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Abstract 

Self-compacting concrete (SCC) can be classified as high-

performance concrete. Its behavior does not demand to be 

vibrated to achieve full compaction. This proposes various 

privileges and advantages over conventional concrete. It is 

one of the most significant developments in concrete 

technology. Although it has distinguished performance, but it 

like normal concrete in signifying the brittle material with low 

tensile strength and poor fracture energy, accordingly, steel 

fibers can be combined to improve tensile strength, bending, 

shear, stiffness and fracture energy. This research presents 

experimental study to investigate the behavior of ultra-high 

strength steel fiber-self compacting concrete of hollow core 

one-way slabs with or without openings. It includes testing of 

seventeen reinforced concrete one-way hollow core slabs cast 

using ultra-high strength self-compacting concrete (HSSCC) 

with using steel fibers to evaluate their behavior and strength. 

All tested slabs have dimensions of (1000*500*50mm). The 

parameters considered are openings size, openings location, 

opening shape, reinforcement ratio (ρ), steel fiber volumetric 

ratio (Vf) and cores. The effect of these parameters on the 

behavior of the tested slabs included investigation of 

deflection, failure mode, and ultimate loads. Preliminary 

investigation tests were conducted to study the fresh and 

hardened properties of concrete. Results of the experimental 

test determine that increase in steel fiber content leads to an 

increase in the failure load and maximum deflection. In 

addition, a finite element analysis using ANSYS program was 

appropriated to model the certified slabs and a reasonable 

compatibility was attained between the finite element analysis 

and the test results. 

Keyword: One-way slabs, opening, Self-Compacting 

Concrete, Steel Fiber, Hollow Core, Ansys. 

 

INTRODUCTION 

As a result of the development in concrete and in civil 

engineering in general, the need to produce new concrete that 

meets the design requirements in terms of strength, durability 

and ease of work at the same time [1]. One of the types of 

concrete that researchers have made a good time in which to 

develop it is (self-compacted concrete). This type of concrete 

is superior because it is high in flow and does not need the 

vibrators during casting, as it flows in molds under the 

influence of its weight. It fills the molds and spreads very 

quickly and does not break even if the concrete part requires 

high ratio of reinforcing steel [2]. Ultra-high strength concrete 

(UHPC) has attracted many researchers since the beginning of 

the last century, not only by its high flowability and ease of 

operation but also by its high durability. This type of concrete 

has been used and developed to Ultra High Strength Self 

Compacting Concrete (UHSSCC), which depends on the 

composition of its mixture to be all materials of one size or 

approximation, which developed and increase of homogeneity 

concrete mix and reduce the strain that can occur inside the 

concrete as a result of interactions and different sizes of 

overlapping materials all this leads to increase the ultimate 

load. Current design requirements require high strength and 

durability in concrete mix to reduce the amount of steel 

reinforcement used and relies only on concrete. All this led to 

the development of the concept of the currently employed 

concrete which is (ultra-high strength self-compact concrete). 

One of the characteristics of concrete is that it is strength in 

compression but is weak under tensile loads, because concrete 

is characterized as brittle materials, so some additives must be 

used to improve their properties and their durability [3-6]. The 

researchers studied many of the additives [8,9] to increase the 

ability of concrete such as silica fume, where they found an 

improvement in the strength of the load of the concrete and 

also the properties of durability have improved, but all these 

materials increase the brittleness properties, so the need for 

the introduction of other materials such as steel fiber. Steel 

fiber was used in this type of concrete to enhance the 

mechanical properties of concrete. The addition of fiber to the 

concrete mix increases the tensile strength, shear, bending, 

and energy absorption of the concrete. It is known that the 

concrete is very weak under tensile loads or shear forces so it 

can be controlled or overcome the weakness of concrete by 

adding fiber. Many researchers have used the steel fiber in 

their experimental work. Several researchers have explained 

that the SFSCC concrete presented better advantages in terms 

of concrete cost compared to normal concrete [1-12]. They 

proved that the employment of high-strength steel fiber in 

doubt has the best effect on hardened properties except the 

worst on fresh properties. Steel fibers must be used to achieve 

adequate performance and optimum properties in fresh as well 

as hardness characteristics. 

 

HOLLOW CORE SLABS 

A hollow core slab further distinguished as a void slab has 

been primarily employed for economical constructions and 

lowering self-weight, etc, typical hollow core concrete slabs 
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are presented in Figure (1). 

 

 

 

Figure 1: Manufacturing of hollow core slabs. 

 

Hollow core panels are extensively employed which has the 

ability to provide low-cost structures with wide areas. Cores 

may be adopted to minimize the weight of many structural 

elements, or as the device to transfer the electrical or 

mechanical equipment thought it. Reinforced concrete panels 

with openings perform as structural elements characteristic to 

several varieties of structure and are generally worked in civil 

engineering utilization. Many researchers try to study hollow 

core slab with different parameters related to its important. 

[H., Broo, and K., L., 2002] presented an analytical study 

based on finite element program though (DIANA program) 

bout the prestressed hollow core precast slabs subjected to 

different variables and force problems like (torsion moment 

and shear force). The study proved that the hollow core slabs 

have the ability to overcome many types of loads and forces 

like; the shear and torsion. They concluded that DIANA 

programs show the ability to analyze this type of slabs. 

[Chang J., et. al., 2008] presented the hollow core slabs which 

are a precast type with the prestressed section. They proved 

that the analytical solution and modeling of slabs under fire or 

heat is very hard to represent in the finite element, so they try 

to introduce a simple mathematical method used to help the 

researchers in the modeling of these types of slabs under fire. 

