of steel bar,section steel, steel tube and fiber as the
main load-bearing material structure. There are mainly plain concrete structures,reinforced
concrete structures, prestressed concrete structures, steel-reinforced concrete structures,
concrete-filled steel tube structures, fiber-reinforced concrete structures, etc. , among which
reinforced concrete structures are the most widely used.
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Plain concrete structure refers to the concrete structure without reinforcement or
stressed reinforcement. It has low bearing capacity, brittle nature and limited use. It is
often used for pavements, pressed foundations, piers and some non-load-bearing
structures. Reinforced concrete structure refers to the concrete structure equipped with
stressed steel bars, steel nets or steel skeletons, and is currently the most widely used

structural form. The main load-bearing members are constructed of reinforced concrete.



@;’Eiﬁi?ﬂﬂgﬁﬁﬂ(*ﬁﬂiﬁﬁﬁ)

Basic Principles of Concrete Structures

The steel bars bear tensile force or compressive force,and the concrete bears compression.
It has the advantages of firmness,durability, good fire resistance,saving steel materials and
lower cost than steel structures.
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Prestressed concrete structure refers to the concrete structure configuring of load bearing
prestressed steel bars,and the prestressing is established by tensioning the prestressed steel bars
or other methods. The steel-reinforced concrete structure is the concrete structure with steel
frame welded by steel or steel plate. It has large bearing capacity, good ductility, high
rigidity and good seismic performance,but it consumes more steel. It can be used in high-
rise,large-span or projects with high seismic requirements. The concrete-filled steel tube
structure is to pour concrete into the steel tube and to increase the strength and rigidity of
the concrete-filled steel tube. It is mainly used for high-rise building structures with axial
compression and eccentric compression members. The splice of concrete-filled steel tube
members is complex and the maintenance cost is high. Fiber-reinforced concrete structure
is the structure composed of concrete mixed with fiber materials such as steel fiber and
synthetic fiber. It has the advantages of high tensile strength,good crack resistance,strong
impermeability,abrasion resistance and impact resistance. Fiber concrete has made a leap
development in the properties of concrete. The tensile-compression strength ratio of
concrete has been increased from 1/10 to 1/2,and it has the characteristics of high early
strength,small shrinkage and small creep. Fiber concrete is mainly used in building floors,

highway pavements,airport runways,car parks and liquid storage tanks etc.
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Characteristics of concrete structures

1.2.1 BREHWEARASEXK

Role and requirements of reinforcement

TRBE ) 5 0 28 A9 R AU D0 98 g, A S P ARG . YR R A B o T — R



E1E Zig
Introduction @
HYUERER 1/17~1/8, m s iR &k L HThrsm & — Mo HPUR B E N 1/24~1/20, K
35 55 TR B A 5 A ) P B R B2 S R S AR T TR AT b 7 AR 0 T R g A S el 2R TR B
AR AR T SZ S Gk 0 LI 3K BITR BE - BB R B I A s 58 0K T A e A T SR
W R TC W b UK L Ja T I B IR S R 1 1 7 AR B8 0 K xR I ZEAR/IN A S AR T T A

PERLSS IR . PR, AN TC B A 1) 3R TR o - TG v v T 48T B AT B ) B A A
The most notable features of concrete materials are high compressive strength and
low tensile strength. The tensile strength of ordinary concrete is generally 1/17-1/8 of the
compressive strength,and the tensile strength of high-strength concrete is generally 1/24-
1/20 of the compressive strength. Most of the reinforced concrete structural members have
to bear the action of bending moment,etc. ;and tensile stress is generated at the section. If
the tensile stress is all borne by plain concrete,when the tensile stress on the tension side
of the section reaches the tensile strength of the concrete, the member will undergo
suddenly brittle failure. There is no obvious advance warning before failure occurs. It
belongs to brittle failure. The bearing capacity of the member will be very small. The
member will be damaged under the action of a small bending moment. Therefore, plain
concrete without reinforcement cannot be applied to structural members with tensile stress

