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[ Abstract]  Uplift piles, in accordance with their structural properties, effectively sustain the structural uplift loads and have
emerged as an efficacious solution to address the anti-floating issue. The precise determination of the internal forces within uplift piles
is crucial for comprehending their load-bearing characteristics. Nevertheless, the tensile capacity of concrete is relatively feeble. Once
the load attains a specific magnitude, its elastic modulus will decline, rendering the traditional axial force calculation methods inappli-
cable. By leveraging the optical frequency domain reflectometry (OFDR) strain measurement technology and conducting indoor model
tests of uplift piles, the strain distribution and evolution patterns of both steel bars and concrete during the pulling process were ana-
lyzed. The alterations in the elastic modulus of concrete throughout the tension-failure process were thereby obtained. A method for op-
timizing the axial force calculation, which exploits the relationship curve between the concrete strain and elastic modulus, was put for-
ward. This enables the accurate acquisition of the axial force of the pile body and its subsequent application in practical engineering
projects. The test results indicate that under the condition of small loads, the OFDR technology can identify the locations where con-
crete cracks emerge based on the strain curve of the pile body. In the event of pile body failure under large loads, the elastic modulus
of concrete can be rectified using the relationship curve between strain and elastic modulus. Compared with traditional calculation meth-

ods, the relative error of the axial force throughout the entire process can be confined within 5% . The viability of this approach has
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been corroborated in actual engineering endeavors, and the optimized axial force calculation exhibits enhanced precision.

[ Keywords |

WEE Hb N 2 ) ity b IR JF & R, Sk bt
FEOTFE O AL, BUBEAM I 25 A0 R A ROR T
BERL b PAART 38, W i ERATC T ) LAY A R i . R
FEPUOS R P B AR A S N A A BT
DTN AR B BIR LI

FURI, B DTHAE PN 77 S, A i o 0z
THAEN 22 i AR h 2 B RNE B 45 R 1 2 e, HL
R B A AT I SERR L TR A A
ARV AR R AE SR X T A AR o 2K
BEJIREMAAR K oAb, #% 5E i i I 3+ 07 A
NPT AR T, REE - R IR A — A,
A VR 5 A A A T TR O AR (BB P A T —
HORTH R EE Y T7 , B SE R b TR BE A AE A [ B
A0 R A S R S T R 2 B 2 R T
AR PRI A G T 530 T 1 A8 IO AR /N B 1 Bl
JIFISEPRE AR )5, (B2 5 S A T A 2
WAL SE PR I (E, — 2857 38 X R BE 25 i
B IEX 7 HHEATA OGS, ETFIRAED JEAT T
AR JOSE TR, AT 50 R 2 X Ak i 1) AS [+ B 5 LA
R 3% Ja BEHE R g 1 A2 AL R AE AR IR R AF ) 5E
Ao e A 52 T A A B B A Y R D B A
AR BB TR BRE IV 78 55 A 73 A2 A TR 45 TR 5
SCHEER Y L) 2 2 R0E P B S R g A SO
A3 SRR I B T B R L A A B R
BIFFEAE A b A 4 22 1 A B AE B B 4 28 A R 1
g T HL S e A RN BT I kA8 R
AR AT LB R BE SR B, H
AT A X 6 A9 TR - S 4 Bl A
SN, 25 P A A 230 DR 2R 0T 90 19 TS 5 - S 4L IO AR S Hl
(RSN, XA O e A 3 R ) Tk b kR A
TRBE L SCEEVE TRl W, e BRIRBE AR IR
i Lo i 28 2 M i g M RS R, R, A B
XHUUHAER TG B TSR AR SC IS . I AEk, 0 A
HOCLFRIEA dy T H5 B i i 5 R4,
RERE R, B 12 IO T 09 A3 TR 25 - 235 A% £t B 1 00 450
B, ER IR A RO AR R Mk
LU AR T2 TO0 T Bl Jy BEA7 I, %
FLARAE 2 R B S ' 2T % S AR WA ) 285 2R 5 A PR
JUTH SR AR AR BRI B B AU A R B A — L
I ERAE SR DG S S G 2T 1 IR T e T
VEAREAE B 2 g B 0 B 71, AR T TR
TE NN 2 e v e B A0 A B Bl ok B
MEERE T3 A3 A I Bl . K BE 36 R DR et %

OFDR; reinforced concrete uplift pile; elastic modulus; strain monitoring; axial force

