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"" Foundations Deformability Influence
on the Structural Behavior of Walls in
RC Liquids Cylindrical Tanks."

Abdullah Alantabli @ Ghassan Mahmoud @

Abstract:

Most of the manual design references related to fluid tanks rely on
analytically inferred equations from differential equations that give
approximate results for design forces taking into account soil
subsidence under the foundation, but they do not give the real
behavior, and their results may be inaccurate. In this research a
numerical model for a cylindrical reinforced tank based on strip
deformable foundation separated from the base slab, and elastic
linear analysis was carried out using Finite Element Method, and
the soil was modeled as springs (Winckler Model), comparing the
results with The Reference in concrete RWs and liquid tanks [1]
and Indian Standard [2] results, to investigate the accuracy of the
equations used in these references, as the values of deviation
between the Reference in concrete RWs and liquid tanks [1] and
computer model did not exceed 5% for hoop tension force and 12%
for the bending moment, the values in the reference [1] was
acceptable. While the deviation in the maximum values between
the computer model and the Indian Standard [2] were 14% for the
hoop tension but it reached 73% for the bending moment. Here the
discrepancy appears between the methods that do not take soil
deformation into consideration, and an increase in the values of
both hoop tension and bending moment in case the soil is variable
and heterogeneous below the base, which must be paid attention to
when designing to obtain accurate design.

Keywords : RC liquids tanks, Cylindrical tanks, Modulus of soil
reaction, Hoop tension.
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(KN/m%) 100000:50000:25000 sl e a5 (Aamld cdlansi
iely alie V) leawdiy (Shell Thin) a8 ghall s dada g -
15 (0.5%0.5) 2y
f! =20 MPa 5<E=2310 KN/cm? (ysiall g ye Jalas =
V=02 sl Jalaa -
: oyigall gl —2-1-4

(WP) ofnall e slall b - . (SW) gl cpysll =

—— t=0.25 m

6m

1.4m

— -—

) e 8i5all (osilly g pall AN (B e (1-4) 2

iy Lol chaall L8 aasally asmlad) g isalll ¢ A5 D —2-4
(1] digid) Jilgadd
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Al cYgenll o Aailll cila pilly adinal) salall z3gaill (2-4) S
adal Bhaig oball ghas & Al paie 1728 Bl e e a3
Al i il delhy gpeaill adl 38T S 08 R pes e A
&, K=100000 KN/m® allal s bl agiey alal) asll o (1-4) Jsan

sap2000 Ay ,latl) CulEdlal)
Hight(m) Hoop Bending Hoop Bending
tension(KN) | moment(KN.m) | tension(KN) | moment(KN.m)
0 79.34 -7.53 65.30 -2.51
0.5 180.45 3.83 191.55 6.56
1 262.75 7.19 279.80 8.16
15 303.67 6.5 317.59 6.44
2 306.32 4.48 314.58 3.94
2.5 282.72 2.06 286.11 1.86
3 244.98 0.665 245.32 0.53
35 201.81 -0.09 200.76 -0.13
4 158.15 -0.37 156.77 -0.34
4.5 115.88 -0.36 114.86 -0.33
5 75.2 -0.23 74.99 -0.23
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5.5 35.58 -0.08 36.59 -0.13
6 -4.84 -0.01 -0.99 -0.05

@, K=50000 KN/M® sl cliady) agies ilall ozl o8 (2-4) Jsas

sap2000 kil EbL
Hight(m) I—!oop Bending I—!oop Bending
tension(KN) | moment(KN.m) | tension(KN) | moment(KN.m)
0 74.86 -5.58 72.11 0.02
0.5 186.13 5.01 205.33 7.81
1 270.49 7.74 292.30 8.56
1.5 310.03 6.68 326.03 6.40
2 310.34 4.43 319.06 3.75
25 284.7 2.34 287.79 1.66
3 245.59 0.905 245.45 0.39
3.5 201.71 -0.16 200.26 -0.21
4 157.81 -0.41 156.17 -0.38
4.5 115.53 -0.37 114.39 -0.33
5 74.95 -0.23 74.71 -0.22
5.5 35.46 -0.08 36.46 -0.12
6 -4.81 -0.01 -1.03 -0.04

s, K=25000 KN/M® alal s liai¥) g3 alal) 2l o8 (3-4) Jsos
J1] sl & lBally sgulal) 3 gl