[A. K. Azad and I.Y. Hakeem, 2016] they presented an 

experimental work on the effect of multiple concrete layers 

like (normal concrete and ultra-high performance concrete) 

with the using of steel fiber in mixes, they deal with a hybrid 

layers to change the strength of slabs and ultimate load and its 

behavior under flexural test. They changed the hollow core 

slabs into sandwich slabs. [L.V. Prakashan et al., 2016] this 

study presented an experimental study on slabs contains 

hollow core tested under flexural load combined with solid 

slabs cast to compare with it as the reference slab. The 

experimental test examined the crack behavior, ultimate load, 

cracking load and load-deflection curve. They study the 

flexural equations for finding out that the equation will work 

with the hollow core or not. They find out that this equation is 

able to predict the ultimate load. [E. Cuenca and P. Serna, 

2013] an experimental study is presented here for hollow 

cores slabs and the effect of different variables on shear 

behavior. These variables are the concrete type used which 

high strength concrete for casting the slabs to raise the shear 

capacity with the using of steel fibers with different ratios. 

The effect of fiber turns the slabs behavior to many modes. 

They concluded that fiber has the ability to raise the shear 

capacity of the slabs compared to non-fiber slabs. [J. Hegger, 

et. al, 2009] displayed an experimental study on hollow core 

slabs standing on shallow steel beams and tested under shear 

load. [Rahman, M.K., et. al., 2012] study the ability of 

changing the mode off failure hollow core slabs from flexure 

to shear, and presented modifications equation from multiple 

data to change the ACI equation for mode of failure. The 

present work is aimed to investigate the behavior of UHSSCC 

slabs under one-way bending. A finite element analysis using 

ANSYS program was utilized to model the tested slabs. The 

comparison between numerical finite element results and 

experimental results of the slabs presented and discussed. 

 

EXPERIMENTAL PROGRAM AND SLABS DETAILS 

The experimental program consists of manufacturing and 

testing of seventeen solid and hollow-core HSSCC simply 

supported one way reinforced concrete slabs of dimensions 

(1000mm×500mm×50 mm) tested under two line loads up to 

failure as shown in Figure (2). Solid slab, hollow-core slabs 

with the circular core of different sizes and slabs with 

different opening shape, size and locations were tested. The 

hollow cores are molded by using plastic pipes (PVC) pipes. 

The main reinforcement consisted of (φ4mm and ρ=0.0036) 

deformed steel bars employed as tension reinforcement. The 

reinforcement design of all one way reinforced concrete slabs 

was done according to the design procedure given in ACI 

318-2014 for both solid and hollow-core slabs. The 

reinforcement bars were placed inside the mold with (10mm) 

concrete cover. The tested slabs are designated as shown in 

the table (1). They have been tested over a clear span of 

(900mm). The slabs were designed to have appropriate 

dimensions that can be manufactured, handled and tested as 

easy as possible. Five concrete mixes were evaluated in this 

study and four variables are investigated to show their effects 

on the strength of the HSSCC hollow core slabs, these 

variables are (effect of steel fiber volumetric ratio (Vf), effect 

of steel reinforcement ratio (ρ), openings size, location and 

shape, core size and number). 
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Table 1: Dimensions, reinforcement details, opening sizes and locations and concrete properties. 

Slabs 

No. 

Mix Steel 

fiber 

(Vf%) 

Silica fume 

(SF %) 

F Reinforcement  

ρ% 

Width 

(b) 

mm 

Length 

(L) 

mm 

Depth 

(h) 

mm 

Openings 

size 

Opening shape Number of 

Core 

Core 

size 

S1 Mix 2 1.00% 10% 0.26 0 1000 500 50 Solid - - - 

S2 Mix 3 2.00% 10% 0.52 0 1000 500 50 Solid - - - 

S3 Mix1 0 10% 0 0.36 1000 500 50 Solid - - - 

S4 Mix 2 1.00% 10% 0.26 0.36 1000 500 50 Solid - - - 

S5 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 Solid - - - 

S6 Mix1 0 10% 0 0.36 1000 500 50 Solid   2 20 

S7 Mix 2 1.00% 10% 0.26 0.36 1000 500 50 Solid   2 20 

S8 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 Solid   2 20 

S9 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 Solid   3 20 

S10 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 Solid   2 15 

S11 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 Solid   2 25 

S12 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 100x100 square/center 2 20 

S13 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 150x150 square/center 2 20 

S14 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 100x100 square/edge 2 20 

S15 Mix 3 2.00% 10% 0.52 0.36 1000 500 50 113 circle/center 2 20 

S16 Mix 3 2.00% 10% 0.52 0.48 1000 500 50 Solid   2 20 

S17 Mix 3 2.00% 10% 0.52 0.24 1000 500 50 Solid   2 20 

Fiber factor, F=(Lf/Df)Vf Bf 

 

 

Figure 2: Details of one-way slab. 
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Description of Materials and Properties 

This section contains all materials components used for 

casting the reinforced concrete slabs, cubes, prism and 

cylinders. 

 

Cement 

The only type of cement used to produce UHSSSC concrete 

for mix and cast all the laboratory work is (Type 1) cement 

produced by Iraqi factories as shown in Figure (3) which is 

identical to physical and chemical properties to Iraqi and 

ASTM specifications. [No.5/1984] and [ASTM C150-89]. 

Table (2) show the physical and chemical composition of 

ordinary Portland cement. 

 

Table 2: Physical and chemical compound of cement used. 

Physical and chemical 

properties 

 Percent (%) Iraqi 

Specification 

CaO, SiO2, Al2O3, Fe2O3 63.49, 20.9, 

4.4, 4.78 

- 

SO3 2.28 ≤2.8% 

C3S, C2S 57.41, 16.53 - 

C3A 8.69 > 5.0% 

C4AF 13.92 - 

Fineess (m2/km) 333 ≥230 m2/km 

Soundness (%) 0.6% ≤0.8% 

Initial setting time, hrs: 

min. 

Final setting, hrs: min. 

2:15 

3:40 
  1:00 >0.45 

min. 

 10:00 hrs. 

Compressive Strength 3, 

7days, Mpa 

33, 41   15 N/mm2  

  23 N/mm2 

 

Fine Aggregate 

One type of fine aggregate is used her which is Iraqi glass 

silica sand as shown in Figure (3), which follows with [B.S. 

and Iraqi No.882/1992 and No.45/1984 and ASTM-C33M-

08]. Table (3) and Figure (3) shows grading of fine aggregate. 

