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ABSTRACT 

 

Re-vibration, which is the process of repeating the operation of vibration of fresh 

concrete after a time interval, may be useful to enhance the mechanical properties 

of concrete (compressive strength, tensile strength, flexural strength, and modulus 

of elasticity), and also to get the maximum applied load, first crack load, deflection 

at mid span, stiffness and strain, particularly when successive layers of fresh con-

crete were placed and the upper layer of fresh concrete was partially hardened. 

After a period of time, the aggregate particles are rearranged by the re-vibration 

process, and any trapped water is removed, potentially enhancing the concrete's 

compressive and tensile strengths. The use of re-vibration can help to remove plas-

tic shrinkage cracks for exposed concrete. The amount of time that re-vibration 

lasts has a big impact. 

 

Using the re-vibration technique in construction of structural members is expected 

to improve the structural properties of the beams, and cracking. The effect of the 

waiting time before re-vibration must be investigated and time duration of vibra-

tions on the structural response of flexural reinforced concrete beams to establish 

and verify the best process to apply this technique. 

 

The purpose of this study is to examine the impact of waiting time before re-vi-

bration. and variable time duration for vibration and re-vibration operation of 

structural response for flexural reinforced concrete beams and using Ordinary 

Portland Cement-type 1, with w/c ratio of 0.4, and a greater number of re-vibration 

time lag intervals ranging from half an hour to two hours to evaluate the impact of 

re-vibration on the mechanical properties of concrete with different time duration 

of vibrations ranging from 15 to 60 seconds. 



VII 
 

The experimental schedule includes a total of 28 twenty-eight rectangular rein-

forced concrete beams of dimension (125 mm x 250 mm) and length of 1500 mm 

was prepared for this work. Which were classified into seven groups Each group 

includes four samples. Beams for group (A, B, C, D, E and F) reinforced with 

longitudinal top reinforcement of (2ø10mm) and bottom reinforcement of 

(2ø12mm) with transvers reinforcement (Stirrups) ø12mm all over the beams ex-

cept group F which are without transverse reinforcement and group G is without 

longitudinal and transverse reinforcement. Additionally, 144 cylinders with di-

mensions of 300 mm in height and 150 mm in diameter were utilized to evaluate 

the concrete's compressive and tensile strengths. After 56 days, these samples were 

analyzed in an attempt to study the impacts of vibration, and the effect of re-vibra-

tion delay and vibration duration on the development of concrete strength. 

 

The results have shown that the mechanical properties of concrete, ultimate load, 

first crack load and deflection at mid-point with various time duration and re- vi-

bration techniques was increased for the 1st one hour and re-vibrated for 45 sec-

onds time duration. After that for waiting time 1.5 and 2 hours and re-vibrated for 

60 seconds was decreased. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Overview 
 

Concrete is an artificial stone that is set in place when it is still flexible. Numerous 

issues can arise throughout the concrete-laying process that could compromise the 

hardened concrete's qualities. The goal of this study is to look at how vibration 

affects concrete's qualities, both in the fresh and hardened states, specifically the 

strength. The purpose of this experimental work is to investigate the influence of 

vibration time duration and delaying the re-vibration of concrete in order to gain a 

better knowledge of the effects and processes involved. The influence of the hot-

dry climates of Kurdistan and Iraq, as well as the period of beneficial vibration, 

are especially targeted. 

 

Concrete design has been considered for strength and durability performance for 

so many decades. Cracks are clearly a concern that affects the strength and dura-

bility of concrete. Although concrete cracks can arise as a result of various reasons 

such as weather conditions and concrete settlement, managing such cracks re-

quires specific care in order to construct reliable and visually appealing concrete 

structures. 

 

Early age deterioration of concrete is a chronic issue caused by rapid complex 

volume changes such as plastic and dry shrinkage. These volume variations pro-

duce tensile stresses in the material when its strength is still relatively low. The 
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resulting strains may produce immediate cracking, resulting in premature deterio-

ration and affecting the integrity, durability, and long-term service life of a con-

crete structure (ACI 2000). 

 

Plastic shrinkage cracking, which forms on the surface of fresh concrete within 

the first few hours after the concrete is cast, is a common type of early age deteri-

oration of concrete. In concrete structures exposed to a hot, humid, and windy 

environment, plastic shrinkage cracking can be a concern due to a quick loss of 

water from the top of concrete before it has set. These weather indicators help 

predict whether plastic shrinkage fractures will appear (NRMCA 1960). 

 

The most significant component that influences the long-term durability of con-

crete is typically characterized as the crack width, which can be relatively large on 

the upper surface, ranging from 2 to 3 mm (0.08 to 0.12 in), but frequently reduces 

quickly below the surface. The following occurrences, such as drying shrinkage 

and loading, are likely to contribute to the spread of the plastic shrinkage cracks 

(TRC 2006).  

 

There are many methods that have been shown to decrease the risk of plastic 

shrinkage cracking, but it is important to accurately quantify each method's per-

formance before weighing the costs and advantages of each choice. Controlling 

the impacts of weather has been suggested as one way to stop early aging cracks 

(Snell 2008). Low concentrations of randomly arranged short fibers have also been 

investigated as a potential alternative method to prevent plastic from shrinking and 

splitting (Qi at el 2003). 
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ASTM C1579 is an ASTM test technique for quantifying the plastic shrinkage 

cracking behavior of concrete mixtures (ASTM 2013). This approach was stand-

ardized as a test method for evaluating constrained fiber reinforced concrete plas-

tic shrinkage cracking. The consideration of using the same test method as a pos-

sible approach to evaluate the plastic shrinkage cracking of restrained reinforced 

concrete slabs exposed to internal vibration is reported as a result of the study of 

re-vibration technique of concrete as a method to reduce the plastic shrinkage 

cracking. 

 

It has been discovered in particular that "re-vibration" of concrete can result in 

appreciable gains in strength as long as the concrete is once more returned to a 

plastic state. Several theories have been proposed to explain how re-vibration in-

creases strengths. The experimental program described in this thesis, which exam-

ines how re-vibration affects the mechanical strength of concrete, is intended to 

aid in understanding the positive impacts that re-vibration introduces. 

 

1.2 General about Concrete: 

 

Concrete in general is a commonly used structural material and it consists essen-

tially from mixing water, cement, aggregate and if necessary special additives with 

selected correct proportions of the ingredients to produce concrete mix with spe-

cific properties. 

 

The chemical reaction of cement and water is relatively slow and needs several 

days to complete the reaction, therefore, the strength of concrete is not attained 

quickly after casting. Concrete should be cured to prompt the hydration of cement 

and to keep the concrete saturated or nearly saturated. 



4 
 

The concrete has to be satisfactory in its hardened state and also in its fresh state 

while being transported form the mixer and placed in the form-work. The require-

ments in the fresh state are that the consistence of the mix be such that it can be 

compacted by the means desired without excessive effort, and also that the mix be 

cohesive enough for the method of placing used, not to produce segregation with 

consequent lack of the finished product. 

 

The usual primary requirement of the good concrete in its hardened state is satis-

factory compressive strength, density, durability, tensile strength, impermeabil-

ity… etc. 

 

The properties of fresh concrete are important only in the first few hours of its 

history whereas the properties of hardened concrete assume an importance which 

is retained for the remainder of the life of concrete. The important properties of 

hardened concrete are strength, deformation under load, durability, permeability 

and shrinkage. 

 

In general, strength is considered to be the most important property and quality of 

concrete is often judged by its strength. There are many occasions when other 

properties are more important, for example, low permeability and low shrinkage 

are required for water-retaining structures. Although in most cases an improve-

ment in strength results in an improvement of the other properties of concrete with 

few exceptions. For example, increasing the cement content of a mix improves 

strength but results in higher shrinkage which in extreme cases can adversely af-

fect durability and permeability. 
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Since the properties of concrete change with age and environment, it is not possi-

ble to attribute absolute values to any of them. 

 

1.3  Compaction of concrete: 

 

1.3.1 General: 

 

During the early stage, when the concrete is still fresh, two qualities are especially 

important: 

(1) Workability. 

(2) Cohesiveness (influences the resistance of concrete to constituent segrega-

tion during transport, placement, and compaction). 

Concrete's viscous drag and interference between the aggregate and cement parti-

cles are the main causes of flow resistance. Greater workability will result from 

the solids being pushed further apart by additional water. When the applied tension 

is high enough to overcome the resistance between the solid particles, plastic con-

crete will start to flow. Vibration typically overcomes the resistance. 

 

A significant amount of air is entrapped during the manufacturing of concrete, and 

partial segregation may occur during transportation. If the entrapped air is not re-

moved and the coarse aggregate segregation is not corrected, the concrete may be 

porous, non-homogeneous, and weak. 

 

Compaction is the process of removing entrapped air and uniformly placing con-

crete from a homogeneous dense mass. It makes spreading the concrete in the 

forms difficult. The friction also keeps the concrete from making direct contact 

with the four reinforcements, resulting in a poor bond between the reinforcement 
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and the surrounding concrete. Compaction aids in the reduction of frictional 

forces. It is also possible to reduce friction by adding more water than is required 

to hydrate the cement. 

 

Compaction of concrete is the process of expelling entrapped air from concrete 

during the placing and mixing of concrete. To achieve full compaction and maxi-

mum density with reasonable compaction efforts available on site, a mix with ad-

equate workability is required. It is also widely accepted that the mix should not 

be too wet for easy compaction, as this reduces the strength of the concrete. For 

concrete compaction, the following methods are used: 

 

 1.3.2 Compaction by Hand Tamping: 

 

Hand compaction of concrete is adopted in case of unimportant concrete work of 

small magnitude. Hand compaction consists of rodding, ramming or tamping. 

 

When hand compaction is adopted, the consistency of concrete is maintained at a 

high level. The thickness of the layer of concrete is limited to about 15 to 20 cm. 

Rodding is nothing but poking the concrete with about 2 m long, 16 mm diameter 

rod to pack the concrete between the reinforcement and sharp corners and edges. 

Rodding is done continuously over the complete area to effectively pack the con-

crete and drive away entrapped air. Sometimes, instead of iron rod, bamboos or 

cane is also used for rodding purpose. 

 

Ramming should be done with care. Light ramming can be permitted in unrein-

forced foundation concrete or is permitted in case of reinforced concrete or in the 

upper floor construction, where concrete is placed in formwork supported on 
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struts. If ramming is adopted in the above case the position of reinforcement may 

be disturbed or the formwork may fail, particularly, if steel rammer is used. 

Tamping is one of the usual methods adopted in compacting roof or floor slab or 

road pavements where the thickness of concrete is comparatively less and consists 

of beating the top surface by wooden cross beam of section about 10 cm x 10 cm. 

Since the tamping bar is sufficiently long it does not only compact, but also levels 

the top surface across the entire length. 

 

1.3.3 Compaction by vibration: 

 

A review of the literature on the effect of vibration on concrete quality revealed 

that vibration of fresh concrete during casting is critical. Vibration has been shown 

to be the most effective method for bringing concrete particles together into a com-

pact mass. However, it is not uncommon for concreting to take place near a source 

of vibration that may last for the duration of the setting time and early age of the 

concrete. 

 

A number of studies on the effect of re-vibration have recently been published, 

indicating that it may produce benefits, particularly for wetter mixtures, in elimi-

nating water gained under reinforcing bars and reducing bug holes, all of which 

will increase the strength. 

 

The purpose of this experimental study was to investigate the effects of vibration, 

delaying the re-vibration, and repeated vibration of concrete in order to gain a bet-

ter understanding of the effects and processes involved. The influence of Kurdi-

stan’s hot, dry climate and the time of useful vibration are particularly considered. 
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Research by Allen Hulshize indicates that vibration on fresh and maturing con-

crete does not affect its properties. However, his investigation maintained such a 

broad focus on the vibration of concrete that specific time periods may need fur-

ther investigation, Bastion, considered the effects of vibratory concrete during the 

setting period (Allen 1970). 

 

Due to decreased floor mass and longer span lengths, floor vibrations have become 

an area of concern. Design criteria (Allen and Rainer, Allen: 1990 b, Murray, 

1991) are available to help designs minimize annoying vibrations in floor systems. 

In general, hours that comply with the criteria and are used for their original pur-

pose are found to be acceptable to the occupants. 

 

It is pointed out that the compaction, if properly carried out on concrete with suf-

ficient workability, gives satisfactory results, but the strength of the hand com-

pacted will be necessarily low because of higher water cement ratio required for 

full compaction. Where high strength is required, it is necessary that stiff concrete, 

with low water/cement ratio be used. To compact such concrete, mechanically op-

erated vibratory equipment, must be used. The vibrated concrete with low wa-

ter/cement ratio will have many advantages over the hand compacted concrete 

with higher water/cement ratio. 

 

The modern high frequency vibration makes it possible to place economically con-

crete which is impracticable to place by hand. A concrete with about 4 cm slump 

can be placed and compacted fully in a closely spaced reinforced concrete work, 

whereas, with hand compaction, much higher consistency say about 12 cm slump 

may be required. The action of vibration is to set the particles of fresh concrete in 

motion, reducing the friction between them and affecting a temporary liquefaction 
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of concrete which enables easy settlement. While vibration itself does not affect 

the strength of concrete which is controlled by the water/cement ratio, it permits 

the use of less water. 

 

Compaction of concrete by vibration has almost completely revolutionized the 

concept of concrete technology, making possible the use of low slump stiff mixes 

for production of high quality concrete with required strength and impermeability. 

The use of vibration may be essential for the production of good concrete where 

the congestion of reinforcement or the inaccessibility of concrete in the formwork 

is such that hand compaction methods are not practicable. Vibration may also be 

necessary if the available concrete is of such poor workability unless large amount 

of water and cement is used. In this way, vibration under suitable conditions, pro-

duce better quality concrete than by hand compaction. Low cement content and 

lower water cement ratio can produce equally strong concrete more than by hand 

compaction. 

 

Although vibration properly is a great step forward in the production of quality 

concrete, it is more often employed as a method of placing ordinary concrete easily 

than as a method of obtaining high grade concrete at an economical cost. All po-

tential advantages of vibration can be fully realized only if proper control is exer-

cised in the design and manufacture of concrete and certain rules are observed 

regarding the proper use of different types of vibration. 

 

1.3.3.1 Internal vibration: 

 

Internal concrete vibrators, also known as immersion vibrators, are widely used 

for consolidation all over the world. They consist of a vibrating poker as shown in 
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figure 1-1 with diameter varying between 20 mm and 150 mm (CCANZ, 2005). 

The poker on the internal vibrator is inserted vertically into the cast concrete at 

pre-determined spacing. 

 

 

 

 

 

 

 

 

Fig. 1-1 Showing a flexible shaft poker vibrator 

 

 

The spacing and depth is usually determined based on the radius of the poker used 

for the vibration. The sleek nature of these vibrators makes it efficient and easy to 

access all the necessary areas during consolidation. Different types of internal vi-

brators can be used such as flexible shaft, pneumatic and hydraulic vibrators. 

The most commonly used internal vibrator is the flexible shaft vibrator. This type 

of vibrator is usually driven by a pneumatic motor that runs using combustible fuel 

or electricity (ACI 301- 05, 2005). The frequency of the internal vibrator must not 

be less than 120 Hz during any phase in the compaction of concrete (SANS 5862-

4, 2006). Table 1-1 shows the different groups of internal vibrators available in 

the market 
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Table 1-1 Application and characteristics of internal vibrators 

 

 

 

1.3.3.2 External vibrator (Formwork vibrator): 

 

The basis for this type of vibration involves vibration units with an electric motor 

and variable power outputs. These provide the centrifugal force and wattage re-

quired for the process (CCANZ, 2005). This type of vibration is used commonly 

during the casting of pre-cast concrete and concrete with high reinforcement con-

centration. 

 

Unlike an internal concrete vibrator, the external vibrator cannot be moved easily 

as it has to be mounted. The external vibrators are directly mounted to the form 

wall without touching the concrete (Concrete Vibration Handbook, 2003). Paio-

vici (2004) states that the form required for external vibration should be water tight 

in order to prevent loss of water and achieve smooth finishing. 

 

External vibrators as shown in figure 1-2a usually operate at a frequency between 

50 Hz to 200Hz. To obtain the best results during consolidation, high frequency 

must be used with low vibration amplitude (ACI 301-5, 2005). The effectiveness 
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of the external vibrator also depends on how efficiently the acceleration and the 

centrifugal force are conveyed from the vibrator to the form. Smaller accelerations 

in the order of 1g to 2g are required for workable mixes while stiffer mixes require 

accelerations between 3g to 5g (ACI 301-5, 2005). In addition to acceleration, 

proper distance must be maintained between the external vibrators for a more uni-

form consolidation. The nominal distance between vibrators can be in the range of 

1.5m to 2.5m depending on the interference between the vibrators radii of action 

(ACI 301-5, 2005). However, internal vibration must be provided for some regions 

lacking adequate consolidation usually around the areas of over lapping radii of 

action. 

 

1.3.3.3  Table vibrator: 

 

This type of vibration involves a platform that freely resonates as shown in figure  

1-2b. During vibration, both the form and concrete move freely according to the 

amplitude of the pressure waves (CCANZ, 2005). The vibrations from the table 

hit the surface of the settling concrete, eliminating the voids. The table size varies 

according to the required specification. The frequencies of the vibration table vary 

between 30 Hz to 150 Hz (ACI 301-5, 2005). However, according to SANS 5862-

4 (2006), the frequency of the table vibrator must not be less than 50 Hz during 

consolidation of concrete. 

 

Table vibrators are commonly used in laboratories for concrete casting as they 

allow both the form and concrete to vibrate simultaneously. The vibration is trans-

mitted from the table to the mold and then to the concrete in the mold. As the 

platform of the table vibrates, air bubbles begin to appear on the surface of con-

crete. Proper consolidation is achieved when the air bubbles seize appearing. The 
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process usually takes between 10 seconds to 30 seconds of vibration for proper 

consolidation with minimum or no voids. 

 

 

 

 

 

 

 

 

 

Fig. 1-2 Showing an external vibrator (a) and a vibrating table (b) 

 

 

1.3.3.4 Platform vibrator: 

 

Platform vibrator larger in size. This is used in the manufacture of large prefabri-

cated concrete elements such as electric poles, railway sleepers, prefabricated 

roofing elements etc. Sometime, the platform vibrator is also coupled with jerking 

or shock giving arrangements such that a thorough compaction is to the concrete. 

     

1.3.3.5  Surface Vibrators: 

 

Surface vibrators are sometimes known as, (Screed Board Vibrator). A small vi-

brator placed on the screed board gives an effective method of compaction and 

leveling of thin concrete members, such as floor slabs, roof slabs and road surface. 

Mostly, floor slabs and roof are so thin that internal vibrator or any other type of 
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vibrator cannot be easily employed. In such cases, the surface vibrator can be ef-

fectively used. In general, surface vibrators are not effective beyond about 15cm. 

Sometimes, the concrete is vibrated by using vibratory roller moved on the surface. 

Vibrating roller is used for compaction of road slabs. 

 

1.4 Procedure for Re-vibration 

 

The technique behind using and operating concrete vibrators is very important in 

achieving optimum results. Internal vibration is chosen to execute the re-vibration 

of concrete. Based on my personal site experience during vacation training, it was 

noticed that several concrete work men did not follow the standard vibration pro-

cedures. The common faults noticed were as follows: applying the poker at an 

angle as opposed to perpendicular to the surface of concrete, poking the concrete 

randomly rather than at regular intervals and stopping the vibration before the air 

bubbles completely seize to appear. This can affect the quality of concrete espe-

cially the compressive strength. Poor vibration of concrete can also lead to cracks, 

voids and poor aggregate bonding. According to SANS 5862-4 (2006), the recom-

mended frequency for internal vibration must not be less than 120 Hz. Vibration 

is used as a method of compaction for concrete with a slump ranging between 0 

mm to 75 mm (SANS 5861-3, 2006). However, if the slump exceeds 75 mm, com-

paction by tamping is preferred (SANS 5861-3, 2006).  

 

Vibration and re-vibration are carried out in a similar manner expect that vibration 

is done while casting and re-vibration is done after a time lag from casting. The 

technique to achieve the best possible results while vibrating is to observe the vi-

bration action of the poker and adjust the radius of action of the concrete vibrator 

accordingly, creating an overlap enough to cover the entire surface of concrete 
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(Concrete Vibration Handbook, 2003). The vibrator must be kept long enough till 

the air bubbles are no longer released to the surface (SANS 5861-3, 2006) as 

shown in figure 1-3. 

 
Fig. 1-3 Vibrator in action during casting 

 

 

The internal vibrator must be able to penetrate the surface of concrete under its 

self-weight while re-vibrating. This is to ensure that the concrete has not fully set. 

The head of the vibrator must be completely submerged while monitoring the 

spacing and time span of the vibrations (Concrete Vibration Handbook, 2003). 

After vibration the equipment must be pulled out gently in order to avoid cold 

joints. This process is repeated till all the air bubbles disappear. 

 

1.5 General Points on Using Vibrators: 

 

Vibrators may be powered by any of the following units:  

(a) Electric motors either driving the vibrator through flexible shaft or situated in 

the head of the vibrator.  

(b) Internal combustion engine driving the vibrator needle through flexible shaft.  

(c) Compressed-air motor near the head of the vibrator.  
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Where reliable supplies of electricity are available the electric motor is generally 

the most satisfactory and economical power unit. The speed is relatively constant, 

and the cables supplying current are light and easily handled. 

 

Small portable petrol engines are sometimes used for vibrating concrete. They are 

more easily put out of action by site conditions. They are not so reliable as the 

electric or compressed-air motors. They should be located conveniently near the 

works to be vibrated and should be properly secured to their base. 

 

Compressed-air motors are generally quite suitable but pneumatic vibrators are 

sometimes difficult to manipulate when the compressor cannot be placed adjacent 

to the work such as on high scaffolding or depths below ground level due to the 

heavy weight of air hoses. 

 

Compressed-air vibrators give trouble especially in cold weather, by freezing at 

exhaust unless alcohol is trickled into the air or dry air is used. Glycol type anti-

freeze agents tend to cause gumming of the vibrator. There is also a tendency for 

moisture to collect in the motor, hence care should be taken to remove the possible 

damage. 

 

The speed of both the petrol and compressed-air motors tend to vary giving rise to 

variation in the compacting effect of the vibrator. 
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1.6 Further Instructions on the Use of Vibrators: 

 

Care shall be taken that the vibrating head does not come into contact with hard 

objects like hardened concrete, steel and wood, as otherwise the impact may dam-

age the bearings. The prime mover should be, as far as possible, started only when 

the head is raised or resting on soft support. Similar precautions shall be observed 

while introducing or withdrawing the vibrator in the concrete to be consolidated. 

When the space for introduction is narrow, the vibrator should be switched on only 

after the vibrator head has been introduced into the concrete. Unnecessary sharp 

bends in the flexible shaft drive shall be avoided. 

 

Vibrators conforming to the requirements of ISS 2505-1963 (i.e specification for 

concrete vibrators, immersion type) shall be used. The size and characteristics of 

the vibrator suitable for a particular job vary with the concrete mix design, quality 

and workability of concrete, placing conditions, size and shape of the member and 

shall be selected depending upon various requirements. 

 

Correct design of concrete mix and an effective control in the manufacture of con-

crete, right from the selection of constituent materials through its correct propor-

tioning to its placing, are essential to obtain maximum benefits of vibration. For 

best results, the concrete to be vibrated shall be of the stiffest possible consistency, 

generally within a range of 0.75 to 0.85 compacting factor, provided the fine mor-

tar in concrete shows at least a greasy wet appearance when the vibrator is slowly 

withdrawn from the concrete and the material closes over the space occupied by 

the vibrator needle leaving no pronounced hole. The vibration of concrete of very 

high workability will not increase its strength, it may on the contrary, cause seg-

regation. 
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For vibrated concrete, the formwork shall be stronger than is necessary for hand 

compacted concrete and greater care is exercised in its assembly. It must be de-

signed to take up increased pressure of concrete variations caused in the neighbor-

hood of the vibrating head which may result in excessive local stress on the form-

work. More exact details on the possible pressures are not available and much 

depend upon experience, judgment and the character of works. The joints of the 

formwork shall be made and maintained tight and close enough to prevent the 

squeezing out of grout or sucking in of air during vibration. Absence of this pre-

cautions may cause honey-combing in the surface of concrete, impairing the ap-

pearance and sometimes weakening the structure. 

