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ABSTRACT

It is well known that facilities like storage reservoirs and tanks have a great priority as it serves mainly
for portable drinking water for a huge population. In general, water tanks are designed based on their
shapes and ground positions. In this comparative study an attempt is made to catesi a rectangular
reinforced concrete RC) ground water tank of a real full scale as a case study in Duhok city. Two identical
surface water tanks of a 9000 cubic meter capacitand having 50 mm joint in between have been
undertaken in this study. The tank were analyzedand design manually based on working stress method to
ensure that it is crackfree to avoid any leakage. The outcomes were then evaluated using ETABS,
SAP2000 andSAFE software by performing three dimensional (3D) analyses.The mat foundation and top
slab of the tank wereanalyzed usingSAFE software. The study involves calculations of bending moments,
shear forces, and reinforcement. The tank walls are subjected to dead load and hydrostatic load due to
water. A parametric study has beenundertaken also by considering vater level andsoil bearing capacity
as variables in this investigation. A good agreement has been obtained in this comparison. It may be
deduced thata designsoftware can be used accordingly with &easonabledegree of accuracy than manual
calculations. This can maintain a reasonable cost and avoid human errors amy structure which is a
critical local and globalissuenowadays

KEYWORDS: Analysis and Design; Comparative study; Hydrostatic load; Paranstrity; Soil
subgrade pressure; Water tanks.

1. INTRODUCTION three typesof water taks depending ortheir

real position such asunderground on ground

storage tank is an important structure (resting on ground)and overhea (elevated)
Aused around the world which can be water tank (Ghandhi & Rajan, 2014; Titiksh,
made as steel or RC structur@éikio, 2010) 2019) Commonly a&cording to their shapes
Suchwater tankcan beusedfor different type of  water tank could be classified invariousforms
liquids such adrinking water, irrigation, petrol, such as, circular, rectangular aimdze (Bekele,

chemicas, firefight etc. In general, here are 2019)
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The design ofRC liquid retainingstructures
comprisesnumeroustedious calculations and/or
many design charts(Threlfall, 1978) Such
calculationsmay take a long time tinalize any
design. Therefore a computer program
RCTANK was developedby Chau and Lee
(1991) in the pastand veriied for desigimg
liquid retaining tanks. The later study
demonstrated that tiRCTANK being capable to
deal with the analysis and design RC water

tanks and it had been strongly believed that thisreasonable degree of accuracy as the software is

computer application will be promising
However RCTANK was limited to analysis of
tanks with a maximum height of 6 (&lansary,
2016) For underground tankshe analysis and

been recognized as functions to bgsed to
determine therdtical sizes of théanks Sharma,
Singh, and Sharma (2008)vestigated the fact
thattankwalls are normally cast monolithwith
cover slab creating a conditiam which both top
and bottom ends are fixeBor this purposehe
study aimedto developdesign tables for such
condition using exact analysis a8dTAAD Pro
computer program It has been stated that
STAAD Pro can be usedvaluably with

computationally ~ economical. Hilo and
Badaruzzaman (2011)made a comparison
between the ACI and Euro codés designa
rectangularwater tank. Twelve different cases

design isestablishedased on uncracked section were modeled with the aidf STAAD Pro

theory, in order to overcome anyleakage of
stored liquid. The vertical walf of such tanks
areexposedo soil andhydro-static pressuresn

software The authordound that the Euro code
was more optimum in design than ACI cdue
6%, thus it wassuggested that Euro codie be

which to be designed using working stress or used in the design of concrete water tank

limit state method for different edge conditions Qureshi,

Such edge conditions ar@) hinged at top and

Amin, Janjua, and Tahir (2013)
investigated2D and 3D FEA of soilstructure

bottom (b) hinged at top and fixed at bottom andinteraction of Under Ground Water Tanks

(c) fixed at bottom and free at tqBureau of
Indian Standards, 1967)

Kukreti and Siddigi (1997) predicted
numericallythe flexural behavior of a cylindrical

