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Abstract: The strain measured by strain-gauge is transformed into stress, which is associated with the stress
state of concrete. For high stress levels of high concrete dam, the concrete will enter the stage of plastic creep
when the stress of concrete exceeds a certain limit. If the conversion is still based on the stress-strain relationship
of elastic creep bodies, the calculated stress can not correlate with the real situation. This paper assumed that the
concrete under high stress would produce plastic flow, and viscoplastic strain rate was calculated based on the
assumption of P.Perzyna. Viscoplastic strain rate calculation formula of the maximum tensile stress yield criterion
and Hsieh-Ting-Chen yield criterion was first deduced, and then calculation formula of transforming the measured
strain into the stress was also deduced under plastic creep. Furthermore, the transition from measured strain to
stress for high concrete dams considering plastic creep was discussed in this paper. The analysis of an example
showed that a stage of stress distortion would inevitably lead to the subsequent conversion of authenticity during
the conversion process from measured strain to stress by stress increment, while the stress from the conversion of
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the measured strain was more consistent with the actual situation under plastic creep.

Key words:

lﬁﬁ@ﬁ%%%ﬁ%iﬂigﬁwﬁﬁz
o KNEMTRESCERRH, N7 A i il A2 i

nﬁ%ikﬂMIW%*u&ﬁﬁIﬁﬁéﬁﬁ
MEZTEZ —, RHZEARYIY: SRR, M
13- i W W S AR B it Tt B R AR AR,
H At - B /K-S AT BR S IR R B g, A
R 7 2B o e A 2 M AR
SR JE IR e R AT IR R, RN s 55
iy A N v BRI N T o 5 — i DL
Aot LA 82 3 73 1) L 35 B ik ) S S 6 27 0
Ho— o B mg SR i, ARt s 7y, H
BTN A% R, H AT 3 2R R T 2H
MNAE, THEREE N F. PRI, TR At
S RAZ R R R B 2, A far AN AR AT 3 B 244
BRI, WSS AR NAR, 7 2R 8 T34t
AR B FEAL L T, 75 B AR T B A R
TR HEECE . KRS BARRARS
BRI T SR S B AR R O SRR 7
FER . HAT, F 2R AEAR AR (18 - AR %
&, HSRAR TR AR,

TRESEBR ], R e UM 1 HT KP4
i SR AR I L K A IBR B, ATt
NIBPER G5 AR AR B, R A e VR e A
TREA SN R AL BORLBEAT 73 AT, T3 ARR A 2k 3
VEARAZ AR N 77 - AR K 25 5 S W AR e M o
71, ZHRE, IR NAZIREN AL I g, 4t
AR, RSB KRNy, AN 1 &
R TEEIN, AR, BRI R,
IR UG BN I LSk, BRI A AR
JIBRARMIRNE H A, XS B HERAG HR T I JE
SENLTT, TG — SR O T 2 R TR R
(IR FJIRAS o (H ZA4 R WL R S VEARAR (VIR e+
IS AL F A N T (3 S, ik, AR ik i
AR R ARV S, PR S
RAZ Y vt RS o IS S8 A 45 D S B LT

1 NEHRMMERE L 9 SEPR N 1 JREE

L1 FHEEM N
R EE U2 BRI R, TR B R 1A
I J AR AR BRI, K= A= B BB ME A2, 4 P.Perzyna

high concrete dams; measured strain; real stress; plastic creep; yield criterion

SN
it

P AR S 5 W I N g 2 TR QT 9%

éW=yMNF»§9 (1)
(o2
Refte QMM WRINEK, n=1/7 N

WAM: O(F) HHIREHF (E
R () I TR

(@(F)=@(F), F>0 )
(@(F)) = F<0 @
F 1 8 o 022k N1,
i
D(F)=e [F(’]—l 3)
N
®G%{£J @)
0

L av N IBHAFEE, HRHE: F) NEEG
A IR, =1, R O(F)=F .
P RBERENEN Q=F , ﬁm
aQ al, a(3)%)

—=C,—+C C — 5
oo "o0 * oo 80‘ ©)
A ﬁ:u 1100 0];
oo
ao_ 2\]l/z[s Sy S, 214 21, 27,];
S,S, —ryz 1
S, S, —r 1
_ 1
%: S S Txy +l\]2 o
do 2(Tyz x z xy) 3 0
2(Txy X SxTyz) 0
2(Txy yz Sysz) 0

X KPS JEIRIEN F =0, -0y, oy N
TR IE IR, 08 MRS, A% ETT
iy, HNG)F:

C, = %sin(@+%}—%tan39cos(€+2?nj ;

cos(€+2nj
1 3

cos36 J,




71 e 105

Hep, 08T G, HON:

Y

——<¢9:larcsin —ﬂ% <z (6)
6 3 2 6

XFRARTPRZS T TREE ) e IR AE I A R
] Hsieh-Ting-Chen PU a1,
F:a;_z"'b\/z"'cgl"‘dll_Rc (7)

Hrr, 2 a=c=0K, &I N Drucker-Prager I
Za=c=d =01, BB A Mises N .4 2% a .
b. c. dfEH 4 MAFRREA KL E, BIH
B R4 R0, =0,=0, o,=-R,). HHHf
R (o, =R,» 0, =0, =0) Wil E45 k% (o, =0,
o, =0y =R, M =HEH X% (o, =0, =-R
o,=-R., HR, >R )i,

%4 R =kR, + Ry=kR + R =kR .
R, =k,R.,» "k =0.1. k,=1.15. k; =0.8 .
k,=42, ALLIFHEAS a=2.01. b=0.9716 .
c=9.1411. d=0.2309.

pe’

EENSEE
Cl =E+d B

3

2a 2c . 2n
Cz =R—c35/2+b+$S1n(9+?j—

£tan36’cos[6’+2?nj ;

NG
cos(0+2nj
3
 cos30 J, ’
H T VR e - 1) 9 2 (N Ty 5 PR B
FE) AN i 8 K0 — Ml VR 4 T S R T 1 OK . 1k
i, 5 REVREE I A ¢ BB M N AR N
&7 =y (F(e) 2
o
1.2 ETFEMERSON R T # R KPR
K PR T (BROPR 28 v ) g AR 1 2 S0 AR
AR ) H B R R AE TR [3 1A SR (4156 A 5
TR 4o 24 EnTR L IR BOK A B FH R A
G FE AR B IR A, % I AR SRR S
Agrh, LEVHRREE LN R, BT AR 2R S
LRSI IR B2 AR AR ARRR N AR | ARAERIAE 2 A,
T LR FBEVERAE . WA .
WA — R BRI o), 7, 7, > 2 SR
DMREAZ I o e — I Z0 B SR AR A5 12 2 5

®)

PER F7 85 5 R Bt R . ZE L BT R A1
BB A RAS A . % 2R R . [ AR
AR LA i 8 A0 PR Bl AR I AR R P A S . % T
— RS PRAE T, BB, ~1, 2RSS & KA
Tl

n—1

&, = ;Ao] |:%T|)+ C(?n,z'i)} +

& (T,)+ 6, (T,) +£7(T,) ©)
K Ao, AEHEINBRIOR &, E(r) WIE
B o R B, &) (7))~ el(T,) 7
9T % I B LA R A ARSI . £ (7)) M
T %I BB R o7, 7) AR 7, A
INFRS I, PR R AR B T RS, T =
Dot 00 g o S 4.

FRAFEIER I 7, KR H1 105

o ES@,THI){‘Q”@)_EAQ { E(lri) +C(z_-n97i):|_
gg(ﬂ)_gg(fn)‘gv"(?n)} (10)
Hrr:
Es (Z_-n ’Tn—l) = E(Tn—l)

L+¢(7,, 7, )E(r)
K E(T,,7,) LA, NINATEHE, 478 )
FES A B 7, B AT RO 15, B 7, I 00 e

MERLR: e, (7,) RRIE BRI L, t=7, 1
SRS
7 7, I 2 TR S BRI 1

n-1 n
O'n=ZAO'i+AO'n=ZAO'i (11)
i=0 i=0
B —4ER PR T B 0)HE B =4
FPRAS, BINIARS HLHERE M AP

_._ MAo, & 1
£,(7,) = Ee ) +§MAai[E(Ti)

MAG C(T,, 7))+ & (T,) + &1 (T,) + &7 (T,) (12)

+c(?n,ri)}+

n—1
Aan=Es(fn,rn_oM‘l{sn(fn)—ZMAai :
i=0

|: E(ll'i ) +C(z_-n > T ):| _8;11" (z_-n) - gr?(z_-n) -&" (?n)}:

E.7, ,rn_o{Mlen @)—Em {ﬁ)“@”i )}—



106 T /s

2

Mlsﬁ(m—Mlar?(fn)—M‘s“P(fn)} (13)