 

The amount of mortar leakage or the permissible gap between sheathing boards 

will depend on the desired final appearance of the works but normally gaps more 

than 1.5 mm between the boards should not be permitted. Sometimes even nar-

rower joints may be objectionable from the point of view of their effect on the 

surface be made as small as possible by making the shutter sections large. Appli-

cations on the formwork, if any, to prevent the adhesion on concrete should be 

very thin as otherwise they may mix with the concrete under the effect of vibration. 

The vibrator may be vertically, horizontally or at an angle depending upon the 

nature of the job. The concrete to be vibrated shall be placed in position in level 

layers of suitable thickness not greater than the effective length of the vibrator 

needle. 

 

The concrete at the surface must be distributed as horizontally as possible, since 

the concrete flows in slopes while being vibrated and may segregate. The internal 

vibrator should not be used to spread the concrete from the filling as this can cause 

considerable segregation of concrete. 



19 
 

It is advisable to deposit concrete well in advance of the point of vibration. This 

prevents the concrete from subsiding non-uniformly and prevents the formation of 

incipient plastic cracks. 

 

1.6.1 Height of Concrete Layer: 

 

Concrete is placed in thin layers consistent with the method being used to place 

and vibrate the concrete. Usually concrete shall be placed in a thickness not more 

than 60 cm and on initial placing in thickness not more than 15 cm. The superim-

posed load increasing with height of the layer will favor the action of the vibrator, 

but as it is also the path of air forced upwards, it may trap air rising up by vibration. 

Very deep layers (Say more than 60 cm) should be avoided although the height of 

layer can also be one meter provided the vibrator used is sufficiently powerful. 

 

1.6.2 Speed of Insertion and Withdrawal of the Vibrating Head: 

 

The vibrating head shall be regularly and uniformly inserted in the concrete so that 

it penetrates of its own accord and shall be withdrawn quite slowly whilst still 

running so as to allow redistribution of concrete in its water and allow the concrete 

to flow faster into the hole behind the vibrator. The rate of withdrawal is deter-

mined by the rate at which the compaction in the active zone is completed. Usually 

a speed of 3 cm/s gives sufficient consolidation without undue strain on the oper-

ator. 
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1.6.3 Duration of Vibration: 

 

New filling shall be vibrated while the concrete is plastic, preferably within one 

hour. The duration of vibration in each position of insertion is dependent upon the 

height of the layer, the size and characteristics of the vibrator and workability of 

the concrete mix. It is better to insert the vibrating head at a number of places than 

to leave it for a long time in one place, as in the latter case, there is a tendency for 

formation of motor poker at the point of insertion of the vibrator. 

 

The vibrator head shall be kept in one position till the concrete within its influence 

is completely consolidated which will be indicated by formation of circular shaped 

cement grout on the surface of concrete, appearance of flattened glistening surface 

and cessation of the rise of entrapped air. Vibration shall be continued until the 

coarse aggregate particles have tended into the surface but have not disappeared. 

The time required to an effect complete consolidation is readily judged by the ex-

perienced vibrator operator through the feel of the vibrator, resumption of fre-

quency of vibration after the short period of dropping off frequency when the vi-

brator is first inserted.  

1.6.4 Over-vibration: 

 

There is a possibility of over-vibration while trying to achieve thorough vibration, 

but it is exceedingly unlikely in well-proportioned mixes containing normal 

weight aggregates. Generally, with proper mixes, extended vibration will be only 

a waste of effort without any particular harm to the concrete. 

 

However, where the concrete is too workable for the conditions of placing, or 

where the quantity of mortar is un excess of the volume of voids in the coarse 



21 
 

aggregate, or where the grading of aggregate is unsatisfactory, over-vibration will 

encourage segregation, causing migration of the lighter and smaller constituents 

of the mix to the surface, thereby producing layer of mortar or laitance on the 

surface and leakage of motor through the defective joints in the formwork. This 

may produce concrete with poor resistance to abrasion and attack by various agen-

cies, such as frost, or may result in planes of weakness where successive lifts are 

being placed. If over vibration occurs, it will be immediately evident to an experi-

enced vibrator operator or supervisor by a frothy appearance due to the accumula-

tion of many small air bubbles on the surface. These results are more liable to 

occur when the concrete is too wet and the proper correction will be to reduce the 

workability (not the vibration), until the evidence of over-vibration disappears dur-

ing the amount of vibration judged necessary to consolidate the concrete and to 

eliminate air-bubble blemishes. 

 

1.7 Re-vibration: 

 

Re-vibration is delayed vibration of concrete that has already been placed and 

compacted. It may occur while placing successive layers of concrete, when vibra-

tions in the upper layer of fresh concrete partially hardened or may be done inten-

tionally to achieve certain advantages. 

 

Except in the case of exposed concrete and provided the concrete becomes plastic 

under vibration, re-vibration is not harmful and may be beneficial. By repeated 

vibration over a long period (repetition of vibration earliest after one hour from 

the time of initial vibration), the quality of concrete can be improved because it 

rearranges the aggregate particles and eliminates entrapped water from under the 
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aggregate and reinforcing steel, with the consequence of full contact between mor-

tar and coarse aggregate or between steel and mortar and thus produces stronger 

and watertight concrete. Plastic shrinkage cracks as well as other disturbances like 

hollow space below the reinforcement bars and below the coarse aggregate, can 

thereby be closed again provided the concrete becomes soft again when the vibra-

tor head is introduced. Re-vibration of concrete results in improved compressive 

and bond strength, reduction of honey-comb, release of water trapped under hori-

zontal reinforcing bars and removal of air and water pockets. 

 

Re-vibration is most effective at the lapse of maximum time after the initial vibra-

tion, provided the concrete is sufficiently plastic to allow the vibrator to sink under 

its own weight into the concrete and make it momentarily plastic. 

 

1.8 Mechanism of Re-Vibration of Concrete 

 

The process of intentionally and systematically vibrating the placed concrete again 

after its consolidation is complete is known as re-vibration of concrete. A properly 

executed re-vibration results in improved concrete quality, such as increased 

strengths and bonds, better impermeability, less shrinkage and creep, less surface 

and other voids, and fewer cracks in fresh concrete, among other benefits. Re-

vibration can usually be done at any time as long as the running internal vibrator 

can sink by its own weight into the concrete or the external vibrator or vibrating 

table can temporarily liquefy the concrete. When the penetration resistance of the 

standard steel needle specified in ASTM C 403, reaches 3.5 N/mm2, the stiffness 

limit for re-vibration is usually accepted. Re-vibrating the concrete temporarily 

liquefies it. The formation of calcium hydroxide Ca(OH)₂, which typically ac-

counts for 15% to 25% of Ordinary Portland Cement concrete, is the primary 
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chemical process that occurs within the first two hours after the concrete is placed. 

The other major hydration product is calcium silicate hydrate (C-S-H), which 

makes up about 50% of OPC concrete and gives it hardness and durability. When 

re-vibration occurs after the initial set, it breaks down some of the calcium hydrox-

ide Ca(OH)₂ that has already formed, allowing freshly placed concrete adjacent to 

the re-vibrated concrete to join with it rather than introducing a construction joint 

and allowing the structure to become a monolithic concrete structure once more. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1  Introduction 

 

This chapter discusses the relevant information relating to the effect of re-vibrating 

concrete on the mechanical properties. The key theories and concepts encountered 

during the desk study are discussed. The relevant experimental data from prior 

researchers is used as a basis for comparison. 

 

2.2  History of consolidating concrete 

 

Engineers often link the increase or decrease in compressive strength to the water-

cement ratio used in the mix design. Concrete tests ran by (Suprenant, 1988) 

showed the effect of varying water-cement ratios on the compressive strength. The 

experiments were performed on concrete by varying the duration of compaction 

or vibration. 

 

In the late 1930’s, it was believed that the re-vibration of concrete would disturb 

the hardening process affecting the quality of the construction (Tuthill, 1977). 

However, some engineers continued to disturb the setting concrete due to delays 

during massive concrete pouring. The concrete mixture would be tamped and ag-

itated till the arrival of fresh concrete (Bhaskar, Kumar and Rao, 2008). The rea-

soning behind the application of this process was that as the vibrator penetrates 

the surface of the concrete layer under its own weight, it causes the set layer of 

calcium hydroxide to breakdown allowing the initial surface layer to merge easily 

with the freshly cast concrete. 
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(Tuthill and Davis, 1938) they reported in this study that as long as the concrete 

remains in a fairly plastic state, say up to two hours after mixing, slight inadvertent 

re-vibration, would cause no damage and may even benefit. A small amount of 

test data was presented to back up this claim. Concrete in 6 x 12 inch cylinders 

was successfully re-vibrated after intervals as long as 10 hours from the time of 

mixing, resulting in compressive strength increases of up to 25%, with the greatest 

strength increases obtained when the interval between time of mixing and time of 

re-vibration was between 2 and 5 hours. They also reported bond data that showed 

that re-vibration 2 to 5 hours after casting could result in a 30% to 50% increase 

in bond strength for plain bars and a maximum of 100% increase in bond strength 

for deformed bars. (Purandare, N. N., 1946) was conducting similar studies at the 

University of London at the same time this work was reported, though his findings 

were not published until 1946. Both cubes and beam specimens were cast in l: 2: 

4 concrete (water cement ratio of 0.55) and re-vibrated at 1 to 5 hour intervals. 

Specimens were tested at 7 days of age. He reported a maximum compressive 

strength increase of 34.3 percent and a maximum ultimate beam strength increase 

of 35.2 percent when re-vibration occurred two hours after casting. 

 

In stark contrast to the preceding, (Larnach, 1952) reported that his results revealed 

no tendency for re-vibration of partially set concrete to improve either compres-

sive or bond strength. The time between casting and re-vibration in his studies 

ranged from 15 minutes to 6 hours. One possible explanation for his negative re-

sults is that he used very dry mixes, so re-vibration may not have brought them 

back to a plastic state. 

 

In 1977, Tuthill demonstrated that re-vibration of concrete is beneficial as it in-

creases the compressive strength of concrete. Two mixes are shown in figure 2-1, 
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one containing voids (air-entrained) and the other without voids (non-air-en-

trained). The experiment was performed using the 6 bag ordinary Portland cement 

mix at room temperature (20 oC-23 oC) while keeping the water-cement ratio con-

stant. The results obtained showed an increase in 7 day compressive strength by 

36% after a time lag of 4 hours (Tuthill, 1977). 

 

 

 
Fig. 2-1 Relation between compressive strength and re-vibration delay 

 

 

(Vollick, 1958) extended the study of re-vibration in 1958 to mixes containing 

admixtures causing air entrainment, retardation of set, or both air entrainment and 

retardation of set. All mixes were proportioned for a three-inch slump, and vibra-

tion was induced using a 6000-cycle-per-minute spud vibrator. The specimens of 

each mix were first vibrated and then re-vibrated at one, two, three, and four hour 
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intervals. An impact hammer was used to test the strength of one series of speci-

mens, and the average readings were used for the indicated strengths. Figure 2-2 

depicts the results of this test. 

 

 

 
Fig. 2-2 Effect of re-vibration on strength of plain concrete 

 
 

2.3  Re-vibration mechanism 
 

(Bhaskar, Kumar and Rao, 2008) later showed similar results using controlled ex-

periments while varying the water-cement ratios at room temperature. However, 

(Bhaskar, Kumar and Rao, 2008) used ordinary Portland cement with different 

properties such as initial and final setting times than that used by (Tuthill, 1977). 

Re-vibration also showed additional benefits such as decreased permeability, re-

duction in voids, reduction in shrinkage and decreased surface cracks (Bhaskar, 

Kumar and Rao, 2008). 
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After a specific time, the compressive strength reaches its optimum value and there 

is no further positive influence of re-vibration on the concrete. According to the 

results shown in figure 2-3 compressive strength decreases below the control value 

after the final setting time of concrete. The reason for the decrease is that after the 

final setting time which is usually between 2 to 3 hours, calcium silicate hydrates 

in concrete form a strong chemical bond with the aggregates. Once the bonds are 

formed, re-vibration disrupts the bond structure weakening the compressive 

strength of concrete. 

 

 

 
 

Fig. 2-3 Relation between compressive strength, w/c ratio and re-vibration lag 

 

 

(Bhaskar, Kumar and Rao, 2008) also showed that the percentage increase in com-

pressive strength was most effective for the concrete mixture with a high water-

cement ratio of 0.7 at 31.4%. However, the maximum percentage increase in the 

mixtures with water-cement ratio of 0.35 was 27%, 0.5 was 29.1%, 0.55 was 
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27.3% and 0.6 was 28.5%. This data is shown in figure 2-4. As the re-vibration 

time increases, the percentage increase in compressive strength decreases. The 

most affected mix as the re-vibration time lag increases was noted to be the one 

with a high water-cement ratio of 0.7. Re-vibration of the high water-cement ratio 

mix caused a decrease in compressive strength by 25% after a 4 hour’s time lag. 

 

The increase in compressive strength is due to the vibrator breaking the calcium 

hydroxide layer before the initial setting time of concrete making the bond for-

mation stronger after re-vibration. The results, as stated above, showed no solid 

relationship between the water cement ratio and the percentage increase in com-

pressive strength. (Bhaskar, Kumar and Rao, 2008) prove the benefits of re-vibra-

tion to concrete compressive strength. However, other factors such as changes in 

temperature impact the ability of re-vibration and need to be examined as temper-

atures keep fluctuating on construction sites during concrete pouring. 

 

 

 
 

Fig. 2-4 % increase in compressive strength versus re-vibration lag 
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(Kummetha and beushausen, 2014) A series of laboratory experiments were de-

signed to determine the effects of re-vibration of concrete on its compressive 

strength when varying the cement type, water-cement ratios and mix temperature. 

240 concrete cubes (150 mm x 150 mm x 150 mm) were cast, cured and tested for 

compressive strength at varying water-cement ratios (0.4, 0.6) and mix tempera-

ture (10ºC, 20ºC and 30ºC). Cores were then taken from some of the cubes to 

identify any damage caused by re-vibration to the internal structure of the concrete. 

The compressive strength of the cubes is analyzed using graphs based on the ce-

ment type used in the mix. Re-vibration time lag is plotted against the compressive 

strength for the different concrete mix temperatures. The percentage increase in 

compressive strength after re-vibration of concrete is tabulated in table 2-1 and 

shown in figure 2-5. 

 

 

Table 2-1 % increase in compressive strength of CEM I concrete 
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Fig. 2-5 Percentage increase in compressive strength 

 

 

As seen in figure (2-5), increase in percentage compressive strength decreases as 

the re-vibration time increases. 

 

The obtained results after the experimentation showed that the compressive 

strength of the concrete increased up to when the peak re-vibration time was 

reached. After which it began to decrease depending on the mix temperature used. 

 

2.4  Influence of re-vibration on chemical structure of concrete 

 

The main constituents of ordinary portland cement are calcium silicates (C3S and 

C2S). As the cement reacts with water, it forms calcium silicate hydrates and cal-

cium hydroxide. In ordinary Portland cement, calcium hydroxide is formed ini-

tially in the first two hours of concrete casting (Bhaskar, Kumar and Rao, 

2008).This is then followed by the formation of calcium silicate hydrates at a later 
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stage. A simplified example of the hydration of Tri-calcium silicate is demon-

strated below CSIR, 2010): 

 

2C3S + 6H ⟶ C3S2H3 + 3CH 

 

The process of re-vibration breaks down the layer of calcium hydroxide (CH) 

formed on the surface due to the lag between concrete pouring and allows for the 

new mixture to bond with the previous layer (Bhaskar, Kumar and Rao, 2008). 

This prevents the formation of a joint between the two layers of concrete, making 

the structure combined and uniform. 

 

The compositions of cement vary based on the blend, type and strength. The quan-

tity of calcium hydroxide and calcium silicate hydrates also varies depending on 

the quantity of calcium oxide present in the cement. The strength of concrete is 

mainly achieved because of the calcium silicate hydrates formed. 

 

2.5  Mechanisms by which Re-vibration increases strength 

 

At the moment, several theories have been proposed as to the precise mechanism 

by which re-vibration increases the strength of concrete. The following paragraphs 

will go over each of these. 

 

A- (Sawyer and Lee, 1956) proposed one of the most popular theories, namely that 

re-vibration causes the mortar and concrete to become more densely consolidated, 

allowing for more advantageous deployment of hydration products. This is cer-

tainly consistent with the general theory that strength is a function of void cement 

ratio, with any decrease in this ratio resulting in an increase in strength. This also 

corresponds to (Tuthill and Davis, 1938) observations that when the concrete is 
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vibrated at an early stage (before the initial set of cement), a noticeable amount of 

air and water may be expelled from the mass, resulting in better consolidation. 

 

B- Another theory put forward by (Sawyer and Lee, 1956) is that "the vibrating 

disturbances in some way accelerate and extend the production and consequently 

increase the amount of strengthening hydrates at the particular ages up to 90 days". 

"when the hydration of cement starts the initial structure is determined by either 

C3A or C3S which ever hydrates first. In a normally retarded set, the C3S is pre-

sumed to hydrate first and to establish the primary structural bonds. If, on the other 

hand C3A hydrates first, re-vibration may displace this weaker structure and allow 

the normal structure of C3S to develop otherwise normally retarded set. The extent 

of hydration of C3S is relatively insignificant up to 4 to 6 hours while that of C3A 

may be (unless normally retarded) almost complete within 10 hours. These factors 

could have a significant influence on the rate of strength development and even 

the ultimate strength". According to this theory, re-vibration tends to break the gel 

structure surrounding hydrating cement particles, allowing more ready access of 

water to the un-hydrated portions of the cement particles and allowing for more 

hydration. 

 

C- (Neville, 1963) proposes that the increase in strength caused by re-vibration 

may be due to a reduction in plastic shrinkage stresses around aggregate particles 

caused by re-vibration. If this theory is correct, re-vibration should not result in 

any strength increases (or at least only minor strength increases) in plain cement 

pastes. 

 

D- (Lea et al., 1956) proposes that re-vibration increases strength by facilitating 

the expansion and dispersion of the cement paste. He describes the mechanism as 
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follows: "After hardening has begun, the rigid mass can no longer accommodate 

a localized growth of the solids around the cement grains, and an expansion occurs 

if a supply of water is kept available to continue hydration. And, because the sat-

urated cement gel expands (about 2.2 times) during hydration, re-vibration of con-

crete after this expansion has begun will or should facilitate the expansion and 

dispersion of the cement paste. As previously stated, dispersion should increase 

strength." 

 

E- With the formation of gel, calcium hydroxide crystals appear immediately after 

the addition of water to the cement (silicate hydrates). When the paste is re-vi-

brated before it hardens, these crystals break, resulting in an uneven surface on 

each cement particle. As a result of the vibrations, the cement particles get a better 

grip on each other, resulting in better consolidation and an increase in strength. 

F- Another theory is that re-vibration reduces the pressure due to crystals at the 

outer surface while increasing strength due to better consolidation. 

 

G- The effect of re-vibration on bleeding was also considered as a factor in the 

increased strength. Some of the water comes to the surface of the concrete (or paste 

or mortar) due to re-vibration, resulting in a lower water-cement ratio in the mass 

and thus an increase in strength. 
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CHAPTER THREE 

EXPERIMENTAL PROGRAME 

 

3.1 Introduction 

 

This chapter describes in detail the experimental program used to evaluate the im-

pact of applying re-vibration to concrete beams. The experimental method fol-

lowed the procedure for evaluating the re-vibration process of reinforced concrete 

beams. The chapter describes the experimental design, the testing equipment, and 

the properties of the materials used. Several tests were also performed to confirm 

the effect of the re-vibration technique on the mechanical properties of concrete. 

 

 The experimental program's results were integrated into a database that was used 

to determine the factors that influence the development of reinforced beams after 

the casted concrete was re-vibrated. These results were compared to those of un-

reinforced mixes that did not receive a second vibration. The loading process for 

all the beams were videoed for the purpose recording crack behavior of the beams. 

This chapter also contains the information’s about the properties of the materials, 

preparation of samples, mixing and casting the reinforced concrete beam, and test-

ing procedure. 

 

3.2 Material Properties 

 

3.2.1 Cement 

 

Fresh concrete is a mixture of water, cement, and aggregate. It is important that 

the constituent materials remain uniformly distributed within the concrete mass 

during the various stages of its handling and that full compaction is achieved. 
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When either of these conditions is not satisfied the properties of the resulting hard-

ened concrete, for example, strength and durability, are adversely affected. 

 

The characteristics of fresh concrete which effect full compaction are its con-

sistency, mobility and compatibility. In concrete practice these are often collec-

tively known as workability. The ability of concrete to maintain its uniformity is 

governed by its stability, which depends on its consistency and its cohesiveness. 

Since the methods employed for conveying, placing and consolidating a concrete 

mix, as well as the nature of the section to be cast, may vary from job to job it 

follows that the corresponding workability and stability requirements will also 

vary. The assessment of the suitability of fresh concrete for a particular job will 

always to some extent remain a matter of personal judgment. 

 

Concrete used in this research was made using a mixture of only three materials: 

aggregate, Portland cement, and potable water. The ordinary Portland cement from 

Mass company has been employed to design the normal concrete mixes. The phys-

ical and chemical properties of the cement are tested and checked according to the 

specification of ASTM (ASTM- C150). As shown in the Table (3-1 and 3-2)  

 

 

Table 3-1 Physical Properties of the cement 

Physical Tests Results ASTM C150-10 

Initial setting time 180 min. At least to be 45min. 

Final setting time 245 min. Not more than 600min. 

Compressive strength 

3 days age 
22.68 14.7 MPa, a lower limit 
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Compressive strength 

28 days age 
32.25 22.5 MPa, a lower limit 

Specific gravity 3.15  

Density 1400 kg/m3  

 

 

 

Table 3-2 Chemical tests for cement investigated by (Directorate of Erbil Con-

struction Laboratory) 

Chemical tests Results Specification 

Lost in ignition 2.22% 4% Max. 

Insoluble material 0.5% 1.5 Max. 

Si𝑂2 20%  

Cao 63.5%  

𝐴𝐿2𝑂3 4%  

𝐹𝑒2𝑂2 4.5%  

MgO 2.15% 5% Max. 

S𝑂3 2.1% 28% Max. 

𝐶3A 3%  

L.S.F 0.97% (0.66 – 1.02) 

𝐶3S 67.2%  

𝐶2S 6.9%  

𝐶4AF 13.7%  
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3.2.1.1 Concrete Mixing: 

 

The materials must be thoroughly mixed in order to produce uniform concrete. 

The mixing should make the mass homogeneous, uniform in color, and consistent. 

Concrete can be mixed in two ways: 

 

(a) Hand mixing. 

 

Hand mixing is used for small-scale, unimportant concrete projects. Because the 

mixing cannot be thorough or efficient, it is preferable to add 10% more cement 

to compensate for the inferior concrete produced by this method. 

 

(b) Machine mixing. 

 

Concrete mixing is almost always done by machine for reinforced concrete work 

and medium or large scale mass concrete work. When the amount of concrete to 

be produced is large, machine mixing is not only efficient but also cost effective. 

In this study we took a machine mixer for our test. 

 

3.2.1.2 Mixing time: 

 

Concrete mixers are typically designed to spin at 15 to 20 revolutions per minute. 

In a well-designed mixer, approximately 25 to 30 revolutions are required for 

proper mixing. The normal tendency on the job site is to shorten the mixing time 

in order to speed up the concrete output. As a result, the concrete is of poor quality. 

 

On the other hand, mixing the concrete for a longer period of time is uneconomical 

in terms of concrete production rate and fuel consumption. As a result, it is critical 

to mix the concrete for the shortest amount of time possible. The experiments show 
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that the quality of concrete in terms of compressive strength increases with in-

creasing mixing time, but the improvement in compressive strength is not very 

significant for mixing times greater than two minutes. For our study we took (2) 

minute as a mixing time. 

 

3.2.1.3 Placing concrete: 

 

It is not enough for a concrete mix to be correctly designed, batched, mixed, and 

transported; the concrete must also be placed in a systematic manner to yield the 

best results. For our study we took the same procedure for placing concrete for all 

the specimens and beams. 

 

3.2.2 Aggregates 

 

Aggregates are inert granular materials such as sand, gravel, or rounded stone that 

are used in concrete along with water and Portland cement. 