 

Table 3: Grading of fine aggregate. 

Size (mm) Silica sand 

Cumulative  

% 

Limits of IQ 

4.75 100 95-100 

2.36 100 95-100 

1.18 100 90-100 

0.60 90 80-100 

0.30 15 15-50 

0.15 8 0-15 

 

 

 

 

Figure 3: Cement, fine aggregate used and grading curve. 

 

Mineral Admixture Silica Fume (SF) 

To increase the strength and durability of concrete additives 

should be used. From the product of Basif Materials Company 

silica fume used here which is has a grey color and represent 

the best type of silica fume as mentioned in [ASTM C1240-

04] and agree to its chemical and physical requirements as 

shown in tables (4). It is represented one of the best 

pozzolanic material and it came from the production of metal 

Ferro-silicon as shown in Figure (4). 

Table 4: Chemical and physical analysis of the silica fume. 

Chemical and Physical properties Silica  ASTM 

limitation 

Silicon dioxide % 92 >85.0 

Moisture content % 0.7 <3.0 

L.O.I 2.7 <6.0 

sieve 45µm retained % 7-8 <10 

Pozzolanic Activity Index at 7 

days 

150 >105 

SS., Specific surface, m2/g 23 >15 

Sg., Specific gravity 2.4 ----- 
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Superplasticizer 

Which represent as hardening accelerator with colorless liquid 

and can be stored for 12 months between 5-35 Co. The 

superplasticizer used here is a third generation produced by 

SIKA Company with the name of [Sika ViscoCrete-5930] s as 

shown in Figure (4). Superplasticizer has the ability to reduce 

the quantity of water in the mixture and that lead to increasing 

the fresh and hardened properties of concrete as mentioned in 

[ASTM C1240-03]. Superplasticizer has three work division 

like superplasticizer, viscosity modifying agent, and retarder. 

Table (5) indicates the technical description. 

 

Table 5: Superplasticizer technical description of. 

Density at 25 Co = 1.03 kg/l 

Solid Content =24-26% 

Chloride Content = 0.1% 

PH Value =4.5 

Dosage 1.0 to 2.0 % by weight of materials 

binder   

Flammability=Non Compatibility= Can be used with all 

types of Portland cement. 

 

Steel Fiber 

Steel fibers, with an aspect ratio of (65) and 13 mm length 

with 0.2 mm diameter, as displayed in Figure (7) which 

comply with the [ASTM A820/A 820M-04]. Steel fibers 

normally employed with many ratios depend on the types of 

works need. Table (6) displays the characteristics of the 

adopted steel fibers. 

Table 6: Properties of steel fiber used. 

C=0.68-0.78 L (mm)=13 

Si=0.16-0.28 D (mm)=0.2 

Mn=0.38-0.58 Ft (MPa)= 2600 MPa 

P=≤0.026 Es (GPa)= 210 GPa 

S=≤0.024 Density=7800 kg/m3 

Cr=≤0.09 Straight and Round 

Al=≤0.002 

 

 

 

 

Figure 4: Silica fume, superplasticizer and steel fiber used. 

 

Steel Reinforcement 

One size of deformed steel reinforcement bar was used (Ø4 

mm with yield stress of 517MPa) to form bottom mesh 

reinforcement as shown in Figure (5). The test results of bars 

satisfy [ASTM A615 requirements]. A clear cover of (10mm) 

was provided. Table (7) show properties of steel bars used.  

 

 

 

 

 

 

 

 

Figure 5: Mesh reinforcement used. 
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Table 7: Properties of steel reinforcement. 

Bar 

diameter 

(mm) 

Area 

(mm2) 

Yield 

stress 

(MPa) 

Ultimate 

stress 

(MPa) 

Modulus 

of  

Elasticity 

(GPa) 

4 12.56 517 601 200 

 

Concrete Mix Proportions 

Ultra high steel fiber self-compacted concrete was adopted in 

this research. Various mix proportions were attempted to get 

the expected compressive strength. Table (8) gives the 

specifications of materials mix proportion. The experimental 

study consists of three mixes with various steel fiber ratios. 

 

Table 8: Details of Mix proportion. 

Mix 
Cement 

kg/m3 

Aggregate 

(kg/m3) 
Sand 

kg/m3 

Silica 

Fume % 

Steel Fiber 

by volume 

% 

Superplastisizer 

by weight of 

cement 

w/c 

Mix 1 1000 0 1000 10% 0% 6.80% 0.17 

Mix 2 1000 0 1000 10% 1.0% 6.80% 0.17 

Mix 3 1000 0 1000 10% 2.0% 6.80% 0.17 

 

Fresh Concrete Tests 

Self-compacted concrete may be characterized by its fresh 

properties. In the current experimental work concrete mix 

design was subjected to many tested more than one method to 

find and calculate the workability parameters. workability 

methods with (Slump flow, T500, L-box, and V-funnel) test 

were adopted, to check that the concrete satisfies all 

provisions that described in designations and guidelines such 

as EFNARC as illustrated in table (9) which depends on the 

decisions of these three tests and the restrictions of EFNARC, 

ACI-237R07. It is evident from table and Figures (6, 7 and 8) 

that the addition of fibers with 1% and 2% decreases the 

slump flow by (8.22% and 17.81%), increasing T50 (40% and 

56.67%) reduction L-box by (9.78% and 13.04 %). This 

decline of workability is due to the presence of steel fibers 

that serve as an obstacle for the motion of mix components. 

Figure (9) shows the fresh test of HSSCC. 

 

Table 9: Fresh UHSSCC properties. 