/\EP:
S by S
(I+ )1 =2p)
I
l—pu 1-u
L
1—u 1-—u
Y7 Y7 1
l-pu 1-u
1-2u
2(1— )
1-2u
2(1-p)
1-2u
2= ) |
1 -y —p 0 0 0 |
-u 1 —u 0 0 0
U - 1 0 0 0
M= H —H
0 0 0 2(+p) 0 0
0 0 O 0 2(1+ w) 0
0 0 O 0 0 2(1+ ) |

AP A (i =0,0) 9t =7 00 = 4R A4 i
£,(7,) Mot =T, I 2000 = 4 S i
o,

Tiv1 —Tia

£7() = 3 () BB
i=1

2
S 0Q(7;) i,y — 7
;7@ NP (F (7)) o 2
ACKH Visual Fortran HF [ 2% R ¥ P15 4R
) SN 7 AR e 48 g SR SRR T o R T SR AR
1 AFE DL R R [RIBE A RO, i — e F2 R 5
Wl THEAGRE, DNVEBRIX T TR, AR SCR A S
FR) 7 2OXT B[] ] o AR DA ) i 0 7 AR 3R AT Ab B

2 SEflsraR

PE R SRR L R I, R TR B B T
72 BH 3RS T HANTE WL g o 3EAT 77 - AR I, 1%
DRIV BE I AL TN PY AR 6 [ AR T2 . AR AR
o B R AR TR, 23R et 3y 3 A4
X: KA X KIB XAAKI C X, Hr, %
MCIPUHE TR B 9B LS5 N Crs0d40(IE N R A X)),
TA] P IR JE AT T P8 T ot - 5 B2 S5 2 50 C 150405
IR e ] A TR A 9B B2 AR — B Cigo35(iE M

i-1 (14)

KIU B X)) #5045 2 3 100 B 000 110 Vg i - i o 25 4
N Ciso30(iC A C [X)o 2YHET Bt ARAS A (1 R
TI-RIAR IR FR s A4 S B AR FE A N SIS, — B
I TR, R Ik e o7 4 B AR R T 5 E 1Y 50% LA
b, BARBE IR, (HIREE L AR AR
BAEFTHME G o G, ARSCEBUE R TE R A X (1)
R DUTHIAA 6 [ AR TH2H S A, SR 25 R Y P44
P P SE N7 A 2 i 512 o S (R B A R AT AT
21 TMETHEITE

R (0 N AR T HON DU TR 6 1) AR
H, x HAEm, y NG A, 2 By EE R, W

W1 s, ey=Ae, e=A"g,, Hi, g =
[8,\,1 En, én, €N, €N, ©n, 1" e =lee & &
£y En Enl s BNEIESIN—AFEACERE AT,

A5 IR DU A 6 7] SN R A2 3RAT 6 A Sl AR

o

1/4 3/4 0 3/4 0 0
1/4 3/4 0 —3/4 0 0
|10 0 0 0
0 1/3 2/3 0 —2/3 0
1/4 1/12 2/3 =3/12 J2/6 —J6/6
174 1712 2/3 \3/12 J2/6 6/6 |
z
Ny
I\
N,
N,
N3 X

K1 YA 6 fm S AR TH4L
Fig.1 Six directional strain gauges

G545 AR VAL BRI 1 T 2 7 o AE A K R AR
AR, *HRE EHE LB, 52
TR PSP AR o 1] 2 D9 T R g 1 s
MRIAZ, 12 OBl B2 N A AR RAR T 45
H AR N2
22 FEMNTHB/NITE

XFEE AT T 3 AN [ ) SO L AR B e D N )
Ji 3

THE 1 He T SRR AR N 3 - AR R R AT
S LA B 4 N 7 5

O 22 SRAI KL 7 Ji e et ok o S35 2



71 e 107

PERIARS, A4 S AR i 4R B )

.0 3: K Hsieh-Ting-Chen Jit il 26 B0t 5755
IRPERIAS, NG S N AR 4 N D)

Hor, R, TR R LR
[E 2% WA E AR E IR I, TR & T H AR
E(r,) =42.5(1-e"'") GPa, 7, AigEEH R, 1548
FEN:
C(t,7)=(0.0016+62.6837 62 )[]1—¢ 030154
(2.3562+52.8817 7003 [1—¢ 201340 1% 107 /MPa,
t ONIE], 7 AR . R TR R R B R AL
G FE S HOR R LR IAR R, R B R
77 e B UL B, P A s P R PR 7  5 FEE
50%, HNoy(r)=2217x(1-e %" ) MPa,
O(F)=F , FHExFm R SR E R A
FpLEISIRE i EX?](T)szlOIO x(l—efo‘”) Pa-d ;
2K H] Hsieh-Ting-Chen PUZHENIR, BAAhHTE
B 9 O R(r) =10 o,(r)=22.17x
(1—e %%y Mpa , ok B, B W R B W
n(r)=1.5x10"x(1-¢*'") Pa-d .

