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Effects of repeated loading on permanent strains for granular soil

Student : Xuan-Hown Liu Advisor : Dr. An-Bin Huang

Department of Civil Engineering
National Chiao Tung University

Abstract

Yunlin County is located in Central Western Taiwan, within the alluvial fan
of Tsuo Shue river, where surface water resources are limited. Excessive
ground water pumping in this region has caused ground subsidence. In
order to evaluate the mechanisms of ground subsidence, the research team
of National Chiao Tung University installed a 100m deep observation well
at Guan Fu elementary school in‘Hu Wei Township of Yunlin County.
Relationships between pore-water-pressure and ground subsidence (heaving)
were observed using this monitoring system. 24 hour continuous readings
showed that the pore water pressure fluctuated repeatedly in the morning
and evening at depths between 30 and 40m. It was suspected that this
fluctuation of pore water pressure was related to the on-and-off type of
ground water pumping from wells nearby. To verify if this repeated
effective stress variations induced by pore water pressure fluctuation was
responsible for the accumulation of permanent strains, a series of
pressuremeter tests (PMT) were performed. Relationships between the
PMT repeated loading-unloading and the radial strain accumulation were
evaluated. The thesis describes the background of this research,

modifications of the PMT device and available test results.

Keywords: granular soil, soil deformability, pressuremeter test,

repeated loading, strain accumulation.
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2.2.1. Shakedown B ? = &

shakedown Edp S i F s RRET A L P P
g U PE R T ko 2N 2R BT A ¢
A2 R REFEH T F - RRF S PR EEFN L
SRR EERE RS TEY R EES T LR S S
A2 BH G JE o shakedown AT Rl A rF R ET 275 > A
Po¥ Reni i ¢ 2 Bl2.3(Werkmeister et al. 2001) 4c 12 35

1. = >3+ 7 % (purely elastic) :
FReiez ghZ Jigd 250 0 R ~ T RFFE o Tt o
PERBEEL 7 PRFREFR AL ERPPEEL o

BFRAL: 2 2EHEF

o

2. #+shakedown {7 3 (elastic shakedown) : st P F % ¥ e 2 X
B4R EME T LTS BhE B4 L 0 et Mshakedown 7
ol 2 adA g USRS R BERTHAIRERLEL o Y
BRAHC] o KA 3 ERBF R ERESE T L LG - K
e84 o 4 if Tlshakedown o @ pk f efid & 4 kAR 5 TEE
t+shakedown % ', >t F RAEHE 5 Eidshakedown 7 5 -

3. ¥ tshakedown {7 % (plastic shakedown) :

PR R B A2 BhE 4 v s shakedown 7 L T Ae 2 dhE B4 &
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MR M S g IR LRE 0 TR

"ﬁ\
.i-
/%ZE
r%;-\‘

ERANEEE S o AR IR R o BT g I8 iy RARHE T
Yoo gt pE AL L B if T shakedown > @ gtk AL T Bk el 4 AR EAL
t£shakedown 7 2, - 3% F &3} 2 ¥ fEshakedown {7 % -

4. % 1+ % shakedown {7 % (plastic creep shakedown) :
PR B s dez dh k4 vt frshakedown {7 5 TiE ez dhE 4 &

e g8 MF T 5L o A7 7 5 & ¥ frshakedown 7 5 AR RERVE

-

ZHH AL PR ST E— A %}ﬁ}jﬁ?»ﬁ S IR R o
2

213 M4 shakedown {7 5 Ap B3t (5 8 » 2 % shakedown {7 5 2 % ¢
RFUREFFIH LRI B FE L RAHF GG o g
BT 2Bk Bt REFL T R shakedown BT o 3% F L2
% M % shakedown 7 5 o

5. # & ## F(incremental collapse or ratcheting) i7 &

BCPEE B A2 $hA B4 ARET T AR o HOREP Rk E R

B PR REe R R Al hE RS TR L BUR -

19



Plastlc Creep

A Plastic
Shakedown

Elastic -
Elastic %akedoW/

Stress

A

Incremental Failure

(i

B 2.3 & H '€ T hShakedown {75 (Werkmeister et al. 2001)
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23. EPF B R 5%

