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ABSTRACT 

 

     Service pathways are an important aspect of any structure. As a result, using 

structural elements with longitudinal holes is a good way to cover the demand for 

these paths while also providing other economic benefits. As a result, the hollow 

beams have two general structural and economic properties. The first is a benefit in 

terms of beam weight reduction. So, the current study aims to address this issue by 

reducing the amount of concrete while preserving and increasing its quality by 

choose a proper hole's dimension  by calculations prepared for this purpose. 

    This study investigates the flexural behavior of continuous Ultra High 

Performance Concrete (UHPC)beams. Twelve tubular continuous supported beams 

were tested under two concentrated point loads at mid-spans. Three  beams of each 

group were tubular, while the fourth beam was solid as a reference beam to 

comparison. The beams divided into three groups, the first group to investigate 

moment redistribution phenomenon, the second group to study the influence of 

steel fiber ratio change. The third group to know influence of reinforcement ratio 

change. Each beam had a total length ( 3000 )mm, a clear of each span (1400) mm, 

a width ( 150 ) mm, and a depth ( 200 )mm. The experimental work figures out 

when the first crack appeared, determine first crack load (Pcr). ultimate load (Pu), 

service deflection (Δs), maximum deflection (Δu), failure modes, load-deflection 

curves, cracks width , cracks patterns, ductility and strain distribution  and 

determine  the mechanical properties of UHPC and effect of heat curing where 

plays major role in improvement of mechanical properties by by manufacurated 

tank with three heater connect to electrical to curing the beams in the first three 

days. 



III 

    Different tensile reinforcement ratios utilized, the elastic and experimental 

moments at failure were then compared to assess the ratio according to ACI code 

requirements. The experimental results proved that when used reinforcement ratio 

more than 0.5ρb caused an increased in  (redistribution ratio > 20%) in both 

sagging regions ( M
+
 )and hoggings region ( M

-
 ). Also the results showed that the 

hogging moment  redistribution in the middle support is always 1arger than at mid-

span and amount of moment redistribution was determined to be around 15%, 

which is 1ess than the 20% allowed by ACI-conditions. 

   The results exhibit improvement in first cracking load  when increase  steel fiber 

ratio from 1% to 1.5% and 2% at  about 11.1% and 66.6% and increase  in ultimate 

load  at about 5.2% and 18.4%. Then when compared the tubular beam (1.5% steel 

fiber) with reference solid (1.5 % steel fiber) the increasing in ultimate failure load 

was(20%), in addition of increasing compressive strength. And the ultimate load 

was increased at about (2.6%,15.78%and 20.1%) as positive reinforcement ratio 

increased from 1% to 1.12%  ,1.71% and 1% solid beam and when negative 

reinforcement increased from 0.78% to 1% ,1.4% and 0.78% solid beam 

respectively. The presence of longitudinal holes in continuous beams contributed 

to decreasing load carrying capacity, first crack load and deflections,  by 5.2%, 

18.2%  and 13.5%. Despite the area ratio of the hole was (11.67%) from the whole 

area, therefore this ratio is proper to achieve flexural requirement and economical 

in the work.
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Chapter One.  
 

1.1 GENERAL 

Continuous concrete beams was considered as a statically indeterminate and 

utilized in structural designs when two or more span occur, common structural 

elements in all types of structures which  along its length. These are often in the 

identical horizontal plane, and the spans between the supports are in one straight 

line It is provides resistance to bending when applied the load; at least one of the 

supports of  it should be able to develop a reaction along the beam axis [1]. 
 

Continuous beams occur frequently in cast in situ construction when a single 

span of construction is connected to an adjoining span also commonly used in 

bridges. Bending moment of continuous beams does not confine to a single span 

just but it will affect the whole system.  Also it  is a structural component that 

gives resistance to bending when a load is applied. These beams are popularly used 

in bridges [2].
 

When continuous concrete beams are used over interior supports, they 

increase flexural rigidity by providing an alternated load path among the beams, 

because the continuity tends to decrease the top value moment on a beam and 

make it stiffer, this alternate load path leads to reduced moments and stresses at 

mid spans, resulting in shallower beams that are stronger than simply supported 

beams of equal span and with less deflection [3].
 

       One of the examples of the continuous beam that forms from ultra-high 

performance concrete  the bridge in Mexico. Yet NM Bridge No. 9706 is a very 

unique structure that won the New Mexico Chapter American Concrete Institute's 

super in Concrete competition in 2017.  It is the first superstructure for a bridge in 
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the state made from UHPC, and consider the first bridge structure in the nation 

made from UHPC [4] as shown in Figure ‎1.1.
 

 

Figure ‎1.1: Two span bridge from UHPC in Anthony, New Mexico [4]
 

1.2 Advantages and Disadvantages of Continuous Beam 

     Any structural element in construction world has advantages and disadvantages, 

so what seeking about is the least affecting, therefore  the comparison between the 

continuous beam and simply supported beam as follow [5] : 

1. The continuous beams are produce  moments in span are a lot lesser than  simply 

supported beams which in turn results in smaller sections. 

2. For the same span and section, the perpendicular load capacity of continuous 

beam is higher and the mid span deflecti0n is lower. 

3. Utilized moment-redistribution to attain  an optimal section without congestion 

of reinforcement at supports and to attain an alternate load pathway . 
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4. The depth at a section can be lesser in same span  because of  the deflection  and 

bending stress are lesser then provide economical in material. 

5. It permit much larger spans or distance between supports. 

6. The net bending moment is lower, in a continuous beam and due to negative end 

moments, mid span moment (in a simply supported beam) would be lesser; as a 

result of the design for the maximum bending moment (which would be lesser in 

continuous beams). 
 

    The other side there are disadvantages of continuous beam as follow[5] : 

1. Reversal of moment because of seismic force requires suitable analysis and 

design. 

2. Difficulties in construction  mostly  that deals with precast  structure or member. 

3.The shear force  and max moment  nearby the supports requires proper detailing 

of bar reinforcement. 

4. Secondary stresses develop because the time dependent effect such as  

shrinkage, creep and  variations of temperature . 

1.3 Estimate Structure  Elements with  Tubular Core 

     In the present work, consider pipes and ducts are necessary  to confirm essential 

in a buildings. Structural engineering was looked for an structural element that has 

a function of passing services in order to provide the complete comfort of the user 

by making the buildings equipped with all types of services. The hollow core in the 

elements passing services through it with different types of services (plumbing 

pipes, electrical ducts and cooling/heating ducts) as shown in in Figure 1.2, due to 

its properties as a structural function with concrete and economic and services 

function in reducing the element dead-weight and passing the services. One of the 
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positives of the development of this type of structural element will give an increase 

in structural strength and saving the weight with control the deflection [6].  

 

Figure ‎1.2 Concrete-Hollow-Core [6]
 

This type of structural elements has several advantages : 

 In addition to its structural function, it provides safe and isolated access to 

service pipelines and protects against environmental damages. 

 Compared with the solid beam, this element has a greater economic benefit 

in terms of reducing the quantities of concrete to the presence of hollow core 

and also reduce the dead weight of the beam element. 

 

 The following disadvantages can be summarized as :  

 On-site casting requires high precision and high-quality control unless the 

use of modern concrete free of coarse gravel for easy flow of the mixture in 

the composite mold. 

 This type of structural element may costly as a result of the complex 

construction process but on the other hand, it is considered an economical to 

maintain the money related to service runs repairs, a hollow section was 

construct from cork material as shown in Figure 1.3.  
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    Figure ‎1.3 Study effect of  hole longitudinal on behavior of beam [7]
 

 

1.4 Ultra High Performance Concrete   

 

     In the 1990s  France, High Performance Concrete (HPC) was deemed to be the 

stiffest cement based material with a compressive strength of approximately (70 

MPa) and a flexural strength at about  (10 MPa), then begin development because 

the engineers are now using higher compressive strength limit in their designs, 

which led to the need for production of new concrete types that differ from 

ordinary concrete. Several experiments have been conducted to reduce the water 

content to a minimum and to add new plasticizers to increase the workability of the 

mixture without adding excess water. Other experiments have been performed to 

increase compressive strength by substituting a percentage of the cement used with 

pozzolanic materials such as silica fume. In addition to the use of these additives 

materials, the methods of curing the concrete after casting have been changed by 

developing new methods of treatment, including heat treatment used in ultra-high-

performance concrete mixture (UHPC) and pressure treatment by pre-setting the 

concrete mix. Ultra-High Performance Concrete (UHPC) that can reach 
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compressive strengths higher than (200 MPa) and tensile strengths of about (50 

MPa). UHPC‟s high durability, which  fundamentally begin from its resistance 

against all kinds of corrosion, increases the design life of a project and reduces the 

maintenance cost. For example, UHPC has an extremely low permeability against 

chloride breakthrough high strength, high ductility, high durability, limited 

shrinkage [7]. 

UHPC is a mixture of cement, silica fume, fine sand, high range water 

reducer, water and steel fibers without coarse aggregate to enhance the 

homogeneity.  

Richard and Cheyrezy(1995) [8] gave  the following  issues to develop RPC: 

1. Utilized fine sand, without using gravel, to progress the concrete's consistency. 

2. Existing the silica fume to increasing the pozzolanic reaction. 

3. Getting the optimized  granular mixture ,packing volume. 

4. Increasing the compaction status by used  pre-setting pressure. 

5. Heat curing to amelioration the microstructure . 

6. Utilized of steel fibers to promote the ductility. 

1.5 Properties of UHPC 

    When compared UHPC with normal concrete will know the important properties 

that distinguish  UHPC that consider leap in concrete technology world and the 

main properties of UHPC [9]: 

 UHPC consider more homogeneous than normal concrete because of  

excellent packing density and confined used of coarse aggregate. The 

difference in size and strength between coares and fine aggregate is so tiny. 

 Ultra-high performance concrete (UHPC) is a modern composite material 

with extremely good mechanical characteristics. 



 

7 
 

 UHPC shows ductile material conduct and its tensile effecting can be 

remarkably improved. 

 Nanomaterial that found UHPC accelerate,s the hydration of cement, 

condenses the microstructure, increase strength, and then participate to its 

durability 

 Low  permeability. 

 The compressive strength of UHPC is 10 times that of conventional 

concrete.  

 UHPC 's density is optimized 

  From the experience and past study that safety factor of UHPC is very high. 

 UHPC show super abrasion resistance, approximately twice as resistant as 

ordinary concrete. 

 The feature of UHPC  identical to hard rock. 

 UHPC often is made with  fine sand, cement, high-strength steel fibers, a 

high amount of SF, and low w/c  ( w/c ratio less than 0.20).  

1.6 Structures' Performance Determination 

 
      For structures of today, we're looking for material have four discriminatory 

characteristics: (strength, durability, workability, and affordability), the first three 

characteristics  essentially comprise  whole  eight requirements of  performance 

mentioned above, affordability means cost, when says high performance, refers to 

refinement in some or whole of those characteristics. Occasionally, one's has to 

give-up a little in the one to a little gain in other. Those four properties as follow: 
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1.6.1 Strength  

     High strength show material saving; then give two advantages the first is less 

weight and the second is less material because when exist less weight this lead to 

decreasing material demand according to much studies to investigate this 

effect[10]. 

1.6.2 Durability 

     When seeking about material that have durable and reduce maintenance effort 

this lead to increase the design life of the materials and the durability of UHPC 

effected by concrete's resistance to fluid penetration. UHPC shows good behavior 

in this field[10].
 

1.6.3 Workability 

     Concrete‟s workability is board and subjective term describing how easily 

freshly mixed concrete could be mixed, placed, consolidated and finished with 

least damage of homogeneity. Workability is peculiarity that directly impacts 

strength, quality, appearance, and even labors‟ costs. 

1.6.4 Cost 

      The cost consider important actor to determine if the structures will be 

construct or no. The cost of production of UHPC is more than normal concrete 

approximately  3-10 times , therefore it utilized in important and vitality project. 
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1.7 Uses of UHPC 

      In the last years, UHPC enter in much working such as, artwork, precast 

elements, pedestrian bridges, and a few highway bridges in USA. Many different 

applications in Europe, Canada,  Australia and Asia as shown in Table ‎1.1, 

specially constructed in transportation industry. Sherbrooke pedestrian bridge, was 

constructed in Quebec, Canada. The 197 foot long structure is a post tension open 

space truss as shown in Figure 1.4. 

     In 1997 UHPC‟s durability received a test when it was used replace  steel 

beams that intended to replace in the cooling towers of the Cattenom power plant, 

in France. The environment is extremely corrosive and UHPC was pick out due its 

durability properties and the possibility of elimination the maintenance. Other 

transit applications include footbridges constructed in South Korea, Japan, France, 

and Germany. The Footbridge of Peace in Seoul, South Kore as shown in a Figure 

1.5, is an arch-bridge with a span of 394 ft (120 m), arch height of only 49 ft , and 

a deck thickness varying anywhere between 1.2 in. and 4 in. In Japan, the Sakata-

Mirai footbridge was completed in 2002 and demonstrated how a perforated webs 

in a UHPC. France utilized UHPC‟s fire resistant capabilities and high load 

carrying properties to construct an aesthetically pleasing yet, highly fire resistant 

footbridge at a Chryso Plant in Rhodia . Most recently, the Gärtnerplatz Bridge 

was completed in Kassel, Germany [10]. 
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Table ‎1.1 Application of UHPC in Asia[11]
 

Year Country Name 

---- 

 

---- 

 

2002 

 

2004 

 

2004 

 

2004 

 

2004 

 

2005 

 

2005 

 

2006 

 

2007 

 

---- 

 

2005 

 

2006 

 

2002 

 

---- 

 

2007 

 

2006 

 

2009 

 

2008 
 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Japan 

 

Malaysia 

 

New Zeland 

 

New Zeland 

 

South Korea 
 

Malaysia 
 

Japan 
 

Japan 
 

Japan 
 

Japan 

Kuyshu Express way bridge 

 

Riverside Senshu footbridge, Negaoka-shi 

 

Sakata –Mirai footbridge ,Sakata 

 

Akakura Onsen  

 

Yukemuri pedestrian bridge  

 

Yamagata  

 

Tahara bridge Aichi 

 

Horikoshi Highway  C-ramp Fukuoka 

 

Keio University footbridge Tokyo 

 

Toriska River Highway bridge Hokkaido 

 

Toyota City Gymnasimn footbridge Aichi 

 

Sungai Muar bridge  

 

Papatoetoe footbridge  

 

Five pedestrian bridge, Auckland 

 

Seonyu Sunyudo footbridge Seoul  

 

Kampung  Linsum bridge  

 

GSE bridge Tokyo Airport 

 

Tokyo Monorail  

 

Torisologawa bridge   

 

Akasaka Yogenzaka footbridge  
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Figure ‎1.4 World's First UHPC bridge -Sherbrook Pedestrian Bridge [10].
 