 

Aggregates for a good concrete mix must be clean, hard, and strong particles free 

of absorbed chemicals or coatings of clay and other fine materials that could cause 

concrete deterioration. Aggregates, which make up 60 to 75 percent of the total 

volume of concrete, are classified into two types: fine and coarse. For our study 

we use rounded aggregate with maximum size of (12.5) mm. 
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3.2.2.1 Fine Aggregate (Sand) 

 

When aggregate is sieved through a 4.75 mm sieve, the aggregate that passes 

through it is referred to as fine aggregate. Natural sand is commonly used as fine 

aggregate, but silt and clay have also been included in this category. 

 

Locally available sand from (Aski- Kalak Source) was used in this experimental 

work. The sand was clean and with maximum size (4.75 mm), the grading curve 

of the fine aggregate is shown in the figure 3-1. Also, test results within the lower 

and upper limit of the specification of ASTM (ASTM-C33) are displayed in table 

3-3. 

 
Fig. 3-1 Grading curve for the fine aggregate with ASTM limits 

 
 

Table 3-3 Grading of the Fine Aggregates (sand) 

 

Sieve size (mm) Passing % ASTM Limits 

Lower Upper 

9.5 100 100 100 

4.75 95.77 95 100 

2.36 86.59 80 100 

1.18 71.44 50 85 

0.6 48.1 25 60 
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0.3 20.32 5 30 

0.15 7.17 0 10 
 

 

 

3.2.2.2 Course Aggregate 

 

The aggregate retained after sieving through a 4.75 mm sieve is known as coarse 

aggregate. This category includes gravel, cobble, and boulders. Some conditions 

may influence the maximum size aggregate used. In general, 40 mm aggregate is 

used for normal strength concrete and 20 mm aggregate is used for high strength 

concrete. 

 

The locally available gravel was utilized, the sieve analysis of the aggregates of 

maximum size (D max = 12.5 mm) are shown in figure 3-2 and the test results 

within the lower and upper limit of the specification of ASTM (ASTM-C33) as 

shown in table 3-4. 

 

 

 
Fig. 3-2 Grading curve for the course aggregate with ASTM limits 
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Table 3-4 Grading of the Course Aggregates maximum size (D max = 12.5 mm) 

Sieve size (mm) Passing % ASTM Limits 

Lower Upper 

12.5 100 100 100 

9.5 87.48 85 100 

4.75 22.3 10 30 

2.36 6.8 0 10 

1.18 3.34 0 5 
 

 

3.2.3 Water 

 

The amount of water in a given volume of concrete has a significant impact on its 

workability. The greater the water content per cubic meter of concrete, the greater 

the fluidity of the concrete, which is one of the important factors influencing work-

ability. At the job site, supervisors who are unfamiliar with the practice of making 

good concrete add more water to increase workability. This practice is frequently 

used because it is one of the simplest corrective measures that can be implemented 

on-site. It should be noted that, in terms of desirability, increasing the water con-

tent is the last resort for improving workability, even in the case of uncontrolled 

concrete. If all other steps to improve more water are considered, it is not possible 

to arbitrarily increase the water content of controlled concrete. More water can be 

added as long as a corresponding amount of cement is also added to keep the wa-

ter/cement ratio constant and the strength constant. 

 

In this study, clean potable water was used for concrete casting and curing with 

water cement ratio (0.4). 
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3.3 Mix proportion: 

The aggregate/cement ratio has a significant impact on workability. The greater 

aggregate/cement ratio, which lean the concrete. In lean concrete, there is less 

paste available to provide lubrication per unit surface area of aggregate, limiting 

aggregate mobility. In the case of rich concrete with a lower aggregate/cement 

ratio, however, more paste is available to make the mix cohesive and fatty, result-

ing in better workability. 

3.4 Specific gravity of Fine aggregate (Sand)  

 

The specific gravity of an aggregate is used to determine the material's strength or 

quality. Specific gravity is defined as the weight ratio of a given volume of aggre-

gate to an equal volume of water. Aggregates with low specific gravity are typi-

cally weaker than aggregates with high specific gravity. This property aids in the 

identification of aggregates in general. 

 

the specific gravity results of our test for Fine aggregate is (2.6) and for Course 

aggregate is (2.65) which are good results and within the range. 

 

3.5 Reinforcing Steel 

 

Deformed steel bars of 10mm and 12mm diameter were used. 12mm diameter bars 

were used for the bottom main reinforcement, and 10mm diameter bars are used 

for the top main reinforcement and stirrups. The strength properties of the steel 

bars have been determined from testing three samples of each type by universal 

hydraulic tensile test machine (600 KN), as shown in the figure 3-3. The testing 

results are shown in table 3-5 and figure 3-4. 
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Fig. 3-3 Tensile testing machine for steel bar 

 
 

Table 3-5 Properties of reinforcing steel for the experiment 

No. Diameter 𝐿1  

(mm) 

𝑓𝑦 

(yield) 

(MPa) 

Average 

𝑓𝑦 

(MPa) 

𝑓𝑢  

(Ultimate) 

(MPa) 

Average 

𝑓𝑢 

Mpa 

Elongation 

(%) 

1 10 226 630.6 648.8 733.76 752.04 24 

2 10 231 666.2 775.8 29 

3 10 230 649.6 746.56 28 

4 12 234 636.1 661.43 756.37 783.39 32 

5 12 233 644.9 767.87 31 

6 12 231 703.3 825.94 29 
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Fig. 3-4 Steel bar after testing 

 
 

3.6 Concrete Mix Design: 

 

One of the ultimate goals of researching the different properties of concrete mate-

rials, such as plastic concrete and hardened concrete, is to enable a concrete tech-

nologist to design a concrete mix for a specific strength. The design of a concrete 

mix is not an easy task due to the widely varying properties of the constituent 

materials, the conditions at the work site, and the conditions required for the spe-

cific work for which the mix is designed. The design of a concrete mix necessitates 

comprehensive knowledge of the various properties of these constituent materials, 

the implications of changes in site conditions, the impact of plastic concrete prop-

erties on hardened concrete, and the complicated interrelationship between the 

variables. 
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Mix design is the process of selecting appropriate concrete ingredients and deter-

mining their relative proportions with the goal of producing concrete with a certain 

minimum strength and durability as economically as possible. 

 

3.6.1 Concept of Mix Design: 

 

At this point, it is worthwhile to recall the relationships between aggregate and 

paste, which are the two essential ingredients of concrete. The lubricating effect 

of the paste provides mass workability, which is influenced by the amount of paste 

dilution. The paste strength limits the strength of concrete because mineral aggre-

gates, with rare exceptions are far stronger than the paste compound. Because little 

water flows through aggregate either under pressure or by capillarity, the permea-

bility of concrete is primarily determined by the quality and consistency of the 

paste. Furthermore, the primary contributor to concrete drying shrinkage is paste. 

Because the paste governs the properties of concrete to a large extent, it is useful 

to examine the paste structure more closely. The fresh paste is a suspension, not a 

cement-in-water solution. 

 

3.6.2 Variables in Proportioning: 

 

The four variable factors to consider when specifying a concrete mix with the 

given materials are: 

(a) Water-cement ratio. 

(b) Cement content or cement-aggregate ratio. 

(c) Gradation of the aggregates. 

(d) Consistency. 
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In general, none of these four interconnected variables can be chosen or manipu-

lated arbitrarily. Typically, two or three factors are specified, and the others are 

adjusted to provide the best possible workability and economy. The water/cement 

ratio expresses paste dilution; cement content varies directly with paste amount. 

The amount of fine and coarse aggregates used to control aggregate gradation. The 

practical requirements of placement establish consistency. 

 

3.6.3 Mix Design: 

 

According to American Concrete Institute (ACI) 318M-14 recommendations, 

many trial mixes for concrete with maximum aggregate size (12.5) were designed 

to obtain a compressive strength of (35 MPA). The final mix proportions were 

used for the beams shown in table 3-6, but trial mixes are required because the 

relationships between concrete strength and water-cement ratio depend to some 

extent on the local aggregates and cement sources. Experience with the quality and 

characteristics of both cement and aggregates in a specific location can be ex-

tremely valuable during the mix design stage. 

 

1- Water/cement ratio (w/c) = 0.4 

2- Water content 220 kg/m3 

3- Cement content 545 kg/m3 

4- Total aggregate content 1635 kg/m3 

5- Mix proportions per cubic meter. 
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Table 3-6 The ingredients of the concrete mix design for one beam 

Max. Agg. 

size D max 

(mm) 

Cement  

(kg) 

Sand 

(kg) 

Course 

Agg. 

(kg) 

w/c 

 ratio 

Mix 

design 

ratio 

Average 

compres-

sive 

Strength 

𝑓𝑐
,
 

 (MPa)  

 

C/Agg

. 

12.5 25.546 31.92 44.718 0.4 1:1.25:

1.75 

35 0.57 

 

 

To achieve a homogeneous mix, a mechanical mixer was used. In the study, 

twenty-eight mix batches were tested. The research looks at the effects of vibra-

tion, delayed vibration, and repeated vibration at various times. 

 

For mix design we produce a mix with ratio as mentioned in table 3-6 and the 

samples were tested in 28 days and the result were a range of 35 MPa, but because 

of our laboratory was not prepared in this time for this reason all the beams and 

cylinders of our tests done after 56 days. 

 

For each mix, the following elements were casted:  

(1) Beams 1500 x 125 x 250 mm to be tested at 56 days.  

(2) Cylinders of 150 mm diameter and 300 heights will be tested at 56 days, 

In standard mix design form, the relevant details and calculations are shown. 

 

3.7 Beam Formworks 

3.7.1 Molds 

 

To assess the re-vibrated concrete's plastic shrinkage cracking, plywood block 

sheets of dimensions (1220x440x18) mm were used. The molds were created from 
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these plywood block sheets and the size of the beam formworks are (125 x 250 x 

1500mm). Figure 3-5 shows how the molds were cleaned and given a light oil 

coating to make removal of the specimen easier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               Fig. 3-5 Molds of the tested specimens 

 
 

3.8 Cages and Reinforced Placement 

 

For our test twenty- four beams were reinforced to the same reinforcement ratio. 

bars The beams for group (A, B, C, D, E and F) reinforced with longitudinal top 

reinforcement of (2ø10mm) and bottom reinforcement of (2ø12mm) with trans-

vers reinforcement (Stirrups) ø12mm which spread all over the beams as shown 

in figure 3-6 except group F which are without transverse reinforcement and group 

G is without longitudinal and transverse reinforcement, the total beam shown in 

figure 3-7. 
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Fig. 3-6 Reinforcement cages and molds 
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Fig. 3-7 Longitudinal and transverse cross section view 

 

 

3.9 Casting of Concrete 

 

All the beams and cylindrical specimens were casted manually after the molds 

were cleaned and oiled. The reinforcement bars were placed carefully inside the 

mold, after that the concrete placed in layers inside the molds. Six cylinders of 

(150 x 300) mm were casted for each beam to determine the mechanical properties 

of concrete compressive strength, splitting tensile strength at age 56 days were 

determined. Figure 3-8 shows the beams and control specimens after casting. 

 

After casting the concrete into the beam and cylindrical molds, an external table 

vibration as shown in figure 3-9 was applied to the specimens with different time 

intervals from 15 to 60 seconds. After the first vibration, concrete beams and cyl-

inders were taken of and waited for the second vibration with different waiting 

time (30, 60, 90 and 120) minutes. 
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During this time, the concrete hardened and water continued to bleed to the beams 

surfaces. After the hardening process had finished, the specimens were subjected 

to a second vibration. The following vibration times were used for the second vi-

bration: (15, 30, 45, and 60) seconds which called re-vibration. The concrete 

beams and cylinders were screed perpendicular to the stress risers after the second 

vibration. A smooth steel trowel was used to smooth out the concrete surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-8 Casting Specimens 
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Fig. 3-9 Electrical vibration of specimen 

 
 

3.10 Curing 

 

The casted samples were removed from the molds after 24 hours, and they were 

cured for 28 days by covering the beams and control specimens with burlap and 

kept moist during the curing period. According to ASTM C31for 24 hours, as 

shown in the figure 3-10. 
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- 

 

 

Fig. 3-10 Curing of beams and cylinders 

 
 

3.11 Concrete Mechanical Properties 

3.11.1 Compressive Strength: 

 

The compressive strength of a concrete cylinder is one of the most common per-

formance measures used by structural engineers. The compressive strength of con-

crete cylinders is determined here by continuously applying load to the cylinder 
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until failure occurs. The test is conducted on a compression-testing machine. Alt-

hough according to ASTM C39, three cylinders (150 x 300) were tested for each 

beam. According to the ASTM C617 cylinder, capping was required to give a 

smooth and level surface for applying a compressive load to concrete cylinders. 

The stone powder method was used for cylinder capping, as shown in figure 3-11. 

 

 

 
 

 
 

Fig. 3-11 Cylinder capping concrete 
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3.12 Splitting Tensile Strength (𝒇𝒔𝒑) 

 

The tensile strength of concrete is a fundamental and important property that in-

fluences the extent and size of cracking in structures. Furthermore, due to its brittle 

nature, the concrete is very weak in tension. As a result, it is not expected to with-

stand direct tension. Concrete cracks as tensile forces exceed its tensile strength. 

As a result, determining the tensile strength of concrete is required to determine 

the load at which the concrete members may crack. 

 

Three (150 x 300) mm cylinders were tested for each beam to determine the tensile 

strength of concrete. Furthermore, a splitting tensile strength test on a concrete 

cylinder is a method for determining concrete tensile strength. The tests were per-

formed according to ASTM (ASTM-C469). Furthermore, the ALFA testing equip-

ment with the capacity of 2000 NK was used for the performance of the splitting 

tensile test, as shown in figure 3-12. 

 

 

 
 

Fig. 3-12 ALFA Testing Equipment 
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3.13 Experimental Program 

 

The experimental program of this research contains twenty- eight beams for test-

ing, the concrete beams with transverse reinforced (stirrups) spread all over the 

beam with constant compressive strength, except group F which are without trans-

verse reinforcement (stirrups) and group G without longitudinal and transverse 

reinforcement. The beams cross-section dimensions are (125 x 250 x 1500) mm, 

the maximum aggregate size is (12.5) mm were used in the experimental work. 

The beams were divided into seven groups (A B, C, D E, F and G) as shown in 

table 3-7, and each group had four specimen beams. 

 

The beams for group (A, B, C, D, E and F) reinforced with longitudinal top rein-

forcement of (2ø10mm) and bottom reinforcement of (2ø12mm) with transvers 

reinforcement (Stirrups) ø12mm with (10) cm equally c.c. spacing all over the 

beams except group F which are without transverse reinforcement and group G is 

without longitudinal and transverse reinforcement. And 144 cylinders (300 mm 

height and 150 mm diameter) were used for testing the compressive and tensile 

strength of concrete. These sampled were tested after 56 days in attempt to study 

the effects of vibration, delay in re-vibration and time duration of vibration on the 

development of concrete strength. 

 

Based on the findings of Vollick (1958), Aldalinsi et al. (2003), and Krishna et al. 

(2008), the specimens were vibrated for time intervals of (15, 30 ,45, and 60) sec-

onds, and the waiting time after specimen casting and before a second vibration 

(re-vibration time lag) was chosen as (30, 60, 90, and 120) minutes. To assess the 

effect of the length of the second vibration, four re-vibration times (15, 30, 45, and 
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60) seconds were chosen. These re-vibration time lengths resulted in good vibra-

tion of the mixtures, as evidenced by the mix's uniformity and the visual sign of 

good compaction.  

 

 

Table 3-7 Experimental program of beam specimens 

No. Group Specimen 

Initial Vi-

bration 

 time  

(sec) 

Waiting time  

after initial 

 vibration  

(min)  

Re-vibration  

time  

(sec) 

1 

With Stirrups 

A1 15 0   0 

2 A2 30  0  0 

3 A3 45  0  0 

4 A4 60  0 0  

5 

With Stirrups 

B1 15 30 15 

6 B2 15 30 30 

7 B3 15 30 45 

8 B4 15 30 60 

9 

With Stirrups 

C1 15 60 15 

10 C2 15 60 30 

11 C3 15 60 45 

12 C4 15 60 60 

13 

With Stirrups 

D1 15 90 15 

14 D2 15 90 30 

15 D3 15 90 45 

16 D4 15 90 60 

17 
With Stirrups 

E1 15 120 15 

18 E2 15 120 30 
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19 E3 15 120 45 

20 E4 15 120 60 

21 

without Stir-

rups 

F1 15 60 15 

22 F2 15 60 30 

23 F3 15 60 45 

24 F4 15 60 60 

25 

without rein-

forcement 

GI 15 60 15 

26 G2 15 60 30 

27 G3 15 60 45 

28 G4 15 60 60 

 

 

3.14 Loading Setup 

 

The beams were tested in the College of Engineering at Tishk International Uni-

versity in (Civil Engineering Laboratory). At the age of 56 days all the beams were 

tested. When the curing was completed, the specimens were placed at the labora-

tory temperature and were painted with white color and drawing the gridlines over 

the beam, so the cracks could be seen quickly and clearly and the crack pattern 

could be marked, as shown in figure 3-13. For installing the strain gauge over the 

beam first able we polish the surface of the beam by using diamond angle grinder 

disc to obtain smooth surface, then we place the strain gauge over a clean glass 

surface and we cover the strain gauge with an adhesive tape, the strain gauge and 

the surface are now ready for the bonding process. For this process we use super 

glue Loctite bonding materials that was set few seconds after application. After 

that we put a metal load over the stain gauge for 24 hours till it completely hard-

https://www.hbm.com/en/4625/strain-gauge-adhesives-bonding-material/
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ened. The load was applied over the beam on the two-point line load with a dis-

tance of 16 cm. The applied load was calculated with digital readout as shown in 

the figure 3-14, and we connect the stain gauge to data logger for reading the max-

imum strain. And we use a dial gauge that had the smallest count of 0.01mm for 

measuring the displacements that was placed at the center of the beam to determine 

the center displacement, as illustrated in figure 3-13. The loading process for all 

the beams were videoed for the purpose of recording crack behavior of the beams. 

 

 
Fig. 3-13 Beam Specimens painted with a white color and smoothed the strain 

gauge area 
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Fig. 3-14 Test setup with the loading frame 
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CHAPTER FOUR 

RESULTS AND DISCUYSSION 

 

4.1  Introduction 

 

The experimental results of twenty-eight beams were presented through this chap-

ter in many figures and tables to explore and show the effect of re-vibration of 

beams on the mechanical properties of concrete, behavior of reinforced concrete 

beam, modes of failure load, first crack load, strain and maximum deflection of 

the beams, behavior of each beam are described in this chapter. Presenting the 

detailed data, calculations, analysis, and working photos. 

 

4.2 Properties of Control Specimens 

 

4.2.1 Concrete Compressive Strength 

 

According to ASTM C39, three cylinders (150 x 300) were tested for each beam 

as shown in table 4-1. After testing and according to the ASTM C617 cylinder, 

table 4-1 shows the concrete compressive strength of all beams, capping was re-

quired to give a smooth and level surface for applying a compressive load to con-

crete cylinders. 

 

To analyze the table and identify the beam with the maximum compressive 

strength in each group, we can look at the average compressive strength values for 

each specimen. Figure 4-1 provides information on the compressive strength of 

different specimens under varying vibration and waiting conditions. The analysis 

allows us to determine the specimen with the maximum compressive strength in 
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each group, aiding in understanding the impact of different parameters on the 

strength of the beams, 

 

Which shows that the maximum compressive strength of concrete 𝑓𝑐
′ at re-vibra-

tion time (45 sec.) for all waiting time 30, 60, 90, and 120 sec. , this mean that 

important of re-vibration time in re-compacting the concrete.   

 

 

Table 4-1 Compressive strengths of concrete for all concrete specimens 

No. 

S
p

ec
im

en
 Initial 

Vibra-

tion 

 time 

(sec) 

Waiting 

time  

after ini-

tial 

 vibration  

(min) 

Re-

vibra-

tion  

time  

(sec) 

 

𝑓𝑐
′ 

(1) 

(MPa) 

 

𝑓𝑐
′ 

(2) 

(MPa) 

 

𝑓𝑐
′ 

(3) 

(MPa) 

Aver-

age 

𝑓𝑐
′ 

(MPa) 

 

 
𝑓𝑐

′

𝑓𝑐,𝑜
′

 

 

 

1 A1 15 0  0 32.52 32.95 33.15 32.873 1 

2 A2 30 0  0 33.84 34.22 34.54 34.2 1.04 

3 A3 45 0  0 35.11 35.61 36.79 35.836 1.09 

4 A4 60 0 0  31.24 30.74 30.88 30.953 0.95 

5 B1 15 30 15 35.66 34.23 36.78 35.556 1.09 

6 B2 15 30 30 36.95 37.25 37.44 37.213 1.14 

7 B3 15 30 45 38.96 37.55 38.43 38.313 1.17 

8 B4 15 30 60 34.32 33.68 33.25 33.75 1.03 

9 C1 15 60 15 38.22 38.94 39.78 38.98 1.19 

10 C2 15 60 30 40.11 39.77 39.42 39.766 1.21 
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11 C3 15 60 45 42.14 43.75 43.88 43.256 1.32 

12 C4 15 60 60 37.79 38.15 38.66 38.2 1.17 

13 D1 15 90 15 36.67 35.22 36.22 36.036 1.10 

14 D2 15 90 30 38.2 37.21 38.63 38.013 1.16 

15 D3 15 90 45 39.16 38.52 38.98 38.886 1.19 

16 D4 15 90 60 34.23 33.15 34.41 33.93 1.04 

17 E1 15 120 15 31.22 32.51 31.78 31.836 0.97 

18 E2 15 120 30 33.28 34.66 33.17 33.703 1.03 

19 E3 15 120 45 34.54 35.6 35.78 35.30 1.07 

20 E4 15 120 60 30.43 30.78 31.17 30.793 0.94 

21 F1 15 60 15 38.22 38.94 39.78 38.98 1.19 

22 F2 15 60 30 40.11 39.77 39.42 39.766 1.21 

23 F3 15 60 45 42.14 43.75 43.88 43.256 1.32 

24 F4 15 60 60 37.79 38.15 38.66 38.2 1.17 

25 G1 15 60 15 38.22 38.94 39.78 38.98 
 

1.19 

26 G2 15 60 30 40.11 39.77 39.42 39.766 
 

1.21 

27 G3 15 60 45 42.14 43.75 43.88 43.256 
 

1.32 

28 G4 15 60 60 37.79 38.15 38.66 38.2 
 

1.17 
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Fig. 4-1 Average compressive strengths of concrete for initial vibration and re-

vibrated concrete specimens with variable time length 

 

Table 4-2 and figure 4-2 shows the effect of waiting time after initial vibration, for 

re-vibration time and the percentage relationship between the parameters and the 

compressive strength, we can compare the changes in compressive strength while 

keeping certain parameters constant. Let's focus on the "Waiting time" parameter 

as it varies across the specimens. The results show that at waiting time (30 min.) 

the compressive strength increased by about (9%) and then at waiting time (60 

min.) the increasing in compressive strength became maximum amount (19 %), 

but after this time at waiting time (90 and 120 min.) the compressive strength de-

creased to (10 %) and (-3 %) respectively, this mean that the optimum waiting 

time is (60 min.), to obtain the maximum compressive strength of concrete, this 

mean that the waiting time should be in the interval of initial setting time of the 

cement. 

 

After this time the concrete began in the interval of final setting and any re-vibra-

tion of the concrete gives negative effects and making cracks after hardening of 

the concrete, depending on this reason the concrete strength is reduced. 
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Table 4-2 Compressive strengths of concrete specimens with different waiting 

time 

No. 
S

p
ec

im
en

 Initial 

Vibra-

tion 

 time 

(sec) 

Waiting time  

after initial 

 vibration  

(min) 

Re-vibration  

time 

(sec) 

Compres-

sive 

strength 

𝑓𝑐
′ 

(MPa) 

 
𝑓𝑐

′

𝑓𝑐,𝑜
′

 

1 A1 15 0 0 32.873 1 

2 B1 15 30 15 35.556 1.09 

3 C1 15 60 15 38.98 1.19 

4 D1 15 90 15 36.036 1.10 

5 E1 15 120 15 31.836 0.97 

 

 

 
 

Fig. 4-2 Compressive strengths of concrete with re-vibration time (15 sec) with 

different waiting time 
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Table 4-3 and figure 4-3 shows the effect of waiting time after initial vibration, for 

re-vibration time and understand the percentage relationship between the parame-

ters (initial vibration time, waiting time after initial vibration, re-vibration time) 

and the compressive strength, The initial vibration time for all the specimens is 

fixed at 15 seconds with variable waiting time after the initial vibration 30, 60, 90 

and 120 min, By comparing the compressive strength values, we can observe the 

percentage change in compressive strength with respect to the waiting time after 

the initial vibration.  