sap2000 Akl iDL
Hight(m) I—!oop Bending Hoop Bending
tension(KN) | moment(KN.m) | tension(KN) | moment(KN.m)
0 72.15 -4.3 76.07 1.50
0.5 189.86 5.79 213.35 8.54
1 275.58 8.1 299.58 8.79
15 314.2 6.77 330.96 6.38
2 312.99 4.39 321.67 3.63
2.5 286 2.27 288.78 1.55
3 246 0.83 245.53 0.31
3.5 201.65 -0.21 199.97 -0.26
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4 157.59 -0.43 155.83 -0.40
4.5 115.3 -0.39 114.12 -0.34
5 74.79 -0.23 74.55 -0.22
5.5 35.39 -0.08 36.38 -0.11
6 -4.79 -0.01 -1.05 -0.04

DAY clia B LAl adl) —1-2-4

R diagram for —e—Theory --e--SAP2000
K=100000 KN/m3 6
5

’ E

3 =

[eT0]

2 =
1

400 300 200 R(KN) 100 0 -100

z 3sailly ldatll i) oy aladl i) Jaladia 455l6a (3-4) IS
.K=100000 KN/m® als _sulal

—e—theory --e--SAP 200(8

R diagram
5
K=500000 KN/m?3

e
3 E
.20
2 <

_____ 1

RN a

\ 7 \>4

350 300 250 200 150 100 50 0 -50

smlall z3pailly Aldall B G Al adll laladie 45)la (4-4)JS)
.K=500000 KN/m?® s
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—e—Theory =--e--SAP 20 06

R diagram c
K=25000 KN/m?3 4 .
£
3 £
o0
2 =

______ 1

D(l{l\l) ol

350 300 250 200 150 100 50 0 -50

esmlal) 23 sailly Aldatl)l Bl (py alal) i) Jaladie 455lie (5-4) IS
. K=25000 KN/m® s
D OAY b A elaiY) agie —2-2-4
[1] gaall 3 Abdatl) lilally ssulall z3gall cp &lie (6-4) I3 o
.K=100000 KN/m® allay ol ghas 3 ASiall (M) ag3ell olldy

Mx diagram  —+—Theory

_ 3
K=100000 KN/m —#—5ap2000

5.5
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5

N
=0

9876543210123456789
Mx(KN.m)

hight(m)

z3sailly asmlal) z3saill Jal o ladl) aje  Jalade o 435lia (6-4) IS
. K=100000 KN/m?® sy Ll
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[1] gaall 3 Aldatl) lilally ssulall z3gall cp &jlie (7-4) JS3 o
. K=500000 KN/m® sy ohall ghas & ASsia) (MX) a5l iy,

Mx diagram —e—Theory

K=500000 KN/m?3
—=—sap 2000

hight(m)

10 8 6 4 2 o -2 4 -6 -8

Allay sl 2 3sailly  gualad) & 3gail) oy 4l (7-4)JSA
. K=500000 KN/m?®

[1] el 8 Al lidlally agalall z3gaill (o dylia (8-4) JSEN
K=25000 KN/m? allay (sl s b ASiall (MX) sliady) agsad iy
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Mx diagram —e—theory

_ 3
K=25000 KN/m —=—sap 2000

6

hight(m)

Mx(KN.m)

a2 3sailly asalad) z3saill Jal o adad) Jadadie G 43l (8-4)JSi
. K=25000 KN/m® sy

zisally LNt 2 3sall o Aailll gpenll) adll o &5 (4-4) sl G

iy O A Al ety Ghal s 6 il Akl adl Gl sslal
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B EDEN Al VAL s 2l gpenll) il o Ajlie (4-4) s
asmlal) 7 3gailly ALdasl

MAX Hoop tension
K(KN/m?) 10000 50000 25000
[1] aaal 317.59 326.03 330.96
SAP2000 306.32 310.34 314.2
deviation 4% 5% 5%

2isally Latll zgadl e il gpenl adll G A3lhe (5-4) Jaadl G
ye) DU A YD @iy AN a8 e lat] agie il @iy ysulal

O SO L VAL U] gl (el il s Ayl (5-4) Json

MAX Bending moment
K(KN/m?) 100000 | 50000 25000
[1] aauall 8.16 8.56 8.79
SAP2000 7.19 7.74 8.1
deviation 12% 10% 8%

