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Preface to first issue

As we declare the onset of our peer-reviewed journal, we believe on undertaking the great
goal of supplying the critical scientific, technical and engineering knowledge that help to
build our future. In our country, we have our own unique needs and aspirations. We shall
adopt a boundless potential to develop our tools to keep our identity and fight for a healthier
forthcoming.

The role of the journal is to publish original researches in the fields of science and
engineering. All manuscript accepted for publication should be in compliance with the
technical specifications of the journal.

Launching the journal’s website will provide direct access to the journal’s articles for a
wider community. We hope the Nile Journal of Science and Engineering will soon become
one of the primary platforms for researchers to share their research interests and discuss the

development of future innovations that will succor the science and engineering community.
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About the journal:

The Nile Journal for Science and Engineering (NJSE) is a bi-annual research
journal aimed to publish original high quality research articles in the fields of
Science and Engineering that are not published or not being considered for
publication elsewhere. The journal is devoted to provide an appropriate forum
for the dissemination of high-quality and high-impact original balanced credible
academic writings in all disciplines of Science and Engineering. The work for
publication (research papers, review articles, technical reports and short
communications) will be accepted either in English or in Arabic.
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Any article published in the Nile Journal for Science and Engineering will be the copyright of
thejournal. Though the journal is an open access, reproducing for resale or distribution,
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tables, figures require permission of the Nile Valley University.
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ABSTRACT

This paper presents an experimental study on the behavior of lightweight aggregate concrete-
filled steel tubes (LACFT) under eccentric loading. 54 circular specimens with different load
eccentricity distances (10, 20 and 35mm); thickness to width ratio (t/D=11.4 and 13.5); and
length to width ratio (L/D = 3, 7, and 14) tested to examine the bearing capacity. Significant
parameters influencing LACFT column's bearing capacity, failure mechanism and failure mode
all studied and analyzed. Comparison between the predicted results by AISC-LRFD and CHN
DBJ 13-51-2003 codes showed lower and applicable bearing capacities with slightly
overestimated values for L/D>14 than that measured during the experiments respectively, while
the results gained by CHN CECS 28:90 showed a good agreement with the experimental results
and slightly overestimated the values for L/D> 14 too. The study showed that bearing capacity of
LACFT steel columns subjected to eccentric loading is conservative.

Keywords: Lightweight aggregate concrete filled steel tube, eccentricity ratio, ultimate bearing
capacity, composite members
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Axial capacity of lightweight aggregate concrete-filled steel tubes under eccentric loading

Introduction

The use of concrete filled steel tubular (CFT) columns for the construction of high—rise buildings,
bridges, barriers, etc. has become increasingly popular in recent years. These columns have
demonstrated higher axial load capacity, better ductility performance, larger energy absorption
capacity and lower strength degradation than conventional reinforced concrete and steel hollow
section column (Shams and Saadeghvaziri, 1997). The enhancement of structural properties of
CFT columns is mainly due to the composite action of steel hollow section and core concrete.
The confining effect by steel hollow section causes the core concrete to behave in tri-axial stress
state while the core concrete prevents the wall of the steel hollow section from buckling inward
(Dalin et al., 2003).

In concrete construction, self-weight represents a very large proportion of the total load
on the structure, and there are clearly considerable advantages in reducing the density of
concrete. One of the ways to reduce the mass or self-weight of a structure is the use of
lightweight aggregate in concrete to get lightweight aggregate concrete (LAC). The benefit of
lightweight aggregate in concrete as structural material has been recognized as far back as Roman
days. Although there is few published data available on the researches of the LACFT but several
authors in their investigations reported that LAC has its obvious advantages of higher
strength/weight ratio, lightweight, good ductility, convenience of construction, lower coefficient
of thermal expansion, and superior heat and sound insulation characteristic due to air voids in the
lightweight aggregate (Wei and Liu, 1993; Bohai, 2006; Mouli and Khelafi, 2007). Lightweight
aggregate concrete filled steel tube (LACFT) as a new form of composite structures, under the
same conditions, not only has the same strength and durability as the CFT, but also reduces the
self-weight of the structure by about 20%. Nowadays, with the trend towards large span bridges
and towering direction of building structures, the LACFT with its distinguished characteristics,
will have broad applications prospects. However, structural studies on LACFT are still in the
initial step all over the world therefore; more researches are needed. Because of CFT
component's advantages of high compression strength and good plastic deformation, often used
as a compression member, nevertheless, in the practice of actual engineering the influence of the
initial defects, material in homogeneity, manufacturing deviations and other factors, on the ideal

axial compression is very difficult to avoid. At the same time, multistory and high-rise buildings
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under the act of the vertical load, lateral horizontal wind or seismic forces, will also be bore by
the moment, hence the component tends to the state of eccentric compression (Linhai, and Youfu,
2004). Consequently, the study of eccentric compression of LACFT will have important and

significance role in the theoretical researches and engineering applications.

This paper attempts to study the structural performance of thin-walled steel columns filled
with LAC as a construction material. Based on eccentricity tests, 44 specimens with different L/D
ratios (3, 7 and 14) were tested. The main parameters varied in the tests are: (1) load eccentricity
ratio; (2) thickness to width ratio (t/D); and (3) length to width ratio. The standard load-strain
curves of LACFT columns under eccentric loading were summarized and significant parameters
affecting their bearing capacity, failure mechanism and failure pattern were studied and analyzed
through the comparison with calculated strength of CFT columns using the existing codes: AISC-
LRFD (AISC, 1999), CHN DBJ 13-51-2003 (DBJ, 2003) and CHN CECS 28:90 (CECS, 1990).

Test Arrangement and Procedure
Specimens and Material

In this study; LACFTs columns with a diameter (D) of 114 mm and two different wall
thicknesses (3 and 3.5 mm) are selected. The mix was prepared using ordinary Portland cement
(OPC), fly ash - shale ceramic with Bulk density 814 kg/m3, cylindrical compressive strength
8.5MPa and water absorption ratio 6% an hour as coarse aggregate and river sand. The concrete
mix design was made based on the guidelines of the relevant Chinese standards. The adopted mix
parameters are shown in Table 1. In order to ensure proper compaction, a high degree of
workability i.e. 80-100 mm slump is adopted for the concrete mixes and is achieved by using
silica fume and super plasticizer as admixtures. Three standard concrete cubes (150 mm size) and
three prisms (150x150x300 mm) were cast and warped in polyethylene sheets, then stored at
room temperature, without wet curing to simulate conditions similar to that of concrete in the
columns. The concrete cubes and prisms tested when the corresponding specimens tested to find
out the concrete grade, compressive strength and Young's modulus of the unconfined concrete at

28 days, respectively.

The steel tubes were made up of mild steel plates, with yield strength of (274.7) MPa and
three different lengths (L= 342, 798 and 1596 mm). All tubes are seam welded and its edges are
finished. After the fabricating of the steel tube, a 10 mm thick circular flat plate (with a diameter
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slightly larger than that of the steel tube) welded to its base to support the wet concrete during
casting. The concrete was then vertically cast into the steel tube in about four equal layers, where
each layer compacted by using a poker vibrator. Surface hollow due to concrete shrinkage was
filled up with grout to confirm the specimen side smoothness and ensure both steel and concrete
being loaded together. After 24—hours of treatment; another 10 mm thick circular plate was
welded on the other side. Finally, the columns were stored at room temperature for 28 days.

Table 1: The Concrete Mix Design Component and Parameters

Component Mix Parameters
Cement content 460 kg/m?®
Ceramisite 670 kg/m®
Sand 650 kg/m?
Water 150 kg/m?®
Silica fume 43kg/m?®
Super-plasticizer 3.8 kg/m®
Concrete bulk density 1810 kg/m®
Characteristic 28-days concrete cube strength 44.7 MPa
Characteristic 28-days concrete prism strength fcx 35.2 MPa
the Young’s Modulus of concrete Ec 26.2 GPa

Bohaiet al. (2006) defined stub column as the one with medium length(as in this experiment). To
study the mechanical properties of LACFT columns; specimens with two different t/D ratios (11
and 13.5%) three different L/D ratios (3, 7 and 14) were chosen in this test. The geometric and

material properties of the specimens and the test results are summarized in Table 2.
Test Setup and Procedure

The tests are conducted on LACFTSs, in a 3000 kN capacity column testing machine at 28 days of
age. At the two ends of the specimen utilized column joint to simulate the hinged boundary
conditions. For the safety and accuracy of the specimen tests, three round holes of 20 mm
diameter and 15 mm depth were set according to the 10 mm, 20 mm, 35 mm eccentric distances
far from the center of the bottom column roller. During the test a steel rabbet with a diameter of
20mm and 25mm length was used to connect specimen's plate with the column joint. For the
deformation measurements, eight strain gauges were setup up at the mid-length of the column to
record strains values. In the bending plane three displacements gauges were installed; the top and
the bottom ones were at distance of one fourth the height of each column from the top and the

bottom respectively and the third displacement gauge was positioned at the mid-height of each
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column to measure the lateral deformation. In order to measure the vertical deformation two
displacements gauges were setup. All these gauges were connected to a computer data acquisition
system to record their values in the whole test phases. Before the tests, a preload of about 2-5 kN
applied, so the platens of the testing machine firmly attached to both ends of the specimen as

shown in Figure (1).

i
transverse =

displacement meter

——— %

|
|
!
strain gauges |

=1 |

vertical
displacement meter

Pressure sSensor

w4
Figure 1: Testing Machine
The load applied at rate of 1/10 and 1/15 of the predicted ultimate load in the elastic phase and in
the column vyielding phase, respectively. Every load preserved 2-3 min to enable the full

deformation.