 

The results show that at waiting time (30 min.) the compressive strength increased 

by about (13%) and then at waiting time (60 min.) the increasing in compressive 

strength became maximum amount (21 %), but after this time at waiting time (90 

and 120 min.) the compressive strength decreased to (16 %) and (3 %) respec-

tively, this mean that the optimum waiting time is (60 min.). 

 

To obtain the maximum compressive strength of concrete, this mean that the wait-

ing time should be in the interval of initial setting time of the cement. After this 

time the concrete began in the interval of final setting time and re-vibration of the 

concrete gives minimum effects and making cracks after hardening of the concrete 

depending on this reason the concrete strength is reduced. 
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Table 4-3 Compressive strengths of concrete specimens with different waiting 

time 

No. 
S

p
ec

im
en

 Initial 

Vibra-

tion 

 time 

(sec) 

Waiting time  

after initial 

 vibration  

(min) 

Re-vibra-

tion  

time 

(sec) 

Compressive 

strength 

𝑓𝑐
′ 

(MPa) 

 
𝑓𝑐

′

𝑓𝑐,𝑜
′

 

1 A1 15 0 0 32.873 1 

2 B2 15 30 30 37.213 1.13 

3 C2 15 60 30 39.766 1.21 

4 D2 15 90 30 38.013 1.16 

5 E2 15 120 30 33.703 1.03 

 

 

 
Fig. 4-3 Compressive strengths of concrete with re-vibration time (30 sec) with 

different waiting time 

 

 



69 
 

Table 4-4 and figure 4-4 shows relationship between the parameters (initial vibra-

tion time, waiting time after initial vibration, re-vibration time) and the compres-

sive strength, the initial vibration time for all the specimens is fixed at 15 seconds, 

so there is no variation in this parameter with variable waiting time after the initial 

vibration and all the specimens have a re-vibration time of 45 seconds. By com-

paring the compressive strength values, we can observe the percentage change in 

compressive strength with respect to the waiting time after the initial vibration. 

  

The results show that at waiting time (30 min.) the compressive strength increased 

by about (17%) and then at waiting time (60 min.) the increasing in compressive 

strength became maximum amount (32 %), but after this time at waiting time (90 

and 120 min.) the compressive strength decreased to (18 %) and (7 %) respec-

tively, this mean that the optimum waiting time is (60 min.). 

 

It's important to note that this analysis focuses on the waiting time parameter only. 

To comprehensively understand the relationship between all the parameters and 

compressive strength, further analysis considering each parameter's effect individ-

ually and in combination would be necessary. 

 

To obtain the maximum compressive strength of concrete, this mean that the wait-

ing time should be in the interval of initial setting time of the cement. After this 

time the concrete began in the interval of final setting time and re-vibration of the 

concrete gives minimum effects and making cracks after hardening of the concrete 

depending on this reason the concrete strength is reduced. 
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Table 4-4 Compressive strengths of concrete specimens with different waiting 

time 

No. 
S

p
ec

im
en

 Initial 

Vibra-

tion 

 time 

(sec) 

Waiting 

time  

after initial 

 vibration  

(min) 

Re-vibra-

tion  

time 

(sec) 

Compressive 

strength 

𝑓𝑐
′ 

(MPa) 

 
𝑓𝑐

′

𝑓𝑐,𝑜
′

 

1 A1 15 0 0 32.873 1 

2 B3 15 30 45 38.313 1.17 

3 C3 15 60 45 43.256 1.32 

4 D3 15 90 45 38.886 1.18 

5 E3 15 120 45 35.30 1.07 

 

 

 
Fig. 4-1 Compressive strengths of concrete with re-vibration time (45 sec) with 

different waiting time 
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Table 4-5 and figure 4-5 shows the relationship between the parameters (initial 

vibration time, waiting time after initial vibration, re-vibration time) and the com-

pressive strength, the initial vibration time for all the specimens is fixed at 15 sec-

onds with variable waiting time after the initial vibration (30, 60, 90 and 120 min.). 

All the specimens have a re-vibration time of 60 seconds. By comparing the com-

pressive strength values, we can observe the relationship between the waiting time 

after the initial vibration and the compressive strength, The results show that at 

waiting time (30 min.) the compressive strength increased by about (3 %) and then 

at waiting time (60 min.) the increasing in compressive strength became maximum 

amount (16 %), but after this time at waiting time (90 and 120 min.) the compres-

sive strength decreased to (3 %) and (-6 %) respectively, this mean that the opti-

mum waiting time is (60 min.). 

 

This analysis specifically considers the waiting time parameter. To gain a compre-

hensive understanding of the correlation between all the parameters and compres-

sive strength, a more extensive analysis is required, taking into account the indi-

vidual and combined effects of each parameter. 

 

Table 4-5 Compressive strengths of concrete specimens with different waiting 

time 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

 time 

(sec) 

Waiting time  

after initial 

 vibration  

(min) 

Re-vibra-

tion  

time 

(sec) 

Compressive 

strength 

𝑓𝑐
′ 

(MPa) 

 
𝑓𝑐

′

𝑓𝑐,𝑜
′

 

1 A1 15 0 0 32.873 1 

2 B4 15 30 60 33.75 1.03 

3 C4 15 60 60 38.2 1.16 
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4 D4 15 90 60 33.93 1.03 

5 E4 15 120 60 30.793 0.94 

 

 

 
Fig. 4-5 Compressive strengths of concrete with re-vibration time (60 sec) with 

different waiting time 

 

4.2.2 Splitting Tensile Strength 

 

According to ASTM (ASTM-C469), For each beam, three (150 x 300) mm cylin-

ders were tested to determine the splitting tensile strength of concrete (fsp), Table 

4-6 shows the results of splitting tensile strength of concrete. 

 

To analyze the table 4-6 and examine the splitting tensile strength, we can focus 

on the provided data. Figure 4-6 provides information on the splitting tensile 

strength of different specimens under varying vibration and waiting conditions.  
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Which shows that the maximum splitting tensile strength of concrete fsp at re-

vibration time (45 sec.) for all waiting time 30, 60, 90, and 120 min. , this mean 

that important of re-vibration time in re-compacting the concrete. From this anal-

ysis, we can observe the variation in splitting tensile strength across the specimens. 

Specimens C3, G3, and F3 have the highest splitting tensile strength of 1.35 MPa, 

while Specimen E4 has the lowest splitting tensile strength of 0.84 MPa. The other 

specimens exhibit values ranging between 0.95 MPa and 1.2 MPa. 

 

It's important to note that the splitting tensile strength indicates the ability of the 

material to resist cracking or splitting under tensile stress. The variation in splitting 

tensile strength among the specimens can be attributed to differences in their com-

position, curing conditions, or other factors that influence the material's behavior.  

Splitting Tensile Strength equation 

fsp = 
2 𝑃

π Ld
 

 

Where: 

fsp = splitting tensile strength (MPa) 

P = maximum applied load (KN) 

L = length (mm) 

d = depth (mm) 
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Table 4-6 Splitting tensile strengths of for all concrete specimens 

No. 

S
p

ec
im

en
 Initial 

Vibra-

tion 

 time 

(sec) 

Waiting 

time  

after in-

itial 

vibra-

tion  

(min) 

Re-vi-

bra-

tion  

time 

(sec) 

Failure 

load 

kN 

Failure 

load 

kN 

Failure 

load 

kN 

Average 

failure 

load 

kN 

Splitting ten-

sile strength 

𝑓𝑠𝑝 

(MPa) 

 
𝑓𝑠𝑝
𝑓𝑠𝑝,𝑜

 

1 A1 15 0 0 234.848 200.233 249.475 228.185 3.22 1 
 

2 A2 30 0 0 233.216 263.201 246.41 247.609 3.5 1.09 
 

3 A3 45 0 0 206.696 298.101 263.201 255.999 3.62  1.13 
 

4 A4 60 0 0 224.887 210.761 212.669 216.105 3.05  0.95 
 

5 B1 15 30 15 229.751 250.973 247.365 242.696 3.43  1.07 
 

6 B2 15 30 30 251.141 281.496 226.553 253.063 3.58  1.12 
 

7 B3 15 30 45 273.954 241.346 253.406 256.235 3.62  1.13 
 

8 B4 15 30 60 202.498 222.088 249.608 224.731 3.17  0.99 
 

9 C1 15 60 15 280.639 274.995 234.549 263.394 3.72  1.16 
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10 C2 15 60 30 261.412 287.629 267.466 272.169 3.85  1.20 
 

11 C3 15 60 45 322.54 310.755 287.893 307.062 4.34  1.35 
 

12 C4 15 60 60 260.136 210.228 230.315 233.559 3.3  1.03 
 

13 D1 15 90 15 235.282 232.75 203.231 223.754 3.16  0.99 
 

14 D2 15 90 30 249.008 227.419 225.753 234.06 3.31  1.03 
 

15 D3 15 90 45 241.489 252.673 266.999 253.720 3.58  1.12 
 

16 D4 15 90 60 230.951 157.321 266.066 218.112 3.08  0.96 
 

17 E1 15 120 15 222.088 205.416 223.539 217.014 3.07 0.96 
 

18 E2 15 120 30 201.365 235.415 247.394 228.058 3.22    1 
 

19 E3 15 120 45 251.027 251.207 226.834 243.022 3.43  1.07 
 

20 E4 15 120 60 194.969 187.572 189.771 190.770 2.69  0.84 
 

21 F1 15 60 15 280.639 274.995 234.549 263.394 3.72  1.16 
 

22 F2 15 60 30 261.412 287.629 267.466 272.169 3.85  1.2 
 

23 F3 15 60 45 322.54 310.755 287.893 307.062 4.34 
 1.35 
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24 F4 15 60 60 260.136 210.228 230.315 233.559 3.3  1.03 
 

25 G1 15 60 15 280.639 274.995 234.549 263.394 3.72  1.16 
 

26 G2 15 60 30 261.412 287.629 267.466 272.169 3.85  1.2 
 

27 G3 15 60 45 322.54 310.755 287.893 307.062 4.34  1.35 
 

28 G4 15 60 60 260.136 210.228 230.315 233.559 3.3  1.03 
 

 

 

Fig. 4-6 Average tensile strengths of concrete for initial vibration and re-vibrated concrete specimens with time 

length
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Table 4-7 and figure 4-7 shows relationship between the parameters and the split-

ting tensile strength in the table, we can compare the values of the splitting tensile 

strength for each specimen.  

 

The results show that at waiting time (30 min.) the splitting tensile strength in-

creased by about (7 %) and then at waiting time (60 min.) the increasing in splitting 

tensile strength became maximum amount (16 %), but after this time at waiting 

time (90 and 120 min.) the splitting tensile strength decreased to (-2 %) and (-5 

%) respectively, this mean that the optimum waiting time is (60 min.). 

 

From this analysis, we can see the percentage difference in splitting tensile 

strength compared to the control value. Specimens A1, B1, D1, and E1 have lower 

splitting tensile strengths than the maximum value, with percentage differences 

ranging from -2 % to 7 %. Specimen C1 has the maximum splitting tensile strength 

and serves as the reference with a percentage difference of 16 %. 

 

Overall, this analysis provides a perspective on the relative variations in splitting 

tensile strength among the specimens, highlighting their percentage differences 

with respect to the specimen with the maximum value. 

 

To obtain the maximum splitting tensile strength of concrete, this mean that the 

waiting time should be in the interval of initial setting time of the cement. 

After this time the concrete began in the interval of final setting and any re-vibra-

tion of the concrete gives negative effects and making cracks after hardening of 

the concrete, depending on this reason the concrete strength is reduced. 
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Table 4-7 Splitting tensile strengths of concrete specimens with different waiting 

time 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

 time 

(sec) 

Waiting 

time  

after initial 

vibration  

(min)  

Re-vibra-

tion  

time 

(sec) 

Splitting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

 
𝑓𝑠𝑝
𝑓𝑠𝑝,𝑜

 

1 A1 15 0 0 3.22         1 
 

2 B1 15 30 15 3.43 
    

1.07 
 

3 C1 15 60 15 3.72 
    

1.16 
 

4 D1 15 90 15 3.16 
     

0.98 
 

5 E1 15 120 15 3.07 
     

0.95 
 

 

 

 
Fig. 4-7 Split tensile strengths of concrete with re-vibration time (15 sec) with 

different waiting time 
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Table 4-8 and figure 4-8 shows relationship between the parameters and the split-

ting tensile strength in the table, we can examine the values and calculate the per-

centage difference from the maximum splitting tensile strength. 

 

Specimen A1 has an initial vibration time of 15 seconds, no waiting time, and no 

re-vibration. Its splitting tensile strength is 3.22 MPa.  

 

Specimen B2, C2, D2, and E2 have an initial vibration time of 15 seconds, with 

variable waiting time of 30, 60, 90 and 120 min. and all have re-vibration time of 

30 seconds.  

 

The results show that at waiting time (30 min.) the splitting tensile strength in-

creased by about (11 %) and then at waiting time (60 min.) the increasing in split-

ting tensile strength became maximum amount (20 %), but after this time at wait-

ing time (90 and 120 min.) the splitting tensile strength decreased to (3 %) and (0 

%) respectively, this mean that the optimum waiting time is (60 min.). 

 

From this analysis, we can observe the percentage differences in splitting tensile 

strength compared to the maximum value. Specimens A1, B2, D2, and E2 have 

lower splitting tensile strengths than Specimen C2 (the maximum value). Overall, 

this analysis provides insights into the relative variations in splitting tensile 

strength among the specimens, highlighting their percentage differences with re-

spect to the specimen with the control value. 
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Table 4-8 Splitting tensile strengths of concrete specimens with different waiting 

time 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

 time 

(sec) 

Waiting time  

after initial 

vibration  

(min)  

Re-vibration  

time 

(sec) 

Splitting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

 
𝑓𝑠𝑝
𝑓𝑠𝑝,𝑜

 

 

1 A1 15 0 0 3.22     1 
 

2 B2 15 30 30 3.58 
     

1.11 
 

3 C2 15 60 30 3.85 
     

1.20 
 

4 D2 15 90 30 3.31 
     

1.03 
 

5 E2 15 120 30 3.22     1 
 

 

 

 
Fig. 4-8 Split tensile strengths of concrete with re-vibration time (30 sec) with 

different waiting time 
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Table 4-9 and figure 4-9 shows and compare the percentage relationship between 

the parameters and the splitting tensile strength in the table, we can calculate the 

percentage difference from the control splitting tensile strength. 

 

Specimen A1 has an initial vibration time of 15 seconds, no waiting time, and no 

re-vibration. Its splitting tensile strength is 3.22 MPa. 

 

Specimen B3, C3, D3, and E3 have an initial vibration time of 15 seconds, with 

variable waiting time of 30, 60, 90 and 120 min. and all have re-vibration time of 

45 seconds. 

 

The results show that at waiting time (30 min.) the splitting tensile strength in-

creased by about (12 %) and then at waiting time (60 min.) the increasing in split-

ting tensile strength became maximum amount (35 %), but after this time at wait-

ing time (90 and 120 min.) the splitting tensile strength decreased to (11 %) and 

(7 %) respectively, this mean that the optimum waiting time is (60 min.). 

 

From this analysis, we can observe the percentage differences in splitting tensile 

strength compared to the maximum value. Specimens A1, B3, D3, and E3 have 

lower splitting tensile strengths than Specimen C3 (the maximum value), this anal-

ysis provides insights into the relative variations in splitting tensile strength among 

the specimens, highlighting their percentage differences with respect to the speci-

men with the control value. 
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Table 4-9 Splitting tensile strengths of concrete specimens with different waiting 

time 

No. 
S

p
ec

im
en

 

Initial Vi-

bration 

 time 

(sec) 

Waiting time  

after initial 

vibration  

(min) 

Re-vibra-

tion  

time 

(sec) 

Splitting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

 
𝑓𝑠𝑝
𝑓𝑠𝑝,𝑜

 

1 A1 15 0 0 3.22 1 
 

2 B3 15 30 45 3.62 1.12 
 

3 C3 15 60 45 4.34 1.35 
 

4 D3 15 90 45 3.58 1.11 
 

5 E3 15 120 45 3.43 1.07 
 

 

 

 
Fig. 4-9 Split tensile strengths of concrete with re-vibration time (45 sec) with 

different waiting time 
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Table 4-10 and figure 4-10 shows and compare the percentage relationship be-

tween the parameters and the splitting tensile strength in the table, we can calculate 

the percentage difference from the control splitting tensile strength.  

 

Specimen A1 has an initial vibration time of 15 seconds, no waiting time, and no 

re-vibration. Its splitting tensile strength is 3.22 MPa. 

 

Specimen B4, C4, D4, and E4 have an initial vibration time of 15 seconds, with 

variable waiting time of 30, 60, 90 and 120 min. and all have re-vibration time of 

60 seconds. 

 

The results show that at waiting time (30 min.) the splitting tensile strength de-

creased by about (-2 %) and then at waiting time (60 min.) the increasing in split-

ting tensile strength became maximum amount (2 %), but after this time at waiting 

time (90 and 120 min.) the splitting tensile strength decreased to (-4 %) and (-16 

%) respectively, this mean that the optimum waiting time is (60 min.). 

 

From this analysis, we can observe the percentage differences in splitting tensile 

strength compared to the maximum value. Specimens A1, B4, D4, and E4 have 

lower splitting tensile strengths than Specimen C4 (the maximum value). This 

analysis offers valuable information about the relative differences in splitting ten-

sile strength among the specimens, emphasizing the percentage variances in rela-

tion to the specimen with the reference value. 

 

 

 



84 
 

Table 4-10 Splitting tensile strengths of concrete specimens with different wait-

ing time 

No. 
S

p
ec

im
en

 

Initial Vi-

bration 

 time 

(sec) 

Waiting time  

after initial 

vibration  

(min) 

Re-vibra-

tion  

time 

(sec) 

Splitting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

 
𝑓𝑠𝑝
𝑓𝑠𝑝,𝑜

 

1 A1 15 0 0 3.22 1 
 

2 B4 15 30 60 3.17 0.98 
 

3 C4 15 60 60 3.3 1.02 
 

4 D4 15 90 60 3.08 0.96 
 

5 E4 15 120 60 2.69 0.84 
 

 

 

 
Fig. 4-10 Split tensile strengths of concrete with re-vibration time (60 sec) with 

different waiting time 
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4.3 Results and behavior of tested beams 
 

The twenty-eight specimens were classified into seven groups (A, B, C, D, E, F 

and G) Table 4-11 shows the results of various beam specimens, and we can ex-

amine and compare the data to identify trends and variations. 

 

The specimens are labeled from A1 to G4, and each row contains information 

about the initial vibration time, waiting time after initial vibration, re-vibration 

time, compressive strength (𝑓𝑐
ˊ), split tensile strength (fsp), first crack load (Pcr), 

and ultimate load (Pu). 

 

There are variations in compressive strength, splitting tensile strength, first crack 

load, and ultimate load among the different specimens. Factors such as initial vi-

bration time, waiting time after initial vibration, and re-vibration time contribute 

to these variations. Further analysis and comparison can help identify specific re-

lationships and trends within the data.
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Table 4-11 First crack and ultimate load results of the beam 

No. 

S
p

ec
im

en
 Initial 

Vibra-

tion 

time 

(sec) 

Waiting 

time af-

ter ini-

tial vi-

bration 

(min) 

Re-vi-

bration 

time 

(sec) 

Compres-

sive 

strength 

𝑓𝑐
ˊ         

(MPa)  

Split-

ting 

tensile 

strength 

fsp 

(MPa) 

First 

crack 

load 

Pcr 

(kN) 

 
Pcr

Pcr,𝑜
 

Ultimate 

load 𝑝𝑢 

(kN) 

 𝑝𝑢

 𝑝𝑢,𝑜
 

 𝑝𝑢

 𝑝𝑐𝑟
 

1 A1 15 0 0 32.873 3.22 42 0.8 102 1.025 2.43 

2 A2 30 0 0 34.2 3.5 44 0.82 104 1.041 2.37 

3 A3 45 0 0 35.836 3.62 45 0.82 109 1.086 2.43 

4 A4 60 0 0 30.953 3.05 47 0.921 100 1.011 2.13 

5 B1 15 30 15 35.556 3.43 45 0.823 104 1.037 2.32 

6 B2 15 30 30 37.213 3.58 47 0.84 113 1.122 2.40 

7 B3 15 30 45 38.313 3.62 49 0.863 116 1.149 2.37 

8 B4 15 30 60 33.75 3.17 46 0.864 107 1.072 2.32 

9 C1 15 60 15 38.98 3.72 49 0.856 107 1.058 2.18 

10 C2 15 60 30 39.766 3.85 51 0.882 114 1.125 2.23 

11 C3 15 60 45 43.256 4.34 55 0.912 119 1.167 2.16 

12 C4 15 60 60 38.2 3.3 53 0.935 111 1.100 2.09 

13 D1 15 90 15 36.036 3.16 46 0.836 102 1.016 2.21 

14 D2 15 90 30 38.013 3.31 48 0.849 109 1.080 2.27 
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15 D3 15 90 45 38.886 3.58 50 0.874 112 1.108 2.24 

16 D4 15 90 60 33.93 3.08 47 0.88 107 1.072 2.27 

17 E1 15 120 15 31.836 3.07 46 0.889 102 1.028 2.21 

18 E2 15 120 30 33.703 3.22 48 0.902 107 1.072 2.23 

19 E3 15 120 45 30.986 3.43 49 0.96 109 1.102 2.22 

20 E4 15 120 60 30.793 2.69 43 0.845 105 1.062 2.44 

21 F1 15 60 15 38.98 3.72 41   73.8   1.8 

22 F2 15 60 30 39.766 3.85 43   78   1.82 

23 F3 15 60 45 43.256 4.34 47   80   1.71 

24 F4 15 60 60 38.2 3.3 42   70   1.67 

25 GI 15 60 15 38.98 3.72     11.9   - 

26 G2 15 60 30 39.766 3.85     14.5   - 

27 G3 15 60 45 43.256 4.34     18.7   - 

28 G4 15 60 60 38.2 3.3     9.5   - 
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Figure 4-11 focuses on comparing the results based on the first crack load (Pcr) 

values and re-vibration time length for different groups. In Group A (Specimens 

A1 to A4), the first crack load Pcr values gradually increase from 42 KN to 47 KN. 

Group B (Specimens B1 to B4) shows slight variations in the first crack load Pcr 

values, ranging from 45 KN to 49 KN. Group C (Specimens C1 to C4) exhibits a 

continuous increase in first crack load Pcr, with values ranging from 53 KN to 55 

KN. Group D (Specimens D1 to D4) demonstrates fluctuating but relatively close 

first crack load Pcr values, ranging from 46 KN to 50 KN. Group E (Specimens E1 

to E4) displays some variation in the first crack load Pcr values, with the highest 

value of 48 KN and the lowest value of 43 KN. Group F (Specimens F1 to F4) 

shows fluctuations in the first crack load Pcr values, with the highest value of 47 

KN and the lowest values of 41 KN and 42 KN. Group G (Specimens G1 to G4) 

has significantly lower first crack load Pcr values, ranging from 9.5 KN to 18.7 

KN, compared to the other groups. Overall, the groups exhibit different trends and 

variations in the first crack load Pcr values, with some groups showing consistent 

increases, while others have fluctuations or lower values. 

 

 

 
Fig. 4-2 First crack and Re-vibration time length results of the beam 
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Figure 4-12 shows the groups in the were analyzed based on several parameters. 

All groups had the same initial vibration time of 15 seconds. However, the waiting 

time after the initial vibration varied across the groups. Group A had no waiting 

time, Group B waited for 30 minutes, Group C waited for 60 minutes, Group D 

waited for 90 minutes, Group E waited for 120 minutes, and Groups F and G both 

waited for 60 min. 

