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In the distinct geotechnical landscape of Al-Karkh, Baghdad, ensuring the structural
robustness of underground reinforced concrete beams is imperative. This work delves into
the potential advantages of integrating steel fibers and steel meshes into these beams using
three types of concrete: Normal Strength Concrete, Sulphate Resistance Concrete, and
Reactive Powder Concrete. Instead, it employs Type V Portland cement, known for its
sulfate resistance. This study analyzes their load-carrying capacity and deflection behavior.
Initial outcomes suggest that beams reinforced with Steel Fiber and Steel Mesh exhibit
enhanced load-bearing capacity, reduced deflection, and improved resilience to
environmental stressors. The integration of both Steel Fiber and Steel Mesh will increase
the ultimate load of Normal Strength Concrete, Sulphate Resistance Concrete, and Reactive
Powder Concrete by 55%, 69%, and 119% respectively. Significantly, the presence of steel
meshes was linked to augmented beam strength. This work underscores the potential
structural benefits of Steel Fiber and Steel Mesh. In addition, using Portland cement Type
V in Reactive Powder Concrete is possible, emphasizing the applicability in urban
underground frameworks, especially in contexts mirroring Al-Karkh's conditions.

Keywords: Reactive Powder Concrete; Steel Fibers; Steel Mesh; Sulphate Resistance Concrete; Underground Reinforced

Concrete Beams.

1. Introduction

In recent times, a notable transformation has unfolded within
the construction industry, marked by a departure from
conventional construction methods and a shift in the choice of
building materials, particularly within the confines of the city
[1]. A comprehensive analysis of gathered statistics shows a
discernible contrast in construction practices has emerged
within Baghdad, specifically between the Karkh and Rusafa
districts, as shown in Fig.1 [2].

Rewinding to the 1970s, the Karkh side comprised lush
orchards adorned with trees and palm trees [3]. As urbanization
swept through Baghdad, the Rusafa side experienced a surge in
population and construction, notably hosting various state
ministries [4]. Iraq is a country in Asia at latitude 33°19'15.60"
North. The ensuing years witnessed a substantial spike in real
estate prices in Rusafa, reaching multifold the values seen in
Karkh, especially post-2003 [5].

Yet, the distinctive features in construction style, architectural
design methodology, and the selection of infrastructure
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materials requirements in Karkh prompt probing questions.
Amidst these factors, this work concentrates specifically on the
impact of soil nature on concrete structures. The interplay of
these variables adds complexity to the evolving landscape of
construction practices in Baghdad, emphasizing the need for a
nuanced understanding of the intricate relationship between
nature, technology, and societal dynamics. As consultant
engineers, we were requested by the building construction
company to study the feasibility of incorporating steel fibers
and steel mesh into underground reinforced concrete structures
in Al-Karkh locations, and the required treatment methods.

While the integration of steel fibers and meshes in concrete
beams is not new, their application in underground settings is
less explored. This work produces the superior properties of
reinforced concrete beams incorporated with steel fibers and
steel meshes of underground concrete beams made with three
types of concrete: Normal Strength Concrete (NSC), Sulphate
Resistance Concrete (SRC), and Reactive Powder Concrete
(RPC). Their ability to withstand harsh underground
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environments, enhanced load-carrying capacities, and reduced
deflection make them invaluable for urban construction [6].

1.1. Steel Fiber and Steel Mesh

The incorporation of Steel Fibers (SF) and Steel Meshes (SM)
into concrete beams enhances structural properties [7] and
increases resistance against crack propagation, especially in
flexural members [8]. Incorporation of both steel fibers (SF)
and steel meshes (SM) in concrete structures enhances ductility,
toughness, and crack resistance[9]. The presence of steel
meshes in concrete significantly offers a unique advantage by
acting as crack arresters [10]. It's widely used in construction,
rehabilitation, and reinforcing structures with ferrocement and
shotcrete [11]. The use of fiber reinforcement in concrete can
significantly increase energy absorption at early ages [12]. It
also reduces shrinkage cracking [13], enhances the durability of
concrete, and makes it more resistant to salinity and
groundwater exposure [14]. The inclusion of steel fibers could
impact the workability of the concrete mixture [15]. It may
affect the surface finish of the concrete [16]. While steel fibers
enhance toughness, there may be limitations in terms of the
level of toughness achieved, especially in highly demanding
structural applications [17].