 

Figure ‎1.5 UHPC 's applications around the world [11].
 

1.8 Research Objectives   

The objectives of the current study is to identify the structural flexural 

behavior ( tubular continuous reinforced UHPC beams) by applying two-point 

UHPC panels on Jean 

Bouin Stadium  Duct

Peace Pedestrian Bridge 

over Han River, Seoul, 2002
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flexural loads, and recording all the readings resulting from loading in terms of 

deflections, maximum load capacity and etc. This study effort to accomplish the 

following objectives:  

1- Study effect of the presence of the hollow in the continuous concrete beam 

sections and compared with solid continuous beam by making longitudinal 

hole through using cork material. 

2- Study effect of changing steel fiber ratio on the behavior of concrete section. 

3- Explore effect of changing the longitudinal reinforcement ratios on the 

behavior of concrete section. 

4- Studying moment redistribution in practical and compared with theory 

studying according to ACI-Code. 

5- Explore the toughness, ductility index, stiffness and load-strain for different 

tubular continuous beams. 

1.9 Outline of  Thesis 

Chapter one: Representing introduction, advantage of continuous beam and 

disadvantage, application of UHPC, study objective and outline of thesis. 

Chapter two: Shows previous studies that related on the UHPC and moment 

redistribution of UHPC continuous beam. 

Chapter three: Describing  the experimental work of design of UHPC mix and 

continuous beam test begin from mix, casting and curing , mechanical properties of 

UHPC beam and study flexural behavior of tubular continuous beams. 

Chapter four: Shows test of continuous beam and record the results of 

experimental work in sence of cracks, deflections, load capacity and the results 

discussion. 

Chapter five: Provides a summary for this work and its conclusions with a 

specified proposal for future work. 
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Chapter Two. Literature Review 

2.1 General 

UHPC is a ductile, high-strength material made from a mixture of powders  

(portland  cement,  silica  fume,  fine  sand ,  high-range  water  reducer,  water,  

and  steel  fiber. UHPC  mixtures  having  compressive  strength,  flexural  strength  

and  modulus  of  elasticity  of  more  than  100  MPa,  10  MPa  and  50   GPa        

; respectively  have  been  developed  (Acker and  Behloul 2004)[12]. UHPC has 

several advantages, including the capacity to be essentially self-contained, building 

speed, and improved aesthetics, as well as superior corrosion, abrasion, and impact 

resistance, all of which translate to lower maintenance and a longer life term for 

the structure. Improved micro-structural features of the matrix give UHPC better 

durability qualities. In comparison to normal concrete, UHPC has a compressive 

strength of ten times. UHPC is gaining traction in a number of nations, with 

applications including bridges, construction, repair rehabilitation, architectural 

features, off-shore constructions, and overlay materials. The use of UHPC for 

bridges and bridge components may be found in a variety of countries, including 

the United States, France,  Japan,  Germany,  Denmark,  Australia,  China,  Italy,  

Austria,  Canada,  Malaysia,  Czech  Republic,  Netherlands,  Slovenia,  Korea,  

Switzerland and New  Zealand. UHPC  with  high  compressive  strength,  and  

durability  improving  exemplify  a  concrete  technology's  quantum  leap.  UHPC  

material  is  offer  interesting  implementations  diversity.  It  allows  the  economic  

buildings  and  sustainable  to  constructed  with  an  exceptional  slender  design.  

Its  ductility  and  strength  make  it  definitive  building  material [7]. 
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2.2  Historical  Background  and Development of  UHPC  

The goal in the early 1980s was to create fine-grained concretes with a very 

dense and "uniform cement matrix, which would prevent the formation of micro - 

cracks within the structure when it was loaded. They were dubbed "Reactive 

Powder Concretes (RPC)" because of the small grain size (less than 1 mm) and 

high packing density (due to the use of various inert or reactive mineral additives). 

(Richard and Cheyrezy 1995)[8]. Meanwhile, a wider range of formulas existed, 

and the name Ultra High Performance Concrete (UHPC) was coined to describe 

concretes with compressive strength up to 150 N/mm
2
 over the world.  It was 

largely employed in the security business for specialized applications like as 

vaults, "strong rooms," and defensive defense structures. The first research and 

development efforts aimed at using UHPC in construction began about 1985. Since 

then, other technical solutions have been developed sequentially or concurrently: 

UHPC precast elements that are heavily (conventionally) reinforced for bridge 

decks; in situ applications for the rehabilitation of deteriorated concrete bridges 

and industrial floors (Buitelaar 2004)[13]; ductile fiber reinforced fine grained 

"Reactive Powder Concrete" (RPC) like "Ductal" produced by Lafarge in France or 

Densit produced in Denmark (Acker and Behloul 2004)[12].With or without 

additional “passive” reinforcement it is used for precast elements and other 

applications like offshore bucked foundations. Furthermore, coarse-grained UHPC 

using artificial or natural high-strength aggregates has been created, for example, 

for highly loaded columns and extremely high-rise structures (Schmidt et al. 

2003)[14]. Nowadays, a growing number of formulas are available, each of which 

can be tailored to match the unique needs of a certain design, construction, or 

architectural approach. The first prestressed hybride pedestrian bridge was built in 

Sherbrooke, Canada, in 1997, as was the replacement of steel portions of the 

cooling tower at Cattenom, and two 20.50 and 22.50 m long road bridges for 
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automobiles and trucks were built in Bourg-lès-Valence, France, in 2001 (Hajar et 

al. 2004)[15]. See Figure ‎2.1. The UHPC was reinforced with 2  to 3% vol. steel 

fibers of various types for these projects.  The toll-gate of the Millau Viaduct in 

France is a stunning example of architectural design that takes advantage of 

UHPC's unique advantages "Construction is under underway. Figure ‎2.2, shows 

the exquisite roof, which is 98 meters long and 28 meters wide with a maximum 

thickness of 85 centimeters in the center and looks like a huge twisted sheet of 

paper (Resplendino 2004)[16]. UHPC's increased durability and mechanical 

qualities, particularly flexural strength, toughness, impact strength, fatigue 

resistance, and reduced vulnerability to cracking/spalling, have contributed to this 

achievement. 

UHPC was divided into two classes: UHPC200 and UHPC800, with 

nominal compressive strengths of 200 and 800 MPa, respectively, and attributes 

listed in Table ‎2.1. Each class has its own fabrication procedures, properties, and 

can be utilized for a variety of structural and non-structural purposes. The materials 

used in both classes are the same (Portland cement, fine sand with particles ranging 

from 150 to 600 microns, silica fume, superplasticizer, steel fibers, and water). 

UHPC 200 can be produced and cast in a similar manner to conventional high 

performance concrete. The lower compressive strength (170MPa) results from 

curing the concrete at ambient temperature, whereas the greater compressive 

strength (230MPa) results from hot water or steam curing at 80-90°C for 48 hours 

after two days of pre-curing at ambient temperature. UHPC800 must be dried in 

the air at temperatures over 250°C. Before and during setting, the material is 

pressured. Steel powder can be used instead of quartz sand to achieve compressive 

strengths of up to 810 MPa. 

In (Bouygues) company where they publish the first publication in 1994 

developed UHPC200 which gives compressive strength up to 200 MPa, and in 
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1995, they publish second publication in which the concrete type UHPC800, which 

has a compressive strength up to 800 MPa, so there are two types of UHPC and 

each type has a different mixing method, different mixture ratios, different 

treatment methods, and different result properties. The characteristics and 

components of these two types  explain in Table 2.2. 

 

Table ‎2.1 Properties of UHPC produced by Richard and Cheryezy[8]. 

RPC800 RPC200 Property 

50 N/mm
2 

no pressurization Presetting 

250 - 400 Cº 20 - 90 ºC (for 48 h) Treatment by heat 

490 - 680 MPa (using quartz 

sand) 650-810 MPa.  

170 - 230 N/mm
2 

Compressive strength 

45 - 141 N/mm
2
 30 - 60 N/mm

2
 Flexural strength 

65 - 75 GPa 50 - 60 GPa Young´s modulus 

 

Table ‎2.2 Comparison between UHPC200 and UHPC800[8]. 

 UHPC 200         UHPC 800 

Composition Non-Fibered Fibered Silica 

Fume 

Steel 

aggregate 

Portland Cement 1 1 1 1 1 1 

Silica Fume 0.25 0.23 0.25 0.23 0.23 0.23 

Sand 150-600 mϻ 1.1 1.1 1.1 1.1 0.5 - 

Superplasticizer 0.016 0.019 0.016 0.019 0.019 0.019 

Steel fiber 12mm - - 0.175 0.175 - - 

Steel fiber L=3mm - - - - 0.63 0.63 

Steel agg. 800 mm 
- - - - - 1.49 

Water 0.15 0.17 0.17 0.19 0.19 0.19 

Compacting 

pressure 

- - - - 50MPa 50MPa 

Heat curing temp. 20 90 20 90 250-400 250-400 
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Figure ‎2.1 Sakata-Mirai Pedestrian Bridge in Japan, 2002[11]. 

 

 

Figure ‎2.2  Toll-Gate Millau Viaduct in France[11]. 

2.3 Effect of Heat Treatment (curing) on UHPC beam's properties 

In order to improve the concrete mix properties, so in this type of concrete 

thermal treatment is used after the casting process. It increases the compressive, 

flexural and tensile strength as well as increase the durability and resistance of 

chloride ion penetrability. The amount of increase in these properties depends on 

the quantity of temperature and the of heat treatment during because the thermal 

treatment reduces the permeability of the concrete mix. The use of heat treatment 

and the delay of vapor deposition have a positive effect 0n the behavior of c0ncrete 

by decreasing  the creep of concrete, because the previous researchers found that 

the increase of temperature and the thermal curing period leads to formation of (C-
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S-H) in large quantities, which is responsible for increasing the adhesion between 

cement and aggregate, which leads t0  increase the c0ncrete strength. 

    Jungwirth et al. 2002 [18], investigate the effect of using  90° heat treatment on 

tesile strength and compression strength of the UHPC mixture and compared the 

results with  20° C water treatment for samples. The mixture pr0p0rti0ns were used 

(638 kg/m
3
 0f cement, 239 kg/m

3
 si1ica fume, 1085 kg/m

3
 furnace slag sand, 157 

kg/m
3
 metallic fibers with l/d 25/0.16, w/c of 0.23 and 23.7 kg/m

3
 of 

superplasticizer). The usage of a 90 °C heat treatment increased compressive 

strength from 120 to 180 MPa and flexural strength from 25 to 45 MPa, according 

to the findings.  

   Canadian Highway Bridge Desig Code et al. 2019[17], heat treatment(HT) and 

high homogeneity of materials because of  using a extra fine aggregate (sand) only, 

participate to eliminated initiation of extensive the soon age cracks those're 

UHPC's major disadvantage. Those lead to get superior UHPC's mechanical 

properties, like very, high tensile and compressive strengths, high ductility, high 

modulus of- elasticity, and fatigue strength will be high too. 

2.4 Previous Studies in Moment Redistribution in Continuous Beams 

     Scott and Whittle et al. 2005[26], at the service limit state, the redistributi0n of 

moment has been examined (SLS). After testing 33 two-span beams, it was 

discovered that a significant amount of m0ment redistribution occurs at the service 

limit state. The real stiffness at the service limit state differs from what was 

assumed when the moment for the final limit state was calculated. It's due to 

modifications in the reinf0rcement layout along the member. The studies also 

indicate that the reinforcing arrangement (big vs. small bars) was n0t a significant 

determinant in m0ment redistributi0n. 
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   Mostofi Nejad et al. 2007[21], a parametric research was carried out on moment 

redistribution in continuous RC beams with equal spans under uniform stress. 

Using ductility demand and ductility capacity principles, the governing equation 

for the permissible percent of moment redistribution was first derived. The impacts 

of several parameters on moment redistribution were then explored, including 

concrete compressive strength, the amount and strength of reinforcing steel, the 

magnitude of elastic moment at the support, and the ratio of the length to the 

effective depth of the continuous beam. According to the findings, while the 

permissible moment redistribution in continuous reinforced concrete beams based 

on current code requirements is not in a safe margin in some scenarios, it is 

conservative in the majority of cases. 

    Maghsoudi et al,2009[ 20] the m0ment redistributi0n and flexural behavi0r of a 

carbon-fiber-strengthened c0ntinuous reinf0rced high-strength c0ncrete beam 

(HSC) were examined. They came to the conclusi0n that as the number of CFRP 

layers is raised, the ultimate strength, ductility, moment redistribution, and ultimate 

strength of CFRP sheets decrease. For the studied specimens, an analytical m0del 

for m0ment–curvature and load capacity was c0nstructed and empl0yed. The 

experiment and predicted values were found to be in good agreement. 

   M.Reza et al. 2010[10], in UHPC the subject of flexural redistribution was 

studied. Four beams, each measuring r0ughly 50 in x 4 in x 4in, were put to the 

test. Two focused loads were given at around the middle of two spans supp0rted at 

three places in the experiments. The am0unt of m0ment redistribution fr0m the 

center supp0rt into the spans was determined to be ar0und 14%, which is less than 

the 20% allowed by ACI 318–08 building c0de requirements for conventi0nal 

c0ncrete. 
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    Bagge et al.2014[23], the influence of longitudinal and transverse reinforcement 

ratios, as well as concrete strength, on moment redistribution in RC beams was 

examined. Even at modest stress levels, the experimental examination revealed 

significantly n0nlinear structural behavior of the tested beams, with m0ment 

distributions that differed from linear elastic analysis. The longitudinal 

reinforcement arrangement had a significant impact on the evolution of moment 

redistribution and the degree of moment redistribution at the ultimate limit state 

(ULS), whereas the transverse reinforcement ratio had a min0r impact up to the 

l0ngitudinal reinf0rcing steel yielding, with the concrete strength slightly reducing 

the degree of moment redistribution. 