 

Re-vibration time was present in Groups B, C, D, E, F, and G, with varying dura-

tions from 15 to 60 seconds. Group A did not have any re-vibration time. The 

ultimate load Pu values showed variations among the groups. Group C had the 

highest ultimate load Pu values, ranging from 114 KN to 119 KN. Group F, which 

did not have stirrups, had ultimate load Pu values ranging from 70 KN to 80 KN. 

On the other hand, Group G, which is without reinforcement, had the lowest ulti-

mate load Pu values overall, ranging from 9.5 KN to 18.7 KN. Overall, the analysis 

revealed that the groups had different waiting times after the initial vibration, and 

the ultimate load Pu values exhibited variations within and across the groups. 

Group C stood out with the highest ultimate load Pu values. 

 

 

 
Fig. 4-3 Ultimate load and Re-vibration time length results of the beam 
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Table 4-12 and figure 4-13 consists of five specimens, A1 to E1, and their respec-

tive values for initial vibration time, waiting time after initial vibration, re-vibra-

tion time, and first crack load Pcr. 

 

Specimen A1 serves as the reference point, with an initial vibration time of 15 

seconds, no waiting time after the initial vibration, no re-vibration time, and a first 

crack load Pcr of 42 KN. Specimen B1 has the same initial vibration time as A1 

but has a waiting time of 30 minutes after the initial vibration. It also has a re-

vibration time of 15 seconds and a slightly higher first crack load Pcr of 45 KN. 

 

Specimen C1 has the same initial vibration time and re-vibration time as A1, but 

its waiting time after the initial vibration is extended to 60 minutes. Its first crack 

load Pcr further increases to 49 KN. Specimen D1 shares the same initial vibration 

time, re-vibration time, and waiting time after the initial vibration as A1, but its 

first crack load Pcr is slightly lower at 46 KN. 

 

Lastly, Specimen E1 has the same initial vibration time, re-vibration time, and 

waiting time after the initial vibration as A1. Its first crack load Pcr is also 46 KN, 

identical to that of D1. 

 

Comparing these specimens, we can observe that the waiting time after the initial 

vibration has an impact on the first crack load Pcr. As the waiting time increases 

from B1 to C1, the first crack load Pcr also increases. However, there is no signif-

icant difference in the first crack load Pcr between D1, E1, and A1, indicating that 

the waiting time beyond 60 minutes does not contribute to a significant change in 

the first crack load Pcr. 
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Table 4-12 First crack and ultimate load of the beam with different waiting time 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

time (sec) 

Waiting 

time after 

initial vibra-

tion (min) 

Re-vibra-

tion time 

(sec) 

Compres-

sive 

strength 𝑓𝑐
,
          

(MPa)  

Splitting 

tensile 

strength fsp 

(MPa) 

First 

crack 

load 

Pcr 

(KN) 

 
Pcr

Pcr,𝑜
 

Ulti-

mate 

load 

Pu 

(KN) 

 
Pu

Pu,𝑜
  

Pu

Pcr
 

1 A1 15 0 0 32.873 3.22 42 0.8 102 1.025 2.43 

2 B1 15 30 15 35.556 3.43 45 0.823 104 1.037 2.32 

3 C1 15 60 15 38.98 3.72 49 0.856 107 1.058 2.18 

4 D1 15 90 15 36.036 3.16 46 0.836 102 1.016 2.21 

5 E1 15 120 15 31.836 3.07 46 0.889 102 1.028 2.21 

 

 

 

Fig. 4-13 First crack results of the beam with re-vibration time (15 sec) with different waiting time 
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Table 4-12 and figure 4-14 shows five specimens (A1 to E1) are examined based 

on their initial vibration time, waiting time after initial vibration, re-vibration time, 

and ultimate load 𝑃𝑢. The results show that the waiting time and re-vibration time 

have minimal influence on the ultimate load 𝑃𝑢. Specimens with different waiting 

times and re-vibration times demonstrate similar ultimate load 𝑃𝑢 values. Speci-

men C1 has a slightly higher ultimate load 𝑃𝑢 of 107 KN compared to the other 

specimens, which range from 102 KN to 104 KN. These findings suggest that fac-

tors other than waiting and re-vibration times may play a more significant role in 

determining the ultimate load 𝑃𝑢. Further analysis and additional data are required 

to gain a deeper understanding of the relationships between variables and the ulti-

mate load𝑃𝑢. 

 

 

 
Fig. 4-4 Ultimate load results of the beam with re-vibration time (15 sec)with 

different waiting time 

 

 

Table 4-13 and figure 4-15 presents data for five specimens (A1 to E2) including 

their initial vibration time, waiting time after initial vibration, re-vibration time, 
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and first crack load 𝑃𝑐𝑟. Increasing the waiting time after the initial vibration from 30 to 60 minutes leads to a gradual 

increase in the first crack load 𝑃𝑐𝑟. Specimen C2 with a waiting time of 60 minutes exhibits the highest first crack 

load 𝑃𝑐𝑟 of 51 KN. However, there is no significant difference in the first crack load 𝑃𝑐𝑟 between specimens D2, E2, 

and B2, suggesting that waiting times beyond 90 minutes do not significantly affect the first crack load 𝑃𝑐𝑟. The re-

vibration time of 30 seconds shows no notable impact on the first crack load 𝑃𝑐𝑟 across specimens B2, C2, D2, and 

E2. 

 

Table 4-13 First crack and ultimate load of the beam with different waiting time 

No. 

S
p

ec
im

en
 

Initial 

Vibra-

tion time 

(sec) 

Waiting 

time af-

ter initial 

vibration 

(min) 

Re-

vibra-

tion 

time 

(sec) 

Compres-

sive 

strength 

𝑓𝑐
,
      

(MPa)  

Splitting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

First 

crack 

load 𝑃𝑐𝑟 

(kN) 

 
𝑃𝑐𝑟

𝑃𝑐𝑟,𝑜
 

Ultimate 

load 𝑃𝑢 

(kN) 

 
𝑃𝑢

𝑃𝑢,𝑜
  

𝑃𝑢

𝑃𝑐𝑟
 

1 A1 15 0 0 32.873 3.22 42 0.8 102 1.025 2.43 

2 B2 15 30 30 37.213 3.58 47 0.84 113 1.122 2.40 

3 C2 15 60 30 39.766 3.85 51 0.882 114 1.125 2.23 

4 D2 15 90 30 38.013 3.31 48 0.849 109 1.080 2.27 

5 E2 15 120 30 33.703 3.22 48 0.902 107 1.072 2.23 
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Fig. 4-5 First crack results of beam with re-vibration time (30 sec) with different 

waiting time 

 
 

Table 4-13 and figure 4-16 includes five specimens (A1 to E2) with their respec-

tive values for initial vibration time, waiting time after initial vibration, re-vibra-

tion time, and ultimate load 𝑃𝑢. 

 

Increasing the waiting time after initial vibration generally leads to higher ultimate 

load 𝑃𝑢 values. Specimen C2, with a waiting time of 60 minutes, shows the highest 

ultimate load 𝑃𝑢 (114 KN) among the specimens. Specimens B2 and D2 also have 

higher ultimate load 𝑃𝑢 values compared to the reference point, A1. 

 

However, Specimen E2, with a waiting time of 120 minutes, has a slightly lower 

ultimate load 𝑃𝑢 of 107 KN. The re-vibration time of 30 seconds does not signifi-

cantly affect the ultimate load 𝑃𝑢, as specimens with the same re-vibration time 

exhibit similar values. 
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Fig. 4-6 Ultimate load of beam with re-vibration time (30 sec) with different 

waiting time 

 
 

Table 4-14 and figure 4-17 presents data on specimens (A1 to E3) and their char-

acteristics, including initial vibration time, waiting time after initial vibration, re-

vibration time, and first crack load 𝑃𝑐𝑟. 

Specimen A1 serves as the reference with an initial vibration time of 15 seconds, 

no waiting time or re-vibration time, and a first crack load 𝑃𝑐𝑟 of 42 KN. 

As the waiting time after initial vibration increases, specimens B3, C3, and E3 

show higher first crack load 𝑃𝑐𝑟 values, reaching 49 KN, 55 KN, and 49 KN, re-

spectively. However, specimen D3 deviates from this trend with a slightly lower 

first crack load 𝑃𝑐𝑟 of 50 KN despite the longer waiting time of 90 minutes. 

The re-vibration time of 45 seconds appears to have a minimal impact on the first 

crack load 𝑃𝑐𝑟, as specimens B3, C3, D3, and E3 with the same re-vibration time 

show similar first crack load 𝑃𝑐𝑟 values. 
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In summary, increasing the waiting time up to 60 minutes generally leads to higher first crack load 𝑃𝑐𝑟 values. How-

ever, waiting times beyond 90 minutes do not necessarily result in further increases. The re-vibration time of 45 

seconds does not significantly affect the first crack load 𝑃𝑐𝑟. Further analysis is needed to confirm these trends and 

draw more conclusive insights. 

 
 

Table 4-14 First crack and ultimate load of the beam with different waiting time 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

time (sec) 

Waiting time 

after initial 

vibration 

(min) 

Re-vi-

bration 

time 

(sec) 

Com-

pressive 

strength 

𝑓𝑐
,
          

(MPa)  

Splitting 

tensile 

strength 

𝑓𝑠𝑝  

(MPa) 

First 

crack 

load 

𝑃𝑐𝑟 
(kN) 

 
𝑃𝑐𝑟

𝑃𝑐𝑟,𝑜
 

Ulti-

mate 

load 

𝑃𝑢 
(kN) 

 
𝑃𝑢

𝑃𝑢,𝑜
  

𝑃𝑢

𝑃𝑐𝑟
 

1 A1 15 0 0 32.873 3.22 42 0.8 102 1.025 2.43 

2 B3 15 30 45 38.313 3.62 49 0.863 116 1.149 2.37 

3 C3 15 60 45 43.256 4.34 55 0.912 119 1.167 2.16 

4 D3 15 90 45 38.886 3.58 50 0.874 112 1.108 2.24 

5 E3 15 120 45 30.986 3.43 49 0.96 109 1.102 2.22 
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Fig. 4-7 First crack results of beam with re-vibration time (45 sec) with different 

waiting time 

 
 

Table 4-14 and figure 4-18 presents data on specimens (A1 to E3) and their char-

acteristics, including initial vibration time, waiting time after initial vibration, re-

vibration time, and ultimate load 𝑃𝑢. 

 

Increasing the waiting time after initial vibration up to 60 minutes leads to higher 

ultimate load 𝑃𝑢 values in specimens B3, C3, D3, and E3, with values reaching 

116 KN, 119 KN, 112 KN, and 109 KN, respectively. This indicates improved 

structural performance with longer waiting times. For re-vibration time of 45 sec-

onds the ultimate load 𝑃𝑢 increases for waiting time 30 and 60 minutes and then 

decreases. 

 

In summary, increasing the waiting time up to 60 minutes enhances the ultimate 

load 𝑃𝑢, suggesting improved structural strength. However, further analysis is 

needed to confirm these findings and draw more comprehensive conclusions.
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Fig. 4-8 Ultimate load of beam with re-vibration time (45 sec) with different 

waiting time 

 

Table 4-15 and figure 4-19 presents data for specimens (A1 to E4) regarding their 

initial vibration time, waiting time after initial vibration, re-vibration time, and 

first crack load 𝑃𝑐𝑟. Upon examining the data, it becomes apparent that increasing 

the waiting time after the initial vibration does not consistently lead to higher first 

crack load 𝑃𝑐𝑟 values. Specimen C4, which has the longest waiting time of 60 

minutes, displays the highest first crack load 𝑃𝑐𝑟 value of 53 KN. In contrast, Spec-

imen E4, with a waiting time of 120 minutes, exhibits the lowest first crack load 

𝑃𝑐𝑟 value of 43 KN. This suggests that other factors beyond the waiting time may 

influence the first crack load 𝑃𝑐𝑟. 

 

Furthermore, the re-vibration time of 60 seconds does not seem to significantly 

impact the first crack load 𝑃𝑐𝑟. Specimens B4, C4, D4, and E4, all sharing the same 

re-vibration time, showcase varying first crack load 𝑃𝑐𝑟 values. 
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Table 4-15 First crack and ultimate load of the beam with different waiting time 

No. 

S
p

ec
im

en
 

Initial 

Vibra-

tion time 

(sec) 

Waiting 

time after 

initial vi-

bration 

(min) 

Re-vi-

bration 

time 

(sec) 

Compres-

sive 

strength 

𝑓𝑐
ˊ          

(MPa) 

Split-

ting 

tensile 

strength 

𝑓𝑠𝑝 

(MPa) 

First 

crack 

load 

𝑃𝑐𝑟 

(kN) 

𝑃𝑐𝑟

𝑃𝑐𝑟 , 𝑜
 

Ultimate 

load 𝑃𝑢 

(kN) 

𝑃𝑢

𝑃𝑢, 𝑜
 

𝑃𝑢

𝑃𝑐𝑟
 

1 A1 15 0 0 32.873 3.22 42 0.8 102 1.025 2.43 

2 B4 15 30 60 33.75 3.17 46 0.864 107 1.072 2.32 

3 C4 15 60 60 38.2 3.3 53 0.935 111 1.100 2.09 

4 D4 15 90 60 33.93 3.08 47 0.88 107 1.072 2.27 

5 E4 15 120 60 30.793 2.69 43 0.845 105 1.062 2.44 

 

 

 
Fig. 4-9 First crack results of beam with re-vibration time (60 sec) with different waiting time 
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Table 4-15 and figure 4-20 contains data for specimens (A1 to E4) with their re-

spective values for initial vibration time, waiting time after initial vibration, re-

vibration time, and ultimate load 𝑃𝑢. 

 

Specimen A1 serves as the reference point with an initial vibration time of 15 sec-

onds, no waiting time after the initial vibration, no re-vibration time, and an ulti-

mate load 𝑃𝑢 of 102 KN. 

 

Increasing the waiting time after the initial vibration results in varying ultimate 

load 𝑃𝑢 values for specimens B4, C4, D4, and E4. Specimen B4, with a 30-minute 

waiting time and a re-vibration time of 60 seconds, has an ultimate load 𝑃𝑢 of 107 

KN. Specimen C4, with a 60-minute waiting time and the same re-vibration time, 

exhibits a higher ultimate load 𝑃𝑢 of 111 KN. Specimen D4, with a waiting time 

of 90 minutes, shares the same ultimate load 𝑃𝑢 as B4 at 107 KN. Specimen E4, 

with a waiting time of 120 minutes, has a slightly lower ultimate load 𝑃𝑢 of 105 

KN. 

 

Comparing the specimens, it is evident that increasing the waiting time after the 

initial vibration can impact the ultimate load 𝑃𝑢, but other factors may also influ-

ence the variations observed. Specimen C4, with the longest waiting time of 60 

minutes, shows the highest ultimate load 𝑃𝑢 at 111 KN. Specimen E4, with the 

longest waiting time of 120 minutes, has a slightly lower ultimate load 𝑃𝑢. How-

ever, specimens B4 and D4, despite having different waiting times, share the same 

ultimate load 𝑃𝑢 value of 107 KN.  
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Fig. 4-10 Ultimate load of beam with re-vibration time (60 sec) with different 

waiting time 

 

 

 4.4 Crack Pattern and Mode of Failure 

 

Several crack patterns and failure modes were observed in the experiments. The 

failure modes of the reinforced concrete beams under variant re-vibration times 

and waiting time of the vibration the beams were divided into seven groups each 

group consists of four samples. The beams for group (A, B, C, D, E and F) were 

reinforced beams, and group F which are without transverse reinforcement and 

group G is without longitudinal and transverse reinforcement. In group (A, B, C, 

D and E) were the beams subjected to applied load during the tests, initial cracks 

were appeared hairline cracks and distributed spirally across the section along with 

an amount of small inclined cracks. The first crack appears at the center of the 

beams. These cracks dispersed throughout both sides of the beams as shown in 

figures 4-21 till 4-25. In group F, beam specimens (F1, F2, F3 and F4), the first 

crack occurred near the ends of the lever arm on both sides of the specimens, it 

was found that the cracks developed an angle of (45o) with the sides of the beams 

as shown in figure 4-26. In group G, beam specimens (G1, G2, G3, and G4) sudden 

failure of the beams appeared after the appearance of the initial cracks as shown 

in figure 4-27.  
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Fig. 4-21 Group (A) Cracking pattern of the test specimens (A1, A2, A3 and A4) 
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 Fig. 4-11 Group (B) Cracking pattern of the test specimens (B1, B2, B3 and B4) 
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Fig. 4-12 Group (C) Cracking pattern of the test specimens (C1, C2, C3 and C4) 
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Fig. 4-13 Group (D) Cracking pattern of the test specimens (D1, D2, D3 and D4) 
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Fig. 4-14 Group (E) Cracking pattern of the test specimens (E1, E2, E3 and E4) 
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Fig. 4-15 Group (F) Cracking pattern of the test specimens (F1, F2, F3 and F4) 
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Fig. 4-16 Group (G) Cracking pattern of the test specimens (G1, G2, G3 and G4) 

 

4.5 Measured Load-Deflection Curves 

 

All the beams when subjected to the load, at the beginning any section of the 

beams will behave linearly, the concrete at the tension zone will arrive its tensile 

strength at that moment the cracks in tension zone began to appear (like hair 

cracks). by little increasing the load the number and width of the crack will be 

increase. 
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During this procedure also the strain of concrete in compression zone is recorded with the value of deflection of the 

beams at the mid span. Table 4-16 show the strain, deflection, first crack load and finally the stiffness for all the 

beams.  

 

   

Table 4-16 Strain and Deflection results of the beam 

No. 

S
p

ec
im

en
 

Initial Vi-

bration 

time (sec) 

Waiting 

time after 

initial vi-

bration 

(min) 

Re-vibra-

tion time 

(sec) 

Strain 

Deflection 

at ultimate 

load 𝛿𝑢 

(mm) 

First 

crack 

load 

Pcr 

(kN) 

Deflec-

tion at 

cracking 

load 𝛿𝑐𝑟 

(mm) 

Stiffness 

𝑘 =
𝑃𝑐𝑟

𝛿𝑐𝑟
 

1 A1 15 0 0 0.001726 5.5 42 1.2 35 

2 A2 30 0 0 0.002075 7.8 44 1.45 30.34 

3 A3 45 0 0 0.002188 9 45 1.8 25 

4 A4 60 0 0 0  6.9 47 2 23.5 

5 B1 15 30 15 0 8.1 45 2.15 20.93 

6 B2 15 30 30 0.001751 8.5 47 1.9 24.73 

7 B3 15 30 45 0.002085 10.2 49 1.5 32.66 

8 B4 15 30 60 0.001415 7.78 46 2.3 20 

9 C1 15 60 15 0.001978 9.1 49 1.8 27.22 

10 C2 15 60 30 0.002182 10.2 51 2.2 23.18 



110 
 

11 C3 15 60 45 0.002987 13.35 55 2.05 26.82 

12 C4 15 60 60 0.001752 8.5 53 2.75 19.27 

13 D1 15 90 15 0.001518 8 46 1.92 23.95 

14 D2 15 90 30 0.001602  9.5 48 2.2 21.81 

15 D3 15 90 45 0.001704 10.2 50 2.3 21.73 

16 D4 15 90 60  0 7.8 47 2 23.5 

17 E1 15 120 15 0.001681 7.3 46 2.05 22.43 

18 E2 15 120 30 0.001819 8.1 48 1.9 25.26 

19 E3 15 120 45 0.002073 8.5 49 2.3 21.3 

20 E4 15 120 60  0 6.9 43 1.8 23.88 

21 F1 15 60 15 0.00071 4 41 1.5 27.33 

22 F2 15 60 30 0.000932 4.2 43 1.7 25.29 

23 F3 15 60 45 0.001102  5.1 47 1.9 24.73 

24 F4 15 60 60 0.000689 3.55 42 1.2 35 

25 GI 15 60 15  0  0       

26 G2 15 60 30  0  0       

27 G3 15 60 45  0  0       

28 G4 15 60 60 7.29E-05  0       
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Figure 4-28 till figure 4-33 shows that the ultimate load deflection at re-vibration 

time 45 sec. for all waiting time 30, 60, 90, and 120 min. 

 

 

 
Fig. 4-28 Ultimate load and deflection curve of group A 

 

 

Fig. 4-29 Ultimate load and deflection curve of group B  
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Fig. 4-30 Ultimate load and deflection curve of group C 

 

 

 

 
Fig. 4-31 Ultimate load and deflection curve of group D 
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Fig. 4-32 Ultimate load and deflection curve of group E 

 

 
 

Fig. 4-33 Ultimate load and deflection curve of group F 

 

Table 4-17 and figure 4-34 describes the characteristics of specimens (A1 to E1) 

in terms of their initial vibration time, waiting time after the initial vibration, re-

vibration time, and deflection at the ultimate load. 
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Specimen A1 serves as the reference point, exhibiting an initial vibration time of 

15 seconds, no waiting time after the initial vibration, no re-vibration time, and a 

deflection of 5.5 mm at the ultimate load. 

 

Increasing the waiting time after the initial vibration leads to higher deflection 

values at the ultimate load for specimens B1, C1, D1, and E1. Specimen B1, with 

a waiting time of 30 minutes and a re-vibration time of 15 seconds, has a deflection 

of 8.1 mm. Specimen C1, with a waiting time of 60 minutes and the same re-

vibration time, displays a further increase in deflection to 9.1 mm. Specimen D1, 

with a waiting time of 90 minutes, has a deflection of 8.0 mm, while Specimen 

E1, with a waiting time of 120 minutes, exhibits a deflection of 7.3 mm. 

 

In summary, the data indicates that increasing the waiting time after the initial 

vibration generally leads to higher deflection values at the ultimate load. 

 

 

Table 4-17 Strain and Deflection results of the beam for different waiting time 

No. 

S
p

ec
im

en
 Initial 

Vibra-

tion 

time 

(sec) 

𝑤𝑡 

 after 

initial 

vibra-

tion 

(min) 

𝑡𝑟𝑣 

 (sec) 
Strain 

𝛿𝑢   
(mm) 

First 

crack 

load 

𝑃𝑐𝑟 

(kN) 

𝛿𝑐𝑟 
(mm) 

Stiff-

ness 
𝑘

=
𝑃𝑐𝑟

𝛿𝑐𝑟
 

1 A1 15 0 0 0.001726 5.5 42 1.2 35 

2 B1 15 30 15 0 8.1 45 2.15 20.93 

3 C1 15 60 15 0.001978 9.1 49 1.8 27.22 

4 D1 15 90 15 0.001518 8 46 1.92 23.95 

5 E1 15 120 15 0.001681 7.3 46 2.05 22.43 
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Fig. 4-34 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (15 sec.) 

 
 

Table 4-18 and figure 4-35 compares the results of specimens (A1 to E2) in terms 

of their initial vibration time, waiting time after the initial vibration, re-vibration 

time, and deflection at the ultimate load. Specimen A1 serves as the reference 

point, with an initial vibration time of 15 seconds, no waiting time after the initial 

vibration, no re-vibration time, and a deflection of 5.5 mm at the ultimate load.As 

the waiting time after the initial vibration increases, specimens B2, C2, D2, and 

E2 demonstrate higher deflection values at the ultimate load. Specimen B2, with 

a waiting time of 30 minutes and a re-vibration time of 30 seconds, exhibits a 

deflection of 8.5 mm. Specimen C2, with a waiting time of 60 minutes and the 

same re-vibration time, shows a further increase in deflection to 10.2 mm. Speci-

men D2, with a waiting time of 90 minutes, has a deflection of 9.5 mm. Lastly, 

Specimen E2, with a waiting time of 120 minutes, displays a deflection of 8.1 mm. 

The results evident that increasing the waiting time after the initial vibration gen-

erally leads to higher deflection values at the ultimate load. 
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Table 4-18 Strain and Deflection results of the beam for different waiting time 

No. 
S

p
ec

im
en

 Initial 

Vibra-

tion 

time 

(sec) 

𝑤𝑡 
 after ini-

tial vi-

bration 

(min) 

𝑡𝑟𝑣 

 

(sec) 

Strain 
𝛿𝑢   

(mm) 

 𝑃𝑐𝑟 

(KN

) 

 𝛿𝑐𝑟 

Stiff-

ness  

𝑘 =
𝑃𝑐𝑟

𝛿𝑐𝑟
 

1 A1 15 0 0 0.001726 5.5 42 1.2 35 

2 B2 15 30 30 0.001751 8.5 47 1.9 24.73 

3 C2 15 60 30 0.002182 10.2 51 2.2 23.18 

4 D2 15 90 30 0.001602  9.5 48 2.2 21.81 

5 E2 15 120 30 0.001819 8.1 48 1.9 25.26 

 

 

 
Fig. 4-35 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (30 sec.) 

