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Abstract:  
 

This paper presents an experimental investigation into the behavior of a composite 

concrete steel bridge girder under four point loads. Five RC specimens have been 

considered in the experimental tests with a UHPC haunch layer and variable number of 

shear pockets. One specimen has been represented by the specimens to be the reference 

specimen, while the other specimens tested as strengthened composite beams. Two 

variables have been considered in the experimental tests: the number of shear pockets 

and the alignment line of bolt studs (straight and zigzag lines). The deflection at the center 

of the beam, the first crack, the cracking load, and the crack pattern were studied. The 

test results show that it was determined that the ultimate load capacity of zigzag-line 

alignments for three shear pockets increased from the reference beams with 63.91%. 

Whereas, in comparison to reference specimens, ultimate load capacity for all beams 

increases by about 47% for 60%. In addition, no splitting cracks are observed in UHPC 

shear pockets, and no concrete crushing occurs on the surface of the UHPC slab at the 

failure of beam specimens. The UHPC and steel exhibit good composite action, and the 

flexural performance of steel-UHPC composite beams is significantly improved. 

 

1. Introduction 
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Figure 1. Composite beam cross section. 

 

 

 
Figure 2. Details of tested columns, a: reinforcement details, b: deck slab and pockets details 

 

Figure 3. Schematic diagram of tested beams 
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Table 2. Details of composite beams  

Beam 

ID 

Number of 

shear pockets 

Distance of 

shear studs 

(mm) 

Alignment of 

shear studs 

CG-2-

30 
2 300 Straight line 

CG-2-

30 
3 300 Straight line 

CGZ-

2-30 
2 300 Zigzag line 

CGZ-

2-30 
3 300 Zigzag line 

 

3. Materials 
 

3.1 Binders 

 

Ordinary Portland cement type I, sourced locally and 

compliant with the Iraqi Specification (IQS) [20], 

was utilized.  The UHPC mix was created using 

silica fume that complies with ASTM C-1240 

standards.   [21].  The Sika Company provided it. 

 

3.2 Aggregate 

 

In the study, two types of aggregates were utilized: 

fine aggregate with a maximum size of 4.75 mm and 

coarse aggregate with a maximum size of 20 mm 

(refer to Tables 3, 4, and 5 for details).  All concrete 

mixtures utilized to cast conventional concrete and 

UHPC beams incorporated natural sand as the fine 

aggregate, while gravel—locally sourced crushed 

coarse aggregate—was used solely in the 

conventional concrete mixture as the coarse 

aggregate.  Fine aggregate physical property test 

results are shown in Table 4. These tests were carried 

out at the Structural Laboratory of the Engineering 

Consulting Office at Al-Qadisiyah University’s 

College of Engineering.  The sieve analysis for this 

aggregate is shown in Table 5. All aggregates were 

utilized in saturated surface dry (S.S.D) conditions.  

Both coarse and fine aggregates meet the 

requirements of IQS [22]. 

 

 

3.3 Superplasticizer 

  

In this research, a water-reducing admixture, 

ViscoCrete-180GS, served as the superplasticizer 

(SP).  It was incorporated into the concrete mixture 

at a rate of 1% relative to the weight of cement.  In 

addition, it complies with the standards of ASTM C-
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494/C494M, types G and F [23].  The characteristics 

of the SP used are shown in Table 6. 

 

 

 

3.4 Steel bars  

 

This study employed deformed steel bars with an 8 

mm diameter for flexural reinforcement.  The tensile 

strength of three specimens was tested following the 

guidelines of ASTM A615-05 [24].  The mechanical 

properties of these bars are shown in Table 7. 

 
Table 7. The mechanical properties of the tested steel 

bars. 

Property ∅8 

Yield stress (MPa) 449.18 

Ultimate strength (MPa) 626.4 

Elongation % 11.83 

 

3.5 Steel Fibres  

This study made use of micro-steel fibres (see Figure 

4) for the production of high-strength concrete 

(HSC).  With a length of 13 mm, these fibres have a 

diameter of 0.22 mm and an aspect ratio (L/D) of 59.   

They also demonstrate a considerable tensile 

strength of 2600 MPa..  

 
Figure 4. Micro-steel fibres used in producing HSC. 

 

3.6 Steel Girder  

The steel girder used in this work is W8x15 with 

dimensions of 200 mm depth, 10 mm flange width, 

8 mm flange thickness, and 5 mm web thickness. To 

test the mechanical properties of the steel beams, the 

Computer Numerical Control (CNC) machine was 

used to cut three tension dog bones (steel coupons) 

from the web and flange (Figure 5a). The yield stress 

of the used steel beams, as well as its ultimate 

strength are presented in Table 8. The dog bones 

conform to ASTM (A 370-05) [25]. For testing the 

dog bone samples, a universal testing machine was 

used (Figure 5b and c).  
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Figure 5. Details of testing dog bones: (a) steel coupons, (b and c) tensile test machine. 

 

Table 8. Properties of the used steel girder. 