Mix 

design 

Cement 

(kg/m3) 

Sand 

(kg/m3) 

Aggregate 

(kg/m3) 

Silica 

fume (%) 

Superplasticizer 

(%)  

w/c Steel fiber 

Vf % 

Slump 

(mm) 

T50 

(sec) 

L-Box 

(H2/H1) 

Mix 1 1000 1000 - 10% 6.80 0.17 0 730 3 0.92 

Mix 2 1000 1000 - 10% 6.80 0.17 1 670 4.2 0.83 

Mix 3 1000 1000 - 10% 6.80 0.17 2 600 4.7 0.8 

Limit of EFNARC 650-800 (2-5) (0.8-1) 

Limit of ACI-237 450-760 (2-5) (0.8-1) 

 

   

Figure 6: Effect of steel fiber content on 

slump test (mm). 

Figure 7: Effect of steel fiber content on 

T50 (sec). 

Figure 8: Effect of steel fiber content on 

L-Box. 
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Slump Test L-box Test V-Funnel 

Figure 9: Fresh test of HSSCC. 

 

Mixing Casting and Curing 

After completion of construction the molds, cleaning, joining, 

oiling and materials weightings, mixing of concrete will be 

performed for casting the slabs, cylinders, prisms, and cube. 

One concrete mixture type is displayed here but with different 

steel fiber ratio to create UHSSCC concrete.  At the 

beginning, cement and silica fume are collecting and 

introduced into the mixer and mix for sufficient period of time 

until the materials and colors become homogenous. Later the 

fine aggregate (sand) is preceded and joining the silica and 

cement in the mixer and the mixing is continued until the 

fragmentation of all accumulated materials. Since the water-

cement ratio is very low and to keep the concrete workability 

but at the same time saving the strength, so superplasticizer 

should be used which mixed with water making liquid 

substance, then later the whole quantity is added to the mixer 

slowly to give the superplasticizer a sufficient time to work. If 

the concrete mix has a steel fiber in it, steel fiber will be used 

and join the mixer which will be distributed by hand to avoid 

the accumulated of fiber by adhesion. After completing the 

mixing process it’s time for casting the specimen, the 

specimens should be clean and oily to prevent the mixture 

from hardening on the mold surfaces and cannot be used 

again, Figure (10) preparation, mixing, casting and curing 

procedure. Immediately after completing mixing, concrete 

was poured in molds without compaction or vibration, then; 

the specimens were covered with a nylon sheet to prevent the 

surface shrinkage. The opening was made of wood with 

different sizes and shape and fixed in their correct positions by 

nailing and oiled before casting, to prevent bonding between 

the mold and the concrete. After one day from casting, all the 

specimens cast were signed and then transformed to water 

tanks to be cured for 27 days at the completion of the curing 

stage; all specimens transformed from the water and deposited 

in the laboratory continuously to the appointment of 

examination. 

 

    

    

    

Figure 10: Preparation, mixing, casting and curing procedure. 
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Steel Strain Gauges Installation and Measurement 

To estimate the strain in the steel bars at varying loading 

stages, two strain gauges’ wire were applied at the 

longitudinal and lateral reinforcement bars. Wires and 

materials were shipped from (TML Tokyo Company). During 

the casting, a particular arrangement is expected and 

provisions are important to preserve the wire from waste to 

guarantee that strains on the reinforcement surface are 

completely transferred to the strain gauge. Data logger 

equipment (TML/ TDS-530) was employed to estimate the 

strain, as shown in Figure (11). 

 

 

 

Figure 11: Strain gauges and data logger. 

 

Mechanical Properties of Hardened Concrete 

Table (10) presents the concrete hardening properties features 

of mixes applied in the current examination. 

 

Compressive Strength 

According to [ASTM C39-2005] and [B.S-1881; part 116], 

the compressive strength at 28-day was defined by applying 

(100x200 mm cylindrical specimens) and experiment by the 

digital loading device (ELE-Digital Elect with the capacity of 

2000 kN). Figure (12) present the developments in 

compressive strength with steel fiber effect and concrete mix 

type. When steel fiber increases from (0, 1 and 2%) an 

increase in average compressive strength (0, 7.14 and 

11.61%). 

 

Modulus of Rupture 

The 28-day flexural strength was achieved according to 

[ASTM C348-02], on the prismatic mold of (70×70×280mm) 

with couple point loading using a hydraulic testing machine 

(ELE). The joining of steel fibers to concrete will provide 

high-grade characteristics and improve strength. This 

performance is related to the refinement of pore size and grain 

processes which strengthen the transformation region and 

eliminate micro-cracking in the expected cracking zone. 

Figure (13) show the increasing in flexural strength with steel 

fiber effect and concrete mix type. When steel fiber increases 

from (0, 1 and 2%) an increase in flexural strength of about 

(0, 15.38 and 30.77%). 

Splitting Tensile Strength 

Depend on [ASTM specification C496-04] the splitting tensile 

strength at 28-day curing was examined using a digital testing 

(ELE-Digital Elect 2000) on cylinders of (100mm 

diameter×200mm height). When steel fiber increases from (0, 

1 and 2%) an increase in average splitting tensile strength (0, 

8.33 and 25%) were achieved. Fibers enhance the 

characteristics of concrete matrices through the hardening 

state. Fiber has the ability to bridge cracks and transmitted the 

stress generated by the crack and to retard crack growth. 

Figure (14) show concrete mix type and increasing in splitting 

tensile strength with steel fiber effect. 

 

Modulus of Elasticity 

The modulus of elasticity test was conducted relating to 

[ASTM C469-02] on cylinders of (100mm×200mm). Figure 

(15) present concrete mix type and increase in modulus of 

elasticity with steel fiber effect. When steel fiber increases 

from (0, 1 and 2%) an increase in modulus of rupture (0, 7.14 

and 11.83%). Figure (16) shows compressive strength, 

spliiting tensile strength, modulus of rupture and modulus of 

elsticity test. 

 

Table 10: Properties of hardened concrete and increasing percentage. 