 
 

Table 4-19 and figure 4-36 compares the results of specimens (A1 to E3) in terms 

of their initial vibration time, waiting time after the initial vibration, re-vibration 

time, and deflection at the ultimate load. 
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Specimen A1 serves as the reference point, with an initial vibration time of 15 

seconds, no waiting time after the initial vibration, no re-vibration time, and a de-

flection of 5.5 mm at the ultimate load. As the waiting time after the initial vibra-

tion increases, specimens B3, C3, D3, and E3 demonstrate varying deflection val-

ues at the ultimate load. Specimen B3, with a waiting time of 30 minutes and a re-

vibration time of 45 seconds, exhibits a deflection of 10.2 mm. Specimen C3, with 

a waiting time of 60 minutes and the same re-vibration time, shows a significant 

increase in deflection to 13.35 mm. Specimen D3, with a waiting time of 90 

minutes, has a deflection of 10.2 mm, the same as Specimen B3. Lastly, Specimen 

E3, with a waiting time of 120 minutes, displays a deflection of 8.5 mm. 

 

In summary, the results suggest that increasing the waiting time after the initial 

vibration can influence the deflection at the ultimate load. Specimen C3, with the 

longest waiting time, shows the highest deflection, indicating increased structural 

flexibility. 

 

 

Table 4-19 Strain and Deflection results of the beam for different waiting time 

No 

S
p

ec
im

en
 Initial 

Vibra-

tion 

time 

(sec) 

𝑤𝑡 

after ini-

tial vi-

bration 

(min) 

𝑡𝑟𝑣 

(sec) 
Strain 

𝛿𝑢  

(mm) 

𝑃𝑐𝑟 

(kN) 
 𝛿𝑐𝑟 

Stiff-

ness  
𝑘

=
𝑃𝑐𝑟

𝛿𝑐𝑟
 

1 A1 15 0 0 0.001726 5.5 42 1.2 35 

2 B3 15 30 45 0.002085 10.2 49 1.5 32.66 

3 C3 15 60 45 0.002987 13.35 55 2.05 26.82 

4 D3 15 90 45 0.001704 10.2 50 2.3 21.73 

5 E3 15 120 45 0.002073 8.5 49 2.3 21.3 
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Fig. 4-36 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (45 sec.) 

 
 

Table 4-20 and figure 4-37 compares the results of specimens (A1 to E4) in terms 

of their initial vibration time, waiting time after the initial vibration, re-vibration 

time, and deflection at the ultimate load. Specimen A1 serves as the reference 

point, with an initial vibration time of 15 seconds, no waiting time after the initial 

vibration, no re-vibration time, and a deflection of 5.5 mm at the ultimate load. 

 

As the waiting time after the initial vibration increases, specimens B4, C4, D4, and 

E4 demonstrate varying deflection values at the ultimate load. Specimen B4, with 

a waiting time of 30 minutes and a re-vibration time of 60 seconds, exhibits a 

deflection of 7.78 mm. Specimen C4, with a waiting time of 60 minutes and the 

same re-vibration time, shows a slightly higher deflection of 8.5 mm. Specimen 

D4, with a waiting time of 90 minutes, has a deflection of 7.8 mm, similar to Spec-

imen B4. Lastly, Specimen E4, with a waiting time of 120 minutes, displays the 

lowest deflection value of 6.9 mm. 
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In summary, the results suggest that increasing the waiting time after the initial 

vibration can influence the deflection at the ultimate load. Specimen C4, with the 

longest waiting time, shows the highest deflection, indicating increased structural 

flexibility. 

 

Table 4-20 Strain and Deflection results of the beam for different waiting time 

No 

S
p

ec
im

en
 

Initial 

Vibra-

tion time 

(sec) 

𝑤𝑡 

after initial 

vibration 

(min) 

𝑡𝑟𝑣 

(sec) 
Strain 

𝛿𝑢  

(mm) 

𝑃𝑐𝑟 

(KN) 
 𝛿𝑐𝑟 

Stiff-

ness  
𝑘

=
𝑃𝑐𝑟

𝛿𝑐𝑟
 

1 A1 15 0 0 0.001726 5.5 42 1.2 35 

2 B4 15 30 60 0.001415 7.78 46 2.3 20 

3 C4 15 60 60 0.001752 8.5 53 2.75 19.27 

4 D4 15 90 60  0 7.8 47 2 23.5 

5 E4 15 120 60  0 6.9 43 1.8 23.88 

 

 

 

Fig. 4-37 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (60 sec.) 
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4.6 Impact of Re-vibration 
 

This experiment was performed to evaluate the main hypotheses of the role of 

vibration and re-vibration with different time intervals and waiting time on the 

reinforced and non-reinforced concrete beams. 

 

The results have shown that the beams with the same compressive strength and 

the maximum size of aggregate (12.5) the mechanical properties of concrete (com-

pressive strength, tensile strength, flexural strength, and modulus of elasticity), 

strain, and deflection of concrete with various time duration and re-vibration tech-

niques was increased for the 1st one hour and re-vibrated for 45 seconds time du-

ration. After that for waiting time 1.5 and 2 hours before re-vibration and re-vi-

brated for 60 seconds was decreased. 

 

Table 4-21 shows the comparing these specimens, it is evident that the combina-

tion of reinforcement type and vibration parameters significantly influences the 

first crack load 𝑃𝑐𝑟 and ultimate load Pu values. Specimens with longitudinal rein-

forcement along with stirrups tend to have higher first crack load 𝑃𝑐𝑟 and ultimate 

load 𝑃𝑢 values compared to specimens with only stirrups or no reinforcement. Ad-

ditionally, increasing the re-vibration time generally leads to higher load-bearing 

capacities. The absence of reinforcement results in significantly lower load-bear-

ing capacities. 

 

Overall, these findings highlight the importance of appropriate reinforcement and 

vibration parameters in enhancing the structural performance of specimens. 
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Table 4-21 Effect of reinforcement on first crack and ultimate loads of the beam 

for different re-vibration time 

No 

S
p

ec
im

en
 

Initial 

Vibra-

tion time 

(sec) 

𝑤𝑡 

after ini-

tial vibra-

tion 

(min) 

𝑡𝑟𝑣 

(sec) 
Reinforcement 

 𝑃𝑐𝑟 

(kN) 

𝑃𝑢 

(kN) 

1 A1 15 0 0 longitudinal + stirrups 42 102 

2 C1 15 60 15 longitudinal + stirrups 49 107 

3 F1 15 60 15 stirrups 41 73.8 

4 GI 15 60 15 without reinforcement   11.9 

5 A2 30 0 0 longitudinal + stirrups 44 104 

6 C2 15 60 30 longitudinal + stirrups 51 114 

7 F2 15 60 30 stirrups 43 78 

8 G2 15 60 30 without reinforcement   14.5 

9 A3 45 0 0 longitudinal + stirrups 45 109 

10 C3 15 60 45 longitudinal + stirrups 55 119 

11 F3 15 60 45 stirrups 47 80 

12 G3 15 60 45 without reinforcement   18.7 

13 A4 60 0 0 longitudinal + stirrups 47 100 

14 C4 15 60 60 longitudinal + stirrups 53 111 

15 F4 15 60 60 stirrups 42 70 

16 G4 15 60 60 without reinforcement  9.5 9.5 
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CHAPTER FIVE 

THEORETICAL CALCULATION 

 

5.1 Shear strength calculation 

 

The shear strength was calculated using theoretical and empirical methods found 

in codes and literature. The shear strength calculated for the re-vibrated beams 

with different waiting times, the methods used to calculate the shear strength of 

concrete beams are described below:  

 

5.1.1 ACI Code 318-19 

 

𝑉𝑐 =
𝜆

6
√𝑓𝑐

,𝑏𝑤𝑑  = 
𝑃𝑐𝑟

2
                  ………..5-1                                                                         

𝑃𝑐𝑟= 2 𝑉𝑐 

𝑉𝑐= 
2

3
𝜆𝜌

1

3√𝑓𝑐
,𝑏𝑤𝑑                        .………5-2 

𝑉𝑠 =
𝐴𝑣 𝑓𝑦 𝑑

𝑆
 where 𝐴𝑣 = 

 𝜋𝑑2

4
                                 

𝑉𝑢 = 𝑉𝑐 + 𝑉𝑠 =
𝑃𝑢

2
  

𝑃𝑢 = 2 𝑉𝑢 

Where:                                                                                 

𝑉𝑐 = Shear strength of concrete (N)                        Fig. 5-1 Beam section (A-A)               

𝑓𝑐
,
 = Cylinder compressive strength of the beam (Mpa)            

𝑏𝑤 = Width of the beam (mm) 

d = effective depth of the beam (mm)  

𝑃𝑐𝑟 = First crack load (N) 

𝐴𝑣 = Cross section area of stirrup legs (2𝐴𝑏) (mm2) 
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𝑉𝑠 = Shear strength of stirrups (N) 

𝑓𝑦= Yield strength of stirrups (Mpa) 

S = Spacing between stirrups 

𝑉𝑢 = Ultimate shear strength of the beam 

𝑃𝑢 = Ultimate load which the beam can supported  

λ = light weight concrete modification factor  

λ = 1    for the concrete that has normal weight 

 

 

Table 5-1 The experimental shear force and that calculated from the available code 

No. 

S
p

ec
im

en
 

Re-vibra-

tion time 

in (sec) 

Pcr  

(kN) 

Vc exp. 

(kN) 

 
Vc1.ACI 

(kN) 

Eq.(5-1) 

R=
Vc exp.

Vc1.ACI
 

 
Vc2.ACI 

(kN) 

Eq.(5-2) 

 

R=
Vc exp.

Vc2.ACI
 

 

 

1 A1 0 42 21 26.28 0.8 21.21 0.99 

2 A2 0 44 22 26.8 0.82 21.64 1.02 

3 A3 0 45 22.5 27.43 0.82 22.15 1.02 

4 A4 0 47 23.5 25.49 0.92 20.59 1.14 

5 B1 15 45 22.5 27.32 0.82 22.06 1.02 

6 B2 30 47 23.5 27.95 0.84 22.57 1.04 

7 B3 45 49 24.5 28.36 0.86 22.91 1.07 
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8 B4 60 46 23 26.62 0.86 21.49 1.07 

9 C1 15 49 24.5 28.61 0.86 23.11 1.06 

10 C2 30 51 25.5 28.9 0.88 23.34 1.09 

11 C3 45 55 27.5 30.14 0.91 24.34 1.13 

12 C4 60 53 26.5 28.32 0.94 22.87 1.16 

13 D1 15 46 23 27.51 0.84 22.22 1.04 

14 D2 30 48 24 28.25 0.85 22.82 1.05 

15 D3 45 50 25 28.58 0.87 23.08 1.08 

16 D4 60 47 23.5 28.69 0.82 21.56 1.09 

17 E1 15 46 23 25.86 0.89 20.88 1.10 

18 E2 30 48 24 26.6 0.9 21.48 1.12 

19 E3 45 49 24.5 25.51 0.96 20.6 1.19 

20 E4 60 43 21.5 25.43 0.85 20.54 1.05 

21 F1 15 41 20.5 28.61 0.72 23.11 0.89 

22 F2 30 43 21.5 28.9 0.74 23.33 0.92 

23 F3 45 47 23.5 30.14 0.78 24.34 0.97 

24 F4 60 42 21 28.32 0.74 22.87 0.92 

Ravg 

 

0.845 

 

1.05 

RMax 0.96 1.19 

RMin 0.72 0.89 

σ 0.0612 0.08 

Var 0.0037 0.0058 

Corr.(r) 0.354 0.352 

r2 0.125 0.124 
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Fig. 5-2 Experimental/calculated shear force (ACI Code-19) eq. [5-1] 
 

 

The table 5-1 and figure 5-2 presents data on shear strength properties of different 

specimens (A1 to F4) subjected to re-vibration for different time intervals (15, 30, 

45, and 60 seconds). The specimens were tested for cracking load, shear strength 

from experimental results, shear strength calculated using the ACI (318-19) eq. 5-

1, and the ratio of experimental shear strength to ACI shear strength. For speci-

mens A1 to A4 vibrated only one time, indicating that these specimens were not 

re-vibrated during casting. Specimens B1 to F4 were re-vibrated at 15, 30, 45, and 

60 seconds, respectively, during the testing process. 

 

The cracking load values for all specimens range from 41 to 55 kN. As the re-

vibration time increases, there is a slight increase in the cracking load. The shear 

strength from experimental results and the shear strength calculated using the ACI 

code are provided for each specimen. The ratio of experimental shear strength to 

ACI shear strength is also calculated and presented. 
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Upon examination of the data, it can be observed that as the re-vibration time in-

creases, the shear strength tends to increase slightly. The ratio of experimental 

shear strength to ACI shear strength varies for different specimens but generally 

stays close to 0.82 to 0.94. 

 

(𝑅𝑎𝑣𝑔) represents the average ratio of shear experimental/shear ACI code across 

all specimens, which is approximately 0.845. This suggests that, on average, the 

experimental shear values tend to be about 85% of the ACI code predictions. 

 

𝑅𝑚𝑎𝑥 and 𝑅𝑚𝑖𝑛 represent the maximum and minimum ratios in the dataset, which 

are 0.96 and 0.72, respectively. This indicates that some specimens had shear val-

ues significantly above (𝑅𝑚𝑎𝑥 or below 𝑅𝑚𝑖𝑛 the ACI code predictions. 

 

σ  represents the standard deviation of the ratios, which is approximately 0.0612. 

This value indicates the average amount of deviation from the mean ratio and gives 

an idea of the spread of the data and (Var) represents the variance of the ratios, 

which is approximately 0.0037. This value provides insight into the variability of 

the experimental shear ratios around the average ratio. 

 

Corr.(r) represents the correlation coefficient (r) between the experimental and 

ACI code shear ratios. The value of 0.354 indicates a moderate positive correlation 

between the two sets of ratios and r2 represents the coefficient of determination, 

which measures the proportion of variability in the experimental shear ratios that 

can be explained by the ACI code ratios. The value of 0.125 suggests that only 

about 12.5% of the variability is explained by the ACI code. 
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Overall, the table shows that the experimental shear values tend to be lower than 

the ACI code predictions on average. There is variability among individual speci-

mens, with some having shear values significantly different from the predictions. 

The correlation and coefficient of determination indicate a moderate relationship 

between the two sets of ratios. 

 

 

 

Fig. 5-3 Experimental/calculated shear force (ACI Code-19) eq. [5-2] 

 
 

The figure 5-3 presents a comparison between experimental shear strengths and 

those predicted by the ACI code. Eq. (5-2). The statistical measures provided give 

insights into the average, variability, maximum, and minimum differences be-

tween the two sets of values, along with the strength and quality of the linear rela-

tionship between them. (𝑅𝑎𝑣𝑔) represents the average ratio of shear experi-

mental/shear ACI code across all specimens, which is approximately 1.05. This 



128 
 

suggests that, on average, the experimental shear values tend to be about 5% higher 

than the ACI code predictions. 

 

𝑅𝑚𝑎𝑥 and 𝑅𝑚𝑖𝑛 represent the maximum and minimum ratios in the dataset, which 

are 1.19 and 0.89, respectively. This indicates that some specimens had shear val-

ues significantly below 𝑅𝑚𝑎𝑥 or above 𝑅𝑚𝑖𝑛 the ACI code predictions. 

The standard deviation (σ) of the ratios, which is approximately 0.08 This value 

indicates the average amount of deviation from the mean ratio and gives an idea 

of the spread of the data. 

 

 And (Var) represents the variance of the ratios, which is approximately 0.0058. 

Variance measures the spread of data points from the average and provides insight 

into the variability of the experimental shear ratios. 

 

(r) represents the correlation coefficient between the experimental and ACI code 

shear ratios. The value of 0.352 indicates a moderate positive correlation between 

the two sets of ratios and r2 represents the coefficient of determination, which 

measures the proportion of variability in the experimental shear ratios that can be 

explained by the ACI code ratios. The value of 0.124 suggests that only about 

12.4% of the variability is explained by the ACI code. 

 

  5.2 Flexural calculations 
 

Flexural calculations of beams involve determining the bending stresses and de-

flections that occur when a beam is subjected to applied loads. The main goal of 

these calculations is to ensure that the beam can safely support the applied loads 
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without failure or excessive deflection. This process is essential in structural engi-

neering and design to ensure the structural integrity and safety of buildings, 

bridges, and other structures. Nominal bending moment of rectangular section 

shown in figure (5-4), can be calculated from the following equation for under 

reinforcement concrete beam 

 

                                            

 

 

 

 

  

 

Fig. 5- 4 Singly reinforced concrete beam 

 
 

5.2.1 Ultimate moment capacity: 
 

Mn = As fy(𝑑 −
𝑎

2
)                                    (5-3)          

𝑎 =
𝐴𝑠 𝑓𝑦

0.85 𝑓𝑐′𝑏𝑤
                                             (5-4) 

Mn = 𝜌𝑏𝑑2𝑓𝑦 (1 − 0.59
𝜌𝑓𝑦

𝑓𝑐
, )                  (5-5) 

𝜌 =  
As

𝑏𝑑
                                                      (5-6) 

Mn cal. =
𝑃n cal.

2
× 𝑎  or   𝑃n cal.=

2 Mn cal.

𝑎
     (5-7) 

Where: 

Pn = nominal failure load (N)                            Fig. 5-5 Beam layout and moment  

a = Shear span (mm)                                                                    diagram 
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5.2.2 Cracking bending moment:    

Mcr =
Pcr

2
 × 𝑎                                                                                                  (5-8) 

Where: 

Pcr =  Cracking load (N)                                                                                               

𝑦′ =
𝑏ℎ(

ℎ

2
)+(𝑛−1)𝐴𝑠 𝑑+(𝑛−1)𝐴𝑠′𝑑′

𝑏ℎ+(𝑛−1)𝐴𝑠+(𝑛−1)𝐴𝑠′
                                                                         (5-9)                                     

As = area of reinforcement in tension zone (mm2) 

𝐴𝑠
ˊ = area of reinforcement in compression zone (mm2)  

Ig = Moment of inertia of the transformed section  

Ig =
bwℎ3

12
+ bwℎ (𝑦′ −

ℎ

2
)
2

+ (𝑛 − 1)As (𝑑 − 𝑦′)
2
+ (𝑛′ − 1)𝐴𝑠

,
(𝑦′ − 𝑑′)

2
      (5-10) 

Mcr =
𝑓𝑟 Ig

yt
                                                                                                       (5-11)                                                                                          

Where:     𝑓𝑟 = modulus of rupture of the concrete = 0.625√𝑓𝑐
,
          (MPa) 

yt = ℎ − 𝑦′    distance from the neutral axes to the tension face (mm) 

𝑃𝑐𝑟=
2𝑀𝑐𝑟

𝑎
                                                                                                          (5-12) 

The theoretical and experimental cracking and ultimate bending moments of all 

beams are shown in table 5-2, generally the experimental bending moment is 

greater than theoretical values, and the ratio of (𝑀n exp. /𝑀n cal.) of all beams are 

more than one, the average ratio (1.082).  

 

This table presents data related to the bending moments of different specimens 

subjected to re-vibration and varying waiting times after the initial vibration. The 

goal is to compare the bending moments obtained from the experimental tests with 

those predicted by the ACI eq. (5-5) 
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Each row represents a specific test specimen identified by a label (A1 to E4), the 

waiting time after initial vibration indicates the time interval after the initial vibra-

tion when the specimen was tested. The specimens were tested at different waiting 

times, ranging from 30 to 120 minutes. 

 

The re-vibration time is the duration of additional vibration applied to the speci-

men in seconds before testing. The specimens were re-vibrated for different dura-

tions. 

 

The bending moment values calculated using the ACI equation, which is a stand-

ard formula for computing bending moments in reinforced concrete elements and 

bending moment values obtained through experimental testing of each specimen. 

the ratio of the bending moment obtained from experimental testing to the moment 

calculated using the ACI equation. This ratio allows for a direct comparison be-

tween the experimental and predicted values, showing how closely the experi-

mental results align with the ACI predictions. 

 

In summary, this table offers a comprehensive comparison between the bending 

moments obtained from experimental tests and the moments calculated using the 

ACI equation for different specimens subjected to various waiting times and re-

vibration durations. The ratio of experimental to ACI moments gives valuable in-

sights into the accuracy of the ACI equation in predicting the bending behavior of 

the tested specimens under the given conditions. 
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Table 5-2 Experimental and calculated moment ratio with cracking moment 

Specimen 

Waiting time af-

ter initial  vibra-

tion 𝑡𝑤  

(min) 

Re-vibration 

Time 𝑡𝑟𝑣  

(Sec) 

Mn ACI  

eq. (5-5)  

kN.m 

𝑀n exp.  

kN.m 
𝑀n exp. /𝑀n cal.   

A1 0 0 28.353 29.07 1.025 

B1 30 15 28.571 29.64 1.037 

B2 30 30 28.69 32.205 1.123 

B3 30 45 28.764 33 1.147 

B4 30 60 28.428 30.5 1.073 

C1 60 15 28.806 30.5 1.059 

C2 60 30 28.855 32.5 1.126 

C3 60 45 29.048 33.9 1.167 

C4 60 60 28.756 31.5 1.095 

D1 90 15 28.607 29 1.014 

D2 90 30 28.744 31.2 1.085 

D3 90 45 28.8 32 1.111 

D4 90 60 28.443 30.5 1.072 

E1 120 15 28.258 29 1.026 

E2 120 30 28.424 30.5 1.073 

E3 120 45 28.176 31 1.100 

E4 120 60 28.157 30 1.065 

Ravg   1.082 
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RMax 1.167 

RMin 1.014 

Σ 0.044 

Var 0.002 

Corr.(r) 0.708 

r2 0.501 
 

 

5.3 Proposed bending moment equations 

The ACI moment equation for beams is modified for the re-vibrated beams as a function of the variables taken into 

consideration in this study: Initial vibration, re-vibration time and waiting time after vibration. The best fit curve is 

determined using linear regression analysis and applied on the experimental data, the following equation is proposed 

to predict the moment equation of the re-vibrated beams in term of different variables: 

𝑀𝑜 = 0.89  𝑀𝑛(1 − 0.0025 ∗ 𝑡𝑟𝑣) (
𝑡𝑟𝑣

0.1

𝑡𝑤
0.01)                                                                                                         (5-13) 

Where: 𝑡𝑟𝑣  = Re-vibration time (sec) 

             𝑡𝑤 = Waiting time after initial vibration (min) 

             𝑀𝑛 = Theoretical bending moment eq. (5-5) kN.m 

Table 5-3 and figure 5-6 presents a comparison of bending moments obtained from experimental testing (𝑀n.exp.) 

with those predicted using the ACI (American Concrete Institute) equation (Mn ACI) for various test specimens. The 
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table also includes other relevant parameters like waiting time (𝑡𝑤) after initial vibration, re-vibration time (𝑡𝑟𝑣) in 

seconds, applied load, equation used for prediction, difference between the predicted and practical moments, and 

accuracy. 

