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Abstract 
 
Using a steel plate instead of normal stirrups is a new technique in the past 
few years. Therefore, the aim of this paper is to present the experimental 

effect of using a longitudinal steel plate with High Performance Concrete 

(HPC) beams contain volume friction (0.5%) of steel fiber. Five simple 
supported  HPC beams were cast and tested under two point loads with 

different technique of steel plates, these beam divided in to four difference 

steel plate according to the direction of opening and the spacing between it. 

The size of the beams cast was 1400mm×150mm×3mm its design according 
to ACI 544. The first beam reference is with conventional design while the 

other beams were prepared using longitudinal shear steel plates with vertical 

or inclined rectangular holes with different spacing between these holes. The 
result shows that the longitudinal shear steel plates are a good alternative to 

use instead of normal stirrups. Ultimate strength for all beams used steel 

plate was higher than the reference used. The results, in general, show that 
longitudinal steel plate increased a number of the crack but reduced its width. 

The ductility in beams (BST65S, BSTI65S) using longitudinal shear steel 

plates was higher than the reference beam using traditional stirrups by an 

average of (32.04%) While in group two (BST125S, BSTI125S) it's 
decreased about (-55.195%) on average according to the experimental 

results. 
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1 Introduction 
 

High performance concrete (HPC) defined as that kind of concrete which 

give the top performance and suitable result which cannot be carried out by 
traditonal concrete[1] [2]. HPC is vastly used in the great scale project due to 

its requirement like high strength, high durability, large flow ability .A high 

strength concrete may be high performance concrete but a high performance 
concrete may not be high strength concrete[2]. HPC is concrete that has been 

designed to be more durable and, if substantial stronger than traditional 

concrete. HPC components are consisted of basically the same materials as 
conventional concrete mixtures but the ratio are designed or engineered to 

supply the strength and traditional needed for the structural and 

environmental requirements of the project [2]. Because of that the HSC is 

considered a comparatively brittle material and the adverse relationship 
between strength and ductility. However, such a drawback can be overcome 

by addition of strong,discrete and discontinuous fibers. One of the most 

desirable benefits of compile small rate of fibers modifies mechanical 
property such as the modulus of rupture, shear strength, ductility, and energy 

absorption resulting in increased toughness and ductility [3].  

The main alterations resulting from the use of fibers were increased shear 

strength, stiffness. In the past few years anew techniques of using steel plate 
instead of normal stirrupsin reinforce concrete beam is appeared using steel 

plate to resist the shear stresses in reinforced concrete beams. No much 

previous research about this technique was founded before the inception of 
this research except some attempts have been made to carry out new 

techniques of replacing shear reinforcement with steel plate. One of these 

new techniques is replacing traditional reinforcement stirrups by internal 
steel plates for shear reinforcement on flexural behavior of SCC beams. Six 

self-compacted normal concrete beams using stee plate as stirrups with 

equvalent area of stirrups and with various spacing and thickness of steel 

plate [4]. Also behavior of wide reinforced concrete beams with different 
shear steel plate solid, hollow,internal and in longtdinal direction. A series of 

4 reinforced concrete wide beams concrete specimens were designed and 

tested. Shear reinforcement spacing was a primary test variable. Shear steel 
plates that alternative for stirrups and gives identical results in yield and 

ultimate loads and increase the ductility [5]. Another research study four 

wide reinforced concrete beams using circular or rectangular internal steel 
plate instead of reinforcing with normal stirrups And compressive strength of 

concrete equal to 33MPa[6].  
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2     Research Significance 
 

The objective of this study is to discuss and study the effect of using 

longitudinal shear steel plates of 3mm thickness contain vertical or inclined 

rectangular holes instead of normal stirrups for the reference and the effect of 
the direction of opening. This study appears due the fast development the 

manufacturing of CNC and due to difficulties in erection of stirrups with a 

higher cost and time entailed. So Study the behavior of simple supported 

beam after replacing the stirrups by the steel plate, which is a technique to 
enhance shear resistance with the use of HPC high performance beam by 

change method of shear reinforcement under static load. Note that this 

research was studied using normal concrete. 
 

3 Experimental Work  
 
3.1 Specimen Characteristics and Production 

 

 The test specimens were cast using High performance concrete 

consist of Ordinary Portland cement for Tasluja factor, which are complied 

with Iraqi Specification (I.Q.S. No.5/ 1984) [7]. 

 Crushed gravel with a maximum aggregate size of (10mm) from 

Al-Soddor region, the aggregate, in general, has complied with Iraqi 

Specifications No.45/1984[7]. 