Mingjiang Tao (2006) & * ¥+ Crushed Limestone Il #27 & % = #h§
B > fi#k TShakedown; 75 » BBRRSE BR T DN E F G EX
e g el o 12 2 g & X Shakedown {7 5 endp Rl 2. B e

53]

% % R 5 Crushed Limestone Il 4 'k £ % 6.3% ~ & =
FE R L 223KN/M® > Bk o
231 B BRE
FRARHRAS LT BOSE > & BB 5 5 glp (g
24 =(01-03) p A RBE=(c, +2%63)I3 ~ 01 T B~ L B4 > o34

T A )R F o1 030 4 glp e FOE R A (R 24)E P p FlE &

I~

LER 2 otk - g o

Fg £~ c1p=78KPa>q=60.1KPa> i + # [ = 60.1KPasr R £ >
Fg L= 1 p=79KPa> q=108.1KPa > j& # # [ 3 108.1KPa thr R £ >
Fg L= e p=79KPa> q=156.1KPa’ & # # [ 5 156.1KPa ehr R £ >
Fg BLw e p=77KPa> q=200.1KPa > & # # & 3 200.1KPa er R € >
Fg BT e p=76KPa> q=229.1KPa’ J& # # [ 5 229.1KPa ehr R £ >

TORIEERE G- F R E R

21



Loading stage o, (kPa) o3 (kPa) qlp
| 118.1 58.0 0.77
I1 151.1 43.0 1.37
I11 183.1 27.0 1.98
IV 211.1 11.0 2.58
\% 229.1 0.0 3.00
Bl 245 %24 i) A R4
700
600 | y= 2.3;283)( +42624
. R* =0.9992
500 }
Static failure line
© 400 |
o i
o
o 300 |
200 —&— Stage | —e— Stage |l
| - Stage |l —¥— Stage IV
100 " .
—+— Stage V
0
0 50 100 150 200 250 300
p (kPa)

Bl 2.5 &4 B IR
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232 BBF F R fEEABROM B

h

(R 26)7 5 H% BHAREEH EPT 0 2 4480 - BRLR

SRR R BRFERE R T B R AL OR R ek R

dS R U AN R E Y Ao B TR BT

3

(B 2.7) 8 % 5 8 Js % B 7 B (s % - = thie B (loop) 7
¢ b enE Rt B3
- B AL RS B AR R A - B ] hE
2RHANT 2B
I~H%H3%W&ﬁ{i@&%i%@ﬂV%V@%ﬁ%ﬁjﬂ%
R e SRR RUR > SRR RE S BT A L R A
= RangA~B~C>AB ¥ & Btk ko F C Rl 5 S

YR chie B(AB 2 F ehe % 5 5 1%10°BC 2 B e % 5 5

8*107) o
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Vertical permanent strain (10%)

Vertical permanent strain rate (10 per cycle)

50 —

(a) >

40

30

20 —

0 10000 20000 30000 40000 50000
Number of loading cycles

Bl 2.6 e £ 4o S = Boen bl 0 ]

0.1
<
0.01 *”‘9\\ %
v
0.001 }
v
0.0001 __sm _ __Rangec = _____
Range B
1E-005 = = = = = = = o = e o e = = = = = == === - -
Range A
1E-006 | L | ) | ) | L J
10 20 30 40 50

Vertical permanent strain (10-%)

Fl 2.7 B 5 2 g oM i
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24. BRR2LIEPRE

BRRDT N2 T K d 1991 E RS B A ¢
(ISSMFE)#r32 2 > @ 2 it ;% 7_& 4o~ (Mair and Wood, 1987) & & uiﬁj*u
Aon- BREALHIFE R Y dgd - BHOMFEF P LV A Y lgh R A
ARG L G RRID S T RS L RE o

