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Test Study on Uplift of Snowflake Steel Sheet Pile Based on

Optical Frequency Domain Reflection Technology
GAO Lei, CHEN Hejin, XU Zhongquan, PEI Donglin, GAO Xuejian

(Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering,
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Abstract: Snowflake shaped steel sheet pile is a new type of special-shaped pile with large specific sur-
face areas and high bearing capacities while saving materials. In this paper, the optical frequency do-
main reflectance (OFDR) technology is used to carry out the uplift model test of snowflake steel sheet
piles, and the strain at different positions of the pile body and the horizontal displacement of soil at di-
fferent distances during the uplift process of the steel sheet piles are obtained. The test results show that
OFDR can accurately monitor the deformation characteristics of the snowflake steel sheet pile during the
process of uplift, and reveal the deformation laws of different parts of the pile body. The strain magni-
tude and fluctuation of the snowflake steel sheet pile are different at different positions of the pile body
during the process of uplift, the strain of junction of the web is the smallest and the strain of the flange
edge is the largest. The results show that the horizontal displacement of the soil around the snowflake
steel sheet pile increases with the increase of the load during the uplift process, the horizontal displace-
ment of the soil at 200 mm from the model pile is about 19. 15% of the soil at 100 mm.
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Tab. 1 Basic mechanical parameters of soil layer
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Fig. 3 Pile position and sensor layout (unit; mm)
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Fig. 4 Particle grading curve of sand
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Fig. 5 Loading and data acquisition system
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Fig. 6 Test soil filling and model pile loading test

3 HERHW

3.1 TH (IR Lk

AL AR AT SR H R AR, 7E E AR
TN A R] A TR M EERE g, R X AR
AR TR [R) f) o 28075 3K, AR 4 A8 R A 52 s L
ORI HE T S5 28 53 )\ R AT BN, 53 531)
$70.6.1.2.1.8.2.4.3.0.3.6.4.0.4.3 kN, {5
WP A RS TH LA - BB AR N B TS 18] 7
SHREHIRE A B BINIRS TR, AT L 7RI
TENNEA) 1 v BeAsE 20 Bk A 062 3% 5 TG A dk ek e
M AT ARIAE] 1.8 kN( 1.0 h) J& , BETIUN B JT by

B []/h

0

'
n
T

00 05 1.0 15 20 25 30 35 40

TR AL # /mm

=
E.10f
z
&1
Bk

25+

—— WAL R 2%
30t e
(a) HEA

Bl @A BRI AE A Al B R FIRE N
29 mm F1 34 mm, PIARBELE LA R R E] 45 1
A A B 0 — Bk, AR R LS B )l 2R
TE, TACTE AN b 45 A RV ] 43S =SB Bt
BN NER 0.6~1.2 KN(0~1.0 h) i, i %%
ToI AL 58— Be gk 1.8~3.6 kKN(1.0~
3.0 h) B, B B bifi 5 i 2 Wik K 167 % it B
BHR B =B N 4.0~4.3 kKN B} (3.0~4.0 h),
IR ART 2 © T vk 3K B WU, 67 # 5t PR & R
R

3.2 MEHMESH

AR B0 38 1 S %O £ 1k R AT IR R AT
S8 EHIBE A F1 B BN BO I T 2L £ H i
BAR TR 7, W R g SRR o 8 22 5 TR
RERUAE A 250 3k A8 rp e B S 21 1 B I 45 14 ek B2
AEAEHAT M, B 8 iR ER I AR )2 IR
FET7 R R AR At £ Bl I (B 3 4 T B O 24
SRS I AR B ) )RR R . Sy HTIEL 8 BT, AR
YRR 0 PR Y T A J2 ek B 5 i ) R S R 24
0.6 m, T 2R EEASLEARTE 0. 5 C LA, AT WL
HIE) 1 205 B AR AR AR /N X G AT A% 3R AR 52 i)
AR BT AT TR BRI