(UGWT) using Geotechnical and Tunnel
Analysis System(GTS) software The analysis
was capabléor calculatingstresses and force$
both soil and structures. ltvas recommended

storage tank resting on an isotropic elastic soilthat the UGWT should be dgsed using 3D

medium using differential quadrature solution
method. Theoutcomescomparéd well with the
Finite Element Analysis(FEA) results of a
comparable problem, but with much less
computational effortsMagnucki and Stasiewicz
(2003) consideredunderground and oground

FEM elements Igbal, Chowdhury, Sarker, and
Anwar (2015) studied Finite Element Method
(FEM) of UGWT using SAP2000 software
considering lengtheight ratio, widthheight
ratio, wall thickness and soil densis main
parameters Two triangular loads were

cylindrical tanks. The ground tanks were loadedconsidered,outside soil load andinside water
with internal hydrostatic pressure and smallloadin thetank.It has been found thataximum

negative pressure while the undergroundks
were positioned in water containing soil and
loaded with external

moments and shear increase with thickness of
wall and as soilincreases Ajagbe, llugbo,

hydrostatic pressure.Labiran, and Ganiyu (2015fonsideredthe

Dependingon solving the equation of stability of analysis and design of a fully submerged

cylindrical shel] critical conditions of both
structures werecalculated Dimensionlesstank
lengthand dimensinlesscritical thicknesshave
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MESDA Prowas used to determine moments, ANSYS 11 was facilitatedfor modeling. The
geometrical features and soil conditions for bothdynamic response with the maximum stresses
full and empty conditions of the tank was and displacements had been determined and
concluded in all the examined casewmt the discussed.The authors stated that the natural
moments obtainedvere higher when the tank frequency decreases as frame height increases,
was considered emptyu | i n, Uz e | wien frabeo heglpt Sis doubled the natural
and Boko (2017used Eurocode to show the frequency increment is found to be equal 68%.
design of an aboveground vertical steelNaik and Bhandiwad (2016jnvestigated the
waterstorage tank with a variable thicknesdlwa seismic behavior of an elevated rectangular
and stiffening ring on topThe authors have water tankof different seismic zones as per
comparel the results obtained using the normsBureau of Indian Standards Part 2 1893 BIS
with those from a FEM analysiasing SCIA  (2002) and wind speed for different soil
Engineer (20083oftware The authorsuggested conditions. The tank had been modelled using
to use a software tool that can analyze 3DETABS software and had optimized by N
structural solid elements, which can be used tdPandian method to give the optimum and
accuratelydefine fluid properties and fluidolid  ecmnomical design of water tankThe authors
interactions. Nallanathel, = Ramesh, and advised that elevated rectangular water tanks
Jagadeesh (2018)resenteddiscussios about must be designed das/o0 mass spring model as
the analysis and design of underground andhe effect of hydrodynamic pressure is very
overhead wateranks of different shapes using significant and must beaccounted Yazdanian,
STAAD Pro software. The consequences Razavi, and Mashal (2016xaminedhe seismic
indicated that the results obtainadere very  behaviour of rectangular concrete tanks. These
accurate than conventional results. tanks were analyzed under four types of analysis:
For elevated water tanks,amhquake can static, modal, responspectrum and
induce large horizontal and overturning forces.time-history. They concluded that displacement,
This is expected wk to their basicpattern base shear and wave height obtained from time
involving large mass concentrated at top withhistory analysis are more than those of response
relatively slender supporting system, so suchspectrum analysisZzhao, Hu, Chen, Lim, and
tanks are vulnerable to damage in earthquake®ang (2018) studied nonlinear sloshing in
(Patel & Shah, 2010) Many investigators rectangular tanks under forced excitatidrhe
studied the effected of earthquake elevated authorstatedthat sloshing under horizontal and
water tank. Patel and Shah (201@jdressethe  rotational excitations share similar properties.
formulation of fundamentalfactors for seismic Resonant sloshing will be excited when vertical
response modification factgR) on RC framed excitation lies in the instabilityzone It was
staging of elevated water tank. The estimation ofdistinguishedthrough the review of literature
R had been done by using static nonlinearthat afew researches condeated on earthquake
pushover analysis.lt has been noted that of ground watetank AbdulMuttalib I. Said and
Pushover analysis is an advanced tool to carrdmmar A. AbdulMajeed (2011) studied
out static nonlinear analysis of framed structuresearthquake excitations for rectangular sterag