 

 

Table 5-3 Summary of statistical data and proposed equation 

 

No 

S
p

ec
im

en
 

𝑡𝑤  
(min)  

Re-vi-

bration 

Time 

𝑡𝑟𝑣 

 (Sec)  

𝑀𝑛.𝑐 

(kN.m) 

𝑀𝑛.𝑒𝑥𝑝  
(kN.m) 

Load 

(kN) 

𝑀𝑛.𝐴𝐶𝐼    
eq. (5-5) 

(kN.m) 

R=
𝑀𝑛.𝑒𝑥𝑝

𝑀𝑛.𝐴𝐶𝐼
 

𝑅𝑚𝑎𝑥. 𝑅𝑚𝑖𝑛. 𝑅𝑎𝑣𝑔. r r2 

1 A1 0 0 28.35 29.07 102             

2 B1 30 15 28.35 29.64 104 30.78 0.963 

1.042 0.963 0.999 0.954 0.910 
3 B2 30 30 28.35 32.205 113 31.70 1.015 

4 B3 30 45 28.35 33 116 31.67 1.041 

5 B4 30 60 28.35 30.5 107 31.22 0.976 

6 C1 60 15 28.35 30.5 107 30.56 0.997 

1.078 0.998 1.031 0.903 0.815 
7 C2 60 30 28.35 32.5 114 31.48 1.032 

8 C3 60 45 28.35 33.9 119 31.46 1.077 

9 C4 60 60 28.35 31.5 111 31.01 1.015 

10 D1 90 15 28.35 29 102 30.44 0.952 

1.021 0.953 0.989 0.956 0.914 11 D2 90 30 28.35 31.2 109 31.35 0.995 

12 D3 90 45 28.35 32 112 31.33 1.021 
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13 D4 90 60 28.35 30.5 107 30.88 0.987 

14 E1 120 15 28.35 29 102 30.35 0.955 

0.992 0.955 0.974 0.961 0.924 
15 E2 120 30 28.35 30.5 107 31.26 0.975 

16 E3 120 45 28.35 31 109 31.24 0.992 

17 E4 120 60 28.35 30 105 30.79 0.974 

 

 

Where: 𝑀𝑛.𝑐  = Bending moment of control beam  

 
 

 

  

Fig. 5-6 Relation of re-vibration time and R (
𝑀𝑛.𝑒𝑥𝑝

𝑀𝑛.𝐴𝐶𝐼
) 
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For most specimens, the practical moment (𝑀𝑛.𝑒𝑥𝑝) is higher than the ACI-pre-

dicted moment (𝑀𝑛.𝐴𝐶𝐼), as indicated by the average ratios being greater than 1, 

and the accuracy of the predictions is generally high, with values close to 1, indi-

cating a reasonably good fit between the practical and ACI-predicted moments. 

The maximum and minimum ratios (Rmax and Rmin) give an idea of the range of 

accuracy in load predictions across different specimens. 

 

The coefficient of correlation (r) is close to 1, indicating a strong positive correla-

tion between the experimental and ACI-predicted bending moments.  

 

Overall, the table suggests that the ACI equation provides reasonably accurate pre-

dictions for the bending moments of the tested specimens, and there is a consistent 

correlation between the experimental and predicted moments. However, further 

investigation and verification of the missing data or calculation errors are neces-

sary for a complete and reliable analysis. 

 

5.4 Proposed concrete compressive strength equation (𝒇𝒄
ˊ ) 

 

A second degree polynomial equation is proposed to show the effect of waiting 

time ( 𝑡𝑤) after the re-vibration of concrete. Initial vibration is (15 sec) and the re-

vibration times (𝑡𝑟𝑣) are equal to (15, 30, 45 and 60 sec) for different waiting time 

(30, 60, 90 and 120 minute), as shown in table 5-4 and figure 5-7 till 5-15. 
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Table 5-4 Proposed equations for compressive strength (𝑓𝑐
ˊ) 

No. 

Re-

vibra-

tion 

time 

𝑡𝑟𝑣 

(sec) 

Proposed equation 
𝑓𝑐

,
  

practi-

cal 

𝑓𝑐
,
  

equa-

tion 

Ratio 𝑅𝑀𝑎𝑥 𝑅𝑀𝑖𝑛 𝑅𝑎𝑣𝑔 σ Var r r2 

1 15 

𝑓𝑐
,
 = [-0.0000486 𝑡𝑤

2 + 

0.00567 𝑡𝑤 + 1] x 𝑓′𝑐.𝑐 

Eq. (5-14) 

32.873 32.873 1 

1.018 0.960 0.990 0.0213 0.0005 0.959 0.920 

35.556 37.025 0.960 

38.98 38.297 1.018 

36.036 36.689 0.982 

31.836 32.201 0.989 

2 30 

 𝑓𝑐
,
 =[-0.0000517 𝑡𝑤

2 + 

0.0065 𝑡𝑤 + 1] x 𝑓′𝑐.𝑐 

Eq. (5-15) 

32.873 32.873 1 

1.004 0.985 0.994 0.0079 0.0001 0.995 0.990 

37.213 37.763 0.985 

39.766 39.593 1.004 

38.013 38.363 0.991 

33.703 34.073 0.989 

3 45 

 𝑓𝑐
,
 = [-0.0000669 𝑡𝑤

2 + 

0.0085 𝑡𝑤 + 1] x 𝑓′𝑐.𝑐 

Eq. (5-16) 

32.873 32.873 1 

1.038 0.969 1.000 0.0289 0.0008 0.955 0.913 

38.313 39.254 0.976 

43.256 41.675 1.038 

38.886 40.136 0.969 

35.3 34.637 1.019 

4 60 

 𝑓𝑐
,
 = [-0.0000395 𝑡𝑤

2 + 

0.0044 𝑡𝑤  + 1] x 𝑓′𝑐.𝑐 

Eq. (5-17) 

32.873 32.873 1 

1.033 0.935 0.979 0.0385 0.0015 0.858 0.737 

33.75 36.089 0.935 

38.2 36.965 1.033 

33.93 35.501 0.956 

30.793 31.697 0.971 
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5 

 

 

 

 

 

 

Gen-

eral 

Equa-

tion 

 

 

 

 

 

𝑓𝑐
′

= {0.03[(
𝑡𝑟𝑣
0.66

𝑡𝑤
0.31

)x(1.9

− 0.025 ∗ 𝑡𝑟𝑣) + 1}𝑓′𝑐.𝑐 

Eq. (5-18) 

32.873 32.873 1 

1.216 0.900 1.030 0.081 0.0066 0.544 0.296 

35.556 36.046 0.986 

37.213 36.654 1.015 

38.313 36.203 1.058 

33.75 34.951 0.966 

38.98 35.433 1.100 

39.766 35.923 1.107 

43.256 35.559 1.216 

38.2 34.549 1.106 

36.036 35.13 1.026 

38.013 35.563 1.069 

38.886 35.242 1.103 

33.93 34.351 0.988 

31.836 34.938 0.911 

33.703 35.333 0.954 

35.3 35.04 1.007 

30.793 34.225 0.900 
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In this table above the general case is a general equation to predict the concrete 

compression strength (𝑓𝑐
ˊ) in the term of both re-vibration times and waiting time 

using multilinear regression analysis. 

 

 

 
Fig. 5-7 Compressive strengths of concrete with re-vibration time (15 sec) with 

different waiting time eq. (5-14) 

 

 

 
Fig. 5-8 Relative compressive strength of concrete with re-vibration time (15 

sec) 
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 Fig. 5-9 Compressive strengths of concrete with re-vibration time (30 sec) with 

different waiting time eq. (5-15) 

 

 

 

Fig. 5-10 Relative compressive strengths of concrete with re-vibration time (30 sec) 
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 Fig. 5-11 Compressive strengths of concrete with re-vibration time (45 sec) with 

different waiting time eq. (5-16) 

 

 

 
Fig. 5-12 Relative compressive strengths of concrete with re-vibration time (45 

sec)  
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Fig. 5-13 Compressive strengths of concrete with re-vibration time (60 sec) with 

different waiting time eq. (5-17) 

 

 

 

Fig. 5-14 Relative compressive strengths of concrete with re-vibration time (60 

sec)  
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Fig. 5-15 Relative for proposed compressive strength for general equation (5-18) 

 

 

5.5 Proposed concrete splitting tensile strength equation (𝒇𝒔𝒑) 

 

A second degree polynomial equation is proposed to show the effect of waiting 

time ( 𝑡𝑤) after the re-vibration of concrete. Initial vibration is (15 sec) and the re-

vibration times (𝑡𝑟𝑣) are equal to (15, 30, 45 and 60 sec) for different waiting time 

(30, 60, 90 and 120 minute), as shown in table 5-5 and figure 5-16 till 5-24. 
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Table 5-5 Proposed equations for splitting tensile strength (𝑓𝑠𝑝) 

No 
 𝑡𝑟𝑣 

(sec) 
Proposed equation 

𝑓𝑠𝑝  

Experi-

mental 

(Mpa) 

𝑓𝑠𝑝 

Theo-

ritical 

(Mpa) 

Ratio RMax RMin Ravg σ Var r r2 

1 15 

 𝑓𝑠𝑝= [-0.000031 𝑡𝑤
2 + 

0.00369 𝑡𝑤 + 1] x 𝑓𝑠𝑝.𝑐 

Eq. (5-19) 

3.22 3.22 1 

1.041 0.908 0.978 0.0496 0.0025 0.755 0.570 

3.43 3.487 0.984 

3.72 3.574 1.041 

3.16 3.481 0.908 

3.07 3.208 0.957 

2 30 

 𝑓𝑠𝑝= [-0.000031 𝑡𝑤
2 + 

0.00478 𝑡𝑤 + 1] x  

𝑓𝑠𝑝.𝑐 

Eq. (5-20) 

3.22 3.22 1 

1.011 0.906 0.964 0.0499 0.0025 0.757 0.573 

3.58 3.6177 0.990 

3.85 3.8097 1.011 

3.31 3.6217 0.914 

3.22 3.5537 0.906 

3 45 

𝑓𝑠𝑝= [-0.000062 𝑡𝑤
2 + 

0.008 𝑡𝑤 + 1] 𝑓𝑠𝑝.𝑐 

Eq. (5-21) 

3.22 3.22 1 

1.072 0.913 0.986 0.0602 0.0036 0.826 0.682 

3.62 3.814 0.949 

4.34 4.048 1.072 

3.58 3.922 0.913 

3.43 3.436 0.998 

4 60 

𝑓𝑠𝑝= [-0.0000248 𝑡𝑤
2 

+ 0.00186 𝑡𝑤 + 1] 

𝑓𝑠𝑝.𝑐  

Eq. (5-22) 

3.22 3.22 1 

1.002 0.953 0.982 0.0222 0.0005 0.956 0.914 

3.17 3.328 0.953 

3.3 3.292 1.002 

3.08 3.112 0.990 

2.69 2.788 0.965 

   3.22 3.22 1 1.291 0.835 1.008 0.100 0.0101 0.434 0.188 
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𝑓𝑠𝑝 = 

[
 
 
 
 
  0.37 ∗ (

𝑡𝑟𝑣
0.45

𝑡𝑤
0.6

)

−0.0062 ∗ 𝑡𝑟𝑣 ∗

(
𝑡𝑟𝑣
0.45

𝑡𝑤
0.6

) +  1
]
 
 
 
 
 

𝑓𝑠𝑝.𝑐 

Eq. (5-23) 

3.43 3.615 0.949 

3.58 3.58 1.000 

3.62 3.436 1.054 

3.17 3.22 0.984 

3.72 3.48 1.069 

3.85 3.45 1.116 

4.34 3.362 1.291 

3.3 3.22 1.025 

3.16 3.424 0.923 

3.31 3.406 0.972 

3.58 3.331 1.075 

3.08 3.22 0.957 

3.07 3.39 0.906 

3.22 3.376 0.954 

3.43 3.314 1.035 

2.69 3.22 0.835 

 

In this table above the general case is a general equation to predict the concrete splitting tensile strength (𝑓𝑠𝑝) in the 

term of both re-vibration times and waiting time using multilinear regression analysis. 
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Fig. 5-16 Splitting tensile strengths of concrete with re-vibration time (15 sec) 

with different waiting time eq. (5-19) 

 

 

 
Fig. 5-17 Relative splitting tensile strengths of concrete with re-vibration time 

(15 sec)  
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Fig. 5-18 Splitting tensile strengths of concrete with re-vibration time (30 sec) 

with different waiting time eq. (5-20) 

 

 

 
Fig. 5-19 Relative splitting tensile strengths of concrete with re-vibration time 

(30 sec) 
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Fig. 5-20 Splitting tensile strengths of concrete with re-vibration time (45 sec) 

with different waiting time eq. (5-21) 

 

 

 
Fig. 5-21 Relative splitting tensile strengths of concrete with re-vibration time 

(45 sec) 
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Fig. 5-22 Splitting tensile strengths of concrete with re-vibration time (60 sec) 

with different waiting time eq. (5-22) 

 

 

 
Fig. 5-23 Relative splitting tensile strengths of concrete with re-vibration time 

(60 sec) 
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Fig. 5-24 Relative proposed splitting tensile strength for general equation (5-23) 

 

 

5.6 Proposed concrete equations for first crack load (𝑷𝒄𝒓) 

 

A second degree polynomial equation is proposed to show the effect of waiting 

time ( 𝑡𝑤) after the re-vibration of concrete. Initial vibration is (15 sec) and the re-

vibration times (𝑡𝑟𝑣) are equal to (15, 30, 45 and 60 sec) for different waiting time 

(30, 60, 90 and 120 minute), as shown in table 5-6 and figure 5-25 till 5-33. 
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Table 5-6 Proposed equations for first crack load (𝑃𝑐𝑟) 

No 
  𝑡𝑟𝑣 

(sec) 
Proposed Equation 

𝑃𝑐𝑟 

prac

tical 

𝑃𝑐𝑟 

equa-

tion 

Ratio RMax RMin Ravg σ Var r r2 

1 15 

 𝑃𝑐𝑟= [-0.0000238 

𝑡𝑤
2 + 0.00366 𝑡𝑤 + 

1] x 𝑃𝑐𝑟.𝑐 

Eq. (5-24) 

42 42 1 

1.021 0.964 0.994 0.0212 0.0004 0.916 0.839 

45 45.714 0.984 

49 48 1.021 

46 47.742 0.964 

46 46.056 0.999 

2 30 

𝑃𝑐𝑟= [-0.0000309 

𝑡𝑤
2 + 0.00488 𝑡𝑤 + 

1] x 𝑃𝑐𝑟.𝑐 

Eq. (5-25) 

42 42 1 

1.028 0.969 1.000 0.0207 0.0004 0.950 0.902 

47 46.986 1.000 

51 49.632 1.028 

48 49.52 0.969 

48 47.904 1.002 

3 45 

𝑃𝑐𝑟= [-0.00005 𝑡𝑤
2 

+ 0.0073 𝑡𝑤 + 1] x 

𝑃𝑐𝑟.𝑐 

Eq. (5-26) 

42 42 1 

1.040 0.950 0.998 0.0325 0.0011 0.930 0.864 

49 49.323 0.993 

55 52.866 1.040 

50 52.629 0.950 

49 48.612 1.008 

4 60 

𝑃𝑐𝑟= [-0.0000547 

𝑡𝑤
2 + 0.00681 𝑡𝑤 + 

1] x 𝑃𝑐𝑟.𝑐 

Eq. (5-27) 

42 42 1 

1.041 0.948 0.988 0.0375 0.0014 0.903 0.815 

46 48.516 0.948 

53 50.892 1.041 

47 49.128 0.957 

43 43.224 0.995 

  42 42 1 1.135 0.905 1.006 0.057 0.0032 0.579 0.335 
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Gen-

eral 

Equa

tion 

𝑃𝑐𝑟 = 

[ 0.04 ∗ (
𝑡𝑟𝑣
0.56

𝑡𝑤
0.06

)

− 0.00038 ∗ 𝑡𝑟𝑣

∗ (
𝑡𝑟𝑣
0.56

𝑡𝑤
0.06

) + 1]𝑃𝑐𝑟.𝑐 

 Eq. (5-28) 

45 47.424 0.949 

47 48.682 0.965 

49 48.735 1.005 

46 47.975 0.959 

49 47.203 1.038 

51 48.41 1.054 

55 48.461 1.135 

53 47.732 1.110 

46 47.078 0.977 

48 48.255 0.995 

50 48.306 1.035 

47 47.594 0.988 

46 46.991 0.979 

48 48.148 0.997 

49 48.198 1.017 

43 47.498 0.905 

 

 

In this table above the general case is a general equation to predict the concrete where first crack load (𝑃𝑐𝑟) results in 

the term of both re-vibration times and waiting time using multilinear regression analysis. 
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Fig. 5-25 First crack results of the beam with re-vibration time (15 sec) with dif-

ferent waiting time eq. (5-24) 

 

 

 
Fig. 5-26 Relative first crack results of the beam with re-vibration time (15 sec) 
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Fig. 5-27 First crack results of beam with re-vibration time (30 sec) with differ-

ent waiting time eq. (5-25) 

 

 

 
Fig. 5-28 Relative first crack results of beam with re-vibration time (30 sec) 
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Fig. 5-29 First crack results of beam with re-vibration time (45 sec) with differ-

ent waiting time eq. (5-26) 

 

 

 
Fig. 5-30 Relative first crack results of beam with re-vibration time (45 sec) 
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Fig. 5-31 First crack results of beam with re-vibration time (60 sec) with differ-

ent waiting time eq. (5-27) 

 

 

 

Fig. 5-32 Relative first crack results of beam with re-vibration time (60 sec) 
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Fig. 5-33 Relative proposed first crack load for general equation (5-28) 

 

 

5.7 Proposed concrete equations for ultimate load (𝑷𝒖) 

 

A second degree polynomial equation is proposed to show the effect of waiting 

time ( 𝑡𝑤) after the re-vibration of concrete. Initial vibration is (15 sec) and the re-

vibration times (𝑡𝑟𝑣) are equal to (15, 30, 45 and 60 sec) for different waiting time 

(30, 60, 90 and 120 minute), as shown in table 5-7 and figure 5-34 till 5-42. 
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Table 5-7 Proposed equations for ultimate load (𝑃𝑢) 

No 
𝑡𝑟𝑣 

(sec) 

Proposed Equa-

tion 

𝑃𝑢  

prac

tical 

𝑃𝑢  

equa-

tion 

Ratio RMax RMin Ravg σ Var r r2 

1 15 

𝑃𝑢= [-0.0000098 

𝑡𝑤
2 + 0.00105 𝑡𝑤 

+ 1] x 𝑃𝑢.𝑐 

Eq. (5-29) 

102 102 1 

1.020 0.985 1.003 0.0144 0.0002 0.739 0.545 

104 104.328 0.997 

107 104.856 1.020 

102 103.584 0.985 

102 100.512 1.015 

2 30 

𝑃𝑢= [-0.0000245 

𝑡𝑤
2 + 0.00318 𝑡𝑤 

+ 1] x 𝑃𝑢.𝑐 

Eq. (5-30)  

102 102 1 

1.032 0.982 1.009 0.0191 0.0004 0.902 0.814 

113 109.494 1.032 

114 112.488 1.013 

109 110.982 0.982 

107 104.976 1.019 

3 45 

𝑃𝑢= [-0.0000343 

𝑡𝑤
2 + 0.00443 𝑡𝑤 

+ 1] x 𝑃𝑢.𝑐 

Eq. (5-31) 

102 102 1 

1.032 0.979 1.012 0.0223 0.0005 0.925 0.856 

116 112.422 1.032 

119 116.544 1.021 

112 114.366 0.979 

109 105.888 1.029 

4 60 

𝑃𝑢= [-0.0000167 

𝑡𝑤
2 + 0.00225 𝑡𝑤 

+ 1] x 𝑃𝑢.𝑐 

Eq. (5-32) 

102 102 1 

1.012 0.983 0.998 0.0106 0.0001 0.936 0.877 

107 107.355 0.997 

111 109.65 1.012 

107 108.885 0.983 

105 105.06 0.999 

   102 102 1 1.050 0.940 0.977 0.032 0.0010 0.727 0.528 
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In this table above the general case is a general equation to predict the concrete where the ultimate load (𝑃𝑢) results 

in the term of both re-vibration times and waiting time using multilinear regression analysis. 
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tion 

 

 

 

 

 

𝑃𝑢 = 

(
𝑡𝑟𝑣

0.1

𝑡𝑤
0.01)  𝑃𝑢(𝐴𝐶𝐼) 

[0.89 − 0.0022 ∗
𝑡𝑟𝑣 ∗ 0.89]  

Eq. (5-33) 

 

  

104 109.731 0.948 

113 113.593 0.995 

116 114.114 1.017 

107 113.143 0.946 

107 108.973 0.982 

114 112.809 1.011 

119 113.326 1.050 

111 112.362 0.988 

102 108.532 0.940 

109 112.352 0.970 

112 112.868 0.992 

107 111.907 0.956 

102 108.22 0.943 

107 112.03 0.955 

109 112.543 0.969 

105 111.586 0.941 
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Fig. 5-34 Ultimate load results of the beam with re-vibration time (15 sec) with 

different waiting time eq. (5-29) 
 

 

 
Fig. 5-35 Relative ultimate load results of the beam with re-vibration time (15 

sec) 
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Fig. 5-36 Ultimate load of beam with re-vibration time (30 sec) with different 

waiting time eq. (5-30) 

 

 

 
Fig. 5-37 Relative ultimate load of beam with re-vibration time (30 sec) 
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Fig. 5-38 Ultimate load of beam with re-vibration time (45 sec) with different 

waiting time eq. (5-31) 

 

 

 
Fig. 5-39 Relative ultimate load of beam with re-vibration time (45 sec) 
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Fig. 5-40 Ultimate load of beam with re-vibration time (60 sec) with different 

waiting time eq. (5-32) 

 

 

 
Fig. 5-41 Relative ultimate load of beam with re-vibration time (60 sec) 
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Fig. 5-42 Relative of proposed ultimate load for general equation (5-33) 

 

 

5.8 Proposed concrete equations for deflection at ultimate load (𝛅𝐮) 

 

A second degree polynomial equation is proposed to show the effect of waiting 

time ( 𝑡𝑤) after the re-vibration of concrete. Initial vibration is (15 sec) and the re-

vibration times (𝑡𝑟𝑣) are equal to (15, 30, 45 and 60 sec) for different waiting time 

(30, 60, 90 and 120 minute), as shown in table 5-8 and figure 5-43 till 5-51. 
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Table 5-8 Proposed equations for deflection at ultimate load (δu) 

No 
trv 

(sec) 
Proposed Equation 

(δu) 

prac-

tical 

δu 

equa-

tion 

Ratio RMax RMin Ravg σ Var r r2 

1 15 

 δu= [-0.000127 𝑡𝑤
2 

+ 0.0171 𝑡𝑤 + 1] x 

δu.c 

Eq. (5-34) 

5.5 5.5 1 

1.080 0.960 1.029 0.0481 0.0023 0.961 0.924 

8.1 7.705 1.051 

9.1 8.65 1.052 

8 8.335 0.960 

7.3 6.76 1.080 

2 30 

 δu= [-0.000163 𝑡𝑤
2 

+ 0.023 𝑡𝑤 + 1] x δu.c 

Eq. (5-35) 

5.5 5.5 1 

1.036 0.983 1.010 0.0228 0.0005 0.994 0.987 

8.5 8.509 0.999 

10.2 9.898 1.031 

9.5 9.667 0.983 

8.1 7.816 1.036 

3 45 

 δu= [-0.000272 𝑡𝑤
2 

+ 0.0367 𝑡𝑤 + 1] x 

δu.c 

Eq. (5-36) 

5.5 5.5 1 

1.093 0.885 1.005 0.0771 0.0059 0.950 0.903 

10.2 10.207 0.999 

13.35 12.214 1.093 

10.2 11.521 0.885 

8.5 8.128 1.046 

4 60 

δu= [-0.000109 𝑡𝑤
2 + 

0.015 𝑡𝑤 + 1] x δu.c 

Eq. (5-37) 

5.5 5.5 1 

1.042 0.956 1.004 0.0313 0.0010 0.977 0.954 

7.78 7.465 1.042 

8.5 8.35 1.018 

7.8 8.155 0.956 

6.9 6.88 1.003 
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In this table above the general case is a general equation to predict the concrete where the deflection at ultimate load 

(δu) accurse in the term of both re-vibration times and waiting time using multilinear regression analysis. 

 

 

5 

Gen-

eral 

Equa-

tion 

δu = 

[0.58 ∗ (
𝑡𝑟𝑣
0.07

𝑡𝑤
0.09

)

− 0.000181

∗ (
𝑡𝑟𝑣
0.07

𝑡𝑤
0.09

) + 1]  x δu.c 

 Eq. (5-38) 

5.5 5.5 1 

1.592 0.834 1.064 0.179 0.0319 0.510 0.260 

8.1 8.347 0.970 

8.5 8.488 1.001 

10.2 8.574 1.190 

7.78 8.637 0.901 

9.1 8.174 1.113 

10.2 8.307 1.228 

13.35 8.388 1.592 

8.5 8.447 1.006 

8 8.079 0.990 

9.5 8.207 1.158 

10.2 8.285 1.231 

7.8 8.341 0.935 

7.3 8.013 0.911 

8.1 8.138 0.995 

8.5 8.214 1.035 

6.9 8.269 0.834 
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Fig. 5-43 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (15 sec.) eq. (5-34) 

 

 

 
Fig. 5-44 Relative ultimate load deflection results of the beam with waiting time 

for re-vibration time length (15 sec.) 
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Fig. 5-45 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (30 sec.) eq. (5-35) 

 

 

 

Fig. 5-46 Relative ultimate load deflection results of the beam with waiting time 

for re-vibration time length (30 sec.) 