YR THE A JEAR 5 E RS A4 BE B JE
M5B GAC A B G NGRS, Bl 9 Ak
A TR MR A A RO AR BOGEF I iR 1 A2 |
TR FIAR I BOG AR A g 5 IR R % &, A hE
LS S WA AR AR TR R AIE DRI A 43 B B 53 B T A
EREE . TEA R AT B A A AL E DG
I AR M 2T 28 43 A — 3, AT UL OFDR 458 B0 5 b Sz i
THRARSZ PG AR

i &) /h

00 05 1.0 15 20 25 30 35 40

— MEBAZ RS IR 2k

(b) $B

K7 R R £k

Fig.7 Time history curve of displacement



3 RS BT SR B AR MR B IR 5 5
B ET R/ C
06 04 02 00 02 04 06 08
0.0 S
02}
04
,§ 0.6 L0
K —00hE R
E_‘H 08 e 05hjE H
e 10hE :
10 F ——15hj5
e 20hE
e 25hE
12} - 30hE
=8 . 35hE
14t R ——40h

K8 LRI AL

Fig. 8 Environmental temperature change of soil

PLEE/ pe
-40 -20 0 20 40 60
0.2 T

04

0.6

K /m

0.8

12t
K9 Bk A RS A A AL AR

Fig. 9 Strain at the junction of web and flange of pile A

AL O RIRN, BE A bR fr 2R Gt I, B
JE AR S AR A A e KN AR AL 1 H BAE RS 0.45 m
HiJE, 24 Bk fr 2 is 3 4.3 kN B, e KN AR N
46. 1 pe, AN, ZEHEE 0.39 m A1 0. 52 m LbAIHE
B4 0] BT WA R AR A B R R TR AR
AR AL A B 5 AR R %0 G 3 37 i g i
AT B4 52 . MikEK 0.55 ~ 1.1 m 4bYGEF
I AR VR A A ) 2 W8/ O B A A b S e T
BE ST RHE

10 SAAE B IE B 538 458 FLAL B LT R AR | I
LY B 6 F B AR H A B A 2k By BERRAE A
10(a) A IN# 5 —FrBe (0~ 1.2 kN) Bk B 1 42 it
2, TN IS — i BOAE B hiy A8 A Ak 3%
AN, BT ARCN 1.2 kN B BBy e KR AR HE AR
0.42 m kb, e RV ASE A 33.8 e, & 10(b) Jhn
S BB (1. 8~3. 6 kN) ME G W AR M £k, Bl far

K /m

K /m

(0) IR —FrBL
K10 #E B M5 3RS A Ak 1A

Fig. 10 Strain at the junction of web and flange of pile B

A IIE I, BB AR T IR R, 2 BT
3.6 kN B BB B KW AR BLAE 0.43 m &b, Fe Rk
BEAE R 61.5 we, & 10(c) NN =B (4.0~



6 wode TR R #

FoAl (A & B D

2023 4F

4.3 kN) BE G R AR 26, i T B B AT 4R 7
B R SRR A - ST K AR IR AU 2 25K 4y
Podk Ty, Wbk B AR AR Ak A R BEANE
R 4.3 kN B B B R kN AR BT
0.59 m 4k, F KN AE N 64.58 pe,

SHTIEL 10 AT, 5 N 9 B ik B fe K0 A2 {E
PIHHIAERD - £ 2 A B B S ARG R
BRI A4 98 10.3 .26.7.29. 7 pe, 70 55 1R
b+ )2 fe R AR (H 89 30. 5%, 38. 7% . 46. 0%,
MESNAFED L LR L1 mZ ) HEH R
ezl MAEAs - 2 0E B 0 AR E BN H oW i
Bl BT R e gk e ke 2R RE e e L,
M 53 E 2 AL AE bt 8 v a2 - i BRI R A iR
W2, AR B — 7 T 52 AG 1 R R AR AEH,
T3 — 7 HAZ TN b, SO RS 4 )2 bk B
FEIA T /INA I B AN AR