    ACI 318-14[25], a maximum of 20% of the negative m0ment at the support 

sh0uld be redistributed int0 the span. The increase in p0sitive m0ment areas is 

caused by a decrease in fact0red negative m0ment. Redistribution of moment is 

limited to 20% in the ACI 318–14 for both positive and negative m0ments. The 

following ACI 318–14 articles deal with flexural redistributi0n: 

1 – Except where appr0ximate moment values are used, fact0red moments 

calculated by elastic theory at sections of maximum negative or maximum positive 

moment in any span of continuous flexural members for any assumed loading 

arrangement  may be reduced by not more than 1000Ƹt percent, with a maximum 

of 20%. 

2 – When (t) is equal to or greater than 0.0075 at the part where the moment is 

reduced is it necessary to redistribute the moments. 

3 – For all other sections inside spans, the lowered moment will be utilized to 

calculate redistributed moments.  After redistributi0n of m0ments for each l0ading 

configuration, static equilibrium must be maintained. 
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    Visintin et al. 2018[22], the redistribution of moment in ultra-high performance 

fiber reinforced concrete beams was explored. The findings of the experiment 

reveal that the observed m0ment redistributi0n was bigger than the code 

predictions for beams with the hinge created at the support. The observed moment 

redistribution was less than the codes predicted for the beam where the hinge 

developed under the load sites. As a result, the findings revealed that current 

design standards for UHPFRC beams may not always provide a conservative 

prediction of moment redistribution.  

   Frank Küsel et al. 2019[19], investigated to learn about the effect of steel fibers 

on moment redistribution in reinforced concrete beams. The findings of 15 two-

span continuous beams, each with a different combination of steel fibers and 

reinforcing bars, showed considerable moment redistribution pri0r to plastic 

behavior. In terms of moment redistribution, a 1.5% fiber content corresponded to 

a flatter post-peak  moment-curvature relationship. The addition of fibers resulted 

in lower deflections, with fiber effectiveness impr0ving as the reinforcing ratios 

were increased. 

     R. Ehsani et al. 2019[24],   investigated the ductility and moment redistribution 

of The specimens have a rectangular cr0ss secti0n of 250 mm (height) 200 mm 

(width) and are continuous acr0ss tw0 spans of 1800 mm each, with two 

concentrated equal statically monotonic l0ads (fr0m zero to failure) applied at the 

mid-span of each beam. Two of the beams were regular c0ncrete with two 

alternative stirrup c0nfigurations in the middle support (h0gging) and mid span 

(sagging) areas, while the other two beams were c0mpanion but constructed 

entirely of HPFRCC composites. 

    In comparison to a reference beam, the use of HPFRCC layers in section beams 

and a reduction in stirrup spacing boosted the ultimate load, ductility ratio, plastic 
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hinge properties, and moment redistribution capability of these beams. In 

comparison to the RCN beam, FHPS had the highest load carrying capability of 42 

percent. In comparison to the reference beam, the FHPS beam had the highest 

moment redistribution values of roughly 23.31 percent and the highest 

displacement ductility ratio of 1.8. Without local shear cracks, sufficient shear 

strength is obtained in HPFRCC beams. This allows for the development of plastic 

hinges in beams and the formation of a plastic hinge zone. 

2.5 Modulus of  elasticity of UHPC  

    In order to simplified  the process of quality control of the concrete structure, so 

many international codes and researchers have developed equations that connect 

compressive strength with the modulus of elasticity through scalar factors. 

Table ‎2.3 shows the recommendations for the UHPC modulus of elasticity. 

Table ‎2.3 Compressive Strength and ( E ) Relationship. 

 

References 

 

Equations related  𝑓𝑐′ with     

ACI 318[27] E=4700 √   ′ in SI units for (normal strength and normal weight 

concrete) 

E=   
           √  ′  (   is the unit weight concrete(1500-2500) 

kg/m)
  

.. In case UHPC [59]   =2480 → E=5311 √       

Kakizaki et al 

[56] 
E=3650*√     in SI units for      (83-138)Mpa  

ACI 363R-92 

[28] 
E=3320*√     +6900 for high strength concrete     ≥ 83MPa 

Ma et al [57] 
E=525000*√

  

  
   for UHPC with no coarse aggregate  

FHA [29] E=46200*√     for      ≥193MPa 

AFGC[31] E=50 GPa  

JSCE[30] E=50 GPa  

Gowriplan[33] E=50 GPa  
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Samir[34] E=4572*√     for      (79-119)MPa 

Maha [35] E=[(  -  )/(   = -0.00005)] ,   = Stress with 40% of ultimate -load,;MPa 

  =Stress with longitudinal -strain (0.00005);MPa 

  = longitude strain `produced by stress , 2 

Mahesh[36] E=3.65*√     (Mahesh found    of UHPC increased with time especially 

when using thermal treatment) 

 

2.6 Nominal Bending Moment Capacity of UHPC Beams 

    There are no many international codes mention the nominal capacity of the 

(UHPC) sections, but some codes and some researchers proposed equations to 

estimate the capacity of the section. The difference between these equations is in 

the simplification of the stress block of compression and tension, some equations 

simplify the actual stress block to (a rectangle) stress block and some of them 

simplify the actual stress block to (a triangle and a square) stress block.  

    Nasser et al. 2016 [37], carried out the theoretical nominal moment based on 

JSCE and simplify actual stress block to the rectangular stress block. 

 

 

 

 

 

 

 

 Figure ‎2.3 Stress-strain distribution by Hakeem [45].
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Danha et al.2012[38], simplify the actual stress block to rectangular and triangular 

stress block: 

 
Figure ‎2.4 Stress-strain distribution by Danha[46] 

 

Suad et al. 2008[39],  simplify the actual stress block to rectangular and triangular 

stress block: 

 
Figure ‎2.5 Stress-strain distribution by Suad[47]. 
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Hekmet et al. 2014 [40],  simplify actual stress block to rectangular stress 

block: 

 

Figure ‎2.6 Stress-strain distribution by helmet[48]. 

Philip et al. 2010 [41], simplify actual stress block to rectangular stress 

block: 

   

Figure ‎2.7 Stress-strain distribution by Philip[49]. 

After computing the total compressive forces and total tensile forces from 

the simplified stress blocks, then make equilibrium between the tensile forces and 

compressive forces to find the depth of compressive block and the neutral axis, 

then determining the nominal moment by summation moments around the neutral 

axis producted by all tensile and compressive forces and the summary in Table 

(2.4).  
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Table ‎2.4 The proposal equations to prediction the nominal moment. 

Researcher  Nominal moment equation  

Nasser[37] Mn = α1.α.fc'.b.a.(C-a/2)+ 0.4 *√fc' *(h-C)*b*(h-C)/2+ As *fy *(d-c) 

Danha [38] Mn=0.45 ′  b (   − 
    

 
 )+ 0.5 fte b (   +    −2hc− 

    

 
 ) + As Fy ( d-c ) 

Suad [39] Mn=
 

 
(
 

 
   ) (

 

 
)
 

𝑓         𝑓    (   
 

 
 )    

 

 
 
 

 
  -  

 

 
 ( 

 

 
   

 

 
(1- 

   

   
     

 

 
   𝑓      

Hekmet [40] Mn = [ γ1 f ʹc β1 bw    . ( 1 - 
  

 
) + bw λ fr (

  

 
 -hc+

  

 
 ) + As fy (d - c) ] х       

Philip [41] Mn = 𝛾1𝑓𝑐′𝛽1   (1− 
  

 
+𝑓   ( −𝑐)+ 

   

 
       −    ) 

 

2.7 Longitudinal Opening in Beams 

      In general, the presence of openings in the concrete beam is an important 

subject, take the attention of the researchers.  

   Murugesan et al. 2016 [42], investigate the influence of the longitudinal circular 

hole on the flexural strength of reinforced concrete beams, by testing thirteen 

beams with dimensions (1.700, 150, 250) mm.  All tested hollow RC beams had 

one hole with (25, 40 or 50) mm diameter  longitudinally. The longitudinal holes 

fabricated using a frictionless PVC pipe and fixed reinforcements cage in the 

molds before casting. The parameters the research shown in Figure ‎2.8. The results 

showed that the first crack load depended on the distance begin from the center of 

the hole to the horizontal centroidal axis of the cross-section. The holes with the 

higher diameter reduced the moment of inertia higher than others and the resulting 

reduction in the cracking moment strength. 
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Figure ‎2.8 The parameters of the casted beams by Murugesan [50]. 

     AL-Maliki et al. 2013[43], studied the behavior of five non-prismatic RC 

beams with deferent hollow shapes and materials. All beams have dimensions of 

(150x260x1170) mm with the hollow core of (50 x 50) mm square steel or (50mm) 

diameter of circular PVC. The beams are tested in simply supported ends and 

subjected to two points load. The results demonstrate that the presence of a hollow 

core in the beam section has led to the decreasing in stiffness and to an increase in 

deflections and strains. The square steel pipe has led to an increase in load capacity 

and to the decreased in deflections compared with circular PVC pipe.  

     Ahmad et al. 2014[44], they investigated the behavior of six (solid and with 

opening) beams with dimensions (length 1m, height 0.18m, width 0.12m), simply 

support. The tested load was (partial uniformly distributed). Four beams were 

containing longitudinal opening with varied section (80mm x 40mm) and (40mm x 

40mm).Their parameters were, size of opening, stirrups effect, and stirrups 

orientation. The result is showed the existence of hollows are reduction the loads 

carrying capacity, and increased the deflections, stirrups are decreased whole 

deformations at whole phases of loading, especially after the initial cracking, and 

the ductility is raised when the hollow ratio reduced or stirrups increased-by-about-

50%.  
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    G. Balaji  et al. 2019[45], this investigation examines the Flexural behaviour of 

reinforced concrete hollow beams under a gradually applied two-point load. The 

deflection at the ultimate stage is experimentally examined and compared with RC 

hollow beams. And we are concentrating material optimization by introduction of 

hollow portion using PVC pipe and GI pipe at tension zone in RC control beams. 

This experimental investigation includes casting and testing of five reinforced 

concrete beams having a size of the flexural strength of hollow beams with single 

openings is greater compared to hollow beams with the double opening. Hollow 

beams arehaving greater ductility when compared to the control beam tested 

hollow beams and control beam were failed by flexure failure as shown in Figure 

2.9. 

 

 

Figure ‎2.9 Circular hole in beam by G. Balaji
 
[53].

 

    Mustafa Özakça et al. 2020[46], in this work, 14 reinforced concrete solid and 

hollow beams were tested under four-point bending test to evaluate the flexural 

behavior of hollow concrete beams. The experimental program focused on two 

main variables which are the size reduction percentage and the inclusion of steel 

fiber. In addition, the longitudinal reinforcement ratio and the presence of lateral 
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stirrups were also within the investigated parameters. Four solid beams in addition 

to 10 hollow beams with central square holes with side lengths of 60, 80, and 

100mm were fabricated to evaluate the test parameters. 

  

     Figure ‎2.10 Negrelli-Pedestrian Bridge, Main Railway Station-London[11]. 

     Mazin B. Abdulrahman et al. 2019[47], investigate the structural behavior 

and strength of reinforced reactive powder concrete beams with a hollow section 

subjected under two point concentrated loading  ten beams with dimensions 

(150mm width×200mm height×1000 mm length), eight of them are hollow beams 

and two solid beams were cast and tested up to failure. The major parameters 

adopted in the current research includes the hollowness ratio (10% and15%), 

hollow location (at top or at bottom), and hollow shape (circle or square) results 

showed that the strength capacity of hollow beam when the hollow lies in the 

bottom is much higher than for top hollow, and the square hollow will lead to 

more. 

     Mazin concluded that  hollow in beam decrease the first cracking load and 

ultimate load capacity and have the ability to change the failure mode. As well as 

the number of cracks was larger in the hollow sections than in the solid ones under 

loading. Increase the ratio of  hollowness from (10% to 15%) led to a decrease in 

the first cracking loads and the ultimate loads while increasing the deflection of 

these beams. The square section hollow leads to a more decrease in beam strength 

compared with the circular one. This is due to stress concentration and initiation of 
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cracks at square corner. It was shown that the strength capacity of the hollowed 

beam when the hollow lies at bottom position is much higher than of the top 

position. Presence of hollow in beams leads to a change in the failure mechanism 

of the solid beams from flexural failure to a combined flexural- shear failure for 

the hollowed beams. 

 

2.8. Concluding Summary  

  From the reasons to investigate the present search were less mentioned in 

previous studies and from the distinctive features  of the search are type of  beam( 

continuous beam), tubular section , type of materials (UHPC) and study moment 

redistribution phenomenon. The inclusion of redistribution of moments requires 

knowledge of the moment curvature relationship, and maximum tensile and 

compressive strain in the reinforcement and the concrete respectively. The results 

conclusions and opinions expressed in the historical survey emphasize the 

importance of considering the following factors that affect redistribution:- 

• Type of loading condition. 

• Strength of concrete. 

• Amount and type of tensile reinforcement. 

• Moment curvature gradient 

• Rotational capacity of the plastic hinges of members subjected to fiexural loads. 
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Chapter Three. Work 

3.1 General 

 

    This chapter shows the experimental work to  investigate  the  flexural  behavior  

of  continuous  UHPC  beams  that  have a longitudinal hole (tubular), in  term  of  

flexure at capacity, crack  strength, crack  pattern, deflection, stiffness, ductility  

and toughness. The beams  were divided  into  three  groups  and each  group  had  

four  beams   to  study  the  flexural  behavior  of  tubular  continuous  beams  with  

different  parameters. The  experimental  program is divided  into two part, part 

one contains casting  of  samples  (cube, cylinder  and  prism)  to  investigate  the  

mechanical  properties  of  UHPC. For the production  of the  Ultra-High-

Performance  Concrete  (UHPC)  mixture,  several  concrete  mixtures  were  used  

at  different  proportions and curing the specimens by heat treatment to  obtain  a  

target  compressive  strength  at about 150  MPa. Part two  represent casting twelve  

continuous  beams to  study  the effect  of  some  of the parameters that effecting 

on flexural strength were  cast. The  test  was done  under  two  point load  in  mid  

of  distance  for  each  span to  study  the  changing   of  bar  reinforcement  ratio,  

steel  fiber  ratio  change  effect  and  finally  and  the  important  property  in  

continuous  beams  is  moment  redistribution . Table ‎3.1,Table ‎3.2 and Table ‎3.3  

are describe the detail of group one that shows the study of moment redistribution 

and group two that shows the effect of change steel fiber content and group three 

that shows the effect of steel reinforcement ratio change. The steps  of mixing, 

casting, testing  and curing of the specimens  can be illustrated as shown  in flow 

chart (3-1): 

CHAPTER THREE: EXPRIMANTEL WORK 
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Table ‎3.1 Show group one to study moment redistribution. 

