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ABSTRACT: Generally, Strage Tank design conform to related regulation such as API 650 or AISC
Standards, However, Anchor bolt design should be performed considering the effects on other
design components of base plate and Civil construction design. Unless otherwise reasonable
design, it makes that much more cost rather than expected cost and delivery. Therefore this
paper describes the important of design consideration for Anchor Bolt sizing and what is required
for determination of its size. Especially, this paper focus on how is the related to Anchor bolt
load of wind and seismic where anchor bolt is not required for some case of storage tank
condition and thereby also, we can get an optimum size of anchor bolt and quantity as well as
base plate thickness. Particularly, here is the more important thing, the required thickness of base
plate is nearly similar to diameter of anchor bolt. And also required embed length of anchor bolt
is approximately 12 times bolt diameter of which effect length is 4 times of that.
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A 7|Z& APl 650(American Petroleum Institute) EZEAMO|| }2}

S| A2 AISC(American Institute of Steel Construction) 10
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. Y72 EQ} BASE PLATEQ| mi1| &=
7h. AItEEQ| T =

HEohSo e ME 2k 7|E2=2 4785t AL, BASE PLATERF oA n2iL
f% pds

%W .

B Esstndu s Jg-2#E F= 7Y %o PF0f /% 3
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1 LR
lw lw

J2-3aseplATE PHEN AF2I7HE EO| 23 HE T -4pasepPLATE? BEO 28 S0 = Fot

2 3ots 8 WSSO sty Y7=E7t 2 Eths 7H8sto| 2A Y7t=E 24 A4S

= o
C 2E A4F (M30)
: Base Plate S74|(T30)
EE XA SEHE(21 kgf/mmA2)
s 2E ME 58 &=, 0c*0.5=10.5 kgf/mm~2

=E ZAO|A BASE PLATE ZFEEXI2|ZHK| AHE| (220mm)
(]

HE (24,800 kgf-m)

DMHE (116,000 kgf-m)

Wit Empt AEff MRS F2F (13,000 kgf)

Wo : 28 AME} X-Ix Ei3 =ZF (415,000 kgf)

Wwrt : (Mw/h)—Wt 4,800 kgf-m/4m -13,000 kgf = (6,200kgf-13,000kgf)/20 = -340 kgf

Wst : (Ms/h)-Wo = 116,000 kgf-m/4m -415,000 kgf = (29,000kgf-415,000kgf)/20 = -19,300 kgf

2EJ} Mot o3 M| (22-1) : W=Ts*t*dA2/4, d=(4*W/Ts*m)A0.5
2) 2EE L [Qy wHo| Qb0 o|& ;| (13-2) : W=oc*i*dA2/4, d=(4W/oc*m)A0.5
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Lt. BASE PLATES| @+ F=7H
BASE PLATEE £=Z| HSISSl0|M = StEQl 7|x EA2|EQ RIGIDSICID & %= 7| 20 HZE
WEko| M= BASE PLATEO| CHoH mp&miid|e QICHR 7PEE 5= ALt Chol =2 AErgko)] Cisho
UP LIFT FORCEZ X 83}0] BASE PLATE @71 F/H= Ch2at Z
UP-LIFT FORCE(W) : -550 kgf (AH[At-2) &=
1) BASE PLATE Z}% X}2|7F 2E0| o8 HEt (AZ-3) : W=(e-(d/2)*t*ts, t=W/(e-(d/2))*Ts
Base Plate(t)=W/(e-(d/2))*ts=550kgf/(220mm-(30mm/2))*10.5kgf/mm~2=28.1mm
2) BASE PLATEZ} ZEO| ool 202 AL (AE-4) : W=e*t*ts, t=W/e*1s
Base Plate(t)=W/e*ts=550kgf/220mm*10.5kgf/mmA2=0.24mm
3) BASE PLATES| Hy =k (A 2l-5) : 6=WLA3/48E*]
Sl=(W) @ 550kgf
EtMA4=(E) : 211076 kgf/cmA2
Z0o|(L) : 168.2 cm
Z(b) . 27 cm
M) 3 cm
ZEZHEQD : bhA3/12 = 27cm*0.3cm”3/12=0.06075cm” 3
5=WLA3/48E*] = 550kgf*168.2/3/48*2.1*1076 kgf/cm”2*60.75cm”3=0.427cm
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5) YIIEEQ HE pAMtel HatHQl AE HE 7|&E