Specimen No. 
Yield stress (fy) 

MPa. 

Ultimate stress 

(fu) MPa 

Average of 3 

samples  
50 64.333 

 

3.7 Stiffeners and shear connectors 

 

A steel plate with a thickness of 4 mm was utilized 

as a stiffener for all simply supported beams tested. 

The stiffeners were welded on beam web on both 

sides under concentrated loads and at the supports 

(Figure 7). Three steel plate coupons were fabricated 

using a CNC machine in accordance with ASTM 

A370-05 requirements [25]. The mechanical 

properties of these specimens are shown in Table 9. 

This study utilized headed studs measuring 10 mm 

in length and 13 mm in diameter as shear connectors 

(see Figure 8a).  The yield strength and ultimate 

tensile strength of the small-headed stud were 

443.34 MPa and 695 MPa, respectively.  As shown 

in Figure 8b, the studs were attached to the upper 

flange of the steel beams in two elongated rows, with 

a horizontal spacing of 75 mm between each pair 

(measured from center to center).. 

 

 
Figure 7. Details of the used stiffeners. 

 

 

Table 9. The mechanical properties of the used stiffeners 

Specimen 

No. 

Width 

mm 

Thickness 

mm 

Yield stress  

(fy) Mpa. 

Ultimate 

stress (fu) 

MPa 

Elongation % 

Average of 3 

samples 
40 4 53.5 60.1 5.6 

 

 
Figure 8. Photographs of Headed Studs Shear Connectors Used. 

 

3.8 Mix proportion of NSC  

 

Coarse aggregates, including both gravel and 

crushed stone, along with fine aggregates such as 

sand, in a saturated surface-dry condition were 

utilized in envisioning an NSC mixture with a water-

to-cement proportion of 0.53. The constituents of the 

manufactured combinations were characterized 

dependent on the logical design technique expressed 

in the American Concrete Institute's blending 

proportions based on maximizing strength and 

workability (ACI 211.1-01), employing an intricate 

process relying on understanding the complicated 

interactions between aggregate, cement and water. 

Table 10 depicts the fixings of the amalgamation, 

listing the type and weight of each ingredient 

necessary to achieve the performance objectives.

  

 

3.9 Mix proportion of UHPC 

 

Ultra-high-performance concrete (UHPC) mix, with 

a target compressive strength of 100 MPa, was 

prepared. The created UHPC mixturs was designed 

based on the mix proportioning method adopted in 

[27]. In the preparation of the UHPC mixture, one 

type of aggregate (fine aggregate) was used under 

saturated surface dry conditions with a maximum 

size of 600 micrometer. Additionally, micro-steel 

fibres with volume fraction of 1% were also used in 
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this mix. Table 10 presents the quantity of 

ingredients used in the UHPC mix. 

 

Table 10. Constituent materials of the prepared concrete mixes, kg/m3 

Mix type w/c Cement Water 
Silica  

fume 

super-

plasticizers% 

Fine 

aggregate 

Coarse 

aggregate 

Steel 

fibre% 

NSC 0.53 380 200 0 0 700 1100 0 

UHPC 0.3 1000 300 100 800 1000 0 1 

 

3.10 Composite beam specimens 

casting and curing 

 

A prefabricated steel section was adhered to the 

upper face of the beam flange using an electric arc 

welding process. Concrete mixtures were prepared 

using a portable vertical mixer with a volumetric 

capacity of 0.2 cubic meters. Prior to pouring the 

concrete, a lubricant was applied to all interior 

surfaces of the forms to prevent adhesion. The deck 

slabs were then poured and their upper layers leveled 

and finished. With the exception of openings for 

shear connectors, an electrically powered vibrator 

was used to ensure thorough penetration of the fresh 

concrete into every tiny gap and void after casting 

the conventional deck with standard composite 

materials. The precast concrete deck slab was left to 

harden and cure for several days before being lifted 

and positioned above the girders within the haunch 

forms. Finally, the haunch and shear pockets were 

filled with an ultra-high performance concrete with 

a nominal compressive strength of 100 MPa through 

the openings intended for shear transfer, as shown in 

the designated figure. Samples of cubes, cylinders 

and prisms were cast from both mixtures to assess 

the mechanical qualities of the placed concretes. 

Thereafter, the specimens were stored under 

controlled laboratory conditions and covered to 

maintain humidity. After 21 days, the formwork was 

stripped away and the pieces wrapped in 

polypropylene sheeting to sustain a semi-regulated 

environment until achieving the designated age. The 

mixing, placing and curing of the test samples are 

depicted in the same indicated figure.  

 

 

 
Figure 9. Casting process of specimens :( a) slump flow, (b, c) casting deck slab concrete, and (d) completed specimen. 

 

 Test Setup and Instrumentation

b 

c d 
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 Results and discussion
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4.1 Effect of shear pockets numbers for 

straight bolts line 
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4.2 Effect of number shear pockets for 

zigzag bolts line 
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