When approaching the ultimate load, slow loading mode was applied. Any one of these
two conditions noticed conclude the test: (1) the maximum deformation reached, (2) or obvious

features of failure occurred in the specimens.

Table 2: Details of the Test Specimens

. . Mean

columns DiltziL Eg?:tr;tr:(l:zgy D | \ip |, W fox HILLELS

(%) (MPa) | (MPa) | strength

(mm) eO(mm) Nu(kN)

Al-3-a,b,c 114x3x342 10 11.4 3 2747 | 35.2 649.63
A2-3-a,b,c 114x3x342 20 114 3 274.7 35.2 531.73
A3-3-a,b,c 114x3x342 35 114 3 2747 | 35.2 400.90
B1-3-a,b,c 114x3.5x342 10 13.5 3 2747 | 35.2 706.30
B2-3-a,b,c 114x3.5x342 20 13.5 3 2747 | 35.2 582.16
B3-3-a,b,c 114x3.5x342 35 13.5 3 2747 | 35.2 423.56
Al-7-a,b,c 114x3x798 10 114 7 274.7 35.2 559.48
A2-7-a,b,c 114x3x798 20 11.4 7 2747 | 35.2 428.81
A3-7-a,b,c 114x3x798 35 114 7 2747 | 35.2 314.12
Al-14-ab,c 114x3x1596 10 114 14 274.7 35.2 503.79
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Size Eccentricity oG
columns DxtxL distances (té/[o)) L/D (I\/]Icéa) (I\;IcFlja) l;':ér;tﬁ
(mm) eo(mm) Nu(kN)
A2-14-a,b,c 114x3x1596 20 11.4 14 274.7 | 35.2 390.74
A3-14-a,b,c 114x3x1596 35 11.4 14 274.7 | 35.2 295.75
B1-7-a,b,c 114x3.5x798 10 13.5 7 274.7 35.2 591.83
B2-7-a,b,c 114x3.5x798 20 13.5 7 274.7 | 35.2 437.44
B3-7-a,b,c 114x3.5x798 35 13.5 7 274.7 | 35.2 354.45
B1-14-a,b,c | 114x3.5x1596 10 13.5 14 274.7 | 35.2 524.34
B2-14-a,b,c | 114x3.5x1596 20 13.5 14 274.7 35.2 434.43
B3-14-a,b,c | 114x3.5x1596 35 13.5 14 274.7 | 35.2 330.65

Results and Discussion
The Failure Modes

Specimens have shown different failure modes illustrated in Figure (2). The Experimental
characteristics were observed in the course of columns test: bow-shaped appeared on the surface
of steel tube also the surface showed different degrees of drum bending. Besides, large lateral
deflection with instability and unobvious circumferential deformation except the lateral one was
also observed in the columns having L/D> 3. Figure (3) is a typical specimen's displacements
distribution picture showing the lateral deflection degrees along the length of the component.
From the figure, it can be seen that the deflection of specimens gradually increased with the load
growing and the form of deflection curves accord with the sinusoidal half wave. Strain
distribution Curves of the specimen’s middle section for three different eccentric ratios are shown

in figure 4, where "+" and "-" signs represents compressive and tensile strains respectively.
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Figure 3: Deflection along the length
Figure 2: Typical failure modes of specimens measured with the displacement meters
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From Figure 4 it is observed, the section deformation of specimen'’s agrees with the plane section
assumption in each loading stage. Level of correspondence for plane section at initial loading
stage was better than later loading stages. For small eccentric ratios, neutral axis location moved
gradually to the load location along with load increasing, but it was unobvious for large eccentric

ratios.

(c) A3-7-a
Figure 4: Distribution of Strain Due to Different Eccentric Ratios

Analysis of Failure Course

The load-strain curves of LACFT are shown in Figure 5.At elastic phase the curves (OA and
O'A") of the columns with L/D <3 and L/D >3 are similar and approximated linearly. It is clear
that all the curves of various samples are almost coincidence at this phase. The proportional limit
load (A and A") is 60% to 70% of the ultimate load. As the load increases, the curves gradually
deviate from straight line and enters into the elastic-plastic stage (AB and A'B'), concurrently the
compression zone of steel tube begins to yield, and the lateral deflection of all specimens became

larger. At the ultimate load, the curves enter into the descending stage (BC and B'C'), where the
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bearing capacity decreased with the increment of the lateral deflection, and the curve declined
more tardily. It is observed that the LACFT columns have been able to maintain greater capacity,
and good ductility performance, simultaneous with various degrees of partial bending drum
appeared on the surface of the steel tube; hence filled with lightweight aggregate concrete can
effectively delay the deflection of steel tube. The curves of columns (L/D >3) have showed that
the larger eccentricity ratio is the larger longitudinal strain would be. Therefore, large overall

deformation and lateral buckling were occurred in specimens.

J:'LI. ":L1

Figure 5: Sketch map of N — & curves

Analysis of Failure Mechanism

Figure 6 illustrates Poisson's ratio (v ) of the composite materials versus bearing capacity in
different regions of the cross-section. This ratio is usually 0.25 to 0.3, and the average one is
0.283. However, as Poisson's ratio of the concrete is lower than that of steel; steel tube breeds a
constraint effect on the concrete (Linhai and Youfu, 2004). From figure 6, in the initial stage of
loading, Poisson's ratio in the regional cross-section of steel tube mainly maintain about 0.2 to
0.3, therefore, the constraint effect of steel tube on the concrete is smaller. In the elastic-plastic
phase, at the edge of the compression zone the Poisson's ratio significantly increased close to the
ultimate load, at the same time gradual increase occurred at the symmetry axis, but at the edge of
the tension section the ratio preserves unchanged or with a little change. Hence, circular steel

tubes under eccentric load are able to generate the constraint effect on the core concrete. Also, it
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was noticed, the larger Poisson’s ratio of the steel tube is the stronger confinement effect on the

LAC core.
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Figure 6:N/NuVersus Poisson’s ratio (v ) of the CompositeMaterial in the Cross-section of
Mid-span

The Influencing Parameters of the Columns
Influence of Eccentricity Ratio

To analyze the relation of eccentricity ratio versus bearing capacity of the columns under
eccentric axial compression load, stress-strain curves of different specimens which have similar
steel and concrete characteristic properties but with various eccentric ratios were visualized in
figure 7. The figure has shown that as a result of the influence of large eccentricity; the bearing
capacity and rigidity decreased, while the ductility performance effectively improved. As a
conclusion could be argued that; the greater the eccentricity ratio, the less the ultimate bearing
capacity, therefore the constraint effectsin this case has less impact on the improvement of
bearing capacity of the LACFT columns.

Influence of Thickness to Width ratio

In the early stage of loading and by using different t/D ratios, the load versus deformation curves
in the middle of columns have shown almost similar slope (figure 8 (a)). But in a later stage of
loading, these curves showed a clear separation (figure 8 (b)). Thus; as the t/D increases, the

slopes of the curves increase, as well as the ultimate bearing capacity of the columns. This

10
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behavior certifies the growth of the confinement effect achieved by increasing t/D ratio on LAC
core, has improved specimen's strength by developing extra moment of resistance in the

compression zone, with the progress of Poisson's ratio.
Influence of Length to Width Ratio

Figure 9 shows the influence of length to width ratio on the columns with L/D > 3. At the initial
loading stage, specimen's materials have displayed elastic behavior concurrent with small lateral
deformation, and small additional moment caused by the lateral deformation under eccentric
load. In elastic-plastic stage additional moment occurred, due to the growing of the specimen's
longitudinal deformation as a result of L/D ratio increasing, hence, smaller ascending slope and

lower bearing capacity were achieved.
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Figure 8:N-um for different t/D ratios
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M Imnim

Figure 9: N-um for Different L/D Ratios
Comparison and Analysis of Ultimate Bearing Capacity of Columns

The feasibility of currently available design codes in predicting the bearing capacity of LACFT
columns subjected to eccentric compression load, evaluated by comparing the calculated values
according to the references 7, 8 and 9 with the ones gained from experiment. Table 3 shows, the
calculated bearing capacities of LACFT columns which calculated according to the references 7,
8 and 9 are underestimated, applicable and have a good agreement in compare with the test
results ones respectively. Therefore, it is possible to say the formulas of the references: 7, 8 and 9

capable to estimate the bearing capacity of the LACFTs columns.
Conclusion

The following observations and conclusions are made based on the limited test results described

in this paper.