Mix 

Design 

Vf 

% 

Compressive 

Strength 

f'c (MPa) 

Increase 

(%) f'c  

Splitting Tensile 

Strength ft (MPa) 

Increase 

(%) ft 

Flexural 

strength 

fr (MPa) 

Increase 

(%) fr 

Modulus of 

Elastisity 

Ec (GPa) 

Increase 

(%) Ec 

Mix 1 0% 112 0.00 12 0.00 13 0.00 44.8 0.00 

Mix 2 1.0% 120 7.14 13 8.33 15 15.38 48 7.14 

Mix 3 2.0% 125 11.61 15 25.00 17 30.77 50.1 11.83 
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Figure 12: Effect of steel fiber ratio in 

compressive strength. 

Figure 13:Effect of steel fiber ratio in 

modulus of Rupture. 

Figure 14: Effect of steel fiber ratio in 

splitting tensile strength. 

 

 

Figure 15:  Effect of steel fiber ratio in modulus of elasticity. 

 

    

    

    

Figure 16: Compressive strength, splitting tensile strength and modulus of rupture test. 

 

Testing Setup  

The slabs were examined by applying (3000kN) universal 

device and examined. Following raising the slabs from curing 

container, brushing and white paint were implemented to the 

exterior surface so that the cracks will be quickly recognized. 

The reinforced concrete slabs were simply supported and 
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loaded with a two-point load at L/3 from supports. The 

HSSCC slabs were examined over a simply supported 

measure of (900mm). To counter the crushing of concrete's 

surface, steel plates and rubber pieces with the width (50 mm) 

were settled above the supports and beneath two lines loading. 

The UHSSCC slabs were installed on the measuring machine 

and positioned, and then loading was implemented moderately 

in progressive increments. At the end of each load increment, 

observations and readings measurements were reported for the 

mid-span deflection and crack growing and propagation on 

the surface. The progressing of cracks were identified 

including a pen at various load step. The analysis process was 

controlled on a computer screen, and all load and deformation 

data were registered as shown in Figure (17). 

 

Failure Modes and Crack Patterns 

Photograph about the tested slab is taken before and after the 

testing. These paragraphs show the crack pattern and mode of 

failure of slabs as shown in Figure (17). When the load is 

applied and at approximately the linear stage the slabs show a 

small flexural crack. After increasing the load steps the slabs 

undergoes a tensile stress which exceeds the slabs tensile 

strength especially at the tension side of the slabs at the mid-

span. This increased in loads leads to more crake generated 

with the wider width. In each slab approximately on cracked 

is controlled and propagate than others and directed to the 

compression face of the slabs. Later after generation of many 

cracks the slabs failed by yielding of reinforcement. For the 

higher longitudinal steel ratio (ρ) the slabs show many 

numbers of cracks, this leads to that the higher reinforcement 

ratio increased cracks number but prevent the cracks 

widening. But this behavior is different in lower longitudinal 

steel ratio (ρ). When the steel fiber is introduced to the slabs 

the fiber at early loading stage does not work, but it works 

when the loads reached the cracking load. Fiber prevents the 

cracks from papering and captured the cracks, all these lead to 

make the slabs failed with a ductile failure. Fiber bridging the 

cracks and transfer the stresses across it, and has the ability to 

work in many directions, this leads to the increasing in the 

ultimate load. 
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Figure 17: Test setup and crack pattern and mode of failure of one way slabs. 

 

Ultimate Loads 

Using UHSSCC in casting the slabs will lead to the significant 

difference in the behavior of the tested slabs and improve the 

flexural resistance. The experimental work proved the flexural 

strength in terms of ultimate load increased significantly with 
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a corresponding increase in the concrete compressive strength. 

This increasing is related the concrete types, the ratio of steel 

reinforcement and steel fiber used. Steel fiber has the ability 

to increase concrete tensile strength and flexural strength. The 

UHSSCC concrete type and behavior, strength, durability all 

these factors affect the increasing the ultimate load and 

minimize the cracking, appearance, performance, numbers the 

wide. The effect of steel fiber reduces the inelastically 

behavior of reinforced concrete section and leads to the effect 

of raising the neutral axis from tension zone directed to the 

compression zone with the captured of cracks. The raising in 

neutral axis and sizing of cracks leads to increase the 

reinforced concrete ability and carrying more load capacity 

 

 Effect of steel fibers ratio on Ultimate Load of 

UHSSCC slabs  

The presence of steel fibers results in a more ductile type of 

failure. Slabs with fibers exhibited considerably less damage at 

failure than slabs without fibers. The steel fibers become 

effective after first cracking load and continue to resist the 

principal tensile stresses until the complete pullout of all 

fibers occur at one critical crack. Combined effect of fibers 

and steel reinforcement is very clear on ultimate load of 

reinforced concrete slabs. With the addition of steel fibers 

both the cracking and ultimate failure loads increase. The 

presence of steel fibers results in a delay in crack initiation 

and propagation where they hold concrete particles and 

prevent them from initial separation. For slabs 1 and 2 with 

reinforcement ratio (0) when steel fiber increased from (1 to 

2%) an increase in the ultimate load of about (72.41%) is 

achieved as shown in Figure (18). For slabs 3, 4 and 5 with 

reinforcement ratio (0.0036) when steel fiber increased from 

(0 to 1 and 2%) an increase in the ultimate load of about (0, 

41.8 and 81.8%) is achieved as shown in Figure (19). For 

slabs 6, 7 and 8 with reinforcement ratio (0.0036) and 2 cores 

of (100mm), when steel fiber increased from (0 to 1 and 2%) 

an increase in the ultimate load of about (0, 41.8 and 81.8%) 

is achieved as shown in Figure (20). 

 

 

Figure18: Effect of steel fiber ratio on ultimate load with (ρ=0%) without core. 

  

Figure19: Effect of steel fiber ratio on ultimate load with (ρ=0.36%) without cores. 
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Figure 20: Effect of steel fiber ratio on ultimate load with (ρ=0.36%) with cores. 

 

 Effect of flexural steel reinforcement (ρ) 

Generally, the ultimate capacity increases with the addition of 

steel reinforcement. Increasing flexural steel reinforcement 

from (0.0036 to 0.0048) increases the ultimate load by 

(9.94%) with steel fibers content (2.0%). Decreasing flexural 

steel reinforcement from (0.0036 to 0.0024) decreasing the 

ultimate load by (11.0%) with steel fibers content (2.0%). 