 Straight steel fibers with 15 mm long and 0.2 mm diameter, 

(aspect ratio, l/d = 75), the density of the steel fibers is7800 kg/m3, and the 

ultimate tensile strength for fibers are 2000 MP. Total the volume fraction of 

0.5% of the total volume of the mix in order to Facilitating the fastening of 
concrete with steel plate and to get HPC. 

 Super plasticizer(High Water Reducing Agent - HWRA) was 

used to manufacture very effective  concrete mixture especially high strength 

,workability, durability and performance Concrete It was known 
commercially as "Sika Viscocrete 5930" and complied with (ASTM C 494/C 

494M-99a, 1999) [8]. 

 Drinking water was used for mixing and curing all concrete 

mixes Deformed.   

 Steel bars with nominal diameters 20mm, 10mm and 8 mm were 

used as longitudinal reinforcement, shear reinforcement, compression 
reinforcement the results were summarized in Table (1) According to ASTM 

A615/A615M-05a and ASTM A496-02.[9] [10]. Also the details of all 

groups can be shown in Figure 2. 
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Table 1: Yield and ultimate stresses and elongations of steel bars 

 

 
 

 

 

 
 

 

3.2 Steel Plates 
 

All the steel plates used in this work are produced in Iraq source with a 

thickness of 3mm. The geomatry shape of steel plates used as shown in 
Figure 1 .Steel plates were tested the Engineering College of Daiyla 

University according to ASTM A370-05-a specification [11]. Table (2) 

illustrates the result of testing typical samples of 400mm long. 

 
Figure 1: Steel plate used 

 
Table 2:  Yield and ultimate tensile strengths and elongations of the steel plates 

Thickness 

of tested 

steel plate 

(mm) 

Average of  

yield tensile 

strength 

(MPa) 

Average of  

ultimate 

tensile 

strength 

(MPa) 

% 

Elongation 

at ultimate 

stress 

3 320 426 20.5 

 

3.3 Concrete Mix Design  
 

Fine aggregate and cement were mixed together at first in the mixer for 

(2) minute, steel fiber is added through the mixer work , Coarse aggregate is 

added for (1) minute , About 2/3 amount of water and half of superplasticizer 
was added for another for (3) minute , The leftover of water and 

superplasticizer was finally added for (2) minute The mix was tested for 

fresh properties and poured into molds. High performance straight fiber 
reinforced beams were cast and cured for 28 days . After curing, Beam was 

tested under two point load supported condition over a span 1400mm with 

their tension faces uppermost as shown in Table (3). 

 

Nominal bar 

diameter(mm) 

Bar cross 

area(mm2) 

Yield 

stress 

(MPa) 

Ultimate 

stress 

(MPa) 

8 50.26 390 520 

10 78.54 360 485 

20 314.15 589 658 
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Table 3: Mix design 

Materials Cement  

(kg/m3) 

Coarse 

aggregate 

(kg/m3) 

Fine 

aggregate  

(kg/m3) 

Steel 

fiber 

(kg/m3) 

SP Water 

(kg 

/m3) 

C85 628.6 911.43 571.43 39 20 137.14 

 

4 Specimen Characterestic  
 

In this research study, the experimental programme consisted of testing 
five reinforced concrete beams of similar rectangular cross-section 

(150mm×300mm). The span length of the members was 1400 mm and the 

shear span length was 400 mm under two-point load, shear span-depth ratio 
(a/d) equal to 3.56. Three sizes of deformed steel reinforcement bars were 

used in this work. One of these with a diameter of 20 mm placed along for all 

beams as major reinforcement to avoid flexture failure another bars with a 

diameter of 8 mm used to make the stirrups spaced at 125 mm center as shear 
reinforcement for the reference only.  The other bars with a diameter of 10 

mm used for top of beam as compressive reinforcement for the reference 

only  with 360MPa and 485MPa yield strength respectively; A reference 
beam (B1S) was designed using traditional stirrups of (Ø8mm). The first 

beam (B1) reference is with conventional design, (BST65S) relates to 

replacing stirrup by rectangular vertical holes steel plate in longitudinal 

direction with 65spacing between the holes. (BST125S) replace the stirrups 
by rectangular hollow steel plate in longitudinal direction with 125 spacing 

between the holes (BSTI65S) relates to replace stirrup by rectangular 

inclined hollow steel plate in longitudinal direction with 65spacing between 
the holes, (BSTI125S) relates to replacing stirrup by rectangular inclined 

holes steel plate in a longitudinal direction with 125 spacing between the 

holes as shown in Figure. (2 and 3) these dimention was selected to study the 
effect of which one is better in terms of consistency of mixture, steel plate 

and general performance. 