1. The greater the eccentricity ratio, the less the ultimate bearing capacity, therefore the influence
of large eccentricity; the bearing capacity and rigidity decreased, while the ductility
performance effectively improved.

2. The greater the thickness to width ratio, the greater the ascending slope of the curves, as well
as increased the ultimate bearing capacity.

3. Length to width ratio has great effect on the columns with L/D >3 but has no or has
negligible effect on the columns with L/D < 3. Moreover, load versus deformation curves by

different L/D ratio have smaller ascending slope hence lower bearing capacity achieved.

12
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4. Comparisons are made with the predicted column strength using the existing codes such as
AISC-LRFD (1999), CHN DBJ 13-51-2003 (2003) and CHN CECS 28:90, the calculated
bearing capacities of LACFT by AISC-LRFD are underestimated in compare to that of the test
results due to the neglect of steel tube confinement effect, while the calculated value of CHN
DBJ 13-51-2003 (2003) are applicable with slightly overestimated values for L/D > 14, but the
values predicted by CHN CECS 28:90 have a good agreement with the experimental results
with slightly overestimated values for L/D > 14 too.

5. In present it has not yet been launched a calculation formula for the LACFT bearing capacity;
therefore, the formulas of the references (AISC-LRFD 1999), (DBJ13-51 2003) and (CECS
28:90 1990) can be adopted to estimate the eccentricity bearing capacity of the LACFT
columns.

6. More experimental investigations are needed to setup new formulas which are able to figure
out the problem of the design of composite columns fabricated from lightweight aggregate
concrete filled in steel tube.

Table 3: The Calculated Bearing Capacities of LACFT

Test AISC-LRFD CECS 28:90
Columns mean 1999 BEJE3512008 1990

Nu(kN) | N(kN) [ N/Ny | N(kN) | N/No | N(kN) | N/ N,
Al-3-a,b,c 649.63 | 306.16 0.471 522.47 0.804 628.23 0.967
A2-3-a,b,c 531.73 232.51 0.437 421.09 0.792 500.06 0.94
A3-3-a,b,c 400.90 170.86 0.426 326.03 0.814 383.69 0.957
B1-3-a,b,c 706.30 | 326.23 0.476 563.97 0.797 687.06 0.973
B2-3-a,b,c 582.16 258.47 0.444 452.87 0.778 546.51 0.939
B3-3-abc | 42356 | 19190 | 0.453 | 350.23 | 0.827 | 417.05 | 0.985
Al-7-abc | 559.48 | 304.04 | 0543 | 464.97 | 0.83L | 502.80 | 0.899
A2-7-abc | 428.81 | 23130 | 0.539 | 37050 | 0.864 | 40058 | 0.934
A3-7-a,b,c 314.12 170.21 0.542 284.38 0.905 306.98 0.977
B1-7-a,b,c 591.83 296.36 0.501 382.26 0.646 399.53 0.675
B2-7-a,b,c 437.44 | 226.82 0.519 302.66 0.692 318.30 0.728
B3-7-a,b,c 354.45 167.77 0.473 231.75 0.654 243.92 0.688
Al-14-abc | 508.79 | 333.62 | 0.662 | 504.99 | 1.002 | 550.14 | 1.092
A2-14-a,b,c 390.74 | 256.93 0.658 402.96 1.031 437.68 1.120
A3-14-a,b,c 295.75 191.06 0.646 309.69 1.047 334.97 1.133
B1-14-a,b,c 524.34 | 324.18 0.618 418.85 0.799 437.16 0.834
B2-14-a,b,c 434.43 251.29 0.578 333.07 0.767 347.79 0.801
B3-14-a,b,c 330.65 187.92 0.568 256.10 0.774 266.17 0.805

Average 0.531 0.824 0.914
S.D 0.078 0.114 0.136
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ABSTRACT

This paper deal with the yield line analysis of orthotropic reinforced concrete two-way slab under
the effect of uniformly distributed pressure load. The analysis was based on the method
developed by Johansson, in which a general formula was derived to calculate the ultimate
positive bending moment for the long span. The general formula depends mainly on the
geometric dimensions resulting from the yield lines pattern as well as the moment's coefficients
that have been used to relate the calculated moments with other moments. The moment's
coefficients have been derived numerically using STAAD-Pro Software by adopting nine cases
of boundary conditions with using different spans ratios range from 1.0 to 2.0. For the nine cases
and with using different spans ratios, the ultimate bending moments have been calculated using
yield line method. The results obtained were compared by one that extracted from the BS8110
Code as well as those obtained using STAAD-Pro Software.

Keywords: Yield line method, two-way slab, analysis of slab, slab moment's coefficients.
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Analysis of Tow-Way Slab Using Yield Line Method

Introduction

The reinforced concrete slabs are important structural members because they carry the transverse
loads of the buildings directly and in turn, it resists these loads by bending action either in one
direction or in two directions. Slabs are classified according to the supporting conditions and
according to their composition to many different types. The analysis of slabs is somewhat
complex and there are many methods used in the analysis of slabs, including analytical methods
and numerical methods, based on the properties of concrete in terms of elasticity and/or
plasticity. The ACI, BS8110 and European Standards, established coefficients for calculating
bending moments and shear forces for various slab cases according to the supporting conditions.
But using these coefficients is subject to conditions that must be met prior to use. One method
that has recently been used and found acceptable in the British, European and American
Standards is the Yield Line Method, which is the method classified as ultimate limit state
method. The yield line is economically advantageous because the moment calculated by it is less

than the calculated by any other methods.

Yield-line analysis for slabs was initiated by Ingerslev (1923) and was extended greatly by
Johansen (1943, 1949) (Gong et al., 2011). Its main application to reinforced concrete slabs
whose structural characteristics are dominated by yielding of the steel reinforcement
(Thavalingamet al., 1998). The guidance document produced by the U.K. Concrete Centre
(Kennedy and Goodchild 2004) discusses the many benefits of yield-line design, in particular
highlighting the highly economic reinforcement layouts that can result from its application
(Kennedy and Goodchild, 2004) though it should be noted that the method considers flexural
failure only, and serviceability considerations, which will sometimes govern the design, are not
considered (He et al., 2017). Due to the upper-bound behaviors of the yield-line method, a yield-
line patterns will often need to be explored, which can be time-consuming. Furthermore, there is
often the concern that the critical pattern may have been missed, and consequently that an unsafe
load carrying capacity has been computed (Gilbert et al., 2015). The basic assumption of the
yield-line theory, first developed by Johansen, is that a reinforced concrete slab, similar to a
continuous beam or frame of a perfectly plastic material, will develop yield hinges under
overload, but will not collapse until a mechanism is formed (Johansen, 1962 and Hsueh, 1966).
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To get yield line solution, there may be several possible valid yield line patterns that could apply
to a particular configuration of a slab and loading. However, there is one yield line pattern that
gives the highest moments or least load at failure (Kennedy and Goodchild, 2004). The solution
can be carried out by the equilibrium method, in which equilibrium equations are written for each
plate segment, or by the virtual-work method, in which some part of the slab is given a virtual
displacement and the resulting work is considered.

In yield line the slab can be described as isotropic slab if the same amount of bottom
reinforcement both ways, or orthotropic slabs which have different amounts of reinforcement in
the two directions (Kennedy and Goodchild, 2004).

A 10% margin on the ultimate moments should be added to two-way slabs to allow for the effects
of corner levers (Kennedy and Goodchild, 2004; Adilet al., 2016).

STAAD Pro is a general-purpose program for performing the analysis and design of a wide
variety of types of structures. The modeling and analysis of a slab and other surface entities like
walls are modeled using plate elements which are using generation method for generating the

finite element model.

In this work, an analysis of two-way reinforced concrete slab has been done and the solution was
carried out using virtual work method by adopting general case of slab probable different cases of
slabs according to the supporting conditions as reported by the BSI (1997) BS8110.

Aims and Objectives
This paper aims to analyze two-way reinforced concrete slab using yield line theory in order to:

1. Express a general formula for bending moment through following the procedure of yield
line method.

2. Deduce the moment's coefficients through studying the relation between the two-way slab
bending moments using STAAD-Pro Software.

3. Calculate the ultimate bending moments for the two-way slabs using the general formula
and compared the results obtained with those obtained using STAAD-Pro and BS8110
Code.

The Yield Line Theory
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At failure, the yield lines divide the slab into several segments and all rotations take place in yield
lines. By choosingsome convenient point as point of maximum deflection & and normally is
assumed as unit value and according to the principal of virtual load, external work done by

applied loads is equated to the internal work done along yield-lines as shown in Equation 1.