6) YIS E AFO|= MH™EA| 2t} Base Plate2to| 7% =74

7) UFIEE AMO|= MAA| YFHEE ROOT A

8) Y7IBE AMO|= MPEA| 22E|E O ZO0|7} SHHEX| g4, Y7 Z2E= F®E oy = =0t

k= ol
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(Al Lt-1)
STRUCTURE ENGINEERING
ANCHOR BOLT EFFECTIVE LENGTH
INPUT DATA PGk BUN 7
* ltem Marme E-1004 = Description PES21
e 4 [FPrying case ~] = a= Throat thickness =
AR AR (Weld leg=0. 707 [ &  |mm
" * Distance between
* Distance from edge, & 541 mm bBolt, s 1682 rorn
i = Distance from w«weld
* Distance from edge, ex 75 mm lea. ms 103 o
e = bep=lmbedded bolt T = ZA |
Bolt pitch. p =4 rrn length 1500 |
3 T
O
I v
H 1
1
T
1
2 |-—n—|-<—-|
i e
FRESEA T L CAL CLHEA TN
= Effective length,e1 [=ta-1030+(1.26-75) | S05. 85 i
- Effective length.e2 |=2*3.14*1DS | 545.6 i
- Effective length.e3 [=0.6~1600 ] s00.0 mm
= Effective length.ed |=(D.5*1582)+(2*103)+(D.525*75) | 1.093.9 mm
~ Effective length.:5 [=B41+(2-103) + (0. 625+ 75) ] 1.093.9 mm
= Effective length.:6 |=(3.l4*103)+(2*84l) | | 2,005, 4 J mm
+~ Effective length.e7 [=iE1a-1033+2 ] [ 3265.4 | e
Effective Anchor baolt length
- Effective length [FiEaTa-103+2 ] 5254 rmm

Y7t=E Ofd Z0| 1600mmof CHstO], X f= Z0|= 3254mmzZ LIEfLHD
7

=
qestA MYEHASS & 5 ULH

YILEE 4 82 XNHiSts 2, ME, S RZHME it 33 HSS FelotH thadt 2ot
1) = &=880| X|Hf : =% Fot50| S5tF X UZ 550 e T ZHMEHL 2 B2
2) iy HHETE X|H) - F5F X U 5HF0| % HoSEL 2 22
3) & QUTSHO| X|H] : UP-LIFT 20| St X Wl st50) e M ZHERL 2 2
4) = Y3 HWEZHETE X|HY : 2), 3)20| X|HiSt= BR
5 SEt=2 £H H|oj2 550 X|Hj
6) Base Plate?t Z32|E0| 2E H|O{E 5t5 X £E #T 5150| X[H] : 2E =350 A[Hig
7. Y7I2E €2 oF 5 MZDHE A4 WY
gt oz Y7t EE 27 J|E2 S5E W S5tES 12{s5tof o] Wje M RHMETL oY mM
EBL 3A == 8% Y7t 2E X7t 2F Hot
7L ME™E WR /A7F 8l ZUOM B350 Qe T 5HE

M g3 8o 285tz SotE2 =T 400|E2Q S£(40m/Sec)0f| A oF *120 kgf/mAr22| £H
sts2 A ElCh MEWIe FoHE A2 FH SNt HE BotE22 ALUSIH, ASCE Z2
APl O M QF5tE ZHE AMAOE O|qE 7|E22 ALl FON ASE Cha2l FMe=z
o0 =old 5= ULk F, 5 FHOM 2 5 U= Yol 5= 250 =252 HHoH, 2
=50| 60%, 25%F0| 40%2| =l Xtojz A EH= A0l g7y F5A 2 2™ 20|t
* NY™-AS FAEH(ED) 7|F HHEO| 2t Z5tESS A
ZZAD) : ém, =0|(h) : 8m, 57| L (e) : 1.25kg/m"3, E&(v)=40m/s

,796kgf) O|0q, el BIMG HEO| 2ph fe w2

F=e*Q*V=e*A*VA2=1.25kg/m~3*6m*8m*40m/s = 96,000 N
9,796kg/48m~2 = 204kgf/m~20| E|0H, O] [} L0 M3t
204kgf/m~2*0.6= 2F 120kgf/m~20| =IC}.