 

P 
Flexural 

(kN) 

M
— 

(kN.m) 

 
Negative  

reinforcement 

quantity(As
-
) 

P 
Flexural 

(kN) 

 

M
+ 

(kN.m) 

 

Positive 

reinforcement 

quantity(As
+
)
 

Steel 

fiber 

content 

% 

Stirrup 

at 

mid span 

(mm) 

 

Stirrup 

at 

supports 

(mm) 

 

Hollow 

dimension 

(hxb)mm 

Cross 

section 

(hxb)mm 

Beam 

470 75.3 2Ø 12 +1Ø 10 

(304.7 mm
2
) 

520 60.1 
2 Ø 12 +1 Ø 

16 

(427mm
2
) 

2% Ø 10@100 Ø 10@50 70x50 200x150 MXB-1 

 

418 

 

 

63.1 

 

2Ø 8+   1Ø 10 

(179 mm
2
) 

 

430 

 
49 

 

2Ø 10+  1Ø 8 

(207.3 mm
2
) 

p<0.5 pb 

1.5% 

 

Ø 10@100 

 

 

Ø 10@50 

 

70x50 200x150 MXB-2 

440 71.5 3 Ø 10 

(235 mm
2
) 

492 57.5 

 

2 Ø 10 +1Ø 

16 

(358 mm
2
) 

p>0.5pb 

 

2% 

 

Ø 10@100 

 

 

Ø 10@50 

 

70x50 200x150 

 

MXB-3 

 

440 63.4 3 Ø 10 

(235 mm
2
) 

492 51 

 

2 Ø 10 +1Ø 

16 

(358 mm
2
) 

p>0.5pb 

2% 
Ø 10@100 

 

Ø 10@50 

 

 

Solid 

 

 

200x150 RE.M 
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Table ‎3.2 Show group two to study effect of steel fiber ratio change. 

 

M
--- 

M
+ 

P 
Flexural 

(kN) 

M
— 

(kN.m) 

 
Negative  

reinforcement 

quantity(As
-
) 

P 
Flexural 

(kN) 

 

M
+ 

(kN.m) 

 

Positive 

reinforcement 

quantity(As
+
)
 

Steel 

fiber 

content 

% 

Stirrup 

at 

mid span 

(mm) 

 

Stirrup 

at 

supports 

(mm) 

 

Hollow 

dimension 

(hxb)mm 

Cross 

section 

(hxb)mm 

Beam 

1.03 540 

 

65 

 

 

2 Ø 10 + 1Ø16 

(358 mm
2
) 

 

 

530 63.1 

 

2 Ø 12 +1 Ø 

10 

(304 mm
2
) 

 

1 % 
Ø 10@100 

 

 

Ø 10@50 

 

 

70x50 

 

200x150 

 

MXB-4 

1.06 

 

540 

 

65 

 

2 Ø 10 + 1Ø16 

(358 mm
2
) 

 

480 61 

 

2 Ø 12 +1 Ø8 

(276 mm
2
) 

 

1.5 % 

 

 

Ø 10@100 

 

 

Ø 10@50 70x50 200x150 

 

MXB-5 

 

1.06 550 69 

3 Ø 16 

(603 mm
2
) 

 

532 65 

 

2 Ø 16 +1 Ø 

10 

(480 mm
2
) 

 

2 % 

 

Ø 10@100 

 

 

Ø 10@50 

 

70x50 200x150 

 

MXB-6 

 

1 

 

540 

 

65 

 

2 Ø 10 + 1Ø16 

(358 mm
2
) 

 

480 61 

 

2 Ø 12 +1 Ø8 

(276 mm
2
) 

 

1.5 % Ø 10@100 Ø 10@50 Solid 200x150 

 

RE.S 
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Table ‎3.3 Show group three to study effect of reinforcement ratio change. 

M
--- 

M
+ 

P 
Flexural 

(kN) 

M
— 

(kN.m) 

 
Negative  

reinforcement 

quantity(As
-
) 

 

P 
Flexural 

(kN) 

 

M
+ 

(kN.m) 

 

Positive 

reinforcement 

quantity(As
+
)
 

Steel 

fiber 

content 

% 

Stirrup 

at 

mid span 

(mm) 

 

Stirrup 

at 

supports 

(mm) 

 

Hollow 

dimension 

(hxb)mm 

Cross 

section 

(hxb)mm 

Beam 

1.06 540 

 

69 

 

 

3 Ø 16 

(603 mm
2
) 

 

530 60.1 
2 Ø 16 +1 Ø 12 

(515 mm
2
) 

2 % Ø 10@100 

 

Ø 10@50 

 

 

705x50 

 

200x150 
MXB-7 

0.98 

 

470 

 

 

49 

 

 

3 Ø 12 

(336 mm
2
) 

 

480 49.6 

 

2 Ø 12 +1 Ø8 

(276 mm
2
) 

 

2 % Ø 10@100 

 

 

Ø 10@50 

 

 

70x50 200x150 MXB-8 

0.88 440 51 

 

2 Ø 10 + 1Ø16 

(358 mm
2
) 

 

470 

 

57.6 

 

 

2 Ø 12 +1 Ø 10 

(304 mm
2
) 

 

2 % 

 

Ø 10@100 

 

 

Ø 10@50 

 

70x50 200x150 MXB-9 

0.88 440 51 

 

2 Ø 10 + 1Ø16 

(358 mm
2
) 

 

470 57.6 

 

2 Ø 12 +1 Ø 10 

(304 mm
2
) 

 

2 % 

 

Ø 10@100 

 

 

Ø 10@50 

 

 

Solid 

 

200x150 

 

RE.B 
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          Flow chart ‎3.1 Programs  of the experimental work. 

 

Materials of UHPC 

Super plasticizer Steel fiber water Silica fume sand cement 

Trail mixes 

Compressive strength 

Continuous beams testing at 28 days 

Heat curing  

Casting of continuous beams 

Modulus of rupture  

Split tensile strength 

Testing at 28 days for trail mix 

Heat curing  
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3.2 Continuous Beam Specimens 

     In this stud, all the sample have the same total length (L) of 3000 mm with two 

span each span has distance (Ln) equal to (1400 mm )  center to center of the 

support. The overall  depth is  (200 mm ) and the width is (150 mm ) with a 

longitudinal hole  in dimensions (70 x50 mm) in depth and width respectively. 

     Twelve continuous beams were tested under  two point loads  and  the 

reinforcement detailing of the beams  are  shown in  Figure ‎3.2. Three beams are 

tubular by made longitudinal  hole  by cork  material  put  in mid distance of 

transverse section  and the fourth  beams are  solid beam consider  the  reference 

beam to comparison. All beams are reinforced by using stirrup(Ø10 mm) at 100mm 

c/c to avoid shear failure. The ends of all beams extend 100mm beyond the supports. 

The concrete cover was 25mm.   

 

 

Figure ‎3.2 Layout of tested beam. 

ɸ10@ 100 ɸ10@ 100 

 
ɸ 10@ 50 

ɸ10 @50 
 

ɸ10 @50 ɸ10 @50 
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3.3 Trial mixes for UHPC 

Many trial mixes were  performed in this work until reaching the suitable  

performance with requirement of UHPC. The percentage of material was as follow 

the silica fume as percentage of cement weigh, water and superplasticizer is a 

proportion  of cementitious material (cement and silica fume ); and steel fiber as a 

proportion of flume mixing.  The trail mix number (3) was taken as a reference 

mix proportions for structural member (beams) as shown in Table ‎3.4. 

Table ‎3.4 Trial mixes properties. 

Mix. 

No. 

Cement  

kg/m
3 

Sand  

kg/m
3 

Silica 

fume 

kg/m
3 

Super- 

plastizer   

% 

W/C 

% 
Water 

kg/m
3 

S.F 

% 
Fc' for 28 

days MPa 

1 1000 1000 250 3 0.22 275 0.0 66.5 

2 1000 1000 250 3 0.2 250 1 80 

3 1000 1000 250 3 0.2 250 2 143.2 

4 1000 1000 250 3 0.2 250 1.5 91.6 

5 950 1050 225 3 0.25 293.75 2 102.7 

 

3.4 Construction Materials of Ultra High Performance Concrete Specimens: 

3.4.1 Cement 

    The type of cement  that  utilized in all the mixtures of this work was ordinary 

Portland cement  ( CARASTA ). The physical and chemical properties of cement 

were also examined in Amarah Technical Institute laboratory to check its 

specification before its utilized,  Its chemical composition and physical properties 

are given in Tables (3.5) and (3.6), respectively. This conformed to Iraqi Standard 

Specification No. 5:1984 [49]. 
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Table ‎3.5 Physical test results of cement. 

Physical properties Test result Limits of Iraqi 

Specification 

No.5/1984 

Soundness (Autoclave method) 0.03 0.8 (max) 

Setting-time utilizing Vicat's instrument 

Initial (min.) 

Final (hr.) 

(81) 

(3.0) 

 

(45) Minimum 

(10) Maximum 

 

Compressive strength at: 

(3days MPa) 

(7days MPa) 

(17.2) 

(21) 

(12) Minimum 

(19) Minimum 

 

Specific Surface Area (Blaine 

Method).(m2/kg) 

410 (230) Minimum 

 

 

Table ‎3.6 Chemical  test results of cement. 

Oxide composition Content by weight 

% 

Limit of Iraqi 

Specification No.5/1984 

Lime (  CaO ) 62.1 -- 

Silkone oxide ( Sio2 ) 20.1 -- 

Alumina            4.3 -- 

Iron oxide          4.8 -- 

Lime saturation ( L.S.F) 0.81 0.66-1.02 

Sulphate (SO3 ) 2.6 2.8 (max.) 

Loss on ignition (  L.O.I ) 2 4.0 (max.) 

Magnesium oxide ( Mgo) 

 

3.3  5.0 (max.) 

Insoluble Residue 

 

0.6 1.5 (max.) 

Free Lime 

 

3.5 4.0 (max.) 
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3.4.2 Fine Aggregate  

The fine aggregate (sand) that is utilized for UHPC production must be 

within certain sizes that differ from  ordinary sand. The gradation  that utilized in 

this work sand#4 has extra fine gradation (0.3mm - 0.6mm). It was produced by 

Don Construction Products Ltd. DCP (Appendix A), and available in the local 

markets in the form of bags weighing 25kg  and big bags weighing  (1000) kg. The 

sand  was  shown  in Figure ‎3.3.  

 

Figure ‎3.3 utilized Sand type.
 

3.4.3 Water 

   The  tap  water  was used  by  Reverse  Osmosis  (RO)  was  utilized  in  the  cast  

of  the whole  of  the  trial  mixtures  and  the  continuous concrete  beams.  The  

w/c  ratio (0.2%) was  utilized  as  a  constant parameter in  this  study. 

3.4.4 Silica Fume 

   Silica  fume  is  a  very  effective  pozzolanic  material and  an  ultrafine  material  

with  spherical  particles  less  than  1  μm  in  diameter. The  average  is  about  
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0.15  μm.  This  makes  it  approximately  100  times  smaller  than  the  average  

cement particle. It found in form of bags, weighing 20kg. Figure ‎3.4 and  Table ‎3.7  

are  showed    the results  of  silica  fume  test. The  ratio  of  silica  fume (0.25%) 

is utilized as a constant in  this  study. Table ‎3.7  typical  properties of  microsilica,  

more  details  can  be  found  in  Appendix  (A). Table ‎3.8  ˮChemical  and  

Physical  Requirements  of  MicroSilica  ASTM  C  1240-15 [50]. 

 

Figure ‎3.4 Silica Fume. 

Table ‎3.7 Typical properties. 

Property Value 

State  Sub-micron powder 

colour Gray to medium gray powder 

Specific gravity 2.10 to 2.4 

Bulk density 500 to 700 kg/m
3 

 

 



 
 

45 
 

Table ‎3.8 Chemical and physical properties for Micro-Silica 

ASTM C1240-15 [50] 

Chemical properties 

Oxides composition Oxides content % ASTM C1240-15% limit 

SiO2 92.5 Min. 85 

Al2O3 0.75 < 1 

Fe2O3 0.49 < 2.5 

CaO 0.87 < 1 

SO3 0.88 < 1 

L.O.I 5.3 Max. 6 

Cl 0.1 < 0.2 

K2O+Na2O 1.76 < 3 

Physical properties 

Property Result ASTM C1240-15 

Strength activity index 108    ≥ 105% 

Moisture content  0 ≤ 2% 

Specific surface area m
2
/gm

 
16.5 > 15 

 

3.4.5  Hyperplast PC260 (HRWRA) 

   The relationship  between water content and  compressive  strength of mixtures 

is inverse  relationship by correct calculations. In other words,  the  reducing  in  

water  percentage  in  the  concrete  mixture which plays  a  big  role  in  obtaining  

UHPC. The  addition  of  super-plasticizer  to  concrete  mixture  allows  the  

reduction  of  w/c  ratio  without  negatively  effecting  on  mixture  workability. 

The  superplasticizer  PC260,  produced  by (DCP) company in India utilized  was  

complies  with  (ASTM  C494) [51] type  (A&G). Figure ‎3.5,  and  its  technical  
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description  was  showed  in  Table ‎3.9. The superplasticizer ratio (3%) used as a 

constant in present study. 

 

Figure ‎3.5 Superplasticizer PC260. 

Table ‎3.9 Technical properties of PC260. 

Technical properties @ 25 ˚C 

Color Yellowish to brownish liquid 

Freezing point ≈ -7 ˚C 

Specific gravity 1.1 ± 0.02 

Air entrainment Typically less than 2% additional air is entrained 

above control mix at normal dosages. 

3.4.6 Steel Fibers  

    Steel fiber  that used  is straight and golden type as shown in Figure ‎3.6. It‟s 

available in local markets in form of sacks weighing (20–25 kg). Steel fibers that 

utilized have 0.2 mm diameter, and 13 mm length with aspect ratio 65 .                                 

Table ‎3.10 shows  the characteristics of steel fiber.  
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                                Table ‎3.10 Properties  of  steel  fiber. 

         Description Straight     

Length 13 mm 

Diameter 0.2 mm 

Density 7800 kg/m
3 

Tensile Strength 2600 MPa 

Aspect Ratio 65 

 

 

Figure ‎3.6 Utilized steel fiber. 