JREARBIEFE T W IR BE A PR S BT R TP AR
S B 3 A0 B BHL ) B AR A R T 0 A O
L WEIAE | DREE A5 ZE A TS A 2 Sk
e 1 25 IR BE L WA AR 78 R e Y B B IE 35X
XFIREE - Sk ) W D B R AT B IR, 2SO
SEUOSE 1 A3 A OGRS SR Z KA A
P AN BE BT R 2 M 2 DU HEAT T A2 1R 28 e
AR ] 467l P DY £ A SR AR X 5 B AR P TR
B+ 2 IR AT B A3 A, HE AR R R 2
375 18] R AE AR 3 A SO B AR R A B
VSR, SR, A DR Z R BRAE IR BE 132 15
TR BIRIESE , BEA B XN IR BE AR 2 0 TO0 T &
Y, WA 7% JE TR Bk - 5 M AR o 78 91
AT AR AL X — R, I, X T T ki X 28 45
oy, PR BE L PRI PE RE R 22 AU 00 T, R v 2R HUAE:
Bl x5 LR TR N B

PRIEFE I8 R 5 3 R (optical frequency do-
main reflectometry , OFDR) £ AR | FF Ji& 99 i 1% 55¢ + 4t
PRAEREAY LI | 73 A Sh A7 4 e v B9 A AR 35 +
R IO A2 53 A1 T AL R | BRIBCSZ 7 - I 4x i R TR B
s AR A O, BE— 2B PR Al g O vk
LS g 80 18 25 - TSR 7R B8 A0 R P Y BIF 5 4R
PERAR S

1 MR AR R I8

OFDR £ Al L3 OB AR O 2 ) B A1) B 15
S T e I T ) RIS S 0 B iR B AR Y
AR R B BRI 21 4% Ao L 1 AR I E 3 A
0L, AR 1R,
TN

Yt <

\A/ gﬁfz A A

» AT
| A a5kt
S

pogp W SR
07

1 OFDR £ AR
Fig. 1 Schematic diagram of the principle of
OFDR technology

¥ fE M HE . www. stae. com. cn



BoE R 5T R

7330 Science Technology and Engineering

2025,25(17)

T F AR 5 1 B2 R0 A2 AR A ) 56 AT (1)
%%%[18-19] %7

Av = C,Ae + C,AT (1)
K (1) P Ao R EaFIEUR RS 2240 €, Ry AR AR
A5 R RS AR A M BB GR B Ae IR ARAE; C,
i EE AR SR (R AR AL R U R B AT AR
JEAEA

HERERE WG, @il kG 52%FEFY
HEFTAROG , AT LAAS 3 B A A5 | fulf T DA 32 A =55 1]
SRR S O EROGE AN 4, AT LU
FCEF AR B 53 A AR A 2 Rk

A = % (2)

2 A

2.1 REERBRIGE

FESUPIAR K 900 mm , #H H A% 160 mm Y4
R MR, TR ML R AR AE 5 ~ 31,5
mm Y 3% 22 9 fid KSR A B R a0 kR H
PO 42. 5238530 i {R £k /K e 1T v A K 8K A R
EA£ N 16 mm ) HRB400 B2 S0 , i IR 38 EE 400
MPa, AR R 200 GPa, 2 FEALIE (8 IR 5t 1
B H s AR Y (JG) 55—2011) Y R EC 4 L
mFE 1 PR,

WK 2 frs, G379 28 d )5, B bk pE ik
HERRE R 18R b e R TR EARIR R &R T
2RO T T T, FE7E W v A R B e, Horp,
Bl b 2 oA 2E O T T T, /N R 0.2 MPa,
il W e AR R E R FBG FRIRAX, R B

x1 RBETESELL

Table 1 Concrete mix proportion

AL - T (kgm ™)
gy R e ww &
C35 0.44 562.5 225 292.5 99

K2 i A

Fig. 2 Experimental setup diagram

et o A 2 S BR it I i b g, 97 AR W B AR
4 OFDR, A #8 e A I 25 A 100 m, 25 [0] 43 P %
BRA T mm, MHEAEE R £1 pe,
2.2 REmE

W 3 frs, AR b W Al e U T X RR
0.9 mm M2 mm W& B ER AL, 1
RS — 0 2% 1 AR AT R AT 2R ZE RS N 0.9 mm
TS, R TRR S R OR EW R, K
41 000 mm, A 900 mm W5 VR BE -+ PN AR A5 g
A5 100 mm W0 TR BRE - 403 4 A A5 B 10 AR 5 A9 A
— 0 5 g 2R FH 8 4L 0B 2 mm Y28 4B L 2
b AR RDIR K R 900 mm , Wi TR #E £

iREEE N R, 2 U XA 0.9 mm
NSNS, A B A A0 A b 0 AR Y 85 Ak T TRl —
T FH A S0 B v B, M0 K 3 900 mm,
MR BOCA R E s, K25 200 mm,