on the cross section.
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If steel bars are installed at the edge of the tension zone of the member, after the
cracking of the concrete in the tension zone, the tensile stress on the concrete can be
transferred to the steel bars,and the steel bars can continue to bear the tensile stress in the
tension area. When the load continues to increase and the steel bars reach the yielding
stage,although the load cannot continue to increase,the member can continue to deform
and has sufficient deflection capability. The compressive stress and deformation of the
concrete in the compression zone continue to increase. When the edge compressive stress of
the concrete in the compression zone reaches the axial compressive strength of the
concrete, the concrete fails by crushing and the member fails. Compared with plain concrete
beams,both the compressive strength of concrete and the tensile strength of steel bars
have been fully utilized. The failure load and bearing capacity of reinforced concrete beams
have been greatly improved. There are obvious cracks and deformations in the members
before failure occurs, which has significant advance warning. It belongs to ductile failure,

which can minimize property losses and casualties in actual projects.
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In addition to the arrangement of reinforcement in the tension zone of flexural
members, steel bars should be arranged where tensile stress may occur in structural
members. For example, stirrups are arranged in beams to increase the shear capacity of the
members, and steel meshes are arranged to prevent temperature cracks or shrinkage
cracks,etc. The compression reinforcement can also be configured in the compression zone
of the member to improve the bearing capacity and ductility of the member,such as the use
of doubly reinforced section and the configuration of steel bars in the compression zone of
the column, etc.
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Therefore, reinforced concrete structural members make full use of the mechanical
characteristics of the two materials of concrete and steel. Under the action of load,concrete

and steel bars work together to play their respective advantages.

1.2.2 NAMBRITERETIEHNER

Reasons why steel and concrete work together
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The main purpose of reinforcement in concrete is to resist the tensile stress generated
in structural members. Why are steel bars usually used as reinforcement materials?
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(1) There is a good bond between steel and concrete. After the concrete is hardened,it
can be firmly bonded with the steel and transfer internal forces to each other. Under the
action of load,it can ensure that the coordinated deformation,joint force and overall work
of the two. The contact surface of the two will not appear slip or crack, etc. This is the
basis for the joint work of reinforcement and concrete with different properties.
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(2) The thermal linear expansion coefficient of reinforcement and concrete is close.
The thermal linear expansion coefficient of reinforcement is 1. 2 X 10 °/°C, and the
thermal linear expansion coefficient of concrete is (1.0-1.5)X10 °/°C. When the
temperature changes,the bond force between steel and concrete will not be damaged due to

the large relative deformation of reinforcement and concrete caused by temperature
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changes.
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(3) The concrete protective layer outside reinforcement wraps reinforcement to
prevent steel corrosion and ensure the durability of the structure; it can improve the fire
resistance of reinforcement,and will not cause overall collapse of structure due to the rapid
softening of reinforcement in the event of a fire.
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In addition, the elastic modulus of reinforcement is 6-10 times that of concrete, and
reinforcement can bear greater stress under the same deformation, which is conducive to
the full utilization of the reinforcement strength. The reinforcement has obvious

advantages in production,construction and economy.

1.2.3 MERETEHHNER

Characteristics of reinforced concrete structures

1. WHRETEMNEEMRS
Main advantages of reinforced concrete structures
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Reinforced concrete structures are widely used in various fields of civil engineering,
mainly because of the following advantages:
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(1) Easy to obtain materials. The raw materials such as sand and stone used in
concrete have a wide range of sources, are easy to use local materials, and are relatively
inexpensive. Construction waste,industrial solid wastes such as slag, fly ash,etc. can also
be used to make artificial aggregates or cementitious materials to improve the performance
of concrete and manufacture recycled aggregate concrete. It can not only use waste, turn
waste into treasure, but also be beneficial to environmental protection and realize the
sustainable development of the construction industry. The production and processing of
steel are relatively simple,and it is a material with a wide range of uses and relatively low
prices.
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(2) Reasonable use of materials. Give full play to the mechanical properties and