B RZ KA RILL I B RS2 FF R TR
R~ ¥ B4R # (probe)z & m(membrane) ¢ v 4] 2.8 4T o FEd E
W2 R > 395 B o gE3 kE(borehole wall) e % 35 4o i) B 4 o %’gé z
RIFFE ¢ 2 B4 AR RIH G e VRS R B
(calibration) - i&m ] * 2 2 3 B2 FH7L R 22 (theory of expanding
cavities)£r iz & 2 R4 MM Ao Kde G 2 BT S0k o
25, BRRZFPHAS

BRRFER D SRS TIVRBRIFALI R F S Hh
Bt 2 H B2 RFHT A ROEERNLI P OGRE T
WARITHIEE A o B 5 R4 IR TS R 3R 22(1999)
Bk fEE RO A A 2] o
25.1. &3 #H4

B 5% d Menard & 4 (1957)4 115" 7 3 10 B4 3 & > & BLip|
F-o A HET2Z60fM Rt B Y 3043 60 REA R

25



A2 BRE S AT e L ASTM 123k o F % Fl ik
WA i 2 M2 AR R m EE R F AL B E L <)

et & 432 fhLE R ;Z?fﬁ)iz% Booo 2 3 3R R S5k B

Mair and Wood (1987)R| e R B A 2R3 s fb 2 P x — 4
HE 5 15kPa~ A AL 5 FHFIL R - kS HE 5 100kPa
BB H PR - 4 BB S 500kPa c F - 4 HET o iR

B4 2 44 o Windle (1987) 444 fi 4855 8 /R th (CSBP) & $Rli: skt *

1448 ISRM & 444 718 %2151 22384 8 5 5000 2 o4 3
ook B KRR PRP AR - NERDF FHE RS 10 &
252 BRirH

@RI ek 2 M AR BT AR R P
Flp Az B E W) 0 ERBHTRELEES 0§ RR D K2 2T
RAPTFEL o A MRS 2 TRN BT € R R AR
Ao hekn g B2 W]k B B 2 R R4 Rk o 7
P F A M SR AR RS A B MEREE URER
P N FR% e

Briaud ¥ + (1986)2& s 1 * R 4IFF - # - ¥H & 5 4400
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|

H2 A0 A2 107 5o M EG RS 15 0 Fieked - RN

B A o
253 BRHRIFEHLE
4o 29 T A BR KRR EEE o ERA EBRE AR

RENUIE > FRA AR UGIREN AL R RS N BT
RE2 R B PR L Py Py s Andndt A BASE AR B4
FHED IR LR RS RETR ) B EREL L 0 B
ZERES P A LS ERRS GRS IR R B
Y RMEMPLHFLE 0 F 2 FHIE LR R P o Baguelin % 4 (1978)
B AERIUR S P s B E R kB[R ) 2 chss B A A 2.2

%23 957 0 EHRURS PUBAR R P~ Avdndt h 4 Pt 2 5

(2'1) %\' T oo o
PL*:PL'PO (2-1)
R RAFREI DS R R T LI SRR ER A T 2

WYl {17 ik Rr i 2 k@1 miE 2]

9

e o

G- Bhrimad 2 apt

254, ¥4

PG Y KRR 2GR S B VY 2 ¥ e

MR T4 il e BRI E AR RRER G (Teonffp? S8
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W] 210 #7 0 {F D B4 REAL > FI- T T 4 HH Gy,
NR(2:2) AF o AR (22) HENS BRR L T RE

o= 2052 e (2-2)

de Y
TAEHEGCT U KR LA F L BRI ABRR
W E e Ae S E L B2l T o T B BRAS
HI - TP A4 G, » AN (22) &7 o
P T T - B TR R e R
Yo f) 2.10 #1om 0 $H R R FRAER R 0 B THRAIL T - 1
2T 4 8k Gec © Wood and Richart (1977) 4521 T 4 il € "L % 4= 1§

[ ensgiv m Lt endr il G Rl B P 4 Ec R Chg R M

A=

BOAR 0 gt RS T4 BERCRR Ae Luna and Jadi (2000)7 1 § ¥
%ty 100%™ » T4 Hle) s - 2B BT EH A g
4e®) 2.12 #777 o Vucetic and Dobry (1991)45 1 & 2 #ificibip & 50 €