1.2. Underground Reinforced Concrete Constructions

Structures situated underground encounter distinctive
challenges associated with exposure to dynamic loads, ground
movement, moisture, and corrosive agents. As outlined by
Agency [18], these circumstances have the potential to
undermine the structural stability of reinforced concrete
beams. The presence of groundwater and aggressive soil
conditions can lead to accelerated corrosion of reinforcing
elements, causing premature structural failure [19]. In
addition, the presence of sulphate salts at high rates negatively
affects the hardened cement paste and internal stresses causing
cracks in the concrete mass and affecting the resistance [20].
Therefore, when SF and SM are incorporated into reinforced
concrete beams, they can resist underground environmental
factors, especially moisture-related effects (Fig. 1, Iraq,
Baghdad). Karkh and Rusafa
sides.

2. Types of Concrete and Materials

The mix design proposed for this work used a 0.45 water-to-
cement ratio, and the mix proportion ratio of the cement: sand:
gravel was (1:2:4) by volume. All the chemical and physical
properties of the material used in this work are mentioned in
Tables 1, 2, 3, and 4 and are free and supported by the materials
supplier.

2.1. Normal Strength Concrete (NSC)

Traditional concrete was employed, with the objective of a
compressive strength of 25 MPa, according to ACI 318-19 [21].
The concrete included Bazian ordinary Portland cement
sourced from Iraq, by Iraqi Standard Specifications No. 1984-5
and ASTM C150/C150M — 161 [22].

2.2. Sulphate-Resistant Concrete (SRC)

A Portland cement resistant to sulphates Type V, CEM 1
42.5SR, was used in this work. High-resistance Portland cement
resistant to sulfate salts is one of the common types according
to Iraqi Standard Specifications No. 1984-5 and European
Standards No. 1:2011-197. This cement is produced with a low
content of tricalcium aluminate (C3A) so that it does not exceed
3.5%. This type of cement is distinguished from other types by
the low content of tricalcium aluminate, which is responsible
for interacting with sulphate ions in the soil or groundwater,
which causes the concrete to expand and crack.

2.3. Reactive Powder Concrete (RPC):

Reactive Powder Concrete (RPC), originating in France during
the early 1990s, represents an ultra-high strength and high
ductility cementitious composite characterized by advanced
mechanical and physical attributes [23]. Its distinctive
microstructure is meticulously optimized through precise
particle gradation within the mix to achieve maximum density
[24]. Leveraging the pozzolanic properties of highly refined
silica fume and optimizing the chemistry of Portland cement
result in the formation of the highest strength hydrates [25]. The
composition encompasses finely powdered materials such as
cement, sand, and silica fume, according to ASTM C1240-20
[26]; their content rates are shown in Table 1, along with
optional steel fibers, according to ASTM C 1609/C 1609M-12
[27], shown in Table 2. The superplasticizer meets the
requirements for superplasticizer specified by ASTM C494,
2013 [28], as shown in Table 3. The judicious use of the
superplasticizer, at its optimal dosage, concurrently reduces the
water-to-cement ratio (w/c) and enhances concrete workability.
The attainment of a remarkably dense matrix through optimal
granular packing of the dry fine powders imparts ultra-high
strength and durability to RPC [29]. While Ordinary Portland
Cement is commonly used in Reactive Powder Concrete (RPC),
this work opts for Portland cement Type V, which is known for
its resistance to sulphates. However, it is crucial to emphasize
that the choice of materials in RPC requires careful
consideration, and the use of a particular type of Portland
cement may influence the overall performance of the mixture.
Therefore, when contemplating the incorporation of Portland
cement Type V in RPC, many trials of mix design were done to
assess its compatibility with other mix components and its
alignment with the desired properties of the final concrete,
especially the workability.

Table 1. Chemical analysis of the silica fume.

Chemical Composition Content (%)

CaO 0.5
Fe, O3 1.4
Al O3 0.5
SiO, 92.1
MgO 0.3
KO 0.7
Na20 0.3

SOs 0.1
L.O.1 2.8
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Table 2. Properties of the steel fibers.

Property Specifications
Density 7850 kg /m3
Yielding strength 1125 MPa
Modulus of elasticity 200 x 103 MPa
Strain 5625 x 10-6
Poisson's ratio (y) 0.303
Average length 45 mm
Nominal diameter 0.45 mm
Aspect ratio 100

Table 3. Typical properties of Glenium 51.

Main action Concrete superplasticizer
Color Light brown
pH. Value 6.6
Form Viscous liquid
Chlorides Free of chlorides
Relative density 1.08 — 1.15 gm/cm3 @ 25°C
Viscosity 128 + 30 cps @ 20°C
Transport Not classified as dangerous
Labeling No hazard label required

2.4. Steel Mesh (SM)

Steel mesh (SM) or welded wire reinforcement consists of high-
strength wires arranged in grids and welded at intersections
[30], as shown in Fig. 2. These wires can be plain, deformed, or
mixed. They bond to concrete through the mechanical
anchorage at welded intersections, with deformed wire also
using its deformations for added bond [31]. Steel meshes are
incorporated into concrete to enhance its strength, toughness,
and durability; the properties of the steel mesh used in this work
are shown in Table 4.

