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Deformation behaviors and variable rigidity design with equilibrium
settlement for CFG pile composite foundation of large storage tanks
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Abstract: The foundation of large storage tanks has requirements of large bearing capacity and limited differential settlement.
Because the natural foundation generally cannot meet the requirements of bearing capacity and deformation, it needs to be
treated. It is revealed that the settlement distribution of the foundation of storage tanks has the shape of the disc with large
settlement inside and small one outside, and the settlement within the scope of 0.7R away from the center of foundation is large
and has no great change (about 20%) through field tests and numerical simulations, which is defined as the core area for the
foundation settlement of storage tanks. The most sensitive influencing factor to the settlement of CFG pile composite
foundation of large storage tanks is the length of CFG piles. On this basis, the spatial variable rigidity design method with
equilibrium settlement for the composite foundation of large storage tanks is proposed to raise the rigidity in the core settlement
areas and to reduce that of the foundation in other areas. Thus the differential settlement of tank foundation is effectively
reduced and the stress state of storage tank structure is improved.

Key words: large storage tank; CFG pile; composite foundation; deformation behavior; spatial variable rigidity of equilibrium

settlement

it

0 5

L4k, B R E A AL T TR & R,
TEA s X s T — KA R A = RAEHE, 1 HE
REEM, 78 B, 5. K&, UE. B DS
T2 10X 10°~15X 10 m® B f

R B G b 2 1) 3 AR P WA S At B
HAF AR DA EAUR, MK, MR R, Xt
IR B R e, Wl Ui E R, o
KA BT 22 SR S5 I ) 32 IR FIE F Th g
PEAER RN, HE R AT VR X AR A RR
R, R LR, WRIEIE R O RO R

TR X L R SRR SRR K 2 B 2, AR A
FEERER. SRS, Egithm, TREMREZR, RA
HiFEAN B H 2 f XS M AR B AT ) 20K, 7
BEAT ML AL . CFG BEE & R B M R 3 2
MR HFEARTE /N, @ HVa ), DR TR,
BRGEEIER S, EnERR. k. ABST
AR TN TIZ IR . IR, CFG EE G
HH AT T KA HER M0 HE . X FEPIR e
HHACFG BE+70 7K T 0 ] — 36 R 20 figh 3R L b

Wks HEA: 2017 - 06 - 05

*@RMEH (E-mail: nhli@nhri.cn)



1112 =

+ T B % ik

2018 4F

®1 BLRYIBHFMFUER

Table 1 Physical and mechanical properties of soil layers

o o ok PRIRRE TEEps  BKE R4AEE ARSTEEC HERIH MUEERERH AKERHEE
/m /(grem?) wi% EJ/MPa Ngs  qJ/MPa  Jifi/kPa  fu/kPa
@ Hp o —rhs 2.6 1.78 30.0 11.2 7.52 44 160
®  BEE L L/¢e] 1.7 1.74 23.0 4.01 3.2 0.67 23 85
@-1 EMAFRD AR 1.8 1.74 21.9 15.0 10.4 9.24 58 150
@  BRE#H L w8 6.9 1.58 23.6 4.55 5.5 1.31 34 120
® R s 2.6 1.84 30.0 29.6 8.04 104 280
©®  mEE L CIEZ| 1.3 1.58 22.4 6.26 8.7 0.88 14 160
@ R st 2811 1.84 35.0 33.8 300

B8 7 ARSI 2R . TN EE S5 BR ) CFG i [
— RIS L, R RN R, 0
R R AT AR 2 B BT KB HE CFG HEE A iR 128 e
PERF A, BRI TEAZ, B R%E
FITFEN

ASCUUHETRE 02TK-307 SENKIETAE, @i
56 R0 A 23 A AH 45 B 1) 5 VIR NI 0 K B i
CFG & A ML TEEIR . TR AT FUE R s T
PRI EER R, 32 T REUMERE CFG ME 5 & Hh g =5 ]
AR B TR

1 DA HAR

02TK-307 fE /& —J8 10X 10" m® FIVFTRME, HEfk
FAE 80 m, WERET 21.97 m. G HE AR AN A VR e
REEFERE, FAREE 2.5 m, JE 0.6 mo 35 i ik BE A
K 1248273 to & LEMWE IR bR LR 1
FiR o

it FEFL R R /715 260 kPa, RARHIIE K 11X 160
kPa 74, ANREWH AR IIEKR, KA CFG HEE &1
BRI E L . CFG B8 &R+ S 80
T MR 400 mm. AEFHEEEFTERI N 2.1 my #EK
13.45 m. FEBEAR B IRFIEE 450 KN B[R] 2R 30
fIEH 160 kPa. A& HiJE & 2 S RFIEMH 260 kPa.