Bl 11 R#E B 7E3 %‘uﬂj}“% NiAE iR
1.1 m DUFOGEF B8 A& A i 2, 0P 20 B i 5 25
MR AT 4.0 KN B, BE B 5 ok AR AR
0.3 m Ak, B KNZAE K 243.9 pe, M THE SN ERE
fi] 5 5 B85/ T3 2 5 A A2 S A RN I A 5 T A 58
AL | PR AT B 3 IRy TR ) 0 A R B

RAF/ pe
-300 -200 -100

4 <

100 200 300

PRRLN=—OO
LonohwihooE
[aanasanatasatar’
22222227

11 B AR ZAL RAE
Fig. 11 Strain at flange edge of pile B

12 4 B3R 1.2 kKN F13.6 kN FHEE A
()57 5 Ah 07 A8 X6 Fb il 2, pR 6T B il 2 4 A AT
TEMTZCH 1.2 kN B, A BEE AR 5 il sg Fab B ik
fiE e 5 3 G Ag Ak | B AEEE Sk b A RO B R
NASE /NG5 12,3 .33.8.41.0 pe, ERY
[GE T SO R RS ¥ S IS TN TR R
BN 30% 1 82. 4%, T4 K 3. 6 kN
BF, A AERE A 5 0 Al se A4k B BERE A S 3 gk sg A

Ak B 3 % 11 A A RCERE B AR AE KN30l
41.0.61.5.155. 8 e, MEAT A 5 18 A 5c Ak 1R
ST %2 SR L\ %> SUR O N )
26.3% .39. 5% , B L] UL, B A far 238 0, 32 230
A S5 R IV A R A ST TR

MNAZ/ pe
-60 -%0 -%0 ? 29 49 69 89

0.0
02} o ;T, .,A,.‘
.3 ‘zf“ *
04} ks ‘
5 L
0.6 : .3‘
ﬁ "Aa:.:;: 5
0.8 :g;i»
o "»i,.r.'
1.0 f —
L e
N et o
12L SR
(a) 1.2kN
AR/ pe
0.2 -100 0 100 200
0.2
0.4
£ -
K 0.6 L
S N
0.8 N
1O =
Akw@ﬁ5@ﬁ§ﬁ%
o ISR S RE S
12L O
(b) 3.6 kN

P 12 AR 28 AN [ i A

Fig. 12 Strain at different locations under the same load

I F2 I, OFDR 4 AR BEASHS WA 21| =5 £ T2
FARAEAE I B A B AN [l Ak i 32 oL 8, 25
TETEAEAE SRy — Tl 78 B B ARATE , 76 AH R o7 2, I8
M 55 HE AR A SR AE b Rt AR B SR AR, AR
WA R E AR 53 Gag FAb B4, et
NPV S S 52 SUPILTi N

3.3 ETRKEMBSH

N T AL T S AR AR AE bR A
ORI S - B P B 82 o 6 i e R oR AR T R
i G1.G2 A B i AR, 8 1 WA - He I 2



1o A BT R SR S

TR AL SR IR T 7 7

ATTE R LR OLR2, o G162 73 3 S
BEFRAC 100,200 mm, PR B2 B THEE 2
E2w)

& &

(1)

E =

: 2
Ko, NEGFIHIRNIAL, e, A IE XA 1
PoR XW”{}JJE{ FUE B AR R IE RN AR N 17
TR RO FHE 4 B V-2 7 AR I AT AT AR
AR, BRI AT A N

w(z>:j;f;%dzdz (2)