Table (11) shows the effect of flexural steel reinforcement 

ratio on the ultimate load. Figure (21) shows effect of steel 

reinforcement on load-deflection curves and ultimate load. 

Effect of increase steel reinforcement begun from the first 

portion of the curves on the contrary with of effect steel fibers 

which appear significant after first crack, this belong to the 

difference between the effect mechanism of steel fibers and 

steel reinforcement, since steel fibers become active after 

cracking while steel reinforcement provide crack control and 

increase in the rigidity before cracking. 

 

 Effect of Openings on Ultimate Load of Slabs 

The ultimate load capacity decreases with the increase in size 

of opening which in agreement with the findings presented in 

the review by [Park & Gamble 2000]. As show in table (12) 

and Figure (22). For slab with steel fibers content (2.0%) and 

reinforcement ratio (0.0036), when opening is found in the 

slab with size (100*100) decreases in the ultimate load by 

(4.93%) with solid slab. For slab with steel fibers content 

(2.0%) and reinforcement ratio (0.0036), presence of opening 

with size (150*150) cause a decreases in the ultimate load by 

(20.42%) with solid slab.  

 

Table 11: Percentage in ultimate load for slabs  

(S8, S16 and S17) with different reinforcement ratio. 

Slabs Fiber 

Ratio 

(%) 

Reinforcement 

Ratio (ρ) 

Ultimate 

Load (kN) 

Percentage 

(%) 

S8 2 0.0036 14.18 0.00 

S16 2 0.0048 15.59 9.94 

S17 2 0.0024 12.62 -11.00 

 

 

    

Figure21: Effect of reinforcement ratio on ultimate load. 
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Table 12: Decreasing percentage in ultimate load for slabs (S8, S12 and S13) with different opening size. 

Slabs Fiber Ratio 

(%) 

Opening size Reinforcement Ratio (ρ) Ultimate Load 

(kN) 

Decreasing Percentage 

(%) 

S8 2 Solid 0.0036 14.2 0.00 

S12 2 100*100 0.0036 13.5 4.93 

S13 2 150*150 0.0036 11.3 20.42 

 

  

Figure 22: Effect of opening on ultimate load. 

 

 Effect of Opening Location on Ultimate Load of 

Slabs 

The present section covers the effect of opening location on the 

ultimate load. One square opening (100*100mm) is chosen to 

study the opening location effect. Opening at the center and 

openings at the edge are chosen in the resent study for one-way 

slab, the opening is between the line load and the line support. The 

effect of opening location on the load-deflection curve and 

ultimate load are listed in table (13) and Figure (23). When the 

opening position changed from center to the edge with 

reinforcement ration (0.0036) and steel fiber content (2%) 

decreases in the ultimate load by (3.19%) is achieved. 

 

 Effect of Opening Shape on Ultimate Load of 

Slabs 

The effect of opening shape on the ultimate load and load 

deflection curves are listed in Figure (24) and Table (13). When 

opening change from square to circle an increase in load about 

(5.04%) is achieved with steel fiber content of (2%) and 

reinforcement ratio (0.0036), this is may be due to stress 

concentration at the corners. 

 

Table 13: decreasing percentage in ultimate load for slabs (S12 and S14) and (S12 and S15). 

Slabs 
Fiber 

Ratio (%) 

Opening 

Location 
Opening 

Shape 

Reinforcement 

Ratio (ρ) 

Ultimate 

Load (kN) 

Increasing 

Percentage 

(%) 

S12 2 Center Square 0.0036 13.5 0 

S15 2 Center Circle 0.0036 14.18 5.04 

S12 2 Center Square 0.0036 13.5 0 

S14 2 edge Square 0.0036 13.07 3.19 
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Figure 23: Effect of opening location on ultimate load. Figure 24: Effect of opening shape on ultimate load. 

 

 Effect of core size and number on Ultimate Load 

The hollow-core slab have core diameter (20mm) would have 

a reduction in ultimate load compared with solid slab by about 

(9.96%) as shown in table (14) and Figure (25). When the 

core number increase from 2 core to 3 core a decreasing in the 

ultimate load of about (8.04%) as shown in table (14) and 

Figure (26). Increasing core size will decrease the ultimate 

load regardless of cores shapes. The hollow-core slab with 

core diameter (15mm) has ultimate load greater than the slab 

with core (20mm) of about (8.89) and when the core size 

increased from (20 to 25 mm) a decreasing in the ultimate 

load of about (8.11%) as shown in table (14) and Figure (27). 

 

Table 14: Decreasing percentage in ultimate load for slabs (S5 and S8), (S8 and S9) and (S8, S10 and S11) with different core 

number and size. 

Slabs Fiber ratio (%) Core size (mm) Core No. Reinforcement Ratio (ρ) Ultimate Load (kN) Decreasing Percentage (%) 

S5 2 20 Solid  0.0036 15.75 0 

S8 2 20 2 0.0036 14.18 -9.96 

S8 2 20 2 0.0036 14.18 0 

S9 2 20 3 0.0036 13.04 -8.04 

S8 2 20 2 0.0036 14.18 0.00 

S10 2 15 2 0.0036 15.44 8.89 

S11 2 25 2 0.0036 13.03 -8.11 

 

   

Figure 25: Effect of cores on ultimate 

load. 
Figure 26: Effect of no. of core on 

ultimate load. 