ZW(Y:ZmlH €Y

where:
w is the Load acting within a particular segment
o is the vertical displacement of the load w on each segment expressed as a fraction of unity

m is the moment or moment of resistance of the slab per meter run represented by the
reinforcement crossing the yield line

| is the length of yield line or its projected length onto the axis of rotation for that segment
0 is the rotation of the segment about its axis of rotation

The moment across the vyield lines being a maximum value, the correct yield pattern,
corresponding to a load w will give a maximum value of m from Equation | as compared to other
patterns. If a type of pattern is assumed in accord with the support conditions and characterized

by a number of unknown parameters xi, X, ... xn Equation | can be written by:

m = f(x1.%3. . Xp) (2)

The correct yield pattern then is formed by the maximum criteria:

9 _o I . Y

3 =0 G =0 g =0 (3)

The final yield moment m is determined by substituting the corresponding parameter values into
Equation 2.

General Cases for Uniformly Loaded Two-Way Slabs:

The general cases of uniformly loaded two-way slabs will be considered. The slabs will be
considered to be orthotropically reinforced. The slab and the yield line pattern are shown in
Figure 1. All edges of slab are assumed to be fixed and the ultimate negative moments and

ultimate positive moment for short span are defined in terms of positive moment for long span.
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Figure 1: Yield Line Pattern for the General Case of Two-Way Slab

where:
o is the ratio between 0.5 — 1.0 used to calculate short span as a ratio of long span.
L and alare the dimensions of slab, long span (Ly) and short span (Lx) respectively.
xiL, xoL, and aly are unknown dimensions define the location of yield lines.

ke, ka2, ks, and k4 are the fixity ratios for the four edges also can be defined as the negative
moment coefficients.

ksis the positive moment coefficient for short span
Mis the ultimate positive bending moment per unit length for the long span.

A, B, C, and D are the slab segments due to yield line pattern.

is the axis of rotation for the positive moment.

-------- is the axis of rotation for the negative moment.

In order to generate the nine cases as stated by BS8110 code, the four edges can be altered
between fixed and simply supported. The case of a simply supported edge can be obtained by
putting the fixity ratio equal to zero. A fixed edge means continuous edge with a negative

moment. And a simply supported edge means discontinuous edge with zero negative moment.

Moment'sCoefficients:

According to Kennedy and Goodchild (2004) and Johansen (1962), the moment's coefficients are
assumed to be chosen by the designer firstly. In this paper, the fixity coefficients at edges as well
as the moment's coefficient for the short span are estimated by studying results obtained using
finite element method through using STAAD-Pro software. Nine cases were adopted attempting

different edges conditions, as well as different ratios between the two spans of the slab using
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parameter (o), ranged between 0.5 and 1.0. The positive moment for the long span is the lowest
moment among others, so is taken as the base for obtaining the moment's coefficients which are

calculated according to Equation (4).

=k _My(Neg) . _ Mx(Neg) .
LT T My(Pos) T TP T Tt My (Pos)’
M, (P
kSZM (4)
M,,(Pos)

where:
kito ks as shown in Figure (1).

M, is the moment for the short span.

M

y is the moment for the long span.

In order to express the values of the moment's coefficients in an easy and practical way, a link
was obtained between them and spans ratios using a specialized program CurveExpert, and the

best model that has been found to relate them is a quadratic formula as shown in Equation (5).

ky = ks = 0.21 + 1.68R — 0.48R?

k, =k, =—2.74+5.41R — 1.09R? (5)
ks = —1.53 + 3.0R — 0.47R?

where R is span ratio for slab

General Formula for Bending Moment:

According to the yield line pattern shown in Figure 1, the bending moment can be derived by
applying the concepts of virtual work and substituting in Equation 1. The internal and external
work done can be obtained by follow the same procedure stated in most of the References listed,
at final the following expressions were obtained.

oM +ky) | M +ks) MUy +ks)  Mka+ ks)
X2 X1 a(l-y) ay

(6)

Total Internal Work Done =

Total External Work Done = Ysawl?(3 — x; — x3) @)
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By applying Equations (6) and (7) in Equation (1), the bending moment is found as shown in
Equation (8).

o= W(aL)2< (3—x; —x3) ) ®)

6 \ty+t,+ts+t,

where:

a’(1+ky) a?(1+ ks3)
1= Lh=—————

X2 X1
:(k2+k5) _ :(k4+k5)
T a-y " y

The ultimate bending moment can be calculated according to the values of parameters X1, X2 and y
which have been estimated using the concept explained in Equation (3). y is given by Equation
(9) and totally is dependent on moment's coefficients. x; and x. are calculated simultaneously
using Equation (10) and using excessive calculation aided by spreadsheets in order to give
ultimate value of M.

—b —+Vb? —4ac
2a

y= €©))

where:
a=k4_k2 5 b=_(2k4+2k5),

c = (ky+ks)

—b —Vb?% — 4ac
2a

(10)

xl =
where
a=(=s(1+ ki) = x29(ky + ks) — x,(1 = y) (ks + ks))

b=—2(sx;(1+ks)) ; c=sx(1+ks)(3—x;)

Calculation of the Ultimate Bending Moments for the Different Cases of the Slab:

The cases taken here were the nine cases listed in BS8110, these cases are shown in Table 1. For
the different values of the span's ratios (R) which ranged between 1.0 and 2.0, the moment's
coefficients have been determined covering the nine cases of the slab using Equation (5). Again,

the Curvexpert program was used to relate the yield line dimensions xi, x2 and y with R and the
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Equations obtained were listed in Table 2. The positive bending moments for the long span can
be calculated using Equations (8), (9) and (10) and for simplification, quadratic equations
dependent on R have been derived and listed in Table 2. The values of bending moments
obtained were used to calculate the other bending moments using Equation (11).
M, (Pos) = ksM,,(Pos);
My(Neg) = k; 4M,,(Pos) ;

My(Neg) = k1.3My(Pos) 11D

Table 1: The Nine Cases of Slab According to BS8110

Case No. Description
1 Interior panels (4-Edges Continues)

Figure

One short edge discontinuous

One long edge discontinuous

Two adjacent edges discontinuous (Corner)

Two short edges discontinuous

Two long edges discontinuous

Three edges discontinuous (one long edge continuous)

Three edges discontinuous (one short edge continuous)

0000000

O 0O N o Of B~ w N

Four edges discontinuous

Table 2: Equations for Calculating Yield Line Dimensions and the Ultimate Positive
Moment for Long Span for the Nine Cases

Case y X1 X2 M

D 05 x; = 1.050 — 0.717R + 0.153R? Xy =X M = 0.024 — 0.007R + 0.001R?
: 0.5 %, = 0.874 — 0.692R + 0.165R? x, = 1.230 — 0.900R + 0.202R? M = 0.035 — 0.017R + 0.004R?
E 0.62 x; = 1.070 — 0.663R + 0.133R? Xy =X M = 0.020 + 0.003R — 0.001R?
E 0.62 x; = 0.852 — 0.612R + 0.136R? X, = 1.260 — 0.840R + 0.175R? M = 0.036 — 0.009R + 0.001R?
: 0.5 %, = 0.954 — 0.760R + 0.179R? X, =%, M = 0.048 — 0.028R + 0.006R?
I:I 05 x; = 1.080 — 0.581R + 0.103R? Xy =X M = 0.010 — 0.024R + 0.007R?
E 0.62 %, = 1.05 — 0.813R + 0.190R? X, =%, M = 0.053 — 0.023R + 0.004R?
I:l 05 x; = 0.884 — 0.572R + 0.118R? x, = 1.31 = 0.776R + 0.149R? M = 0.041 — 0.004R
|:| 0.5 x; = 1.15 — 0.84R + 0.19R? X, =%, M = 0.053 — 0.007R
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Verification of the Ultimate Bending Moments produced by Yield Line Method:
The ultimate bending moments obtained by using yield line theory were compared with those

obtained by using STAAD-Pro Software and with those extracted from the BS8110. The
comparison has been done using graphs include all nine cases and samples of these graphs were

illustrated as shown in Figures (2-7).
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Figure 2: Bending Moment for Interior Slab

0.051 . 0.068 -

| =———L.x L 1—oc—=YL y o

0.048 - _,_pgai10.x Lo 0.064 . —pss110.y -~
S 0.042 | ——sBsei1oy e 3 1-.— A T
¥ X e 0.056 | —*—BS58110..x > e,

] == STAAD.. 9 & = — N
§ 0.039 Yl /’—; - % 0.052 4 —*—STAAD..x ’*/1 .‘//
= 0.036 -] / |t E_ 0-043 ; T
& 0.033 ] A A g 0] ~
5 11/ * = 0.044
£ 0.030 ] 3 i
& o027 1 Lo rEo—o— bl 0.040 -

2 0024 ] T 2= 0.036 b

Sy . )

B S $ 0.032] ]

g 0.021 = & ]

A 0.018 ] St % 0.028 ==

018 G i = -

0.015 | I ! 4 0.024 \E‘L
0.012 0.020 T —

1.0111213141516 171819 2.0 10111213141516 171819 2.0
Ratio Ratio

Figure 3: Bending Moment for One Short Edge Discontinuous Slab
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Figure 4: Bending Moment for Two Adjacent Edges Slab
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Figure 6: Bending Moment for One Long Edge Continuous Slab
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Figure 7: Bending Moment for Four Edge Discontinuous Slab
For the Figures 2-7, the notations used in the legends are defined as follows.

