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A Measurement of Existing Action Stress of Pre-tension Concrete Beam
by Full-field Optical Measurement Method and Stress Release Technique
Akira DEMIZU , Hiroshi MATSUDA , Yukihiro ITO ,

Masakazu UCHINO , Kenichi HIDA and Takuji OKAMOTO

A decrease of pre-stress is greatly influenced the load carrying capacity immediately and leads to the decrease
in safety in the pre-stressed concrete (PC) structure. It is necessary to know existing action stress accurately to maintain
the PC structure . In this study, new existing action stress measurement technique was developed by the digital image
correlation method and stress relief technique and the proving test of a developed method was done by using
pre-tension concrete beam. Results, existing action stress was able to be measured in high accuracy.

Key words: Pre-stressed concrete, Existing action stress, Digital image correlation method, Stress release technique

1. # #

a7 U — MEEWIE, AR < KAMEEH EE LT
LbNTER. LML, IF, —#Hoar sV — MEiEmic
BWT, H\E, Ak, TAm U BMBIRR EDHIIC &
0, OUE, SERR EOBIRNBEEIZELTar )
V— MEEMNR S D.

RANTrvaryFROFVARLVA a7 Y —F
E(LLT PCHE L M) TIE, 77 U b OFHEA BEFTICKSE
WatEiEC, HER ERRET PC SN E R, kL
ZHUCERT 5 BHOVENSLCHEBOES D G ST
W5, ELIBENDO S ) —T « HBIUREIC L D TR B
VA L, BREHELL EOBRE - DARBEET DI LD
b5,

ERIEDOK 4 BNMEH SN TWS PCHE Y I\ T, 7
LA b L ZEOERT, #RFEEOTZ DI RNERVIE
HThb. PCHERLIIBNTT LA ML ZADRDIT, EHENT
T RELSEEL, ZEEDK TN S0, PC 1R

FFSZAT 20114E5 A 18 A

* HAERE  RIBRFEREGAEFER LIRS L 1% 1)
A (T852-8521 R IR Rk T SCENT 1-14)
o ExB RIGRFRFR LEER (T 852-8521

Rl R R W T SO 1-14)
ok VB RFRFPE TR 50RE (T 840-8502 12 Ik
BHARE 1)
ERE (B fwMEFEZE - BloE SR e
(T278-8510 i [if] Y A o] 77 AR R [X KA 1-1-1)
(BR) K&T ZA&57A L (T277-0005 THERAM
i 3-8-17)
) FHUY Y—Fa P b (T278-8510
JE o W U B TR X 1-665-1)

# ok oK

sk 3k sk ok ok sk

ZYNCHERF T A 72 DI2iE, BURTERIS 1% B R
HAUERHL. HIRTIEA LA L 2AEOEMNRE T
o TR LT, M LYHRED PC Sk ORI E BN 5
ENTWDEDHRTHS.

BE, PCHBROBAIERIG I ZET kL LT, 7
SURATHEINEZAT Yy hA L RAE IR I HIOOT L
B— VI L a T OISR X D HEEE Ve E N
LITWS. Eio, FaLOWFETIE, HMERICER LTI
MR AN 2 W2 BUE TERIS 13RI T AL TV 523,
RIS EMTED LD EITR> TRV, 2D ki,
PC &R OBIEEMIG ) OFHRIEANL, ERban TE LT,
IEFEICHEE T& D EM RO N TN D,

AR TIX, EROBEEIERIG I EEORE R 4 H
BE LT, BENERTEOTHFINED 2 TH LT VX
JVEHGFRBEE & BUAERIG BIEED—2>Th 5 Ik IR
EERWT, BE PC R OBAERSIBIEE OB %
1To7. 2 LT B3 LIZHEEORE 2R T 272012
TLARNLVRABAENEMOT LT 3 g > PC Hiz A
THAVERIS IHEE D FEFEER 1T - 72,

2. BEORAMERLHAEE

2. 1 SHEEmE

ISR &0, SRILER RS ICER T 28 1 2 J
ETDHHIELELTHBEEINZLOTHY, BETIE, 20
FEE, ERCT 7 ATy 7 BIETERT, BEISD - 07
HPEIZAON ST\ D RN EOF BT A CH 5.
HIE Gz 2 U MFIeA—N—a T Y 7 EATN
NS I 2RI L, fRILS T2 O BB & HE S
5L TISHRRTOMIS 2B T 25 ETHE. R



RORBIEFEEZRT D L, AREIE, LBEOTHIE
MEEFLERER ERDH Y, a7 U — MEEMIZB T
Ay b ANV RE, aTISIRBIESEREA ST D
2. 2 RAOYFRFLREY

Ay hARLVRAEEE, 77 ATHREINZHOT,
a7 U — R RMEIZTZ Ty MYy vy FHAHOMEWE
(Amy b)) Zarys7)—FFHOF =Y —THIFLL
(Fig.1(a),(c)), MRSzt &nary 7 )V —rORHE
AL EMET S, LT, HIfLRIZTZ 7y Ry v X &
AL, JIET 5 L(Fig.1(b),(d)) Z & 12 & 0 fRHRTOIRBE I
LRI N (Eh) &R DR b IFR A U2
NAABE T HERIS D R HT 2 HIETHS.