SEF PlLensfde @ R KRR E S 0 4R 212 A1oT o
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26. B PRREG A

KGR P BT E KR AR B A SR el XN EE

AR F o EE SRPFES I S RE I AITRE T B
R RTRAFE GRS RRAF &2 2

B I FRRE D AT Sk R R M T g Ao R
T~ it B~ mf RS R RS A REP B kGRS
B o R TR R ARSI R R YT D R R e

PR AR o TIIE L H R - R BRI kg

WA E R RO GiTD Ak

%k 4 k4 (Fiber Bragg Grating, FBG)—= &2 f| % 7 g 33 & o % 4
&0 FEF S R (coating) F ek R B kKR E R & - k7
ITHFFH A A TR FRATH T EFP P ROFIEL d F -

BAE R RiE - R 7% K_# 2 f% 0% 2 (Bragg condition) s

—u»

& hg HARR LG FIoApiLatpy s my FBG X 2[7h4 &
AREE B IR ATIES FRCHR T 2 A R ESE AL ke
Foatw k= 5 d Ahg 1% A > L REF KA A RN
% % =~ -] (Kersey, 1992 ; Meltz, 1989 ; Measures, 2001 ; Othons, 1999 ;
Rao, 1998) » B 2.13 = # £ R B2 T L B °
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2.6.2. Ja&«@ﬁ&])%tij‘-i

Lgh- 5 Fd P AR AL P L 3T RE 5 (Core)

H o BT 5 i 2 5 (Cladding) e 4 ] 214 @ Sk R 2

Fott ey @4 Hho < BB kN E244 € FIp 2 F KT A
% o B 215 5 - BB 4T85+ 3 5k 4 (Step-index Fiber) » H # 4 % gir e
BEITH T G - P ADLEE A BRP T A MR JFF R
WP R RETZ A6 P kw KB Fk Ak @i o

1245 R L E(Snell’s law) 0 § %20 37545 g 4 e ~ 455
TR T 0 M RS AL E SRR kAT 0 @ 30A kAP 1Y
V- & RITHE N R ITHF AT P 0 a5 (2:3) #ron

nsing =n,sing, (2-3)

BPong sy &~ SRR RTsbEE R 3T 6

Wi Y, LorBPEZ TE A

BONS AR A RF o dTs AL RE2Z RS 0 B DTSR A B 00
BpF o RS F 23784 6 BHF 0 S P SR WAL TRA ~ bR 0o

H 2 e(2-4) 571 -

nsina, =n,sin90" = a, =sin™ [%J (2-4)
1

BRI o PR B A 4 T A1 kA2 IR

Fafw Bk AR 4 ¢ o o F 5 p 2 F s(Internal Total Reflection) o s &
30



263 kR EmMHBELEER NG
RET }I% » T oarH 4 sk gk R OB £ chE A% 8 (Wavelength
Shift)  AAB fr*7< 2 %% EARA % &5 B > HB %54 4(2-5) -
dn

2 e
Adg =2nA {1—{%)( p, —v(Py — p12)>}g+ a+‘:]—T AT (2-5)

e

2P opy frpn Aok REE

v & kg2~ (Possion's Ratio)

<

€ & KRGk TR 2 R
o » k& H AR % Big(Thermal Expansion Coefficient)
AT 39T 2 B R %R

Fo (2-26)N TE@ L T B AL (2-6)

AjB — (- p)e+(@+O)AT =K s+ KT (2:6)
B
dn,
_dT L L : .
de , ¢= & %4k 7 gic(Thermal Optical Coefficient)

e

e

2
P. = (?][ P —v(Pu— Ppp)] % %38 % #iz(Photoelastic Constant)

K, % 7% % 2 508 ik

N

Ky 5 ot i@ B % 1 B2 508 ©

< Hic
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Tk LR R LTRET o B K kK

EXERBA A4 P CHHEHBIME > T AL EERE R R

FARATQRD)F MERRE AT ®E 00 4 JriaR f it

BARET s NH A HARSE R L2 % o ;E_[;V—S-ﬁg it e o 3V (2-7)