respective advantages of reinforcement and concrete materials. The combination of two
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materials requires no special measures and solves the problem of easy instability of steel.
The structure has higher bearing capacity, which can reduce the cost compared with steel
structure.
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(3) Good mouldability. The concrete mixture has fluidity and plasticity,and concrete
can be placed into various shapes and sizes of members or structures through using
formwork to meet engineering needs.
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(4) Construction advantages. The environmental requirements of the construction site
are relatively low. Under normal circumstances, construction can be carried out wherever
needed,and the damage to the environment is relatively small. The construction process is
simple and mature,construction equipment and skilled workers are easy to obtain,and the
construction quality is relatively stable.
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(5) Good integrity. The cast-in-place or cast-in-place monolithic concrete structure has
good integrity and has resistance to earthquake, vibration, blasting shock waves and
radiation,etc. The rigidity of concrete structure is relatively large, which is conducive to
deformation control.
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(6) Good fire resistance. When subjected to high temperatures such as fire, the heat
transfer performance of concrete is relatively poor,and there is concrete protective layer of
sufficient thickness outside reinforcement, which will not heat up as quickly as steel
structure and reach the yield strength,lose the bearing capacity, thereby increase the fire
resistance limit of the structure. The concrete protective layer with the thickness of 30mm
can resist fire for 2 hours,which is better than bare wood structure and steel structure.
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(7) Good durability. The concrete itself has good chemical stability. In general
environment, the performance of concrete itself will not be degraded. With the increase of

time,the strength of concrete will increase, and the maintenance costs in the later stage
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will be low. The reinforcement is not easy to rust due to the existence of the concrete
protective layer. The concrete is alkaline,the steel bars are wrapped in the concrete,and a
dense oxide film is formed on the surface of reinforcement, which can avoid or delay the
corrosion of reinforcement. It has good durability, maintenance costs are very low.
3B B A TR B 5 ) LB 25 ) A5 E A 45 A T X AN AR X O L PR T . 2 K I ]
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In addition,the costs of reinforced concrete structures are relatively cheaper than steel
structures and other structural forms,and the performance price ratio is good. After a long
period of development and engineering application, the design theory is relatively mature

and reliable,and the structural safety is guaranteed.

2. WERBRLTEMHERRS

Main disadvantages of reinforced concrete structures
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(1) Large self-weight. The weight of concrete material is relatively large,about 25kN/m’ ,
which is greater than that of masonry and wood. The cross-sectional dimensions of
structural members are larger than that of steel structures. Therefore, the self-weight of
the structure is far more than that of the steel structure with the same span or height. It is
not conducive to high-rise building structures,large-span structures and structural seismic
resistance. At present, it is vigorously researching and developing lightweight, high-
strength, high-performance concrete and prestressed concrete to reduce its own weight.
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(2) Easy to crack. The tensile strength of concrete materials is low and cracks are
easy to appear. Ordinary reinforced concrete structures often work with cracks in the
normal service stage. If the crack width meets the specification requirements, it will not
affect the normal use of concrete structures. When the number of cracks is large and the
width is wide, people will feel a sense of insecurity. In an environment with poor working
conditions,it affects the durability and applicability of the structure,and is not suitable for
structures with high requirements for watertight and leakage. For some structures that do

not allow cracks or have strict control of crack width, the use of prestressed concrete
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structures is one of the effective ways to solve the cracking of the concrete, but to meet
these requirements,it is necessary to increase the project cost. Adding proper amount of
fiber into concrete can also improve the tensile strength of concrete and enhance crack
resistance of concrete.
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(3) The construction is complex. The construction of concrete structures has many
shortcomings,such as many procedures, long construction period, and great influence by
seasons and weather, etc. The construction of reinforced concrete structures requires
multiple construction processes such as supporting formwork,binding steel bars, pouring,
curing, and demoulding. The construction period is long and there are many wet
operations. The construction quality and progress are easily affected by environmental
conditions such as seasons and climate. It is difficult to repair the damage of concrete
structure, especially for some concealed projects. The concrete adopts high-performance
concrete such as early-strength concrete, pumped concrete, self-compacting concrete, and
advanced formwork technologies such as large formwork, sliding formwork, flying
formwork and climbing formwork.,which can greatly improve the construction efficiency of
concrete projects.
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(4) Limited carrying capacity. Compared with steel, the strength of concrete is
relatively low. When used as the bottom structure of the high-rise building, it often
requires relatively large member sizes and occupies relatively large building space. It is
usually solved by mixed structures such as high-strength concrete, steel-reinforced concrete
or concrete-filled steel tube.
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(5) Difficulty in reinforcement and repair. Once the concrete is damaged,it is difficult
to repair,strengthen and reinforce it. Reinforcement techniques such as planting steel bars,
pasting steel plates,pasting carbon fiber cloth and wrapping steel outside can better repair
damaged concrete structures or members.
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With the continuous development of science and technology,the above shortcomings

are gradually being overcome.