Gate'a and Atalla (2015tudied free vibration tanks. A lineal3D FEAhas been used to predict
analysis for an empty elevated concretethe natural frequencies. Three Analysis
cylindrical liquid storage tank supported on a parameters were consideréslel of water in the
frame consisted of foustories. TheFEM using  tank, the type of soiheight to length of the tank
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and also the wall thickness. The results for topare close to measured values
displacement rad axial force components for a It was statedrom the review of literaturéhat
full tank above ground case have given valuesa computeisoftwarecan be used tanalysisand
greater than those in halfull and empty tank designa RCstructureincluding a water storage
cases.For the currentcomparativestudy, the  tank It was found that there is a gap the
seismic behaviour was nobnsiderediue to that information regardinga comparative study
fact that the presence of infill walls in perimeter between hand calculations and possénailable
frames and the existing columnsncreases simulations o f t wfar rreal’ fsll scale water
considerably the stiffness ohd two adjacent tanks For this reasorthe mainaim of this study
tanksand their global resistance to lateral loads is to conduct a compauds between the analysis
In general, ecording tothe minimum cost of and design hand calculatiomssults of a full
a tank, the shapeanbe chosenTam, Tam, and scalereal casarinking water tanlof parameters
Zeng (2010)discussedhe cost effectiveness of with those calculated using FEM programmers
rainwater tanks.The authorsfound thatusing ETABS , Sap2000 and SAFE . In this
rainwater is an economical opportunity for comparison, moments, shear forces and steel
households in 3 big cities in Australia. reinforcements values are compared for different
Mohammed (2011pscalated the main aspést elements of the full scale ri The study
understanding the design philosophy for safe andnvolves aparametricstudy consideringvater
economical design oh water tank.For this level (storage condition)and soil bearing
purpose, a computer program has been capacity as variabledt is believed that such
developed tocheck numerical models It was comparative study and the propossatametric
observed that increase in tank capacity leads tstudy will provide a promising result might
increase in minimum total cost in rectangularbe a greathoice to avoid any wasting of time of
and decrease in circulakccording toAl-Shayea hand calculations andwill provide a cost
and Zeedan (2012Yhe foundation problem effective schem&om engineering prospective.
usually divided in tothree basic components:
superstructur e, jstgriora n2MESTHADOLO&YY, eMANUAD ANALYSIS
to the availability of digital computers:or this AND DESIGN
purpose, the authors used STAAD Rajftware
to overcome the shortcoming of the separate This paperdescribedirst a hand calculations
modelling of eachaforementionedpars. The verses FEM results of RC real full scale
results were summarized in the form of designrectangulardrinking water tank resting on the
charts to show the relationship betweenground as a case study in Duhok cifjwo
thicknesses of mat foundation with various identicalresting on grounevater tanks of a 9000
design parametersChen, Sun, Yu, and Zeng cubic meter capacity and having fnmjoint in
(2009) proposed anew modelling method of between have been undertalan a case study
FEA was established for large ligustborage The maximum height for storing is & soa
tank which were ased on settlement difference freeboardof one metethas been providedach
In the modelling, the <ttlement dference surface tank is supported by a fixed base
betweerRC ring wall and elastic foundation had boundary condition. Frame structuhas been
been utilized as boundary condition instead ofsupported by27 columns. External shear walls
bedding value and elastic modulus. The resultand mat found&n have 900 mm thickness
showed that theesults of the proposesiethod  while interior shear walls are 750nm in
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thickness The roof slab is ribbed slab with system. Momentcoefficient method was used
equivalent thicknessqual to D0 mm. The soil for analysis. Two cases ohat foundation are
under the mat foundation was modeled asundertakenemptyor full tanks. The maximum
springs which idealize the soil behaviothe negativemoment of the case of empty tank is
bearing capcity of soil was 120 kN/m?. The  about (147 kN.mYm) while the maximum
wall and foundation of theeal water tank are negative moment in case of full tank is (44
designed according tACl 318 (2014)and ACI kN.m/m). So thefoundation design of empty
350 (2007)codesby improvising the effects of case has beeanndertaken The full real tanks
the lateral loads of water level on walls, seedetails are given in Table 1