Figure 2. Steel meshes used in the work.

Table 4. Properties of the steel meshes.

Property Specifications
Density 7850 kg /m3
Yielding strength 425 MPa
Average diameter 1.78 mm
Opening size of mesh 25 x 25 mm
2.5. Fine Aggregate

AL—-Ukhaidher natural sand was used in this work. It has
fineness modulus (F.M.) of (2.60), bulk specific gravity (S.G.)
of (2.58), and sulphate content (SO3%) of (0.09%) by sand
weight, which is compatible to the Iraqi standard specification

779

No. 45/1984. For RPC mixes, only the passing sand from sieve
No. 4 (600 pum) was used to achieve the mixing requirements
and properties.

2.6. Coarse Aggregate

For NSC, Crushed gravel with a maximum size of 14 mm is
used. The bulk specific gravity (S.G.) of the aggregate is (2.64),
and its grading complies with the Iraqi standard specification
No. 45/ 1984.

3. Material and Method
3.1. Program

The experimental program intended to study the effect of steel
fibers (SF) content and steel mesh (SM) content on the
structural behavior of beams. Twelve reinforced concrete
beams with dimensions of (200x250%1100mm), shown in Fig.
3, were tested. The NSC has of a nominal compressive strength
of 25 MPa, Sulphate Resistance Concrete (SRC) has a nominal
compressive strength of 35 MPa, and Reactive Powder
Concrete (RPC) has a nominal compressive strength of 80 MPa,
as shown in Table 5.

Portland cement resistant to sulphates Type V was used instead
of Ordinary Portland cement in the reactive powder concrete
(RPC), which was cast and cured for 28 days. Steel fiber (SF)
ratio Vsf'= 1% and Steel Mesh (SM) ratio Vsm = 2% were used,
and the beams were tested under two-point loading conditions.

Pz Pz

4910 mm

h 4 h 4 7
W IITELITTTEATTITITAT ]
PP Py

96 @ 100 mm c/c
1100 mm

4910 mm

250 mm

200 mm

Figure 3. Details of the tested beams.

Table 5. Percentages of steel fiber and steel mesh used in this

work.

Beam Type of Steel fiber Steel mesh
No. concrete Vsf % Vsm %
Bl NSC - -

B2 NSC 1 -
B3 NSC - 2
B4 NSC 1 2
B5 SRC - -
B6 SRC 1 -
B7 SRC - 2
B8 SRC 1 2
B9 RPC - -
B10 RPC 1 -
Bl11 RPC - 2
BI12 RPC 2 2
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3.2. Soil Properties in Al-Karkh /Baghdad (Case Study)

The National Center for Construction Laboratories conducted
soil investigation work for this paper, including extensive work
on the general engineering properties of the soil layers in
Baghdad. The findings revealed that Baghdad possesses unique
properties, distinct from other cities, owing to millennia of early
human activities primarily centered around agriculture. The
historical use of various irrigation and drainage methods has
induced significant soil variations from one region to another.
Furthermore, alterations in the river's course have led to the
deposition of sandy soil during floods near the river's edge. At
the same time, the alluvial and soft materials are carried by
water to deposit in areas farther from the river. Consequently,
the layer sequence in Baghdad is asymmetrical and
unpredictable. The groundwater level of Baghdad ranges
between (0.2) and (6.0) m below the surface of the natural
ground level, and it is lower the farther away we are from the
Tigris River because the area near the river is paved [4].

Although the presence of a high percentage of sulphate
concentrations in the soil of Baghdad [32],[33], Gypsum was
found in the upper cohesive soil of Baghdad in many areas such
as Sheikh Omar, Al-Sadr, Al-Wahda, Al-Riyadh, Al-Waziriya,
and Al-Mustansiriyah [18]. Table 6 presents the properties of
the location case study. All tests and values were conducted in
the National Center for Construction Laboratories and
Research.

Table 6. Soil properties of location case study*.

Description Details
Minimum Groundwater level 0.2 meter
Natural moisture content of soil (17 -30)%
Soil water limit (25-55)%
plasticity index 9-37%
Undrained Shear Strength 25-250 kN/m2

Angle of 1nternal£i11ctlon for granular 32-41 degrees
50-150 kN/m2, 5-
15 Ton/m2

Low to very low

Soil bearing capacity

Soil connectivity

Soil permeability Low to very low
Underground water type Chloride
Moderately

Underground water Salinity brackish water

Type of soil alkaline, or basic
*All tests were made in the National Center for Construction Laboratories and Research.