Figure 26:  Effect of core size on ultimate 

load. 
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Nonlinear Finite Element Analysis (ANSYS) 

The analysis by finite element programs is an analytical 

method employed to the concrete constructions depends on 

the nonlinearity of the material. It is used and provided to 

examine the total solid and hollow-core slabs tested 

experimentally. The nonlinearity ability of the program can be 

applied to estimate the performance of reinforced concrete 

slabs sections through the liner, cracking and plastic stages 

and up to final load. Reinforced concrete solid and hollow 

core slabs were analyzed using ANSYS (15.0) finite element 

program software. Concrete was modeled with 8-node 

SOLID65 elements and longitudinal and transverse 

reinforcement were modeled by 3D-LINK 8 bar elements, 

which are presented by two nodes. The conclusions from the 

analytical investigation proved a great compromise with the 

experimental results. The comparison revealed that the 

ANSYS program has the ability to represent and predicting 

the original nonlinear behavior of slabs with varying states. 

Figure (28) show solid 65 and 3D-LINK 8 for concrete and 

steel. 

 

Material Properties 

 Concrete 

Concrete as others materials have two performances one in 

tension and is different in behavior in compression and it is 

characterized as the brittle material which is very weak in 

tension. To describe the concrete in tension or compression 

stress-strain diagram curve is required. Concrete performance 

in compression is expressed by a multi-linear isotropic curve 

which is still elastic almost to 40% of its final f’c 

(compressive strength) as shown in Figure (29). To represent 

the stress-strain curve of concrete with compression behavior 

in the program as input data, the curve should split into many 

points which joined by lines to give the exact shape of the 

curve. 

Behavior of Concrete in Tension with the effect of steel 

fiber 

To represent and model the concrete in tension, the usually 

stress-strain curve in tension is needed, which it behaves 

elastically before cracking. In the current investigation, the 

cracking appearance is represented by the maximum principal 

stress criterion. To represent the tensile stresses which 

perpendicular to the cracks plane and because of the cracks 

still have the ability to hold a residue of tensile stresses. There 

are many concepts is available, one of these concepts are the 

tension-stiffening model. The tension-stiffening model is 

adopted here to represent the tensile stress of concrete in 

tension by (Ansys program). This method has two models as 

shown in Figure (30) applying with, one called (TS1) which 

fitting for analyzing reinforced concrete slabs without fibers 

and the other is (TS2) which suitable for analyzing fiber 

reinforced concrete slabs. The finite element solutions 

demonstrate that the load-deflection response of the certified 

slabs accomplished utilizing model (TS2) is proximate to 

experimental load-deflection responses and the predicted 

ultimate loads are confined to the original experimental failure 

loads. 

 

 

  

 

Figure 28: Solid 65 and 3D-LINK 8 for concrete and steel. Figure 29: Compression stress-strain curve. 

 

  

Figure 30: Post-cracking model TS1 and TS2 for conventionally and steel fiber reinforced concrete. 
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Modeling of slabs, Meshing, Loads and Boundary 

Conditions 

To represent the concrete slabs sections in the finite element 

program (Ansys) and to make it similar to the slabs cast and 

tested experimentally, there are some requirements that must 

be met to make the section work exactly. Some conditions 

must be provided, such as supports and loads positions on the 

slabs. One of the important steps in the analysis program is 

how to model and arrange and choose the density of the 

meshing where the process of choosing the density of the 

meshing with a sufficient number of elements are considered 

important things that make the solution converge. In this 

research, total and complete slabs models were used to give a 

form similar to the practical model to facilitate study and 

observation. The model was then divided into small elements. 

These elements are sufficient to give a convergent solution 

because many elements take considerable time during 

analysis. After adding loads and supports to the concrete slabs 

where loads are added in the form of vertical forces placed 

only at the nodes after that the solution of the program is run 

and an integrated solution is obtained from the stresses and 

strain, deflection and form of failure of the slabs. The addition 

of loads is divided into small increments to prevent the failure 

of the model quickly, as the load increments similar to loads 

subject to practical examination and it is divided into numbers 

of increments and sequenced by the use of the Newton-

Raphson method. At particular steps of the investigation, load 

step quantity was altered from high at the linear stage to small 

when cracking appears. Finally, convergence was 

accomplished before arriving the highest iteration. In the end, 

failure is established when the clarification for the least load 

increment, however, does not meet. 

 

RESULTS AND DISCUSSION 

The experimental results and technical results by (Ansys) 

program (finite element program) are displayed here for the 

reinforced UHSSCC concrete solid and hollow-core with or 

without openings slabs in order to check the capability of the 

program to supplied a confined result to the experimental test 

results and examine the efficacy of the program to solve many 

material and shapes variables. The theoretical test approved 

that the program was able to examine the slabs through load, 

deflection, stress contour and mode of failure. The theoretical 

results within the load-deflection curves are in an 

immeasurable agreement to the experimental curves. At the 

beginnings of the analysis at the early age of loading and 

before the occurrence of cracks in the slabs the load-deflection 

curves present a certified accordance with experimental load-

deflection curve and can be considered it has the same 

response. After few steps of loading and at after cracks 

appearance take place in the slabs, the numerical load-

deflection curve shows a slightly stiffer response or change in 

slope compared to the experimental load-deflection curve. At 

the end of the analysis at the final load step, the slabs failed 

numerically by yielding of steel reinforcement and then 

concrete failed by crushing. The ratio of finite element 

ultimate load to the corresponding experimental ultimate load 

of all for all analyzed reinforced concrete slabs are listed in 

Table (15). The analytical slabs show that at the linear stage 

during the cracks appearance the concentration of cracks are 

in the middle of slabs-mid-span at the bottom in the tension 

side. At the early loading age, the program shows the same 

experimental behavior which is slabs started to deflect at the 

mid-span and several hair cracks are generated after the load 

increases the cracks developed and one of cracks controls and 

started to grow and directed to the top or compression size of 

the slabs. All the slabs totally show the same behavior. The 

figures show that at the increasing of steel fiber which affects 

the stress-strain diagram that entered to the program give 

higher ultimate load and deflection. Changed the 

reinforcement ratio to higher value effect of load-deflection 

cure which turns to stiffer response and higher ultimate load. 