K, 0 (2) AHE IR L ARKEALAS , mm; H A
RHEMTE, mm; z M E AR &8, mm; R I #HE Fh

’TI , mm

182

K 13(a) MEEBEARIHE 100 mm (G1) &b+ 14k
P R 5 S s T 1 2 o R (T S € 22
T, HARACE R BE 1 )2 0 B /N I 36 K, 76 £
JRTRIA SR KA, TEM R 2.4 kKN Z 0T, 1K
HKRLRE IR B G218 3 1.8 kN I,
LA 0.61 mm, SRT, —H k4 % 2.4 kN, 11K
HIFKAE ARSI, XA 4. 3 kN /9 L4k
far R, EAARIKA LB BN T 5 KAA, 4 3. 27 mm,
& 13(b) A B RIAE 200 mm ( G2) Ab 1K 7K F
MR A 4 AHXT T G1 &b, BRI RE RSB,
TERETR E 4Rz o~ 4. 0 kN B, R K P-07 7 15 3
BRAEAN 0. 41 mm,

] 14 g AR R far 280 AN [ BE 25 4 A4 K 88
A BT EE  FEfT 2 1.2 kKN B, G1 . G2 AbfY +

KA/ mm KA/ mm
00 05 10 15 20 25 30 35 00 01 02 03 04 05 06
0.0 At —— 0.0 - ;
02 F 02}
04 | 04}
£ £
1% 06 | % 06}
& ——0kN
Kos i ——06kN I ogf - 0kN
+H —12kN +H 0.6 kN
13N ——12kN
1.0 b 54 TN 1.0 — 1.8kN
TOIN ~+ 24%KN
: < 3.0kN
12 ——3.6kN 12} 3.6 KN
——4.0kN :
gt ——40kN
14 L : 14 L ——43 kN
(a) BEAE100 mmib(G1) AR KFALE (b) FEAE200 mmAb(G2) 44K SEAL
Kl 13 LAk
Fig. 13 Horizontal displacement of soil
KA/ mm T KA/ mm
0.0 02 04 0.6 0.8 00 04 08 12 16 20 24
0.0 — — : : 0.0 7 : : — .
/ i /
02| ;-" 02+ i 7
H i I
04 b ,-" 04 ; A
£ "f‘ E j //
% 0.6 r % 0.6 o j //.‘
'
K 08 | 4 I ogt ¢
H / H
L0 j - FE100 mm(G1) Lot/ —— BE100 mm(G1)
;/ - EERE200 mm(G2) i - EERE200 mm(G2)
f
12 12y
i’
1.4 14l
(a) FFER1.2 kN (b) T 3.6 kN

Kl 14 AS[R)EE 25 4k + R K- #%

Fig. 14 Horizontal displacement of soil at different distances



8 Wodb TR R ol (A R OB 2 R

2023 4F

I3 914 0.09 mm F1 0. 44 mm, G2 AL
T IRK R L G ALY 20. 5%, 16 faf 2N
3.6 kN f, G1, G2 Ab &) + 4 /K F 157 % 4 5l A
0.39 mm F1 1.94 mm, G2 4b Yy HAK KA 2N
G1 AbE) 20. 1%, GEit459efiak ™ G2 Ak A KEA
Bt Gl Ab LIRS 2 L, HIME A 19. 15% .,

4 g

1) id i Prak B ARV, 2615 T = AL B Al bk
FE_ L3R B P e B O R4 A AR, R A5 R R
WY, 7 B AN [R5 28 A 7 2% R /NI B AN [m] |, 6 T AR
SR A /N RGN K,

2) HACTC AR A L 450 e v XA ] 4 i 2
A—E WP Ve, B A AR K S5 B B L & far
o AYIE G K, FEATAIAE 200 mm &b 4 AR K7
#2524 100 mm AL 19. 15%

3) OFDR 33 KOG EF I8l 457 AR AT LA E A s DU
EACTE B MR AE L Bk o B2 A B AN [R] Ak i AR TR
TIE, AT A B A AT B A 2k 2 v AT B A2 JE W T R A
AL BT TR BERL 2 A

SE Lk

(1] HAE. ) SR b BU2H G50 it m) 23 Hr 5 ik
B TRERIILT]. #4717 ,2010,31(7) :2146-2152.

[2] OUYANG W, WAN J, LIU S W, et al. Line-finite-ele-
ment Implementation for Driven Steel H-piles in Layered
Sands Considering Post-driving Residual Stresses [ J ].
Advances in Structural Engineering, 2021, 24 (7).
1384-1398.