Figure 1. The walls have edge supported floor
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Fig. (1): Tankexteriorwallshand calculatios

Table (1): Details of one rectangular ground water tank

Location Duhok City
Capacity of tank 9000 cubic meter
Length 50 m
Width 20m t Overall depth = 310 mm
Height 9m t Slab thickness = 60 mm
Roof Slab Ribbed Slab according to ACI 318 + Stem width at top =150 mm
t
Foundation 900 mm t Stem width at bottom = 100 mm
thickness
Side Wall thickness 900 mm t Rib spacing = 800 mm

Beam size (700 x 300) mm + For each rib, maximum top area of steel = 226.2 mm?

Column size (600 x 600) mm, total 27 columns + For each rib, maximum bottom area of steel = 402.1 mm?
per tank

Concrete Grade C 25 MPa

Steel grade 420 MPa

Bearing Capacity

120 kN/m?
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3. FINITE ELEMENT MODELING USING input called“modulus of subgradesaction(Ks)”
ETABS17, SAP 2000 AND SAFE which is cefined as the ratio of the pressure
against the mat to the settlement at a gpeint,
The FEMor FEAIs a numericatool usedor Ks = g/ & The unit ofKs is kN/nf/m. Where: q
solving engineeringproblems. Itcomprisesthe i s t he soi | pressure at
use of mesh generati@pproachegor dividinga  settlement of the mat at the same poiabr
complex problem into small elements. For members in contact with the liquie.§. inner
carrying out thenumerical analysis of the two faces or roof slab), 2&m is the minimum cover
real on groundtanks by means obtructural to all reinforcement or it can be diameter of the
analysis and desigsimulation ETABS version main bar whichever has the highest value. For
17, SAP 2000 Version l1l6and SAFE 17 faces and parts of the structusbich have not
programswereused Theappliedload is taken as havein any contact with the liquid the cover
triangular water pressumgith zerovalueat the  shall be as for ordinary concrete member. The
top anda maximumvalueat thetank base. The walls of the tank are designed as a fixedhat
dead loadf thetankincludesthe selfweightof ~ base and simply supported frothe top. The
the structure and all other superimposed deadanks wereanalysedbased on theiweight and
loads (all permanent constructions andthe hydrostatic pressure of internaater level
installations including weight of all side slabs). Figures 2 shove the Threedimension(3D) view
Analysis and designprogrammes such as of theidenticalwater tank
ETABS, SAP 2000and SAFEoften ask for an

Fig. (2): 3D modellingby SAP 2000 (leftiandby ETABS (right).

3.1Long and short walls simulatel by ETABS and SAP 200@re shown

Since the short wallas well as long walls are in Figures 3 and4 respectively. The maximum
subjected to bending moment and direct tensiorvalues are in the direction of watemwhich is
or pull acting at center of wallit will be reflected betweenvater faceto air facenearly
necessary to design the wall sectidor  aboutthecentre of wab. The Figures show that
combined effect of these twdactors The the outcomesfrom ETABS and SAP 2000
bending momestfor both long and short walls analysis are in good agreement.
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Flg. (4) Flexural moments of Iongndshort walls by SAP 2000.

The value of axial load by ETABS was 216 walls. Figure 5 shows the shear force results
kN at bottom and zero at top which is very closeobtained fromETABS while Figure 6 reflects
to the hand calculationThe tank walls ar@lso  such values acquiredybSAP2000 Again, the
subjectedto shear forceFor such reason it is FEM predictions are in good agreemémt both
important to calculate the shear forfmr the  software data sets.