 

3.4.7 Steel Bars Reinforcement 

    Four size of deformed steel reinforcement  bars are used for all specimens 

manufactured  by  Ukraine state in diameter (ϕ16mm) , (ϕ12mm). Size applied as 

longitudinal reinforcement and as addition bar in compression region reinforcement  

and ϕ10 and ϕ8 mm bars size as  negative region  reinforcement and  as  (closed 
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stirrups) transverse reinforcement and the ratio are variable according to each 

groups as shown in Figure 3.7. The tests were carried out as shown in Figure ‎3.8 

and          Table ‎3.11 shows  the results of tested bars. 

         Table ‎3.11 Properties of variable steel bar reinforcement. 

 Nominal bar 

diameter (mm) 

Yield 

strength 

(MPa) 

 Ultimate strength 

(MPa) 

Elongation 

% 

16 577 687.4 10.4 

12 494.4 583.5 11.8 

10 516.5 624.3 14 

8 476.2 642 29 

 

       

Figure ‎3.7 Beam Reinforcement. 
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Figure ‎3.8 Testing Machine of Steel Reinforcement. 

3.5 Molds  

    Molds made of wood were used for casting the continuous beam specimens ad 

shown in        Figure ‎3.9.All sides were fixed together by screws. Stander steel 

molds were used for casting the cylinders ,cubic and prisms. 

 

       Figure ‎3.9 Wood  mold and  steel molds for cubes, cylinder and prism  

φ16 

φ12 

φ10 

Φ8 
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3.6  Longitudinal  Hole  Making  

    The longitudinal  hole was made by cork material as dimensions (70x50) mm 

which  installed  by cut  small steel bar. For obtaining a longitudinal hole 

(hollow core), the cork  material was packed with adhesive tape to increase  its 

resistance to crashing during the casting process. To obtain a hollow opening 

section in the longitudinal direction, the cork was connected using a tiny steel 

sticky )Ø6)mm, and silicone glue is used to connect it with the plywood mold. 

Figure ‎3.10 shows the process details of using cork in fabricating the hollow 

core. 

  

Figure ‎3.10 Longitudinal hole making stages. 

Silicon glue 

 

Strengthening the 

cork 

 

Hollow beam ready 

for casting 

 

Preparing the cork 

 

a 

d c 

b 
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3.7 Design for  flexural strength 

    The basic aim from the present study is to investigate the flexural strength of the 

continuous beam and chosen the suitable method to deal with it  in the new type of 

concrete that is UHPC.  

3.7.1. Combined  Method 

    The equations mentioned at chapter two ( 2-1 to 2-6) are utilized in the 

calculation of the main longitudinal reinforcement [37], with deduct the openings 

from each compressive and  tensile areas, and utilized the force in the tensile steel 

bar. The method was organized in excel sheet, appendix-A-. 

3.8 Concrete  Mixing  

    In this study  the  UHPC  trial  mixes  were  mixed  by  utilizing  pan mixer as 

shown in Figure 3.11. The  processes  of  UHPC  trial  mixture  were  in  strides  as  

summarized  below: 

1.  Cement  and  silica  fume  (cementitious  materials),  were  mixed  for dry state 

for about (3 minute)  with  slow  motion  of  mixer to disperse the silica fume 

particles throughout the cement particles . 

2.  Sand  was  added  slowly  over  cementitious,  with  continue  mixing  the  dry 

materials  with  slow  motion  of  mixer  for  another  ( 5 minute). 

3.  The super plasticizer ( PC 260 ) is dissolved in water and the solution of water 

and super plasticizer is gradually added   mixed  together,  and  added  half  of  

resulted  liquid to  admixture  slowly  and  continue  mixing  for  (5min.)  with  

increase  the speed  of  mixer  to  medium  motion.  4. 

4.  Half  of  remaining  liquid  was  added  slowly  to  admixture,  and  continue 

mixing  for  another  (3min.). 5. 

5. The steel fibers were added slowly (to prevent forming of steel fiber balls) to 

mixture about (5 minute). Continued mixing for one minutes to mix steel fibers 
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well with other components. In total, the mixing of one batch requires 

approximately (21minutes). The time mixture of current research adopted on the 

procedure of an (a State of art- on development of reactive powder concrete)[61]. 

Figure ‎3.11 (a)Mixing machine, (b)Preparing the materials. 

3.9  Casting  Procedure 

    The steel reinforcement was put in its required placement in the mold as shown 

in Figure ‎3.12. All specimens were loaded with the mix. Every layer  was 

compacted by external vibrator to reduce the air vacumes and to obtain well 

compacted concrete. The upper face of the molds was upload the samples were 

demolded marked and another cured .Figure ‎3.13 shows the casting of the beams . 

 

Figure ‎3.12 The steel bars in required position. 

(a) (b) 
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Figure ‎3.13 Casting of the specimens. 

 

The following samples were casted to define the properties of the hardened UHPC: 

1: 50mm x 50 mm x 50mm cubes for compressive strength ( 6 cubes). 

2: 100mm diam. x 200 mm long cylinder for compressive strength ( 6 cylinders). 

3: 100 x 100 x 400mm prisms for modulus of rupture ( 3 prisms). 

4: 100mm diam. x 200mm long cylinder for splitting tensile strength ( 3 cylinders). 

5: 150mm diam. x 300 mm long cylinder for modulus of elasticity (3 cylinders). 

3.10 Curing 

   For UHPC  specimens,  All samples were cured after 24 hours  by placing the 

sand on the samples so that they are fully covered  as shown in the Figure ‎3.14. In 

addition, the cubes, cylinders and prism were submerged in the water as show in 

Figure ‎3.15.    
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Figure ‎3.14 Sand cover for specimens 

 

Figure ‎3.15 Curing of cube , cylinder and prism. 

  The tank with water connect the three heater to electrical reference to reach the 

degree of temperature about (  
 

        )for three days [61] then in normal 

temperature degree of room. After that they cooled gradually left to 28 days as 

shown in Figure ‎3.16. 
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Figure ‎3.16 Heat treatment  tank for  specimens. 

3.11 Testing for Mechanical Properties of UHPC 

  To specify  the main mechanical properties of Ultra-High-Performance Concrete 

mix, three tests are performed to study a three mechanical properties (compressive 

strength, splitting tensile strength and modulus of rupture). These tests were done  

according to the specifications of the American Society for Materials Testing 

(ASTM). All these tests were done at the University of  Misan and Basrah -Faculty 

of Engineering laboratory. 

3.11.1 Compressive Strength  

    The compressive test was achieved  according to ASTM C39/C39M- 05[54]. 

Cylinders by 100 X 200 mm and cubes (50) mm dimensions for UHPC specimens 

using hydraulic testing machine at a loading rate of 0.9KN per second, as shown in 

Figure ‎3.17 average of three samples for each mix were taken to study the 

compressive strength and accordance to ACI 318M-14[34] the mean of three 

cylinders readings was taken at the age of 28 days. Graybeal [ 61] studied the 

effect of shape and size of  specimens of UHPFRC with strength from 80-200 

 

 الحــىض هربــىط  بالكـــهرباء

ـــفــا  أبــــتعذ لط  
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MPa. The shape effect had no more than 8 percentage difference. In general, the 

ratio between cubes strength to cylinder strength of 100 mm in length and 

diameter, respectively, are equal to one.  

            

Figure ‎3.17 Compressive Strength Test. 

3.11.2 Modulus of Rupture 

   It was a material property which is defined as a stress of material under flexural 

test just before yield, it also known as a fracture strength. According to (ASTM 

C78/C78M-15a)
 
[56], the test was doing by using prism specimens with dimension 

(100mmx100mmx400mm). Using flexural strength testing machine as shown in 

Figure ‎3.18. The test was performed by using three points of loading by a machine 

with 63 kN capacity, which is manufactured by COSQC. The results of tests are 

calculated by equation (3-1). The results obtained in the present work and the 

modulus of rupture get it as follow:  

 𝑓  
   

    
                     …………. (3-1) 

where:  

  = the modulus of rupture (MPa).  

P = the ultimate failure load (N).  
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l = the Span length between the supports, (center to center) (mm).  

b = prism cross section width (mm).  

d= prism cross section depth (mm). 

 

Figure ‎3.18 Modulus of Rupture Test. 

  3.11.3 Splitting Tensile Strength (fsp) 

Three several methods of testing, but the most common is the Brazilian method 

which is the indirect tensile strength test conforming to ASTM C 496-04[55]. This 

method was used in the study, by testing three cylinders with a diameter of 100 

mm and length of 200 mm placed horizontally in the universal ELE Machine with 

a capacity of 2000 kN to apply the load vertically along the length of the cylinders. 

as shown in Figure ‎3.19. The splitting tensile strength was calculated from the 

following formula: 

    
  

   
                                                                          …………..(3-2) 

 

 

Where: 

𝑓𝑠𝑝: splitting  tensile  strength (MPa) 

P: maximum applied load (N) 

d: diameter of cylinder (mm) 

L: length of cylinder (mm) 

 



 
 

58 
 

 

Figure ‎3.19 Splitting Tensile Strength. 

3.11.4 Static Modulus of Elasticity (Ec) 

   According to ASTM C469/C469M-14 , cylindrical specimens of 150 x 300 mm 

dimensions used to calculated the Ec as shown in Figure 3.20 and Eq.(3-4). The 

main parameter that affected on the flexural behavior is the modulus of elasticity of 

concrete     of the concrete . The test results of three tested cylindrical specimens, 

previously instrumented with strain gauges, were considered in calculation of 

concrete modulus of elasticity .The first one measurements by Hooke‟s Law  and 

the second way was carried out by the below equation according to  ASTM C469 

[55] Standard: 

   
     

           
 ……. (3-3) 

  

Where    is chord modulus of elasticity in MPa, (Approximated to the nearest 300 

MPa),    is stress corresponding to 40% of ultimate load,    is stress 

corresponding to a longitudinal strain (  ) of 50 millionth, and    is longitudinal 

strain produced by stress   . 

. 

                         x      ………(3-4) 
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Where: 

Ec= modulus of elasticity (GPa) 

  = stress corresponding to 40 % of ultimate load (MPa). 

  = stress corresponding to longitudinal strain of 0.00005 (MPa). 

  = longitudinal strain produced by stress     

 

Figure ‎3.20 Static Modulus of Elasticity. 

3.12 Measuring  Devices 

  The tools used in the work to measure (deflections, strains, crack width, load, 

crack projection, crack patterns) during the testing of each beam specimen are 

listed below: 

3.12.1 Hydraulic Jack 

All beams were tested as a continuous beams using one point loading for 

each span. The beams were testing by exercising the standardized electrohydraulic 

global testing machine with the ultimate range ability of 2000 kN, in the structural 



 
 

60 
 

laboratory of the civil engineering department, college of engineering, university 

of Basrah as shown in Figure ‎3.21. 

 

Figure ‎3.21 Universal Testing Machine. 

3.12.2 Deflection Measurement 

     The mid spans deflections were measured by strain gauge  at the each mid spans 

of the beams sensibility at any load step, two types dail gauge the first was used 

laser strain gauge as shown in Figure ‎3.22 and the second was mechanical dial 

gauge as shown in Figure ‎3.23. 

 

Figure ‎3.22 Laser Deflection Measurement ( LVDT). 

Laser 

strain 

gauge 
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Figure ‎3.23 Mechanical  Deflection Measurement. 

3.12.3 Crack Width Measurement 

    Crack  meter is a device used to measure the width of the incision, where all of 

its pointer (accuracy) is about 0.005mm as shown in Figure ‎3.24 show crack meter. 

 

Figure ‎3.24 Crack width instrument. 

3.12.4 Strain Measurement   

     The strain was measured by using strain gauges. As a result of their superior 

measurement properties, all the strain gauges used in this study were placed  near 

two point load on the spans in compression and tension zones of the beam 

specimen. These strain-gauges were placed on a side surface of the beam specimen 

in the mid-span. Two concrete strain gauges used for the beam specimen. One 

placed in the upper edge on the extreme compression zone of concrete to find the 

Dail gauge  
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compressive strains of concrete during the loading process. The other placed in the 

bottom edge in the tension zone of concrete to find the tensile strains of the UHPC 

during the loading process. PFL-30-11-3L [57] strain gauges were used, (PF) refers 

to the gauge series (polyester foil gauge) and (L) refers to pattern configuration 

(single), (30) indicate to the length of the strain gauge is 30mm, (11) is 

compensation material ppm/Cº. (3L) indicates the length of the existing wire with 

the strain gauge is 3 meters as shown in Figure ‎3.25. 

 

     Figure ‎3.25 The strain gauge types used in this research. 

3.12.5 The Process of  Installation the Strain Gauges 

      The process of  setting up the strain gauges are  shown in Figure ‎3.26 where 

summarized as the following steps : 

1- Surface preparation : 

    After complete the process of determining where the position of strain gauge 

should installed. The surface of the material must be cleaned from all rust, grease, 

Strain gauge’type 
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paint. Aslightly more extensive area of the strain gauge bonding area should be 

smoothed by using abrasive paper 80 to 120 for concrete. 

2- Little cleaning : 

 

   The area was cleaned using a cleaner solution where strain gauge glued. 

 

3- Setting up the strain gauge : 
 

   After completing the preparation of the strain gauge glued area, the strain scale is 

determined by a pencil. Special adhesive (CN adhesive series), was imported from 

Japan.  A sufficient amount of adhesive is placed on the base of the strain gauge 

and usually using one drop of CN adhesive was applied. The adhesive one drop is 

then distributed on the strain gauge base by using the adhesive nozzle. Then place 

the sheet of strain gauge above the strain gauge and press by thumb with constant 

pressure for a period ranging from (60-120) seconds depending on the temperature 

of the room and the humidity of the air.  

 
(a) (b) 
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Figure ‎3.26 Steps of installation strain gauge on beams. 

 

3.13 The Work Principle of the Strain Gauges 

   The process of measuring strains by using the strain gauges can be summarized 

as when the material is exposed to external force, physical deformations are 

produced, and these deformations cause changes in the electrical resistance of the 

exposed material. When the strain gauge is connected to the material, and the 

material is exposed to the external force that leads to generating strains that cause a 

change in the electrical resistance of the materials so that the strain will read the 

resistance changes. Due to this variation in electrical resistance, the strain is 

generated proportional to variation[57].  

 = 
  

 
 = 

    

 
 ………………. (3- 5) 

  is strain measured, R is a resistance of the gauge.   

Δ𝑅 is resistance change due to the strain.  