==(1-p)e=K.e (2-8)

2
b, :(%j[ P —v(Py —Pr)] & 263 % Hic(Photoelastic constant)

—HPFATHRET > RFFRLF RS - s Rt 2

B €7 Fleehysld 3 4pier > 3 2 54 % B » 2 (Isotropic)

FRAKR2Z A EE AR E T A e e d RS FRAAER

L e & (2 (Anisotropic) » FlptFrE+ S s 2 € i o Ke *+ 5 074>

» ARG pe P R R E g R o R R &
e P HEABE L 95 1.15pm~1.2pm -
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PRAKBZIBREAE > HREMBT I 28)H I # o
m 83 o4 (2-9)

A

=(a+)AT =K, T (2-9)

B

H P s {4 sk gkend sk % #ic(Thermal Optical Coefficient)

o = %% F Uk % fic(Thermal Expansion Coefficient)

Kr 58 BagR hik

TRRAEBS IR AN ABEMFERR § L LB
FE B F ax0.55~ 1.1x107° @ E4£450°C £16.9x10 °/1°C % i & 450°C
e 0.6x10%1°C - Am Az BERET LICHERSL Qi @4 1

4% 5 11.5~12pm -
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21 BB K@k I RA (B p 8F 2, 1999)

“F M SBE L ARR TS
Bt 5 E
% |dHE B | vRE | R
(kPa)
# P (~ 42) (~ 48)
Menard 10 - 1 &+
#ic 53k 4 15
B kR4 | 100
Mair & Wood 2 &4
i 2 500
Windle - 1
ISRM 5 - 10 &4
Briaud et al. | 1/40 Vi 4 0.25 ok el
Clark &
4 10 &4
Smith
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F 22 21RTURA P Y|

%r3L3 R 5% 2P| (4 p Baguelinetal.,

1978)
P."(kPa) Description
0~75 Very Soft
75~150 Soft
150~350 Firm
350~800 stiff
800~1600 Very stiff
1600+ Hard

F 23 E4RIURA P X|4rE) A 55 B E i P (45 p Baguelinetal,

1978)
P."(kPa) Description
0~200 \ery loose
200~500 Loose
500~1500 Medium dense
1500~2500 Dense
2500+ \ery dense
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cavity pressure

Y

>

cavity strain &,

Bl 2.8 % 4 fic#c (3F p Wroth, 1982)

r

Plastic
behaviour

LE:n:pansiun of membrane

=N

bt Pseudo-elastic
= "

a hehaviour
2

[="9

-

as

z 7

=

L=]

-]

Volume, ¥

LA B3R RBHRE RS ESY R (JE A Mairetal., 1987)

)
)
©
e
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Shear stress,T

Shear strain,y

B 2.10 & 2% 4 ##c (4 p Mair and Wood, 1987)

A
G Range of Geophysical Tests
Groa /
1.0

Geeo ||

Gmax :
|
|
|
|
|
| 5

10° Ye Log ¥

B 211 & - 4 gl e & (3 p Mair and Wood, 1987)
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T L LI
‘!-1. \L\
0.8 :
osf Pl | A
107 | W
g Pl=50% I
0.4
I‘ qui m
0.2 e
s
~ han. A,
D?OOOI 0.001 0.01 0.1 1 10
Shear Strain v (%)

B 2.12 32 PI1=0%%r PI=50%#Lir & 5 (4 p Mair and Wood,
1987)
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B 213 gk 2R RIET LB (3 A @z, 2003)
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Bl 2.14 L4528 A 8%, 2003)

ﬂl:’ \ AN m
. me-cladding index ] m
Cladding —_—
Index Profile
=0
& u-Launch Angle that become @«
& w-Launch Angle-unconfined ray

Bl 2.15 prEEd7 o5k g2 K @3 B (4 p Hecht, 1987)
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S RRRFIEEFT
31l RERENE
AT P2 BREREESHET A RS RRE SRR 2]
G BRRA IV FEwAL o B 3-1 FRF A CFR IR