Fig. (5): Shear forcén longandshort walls by EABS

yaman. .alkamaki@uod.acrondik.adil@uod.ac gulan@uod.ac a.alsaad201@gmailcom
Corresponding author: Water Resources Engineering Department, College of Engineering, University of Duhok,
Kurdistan Region, Iraq 163



Journal of University of Duhok, Vol.23, No.2 (Pure and Eng. Sciences), Pp 157-172, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

e e I S o R ) ol ]
LDl L e e e el e e e LT
AREE

e P e
fEEER

-

Fig. (6): Shear forcén longandshort walls by 8P 2000.

3.2Ribbed Slab requirement over the supporting girders. Straight
Ribbed slabs are used for structures that top bars are added over the suppuwatich

support fairly small live loads and the spansprovided for the negativenoment this has been

comparatively long.In this comparative study, doneas wellby a study established yarwin,

the roof slab is designed as a ribbed slab wittDolan, and Nilson (2016)Figure 7 shows the

columns spaced at 5 m apdReinforcement for slab details based on hand calculations outcomes.

the joists usually consists of the twars in the To determine the steel area using FE software, a

positive bending region, with one bar bending moment is requirefigure 8 illustrates

discontinued where no longer needed or bent uphe moment values calculated using SAFE.

to provide a zone of the negative steel
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Fig. (7): Ribbed slalview and reinforcement details from hand calculations
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Fig. (8):.Momens in ribbed slalby SAFE.
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3.3 Mat foundation of foundationsis one of tle categoriesthat

In general foundation is the lower part of the mostly considered in water storage tarfkigure
structure whichs in drect contact with the soil 9 shows the base slab moment in kikhm
andloads to the groundMat foundation is thick computed for empty tankaseusing SAFE A
RC slab covering the entire araaderneath the volume of 9000cubic meterwas adoptedorm
structure. It provides an economical solution hand calculationsising a spring constant of soil
under certain difficult site conditions. Such kind for unit width 12000 kN/n{1200 t/m)

—

y
('
=

Fig. (9): Mat moment foremptycaseby ETABS in x-y direction

4. RESULTS AND DISCUSSION dependon programslike ETABS and SAP200
for the analysis andesign ofwater tankshear
Referring to section 3.1he maximum moment walls. Furthermore, lie value ofshear force
occursat bottom of wall in the direction of water calculated by ETABSand SAP200 is nearly
face and in the middle of wall the moment is equa) see Figurell. In addition to that Figure
reflected to air facelFigure 10 shows thathere 11 shows acomparisoramongthe two software
is a good agreement between ETAEBR\P2000 usedalong with the hand calculatiomnd the
andhand calculationThis points a possibility to Figure illustrates thahere is a good agreement.

400 ~ 355 353
158 141 147 345
= 150 - E 300 -
: z
§, 100 - < 200
= 1<
g 50 1 g 100 -
£ o)
S o0 z . .
M at Air Face M at Air Face M at Air Fac M at Water M at Water M at Water
ETABS SAP2000 Hand Face Face Face Hand
calculation ETABS SAP2000 calculation

Fig. (10): Comparison ofong wallsmomens (air andwaterfaces).
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Fig. (11): Comparison ofong walls fiearforces (air andwaterfaces).

The shear walls reinforcement area in Tmm reinforcing (horizontasteel arely see Figure 12
(design of the wallscan be calculated directly Vertical area of steel fothe total long wall
from ETABS program, main reinforcement is length (50 m) is 110926 mrh while for short
vertical whereas for thehearreinforcement is  wall (20 m) is 45875 mfn see Figure2. Such
horizontal, see Fige 12. On the other hand, amount of reinforcement can be converted to
SAP2000 software is unable to calculate suchs p a ¢ i@n2§ 'men @ 140 mm c/for both
reinforcement area directly but it can be vertical and horizontal bausing the appropriate
calculated by implementing moment equation.formula While hand calculations providéd 20
ETABS provides a 2250 mrm/m shear mm @ 100 mm c/during the execution.