[3] WL, REE, THR. HrE/EH T Y BUbE M BH )
SHABIBTTE [ T]. #0157 ,2013,34(S1) : 14-21.

[4] #7 4, XIDU0e , FLANER. BLBE X AR & Mk 2l ik
Bolkge (] o h 25 ) 5 TR A i, 2016, 12 (3)
662-669.

[5] skpsse W B, BROCH, 2. BOBE S B MR DX A A
BRI R RS AT 52 [ )], £ TR 240, 2015,
48(S1) :186-190.

(6] w5 &, ARWE, DU, 55, TAERVNHRE X N T. 5
T 5k W E L Z1.201810192602. X[ P 1. 2018-09-04.

[7] GAO L, XU Z, WANG Q, et al. Model Test Study on
Deformation of Snowflake Shaped Steel Sheet Pile Based
on OFDR[J]. Sensors,2021,21(21) :7062.

[8] ZFMY, 3C & fLA9R, 55, B T LY sk B8 19 SR e
BUHORE R [J]. 8 £ 1%%,2021,42(4)

1088-1094+1103.

[97 H4ERA. SRINTH X PHC k%8 1] Bt 4 A B A 28 77 T30
(] e TR R A2 4. A SRR, 2011,28(2)
14-18.

[10] fL495, TREBT  BRAE R, 4F. B0 X JERENE R m bk
FEVERZ I R AT ()], R S TR AR,
2012,29(3) :49-54.

[11] KANG J, KANG G. Experimental and Semitheoretical Ana-
lyses of Uplift Capacity of Belled Pile in Sand[J]. Interna-
tional Journal of Geomechanics,2022,22(12) ;04022217.

[12] s, S8 WSO8 |, 4. BRI 0F T 3 15
RUREST R AL ShoR Bl [T ], & - TRk,
2021,43(12) :2258-2264.

(13 ] o BOlRE, BUK R, . 10 £ i3k AR BT SobE
TREEREB AR [ 1], LR S, 2019,26(8) : 181-
184+187.

[14] ABLLAE 7E 1, 05 [ 5. JORREETRN B4R i i hE L
TERUDBTFIE[T]. T4 ,2022,52(S1) :2777-2781.

[15] B 8, b m BRI A G AR ER
ARBIINERE )], & 1%,2019,40(7) :2825-2837.

[16] ARPGHES, B W 45, 55, FTOLLHOUMME B A 1)
Mo HERER R R I DT[], £ TAE2A4,2010,43
(6) :109-115.

[17] sk & it ik, 5% 74,45, H:T BOTDR ¥ SHTiAE T
VRN BT [ )], TR 24, 2019,27(6) -
1464-1472.

[18] CHENG L, ZHANG A, CAO B, et al. An Experimental
Study on Monitoring the Phreatic Line of an Embankment
Dam Based on Temperature Detection by OFDR [ J].
Optical Fiber Technology,2021,63.102510.

[19] Maless, X %, iKBE T, 45, ST OFDR [ A 2e 4 il
Wt [ T AR MO [ 0] Bl KR TR A 4
2021,41(5) :1087-1095.

[20] WU J, LIU H, YANG P, et al. Quantitative Strain
Measurement and Crack Opening Estimate in Concrete
Structures Based on OFDR Technology[ J]. Optical Fiber
Technology,2020,60:102354.

[21] PN, 5K o, B2 W, 45, 56 TR FoR B 3%
TR I 234 SO ET A St I 78 A% 3o 2 P 0 A 15 1
[J]. BH2HOR 5 T2 ,2018,18(33) :46-52.

[22] jitp %k, 5k PR, RMES. M S A £ TR A OB ET i
TEARL M. b5t Bl i, 2019.

(23] ARA, AR, FE 1R, 55, 2 T Z e R e )
SRR B R g0 e B T R [T ] it K o
. FARBHERT,2016,44(6) :519-524.

(DifLami EAH)