YL.x, YL.y are referred to the moment calculated according to the yield line theory along short
span and long span respectively.

BS8110.x, BS8110.y are referred to the moment extracted from BS8110 Code along short span
and long span respectively.

STAAD.x, STAAD.y are referred to the moment Calculated using STAAD Pro Software along
short span and long span respectively

Results and Discussion:

As clear from the above figures, the bending moments obtained using yield line theory, it is
found always less than those obtained by BS8110 and STAAD-Pro by an amount range between
15% to 30%. This is consistent with the literature reviewed which emphasized that the moment
obtained using yield line is more economical than that obtained by any other method. The
bending moment for short span, it always increases with the span ratio increased, while for the
long span it found decreases, this is in line with the well-known concept of the two-way slab. It is
optional to calculate the bending moments, either using the simplified equations listed in Table 2
or extracted it directly from the figures.

Conclusion:

The yield line theory has been conducted in this paper for the two-way reinforced concrete slab.
A general case of the slab has been analyzed and the calculations were carried out to estimate the
values of yield line dimensions firstly and then the ultimate bending moments can be calculated.
The bending moment for the long span is always is the less one. Because of this reason, all the
slab moments were taken as a ratio to this moment. The calculated dimensions, as well as the
bending moment, have been articulated with the span’s ratios, by quadratic equations which lead
to simple calculations.
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According to the results obtained, we concluded that:

e The Bending moment calculated using yield line theory is more economical than the other
methods.

e For the short span, the average percentage difference between the ultimate positive moment
obtained by using yield line and by using BS8110 is about 22% less.

e For the long span, the average percentage difference between the ultimate positive moment
obtained by using yield line and by using BS8110 is about 30% less.

e For the short span and long span, the average percentage difference between the ultimate
negative moment obtained by using yield line and by using BS8110 is about 15% less.
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ABSTRACT

The agriculture is the major consumer of fresh water. Most farmers are supplying more water
than is crop required. In wide areas, remote sensing techniques may improve the estimates of
water use since they provide global coverage, varied temporal and spatial resolution. The main
objective of this study is to use satellite-based remote sensing (RS) data and geographic
information system (GIS) as assistant tools for estimating crop water requirements and irrigation
system demand for the large-scale areas. About 630,000 hectares to the Eastern South of Atbara
River was chosen as study area. The metrological data were collected from six nearby
metrological stations surrounding the study area. Satellite images were used to characterize soils
and physiography supports by auger samples collected from each 25x25 Km2, as soil samples
taken fromtwo depths 0-30 cm and 30-90 cm. All soil samples were tested and used for
determination of various soil properties. CropWat software from FAO was used to estimate crop
water requirements. Crop coefficients (Kc) for various major crops were estimated according to
FAO recommendations. Three cropping patterns for the irrigated area were defined and
discussed. The maximum water needs for the three options are almost the same. The maximum
monthly water requirement is in August for the three options. The worst condition is 1012
million-m® month™* (1606 m® ha™* month™). Thus, the discharge needs to satisfy the highest water
demands is 33.7 mm? day? (53.5 m® ha! day™) in average of 14 working hours per day and the
total discharge needed is about 670 m? s-1 (0.00106 m® ha! s1). Therefore, it is concluded that
use of RS & GIS with CROPWAT software offers a reliable tool to estimate crop water
requirements irrigation system demand for the large-scale area.
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Introduction

Irrigation is one of the most important inputs for efficient and sustainable agricultural production.
On the other hand, irrigation water is limited and scarce in many areas of the world. Heermann
and Solomon (2007) and Gontia and Tiwari (2010) stated that the agriculture sector is the major
consumer of fresh water. Generally, farmers are supplying water more than crop requirement.
Thus, better estimation of irrigation water demand is crucial for efficient water use, so water
could be saved for future generations. The crop database on physiological characteristics of the
crop and soil database as information on soil properties including texture, bulk density, water
holding capacity, and soil depth are required for any calculation of water demand.

To achieve water conservation, Parmar and Gontia (2016) concluded the necessity that
farmers should adopt new technologies for estimating crop consumptive use, more accurately
crop evapotranspiration (ETc) to represents crop water requirement. Adamala et al. (2016)
defined that a useful method to estimate crop water requirements is to multiplyreference
evapotranspiration (ETo) by a crop coefficient (Kc) and this method can be done easily with the
assistance of GIS and remote sensing techniques.

Romaguera et al. (2014) reported that remote sensing techniques may improve the
estimates of water use since they provide global coverage, varied temporal and spatial resolution
and broad information compared to traditional techniques that need large number of variables and
parameters, requiring, in many cases, time consuming operations. Such methods allow
characterizing the physical processes and monitoring crops in appropriate space and time scales.
At the regional scale, other works, Bastiaanssen and Bos (1999) and D'Urso et al. (2012) used
remote sensing to evaluate irrigation performance.

The most common methodologies for ET estimation from remotely sensed imagery are
those based on vegetation indexes (V1) and soil water balance (SWB). That was suitable for
cropped lands. However, for non-cropped lands other approaches may be more practical.

Bastiaanssen et al. (2005) and Reyes-Gonzalez et al. (2017) outline the Satellite-based
remote sensing as an alternative to estimate crop water requirement and its spatial and temporal
distribution on a field-by-field basis at a regional scale. These remote sensing based methods

have been shown to be accurate. Muthanna and Amin (2003); Todorovic and Steduto (2003);
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Suresh et al. (2012) concluded that utilization of geographic information systems (GIS)
integrated with other special applications can be a solution for irrigation management.

This paper describes the use geographic information system (GIS) and, satellite-based
remote sensing (RS) data compiled with terrestrial soil and meteorological inputs as assistant

tools, for estimating irrigation demand for the large-scale area.
Materials and methods

The studied area (630000 ha) is located at the eastern border of River Nile State between
1,786,980-1,889,000 m North and 630,180-701,350 m East. About 102 kilometers length and 71
kilometers in width (Figure 1). The mean altitude is 387 m above sea level.

For the monthly climate parameters thirty years' measurements were collected from six
nearby metrological stations surrounding the studied area, namely Atbara, Hudeiba, Shendi, New
Halfa, Aroma and Derudeb (CLIMWAT2). ArcMap 9.3 and ArcView 3.1a were used to process
the above climate data.

The Topography map of study area was derived from RS data (Digital Elevation Model
SRTMO90) using GIS program (Figure 2).

Hydrological data for Atbara River for the years 2002-2012 were collected from Egyptian
irrigation office (Atbara).

The calculation of reference evapotranspiration (ETo) is based on the Food and
Agriculture Organization (FAO) Penman-Monteith method (CropWat8). For the suggested crops
the total periods, growth stages and planted dates, regional research recommendations were used.
Crops coefficient, critical depilation, maximum rooting depths and yield response factors; FAO
recommendations were considered.

Food and Agriculture Organization (FAO) CropWatprogram was used to design and
management the irrigation scheme. Crop coefficients (Kc) for various major crops was estimated
according to FAO methods.

Three croppingpatterns for the irrigated area were suggested. Monthly water requirements
for the three cropping patterns were defined using CropWat8. Then the monthly water
requirements were compared with monthly average yield for Atbara River.

Twelve quadratic working zones of studied area were identified from A-L (Figure 3). One

hundred Auger samples were collected from each 25x25 Km Quadrate, soil samples were taken
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from two depths 0-30 cm and 30-90 cm. The distance between each auger holes was 2.5
kilometers along and between lines. Each auger hole was marked by GPS to be transferred to GIS
maps.
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Figure 2. Topography map of studied area
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Figure 3. Quadratic working zones of studied area
The main crops that could be cultivated in the irrigated area was proposed due to
consideration being given to irrigation possibilities, climatic limitations and land potential.
The digital elevation model (DEM) was further processed by Arc Map 9.3 to determine

slopes of the studied area.
Results and discussion

The results of soil survey indicated that quadrate A, D, G, J and part of H were identified as
sandy soils equal to 33% of the total area which was estimated as 630000 hectares. Differences in
chemical properties detected between southern and northern parts like salinity and sodicity were
distinguished as a factor of rainfall insufficiency and rainfall runoff towards low cantor areas.
Since soils in this area are of gentle sloping in the manner that can suit gravity irrigation.
Set of limitations were used to categorize soil suitability including high sodicity range, high
salinity range, shallow soil depth, problems of drainage, presence of large quantity of gravels,
erosion hazards and fertility limitations.
The soil data were transferred to a geographical information system (GIS) and the distribution of
sodicity and salinity were identified in maps Figures 4 and 5, respectively. The results of sodicity
classes of top and subsoil indicated that 66 % of the studied area was nonsodic while 11 % was

sodic. The distribution of salinity (Map Figure 5) characterized more than 60 % of the studied
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area in the range of 0 - 8 EC which can easily be leached to suit agricultural production. From
spatial image of normal different soil colors darker areas represent vertisols and verticaridsols
(clay soil) and light colors represent sandy soils. Field verification for deferent soil categories
were then taken to determine the textural classes and other physical and chemical properties

according to United States Department of Agriculture (USDA) procedures.
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Figure 4. Sodicity classes of top and subsoil
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Figure 5. Salinity maps of top and subsoil

The texture of the soil according to United States Department of Agriculture (USDA) was
classified and presented in Figure 6. According to the sutability classes for Agricultural
production, most soils of the studied area with the exception of the Goz lands in Block A, D, and

G could be classified in class Il and 111 (Table 1).