Fig. (12): Long and short walls main reinforcement by ETABS
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Referring to section 3.2h& hand calculation steel requireger each strip. Figure3 shows a
calculations have used 212 mm at top and 2 @ steelrequired for one strip with length equal to
16 mm at bottom,as shown inFigure 7 2.5 m which is total length of panel equal to 5 m
displayed previouslyFor each rib, the maximum divided by two as in ACI code. The Figures
steel reinforcement required by SAFE was 1 @show that the area of steel from SAFE is nearly
12 mm at top and 1 @ 16 mm at the bottom ofequal the area of steel get from ETABS. Spacing
the slab.This is clearly demonstrating that the of bars for matleterninedby ETABS and SAFE
hand calculations are not economic. ared 20 mm @ 190 mm c/dNhile for hand

Discussing section 3.3FTABS and SAFE calculation foundatiorprovided @ 20 mm @
can designthe matand calculate area of steel 100 mm c/cduring implementation phasé is
directly according to thesubjected moment concluded that software is more economical than
values. As in ACI codeETABS draw strips hand calculationA gain it is very obvious that
(column strip and middle strip) and calculate the hawl calculations are very conservatives.

]
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Fig. (13): Mat steel area for empty case SAFE (left) and ETABS (right) for both directions
(column strip width 2.5 m)

5. PARAMETRIC STUDY than in air face in the casefofll, while the other
5.1Influence ofwater level two cases the moment at air face is higher than
The deformation of water tankwalls is in moment at water facdt could be deduced
changeableaccording to level of wateinside, that for a given capacityhe wall and base slab

see Figure l4which shows 3 differentases momens varies with the changes imater level
(empty, half full and full) In case of fullwater  The values of momenwere much higher when
level, the deformation of wadlisin two opposite  the tank wadfull thanthe casewhen the tank
direction air face and water face while the was empty due to the water pressure. This
deformation of wall in the case of half full is conforms the result of a study conducted by
differ. In the case ofempty water level the  AbdulMuttalib I. Said and Ammar A.
defamation approach zero in all directions  AbdulMajeed (2011) utilized numerical
Figure B shows the comparison between thesimulation for liquid storage tanks.

three caseghe moment at water face is higher

yaman.alkamaki@uod.acrondik.adil@uod.ac gulan@uod.ac a.alsaad201@2gmailcom
“Corresponding author: Water Resources Engineering Department, College of Engineering, University of Duhok,
Kurdistan Region, Iraq 167



Journal of University of Duhok, Vol.23, No.2 (Pure and Eng. Sciences), Pp 157-172, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

Fig. (14): Deformation of Walls by Etabs1@mpty (left), half full (middle) anéull (right).
400 355

200 158

—eo— Moment at water face

501 ¢85 —e—Moment at air face

0 2 4 6 8 10
Height of water (m)

Fig. (15): Comparison ofmomens of waterlevel casedor long walls vater and air face$)y ETABS.

5.2 Influence of bearing capacity in mat less.In this parametric studyyhen soil bearing

foundation capacity changefrom 120 kN/m?to 60 kN/m?,
Relation betweemaximum moment andoil  the moment at emptystatestill more than the

bearing capdty for 3 casegempty, half fulland moment at half full or fullsituations When

full) for the mat is shown in Figurs. Abearing  bearing capacityalue changefrom 120 kN/nd

capacity of soil undethe mat has been changed to 180 kN/m? still the moment for empty

3 times60, 120and 180kN/m?. As thebearing circumstanceis the highest. Thus, for design

capacity of soil increasethe design moment purposes the empty water tank case should be

decreaseThus forsoft soil the bending moment considered for design purposes

is high whilein hard soi] the bending moment is
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250
£ 200
=
Z 150
= —e— Empty
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o
= 55 Full