K is a gauge-factor existing on the package 

(c) 
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3.14 Testing Procedure  

    After  the end of curing  period of the specimens, the specimens were extracted 

from the treatment tank at the age of 28 days. The beams  are painted in white 

color to facilitate the vision cracks during the testing of the cracks as shown in 

Figure (3.30) that are appearing during the loading process. Each beam was tested 

individually and placed inside the frame of the testing machine for testing .The 

length of continuous beams was 3000mm, while a clear distance for each span  

1400 mm between the center line of the supports. Two dial gauge was placed in the 

middle of each span of continuous beam and  glued to the bottom face of the beam 

to record the mid-span deflection. Concrete strains were measured using strain 

gauges and supports in the correct places in compression and tension zones. Strains 

were reading by data logger, and crack's width were recorded at the end of each 

loading increment as shown in Figure 3.27. 

     The load was raised progressively and in each 50 kN step, deflection was listed. 

And the supports were roller from the ends and the middle support was hinged also 

crack propagation was nomination on the beam during the loading and maximum 

crack width was measured approximately using crack meter device which are 

shown in Figure ‎3.28. 

 

Figure ‎3.27 Beams under test. 
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Figure ‎3.28 Record width of cracks. 

3.15 Strain Tool Measurment  

     In this work, the Data Logger device was used for reading the strains measured 

by strain gauges in the beam specimens as shown in Fig.(3.29). 

 

Figure ‎3.29 Data logger device. 

 

Figure ‎3.30 Paint the beams. 
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Chapter Four. Results and Discussion 

 

4.1 General 

      This chapter  includes the experimental results  of  twelve specimens to know 

their flexural behavior under effect of static loads. An experimental program was 

carried out to verify the  mix design  with basic available materials. The beams 

were tested  in university of  Basrah college of engineering's laboratory. Load-

deflection behavior for each tested continuous beam's group was given with its 

identical sketched picture of continuous beam during the test. For tested 

continuous beams, sketching  had been done to record  load –deflection curves 

,first crack, crack pattern, strain distribution and ultimate load at different load 

steps. 

     The first group included an experimental study for moment redistribution 

property of continuous UHPC beam. The second group studied the change of steel 

fiber ratio. The third group studied the change of longitudinal reinforcement ratio. 

All beams have the same geometric and mechanical properties. 

4.2 Experimental Results of Mix Design 

     The experimental results are divided into two part, part one contains the 

mechanical properties of UHPC and the second part represent the behavior of 

continuous beams by study some parameters. 

Name of 

material 

Cement 

(Kg/  ) 

Sand 

(kg/  ) 

Water 

(kg/  ) 

Super 

plasticizer 

(kg/  ) 

Silica 

fume 

(kg/  ) 

Steel-

fiber 

(kg/  ) 

Fiber-volume 

fraction Vf 

(%) 

 

UHPC 

 

1000 

 

1000 

 

200 

 

37.5 

 

250 

 

156 

 

2 
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4.2.1 Mechanical Properties of  UHPC 

   To determine the mechanical properties of UHPC, control specimens were tested. 

The mechanical properties contained compressive strength (f'c), splitting tensile 

strength (fsp), modulus of rupture (fr) and modulus of elasticity (Ec). Cylinders 

dimensions (100 x 200) mm used in determining compressive strength (f'c) and 

splitting tensile strength (fsp). Cylinders with (150 x 300) mm were used to study 

modulus of elasticity for UHPC also, cubes dimensions 50 mm to get compressive 

strength ( 𝑓    while prisms specimens (100 x 100 x 400) under two concentrated 

load at third span point  to get the modulus of rupture (fr) and flexural tensile 

strength as shown in Figures (4.1) to (4.3). 

Figure ‎4.1Modulus of elasticity test.   Figure ‎4.2 Cylinder compressive test. 

 

Figure ‎4.3 Cube Compressive Test. 
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4.2.1.1 Flexural for Tensile Strength 

    The Figure ‎4.4 and Table ‎4.1 are  showed  results of modulus of rupture of the 

prism. The results of tests were calculated by Equation (4-1) that mentioned in 

(C78/C78M − 15a) [ 56].  

 

ƒᵣ = 
   

                                                                                         ……..( 4-1 ) 

 

where: 

(ƒᵣ): flexural strength (modulus of rupture MPa) 

(P): ultimate failure load N 

(L): clear span c/c 400 mm 

(b): width of prism 100 mm 

(d): depth of prism 100 mm 

 

 

Figure ‎4.4 Modulus of rupture test device. 
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Table ‎4.1 Flexural Testing Results. 

Modulus of rupture (ƒᵣ) MPa 14.13 16.14 18.05 

Test load (N) 23584.99  24693.14 26840.8 

Average stress  MPa 16.1 

 

4.2.1.2 Splitting Tensile Strength 

     The splitting tensile strength for UHPC mixture carried out by testing of 

100x200 mm cylindrical samples  according to (ASTM C496M-11)[55]. Figure ‎4.5 

and Table ‎4.2 are showed the results of test. The splitting tensile strength was 

calculated by Equation (4-2). 

 

𝑓  = 
  

   
                                          ……………………(4-2)       

Where:                                

 

                                                               Figure ‎4.5 Splitting strength test. 

 

Table ‎4.2 Splitting tensile strength testing results. 

Splitting  strength(𝑓  ) MPa 10.2 12.2 14.1 

Test load (kN) 445.6  445.8 445.9 

Average MPa 12.1 

𝑓𝑠𝑝 : splitting  tensile  strength (MPa). 

P :  maximum applied load (N). 

d : diameter of cylinder (mm). 

L: length of cylinder (mm). 
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4.2.1.3 Compressive Strength 

     Compressive strength test of UHPC was according to (ASTM C39/C39M −15a) 

[54]. Mixtures of compressive strength are measured after 28-days of curing. The 

compressive strength data listed in Table ‎4.3. 

Table ‎4.3 Compressive strength testing results. 

Mix  Av. 

MPa 

Cylindrical compressive 

strength of 28- 

days MPa 

Av. 

MPa 

1 135.1 132.3 140.1 135.83 ----- ------- ------ ------ 

2 134.5 133.7 139.3 135.8 119.3 118.5 123 120.2 

3 141 138.3 145.4 141.6 124 135.4 130.3 130 

4 129 125.4 131.4 128.6 108 115.4 112.8 112 

5 121 105.3 110.3 112.2 ------ ------ ------- ------ 

4.2.1.4 Modulus of Elasticity 

Table ‎4.4 Modulus of elasticity testing results. 

Modulus of elasticity (E) (GPa) 39.5 41.2 42 

Average GPa 40.9 

 

4.3 Experimental Setup of Continuous Beams 

    The continuous beams tested under two point loads to study the flexural  

behavior. The applying loads accomplished by  utilizing a hydraulic jack. The 

hydraulic jack was calibrated to provide required load. Strain gauges used to 

measure of deflection at two points at mid span for each span used for reading 

concrete strains that installed on the side of the concrete beam at its compressive 

and tensile fibers as shown in Figure 4.6. All strain gauges connected to a digital 

data logger to display the result strains during the loading. Testing of continuous 

Cube compressive 

strength of 28- days 

(MPa) 
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beams carried out in the structural  laboratory of  Basrah university college of 

engineering. 

 

Figure ‎4.6 Test Setup of the experimental study of continuous beam. 

4.3.1 Loading  Procedure  

     Firstly the load was applied for preparation and then  carried out  the test. 

Loadings were progressively increased from 0 kN to failure with increasing of 10 

kN as shown in Figure ‎4.7 All cracks were disclosed and were marked, and 

recorded loading value of first crack. 

Figure ‎4.7 Record the results. 

hydraulic jack 

Bearing   plate 

for 2 point  load 

Strain gauge 

Roller support 

& steel plate 

Dial  gauge 
Longitudinal  opening 
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4.3.2 Result of Measurements 
     Results of deflection determined by used two dial gauges. The relation of load 

deflection of continuous beams recorded constantly during. The results of load 

deflection relation for all groups are showed that when load  increases the 

deflection increases. In another  word the continuous beam that has the greater 

failure load in the group has the greater deflection  due to the directly relationship 

between the load and deflection.  

4.4 Experimental Result of Tested Beam 

1- The first cracks manifested in tension part at interior support or at mid of left 

and right span in the early stages of loading and known as cracking load. 

2- The cracks manifested in tension part became wider and replicate toward 

compression part with increased load. 

3- Further loading from the instrument made the crack to propagate and spread 

faster until happened failure case. 

4- Presence longitudinal opening in continuous beam give compatible finding 

especially capacity property. 

4.5 Behavior of tested beams 

    The continuous  beams was tested by study some of parameters and its effect: 

4.5.1 Effect of Steel Fiber Ratio Change 

     This group consists of four beams (three continuous beams were tubular and the 

fourth beam is solid). The aim of this group was to indicate  the increasing of steel 

fiber competent of increasing the ultimate load capacity and ductility of beams 

.The experimental results denoted  that the UHPC (1% S.F ), UHPC (1.5% S.F ), 

UHPC (2% S.F ) and UHPC (1.5% S.F solid) enhance and give an increase in the 

flexural ultimate capacity at about  (36.3%), (45.5%), (50) and (55%); respectively 
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with an increase in number of cracks ( more warning before failure) as compared 

with UHPC (1% S.F), and the results indicated the significant effect on the 

capacity of the ultimate load. When the load was applied to these beams 

specimens, the first crack was formed at about (23.68%, 25%, 33% and 33.33%) of 

the ultimate load for beams (MXB-4, MXB-5, MXB-6, RE.S) respectively. 

 

     For (MXB-4) beam, the first crack registered at load (90 kN) at mid of right 

span and the beam fail at ultimate load equal (380 kN ) and the type of failure was 

flexural failure. 

     For (MXB-5) beam, the  first crack showed at load (100 kN) at mid of left  span 

and the beam fail at ultimate load equal (400 kN) and the type of failure was 

flexural failure. 

     For (MXB-6) beam, the first crack noticed at load (150 kN ) at mid of right 

span and the beam fail at ultimate load equal (450 kN ) and the type of failure was 

flexural failure. 

     For ( RE.S ) beam, the first crack was observed at load (160 kN ) at mid of left 

span and the beam fail at ultimate load equal (480 kN ) and the type of failure was 

flexural failure. 

    In the solid beams (1.5% S.F), the experimental results showed that an  increase 

in the first cracking  and ultimate loads at about (60 % and 20 %), (77.7% and 

26.3) and (6.66% and 6.67%); respectively with an increased in number of cracks 

(more warning before failure) as compared with  MXB-5(1.5 S.F.) , MXB-4 and 

MXB-6. 

     The crack pattern for MXB-4, MXB-5, MXB-6 and  solid as  reference beam 

are shown in Figure 4.8 to Figure 4.11. 
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Figure ‎4.8 Crack pattern of  MXB-4 (1% S.F). 

 

Figure ‎4.9 Crack pattern of  MXB-5 (1.5% S.F). 
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Figure ‎4.10 Crack pattern of  MXB-6 (2% S.F). 

 

Figure ‎4.11 Crack pattern of solid beam-RE.S (1.5%S.F). 

                 Table ‎4.5 Summary of  results for group two. 

Group 

No. 

Beam 

designation 

First crack 

load ( kN ) 

(𝐏𝐜𝐫) 

Ultimate 

load (kN ) 

(𝐏𝐮) 

𝐏𝐜𝐫/𝐏𝐮     

% 

Mid span 

deflection (mm) 

at ultimate load 

 

 

 

 

2 

MXB-4 90 380 23.68 14.23 

MXB-5 100 400 25 13.1 

MXB-6 150 450 33 12.6 

RE.S 160 480 33.33 11.8 
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4.5.2 Effect  of  Longitudinal  Reinforcement Bars Ratio 

   Three ratios of  longitudinal tensile reinforcement were used to study the flexural 

behavior of beam and mode of failure. This group consists of four continuous 

beams three beams are tubular beams and the fourth is solid to comparison, the 

ratio of beams are MXB-7(   =0.0171 &   =0.0141), MXB-8     =0.0112 &  

  =0.0101 ), MXB-9 (   =0.01 &    =0.0078), RE.B(   =0.01   &     =0.0078 ). 

     The experimental results showed that when using high ratio of bar 

reinforcement, it was noticed that the longitudinal steel reinforcement had not 

significant effect on the first cracking load but significant effect on the ultimate 

load capacity. 

     It was observed  that the ultimate load was increased by (12.82% and 15.78%) 

when positive and negative tensile reinforcement ratio was increased from (1% and 

0.78%) for beam MXB-9 to (1.12% and 1.01%) for beam MXB-8, and (1.71% and 

1.41%) for beam MXB-7, respectively and the ultimate was increased by (21.05%) 

for solid beam RE.B when utilized same amount of positive and negative tensile 

reinforcement with MXB-9. The increase in the ultimate loads related to the fact 

that increasing tensile reinforcement ratio leads to increase tensile force. Therefore, 

the resisting bending moment capacity of beam increases and this leads to increase 

the ultimate load. 

     In MB-7(    =0.0171  &    =0.0141) first crack was observed at an applied 

load ( 120 kN ) at both side and the beam  reached an ultimate load ( 440 kN ) with 

flexure failure mode's.  

     In MXB-8 (    =0.0112   &     =0.0101 )first crack was observed at an applied 

load (110 kN ) at both side and the beam  reached an ultimate load (390   kN ) with 

flexure failure mode's. 
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     In MXB-9 (   =0.01   &     =0.0078) first crack was observed at an applied 

load (100 kN ) at both side and the beam reached an ultimate load ( 380  kN )with 

flexure failure mode's. 

     In RE.B (   =0.01   &     =0.0078) first crack was observed at an applied load 

(180 kN ) at both side and the beam reached an ultimate load (460  kN) with 

flexure failure mode's as shown in Figures (4.12 to 4.15). 

 

 

Figure ‎4.12 Crack pattern of MXB-7. 

 

 Figure ‎4.13 Crack pattern of MXB-8. 

MXB-8 

MXB-7 
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Figure ‎4.14 Crack pattern of MXB-9. 

 

 

Figure ‎4.15  Crack pattern of  RM-B (solid). 

RM.B 
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Table ‎4.6 Summary of results for group three. 

Group 

No. 