The solid slabs show an enhancement in ultimate load 

compared to slabs with openings, and lowering the deflection 

and stresses are generated and concentrated at the slab mid-

span. The appearance of openings in slabs reduces the 

ultimate load because this opening represents as a weakness in 

concrete section. Hollow core slabs change the behavior of 

slabs by making the stresses concentrated on the core similar 

to the openings which lead to the reduction in the ultimate 

load compared to solid slabs. Deflection and stresses contour 

of finite element analyzed slabs due to the applied loading is 

shown in Figures (31). Figures from (32 to 48) shows the 

comparison of numerical and experimental load-deflection 

curves of one-way slabs. 

 

Table 15: Comparison between experimental and finite 

element ultimate loads of slabs. 

Slabs 

No. 

Experimental 

Load kN 

Experimental 

Deflection 

mm 

F.E.M 

load 

kN 

F.E.M 

Deflection 

mm 

F.E.M./EXP 

load 

S1 4.57 13.05 4.29 12.27 0.94 

S2 7.88 22.5 7.25 20.7 0.92 

S3 8.66 24.75 8.06 23.02 0.93 

S4 12.29 35.1 11.3 32.29 0.92 

S5 15.75 45 14.65 41.85 0.93 

S6 7.8 22.28 7.41 21.16 0.95 

S7 11.06 31.59 9.84 28.12 0.89 

S8 14.18 40.5 12.47 35.64 0.88 

S9 13.04 37.26 11.87 33.91 0.91 

S10 15.44 44.1 14.51 41.45 0.94 

S11 13.03 37.22 12.38 35.36 0.95 

S12 13.47 38.48 11.98 34.24 0.89 

S13 11.34 32.4 10.66 30.46 0.94 

S14 13.07 37.35 12.03 34.36 0.92 

S15 14.18 40.5 13.18 37.67 0.93 

S16 15.59 44.55 14.19 40.54 0.91 

S17 12.62 36.05 11.98 34.24 0.95 
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Figure 31: Finite element meshing, boundary condition, loading arrangement, crack and stress contour. 
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Figure 32: Exp. and FEM load-deflection 

curve slab (1). 

Figure 33: Exp. and FEM load-deflection 

curve slab (2). 

Figure 34: Exp. and FEM load-deflection 

curve slab (3). 

   

Figure 35: Exp. and FEM load-deflection 

curve slab (4). 

Figure 36: Exp. and FEM load-deflection 

curve slab (5). 

Figure 37: Exp. and FEM load-deflection 

curve slab (6). 

   

Figure 38: Exp. and FEM load-deflection 

curve slab (7). 

Figure 39:  Exp. and FEM load-deflection 

curve slab (8). 

Figure 40: Exp. and FEM load-deflection 

curve slab (9). 

   

Figure 41: Exp. and FEM load-deflection 

curve slab (10). 

Figure 42: Exp. and FEM load-deflection 

curve slab (11). 

Figure 43: Exp. and FEM load-deflection 

curve slab (12). 
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Figure 44:  Exp. and FEM load-deflection 

curve slab (13). 

Figure 45: Exp. and FEM load-deflection 

curve slab (14). 

Figure 46: Exp. and FEM load-deflection 

curve slab (15). 

  

 

Figure 47: Exp. and FEM load-deflection 

curve slab (16). 

Figure 48: Exp. and FEM load-deflection 

curve slab (17). 

 

 

CONCLUSIONS 

1. Experimental and theoretical research to investigate 

the behavior of (UHSSFSCC) hollow core one-way 

slabs with or without openings to examine and 

evaluate their behavior and strength, under the effect 

of different parameters on ultimate load, deflection, 

and failure mode. Self-compacted concrete is the 

preferred concrete for casting slabs with cores and 

openings but it has one obstacle which the brittle 

failure so that fiber is applied here to change the 

behavior from brittle to ductile. 

2. Inclusion of steel fiber with raising percentage (0, 

1.0, 2.0%) decreases the slump flow by (8.22% and 

17.81%), increasing T50 (40% and 56.67%) 

reduction L-box by (9.78% and 13.04 %). All these 

are related to the fiber presence. 

3. When steel fiber enhanced from (0, 1 and 2%) an 

increase of (0, 7.14 and 11.61%), (0, 15.38 and 

30.77%), (0, 8.33 and 25%) (0, 7.14 and 11.83%) for 

compressive, flexural, splitting tensile strength and 

modulus of rupture. Steel fiber causes an increase in 

ultimate load related to its performance and the 

excellent bonding action within the concrete mixture. 

4. Increasing the steel ratio from (0.0036 to 0.0048) 

causes increases in the ultimate load by (9.94%) and 

decreasing of steel ratio (0.0036 to 0.0024) causes a 

decreasing by (11.0%) with steel fibers content 

(2.0%). 

5. Openings of size (100*100mm) and (150*150mm) 

cause a reduction in ultimate load of about (4.93%) 

and (20.42%) compared to solid slab and changing 

opening position from center to the edge cause a 

decreases in the ultimate load by (3.19%) and 

opening change from square to circle an increase in 

load about (5.04%) all with reinforcement ratio 

(0.0036) and steel fiber content (2%). 

6. For steel ratio (0) increasing of steel fiber from (1 to 

2%) increasing in ultimate load (72.41%). For steel 

ratio (0.0036) when steel fiber (0 to 1 and 2%) 

increasing loads of (0, 41.8 and 81.8%) are 

performed. For steel ratio (0.0036) and 2 cores of 

(100mm), when steel fiber increased (0 to 1 and 2%) 

causes increasing in ultimate load (0, 41.8 and 

81.8%). 

7. The hollow-core slab has core diameter (20mm) 

would produce a decline in ultimate load compared 

with solid slab by about (9.96%). When the core 

number increase from (2 to 3) a decreasing in the 

ultimate load of (8.04%). The hollow-core slab with 

core diameter (15mm) has ultimate load greater than 

the slab with the core (20mm) of about (8.89) and 

when the core size increased from (20 to 25 mm) a 

decreasing in the ultimate load of about (8.11%). 

8. Finite element analysis using ANSYS was 

appropriated to model the analyzed slabs and a large 

agreement was succeeded. 
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