BE T 9 MR AR A (1 B ) - AR 6 R AT e 4 3R
BN A 3 fan, 3 BT LI N 581
N 3% Ee i 4.

[—& =& =& — iy > N —— V|

0 50 100 150 200 250 300 350 400 450 500 550 600
i 91/d

2 SRNAR S B
Fig.2 Measured strain components

o——N

K }1/MPa

[
Sinoin oo
SSSSosSSSSS

N——o

0 50 100 150 200 250 300 350 400 450 500 550 600
wH/d

B3 BT s AR AR AR A B ) - AR 5 R 4 N
Fig.3 Stress transition based on stress-strain relationship of
elastic creep model

[ PR SRR 3R AEN] — Hsieh-Ting-Chen i iAE ]

i \Wal

W

0 50 100 150 200 250 300 350 400 450 500 550 600
wd

B4 RIF THESIR S o, X

Fig4 Comparison for o, transition from different

conditions

BT AT AL

1) 6T 55 P AR AR AR 1A 7 8728 5 2R A 4 )
S35 AT IR HI RN TR, e 158 d
I, o, BN J18 2.045 MPa, EE ] 162 d I, o
IHLR ik 8] 2.123 MPa, {ERHT 186 d 1Y, o,
BN JIEE] 2.30 MPa, 81 [F 8% R e AL
R 3R EE o

2) A TRE IR N e R 1 JE R A
TR HRET K M DUB RS . 475 R BT, R
AR RN 7 JRARAEN, fE6 T 158 d I, o 4L
i 7774 2.045 MPa, 7EES ] 162 d 1], o T2 PR S),
o, FIHLRL 19/ 2.100 MPa, 7E6¢ 1 186 d I, o
fIRLN 714 2.143 MPa; K Hsieh-Ting-Chen Jif il
A , FEEE 1 158 A, o IR 7709 2.045 MPa,
TS, 7RI 162 d 1Y, o, BIRLRE J730 /0
79 1.801 MPa, 7E&H 186d I, o ALK JIH
1.999 MPa. BIFEMIERASE, o FIEAHRT]
BT AR AR 1A L7 AR SR BRI /)0

3) I 4 SR FT UL, H A S R AR A5 7
KA EPGAT IS, BTAE 162d 1 186 d HIN
ST AR RN AT, R LB, %%
SRV AR SRUTAE R B SN AR T, R I T 9
RitEMN, ZHBIN IR, FBURSHARN
FAEHSEMIRLTT
3 iR

xR R N AR PR AT B, B iR
B 7 M RREE, R RN 2B AR
ARF B, U RAT R T A AR AR 77 AR 5 R
TSR I3 ¥ e, id mdt b TR T, 3R
TRHIRL T 5 KPR DA, A SRV T %5 8 B AR
AR e TR - SN N AR A A SRR N 77, 43 3
T4k,

(1) BB IR -8 v 5 1 R K 7 A SR R O
), WA P.Perzyna RUIHHFMEIEN AR, T
T KRN 7 i AR AT Hsieh-Ting-Chen Ji AR 7H
R BE RAR AR A, BT 75 R
TRAZ IR S I AR e g SE PR R A 24 3

() Hiervur R RN AR T AL SN A, X
b I3 AT 1 AN S B A AR 25 S A R AR AR 1 S
P ARREH RN 775 F T S S AR e 4 SE RN g
RS EILHAT IS, fERad A2, BB R
TIRFL, IR FBURSHARN T N, BV



108

T &

2
F

TAFAE RN ST ERAR U I, IX S B S RAT 1 L
JIFFAEESERN A7, NI BUE — 2215 00 T AR A
THREE AR T PIRES, T2 8B PEAR AR (1 Sl 3 A2
BRI S AT B SR PR O o

EEP S

(1]

(3]

DL/T 5178-2003, ke 132 4 W5 AR MVES]. b
P LT HE R, 2003.