 

  
Figure 2: Reinforcement Details of reference beam 
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Figure 3: Details of steel plates used 

 

5 Casting of Beams 
 

Before casting was started, the molds were lubricated with oil for easy 
stripped of specimen from the molds. Preparation the beam by completely 

the reference and by solder of two-piece of steel plate together with major 

longitudinal reinforcement as shown in Figure ( 4,5,6 ) then strain gage was 

placed in the same place the same of reference as shown in Figure 5 then  
concrete was cast in to the molds with three layers, and each layer was 

compacted by using electrical handle vibrating. 

                  
Figure 4: Positions of strain gage for the reference 

 

 

 

 

 

 

 

 

 

Figure 5: Positions of strain gage for BST125S, BST65S 

 

 

 

 

 

 

 

 

 

Figure 6: Positions of strain gage for BSTI65S , BSTI125S 
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6 Location of Strain Gauges  
    

The strain gauges were used to measure the evolution of strain in 
longitudinal reinforcement, stirrups, steel plates and concrete due to applied 

loads. The strain gauge fixed on four position of the beam and in the same 

place of the one reference. Strain gauges is locating in middle of longitudinal 
reinforcement for all beams bars, a strain gauges is pointing in the second 

stirrups at effective depth equal  (226mm) from both left and right supports 

in the middle region of limb for reference from the left and right with two 
opposite directions, a strain gauges of steel plates were fixing in the same 

position of strain in the reference. And Strain gauges of concrete is locating 

in the top middle surface of specimens for all beams as shown in Figure 7. 

 

 
Figure 7: Positions of strain gage 

 

7 Discussion of Result (Load Deflection Relation Ships) 
 

Table (4) and Figure 8 presents the amount of deflection at yield and 
ultimate load that were gained from the LVDT readings and load-deflection 

diagrams. The load-deflection curves for tested beam specimens show that 

the deflection at yield load in beams with shear steel plates was lower and 
higher than the reference beam (B1). It was shown that the deflection the 

ultimate load in beams (BST65and BSTI65) was higher than the control 

beam (B1) I but in beams( BST125S ,BSTI125S) it was less than the control 
beam group 2 by average (-19.76%and-45.18%) respectively. This is as 

shown in Table 4. On the other hand, also the ductility (Δu/Δy) in the beam 

(BST65Sand BSTI65S) was higher the than control beam (B1) group1 by 

(28.52% and 35.56%) respectively; while its lower the control beam group2 
in the (BST125S, BSTI125S) by about (-64.1% and -46.29%) respectively. 
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Table 4:  Experimental results for the specimen 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Load-deflection curves of tested specimens 

 

 

 

Name 

of 

beams 

 

Py(a) 

(kN) 

% 

diff.  

 in 

Py 

 

Δy(b) 

(mm) 

%  

diff. 

of  

Δy 

 

pu 

(c) 

(kN) 

% 

diff. 

in 

pu 

 

Δu(d

) 

(mm) 

 

% 

diff. 

of 

Δu 

 

Ductilit

y 

% diff. 

in 

ductilit

y 

 

Mode of 

failure 

Group1 

B1S 352 --- 10.12 --- 402 --- 18.54 --- 1.83 --- 

Compressi

on 

Flexural  

BST65

S 

341 -

3.23 

8 -26.5 433 7.16 20.49 9.52 2.56 28.52 Flexural  

BSTI6

S 

380 7.37 9.32 -8.58 443 9.26 26.49 30.0

1 

2.84 35.56 

Compressi

on 

Flexural  

Group2 

BST65

S 

341 --- 8 --- 433 --- 20.49 --- 2.56 --- Flexural  

BST12

5S 

343 0.58 7.97 -0.38 437 0.92 12.42 -

64.9

8 

1.56 -64.1 Diagonal 

Shear 

BSTI12

5S 

390 12.5

6 

9.34 14.35 461 6.07 16.34 -

25.3

9 

1.75 -46.29 

Compressi

on 

Flexural  
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8 Strains in Longitudinal Reinforcement 
 

The distribution of strain at the depth of beam between the Concrete and 
flexural reinforcement are shown in the Figure 9 From data logger the results 

show the strain at the midpoint of the longitudinal reinforcement under 

various loads gained. The strain in the longitudinal reinforcement under the 
loads ultimate load and 70% of the service load was almost equal for al 

beam. 