E 3 N

311 B4 kmgRd

FRBBEREF LALERS DY RIIRS RO [ R
FRY FACIRAR(- FAF ENI3MPa) > K BR RER A &
Py FEETREAFR S RFRE FRRARRE  FRRY
MPRB FHREEFRERAE S - L PVCF a2 KX R 73§
PO BRRBR AP FMAI G F W A E R B 1T
RIEEFEE A E Er FRAVY D ARFR: B EH -
3.1.2. B4 4l x5

LIRS RZRA GIE ERRTE RZHR 0 RS RS
BRERT KT FREFHR 32977 0 FEFREFRAELBRE
APPSR > A YA AP THEEIATTRABRERFET - &
BREMNHEESRRAMEF SRR RRACR 330 Hd R R
Ry ) PR S G~ BRRAM > LY B TR L 2D

TR R o
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3.13. BRR* ¥

EREAMEEE S 1075 mm o B E 5 76 mm e ik ‘*f#%*"._ E¥ &
SR ARSI 2 E RS 740 mm o H ¢ wEIEIR A E B =410mm o
Bt AFHAE 20mm o < HE 3 27%2 5w %35 (cavity strain) -

o] 3-3 BREF AN T EFRE N2l I N SR

-~

BREKOT* 2 F > @ % 3 2 Menard GB Probe 2. @t % B Hi
ol 7 - Bl4pso 2 b L 68mme & A S 510mme A A Z 43 mm e
SWAET ML N E e K- BN SN ST B s TP
VAL BRBRRFES L CABFREKI T o L HN
E%%Iﬁﬁ&ﬁﬂs‘f@T WA AL RS Ao
BREAMINMIY K -2 FFE e BRI R TEL - R
- P RRERAMIAILEEERANT L5 - BE A SSMM
TR 5mm> E R 0.5mm it F A & AT kE Gk enFE P AcR 350 ¢
SEEEBREDARERIERERFLL THL AT TG
RGP EFP > PRFEFRREREBZREIAELET S §RT
ko FHERENE /2T R 2K BRI AR 36 41T o
3.2, kgl

AR L BRKRGIME 219 WUEREREK SR X
FEPRREZ2PFATFIAERE O RHERERIEFI, BT
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Lo AV A G(D)RAFQOQBERREPIFS BINF I AT R

il
I
pual
~

EELUIEC VI S
321 k@gkipmRSA
B BRR LA KRR B BN OREEE R FE e
T I NR A Ler A kR GVR A 2h RGN R S 2R 22t R &Y
B %% Z(2006)F7 7 2. sk gk kg R 4 3 0 1 * [F]A)E A 4 5 IR -k
KA FERE B - B A A2 F1A R 4o B 3-7 1o 0§ 1A E R R
FIRRA A AL I L RS G A IR L ki ki g 4 4
Brag el s plpEsk gk kel it R E R FUE ST o
AFTRALIEEFBRRFZLH S L LT REREOT 74
W BB R AR E AR WITHMRRA - ieR 3-8 &1 g BREA 3
4oB] 3-9 ¢ f A2 I TR R RIFKE 0 PR RS e i
Aot RO RIUR 4 o B 0~800kPa> v B B &4 4 0.01kPa ;
FRHEE R RS BB RLEA LA RS PR R
B 5 0~10MPa > 7 g J& 0.1kPa 2. & 4 it o
322 BERRE
%@%ﬁ%{%éﬁﬁ@JE%i@%%i%%%ﬁ’ﬁ%z%
BREAERERE BB ER IR N MR - AEK K Bro LR
FT2(199) R K ELERE ~ > HY Lo RVEHE R T
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s

FRNERRIE X FERIA BAERERL S L 1T 5 %3 (strain gage)
*%Hﬁﬁzww$ﬁ£f A4 AL B o F B RA w o FE
ProSBE I AL RRR TR A b > A F R FR
Fdoa e chsld RS RCE S BRER LMY DRMEEKILF