: [2]@.&\'@\ 3580 clBde @.‘it'u' & gahguhi\ G..Aym Cu_m.a' ‘L’J&A -3-4
3 adiny Can [2] paigdl 2SN sasasall callabaaall By Cluall cla) &
laidic 5l (Fixed) saclill ae dgige L ohaall licl e iluall 3 i)
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— elia¥) agie o Llall Gl G elsw — luall dhaiyy . (Hinged) sacldl) as
:L"Q:'Lo
2 _
Fua % Fonill g Jghaall e s cdlalan =
o laal) ASLaw ty ohall kD il ¢ iy :H

Ll el oyl -

Colall gl i Ho -
Dlie) iy Al 4l Baadly o aladl amll gy sl agie Glua S & ey
Gab adid (Ko ¥ hall Jedll el o WS ohall daud L5 jailad
cJeaiaially Gsisall (o (5S (adll sl Laily (Jemiaia 5l 35isa) cillad)

z3sall e Aaililly Bl A paall OGN 450 CV s ae Alaa) clya) 5 @
2] sagd) oSN GBle e bl aladdl) ae o sulal
bl B ALY Ak 8 -1-3-4
gl 23580 Cle 85 ¢l leg sl a8l a8 Al (10-4) IS8 G
- D Al eV elldy sulall z3salll (e Aaslll 2l s [2]

Ring Forces =
- 5.5
—o— SAP2000 K=0.1 L 5
SAP2000 K=0.05 - 4.5
SAP2000 K=0.025 F 4 _
- 3.5 c
—— |S (Hinged) 3 =
B <
—#— |S(Fixed) L 25 ;—:n
- 2
- 1.5
- 1
- 0.5
350 300 250 200 150 100 50 O -50 -100
Ring Force(KN)
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z3sailly [2] saieh 35S0 e Axill ) 2l (g a8 G dnlia (10-4) JLal
DN Al VAL gl

23l b DU Al YAl il Al gl wdl) (s A lie (6-4) Json

MAX Hoop tension
K(KN/m?) 100000 | 50000 | 25000
SAP2000 306.32 | 310.34 | 314.2
Indian Standard (Hinged) | 323.025 | 323.025 | 323.025
deviation 5% 4% 3%
Indian Standard (Fixed) | 269.04 | 269.04 | 269.04
deviation 12% 13% 14%

S Jeaiaio s ) e ghaad) Jlail [2] saied a0 lie) Jlay 4pliie adll ¢
it vie [2]eugdl 28 & gl aml a8 of i) g BY) Gy
Juayl Slie) Jlagy ((BOKN) a dosi dgledll Lgiad Laiy (Ge sans) S

14% ddl @Al Jiay 35i5a

D obaall b g Uai¥) agie —2-3-4

gl 35S e (385 ¢ LD e o L) agie af A3)lae (11-4) IS G
LD Ayl e @lldy sulall z3gall e Aaslil) adll aa [2]

Al VAT clady) agal gpealll adll G e (7 —4) Jsaadl oy WS
12] il 35S e Aailil) il o pailal) z3saill o Aasll DG
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IS(Hinged)

——|S(Fixed)

SAP2000 K=0.05

SAP2000 K=0.025 /' 3

dalual)
6
Mx |
5
—o—SAP2000 K=0.1
4

1

:;\

Hight(m)

16 12 8

4 0 -4 -8 -12 -16 -20 -24 -28 -32

Mx(KN.m)

zasailly gigll 3Sl e Aaslill Sl A8 6 af G Anlae (11-4) J<al
LD Al Al sl

o O Al VAL s latY) gl (gaalll sl o A5 )ia (7 —4) Jsoa
sl 35Sl il s apmalall 73 el

MAX Bending moment

K(KN/cm?) 0.1 0.05 0.025
SAP2000 7.19 7.74 8.1
Indian Standard (Hinged) 9.72 9.72 9.72
deviation 26% 20% 17%
Indian Standard (Fixed) -26.35 -26.35 -26.35
deviation 73% 71% 69%
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sl Ghaall Jlail il o€l i) Allay agiall & 58 (358 Laadl
a3l 5L Caliily .26% G Ja Ciliay 8y sulall zigall b lgie Jiaidic
Clig il cliay By Al die 6 goualll agiall ad 5 Agisall by aadY)
- %73 s
Al ghaad) A aasall @il aa aalal) zisalll @il 4,6 —4-4
Jalaa aty Al (uilad s Jlay [2] gaigd agslly [1] Jilged) clifiy
: K ddaliaiy)
Gl 3 Lasads ohall Jad gailadl) dulaie geulil 45 o Y 38
e Ll Jaud 45l Glann) Jalae yun (i) 5 Gl 55Kl ULEY) ol
Adlie ()5S haall & it Al gl o) (12-4) S Legaaasy (palydl
o) Jauf ddhie 8 bga die minw oaliY) 1 G Y gAY AkE
Pa e ghall b el Jis oS ¥ Julls gAY g STyl
Gyl aill ao Allall o3n b AnSUl) (g gumil] al] 4jliay £ WSV g ilaladal
U s Auilatie Byl el Jla
ol (al bl
(K=0.1, K=0.025 KN/cm?®) K Jalaall (y5iad: @ 131 dlall
(K=0.1, 0.5 ,0.025 KN/cm®) K Jalaall 8 30 : b 4l sl