Beams 

designation 

First crack 

load ( kN ) 

(𝐏𝐜𝐫) 

Ultimate 

load ( kN ) 

(𝐏𝐮) 

𝐏𝐜𝐫/𝐏𝐮     

% 

Mid span 

deflection (mm) 

at ultimate load 

3 MXB-7 120 440 27.27 8.1 

MXB-8 110 390 28.2 9.3 

MXB-9 100 380 26.3 11.1 

RE-B 180 460 39.13 8.5 

 

    During the testing, each beam showed a different behavior  when  reaching the 

ultimate load, except  in the initial phase of loading, which showed an elastic 

behavior. By increasing the loads, both dial gauge and load-cell stopped slightly, 

which indicates internal micro crack occur after increasing the loads, non-linear 

behavior began which is an indicator that tested beams reach its plastic phase. The 

bending cracks in all beams started to increase and took a vertical direction 

towards the two loading points. Since cracks have a steady growth process with 

increased loading. However, the extension of cracking was interrupted by the 

presence of tensile stresses provided from the presence of steel fibers in UHPC 

mixture and steel reinforcement. Other flexural cracks appeared almost in the mid-

span of the beams and increased. Then the inclined cracks (shear cracks) began to 

appear gradually and directed towards the supports and at the loading points. At 

the end of loading, the existing cracks began to grow and extended rapidly to the 

compressive zone of the concrete. Concrete  crushing near the loading  points was 

minimal due to the properties of Ultra-High-Performance Concrete (UHPC) and its 

high compressive strength. 
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4.6 Load Versus Mid Span Deflection Results 

    After the curing process of  beams was finished, the beams were painted in 

white color and the load was applied in the center of the beam specimens by 

increasing the pressure of  hydraulic jack. Two dail gauges were measured 

deflections during the test. The Figure 4.16 show measuring of results of  load –

deflection relation for all tested continuous beams in the first group. The general 

experimental behavior of the tubular continuous  beams noticed during the test that 

can be summarized as follows; when increased the applied load the first crack 

occurs in the tension zone and give an indication that the concrete loss its tensile 

strength. therefore, the applied  loads  increased until increase in the dial gauge 

reading occur that give us an indication that bar  reinforcement  has been yielded. 

The increasing in applied loads led to crushing the concrete at compression fiber. 

     The main final cracks were at mid supports zone and under point load in both 

mid span for all tested beams, including the control beam (solid beam) and showed 

an indication that all the tested beam fails in flexural failure. 

Figure ‎4.16 Load –mid span deflection curve of first group. 
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     As shown in Figure 4.17, it was noticed that the beams with UHPC and when 

increased  the steel fiber ratio  enhanced  the flexural behavior and gave more 

stiffness as well as the deflection of beams at the  ultimate load (380 kN) was 

(14.23 mm), while the continuous beams MXB-5 ,MXB-6 and RE.S record 

increase in flexural stiffness and decrease in deflection about (7.94% ,11.45% and 

17.07%), respectively  and the deference between  the reference beam and MXB-5 

that have same steel fiber ratio is (9.9%). This can be attributed to the high 

resistance of the beams with UHPC (high compressive strength), and this causes 

high applied loads, which the deflection to increase. Moreover, the presence of 

steel fiber, makes the beams ductile and deflection decrease.  

 

Figure ‎4.17 Load –mid span deflection curve of second group. 

     The Figure 4.18 show  the load-deflection for group three. When the positive 

and negative longitudinal bar steel ratio increased from (1% and 0.78%) for beam 

MXB-9 to (1.12% and 1.01%) for beam MXB-8, and (1.71% and 1.41%) for beam 

MXB-7, the deflection in mid-span at ultimate stage increased by (19.35) %and 

(37.03)%. And the important point when utilized solid continuous beam it is 
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observed that the difference was (23.4%) as compared with MXB-9, every beam 

had same amount of bar reinforcement and steel fiber ratio, it can also be seen 

from the Figures below  that the load-deflection curve of beam MXB-9 (beam with 

low longitudinal steel ratio) are steeper than similar curves belonging to beams 

MXB-8 and MXB-7. 

 

 Figure ‎4.18 load –mid span deflection of third group.  

4.7 Crack Width 

     Crack width was measured by modern crack meter tool for all tested continuous 

beam and also recorded the development of the first crack with applying load. The 

first crack does not always give the maximum crack width. Figure 4.19 and Figure 

4.20 show the effect of  longitudinal reinforcement ratio, steel fiber ratio, 

respectively. 

     In general , at the low loading  level , the beams were free from any cracks, and 

all tested beams behaved in an elastic manner . As the load was increased and 

tensile stress resulted from the applied load exceeding the tensile strength of the 

concrete ,cracks were formed . Continuous beams failed in the flexural mode, the 
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first crack was formed at the bottom face of the beam near the mid span region for 

each span. 

     New cracks were appear when the loading level was further increased .for the 

beam made from UHPC ,the cracks appeared at the bottom face, while the top face 

did not more cracks.This is related to the high strength of the concrete. 

     It was found that when the steel fiber ratio increased by (1- 2 )% the number of 

cracks increased by 30.6% compared with UHPC(1%), and the number of cracks 

increased by 25 % when increased longitudinal bar reinforcement ratio from to 

(  = 0.0112) to (   = 0.0171). Also the number of cracks increased when used 

solid continuous beam. The crack width decreased as the longitudinal ratio and 

steel fiber increased. Table ‎4.7 presents the maximum crack width and total 

number of cracks for the tested beams. 

Table ‎4.7 Maximum crack width and number of cracks. 

Beams 

Detail 

First crack Total number 

of-cracks at 

failure 

 𝐜𝐫(kN) Crack-width 

average (mm) 

Max. crack 

width (mm) 

MXB-4 90 0.05 0.4 35 

MXB-5 100 0.05 0.45 38 

MXB-6 150 0.03 0.4 41 

RE.S 160 0.01 1.2 45 

MXB-7 120 0.02 0.5 52 

MXB-8 110 0.05 0.6 45 

MXB-9 100 0.04 1 55 

RE.B  180 0.03 0.3 50 
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Figure ‎4.19 Development of crack width for second group. 

 

Figure ‎4.20 Development of crack width for third group. 
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as the ratio between the deformation at ultimate stage to yield deformation or it can 

be calculated by dividing the maximum deflection (Δu) on the yield deflection 

(Δy). From the  load deflection curves, the deflection at yield limit indicated by 

intersect into two lines ; line of best fit as a tangent line and horizontal line passed 

through the ultimate line, as shown in Figure 4.21.    

 

 

Figure ‎4.21 Indication of yield limit for Elasto – Plastic behavior. 

    

  The ductility  ratio for tested beam shown in Table (4.8), noted that the UHPC  

had a ductile behavior more than normal concrete beams. Also, the results showed 

that increasing in steel fiber from(1% to1.5% to2% ) lead to an increase in ductility 

at about  (7.1%  ) and (13.36%  ); respectively. When compared  with reference  

solid beam (RE.S) with MXB-5 that have same amount of steel fiber the result 

showed increase in ductility by (23.89%) in RE.S. 
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Table ‎4.8 Ductility ratio for the tested beams. 

Group 

NO. 

Beams 

Characterization 

Deflection (mm)  

∆  ∆𝐮 

1 MXB-4 6.4 14.23 2.223 

MXB-5 5.5 13.10 2.381 

MXB-6 5.0 12.60 2.520 

RE.S 4.0 11.80 2.950 

2 MXB-7  7.0 8.10 1.150 

MXB-8 7.7 9.30 1.200 

MXB-9  7.8 11.10 1.420 

RE.B  6.0 8.50 1.400 

     But three  containing the beam that had  highest longitudinal steel reinforcement 

ratio(MXB-7) has less ductility factor by (4.3% ) than (MXB 8) and (23.47%) than 

(MXB 9). This means that the section that contains more longitudinal 

reinforcement has a greater ultimate load (Pu=440 KN). So, It reaches yield stage 

lately, where the elastic phase is greater than the plastic phase, which causes an 

increase in yield deflection value (Δy) lead to decrease the ductility factor (μ = Δu / 

Δy). In addition when compared reference solid beam (RE.B) with tubular 

continuous beam (MXB-9) the result showed the decreased in ductility was very 

low (1.4%) this point proved the advantage and economical when utilized of 

longitudinal hole in continuous beam. 

4.9 Toughness Capacity for The Tested Continuous Beams (Energy 

Absorption) 

     Energy absorption capacity can be calculated through the load-deflection curve. 

The area under the curve represents the value of energy absorption capacity. 

Figure ‎4.22  shows  the energy absorption of  group No.2, the increase in steel fiber 

ratio of continuous beams from 1% to 1.5% to 2% will increased energy absorption 

∆𝐮 ∆𝐲 

Ductility ratio 
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by (5.2%) and (19.95%) respectively. The toughness of MXB-5 decreased by 

(0.3%) when compared with solid reference beam RE.S that had same amount of 

steel fiber (1.5%), this can give indication of benefit and activity of longitudinal 

hole. 

Figure ‎4.22 Toughness capacity for group two (change S.F. ratio). 

    As shown in  Figure 4.23 show the energy absorption of group No. 3, the 

increase in steel bar reinforcement from  1% to 1.12% to 1.71%  will increased 

energy absorption by (46.4%) and (21.44%) respectively and (34%) when 

compared solid RE.B with MXB-9 that have same amount of bar reinforcement. 

From the result show that when increased steel fiber ratio and bar reinforcement 

ratio increased toughness of continuous beam and show also can utilized 

longitudinal opening in selected dimensions in the present work. 
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Figure ‎4.23 Toughness capacity for group three (change ρ ratio). 
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noticed in every group when compared between tubular beams and solid beams 

that represent reference beam stiffness for solid beams  higher than tubular beams. 

Figure ‎4.24 Stiffness values of the group two beams. 

Figure ‎4.25 Stiffness values of the group three beams. 
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4.11 Concrete  Strain  Distribution   

   The strains in the concrete of tested continuous beams were  measured by four 

strain gauges in right and left mid span. The maximum concrete strain can be 

expected in the extreme compressive fiber and extreme tension fiber. The strain 

gauge located at 35 mm from the top and bottom of beam's surface as shown in 

Figure 4.26. 

 

Figure ‎4.26 Strain Gauges' Distribution. 

   

Figure ‎4.27 Compressive and tensile strain of MXB-4. 
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Figure ‎4.28 Compressive and tensile strain of MXB-5. 

  

Figure ‎4.29 Compressive and tensile strain of MXB-6. 
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Figure ‎4.30 Compressive and tensile strain of R.E.-S. 

  

Figure ‎4.31 Compressive and tensile strain of MXB-7. 
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Figure ‎4.32 Compressive and tensile strain of MXB-8. 

 

Figure ‎4.33 Compressive and tensile strain of MXB-9. 

 

0

50

100

150

200

250

300

350

400

450

500

-0.0005 -0.0004 -0.0003 -0.0002 -0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

L
o

a
d

 (
k

N
) 

Strain at mid span 

Comprasive
strain
tensial strain

0

50

100

150

200

250

300

350

400

450

500

-0.0005 -0.0004 -0.0003 -0.0002 -0.0001 0 0.0001 0.0002 0.0003 0.0004 0.0005

L
o

a
d

 (
k

N
) 

Strain at mid span 

Comprasive
strain

tensial strain



 
 

95 
 

 

Figure ‎4.34 Compressive and tensile strain of RE.B. 

4.12 MOMENT REDISTRIBUTION   
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conventional concrete and has the potential to perform poorly in regions of 

congested reinforcement if fibres cannot be uniformly distributed around 

reinforcement. 

     Moment redistribution is a specific behavior of statically indeterminate 

reinforced concrete (RC) structures due to the structural redundancy and nonlinear 

characteristics of the reinforced concrete. However, the evolution of moment 

redistribution is a complex process moment redistribution in continuous members 

allows more flexibility in structural design. It is usually carried out by reducing the 

hogging moments over supports, with corresponding changes in the sagging 

moments to satisfy equilibrium. Accordingly, reinforcement congestion at beam to 

column joints in hogging zone regions may be avoided. Alternatively, when 

moment  redistribution is employed in different load combinations, both  hogging 

and sagging moments may be reduced, achieving economic design. Moment 

redistribution is useful for practical design as it allows some flexibility in the 

arrangement of reinforcement. It can be used to transfer moment away from 

congested areas such ( beam– column connections) into less congested areas (e.g. 

mid-spans of beams), thus avoiding the need to detail each beam separately. In 

addition, useful economies can be achieved when moment redistribution is applied 

to different load combinations, resulting in a smaller bending moment envelope 

which still satisfies equilibrium. ACI 318-14 [ 34] have limited the percentage of 

the moment redistribution to the maximum value of 20{1− (ρ − ρ ′) ρb }%, where 

ρ , ρ ′ and ρb are the ratio of the tensile reinforcement ,ρ = As bd the ratio of the 

compressive reinforcement, ρ ′ = 

 As′bd , and the reinforcement ratio corresponding to the balance condition; 

respectively. The redistribution is limited to the condition that ρ or ρ −ρ′ are not 

greater than 0.5ρb . However the ACI 318-14[34] defines the allowable moment 
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redistribution in terms of net tensile strain in extreme tensile steel,   , and 

expresses it as 1000    percent. According to this code, the moment redistribution 

is permitted if the critical sections have adequate ductility; i.e.    is equal or greater 

than 0.0075 at the sections under consideration. Using equilibrium equations in a 

beam section, ACI 318[34] and CAN-A23[22 ], that have limited the maximum 

redistribution to the value of 20%. 

The advantages of redistribution of moment of the beam can be summarized as: 
 

1- Moment redistribution is useful for practical design as it allows some 

flexibility in the arrangement of reinforcement. 

2- It can be used to transfer  moment away from congested areas (e.g. beam–

column connections)  into less congested areas (e.g. mid-spans of beams) 

3- Allowing  standard reinforcement layouts where small differences occur in 

the bending moment distributions for a series of beams, thus avoiding the 

need to detail each beam separately.  

4- Useful economies can be achieved when moment  redistribution is applied to 

different load combinations, resulting in a smaller bending moment envelope 

which still satisfies equilibrium . 

5- Reducing the absolute magnitudes of moments in critical regions. 

6- Fully utilize the capacity of non-critical cross sections. 

   Table ‎4.9 and Table ‎4.10 contain on moments value at elastic and experimental 

case, the elastic moment value produced from excel sheet through equations 

derived  from complex process to become suitable with the present work, 

especially the concrete type is from  Ultra High Performance Concrete   that shown 

in appendix –A . In addition the moment redistribution calculated from Equation 

(4-3), it is found that moment redistribution it is variable when change amount of 

steel reinforcement and change values of ultimate failure load in each beam while 
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the experimental moment in Table (4.9) and (4.10) was calculated from Equations 

(4-4) and (4-5). 