oMol M= 3tE2 MEHAS W FAZI e =UAMe =X TS0l FH SeMXIL AHe
7k E
A

o |
- [s)
£ ¢ U0 IS FAH SAMA AL E & ¢ Eot ACHE O M= YF=E o] M ZH
E2Ct b RHEZ 0D = 5+ AN SI=EI =2 ECh
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L HFYAC 2HAE FUNM YT sE0| o3t HE ot
Bzl ATos A Us 2u=s| UY 2UEw § 32 YiEsE 2 8O A
O W MY A FHELl AP 650
30| 24 3 Y30l R ABS Atietol o) g

|.|-|
_?_
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El
Ot
2
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0
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o
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o
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o)

=, WO mE Mr RHEE= APL 650 E3.10] h2t ChZo| =40 hat A Ltokct.
M=Z*T*(C1*Ws*Xs+C1L*Wr*Ht+ CL*W1*X1+C2*W2*X2)

Z : Seismic Zone Factor (API 650 Table E-2)

I : Importance Factor (API 650 Table E-3)
Wt : Total weight of contents (& |X2 2™ 53
W1 : Weight of the Effective mass of tank contents that move in unison with Tank

(MEYA 9K SOl o 85% +7Y)

O mj, MZEE§T AMo| 9xdisto| =L3t= Zlo| st ot
M/

2 API 650 ES5.10( [zt (M)
DA2*(Wt+W1)2| Zt0| API 650 App. E, Para E51%t0| ZtHLI Mol YF2EL QF X @t

—~

cha EEr
SRS, 2 DOjME 47 Dol BaE0| et SHBUE AN FAT 2ol oF Fo HFYA
2F BY ofyl YT 50| et ME RUEZ0| HI WAOR X HeIF0| R SR A
212 B8 20| XSSO 2A SN H2lg Fg 2t = ACHH, o] H YItEE glo] HE
SUESC oY BUETH It 2 4 0| YHBET STasCtD BEHCH

Ch. X{XE43 UP-LIFT FORCEO| O[3t YFH2E S A At

LSS API 650 Table 21a0| [}Z UP-LIFT FORCEZ Z|AFSt Z@po|od, UP-LIFT FORCEO| g} 7ps
E7l 978 ¥ 4 YUk

(7| 4t-2) UP-LIFT LOADS CALCULATION

AP IBS0 STORAGE TANMK ENGIMNEERIMNG

UP—LIFT LOADS CALCLILATIOM-Table —21a
NPUT DATA [ PGM BUN |
- Itean Mame E—1004 - Descrigton PES=1 |
- Tank Diameber, D & 1 m - Tank Hesghl H [ = | m
- Mim. sield strenath of the

- - I = 1

B it Stvell Ca e rMpa Design pressuse, P | T2 | ko=
- Failure pressune. P Kpa - Test Pressurs, P | mpa
= Aoor piate Wkickness. tn mam - WRENRG MO mEEmL. s 245000 | —m
- Mt Mumber of anchors [ =a | Ea AT T1E0000 | t—m
= d : Diamater of the S
anchor cirche — oosa ] ™
- W1 1 Dead load of shell minus any Cormosion allowance and any dead load other " T R T
than rool plate acling on the shell minus 28ny CoMoSIon allowance I

Dead boad of Shell Minws any COrrosion alidwance and any dead o TEeeea i

ing ool Flate acting an the shell Minus Sy COrrosion aEowance
- T Dead losd 01 SREell USING AS—DUit hckness 3Nd any dead e SIher Ihan root | ] ra
Piale: S St £ el e SRt thicsno s s

RESULT OF CALCUT ATTON
LOAD CASE
Adloverable Allowabls
Momentikai-md at Anchor Shell
LOsD CASE Loz M Loaa (st {a i o e B icrandi
LIS E (PR

- CASE 1 @ Desian
Pressure= ({FP—0L08m) — 129,502 ]
=~ CASE 23 Test Sy
P S Sue = { P1—0L St | —129.a455 —i3. 193