DL/T 5178-2003, Technical specification for concrete
dam safety monitoring [S]. Beijing: China Electric Power
Press, 2003. (in Chinese)

SL 601-2013, VR ¥kt I 22 4 M U HoR FFELS]. db st
o FEL KM 7K L AR, 2013,

SL 601-2013, Technical specification for concrete dam
safety monitoring [S]. Beijing: China Waterpower Press,
2013. (in Chinese)

il T, VR IUA I BARM]. b5t KR )
Hip AL, 1989: 96—98.

Chu Haining. Internal observation technology of concrete
dam [M]. Beijing: Water Resources and Electric Power
Press, 1989: 96—98. (in Chinese)

Serbin. K 2 A s B KR M. Bk

A AL, 2003: 112—118.

Wu Zhongru. Safety monitoring theory & its application
of hydraulic structures [M]. Beijing: Higher Education
Press, 2003: 112—118. (in Chinese)

T, S b, RIS I 2 4 4% BEAR ATV I
M. B 5 TR 2 R, 2006: 51— 56.

Gu Chongshi, Wu Zhongru. Safety monitoring theory and

method and its application of the dam and foundation [M].

Nanjing: Hohai University Press, 2006: 51 —56. (in
Chinese)

IR, TR, Sebdn. i R R U S AR A
MATRITEET]. KRR AR, 1999, 30(9): 11—13.
Shen Zhenzhong, Su Huaizhi, Wu Zhongru. Concrete
observation strain and stress calculation in the Ertan
Project [J]. Water Resources and Hydropower
Engineering, 1999, 30(9): 11—13. (in Chinese)

Bk, kB, EE. RN E R ARTERE S
Wt B T5 0 SO (], T R S A (AR B RR), 2007,
35(2): 217—219.

Feng Bo, Zhang Zhicheng, Dong Xia. Error analysis of
deformation method for stress calculation of concrete and
its improvement [J]. Journal of Hohai University (Natural

[10]

[11]

[12]

[13]

[14]

[15]

Science), 2007, 35(2): 217—219. (in Chinese)

TeHE, BRMEZE, AR, S BB ERE LN 1)
HRE[T]. K3 R AR, 2010, 29(6): 187—192.

Zhang Xiong, Chen Shenghong, Fu Shaojun, et al.
Modification to deformation method of stress
computation of concrete [J]. Journal of Hydroelectric
Engineering, 2010, 29(6): 187—192. (in Chinese)
PO, KR, HEA, . ET/MEREEG TR
WR B L SR TR s B[], sUPUHE TR 2224k, 2012,
34(3): 86—90.

Huang Yaoying, Zheng Hong, Zhou Yihong, et al.
Estimation of actual tensile strength of dam concrete
based on small probability event method [J]. Journal of
Wuhan University of Technology, 2012, 34(3): 86—90.
(in Chinese)

TN AR T R AR ). TR S R (H
IRELEEAR), 2014, 42(1): 73—79.

Huang Hao. Stress-strain conversion of strain gauge set
[J]. Journal of Hohai Unversity (Natural Science), 2014,
42(1): 73—79. (in Chinese)

Zdenek P Bazant, Kim Sang-sik. Nonlinear creep of
concrete-adaption and flow [J]. Journal of the
Engineering Mechanics Division, 1979, 105(3): 429—
446.

FOHEAR, . IR S A AR VAR AR T ST VAR
R[] TR, 2014, 31(2): 96—102.

Huang Haidong, Xiang Zhongfu. Nonlinear creep
analysis method for concrete strctures [J]. Engineering
Mechanics, 2014, 31(2): 96—102. (in Chinese)

U, BORIRE, M, SF. ORGSR ISR AR
TR ). TFEJ1%, 2002, 19(2): 1—6.

Feng Minghui, Lii Hexiang, Lin Gao, et al. A unified
visco-elastic-plastic constitutive model for concrete
deformation [J]. Engineering mechanics, 2002, 19(2): 1 —
6. (in Chinese)

KA. ARRAITTEEI S A M]. bt E KA
7K B H R A, 2000: 318, 329, 366—373.

Zhu Bofang. The finite element method and applications
[M]. Beijing: China Waterpower Press, 2000: 318, 329,
366—373. (in Chinese)

TLAR, FEFTAE. TR 25 BR T AT M]. 56 2 Wit
Jent: WEHR A RAL, 2013: 70—72.

Jiang Jianjing, Lu Xinzheng. Finite Element Analysis of
Concrete Structures [M]. 2nd ed. Beijing: Tsinghua
University Press, 2013: 70— 72. (in Chinese)