 
Figure 9: Strain profile of longitudinal reinforcement and compression face of 

concrete for specimens 
 

9 Cracks Patterns and Width 
 

The result presents the width of the first crack at beginning and yield 
load of longitudinal reinforcement in each beam when it arrived its yield 

strain as shown in Table (5). It was explained that the number of the crack in 

beams with longitudinal shear steel plates was higher than the beam with 
traditional stirrups but was width is lower than of the references. 
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Table 5: Details of crack and crack width 

 

Type of 

beams 

  

   First  

Load 

crack 

(kN) 

 

Widt

h 

(mm) 

 

 

% 

diff. of 

width 

 

Yield 

Load 

crack 

(kN) 

 

Width  

(mm) 

 

 

% diff. 

of width 

 

No. of 

crack 

Group1 

B1 41 0.02 --- 352 0.15 --- 8 

BST65S 50.1 0.02 0 341 0.12 -25 10 

BSTI65S 58 0.01 -100 380 0.13 -15.38 16 

Group2 

BST65S 50.1 0.02 --- 341 0.12 --- 9 

BST125S 53 0.02 0 343 0.13 7.69 9 

BSTI12S 76 0.01 -100 390 0.14  14.29 9 

 

10 Crack Patterns 
 
After every load addition the cracks and any probable failure marks HPC 

beam was checked. No cracks were seen in this beam until first crack 

appeared in the mid-span as shown in Table (5)When the load was increased 
and after proceed of the first crack more cracks start to appear in both length 

and width all cracks continued persistent to develop. The cracks appears at 

supports and propagated towards the loads at large loads.as shown in Figures 

(10,11, 12, 13and 14). 

     
Figure 10: Failure of beam B1 

 

 

 
 

 

 

 

 

Figure 11: Failure of beam BST65S 
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Figure 12: Failure of beam BSTI65S 

 
Figure 13: Failure of beam BST125S 

 
Figure 14: Failure of beam BSTI12S 

 

9 Results and Discussion  
 

The general behavior of the tested beam under static load was studied 

whit varying some parameters, such as spacing between holes and its 
direction. 

 The result show that the longitudinal shear steel plates are a good 

alternative to use instead of normal stirrups whatever the case. 

 Ultimate strength for all beams used steel plate was higher than 

the reference used stirrups. 

 The longitudinal shear steel plates beams contain vertical 

rectangular opening with 65mm spacing having deflection lower than the 
control beam reinforced with stirrups by about (3.23%). While it was high in 

beams using longitudinal shear steel plates contain  an inclined rectangular 

opening with 65mm by about (7.37%). This gave indicate that shear steel 
plates are efficient when it was contained inclined opening. 



                                                                                                                  
 

 

 
 

 

 
5848 Hadeer Ahmed Khudhair et.al 

 

 The longitudinal shear steel plates beams contain vertical 

rectangular opening with 65mm spacing having deflection at yield low 

reference beam reinforced with stirrups by about (26.5%) and lower about 

(8.58%) in beams using longitudinal shear steel plates contain inclined 
rectangular opening with 65mm. 

 The longitudinal shear steel plates beams contain vertical 

rectangular opening with 125mm spacing having yield load high the control 

beam reinforced with longitudinal shear steel plates contain vertical 
rectangular opening with 65mm spacing  by about (0.58%). While it was also 

high in beams using longitudinal shear steel plates contain inclined 

rectangular opening with 125mm by about (12.56%). This gave indicate that 
shear steel plates are efficient when it was inclined. 

 The longitudinal shear steel plates beams contain vertical 

rectangular opening with 125mm spacing having deflection at yield load low 

the control beam reinforced with longitudinal shear steel plates contain 

vertical rectangular opening with 65mm spacing by about (0.38%). While it 
was high in beams using longitudinal shear steel plates contain inclined 

rectangular opening with 65mm by about (14.35%). This gave indicate that 

shear steel plates are efficient when it was inclined. 

 The longitudinal shear steel plates beams contain vertical or 

inclined rectangular opening with 65mm spacing having ultimate load higher 

than the control beam reinforced with stirrups by an average of (8.21%). 

 The beams using longitudinal shear steel plates beams contain 

vertical or inclined rectangular opening with 65mm spacing having 
deflection at ultimate load high from the control beam reinforced with 

stirrups by an average of (19.77%). 

 The longitudinal shear steel plates beams contain vertical or 

inclined rectangular opening with 125mm spacing having ultimate load high 

from the control beam reinforced with longitudinal shear steel plates contain 
vertical rectangular opening with 65mm spacing  by an average of (3.49%). 

 The longitudinal shear steel plates beams contain vertical or 

inclined rectangular opening with 125mm spacing having deflection at yield 

load lower than the control beam reinforced with longitudinal shear steel 
plates contain vertical rectangular opening with 65mm spacing by an average 

of (45.19%). 

 The longitudinal shear steel plates beams contain vertical or 

inclined rectangular opening with 65mm spacing having ductility higher than 
the rcontrol beam reinforced with stirrups by an average of (32.04%). 
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