D20l TESH—W1
= CASE F: Failure

Prassuna—{{1.5~F1-0. Getnd [ —1==1as

~D =2 =0 TESI— S B

- CASE 4 Wind Load= I a1 r — e TETL 7
NI D — [ Esm=== ] [ 1 [ 154 170 1
- CASE 5! Sstsmic Load= I Ea=. s | | 1654 1770

{A~MsADF-WE
- CASE & Daszanm
Prassune + Wind=—{(F— I E=A="s]] =651 1 [ [ER=r=] [ 140 | 170

- CASE T Design

Pressure + Seismic={{F- e R e TR | e e T = T | T &=
O CRR ) Db~ Dk, FES) [ Eas.=m 65.5649 | [ o= 55a [ 164 190
L&=hAS D R

LM AMCHORAGED COMDITIHOM

= rApi=tioment Sbout the Shell 1o bottom (0int frgm Desian inbermal pressure

* PAW OIS FDUEMINEG MOMEn1 about the Shell to bottom isint from honzZontal pes wertical — 55
wAnd pressure 1
- MDL =t oment sbout the shell 1o botham joint from the weiaht of the shell and rool
supported by the shall

- MF=Roment about e sfesl 1o bottasn J0int from Hquid & Soeclic Sravily O F and has |
height of the Bouid height

b K =OUE M ADE ar—m Si=eA0L 1. S
2. Kb Ol Shiod ) Kgl—n B MADL » A 2
= Lnanchored Tank Condimon. SI126K1 and SE>KE then. Unancioased Anchored 1

5. 12, 2.IF required anchorage fank. load per anchor

U=plat upsift load per Table — —_—— MNe=tNumDer of anchor T "
s—z1 [ —==0a | Kk LhAin. & sers) L 2 =at
th= Lomd per Anchorn B -==0 | war

5. 11.2 Desian tension load per anchor for anchored Tank
d = Driameisr of the anchor e s HNeMumber of anchor = — —
clhcie | 0. O30 | Chin. & sats) L = ol
W Wheladn of the sheall  isoLooo ] B = AR R =W R I B.00e | kar

and Roof



WEstse M= ZHENM 275t SIEE A

AP 1650 STORAGE TANK ENGINEERING

AMNCHOR BOLT DESIGHRN

NPUT DATA PGka BUIM V2.0

= ltem NMame E-1004 = Description [ FESZ21
= Bolt Material A3O7-B =~ Desian Teme. AbAS

= Coarrosion
Allowance of Anchor

_ mm = vield Strength, S | 21.09 kgl mm 2
Bolt. CaA o ]