0
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Soil Bearing Capacit§N/nv

Fig. (16): Foundation roment changeaccording tcsoil bearing capacitpy ETABS

It is known that every foundation settles by settlement for all conditianbut the settlement
some amountiue toload caring capacity of the decreased as the foundation bearing capacity
entire structure As a result,a displacement increasd. It is also noticed that the magnitude of
occurs for the soil underneatwhich results settlement is high for fubaseand low for empty
expectmovemens. For such reason, is vely  condition. The settlementomparison valuesf
essential that aheck to be carried out otherwise the foundation under the design load is
the entire structure may fail due to differential determinedby ETABS programmeris shownin
settlement ofthe foundation. For serviceability Figure 17. The Figure illustrate that the
settlements and soil pressure were considegred maximum settlement is chardyaccording tahe
this parametric studylthough, the settlement is level of waterin the tank In case of empty tank
influenced by the water level in tank but it also half fall and full the maximum settlementalues
affected by the soil classification. Figuk  arel83 mm, 20.9 mmand 23.6 mm respectively
shows therelatiorship betweenthe sttlement calculated from ETABS and the settlement
andbearing capacityThe mat exhibited uniform valuesincreasd as water leveincreasé.

40
35
E 30
25
20 \\ —e— Empty
15 —e— Half full
10 Full
5
0

Settlement (m

0 50 100 150 200
Soil Bearing Capacity KN/m

Fig. (17): Mat settlement according to bearing capacity
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6. CONCLUSION presented at the American Concrete Institute.

AClI 350. (2007). Code Requirements for
In this study, a comparative and parametric study

has been undertaketo address a full real
drinking ground water tanka case studyin
Duhok city. The hand calculationginalysis and
design were conducted first folled by FEM
analysis and design using EB&, SAP2000 and

Environmental Engineering Concrete
Structures and Commentary (ACI 366): An
ACI Standard

Ajagbe, W., llugbo, E., Labiran, J., & Ganiyu, A.
(2015). Analyss and Design of a Fully

SAFE software Tank walls, slab and mat Submerged Undergorund Water Tank Using
foundation were simulated thecompared to the Principle of Beam on Elastic Foundation.
hand calculations. Bending moments, shear Paper presented at the UITECH Conference.
forces and steel reinforcement values have beeal-Shayea, N., & Zeedan, H. (2012). A New
coveredand compareth this study.Furthermore, Approach for Estimating Thickness of Mat
it is difficult to change anyfactor in hand Foundations Under Cain Conditions.

calculations as it wilrequireredesign and time
consuming. A parametric study has been
undertaken considering thosgarametersnot
covered in the handalculations Changes irthe
water level in he tank and the soil bearing
capacity effect on settlementsvere examined.
Results show that there is a good agreement

Arabian Journal for Science and Engineering,
37(2), 277290.
doi:10.1007/s133691201785
Bekele, S. S. (2019)investigation on Foundation
Design Practice of Water Storage Tank in
Case of Gonder and Dembiollo Sites.(MSc),

obtainedusingETABS and SAP 2008ompared Addis Ababa S8ience and Technology
to hand calculations. It was concluded the mat University, Addis Ababa, Ethiopia.

can be designed by ETABS as weild there is Bureau of Indian Standards. (1967). I.S.: 3370 : Code
no much difference compared to SAHE was of Practice Concrete structures for the storage
obvious thatthe tank must beempty when the of liquids. InPart 1 New Delhi.

matdesign is required aa this case thbending Bureau of Indian Standards Part 2 1893 BIS, 1. (2002).
moment beconemaximum. It was noted that

the settlement increasewhile water level
increaseand soil bearing capacitgjecreaseThe
main conclusiorhighlighted in this study is the
fact thatthe hand calculation steel amounts were
very conservatives. About half of area of steel

Indian standard criteria for earthquake
resistant design of structurdureau of Indian
Standards, New Delhi

Chau, K. W.,, & Lee, S. T. (1991). Computeded
design package RCTANK for the analysis and

was required during the executias stated when design of reinforced concrete  tanks.
using FEMprograms Computers & Structures 41(4), 789799.
doi:https://doi.org/10.1016/004%949(91)901
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