B E P BRE Y R G R BR- k- w g BT

Bl 2 S BRI
AR Y 25 AR04mMm L F 80 F 2 A G 10mme L

WAE P ED T A e BRI R S HAE R B

;‘

HE omF P ATRERE2ZARGR AR > 5T WA R R DR A S
AEE A I 20 RARCERINA T R ARRRA
WA R B ha RIS > 175 K UL

IR RAcB) 3-11 7 & B e

Hr
’r‘?ﬂ
@
e
W3
A
h
ANN
14
W
\FF"
|l
po
I
|4
s
g
=y
...
34
o
(%
&
}st’g
4
N
o
)
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=
il
&
ElR)
é.\.
s
BN
=t
¥
-_;L\
s
a_.
2
a_.
“-%‘
1,\A‘<

SRR RE W R
REAARAER > ABRTEFY H T EE S LR F R

- FARERF RS ORBERERCERTS R Y F I 4oRB 3-12 A7

oM LVDT # e o P BB B2 il F1lL n ¥

BERERRE PR Y  RSR B AME 5T 1mm ed- Lo

RRRERERTHE T2 %40 3-13 ¢

Brda  ErRSER2 2007 F 877 44 K83
F - BRRRES T R A 1Ipm 5 0.0016mm 2. =4 E 0 42T F N
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& &

Ak
c“\“}

e EE ImV 9 0183mm 2z =B E > { i BRPIET )RS
ARRERZ TS5 TAmMm s £ RGO FEEOLER > 97 R k2
Bl BRE L 43x10° 2 R

332 B4 PHRET

ETIRS

TREEERPERRPIE A HE TR RAKELY B
BREADE TAL > MEHAT 2R A 3L R BRGUR A 2 o R4 2EE
RS R ERRER BB ALRLE oM RELT EAABERME

L R A Y R Al S E S L

ETINS

FORR A RS 54— BB 4 o FRAR AR R BOE THS isdd
Boo BRI KT RZLEFFRU AR 0 BHBECHRS o F R
2B E R TERENFEBA LA 0 57 &F FRRFR
SEOHER R AFPLEAEBETWATURES FEZRES
oA ulie AT T % 4oB 3-14 ~ 3-15 57 o
333 BWHREL

FOERRBEKG R RS B RGONEN REWA LR B
BRo§ %42 BA XDV PRERRAERS R EF BT R
R R RER LGS G R IR R PRS- Bl @R iF
44 E IR RLDRA o

Tl RERE Y ENGS ARk R IR AR B
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R BT o T = % 4B 3-16 #7177 o

334, ARBRET

&
19
e
I
AR
e
“3
.
P2
|
i}
N
|
\3\
J
“)
=1
g
e
A&k
&
=

B
=y
¥
o
&k
|l
3
\_
e
=5
s
oA
-?
i
*?‘
w‘;
—
PN
&
o3
P
wm‘
>'I A
%

BAZRE @ RYPFRARYER MR XTI
PRIBES DRENAALRY G AFI - RN E T RE

Flob 5T R MR BEHERRERE AP 52

]‘
\

KRR R S RAERE R MY 0§ BB 2 TR

PR 51 REPE > iRmb 2 4o i B R 7 S fRR A I o BRIk 2

|

SRk 0 A AR FRT > R A EEE D i#&ﬁ%’j@%ﬁ%ﬁ" » BEX

\

BRA WA AR PRA S B R 2 BT LT

Boo HAE 7 2 = % 4@ 3-27 #71 o
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[ LY ‘
Computer

W 3.2 % Ridl
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Bl 3.4 %Rk A0
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Bl 35 ¢ wft 2y ¥ 21 3 g

Bl 3.6 B ik ZALRE = = ]
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e ——

Bl 3.8 R4 FBG /& 4 +*(# F 0~800kPa)
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B 3.9 % &+ FBG B+ - (4 F 0~10MPa)

B EAEH
—— Btk

MO TN
er] fhul]

}
A
3

Bl 310 %K RIEF] 5 B
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Bl 3.12 R kE S L v 2% E
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Y=0.0009X+0.0164
B R2=0.9993

o
|

Displacment, mm
N
I

N

0 2000 4000 6000 8000 10000
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