b a

- T,
/4 © )
) ) e ) [
vy E £ 3] \ e S \
4/ © 3] = R 3] = \
/A = = iz \ = > \ |\
7/ F 4 4 b\ zZ < \ A
i | 2| ¥ (5 ] < ‘
| w
7 0 o N [ e N /
v\ o o S / ] o o [ |
2,8 &5/ g
X N 4

cadinall 7 3saill (3hg oyl el Jaud Ayl adaie s (12 —4) Jsa)
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axililly ohall ghas (B dealal) opiill G (14-4) 5 (13-4) DS o
ol el e

A A Guki e malilly GhAN ghas 8 esdill J& (13 —4) J<)

b Al Buls e mililly oAl Ghaa 8 esill (K& (14 —4) Jal
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BN laa 8 ssaill Gallaai) agies alall adll g a8 (8 —4) Jsaall G
s Dl Al eVl o yhal) Al pe Al Cad) g el Gallall
p(Anslaiall A5l sulal) 7 3 gl

L Al lan g clat) agies alall alll goail) 2all (8 —4) Jsaal

.a,b ool
Max Ring Force (KN) | Max Moment (KN.m)
(a) 4 333.9 -12.97
Max (sap2000) 314.2 8.1
deviation %6 %37
Max (Ind standared) 323.03 -26.35
deviation %3 %103
(b) 4l 325.49 -14.32
Max (sap2000) 314.2 8.1
deviation 3.50% %43
Max (Ind standared) 323.03 -26.35
deviation %1 %84
rcluagilly milidl) -5
il -1-5

el dad o Al Glal) Jleainly (goalll Al 28l o8 dad y3 -
Sy A s yaa) A VAL 5% e Y Aty gl zosadll B
sladV) agie dad 25 Lan .zgshall zasall (385 Lo daslill milully Jsal
Ly (osulad) zagaill 35 Gl daf (e dllaill Gl Jlasinly 55zl
Lo Aatll) il Syl (K A s aall gl VWL 12% g a5 ¥
o) i B ity Sl (S o3 e eliyy opphall z3sall G

- [1]
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Sl e Al Ay <8 Augynall Alall GhAN has JES ey Y -2
Jraiciall g il i) o Wiy dled el bl e Leaia (S
i LS ae s laadl o JLaiV) vie Lasaea Ll 2l (6K Db ¢ gisally
cJeaiaiall Ala (56 LS Logane ajall 5S¢ sigall Alla

gl 3y sulall Z3gaill Gy Alall 08D goaill adl) & g8 Cilias -3
5 ad s e laV) agie 8 %73 Ll clias cadl) Ay %14 dwal [2]
s slaicY) axey Landly Gl Ga daliall 53V 30 gyl e sl
A8y ST manal ) Jgeasll el 2SS @RI e

Gy ) 28 o8 ol A el Alall Loy Gusnlil) L5 puilas i sy —4
Gilas iy %6 ia cilias Ay duilaie Dy aselall Z3sall Al oo
Alall 2gdal) Aadall 3ygpm Jny b 43% cLadV) agie A sall A
Apapeatl) Gl o8 (8 s Cipand O A o o Jpmanll Tusg ol

iabuagill —2-5
Jilpaall il Aaliay] ohaall 4 aapdl 4 oA Yl Glidle Gdxn
oas Al ealy ((Baaiall GUPAY Aag) s &8 ) lly 1] Al
JLd) ads Agen habaie el ol ASland) Bpiie ohaadl Slie) Jie colial i)
(OBAN) Cain) Audass AL sga Sliie) o ¢ galae BN i) o cCijaia 4ud
taall - 6
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