%Redistribution = ( 
                                   

              
 )*100      ... (4-3) 

M negative     =     
     

  
    ……..(4-4) 

M positive      =     
     

    
        ……..(4-5) 

Table ‎4.9 The moments and % moment redistribution at central support. 

Beam 

Designation 

Ultimate Load 

(kN) 

Elastic  

Moment 

( kN.m ) 

Experimental 

Moment     

(kN.m ) 

% MR 

β 

 

MXB-1 240 70.3 63.16 10.18 

MXB-2 190 59.1 49.87 15.6 

MXB-3 195 68.01 51.18 24.74 

RE.M 200 59.1 52.5 11.16 

 

Table ‎4.10 The moments and % moment redistribution at mid span. 

Beam 

Designation 

Ultimate Load 

(kN ) 

Elastic 

Moment 

( kN.m ) 

Experimental 

Moment    

(kN.m ) 

% MR 

β  

MXB-1 240 62 65.1 5.1 

MXB-2 190 49 54.4 11 

MXB-3 195 52.3 63 20.45 

RE.M 200 51 55.2 8.23 

     

 From the test results and according to ACI condition to achieve moment 

redistribution in continuous beam ( ρ < 0.5 ρb) it's noticed when utilized 

reinforcement ratio more than 0.5ρb in beam (MXB-3) caused increased in  (ß > 

20%) in both sagging region( M
+
 )and hogging region ( M

-
 ). 
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Conclusions and Recommendations 

5.1 General 

    U1tra High Perf0rmance C0ncrete (UHPC) is a materia1 that is gaining  attention 

in the construction industry due to the high mechanica1 strength and endurance 

(durabi1ity), which results in structures that required less maintenance. In this work 

the main purpose is to study the flexural behavior of tubular continuous UHPC 

beams using different parameters such as effect of steel fiber ratio and bar 

reinforcement ratio and the important parameter is moment redistribution of 

continuous beams. 

5.2 Conclusions 

1. UHPC mixtures are possible to develop from available locally and imported 

materials, by used sand #4 and heat curing three days at 80°C then remained 

inside water with room's temperature. The utilized of finer sand leads to 

increase the compressive strength, even though w/c ratio (0.2%)utilized with 

it is higher. Used finer sand led to increase the water demand. 

2. From the previuos studies and the experimental test results exhibit that 

optimal  steel fiber ratio is 2% and when increase the steel fiber ratio  more 

than 2% producted less effects on compressive strength but is more effect on 

ultimate load.  

3. The solid continuous UHPC  beams exhibit  more warning before failure 

than tubular continuous UHPC beams.  

4. The presence of longitudinal hole in continuous -beams contributed in 

decreasing of load carrying capacity, first crack load and deflections,  by 

5.2%, 18.2%  and 13.5%; respectively. Despite of the area ratio of hole was 

(11.67%) from the whole area, therefore this ratio proper to achieve flexural 

requirement and economical in the work. 

CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
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5. The results exhibit clear improvement in compressive strength when 

increasing  steel fiber ratio from 1% to 1.5% to 2% product increasing in fc' 

at about ( 9% ) and (11%). 

6.  The results exhibit clear improvement in first cracking load  when 

increasing  steel fiber ratio from 1% to 1.5% and 2% at  about 11.1% and 

66.6% and increasing  in ultimate load  at about 5.2% and 18.4%. Then 

when compared MXB-5 (1.5% steel fiber) with reference solid (RE.S ,1.5 % 

steel fiber) the increasing in ultimate failure load was(20%). 

7.  There was not found  standard method or suitable equation to predict of mix 

proportion of material to obtain the  UHPC. Therefore used trail mixings 

was essential .   

8.  The ultimate load was increased at about (2.6%,15.78%and 20.1%) as 

positive reinforcement ratio increased from 1% to 1.12%  ,1.71% and 1% 

solid beam and when negative reinforcement increased from 0.78% to 1% 

,1.4% and 0.78% solid beam respectively. 

9.  From the test results and according to ACI condition to achieve moment 

redistribution in continuous beam ( ρ < 0.5 ρb) it's noticed when utilized 

reinforcement ratio more than 0.5ρb in beam (MXB-3) caused increased in  

(ß > 20%) in both sagging region( M
+
 )and hogging region ( M

-
 ). 

10.  It was noticed that strain values of tested beams was not greater than max 

value of concrete strain (0.0035). 

11.  The ductility is effected by steel fiber ratio and reinforcement ratio ; 

therefore, was observed when increasing steel fiber ratio from 1% to 1.5% 

and 2% the ductility increased by ( 7.1% and 13.36%) and inverse when 

increasing steel reinforcement ratio from 1% to 1.12% and 1.71 the ductility 

decreased by (18.3% and 23.47%) due to brittle failure of  beam. 
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12.  It is observed that the increasing in bar reinforcement ratio lead to 

decreasing in deflection due to high stiffness of the beam ,therefore when 

increasing steel reinforcement from  1% to 1.12% and 1.71% produced 

decreasing in deflection by (19.3% and 37%) and when increasing steel fiber 

ratio from 1%  to 1.5% and 2% also noticed decreasing in deflection by 

(8.6% and 12.9%) due to high stiffness. 

13.  It was noticed the toughness and stiffness of beams increased when 

increased both bar reinforcement ratio and steel fiber ratio.  

14.  It was noticed increasing in number of crack when increasing steel fiber 

ratio due to good resistance to failure load and give more warning before 

failure. 

5.3 Recommendations and Future Work 

1. For this work , the test was performed using two point-loading  and static 

load  but is proposed in future studies to test the behavior using different 

load conditions such as distributed loads, cyclic loads, repeated load . 

2. Study the flexural behavior of non-prismatic continuous beams with 

different inclination angle. 

3. Study the effect of  longitudinal hole in different position of UHPC beams. 

4. Investigate  the  structura1 behavior of continuous UHPC reinforced with 

CFRP sheets. 

5. Study  the  structura1 behavior of continuous UHPC beams resistance to fire.
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 الخلاصت

ا جاَثاًذعرثش يغاساخ انخذيح    ًً الأَثٕتٛح )راخ فرذاخ لأ٘ يُشأ. نزنك فأٌ أعرخذاو انعُاطش الأَشائٛح  يٓ

طٕنٛح ( طشٚمح جٛذج نرغطٛح انطهة عهٗ ْزِ انًغاساخ يع يا نٓا يٍ فٕائذ ألرظادٚح . نزنك فأٌ انخظائض 

الأَشائٛح ٔالألرظادٚح  انرٙ ذرًرع تٓا الأعراب انًجٕفح ْٙ أشُاٌ. الأٔنٗ ْٙ أٚجاتٛح ٔراخ فائذج يٍ دٛس 

لأَٓا ذمهم يٍ لٕج انعرثح ٔدًم انفشم الألظٗ نهعرثح. ٔعهّٛ, ذٓذف  إَماص انٕصٌ انًٛد نهعرثح ٔانصاَٛح عهثٛح

انذساعح انذانٛح إنٗ يعانجح ْزِ انًشكهح عٍ طشٚك ذمهٛم كًٛح انخشعاَح انًغرخذيح يع انذفاظ عهٗ صٚادج ٔ 

يمأيح انًمطع عٍ طشٚك أخرٛاس أتعاد يُاعثح نهرجٕٚف انطٕنٙ يٍ خلال دغاتاخ خاطح أعذخ نٓزا 

 .انغشع 

 خرثاسأ ذى(. UHPC) الأداء فائمح انًغرًشج حٛانخشعاَ فٙ ذظشف الأَصُاء نلأعراب انرذمٛك ْٕ انذساعح ْزِ

 كم يٍ عرثاخ شلاز. كم فضاء  يُرظف فٙ يشكضٍٚ دًهٍٛ ذذد عرثح أَثٕتٛح يغرًشج ٔيغُّذج عشش أشُرا

 ذمغٛى ذى. يشجعٛح نغشع انًماسَح عرثح تًصاتح يظًرح انشاتعح انعرثح كاَد تًُٛا , أَثٕتٛح كاَد يجًٕعح

 انصاَٛح ٔانًجًٕعح , انعضٔو انرٕصٚع إعادج ظاْشج نذساعح الأٔنٗ انًجًٕعح , يجًٕعاخ شلاز إنٗ انذضو

جًٛع . دذٚذ انرغهٛخ َغثح شذغّٛ  ذأشٛش نًعشفح انصانصح ٔانًجًٕعح انفٕلارٚح الأنٛاف َغثح شذغّٛ  ذأشٛش نذساعح

 , يهى (0033 فضاء) كمن انطٕل انظافٙ ٔٚثهغ , يهى( 0333 الأعراب نذّٚ َفظ انطٕل الإجًانٙ )

ذذذٚذ , الأٔل انشك ٚظٓش يرٗ يعشفح ْٕ انذساعح ْذف كاٌ. يهى (033 )عًكانٔ , يهى (053 )عشعانٔ

 أًَاط ,( Δu) ألظٗ ْطٕل,( Δs) انٓطٕل انخذيٙ ,( Pu) الألظٗ انذًم , Pcr) دًم انرشمك الأٔل )

 عهٗ يذٖ الإَفعال ٔذٕصٚع انهَٕٛح , انرشمماخ ,أًَاط انرشمماخ عشع ,انٓطٕل  –خ انذًم يُذُٛا , انفشم

 دٔسًا ٚهعة دٛس انذشاسٚح انًعانجح ٔذأشٛش .الأداء نخشعاَح فائمح انًٛكاَٛكٛح انخٕاص ذذذٚذٔ , الأعراب عًك

 انذضو نًعانجح تانكٓشتاء يرظهح عخاَاخ تصلاشح يُظَُّع ضاٌخ تٕاعطح انًٛكاَٛكٛح انخٕاص ذذغٍٛ فٙ سئٛغٛاً

 .الأٔنٗ انصلاشح الأٚاو فٙ

َغثح إعادج  نرمٛٛى انفشم عُذ ٔانرجشٚثٛح انًشَح انعضٔو يماسَح شى , يٍ دذٚذ انرغهٛخ يخرهفح َغة اعرخذاواٌ 

)  يٍ أكصش َغثح ذغهٛخ اعرخذاو عُذ أَّ انرجشٚثٛح انُرائج أشثرد. ACI انكٕد الأيشٚكٙ نًرطهثاخ ٔفماً انرٕصٚع

 يٍ كم فٙ( َغثح اعادج انرٕصٚع20 <) صٚادج فٙ ذغثة  انعرثح فٙ (يٍ َغثح دذٚذ انرغهٛخ انًرٕاصَح 3.5

ا أٌ أٚضًا انُرائج ٔأظٓشخ ,( -M) انرذذب ٔيُطمح+(  M) انرذنٙ يُطمح ًً  انعضٔو ذٕصٚع إعادج ٚكٌٕ يا دائ

% 05انفضاء ٔكًٛح اعادج ذٕصٚع انعضٔو فّٛ كاَد تذذٔد  يُرظف فٙ يُّ أكثش الأٔعظ انًغُذ عهٗ انغانثح

 % انًغًٕح تٓا فٙ ششٔط انكٕد الايشٚكٙ.03ْٔٙ الم يٍ َغثح ال 



 
 

 
 

٪ 0.5) إنٗ(٪ 0) يٍ انفٕلارٚح الأنٛاف َغثح صٚادج عُذ ٙالأٔن انرشمك دًم فٙ ٔاضذًا ذذغُاً انُرائج ظٓشخأ

 ( يماسَح عُذ شى. (٪0..0 ٔ٪ 5.0 )تذٕانٙ الألظٗ انذًم فٙ دجٔصٚا(٪ 66.6 ٔ٪ 00.0 )دٕانٙ (0٪ ٔ

 انفشم دًم فٙ انضٚادج ,كاَد( فٕلارٚح أنٛاف٪ 1.5 ) تانعرثح انًشجعٛح انظهذج ( فٕلارٚح أنٛاف 0.5%

 ٔ٪ 0.6) تذٕانٙ الألظٗ انذًم ٔصاد. الاَضغاط يمأيح صٚادج إنٗ تالإضافح ,٪(03) الألظٗ تذذٔد

 طهذج( عرثح٪ 0 ٔ٪ 0.50 ٔ٪ 0.00 إنٗ٪ 0 )يٍ انًٕجة انرغهٛخ َغثح ذضداد عُذيا ٪(03.0 ٔ٪ .05.5

 .انرٕانٙ عهٗ طهذج( عرثح٪ .3.5 ٔ٪  0.0٪ 0 إنٗ٪ .3.5 )يٍ انغانة انرغهٛخ صٚادج ٔعُذ

 كشمران ٔدًم نهذًم الاعرٛعاتٛح انمذسج ذمهٛم فٙ انًغرًشج الأعراب فٙ انطٕنٙ انرجٕٚف ٔجٕد عاْىدٛس 

 انرجٕٚف يغادح َغثح أٌ يٍ تانشغى. انرٕانٗ عهٗ ؛(٪ 00.5 ٔ٪ 0..0 ٔ٪ 5.0 )تُغثح ٔانٓطٕل ٙالأٔن

 فٙ ٔالرظادٚح الإَصُاء يرطهثاخ نرذمٛك يُاعثح انُغثح ْزِ فئٌ , انكهٛح نهًمطع انًغادح يٍ٪( 00.65) كاَد

 نهرُثؤ انًشرمح ٔانًعادنح مرشدحانً انظٛغ خلال يٍ الإَصُاء ٔيمأيح الاعًٙ انعضو دغاب ذى , أخٛشًا. انعًم

 عرثح . كم فٙ انعضٔو انفشم تذًم

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

اق                                                                                   انعش جًٕٓسٚح  
                 ٔصاسج انرعهٛى انعانٙ ٔانثذس انعهًٙ

يٛغاٌ   جايعح  

انُٓذعح كهٛح  

 انًذَٛح انُٓذعح لغى      
 

 

 

 ت الوستورة لخرسانت فائقــــت الأداء ــاث الأنبىبيــناء للعتبــنثىك الإــسل
 

 
 سعانح

 يمذيح انٗ كهٛح انُٓذعح فٙ جايعح يٛغاٌ كجضء يٍ يرطهثاخ انذظٕل عهٗ دسجح انًاجغرٛش

فٙ عهٕو انُٓذعح انًذَٛح    

)ُْذعح الإَشاءاخ(   

 
 يٍ لثم  

 سن جا هحوذ شناوه

 (0300-تكانٕسٕٚط ُْذعح يذَٛح)

 

 تئششاف

 د. ناصر حكين طعوتم.

 

 

 

 ْـ 0000يـ                                                        سجة  0300آراس  

 