Zuy MA ML AEORKSE LT, FEEITER LW
DISHEZA V7 MCHIETE D0, KIS IRIEOR R
EMENZ &0, HIEICHDIEBENETHLRANY TH
0, BIEMEENMEMECHZET 52 EOREERALT
W5,

2. 3 aAT7IhEKEY

MALDOBAWIZEMIZ o DIS T EER S5 &, BAREE
BIZ 30 DISHTHEFRHET HERMONTND., ZTOF
N, —HERISHPER L TWAEHICa THIFLR S &
0, RIS ERERCT B & HIFLE BRSSO Sy
BAELC, JEITRENELT D (Fig2).

a TR, BIFLIZ Ko THOEL S B 2 7 E L
DOTHENREZOTHRS = THET 5. HIFLIC LY F
GBI N a7 JELE OO AFRIEL FEM f#fT7e &1
X0 MM L, EHICER L QW RIS REEHEET 5 )5
ETHD. LL, aTEDOMNREH O ) ZEE) 2 1
BT B —VEOENOTHRT — V% 2 HLEPER
HY, FHIEIZEM OREL KE L ZITRBELSHET S
CERTERVWREDRENRDHD. IBHIL, OTHT—V
NHBEEOTHER, F—VEOFEHLEMETHY, 1 /&
DOOTHF—=IIZX LT, 1 821 FAOLOEREED Z
ELDTET, ZOFEREBL DT, 2HOVTH
F=U R TONERH Y, E%mm%“%ﬁﬁﬁma
D BRI ESESE DNEMEIC 2R D

1) No hole and stress acts.

2) Hole and stress acts.

3. R L-BEEREDBIEE

3. 1 RUw RGHEBGE

BR%E L= BIAERIS IRESE (LT R Y v NSk
LIRS X, RO TIEICHAEE AR ST D720
FFHIFHINEO SREEE, JEEEm, B EHINREEE VD
AUy MIEARL, KPR AEEFOTHEHIED—DTH
L7V H VG L BEERIG DEED—D>TH S
ISR & VT PC R OBEIERE N ZIEST 5 &

IR 8 5.

XUyFEﬁ%W%i JEIMER DT (F LA b v AR

M) 2% L CEAICESIF20mm~30mmD A Y » %
Relieved Stress area
AT
}S’tress /‘%/ ,/,7 //
u }
STEP 1 AT A

Flat jack

(c)Relieved Stress

(d)Pressurizing

Fig.l Slot stress

3) The stress of acts around a core

«— <—E—> — -—
P— — O O +— g
] ——>

«— A — «— '
«— <—{—>0- —> P

0 T = O O
— -« — — —
0 .= = 4d /=
pa— /<+> — «— —

7
Uniform stress

Concentratlon of stress caused by hole
+ It is 30 in the edge of the hole.
+ It approaches ¢ when parting from the hole.

— - E —
— ] 4_._’ —>
. — :Z:Z .
— <+ - —>
— - — —
— «— ‘1:" —
— «— . —
Change ca/used by hole

+ It is 20 in the edge of the hole.
+ It approaches 0 when parting from the hole.

(It depends on the size of the hole.)
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Fig.3 Cutting situation

Table 1  Specifications

Sensor type CIS
Maximum manuscript size 210x210mm
Optics resolution (main 1200dpix1200dpi
scanning X vice-scanning) (About0.02 mm/pixel)
Source of light LED
Power supply DCI15V
Consumption electricity 15W
. . . 374 mm X384 mm X
Size (width x depth x height) 182 mm
Weight About 8000g

Digital vernier calipers®
-;for focus distance measurement
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Fig.4 Photographs of the developed device
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Fig.5 Pre-tension concrete beam

Fig.6 Setting of measurement
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Table 2 Analysis condition

Analysis type 2D linear FE analysis

Element type | 8 node quad plane strress element

Material * Young s modulus E = 33000 N/mm”
condition - Poisson’s ratio v=0.2

ggsgi ion q=8.12N/mm’ ( X direction)

Restriction x=151, y=0 (center) : X, y direction fixation
condition y=0 ( lower side ) : y direction fixation

Table 3  Elastic modulas of concrete

Compressive Strength
(N/mm?) 24 | 30 | 40 | 50 60 | 70
elastic modulas
(kN/mm?) 25 | 28 | 31 33 35 | 37
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Fig.9 Analytical model
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Table 4 The measurement and the FE analytical result

Distance
from slit

center (mm)

Analytical
(8.12N/mm?)

31 ()

2 -10771.5 - -
3 -7099.0 - -
4 -5262.4 -5247.0 99.7%
5 -4159.9 -4110.0 98.8%
6 -3424.2 -3269.0 95.5%
7 -2898.1 -2784.0 96.1%
8 -2502.9 -2480.0 99.1%
9 -2195.1 -2199.0 100.2%
10 -1948.4 -1995.0 102.4%
11 -1746.3 -1808.0 103.5%
12 -1577.5 -1621.0 102.8%
13 -1434.5 -1415.0 98.6%
14 -1311.8 -1314.0 100.2%
15 -1205.3 -1221.0 101.3%
16 -1112.2 -1150.0 103.4%
17 -1029.9 -1042.0 101.2%
18 -956.9 -966.0 101.0%
19 -891.6 -916.0 102.7%
20 -833.0 -780.0 93.6%
From 0 to Average (82/81) 100.0%
20mm Standard deviatio S (82/31) 2.85%
Existing stress o (N/mm?) 8.12
Error A=c-S(N/mm?) 0.23
Elastic modulas : 3.3kN/mm?
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