Table 1. Area classification according to suitability for agricultural production

Area %  Hectares Remarks
Class 11 soils 66 415800 Nor)s.allnenons_odlc Ieveled_ lands, poor in
fertility and with low organic content
Class 111 soils 1 69300 With relatively high salinity and or sodicity
leveled lands
Class VI soils 33 207900  Sandy Goz lands
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2- Vertisols
3- VerticAridsols

The monthly climate parameters values for the together with their coordinates using
interpolation procedure formed 60 iso maps. Climate parameters obtained include temperature,
rainfalls, relative humidity, winds and sun shine hours. The~developed iso maps simplify the
estimation of data required for ETo calculation which is agreet 3.Nith Savva( 1l Frenken (2002).

Figures 7 and 8 show the monthly maximum and minimum temperature isoclines maps
(C°) for the studied area. The results of maximum and minimum temperatures obtained peak
values of 41.7 °C mean maximum temperatures through May and June and 14.2 °C as a mean
minimum temperature in January (Figure 9). 2

Other monthly iso-climate parameters maps for each station developed in the same
manner. The rains during the period of November up to March almost null in all stations and it is
notapplicable to produce isoclines maps, however the rains data for the studied area were
interpolated and presented in Figure 10.

From the isocline maps, the relative humidity (RH) data were interpolated. The results
represent moderate values of RH in rainy months 33 and 39 % during July and August,
respectively. Also, winter months (December and January) showed relatively higher RH (38 %).
On the other hand, the lowest value of RH registered in April and May 21%. The extracted results
for wind speed showed maximum and minimum wind speed in July 268 km day™ and October

190 km day?, respectively. The isocline maps of the sun shine hours data were interpolated. The

36



Estimation of Irrigation Demand Using GIS and Remote Sensing as Assisting Tools in River Nile State, Sudan

results obtained indicated that the sun shine hours ranged from 8.8 to 10.4 hrs. Then the extracted
data were processed with CROPWAT 8.0 to estimate ETo over the studied area (Figure 11). The
results added that the highest value for ETo is 9.38 mm day™ recorded in June while the lowest

value registered in January 5.53 mm day .
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Figure 7. Sample of monthly isocline maps of maximum temperature (C°)
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Figure 10. The distribution of rains over the studied area throughout the year

The monthly ETo values for the studied area were used together with crop characteristics to
calculate the irrigation requirements for suggested crops. The maximum water needs for the three
options are almost the same. Tables 2, 3 and 4 show the summary of the total monthly water
needs by each crop and the total water requirement.The crop pattern option 1 was found to be the
preferable and optimum opportunity. The maximum monthly water requirement is in August for
the three options. The worst condition is 1012 million m® month™. Thus, the discharge needs to
satisfy the highest water demands is 33.7 Mm? day™! in average of 14 working hours per day and

the total discharge needed is about 670 m3s™.
Conclusions

Designing irrigation system to estimate water demand and crop water requirement in large-scale
areas needs huge climatic, edaphic, topographic and hydrological information. How and where to
use this information to obtain reasonable result is time consuming work. Utilization of
geographic information systems (GIS) integrated with other applications can be a solution for
irrigation system design. This paper indicated the usefulness of geographic information system
(GIS) and satellite-based remote sensing (RS) as assistant tools for estimating crop water

requirements and irrigation system demand for the large-scale area.
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) Manthly ETo Penman-Monteith - untitled E@
Country |Sudan Station ’Project—
Altitude | 287 m. Latitude ’W m Longitude w ﬂ

Month Min Temp | Max Temp | Humidity Wind Sun Rad ETo
T T i krn/day holrg Wl /mdday | romdday
January 142 ne ;o0 a 54 193 553
Febway | 152 29 1 4 98 27 6
March 185 k7 ol a0 59 27 708
April a7 400 a a2 104 &5 845
May &3 17 a a0 101 &0 851
June &3 17 &a &7 98 40 938
July &3 32 i 268 50 231 BE7
August &b B A ik 8s 29 753
September &E 394 H am 51 &7 758
Dctober ik 38 kT 140 53 a4 £.99
November 195 A0 i 200 57 200 B17
December 157 il * ] 54 187 571
Average 215 ETA 30 228 96 223 7.42

Figure 11. Monthly ETo calculated using FAO Penman-Monteith equation

Table 2. Crops pattern option 1

Month Total Total Area
m L) 2|34 567 8|9 10100 am ! Hetare
605 155 | 5251 863 2148
Broad Bean 151 39 | 131] 216 537 2,791
769 | 87 124 | 466 | 860 2306
Common Bean 5,7 31 | 116|215 577 2791
SORGHUM 389 845 | 990 | 673 2896 675
Grain 583 | 1268 | 1484 | 1009 4344 "

251 785 | 1131 819 | 37 3022
Groundnut 752 | 2355 3393 | 2456 111 9067 33,564
410 | 843 | 1099 ] 895 | 85 3331
Sunflower 410 | 843 | 1099] 895 | 85 3331 11,188
451 | 950 | 1042 331 2774
. 39,
Sesame 1577 3325 | 3647] 1158 9708 9,158
Total W/REQ. A c A .
2 ' ; 2 : 3032
(M Mot | 8 0| 0| o|147] 617 995 903 | 246 | 37 | 47 0
Available Water |+, 1 50 1) o0 77| 150{ 490| 2060 | 4845 | 2709 | 279 | 118 93 11188
(Mm? Month-1)
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Table 3. Crops pattern option 2

Month Total Total Area
m L2 |3 [ as|e| 78] |w|u|n|a e der
819.4| 9089 | 4973 1222 333.1] 268090 ,
Wheat 1097 | 4545 | 2487 611 | 1666|  1340.45 >34
605 155 | 525 | 863 2148
Broad Bean 51 39 T 30206 537 2,797
769 | 87 124 | 466 | 860 2306
Common Bean - =05 31| 116 | 215 577 2191
SORGHUM 389 845 | 990 | 673 289 -
Grain 77711690 1979 | 1346 3792 s
251|785 | 1131] 819 | 37 302
Groundmt 5011 1570] 2262| 1637] 74 6045 22,376
410 | 843 [ 1099] 895 | 85 3331
Sunflower 820 | 1685 | 2198 | 1790 | 170 6663 22,376
451 | 950 | 1042] 331 2774
Sesame 901 | 1900 | 2084 | 662 5547 22,376
Total W/REQ. . )
Moty | B 92| 21| 0|0 |141] sd8 | 861|199 | 286 | 4| 66 2916
Available Water
Aoty | 37 | 159 | 164 | 177] 150|490 | 2060 4845 2709 | 279 | 118 | 93 11188
Table 4. Crops pattern option 3
Month Total Total Area
Crops P23 486 T | B9 |0 n o
605 155 | 525 | 863 2148
bl
Broad Bean =y 9 | 131 216 537 Ll
769 | 87 124 | 466 | 860 2306
bl
Common Bean R 116105 7 2,797
SORGHUM 389 | 845 | 990 | 673 2896 2797
Grain 071 | 211312474 | 1682 7240 '
251 | 785 | 11311 819 | 37 3022
Groundu 627 | 1963 | 2828] 2047 93 7556 2
410 | 843 11099 | 895 | 85 3331
Sunflower 410 | 843 11099 ] 895 | 85 3331 11,188
451 | 950 | 1042 | 331 2774
3315
Sesame 1352 2850 | 3126 993 8321 A
Total W/REQ. \
(Mm3 Month') 3/ 2 0 0| 0 176 642 | 980 | 875 | 226 | 37 | 47 3032
Avallble Water | 37 1150 1 you 1177 130] 490 | 2060 4845|2709 | 279 | 118 | 93 | 11188
(Mn’ Month)
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ABSTRACT

Geographic Information Systems (GIS) technology has become a pioneer and a very important
item in all fields of natural and industrial resources. Due to the importance of this technology, the
extent to which it can be used in the mining sector in Sudan has been addressed in this paper.A
number of different studies were presented inside and outside Sudan that dealt with this
technology and the extent of its use and its contribution to the development of the mining sector,
through GIS software with its three packages, namely (Arc map - Arc Tools - Arc catalog), where
(Arc map) is the central application in Arc GIS. We find that all international studies have shown
the importance and effectiveness of using geographic information systems in developing the
mining sector, although they were dealing with the problem of a limited number of minerals, and
there are no clear studies on the extent of their use in the mining sector in Sudan in a large way,
i.e. Geographic information systems technology is not used to identify minerals in Sudan, which
was discussed in the study and its importance in developing and organizing the mining sector in
Sudan. The most important results were the making of an atlas of all the minerals present in the
Nile River state, Berber locality, and the provision of an excellent and live database linked to the
locations of those minerals on the map and the companies that work on mining these minerals,
and then the idea can be circulated to all the state of Sudan, which works to organize the mining
sector in a manner Excellent, which contributes to increasing the financial return from the mining

sector, and provides information that helps in decision-making by the higher authorities.