Al-Karkh stands out as the area most susceptible to shallow
groundwater, as depicted in Fig. 4, with the presence of sulphate
materials and salts [18] evident in Fig. 5.
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Figure 4. Groundwater depth of Baghdad Governorate
[19].
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Figure 5. Distribution of the salinity and water types zones in
Baghdad Governorate
[19].

The specific site, shown in Fig. 6, was chosen for burying the
twelve reinforced concrete beams in an excavated hole 2
meters below ground level for 355 days, as shown in Fig. 7.

Figure 6. Preparing the location of the beams at a 2-meter
underground level.
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Figure 7. Position level of reinforced concrete beams.

The preparation of the excavation site, transportation, and
burial proved exceptionally challenging, particularly during the
lifting of concrete beams from the pit. Some models were
adversely affected during the removal process, resulting in
unexpected and substantial damage. Consequently, these
damaged models were excluded from the results.

4. Results and Discussions

Preliminary results showed that beams with SF and SM
exhibited improved structural performance in underground
settings, demonstrating increased load-bearing capacity,
reduced deflection, and enhanced resistance to environmental-
induced deterioration. Particularly, steel meshes appeared to
significantly influence beam strength and reduce potential crack
development. Fig. 8 shows the crack pattern of the tested beam
specimens, which seem to be shear cracks.

4.1. Deflection

Differences in ultimate deformation are observed between the
SRC and NSC beams.

The theoretical maximum deflection calculated using the
double integration method for a supported beam with two point
loads, as shown in Fig. 9, using (1):

(Amax) = % * (312 — 4a?) €))

Modulus of Elasticity for conventional types of concrete,
calculated using (2), ACI 318-2005 [34]:

E = 4730Vfc ()

Figure 8. Crack pattern of the tested beam Specimens.

The relationship between the elastic modulus of RPC and the
compressive strength of the cylinder was obtained by (3) [35]:

E = 3840+fc (3)

Table 7 shows the theoretical and experimental values of
maximum deflection for each beam.

P P

| .

R, R,

Figure 9. Simply supported beam, two-point loads.

Steel reinforcement and concrete body of RPC beams
integrated with SM and SF were unaffected by corrosion and
the effect of salt in the case study. This represents a favorable
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aspect worth taking into account. Table 8 and Fig. 10 show the ~ work. Figs. 11, 12, and 13 show the load deflection curves for
deflection values for the three types of concrete used in this  each type of concrete used in this work.

Table 7. Experimental and estimated theoretical deflection (mm).

Beam # Type of fcMpa EMpa Failure. load KN Theoretical Deflection Experimental Deflection
concrete mm mm
B1 NSC 25 23,6 290 1.22 3.75
B2 NSC 25 23,6 360 1.51 2.35
B3 NSC 25 23,6 415 1.74 1.66
B4 NSC 25 23,6 450 1.89 1.2
BS5 SRC 35 27,9 325 1.15 3.65
B6 SRC 35 27,9 390 1.38 3.1
B7 SRC 35 27,9 450 1.60 2.66
B8 SRC 35 27,9 490 1.74 1.43
B9 RPC 80 34,3 373 1.08 1.87
B10 RPC 80 34,3 465 1.35 0.69
B11 RPC 80 34,3 520 1.50 0.79
B12 RPC 80 34,3 635 1.84 0.66
Table 8. Deflection values of the NSC, SRC and RPC beams.
Concrete . Decrease with respect Decrease with respect
Types Beams # Deflection (4) (mm) to reference beam (%) to B1 (%)
B1* 3.75 - -
B2 2.35 63 63
NSC B3 1.66 44 44
B4 1.2 32 32
B5* 3.65 - 97
B6 3.1 85 83
SRC B7 2.66 73 71
B8 1.43 39 38
B9* 1.87 - 50
B10 0.69 37 18
RPC Bl1l1 0.79 42 21
B12 0.66 35 18

* This symbol refers to the reference beam in each group

0 500
— 05 I I I 450
E 400
£ 350
= .15
< £ 300 B4
c -2 < 250
S g - = B3
B 25 S 200
é’ -3 150 eeeee B)
[J]
Q 35 100 -
50
R B5 B9 B1 Bl Bl 0
., B2 B3 B4 7 B6 B7 B8 0 1 5 3 A
NSC SRC RPC Deflection mm

mSeriesl 4 -2 -2 -1 4 -3 -3 -1 -2 -1 -1 -1

Figure 11. Load-Deflection curve/NSC.
Figure 10. Comparison of deflections for three types of
concrete.
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Figure 13. Load-Deflection curve/RPC.