-~ Stress Reduction s oL

Factor. RS I: msvmenl b Wind. 24500 kgf-m

= Resist Wweight{Empts = Cwerturning

e Kaf kAoment by Seismic. 115000 kaf-m
Load), i 13000 . A= % °

=~ Resist weight o
(Operating Load), Wwo 415000 9

*Tank Inside

= Bolt No. N [ =z ] Rl ik [ | m

EDEIDII Circle Diameter, I:Ei2— e = BGIt Size | =0 e
RESULT OF CATLCULATITOMN

1. Bolt Root Dia [ =Ea | mm 2. Bolt Root area [ sava ] mm~2

=z, Total Up lift Force, F [ Ba=z=mm | Kaf

2. allowable tension load per Anchor Eolt. Fta [ s=12 waf

4. Required tension load per Anchor Bolt. Ft | —a.7Fos | Kat

5 CHeck. If Ftis less than Fta, then O.K = |

B Max allowable Aanchor bolt Space [ #85 ] i

7. Stability moment for Wind, Smi1= 2/ 3=Wi=D/ 2 [ =000 | kaf—m

8. Anchor bolt required by Wind load. Smi1>kMws then Mot Required Mot required

9. Stability moment for Seismic, SmE= 2/I~Wo~D 2 @ kaf—m

1

0. Anchor baolt reguired by Seismic load. Sm2>ks. then Not Required Mot required

Y7EE 2O =€ 27 ZO0l= W7IE2E HFol zif 5, 5 YII=2ES| X2 AFLE UMM 2
e, Ol MEYR 7|=8 W7I=2EQ Z32|E WROMO ofjd ZOoJof Chst Ao HYS 12t
of &l W7I=E7t oY EHEo| E FA2EZREH HO|ZLL 32| E7 Th|E[X] = #9(0]
Lol of2 Zo|7t M¥&l= AO| Bt = =+ ALk F, W7I=ES| 22 2 SHE UHS
= HoUoME W7IE2ES R W20l H7I2E FH E3I2|E HOY 53 ECts WIIEE
o Xt F20| X[HiEOf WFIEE F= WWEZOl= MTetn 2= AOCh £, & AFoM A7t
ZEo| AU 28 27 ZO0l= YFI=EQ [ AT Z&(SS400, 400Mpa) CiH| 232|EQ| Y=TE
(24Mpa) 33H[(= 166/1 £==0|0, O|2{¢ HiZ2=2 HIIZES = =8 ZO0l= ChE2l 4o=
M= = AUACE

% Y7I2E ¥ 232 EQ H0lE M0, F=A*c=R*Le---(1) 40| JEE|O{, o|lje] WIFLZE
72 22 ZO0l(Le)=A*¢/R 7} JEECL

0
o
°

UWAEE 5 SR :Le

WHEE XL 97 B8 20| L=Le*k
WA E S| CIEELA

WM ES| HHM:d

£ 8u|(c) =alja2

UFHEE =4 SIETE ol

232 E X4 YSZE a2

=3EelE Ujg 47HEE 7R ES| }EHOR) = (nm*d)
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ANMNCHOR BOLT DEFORMATION
INPUT DATA V1.0

= ltem Mame = Description rAZ0
DESIGH DATA
- Bolt force, Fb Kaf - Embedded lenath, Le ZE0 mm
= BEolt Diameter. d mm = MModulus of Elasticityv. E K3 mm
F

+ -

STBESLAE T - AL CEAE AT O
;rBeDaI}ASSECﬁDnal S14.2 mm~2 + Deformation. s=Fo~Le/E~fAs 0. 4904 mm
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Figure 16: A quarter of FE mesh for simtdation of the anchor bolt, see test [16], bolt is

connected by node to surface contact elements, development of bond stress

(A L-5) 7H2E R= ZO| At
ARMNCHOR BOLT EFFECTIVE LERMGTH
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= Item Mame ARCHOR *= Description rAZ0O
DESIGH DATA

§
o
b
N

[Prving case ~ | + a= Throat thickness

ARBRLEIES (wield leg=0, 7072 [ 8 |mm
~ Distance fram edae. = rm Distsnco hoheain mrn
bolt s
= Distance from edge. 2= mm regD‘irSnlznce okt mm
- Boit pitch. 5 . JLPECimbedded bait S50 | mm
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FRESUL T OF CAL CEEATHON
~ Effective length.e1 [Ffa-253+01. 25250 | rmm
- Effective length.:2 [=2-314-28 | rarm
- Effective length. 23 [0 5=350 | o
= Effective length.e4 [0 5= 701+ (2= 25) + (0. GZ5=25) | rmm
- Effective length.e5 [=30+(Z2-251+ (0. 625~ 25} | el
-~ Effective length.:6 [zE3 1 a-25)+(=-3m | A
-~ Effective length.e7 [zt 1a-253+2 | i
Effective Anchor bolt length
= Effective length [z(3.14-25)+2 | 80.5 e
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STEEL STRUCTURE ENGINEERING

AMCHOR BOLT REQUIRED EMBED LEMNGTH

NPT DATA PGr RLUN VIO

= Nem Mame [ AMCHOR * DescHpton BAZD
= Concrate
COmPpressive =4 rpE = Salaly Facior,k
Stengin.Cc 5
EETEAE [SSaoo ~~]
- Boll Size - Boll Glade L

RESULT OF CALCULATION
= NHaews

. S ETHTE, A 314 | mm2 2 12,5600 | [
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Hnes
1) API Standard 650, Welded Steel tanks for Oil Storage

2) Eurocode 3, ENV-1993-1-1, Design of Steel Structure-General Rule and Rules for Buildings. CEN,
Brussels 1992, including Part 1.1, A2: Design of Steel Structures-General Rules and Rules for
Building, Annex J, European Pre-norm, CEN, Brussels 1998.

3) Design Standard for Steel Structure 1979, The Architectural Institute of Japan.

4) ACI 318-05, " Building Code Requirements for Structure Concrete", ACI 2005.

5) ASCE (American Society of Civil Engineers
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