Keywords: Yield line method, two-way slab, analysis of slab, slab moment's coefficients.
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An Analytical Study of the Obstacles of the Construction
Industry in the Nile River State

Mamdouh G.H. Habeeb, Fathelrahman M. Adam, Mohamed Y. Mustafa

Department of civil Engineering, Faculty of Engineering and Technology, Nile Valley University
Corresponding Author: mumdoh94@gmail.com

ABSTRACT

This paper aims to identify and analyze the obstacles affecting the construction projects in the
River Nile State. The study focused on collecting related information, including all parties
involved in the construction process (owner, contractor, and consultant). A questionnaire was
designed covering 72 factors, and targeting 90 participants. The analysis of the information was
carried out using the SPSS program. The analysis has resulted in a consensus among the
participants that the most important obstacles are economical such as problems of inflation and
fluctuations in the prices of construction materials, administrative weakness of incentives and
wages, and the failure in the occupational health and safety system. The negative factors were
illustrated in percentages, the effect of economic factors at an average of 91%, the administrative
factors of 85%, the coordination between the parties' factors of 82% and other factors related to
specifications and contract system of 77%. The paper included several proposals and solutions to
many of the state's construction problems in a way to upgrading it.

Keywords: Construction industry, obstacles of construction industry, construction specifications,
safety and occupational health
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ABSTRACT

Thirty yeasts isolates were isolated from five fruits namely grapes (Vitis vinifera), apple (Malus
domestica), date palm (Phoenix dactylifera), banana (Musa paradisiaca) and fermented sorghum
dough (Ajeen) collected from Atbara market. The viable cell count of yeasts isolates was
enumerated. All the yeast isolates were first screened for carbohydrate fermentation using
Durham tube fermentation method in yeast extract peptone dextrose broth. Five isolates (SUDA,
SUDV, SUDMU, SUDP and SUDDD) which were relatively high fermentative were selected for
further study. All the selected isolates were identified morphologically, using macroscopic and
microscopic features. The yeast isolates were also screened for ethanoland thermo - tolerance.
Further, the optimum pH was determined. The results of this investigation revealed that the yeast
colony forming unit was ranged from 99 x104 cfu/ml to 118 x104 cfu/ml. For the test of
temperature, growth was detected up to 40°C with optimum temperature at 37°C for all isolates,
for ethanol concentration 15% was optimum for all isolates except SUDMU and SUDP was at
20% and 25%, respectively. The optimum pH was ranged from 5-6. The aim of this study is to
isolate and characterize ethanol, and thermo - tolerant yeast for industrial purposes.

Keywords: Fruits, Sorghum dough, yeast isolates, thermo and ethanol tolerant
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Ethanol and Thermo-tolerant Yeast Isolates from Different Sources in Atbara Town

Introduction

Production of ethanol by fermentations is among the most ancient processes known. Yeasts are
used in the fermentative production of ethanol, alcoholic beverages, baking products, protein and
vitamin supplements in human and animal diets as well as in the production of single cell
proteins (Moneke et al., 2008). Yeasts are the safest and most effective microorganisms for
fermenting sugars to ethanol and traditionally have been used in industry to ferment glucose
based agricultural products to ethanol (Ho et al., 1998). Yeast is ubiquitous in the environment,
but is most frequently isolated from sugar rich samples (Haggran, and Abo-Sereih, 2014).
Moreover, thermophilic and thermotolerant microorganisms are important in the industry. The
use of such microbes in the industry will lead to reduction in the cooling cost. These microbes
could be used directly in the fermentation industry (Mustafa et al., 2017). Alcoholic fermentation
processes leads to a decrease in oxygen solubility as the process temperature increases, thus
microbial involvement requires candidates that function under anaerobic conditions and
accumulation of ethanol inhibit the yeast growth and consequently stop the fermentation process
(Cakar et al., 2005). Many authors such as, Jolly et al. (2003); Matsushika et al. (2008); Ciani et
al. (2010) reported that many yeast are non-Saccharomyces yeasts like Candida sp.,
Hansenulasp., Kloeckerasp., Torulasporasp., Kluyueromycessp., Pachysolentannophilus, Pichia
stipites had the ability to grow and participate in alcoholic fermentation. The ability of yeast to be
used in industry depends on many factors such as strains, growth factors and optimum
environmental conditions (Negera, 2017). Tolerance of yeast for fermentation product (ethanol-
tolerance) and temperature (thermo-tolerance) has great potential to be used in industrial scale
fermentation. Isolation and characterization of ethanol and thermo-tolerant yeast from fruits
could promote higher yield of ethanol at higher temperature than commercial Saccharomyces
cerevisiae like baker yeast. Therefore, the main objectives of this study are to isolate and
characterize yeast isolates obtained from different fruits and sorghum dough, to evaluate the yeast

isolate for ethanol, and heat tolerance for industrial use under different environmental condition.

Methods

Sampling Site and Sample Collection

Fourty different sample of rotten fruits belongs to four species, grapes (vitisvinifera), apple
(Malus domestica), date palm (Phoenix dactylifera), banana (Musa paradisiaca) and the fifth

sample was fermented sorghum dough (Ajeen) which were collected from Atbara town market
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in River Nile State northern Sudan, using sterile plastic bags and brought to the Biology
Laboratory, Department of Life Science and Environmental Studies — Nile Valley University and

the samples were kept at 4 °C for further study.

Isolation and Enumeration of yeast

One ml of each sample was serially diluted and inoculated onto Yeast Peptone Dextrose Agar
(YPDA) medium containing chloramphenicol to avoid bacterial growth and incubated at 37°C for
3 days. Suspected colonies of yeast were counted as cfu/ml. The selected colonies were re-
streaked onYPDA sterile medium (10 g /L Yeast Extract, 20 g/L Peptone, 20 g/L dextrose and
20g/L agar) and the plates were incubated at 37°C for 3 days. Representative colony was picked
from the plates and pure cultures were ready for identification procedure as described by AOAD
(1998).

Physiological Characteristics

Testing of Yeast Isolates for Carbohydrate Fermentation Using Durham Tube Method
Durham tube method was used for testing the capability of yeasts isolates for carbohydrate
fermentation. Yeast fermentation broth with carbohydrate and Durham tube composed of 4.5 g of
yeast extracts, 7.5 g of peptone, 80 g of lactose, 120 g of raffinose, 60 g other carbohydrates and
17 g of bromcresol blue per liter of deionized filtered water and final pH 7.1 £ 2 at 25 °C. This
media (YP broth) was used for characterization of the yeast isolates based on fermentation of
specific carbohydrates. The carbohydrates used were glucose, galactose, maltose, sucrose,
lactose, fructose and xylose. Yeast fermentation broth media was modified by Wickerham for
determination the carbohydrate by detecting the color of the medium and gas formation (Warren
and Shadomy, 1991).

Morphological Characterizations

Five yeast isolates were selected for further study and coded as follows, SUDV, SUDA, SUDP,
SUDMU and SUDD from grapes (vitisvinifera), apple (Malus domestica), date palm (Phoenix
dactylifera), banana (Musa paradisiaca) and sorghum dough in order. The vegetative cells
morphology determined by growing both in liquid and on solid culture media (YPDA) as
described by Kurtzman and Fell, (2006). The macroscopic characteristics were observed such as
colony shape, colony edge, colour and texture, while the microscopic features include cell size,

shape and methods of vegetative reproduction).
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Stress tolerance characterization

Detection of thermo-tolerance

YPD liquid medium was used for detecting thermo-tolerance and growth in liquid media of the
selected yeast isolates. The medium was autoclaved at 121°C and 15 psi and cooled. 10 ml
portion of the medium was distributed into McCartney tubes, and then inoculated with 48 hours
old of the selected yeast isolates. The initial optical density of each tube was recorded on
spectrophotometer at 660 nm against the medium as blank. All cultures were incubated at 25°C,
30°C, 35°C, 37°C and 40°C for 3 days for observing thermotolerance of yeast isolates. The initial
optical density (OD) of each culture in flasks was read for UV absorbance at 660 nm using a Pye-
Unicam SP6 spectrophotometer. The treatments were replicated three times and the blank was
made of YPD medium without yeast inoculation. The OD is directly proportional to the cell mass
or growth (one OD660 nm = 1.85x107cell/ml). The increase in optical density in a flask was

recorded as evidence of growth.