4.2. Ultimate load capacity for SF and SM

The load-carrying capacity reflects the ultimate applied load
that the tested beam can withstand. Table 9 and Figs. 14 and 15

show the values and present the improvements in load-carrying
capacity for the tested beams due to differences in the steel
fibers and steel mesh content. While the steel mesh enhances
the structural strength and ultimate load capacity of reinforced
concrete beams, the integration of both steel fibers and steel
mesh content in the section increases the ultimate carrying
capacity of the beam.

Theoretical load is calculated using (4)-(9), which are the
standard equations used for the analysis and design of
reinforced concrete beams by Nilson and Darwin.

600

— fre
pp =085 * T X s00iry 4
As
P =t ®)
Asxfs =085«f'cxaxb (6)
@xVe=0x=xVFcxbxdx107 7)
@xVs=Vu—@=Vc (8)
_ BxAvxfyxd _3
S = B+Vs *10 (9)

4.3. Surface structure of the concrete

The surface of reinforced concrete beams is affected by several
factors, including the concrete mix composition, environmental
conditions, and exposure duration.

The original smooth finish of the NSC beams B1-B4 with
ordinary Portland cement mix is compromised, and the texture
of the surface concrete becomes uneven with areas of increased
roughness or spalling. This effect does not appear in other
beams, especially the beams with RPC.

The effects of salinity, moisture, and potential chemical
reactions on the concrete beams, combined with exposure to
groundwater with dissolved salts, cause the concrete to develop
cracks and scaling on the surface. Salt crystals can form within
the concrete pores, leading to internal pressure and surface
damage, as shown in Fig. 16.

Table 9. Theoretical and ultimate load capacity.

Concrete type  Beam # Theoretical Ultimate Load Increase with respect to Increase with
calculated Load (KN) Capacity (Pu) (kN) the reference beam (%)  respect to Bl (%)

NSC B1* 124 290 - -

NSC B2 124 360 24 24
NSC B3 124 415 43 43

NSC B4 124 450 55 55
SRC B5* 126 325 - 12
SRC B6 126 390 20 34
SRC B7 126 450 38 55
SRC B8 126 490 50 69
RPC B9* 128 373 - 29
RPC B10 128 465 25 60
RPC B11 128 520 39 79
RPC B12 128 635 70 119

* This symbol refers to the reference beam in each group
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Figure 16. The effect of groundwater salinity on the concrete
surface.

4.4. Deterioration Due to Corrosion of Steel Fiber

Observations indicate that steel fibers located near the concrete
surface exposed to groundwater, particularly in environments
containing salts or organic materials, exhibit evident corrosion
and rust. Conversely, the farther the steel fiber is positioned
from the outer surface of the concrete, the less pronounced the
corrosion and rust become. Fig. 17 and Fig. 18 show the effect
of rust on SF on the concrete far and closer to the surface of the
concrete.

5. Conclusions

Based on the results of this work, the significant advantages and
disadvantages of integrating steel fibers and meshes are
underscored. When the NSC beams are exposed to corrosion,
which will increase the susceptibility of the steel fibers to rust,
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the steel fibers will be considered a weak point to initiate
failure. Therefore, using steel fiber in reinforced NSC is not
preferable. In addition, the steel mesh is not immune to the risk
of corrosion inherent in saline environments.

Figure 17. The effect of concrete corrosion on steel fiber
located far from the surface of the concrete beam.

Figure 18. The effect of concrete corrosion on steel fiber
located near the surface of the concrete beam.

While the inclusion of steel fibers enhances the flexural strength
of the concrete, contributing to improved load-carrying
capacity and overall structural performance, the potential for
corrosion in saltwater environments remains a significant
concern. Proper concrete cover and quality installation can help
protect it in saltwater and sewage conditions.

The use of Portland cement Type V in reactive powder concrete
is possible, but careful consideration, evaluation, and potential
adjustments to the mix design are essential to achieve the
desired performance and durability in Sulphate-rich
environments.
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In areas where the percentage of groundwater levels resulting
from water leakage from sewer or sewage pipes increases, it is
preferred to increase the compressive strength of concrete and
use sulfate-resistant concrete instead of increasing the amounts
of steel reinforcement, steel fiber, and steel mesh. Also, using
ordinary cement in concrete is prohibited.

Finally, it is not recommended to add steel fiber to underground
NSC exposed to salt or organic groundwater.
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