169 
 

 
Fig. 5-47 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (45 sec.) eq. (5-36) 

 

 

 

Fig. 5-48 Relative ultimate load deflection results of the beam with waiting time 

for re-vibration time length (45 sec.) 
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Fig. 5-49 Ultimate load deflection results of the beam with waiting time for re-

vibration time length (60 sec.) eq. (5-37) 

 

 

 

Fig. 5-50 Relative ultimate load deflection results of the beam with waiting time 

for re-vibration time length (60 sec.) 
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Fig. 5-51 Relative proposed deflection for general equation (5-38) 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Conclusion 

 

This study focuses on the effect of waiting time before the re-vibration and varia-

ble time duration for vibration and re-vibration operation on the structural re-

sponse of flexural reinforced concrete beams and studying the effect of re-vibra-

tion on the mechanical properties of concrete using Ordinary Portland Cement-

type 1, with w/c ratio of 0.4 and with more number of waiting time before re-

vibration time lag intervals ranging from ½ to 2 hours with different time duration 

of vibrations ranging from 15 to 60 seconds. 

 

The following conclusions have been summarized from the experimental results 

obtained from the testing of the beams: 

 

1. The experimental results show that the re-vibration process of the beams 

after a period of time re-arranged the aggregate particles and eliminates en-

trapped water which is beneficial to improve the mechanical properties of 

concrete and increase the failure load (cracking load) of the beams. 

 

2. It is necessary to investigate the effect of the waiting time before the re-

vibration and time duration of vibrations on the structural response of flex-

ural reinforced concrete beams to establish and verify the best process to 

apply this technique. The results show that for the time duration and re-

vibration techniques the mechanical properties was increased for the 1st one 

hour and re-vibrated for 45 seconds time duration. After that for waiting 
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time 1.5 and 2 hours before re-vibration and re-vibrated for 60 seconds was 

decreased. 

 

 

3. In group (A, B, C, D, E and F) were the reinforces beams subjected to ap-

plied load during the tests, initial cracks were appeared hairline cracks and 

distributed spirally across the section along with an amount of small in-

clined cracks. The first crack appears at the center of the beams. These 

cracks dispersed throughout both sides of the beams. in group F, which are 

without transvers reinforcement beam specimens (F1, F2, F3 and F4), the 

first crack occurred near the ends of the lever arm on both sides of the spec-

imens, it was found that the cracks developed an angle of (45o) with the 

sides of the beams. In group G, beam specimens (G1, G2, G3, and G4) sud-

den failure of the beams appeared after the appearance of the initial cracks. 

  

4. The concrete mixtures made with the different re-vibration time lags 

showed that the maximum compressive strengths of concrete obtained in 

group A were they vibrated for one time and for 45 seconds without re-

vibration was (35.83 MPA), were increased up to 6.92 % and 20.7% when 

the application of a second vibration was applied after 0.5 and 1 hours then 

decreased. 

 

 

5. The maximum tensile strengths of concrete obtained in group A were they 

vibrated for one time and for 45 seconds without re-vibration was (3.62 

MPA), were increased up to 20 % when the application of a second vibration 

was applied after 1 hour then decreased. 
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6. Failure load of beams obtained in group A were they vibrated for one time 

and for 45 seconds without re-vibration was (109 KN), were increased up 

to 6.4 % and 9 % when the application of a second vibration was applied 

after 0.5 and 1 hours then decreased. 

 

7. First crack load of beams obtained in group A were they vibrated for one 

time and for 45 seconds without re-vibration was (45 KN), were increased 

up to 8 % and 22 % when the application of a second vibration was applied 

after 0.5 and 1 hours then decreased. 

 

 

8. The experimental results show that the maximum deflection of the beam 

was obtained in groups C which was (13.35 mm) were the waiting time for 

the re-vibration was 1 hour and re-vibrated for 45 seconds. 

 

9. The study found that the strain was also increased with the re-vibration pro-

cess up to 36.51% when the waiting time for the re-vibration was 1 hour 

and re-vibrated for 45 seconds then decreased. 

 

 

10. For the beams of group F that was without transvers reinforcement the re-

vibration process also increases the mechanical properties of concrete for 

compressive strength 10.95%, tensile strength 16.66%, and for failure load 

increased up to 8.4% when the beams were re-vibrated for 45 seconds then 

decreased. 
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11.  For the beams of group F, the strain was also increased up to 55.32% when 

the beams were re-vibrated for 45 seconds then decreased. 

 

 

12.  This study includes a total of 26 proposed equations for beam moment ca-

pacity and mechanical properties of concrete as mentioned below: 

 

a- Proposed equation for bending moment (Mo) is :          

𝑀𝑜 = 0.89  𝑀𝑛(1 − 0.0025 ∗ 𝑡𝑟𝑣) (
𝑡𝑟𝑣

0.1

𝑡𝑤
0.01)                                    (5-13)                    

b- Proposed equations for concrete compressive strength (𝑓𝑐
ˊ) are: 

                  𝑓𝑐
,
 = [-0.0000486 𝑡𝑤

2 + 0.00567 𝑡𝑤 + 1] x 𝑓′𝑐.𝑐      (5-14) for 𝑡𝑟𝑣 = 15 sec      

                 𝑓𝑐
, =[-0.0000517 tw2 + 0.0065 tw + 1] x f′c.c      (5-15) for 𝑡𝑟𝑣 = 30 sec 

                 𝑓𝑐
,
 = [-0.0000669 𝑡𝑤

2 + 0.0085 𝑡𝑤 + 1] x 𝑓′𝑐.𝑐         (5-16) for 𝑡𝑟𝑣 = 45 sec       

               𝑓𝑐
,
 = [-0.0000395 𝑡𝑤

2 + 0.0044 𝑡𝑤  + 1] x 𝑓′𝑐.𝑐        (5-17) for 𝑡𝑟𝑣 = 60 sec   

               𝑓𝑐
′ = {0.03[(

𝑡𝑟𝑣
0.66

𝑡𝑤
0.31) x(1.9 − 0.025 ∗ 𝑡𝑟𝑣) + 1}𝑓′𝑐.𝑐               (5-18) G. eq. 

c- Proposed equations for splitting tensile strength (𝑓𝑠𝑝) are: 

    𝑓𝑠𝑝= [-0.000031 𝑡𝑤
2 + 0.00369 𝑡𝑤 + 1] x 𝑓𝑠𝑝.𝑐         (5-19) for 𝑡𝑟𝑣 = 15 sec      

             𝑓𝑠𝑝= [-0.000031 𝑡𝑤
2 + 0.00478 𝑡𝑤 + 1] x  𝑓𝑠𝑝.𝑐       (5-20) for 𝑡𝑟𝑣 = 30 sec 

             𝑓𝑠𝑝= [-0.000062 𝑡𝑤
2 + 0.008 𝑡𝑤 + 1] 𝑓𝑠𝑝.𝑐               (5-21) for 𝑡𝑟𝑣 = 45 sec       

             𝑓𝑠𝑝= [-0.0000248 𝑡𝑤
2 + 0.00186 𝑡𝑤 + 1] 𝑓𝑠𝑝.𝑐         (5-22) for 𝑡𝑟𝑣 = 60 sec   

              𝑓𝑠𝑝 = [ 0.372 ∗ (
𝑡𝑟𝑣
0.45

𝑡𝑤
0.6 ) − 0.0062 ∗ 𝑡𝑟𝑣 ∗ (

𝑡𝑟𝑣
0.45

𝑡𝑤
0.6 ) +  1] 𝑓𝑠𝑝.𝑐     (5-23) G. eq. 

d- Proposed equations for first crack load (𝑃𝑐𝑟) are:  

𝑃𝑐𝑟= [-0.0000238 𝑡𝑤
2 + 0.00366 𝑡𝑤 + 1] x 𝑃𝑐𝑟.𝑐       (5-24) for 𝑡𝑟𝑣 = 15 sec      

𝑃𝑐𝑟= [-0.0000309 𝑡𝑤
2 + 0.00488 𝑡𝑤 + 1] x 𝑃𝑐𝑟.𝑐      (5-25) for 𝑡𝑟𝑣 = 30 sec      

𝑃𝑐𝑟= [-0.00005 𝑡𝑤
2 + 0.0073 𝑡𝑤 + 1] x 𝑃𝑐𝑟.𝑐             (5-26) for 𝑡𝑟𝑣 = 45 sec      
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𝑃𝑐𝑟= [-0.0000547 𝑡𝑤
2 + 0.00681 𝑡𝑤 + 1] x 𝑃𝑐𝑟.𝑐       (5-27) for 𝑡𝑟𝑣 = 60 sec      

                   𝑃𝑐𝑟 = [ 0.04 ∗ (
𝑡𝑟𝑣
0.56

𝑡𝑤
0.06) − 0.00038 ∗ 𝑡𝑟𝑣 ∗ (

𝑡𝑟𝑣
0.56

𝑡𝑤
0.06) + 1]𝑃𝑐𝑟.𝑐 (5-28) G. eq. 

e- Proposed equations for ultimate load (𝑃𝑢) are: 

𝑃𝑢= [-0.0000098 𝑡𝑤
2 + 0.00105 𝑡𝑤 + 1] x 𝑃𝑢.𝑐        (5-29) for 𝑡𝑟𝑣 = 15 sec 

𝑃𝑢= [-0.0000245 𝑡𝑤
2 + 0.00318 𝑡𝑤 + 1] x 𝑃𝑢.𝑐        (5-30) for 𝑡𝑟𝑣 = 30 sec 

𝑃𝑢= [-0.0000343 𝑡𝑤
2 + 0.00443 𝑡𝑤 + 1] x 𝑃𝑢.𝑐        (5-31) for 𝑡𝑟𝑣 = 45 sec 

𝑃𝑢= [-0.0000167 𝑡𝑤
2 + 0.00225 𝑡𝑤 + 1] x 𝑃𝑢.𝑐        (5-32) for 𝑡𝑟𝑣 = 60 sec 

𝑃𝑢 = (
𝑡𝑟𝑣

0.1

𝑡𝑤
0.01)  𝑃𝑢(𝐴𝐶𝐼)[0.89 − 0.0022 ∗ 𝑡𝑟𝑣 ∗ 0.89]             (5-33) G. eq. 

f- Proposed equations for deflection at ultimate load (δu) are: 

      δu= [-0.000127 𝑡𝑤
2 + 0.0171 𝑡𝑤 + 1] x δu.c          (5-34) for 𝑡𝑟𝑣 = 15 sec 

                 δu= [-0.000163 𝑡𝑤
2 + 0.023 𝑡𝑤 + 1] x δu.c          (5-35) for 𝑡𝑟𝑣 = 30 sec 

                 δu= [-0.000272 𝑡𝑤
2 + 0.0367 𝑡𝑤 + 1] x δu.c        (5-36) for 𝑡𝑟𝑣 = 45 sec 

                 δu= [-0.000109 𝑡𝑤
2 + 0.015 𝑡𝑤 + 1] x δu.c          (5-37) for 𝑡𝑟𝑣 = 15 sec 

                 δu = [0.58 ∗ (
𝑡𝑟𝑣
0.07

𝑡𝑤
0.09) − 0.000181 ∗ (

𝑡𝑟𝑣
0.07

𝑡𝑤
0.09) + 1]  x δu.c       (5-38) G. eq. 
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6.2 Suggestion for the Engineering Designers 

 

As a suggestion for the designer engineers, during this study, it has been found 

that, that the mechanical properties of concrete (compressive strength, tensile 

strength, flexural strength, and modulus of elasticity) failure load and strain of 

concrete with various time duration and re-vibration techniques was increased 

for the 1st one hour and re-vibrated for 45 seconds time duration. So using the 

re-vibration time of 45 seconds is beneficial for this purpose. 

 

6.3 Recommendations and Future Work 

 

1. Study the effect of re-vibration process on the behavior of high strength 

concrete beams. 

2. Study the effect of re-vibration process on the beams with hollow beams. 

3. Study the effect of re-vibration process on the behavior of beams with stir-

rups only in the study area. 

4.  Study the different vibration techniques and study the concrete effect. 

5.  Study the effect of different concrete grades. 

6.  Study the effect of different water cement ratio on the re-vibration process. 
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Appendix A 

Shear calculation using equation 5-1: 

L=1300mm     d=220mm     fc
,
 =32.873MPa      fy=628MPa    S1 = 160mm 

a=  
1300−160

2
 = 570 mm so  

a

d
 = 2.59 

Vc  =
𝜆

6
√𝑓𝑐

,𝑏𝑤𝑑   

Vc  =
1

6
√32.873 

125∗220

1000
= 26.28 KN          so Pcr = 52.56 KN    

Av = 2 ∗
π

4
 (10)2 = 157.08 mm2  

𝑉𝑠 =
𝐴𝑣 𝑓𝑦 𝑑

𝑆
 / 1000 

Vs = (
157.08 ∗ 628 ∗ 220

100
)/1000 = 217.02 KN 

Vu = Vc + Vs = 62.28 + 217.02 = 243.3 KN         

 Pu = 2 ∗ Vu = 486.6 KN 

Shear calculation using equation 5-2: 

As= 2
𝜋

4
(12)2=226.2 mm2 

𝜌= 
As

𝑏𝑤𝑑  
=

226.2

125∗220
=0.008225 

𝑉𝑐= 
2

3
𝜆𝜌

1

3√𝑓𝑐
,𝑏𝑤𝑑=

2

3
0.008225

1

3√32.873 (125 ∗ 220)/1000=21.218 KN 

R=
21

21.218
=0.98 

Flexural calculation  

Av= 2 
𝜋

4
 102= 157.08 𝑚𝑚2 

As=2 
𝜋

4
 122=226.2 𝑚𝑚2 

𝜌 =  
As

𝑏𝑑
 = 

226.2

125∗220
 = 0.008225 

Mn = 0.008225 ∗ 125 ∗ 2202 ∗ 628 (1 − 0.59 ∗ 0.008225
628

32.273
) /106=28.3 

Kn.m 
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Pn ∗𝑎

2
 = 28.3 KN.m 

 

Pn = 
2 Mn 

𝑎
 = 

2∗(28.353)

0.57
 = 99.484 KN …… (Control) 

𝑦′ =
𝑏ℎ(

ℎ

2
)+(𝑛−1)𝐴𝑠 𝑑+(𝑛−1)𝐴𝑠′𝑑′

𝑏ℎ+(𝑛−1)𝐴𝑠+(𝑛−1)𝐴𝑠′
    

Where: 

𝑛 =  
Es 

Ec 
  = 

200000

4730√32.873
 = 7.3748        so n-1 = 6.3748 

Ig = Moment of inertia of the transformed section  

As  = 226.2 mm2    

𝐴𝑠
ˊ  = 157.08 mm2 

𝑦′ =
125 ∗ 250(

250
2

) + 6.3748(226.2)(220) + 6.3748(157.08)(30)

125 ∗ 250 + 6.3748(226.2) + 6.3748(157.08)
 

𝑦′ = 126.242 mm ; 𝑦𝑡 = ℎ − 𝑦′ = 123.758 mm 

Ig =
bwℎ3

12
+ bwℎ (𝑦′ −

ℎ

2
)
2

+ (𝑛 − 1)As (𝑑 − 𝑦′)
2
+ (𝑛′ − 1)𝐴𝑠

,
(𝑦′ − 𝑑′)

2
       

Ig =
125 ∗ 2503

12
+ 125 ∗ 250 (126.242 − 125)2 + 6.3748

∗ (226.2)(220 − 126.242)2 + 6.3748 ∗ (157.08)(126.242 − 30)2
 

Ig = 22650120.25 𝑚𝑚4 

Mcr =
𝑓𝑟 Ig

yt
                                                                                                        

Where:     𝑓𝑟 = modulus of rupture of the concrete = 0.625√𝑓𝑐
,
          (MPa) 

yt = ℎ − 𝑦′    distance from the neutral axes to the tension face (mm) 

Mcr =
3.583∗22650120.25

123.758
 = 0.6558 KN.m 

Mcr =
𝑃cr∗𝑎

2
        so Pcr =

2∗Mcr

𝑎
 = 

2 (0.6558)

0.57
 = 2.301 KN 

Thus for beam A1; first cracking load = 2.301 KN = 𝑃c1 
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Diagonal shear crack = 52.56 KN = 𝑃c2 

𝑃cr exp.= 42 MPa ;  

𝑃cr exp. 

𝑃cr cal. 
 = 

42

52.56
 = 0.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

(َڕايهڵیَلَّکێشهيیَكه28َ) ڵێکۆڵینهوەَکرداريهکهَپێکَهاتبووَلهَدروستَکردنَوَپشکنینی

(َههرَكۆمهلهيهكA, B, C, D, E, F, Gَ)َهبرتینك دابهشَكرابونَبهسهرَحهوتَكۆمهله

ملمَدرێژی،1500ََملمَبهرزیَو250ََملمَپانیَو125َچوارَنمونهَلهخۆدەگرێتَبهَئهندازەیَ

ملمَلهسهرەوەَ (2Φ10) ههمووَرايهڵهکانَشیشبهنديانَههيهَبهَئاراستهیَدرێژیَرايهڵهکان

(َملمَشیشبهندیَسورانَ)قهفیز(Φ10َ(َملمَلهخواروەَلهگهڵَبهکارهێنانیَ)2Φ12َلهگهڵَ)

انَ)قهفیز(َهَبهبێَبههێزکردنیَشیشبهندیَسورك (Fبۆَههمووَرايهڵهکانَجگهَلهَكۆمهلهىَ)

 هَبهبێَبههێزکردنیَشیشبهندیَدرێژیَوَسورانَ)قهفیز(.كَ(Gلهگهڵَكۆمهلهىَ)

َ 144ََسهرەڕایَئهوەش، َئهندازەی َبه 300ََسلندەر َبهرزیَو َله َتیرەدا150ََملم َله ملم

َدوایَ َئهم56ََبهکارهێنرانَبۆَههڵسهنگاندنیَهێزیَپهستانَوَکێشانیَکۆنکرێتهکه ڕۆژ،

َههو َله َشیکرانهوە َکاريگهریَنمونانه َو َکاريگهريیهکانیَلهرزين، َله َلێکۆڵینهوە َبۆ ڵێکدا

 .دواکهوتنیَدووبارەَلهرزينَوَماوەیَلهرزينَلهسهرَگهشهکردنیَهێزیَکۆنکرێت

َباریَ َکۆنکرێت، َمیکانیکییهکانی َتايبهتمهنديیه َزۆرترين َکه َدەريانخستووە ئهنجامهکان

لهگهڵَماوەیَکاتَوَتهکنیکهکانیََکۆتايی،َباریَدرزَيهکهمَوَلێشێوانَلهَخاڵیَناوەڕاستدا

َ َماوەی َبۆ َكه َهێنرا َبهدەست َيهکهم َکاتژمێرى َچاوەڕوانی َماوەی َبۆ چرکه45ََلهرزين

َدوای َۆبَنيرزهلَەوَدووبارَرێژمکات2َو1.5َََیوانەڕچاوَەیماوَۆبَەوهئ لهرزيندرايهوە.

 .ەوەبووَمهکَهچرک60ََەیماو

 

 

 

 

 

 

 

 



 
 

 پوختە :

پرۆسهیَدووبارەکردنهوەیَکارکردنیَلهرزينَلهَکۆنکرێتیَدووبارەَلهرزينَکهَبريتییهَلهَ

َمیکانیکییهکانیَ َبهرزکردنهوەیَتايبهتمهنديیه َبێتَبۆ َبهسوود َڕەنگه َدوایَماوەيهک، تازە

َوَمۆديولیَلَّستیکی(،َ َهێزیَچرچبوون، َهێزیَکێشکردن، کۆنکرێتَ)هێزیَپاڵهپهستۆ،

هکهمَباریَدرز،َزۆرترينَلَّدانَلهَههروەهاَبۆَبهدەستهێنانیَزۆرترينَباریَبهکارهێنراو،َي

ناوەڕاست،َڕەقبوونَوَپهستان،َبهَتايبهتیَکاتێکَچینهَيهکَلهَدوایَيهکهکانیَکۆنکرێتیَ

َماوەيهک،َ َدوای َبووەوە. َڕەق َبهشێکی َتازە َکۆنکرێتی َسهرەوەی َچینه َو َدانران تازە

واردووەَتهنۆلکهکانیَکۆکراوەَبهَپرۆسهیَلهرزينَڕێکدەخرێنهوە،َوَههرَئاوێکیَگیریَخ

لَّدەبرێت،َکهَبهَئهگهرێکیَزۆرەوەَهێزیَپهستانَوَکێشانیَکۆنکرێتهکهَبهرزَدەکاتهوە.َ

بهکارهێنانیَدووبارەَلهرزينَدەتوانێتَيارمهتیدەرَبێتَبۆَلَّبردنیَدرزیَبچووکبوونهوەیَ

َلهرزينهوەىَبۆدەكرێتَ َدووبارە َکاتهیَکه َبڕیَئهو پلَستیکیَبۆَکۆنکرێتیَبهرکهوتوو.

 .یَگهورەیَههيهکاريگهريیهک

بهکارهێنانیَتهکنیکهکانیَدووبارەَلهرزينَلهَدروستکردنیَئهندامانیَپێکهاتهيیداَچاوەڕوانَ

َبكات.َ َكهمتر َدرزەکان َو َبکات َباشتر َرايهلهكان َپێکهاتهيیهکانی َتايبهتمهنديیه دەکرێت

َبکرێتَوَ َلهسهر َدەبێتَلێکۆڵینهوەی َلهرزين َپێشَدووبارە َچاوەڕوانی َکاتی کاريگهری

َبههێزکراوبۆَماو َکۆنکرێتی َرايهلى َپێکهاتهی َوەڵامی َلهسهر َلهرزينهکان َکاتی ەی

 .دامهزراندنیَوَپشتڕاستکردنهوەیَباشترينَپرۆسهیَبهکارهێنانیَئهمَتهکنیکه

ئامانجَلهمَلێکۆڵینهوەيهَپشکنینهَکاريگهریَکاتیَچاوەڕوانیَپێشَدووبارەَلهرزين.َوَماوەیَ

َڕايهڵیَ َبۆ َپێکهاتهيی َوەڵامی َله َلهرزين َدووبارە َو َلهرزين َکارکردنی َبۆ َگۆڕاو کاتیی

َ َپۆرتشیشدارکۆنکرێتی َئاسايی َچیمهنتۆی َبهکارهێنانی َ-لَّند-, َڕێژەى1َجۆری َلهگهڵ ،

َوَدواw/c 0.4 ئاوی َدووَ، َتا َنێوانَنیوَکاتژمێرەوە َله َلهرزينَکه کهوتنیَکاتیَدووبارە

کاتژمێرَبۆَههڵسهنگاندنیَکاريگهریَدووبارەَلهرزينَلهسهرَتايبهتمهنديیهَمیکانیکییهکانیَ

َ.چرکهدايه60َبۆ15ََکۆنکرێتَبهَماوەیَجیاوازیَلهرزينهکانَکهَلهَنێوانَ

 



 
 

 

  

 

 

 يَكسورالَلةرينةوة لةسةر رِةفتاري فكاريطةرى كاتى ضاوةروانى ثيَش دووبارة ل

 لة رِايةلَي كؤنكريتى شيشدار

 نامةيةكة

 ثيَشكةشي ئةنجومةني كؤليَذي تةكنيكى ئةندازياري كراوة لةزانكؤى ثؤليتةكنيكي هةوليَر

 وةكو بةشيَك لة ثيَداويستيةكاني بةدةست هيَنانى ماستةر لة )ئةندازياري شارستاني(

 لةلايةن

نورالدينعلى دلشاد   

 (2015زانكؤي ثؤليتةكنيكي هةوليَر ) - بةكالؤريؤس لة ئةندازياري شارستاني

 

 بةسةرثةرشتي

غازكى صابر أث. د. ئةياد   

 

كوردستان  - هةوليَر   

طةلَاريَزان - 2023  



 
 

 