(b) A EHEO.9 mm  (c) IEHE L FH0.9 mm

(a) 2 mm A8
Je ik RAE Y6 A 1% LS G HiA 5
1 600

0.9 'ﬁ'ﬁ’%—'{ R/ -

0

I p4| i—r

R R o =i
0.9 900 )
T Hfir: mm

(d) IRBAR AR R

K3 et i Sk g s R s 215l
Fig. 3 Schematic diagram of optical fiber cable

layout and test model

2.3 KEAER
TR0 R P i A 1 o7 28002, AEAE Sk F T T
YUK AL T4 Gk, iR Z0m 4% 1 MPa, il
7% 8 9%, N = 8 MPa JEHINZL 0. 2 MPa, IR E
10 MPa, B INZREE R G F0E 30 min P17 R AR A1
O BdER A, I NPT, A A iR
AN 5 °C, BRI AT L 220 T B AR Ak Fir S 350 A iz
AR SR I AR Y R A K AB AR Ak, JC 5 UEA T R
M
3 REERSHH
3.1 NATRZ AT
PSR AR A2 S AN 4 B 78,0 ~ 900 mm

0 A TR R - PSRN A AR, ZE Bk 0 ~ 300 mm
F13%i & 600 ~900 mm i FEl, AF B PNEBEN AT E A 1%

¥ M k. www. stae. com. cn



2025,25(17)

WSk, 45 R BE LTRSS AL i i I K 13 SO - LATR M 2R S BT S B A D £91] 7331

1500

HENAT B

1250 |

1000 -

-250 | D)
1 1 1 1 1 1
0 200 400 600 800 1000
BEB)/mm
—1MPa —2MPa —3MPa ——4MPa
——5MPa —6MPa ——7MPa ——8MPa

——84MPa —86MPa ——88MPa ——9 MPa
—92MPa —94MPa —9.6 MPa —— 9.8 MPa
—— 10 MPa

P4 B9 S AE B A3 A

Fig. 4 Distribution of reinforcement strain along the pile body
Wit R BE 1 b, I8 il — BN AR #E G #Y G
B, Bt 1) A B PN B0 W A% 3k, TR BRE - o 4H Y ) 1B
T O, 5 SO A A8 B2 TR B T AR IS N K
MM 2218 N, 300 ~600 mm {2 [ i R AS St B v
FRBAG AL | BE A AN W 1) A B rp i SE A B9 S TR
B8] R A N AR A, e AR B IR EE 5 N 1Y
RN S —HC NN TR E . 900 ~ 1 000 mm
SRR B RSBS00 1 A5 B I 7 Iy 2 o 2 R
K A REE, 9.2 MPa J& , R EE T2, B9 B
PR TR Bl 17 A2 i W37 ¥ 2 R 300 mm Ak,
AL AT BT YR BRE A 3 TR W B Ak (H %
Qb 978 B S DR T Al A 7y B I 7 R Ay YR - IR
T S 313 2 T 728 S 28 M 0 K A Sk S 4 A
TR S BR1Z B
3.2 RETNTTUME

TRBE L m EAFNN S A 5 B, BEE
T 2 AR B RIGNN IR EE T AR 4 5 ,9. 2 MPa 5 iR
e TT 2L, i A il 2k B R Bl 2 U
FEATBE, B LA b M0 R A7 B 4 R gl g 0 g
7 5 B A Sk 300 ~ 450 mm, {3 04 T 300 ~
400 mm Ak, SEFR & BUREE + A0 A R4E, 10
F S B ML 24 335 mm, A& AL 2
330 mm, A 6 iR,

TRBE 1 B0 N AS ANl 7 B, A7 76 A D 0
B W1 B AE 320 ~ 450 mm A, Xt 137 40 3 1 T 24
BLEAL 1A IR BE T BN BT RN S L
A IXC ] 0 ] e, Ot AT DA T, E A B Rkt AR
W, — H R R | R T B RS T, AR R A
Dy AW R SR S BOE B JT 240K, R BB A AR A
P 1) SRR B I R4, O LT AR AR 2055 S
it I AR e W 7 ) AL AR W R UL B, B/ IV

ML www.

8000 K L
6000 -
3 4000 +
=
& 2000
0k
_2 000 C 1 1 1 1 1
0 200 400 600 800
PE B /mm
—1MPa —2MPa ——3MPa ——4MPa
—5MPa —6MPa ——7MPa ——8MPa
——84MPa ——86MPa ——88MPa ——9 MPa
——92MPa —94MPa —9.6 MPa —— 9.8 MPa
—— 10 MPa
(2) JREE KT _EMIRAE
16000 [ i Fm
12 000 |
g 8000 -
-E:(
B 4000 |
ok
—4 000 1 1 L L 1
0 200 400 600 800 1000
B /mm
—1MPa —2MPa —3MPa ——4MPa
——5MPa —6MPa ——7MPa ——8MPa

——84MPa —86MPa ——88MPa ——9MPa
—92MPa —94MPa —9.6MPa —— 9.8 MPa
—— 10 MPa

(b) RkE + AR TR

5 IRBE b T AL A B A1
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Fig. 14 Original strain distribution curve of the pile body
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different methods and the actual values
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