NG RE CFG EE & HBE R EER, IRE T
PREEUTRRI s, SR U4 )2 DR A0
I 76 7K T 17 A R SRS IC % At BEHL L CFG M
A1) 0 B LR B335 MR 2 AR B0 4 o 7 7K s 5
AR . I A L 1 TR .

GB50473—2008 FIL 5 %2 5K i il b K= (1) A8 ¥ fo
EARYE R R e xHrmmiR, F
FEMUT %22 o VPHE 0.003D< A, <0.007D (D N
IEAR), [EETEE 0.008D< A <0.015D, #EMIHE
BER, Vi ERVHESHERNLE (A, /D)
ANs PRSP BUARY I TOURE R T B 22 Fe VB ASTI<

0.0025, [H 52 TRFEAS/I<0.0040; 5 FL 4 1 3k B
=0.008.
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Fig. 1 Layout of observation points for settlement
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S R TR B KA LR 2 P IR 2 AT RURIN:

(1) FR/KIUE ]I 2L S4 HIvTke sk, UiksE
41 mm, P ST RTRE D, YTREEDY 13 mm,
SEIUTIE 30 mme. PR BE TR R P B2 AN )3T
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BN
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mm(S11 5 S12), {ERAR A KU % 18 mm(S11
5823, MRCFHEBIRME A, /D=0.0002 izt /N FiiE
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Table 2 Settlements at various observation points in ring wall

W VIR E/mm | W YO E/mm | W U {E/mm
S1 34 S9 30 S17 40
S2 37 S10 30 S18 19
S3 37 S11 13 S19 17
S4 41 S12 35 S20 25
S5 36 S13 20 S21 29
S6 27 S14 40 S22 32
S7 23 S15 37 S23 31
S8 25 S16 36 S24 35
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Fig. 2 Settlement curves of CFG plies and soil between piles of

large tank
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Fig. 3 Relationship between settlement of CFG pile composite

foundation and water height
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Fig. 4 Distribution curves of settlements of storage tank

foundation at different water heights
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Table 3 Computational parameters
B 2 TR é%?%\ﬁ,l & Ae K n Ry Rq Cy ng
/m /(107 cm's ) /(°) C°)
@ R 2.6 200 39.4 7.1 255 043 082 072 0.0027 0.65
® MR L 1.7 0.6 32.0 2.2 178 0.50 0.80 025 0.0029 0.88
®-1 EHEFLY 1.8 46 34.0 2.0 185 046 080 072 0.0028 0.68
@ MR L 6.9 0.2 24.0 5.4 143 0.51 0.73 020  0.0030 0.72
® kL RD 2.6 860 38.4 2.5 354 040 069  0.88 0.0026 0.58
G MR L 1.3 0.2 24.0 5.4 143 0.51 0.73 020  0.0030 0.72
@ kL RD 28.1 860 38.4 2.5 354 069 069  0.88 0.0026 0.58
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Fig. 5 Section of CFG composite foundation of 02TK-307 tank
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Fig. 6 Finite element grid of CFG composite foundation
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full storage
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Table 4 Comparison between calculated and measured values of

foundation settlement

5iH L% /mm
FEIE AL 0.5R 78t
A 123 111 45
SEE 110 90 30 (1)

*=5 IMESMURE LIRS BITRE

Table 5 Settlement curves of deep soil at ring wall edge (mm)

ST 15 5 i
A W AR /m
1.9 6.5 11.6 16.6
THHEAE 40 31 17 7
SEE 30 24 14 5
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Fig. 8 Distribution curves of vertical deformations of storage tank foundation at different water heights
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Fig. 9 Distribution curves of settlements for different design
plans of storage tank foundation
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