Growth in Different pH in Liquid Media

YEPD liquid medium was used for detecting the ability of the selected yeast isolates to grow in
different pH, ranged from 4.0 up t010. YPD broth medium was prepared at different pH. Each
test-tube contained 13 ml of YPD media with different pH and blank media was used as a
control. Then the media were inoculated by half loop full of different yeast cell for each pH then
the tubes were incubated at 37°C for 72 hrs. The increase in cell growth was measured using

spectrophotometer at 660nm as mentioned above.

Detection of Ethanol Tolerance

For detection of ethanol tolerance, modified YPD broth medium was used as described by Osho,
(2005). The medium was sterilized at 121 °C for 15 min in an autoclave and cooled. One ml of
various concentrations of absolute ethanol (5% to 25% v/v) was added to different flask of the
same medium to constitute varying percentages of ethanol differing by 5% (v/v) from one flask to
the others. Forty-milliliter portion of the medium was distributed into 125 ml flask, and then
inoculated with selected thermotolerant yeasts. The initial optical density of each flask was read
on spectrophotometer at 660 nm against the medium as blank. All cultures were incubated at 37
°C for 3 days and the growth was measured as mentioned above. The increase in optical density

in a flask was recorded as growthevidence.
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Results and Discussion

Isolation and Screening of Ethanol and Thermo Tolerant Yeasts

A total of thirty yeast isolates were isolated from five different fruit samples namely, grapes
(vitisvinifera), apple (Malus domestica), date palm (Phoenix dactylifera), banana (Musa
paradisiaca) and sorghum dough (Ajeen), collected from Atbara market. Table (1) shows the
viable cell count obtained by five yeasts isolates, namely SUDA, SUDV, SUDMU, SUDP and
SUDD. The highest colony count was recorded by the isolate SUDD (118 x10*cfu/ml) while he
lowest count was obtained by the isolate SUDV (99 x10%cfu/ml). The rest of the isolates, SUDA
(106 x10%cfu/ml), SUDMU (112 x10%cfu /ml) and SUDP (114 x10%fu /ml). The various colony
counts are indicative of the isolates viability and how actively in industry. In Sudan Sulieman et
al. (2015) and in Nigeria Umeh and Okafor, (2016) isolated different yeast strains from local
sources and they found that the colony forming unit ranged from 3.3x 103 -1.6 x 108 and 2.7-3.0x

10°, respectively.

Morphological and Physiological Characteristics of the Yeast Isolates

All the yeast isolates were first screened for carbohydrate fermentation using Durham tube
fermentation method in yeast extract peptone dextrose broth. In this study, the yeast isolates
showed variation in utilization of seven different sugars (glucose, galactose, sucrose, maltose,
fructose, lactose and xylose). Almost all isolates utilized glucose, galactose, sucrose, maltose,
fructose and failed to grow on xylose and lactose (Table 2). These results were coincided with

that obtained by Kumar et al. (2011); Negera (2017) who tested the same above sugar.

Table 1: Viable Cell Count of Yeast Isolates from Different Sources (cfu/ml x10-4)

Yeast Isolates SoUrces Total vi_able count of different yeast
isolates (cfu/ml x10%)
SUDA Malus domestica 106
SUDV vitisvinifera 99
SUDMU Musa paradisiaca 112
SUDP Phoenix dactylifera 114
SUDD Sorghum dough 118
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Table2: Fermentation of Carbohydrates by Yeast Isolates on Durham Tube Yeast Extract
Peptone Dextrose liquid medium fermentation method (YPD)

Isolates Different Tested Sugars Total
Glucose | Galactose | Fructose | Maltose | Sucrose | Lactose | Xylose
SUDA +++ ++ +++ ++ ++ - - 5
SUbv +++ ++ ++ + +++ - - 5
SUDMU +++ +++ +++ ++ ++ - - 5
SUDP +++ +++ ++ ++ +++ - - 5
SUDDD +++ ++ +++ ++ ++ - - 5

Key: + = fermentative, ++ = high fermentative, +++ = very high fermentative (empty Durham tube)

in addition to trehalose by six yeast isolates. The same five isolates (SUDA, SUDV, SUDMU,
SUDP and SUDD) which recorded high colony forming unit also were relatively high
fermentative in Durham tube fermentation method and were selected for further study.

All the selected yeast isolates were observed under compound microscope and cell morphology
was observed after 3 days of incubation, at 37 °C, heavy, dry climbing pellicles were formed on
the surface of YPD broth medium. The growth was butyrous with white cream color on YPDA
agar (Table 3). The morphological characteristic of all isolates seemed that theyeasts isolates

resembled that of Saccharomyces spp.as descried by (Kurtzmann, 2006).

Table 3: Morphological Features of Yeast Isolate

Characters SUDA SUDV SUDMU SUDP SUDD
Surface Smooth Smooth Smooth Smooth Smooth
Margin entire Entire Entire Entire entire

Color white white Cream, white white white
Elevation Convex Flat Convex Convex Flat
spheroidal,el | spheroidal, spheroidal, | spheroidal, | spheroidal,
Cell lipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal
Multilaterial | Multilaterial | Multilaterial | Multilaterial | Multilaterial
budding budding budding budding budding
Pseudomycelium - - - - +

Effect of Temperature, pH and Ethanol concentration on the Growth of Yeast Isolates

Different factors such as, temperature, pH and ethanol concentration weretested for optimization
the growth of yeast isolates. The effect of temperature on the growth of yeast isolates was study
under the range of 25 °C -40 °C. The highest growth was at 37 °C for all isolates and survive up
to 40 °C (Fig.1). Accordingly, SUDMU recorded the highest growth (0.68 at 660 nm) while the
growth of the other isolates ranged from 0.45-0.55nm. In Bangladesh Talukder et al. (2016); and
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in Ethiopia Negera (2017) found that 37°C was the suitable temperature for the optimum growth
of different yeast isolates (Fig.1).

In addition, the growth rate of yeast isolates was measured at different pH values which
ranged from 4.0- 10.0 (Fig2). High growth rate wasat pH5.0 and 6.0 for all isolates (Fig.2).
Three isolates showed high cell growth at pH6.0, SUDA (1.3) and both SUDP and SUDV were
1.4 while the isolates SUDM and SUDD recorded high cell growth at pH 5.0 (0.72 and 0.6,
respectively) Fig.2. The lowest growth was detected at p H 4.0 then pH9.0 and 10.0 while at pH
7.0 and 8.0, the growth rate range was 3.5- 6.0. This result agreed with that obtained by Shamim
et al. (2016) who found high cell density at pH 5 and 6.

Different ethanol concentrations were added to the broth media (5, 10, 15, 20 and 25%) to
test the ethanol tolerance of the yeast isolates (Fig.3). Three isolates showed maximum cell
growth at 15% (SUDA, SUDV and SUDD), while the rest of the isolates (SUDMU and SUDP)
recorded maximum growth rate at 20% and 25% v/v, respectively. Many studies for ethanol
tolerance by yeastisolates was carried out in different countries such as in Nigeria Maxwell et al.
(2016), isolated twoethanol tolerance yeast isolates, which showed optimum growthat 20% of
ethanol concentration while in Thailand Techaparin et al. (2017) isolated five ethanol tolerance

and their optimum growth was at 13% of ethanol concentration (v/v).

0.7 SUDA SUDMU SuDP SUDV ==@==SUDDD

Growth rate in OD660 nm
o o o o = o
- N w IS (2] [e)]
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25°C 30-C 35C 37-C 40-C
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Figure 1: Effect of temperature on the growth of yeast isolates cultivated on YPD broth
media
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Figure 2: Effect of pH on the growth of yeast isolates cultivated on YPD broth media
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Figure 3: Effect of different concentrations of ethanol on the growth of yeast isolates
cultivated on YPD broth media
Conclusion:
Isolation of wild type yeast isolates from local sources is important facet because the isolates are
more adapted to the rigors of various environmental stresses of that particular location. In

addition, it is an important aspect of the ongoing research for isolation of bioethanol tolerant
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yeast isolates. In this study, the best five yeast isolates were identified and selected for further
study. According to the morphological and physiological characteristics all the five yeast isolates
were resembled that of the genus saccharomyceswhich were closely related to S. cerevisiae. All
the yeast isolates, showed higher ethanol tolerance at the range 15% - 25% v/v and the
mostethanol tolerant yeast isolates were SUDP (25% v/v). The optimum condition for the growth
of thefive yeast isolates was showed at 37 °C and at pH range 5.0 - 6.0.
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