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Investigation into prestress loss and structural performance of prestressed concrete
beam with creep promotion at early ages

EAE S, B s

Shingo ASAMOTO and Takeshi MAKI

The authors study the effect of creep promotion by prestressing a prestressed concrete beam at early ages

on the inhibition of long-term prestress loss and evaluate the structural performance after the creep promotion.

The consistent experimental programs suggest that more progress creep induced by larger prestressing force or

elevated temperature at early ages is likely to make the long-term prestress loss smaller. The compressive

strength and Young’s modulus of concrete after the creep promotion are larger than those of concrete without

creep, while the tensile strength and Young’s modulus are almost the same or decreased when large sustained

stress exceeding elastic range is applied. The flexural behavior of the prestressed concrete beam with the creep

promotion is not different from that of the beam without the creep at early ages, although the maximum

flexural crack width is slightly increased due to the creep promotion. Since it is found that the shear crack

propagation is more progressive when the creep is greatly advanced under severe conditions such as at

elevated temperature, the appropriate application of the prestressing force to prestressed concrete beam at early

ages is indispensible for maintaining the structural performance.
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Table 1 Mix proportion (kg/m’)

Design compressive strength | W/C | Water | Cement | Fine aggregate | Coarse aggregate | AE agent
45 (MPa) 04 | 200 500 605 873 0.05
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Fig.2 Beam of A series (Designed failure mode: Flexural tension failure, unit: mm)
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Fig.2 Beam of B series (Designed failure mode: Diagonal tension failure, unit: mm)
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Table 3 Ages of prestressing and ratio of prestress to

compressive strength of concrete (B series)

A L7z,
A Age 1 day 7 days
B YU —XIZE LTI, Table 3 ([ZRT 67 —RAD
Case 1 0% 0%
T LA ML RABARMEIZON TR EIT- 72, LA
. o Case 2 0% 20%
FLRZEALRWY 77 L ZRERIK (Case 1) &,
i i Case 3 20% 20%
a7 U — MERTEICEAIINDININ, MEi1 BHo
Case 4 30% 20%
RS IR B IS DT 0%, 20%, 30%, 40%T ° °
0, 0
PLVARNVAZBEALF 47— ATT LA L REA Case 5 40% 20%
, - 20
BHORBERHM L, 85I, Case 6 T, 7V Case 6 o 0%
R < R S L E OMEOREE B, (Temperature 45°C)

21



EMBEICO Y —TERELEZTLAMLRA AV Y= FREOT LR FLRFD EBIESREICET SR

M 1 BIZIEIRE)R 20% T VA R L AZE AL
%, BRI —Ly FEE, FDRER 45COmmIRIC
b, M7 BET7 )V —7 %2 L=, M7 BLL
B2 OWTIE, WFhoRS A v U — X L RIS i
7 BREROEMERE ) LTSI D-T 20%12725 &
IS VANV AEEALT,

i - AW IR & b IR E IR Y 7 7
L v AR E W TENENEHIZAT o 72, FHI
I3 4 AT, 201°C, 1B 60£20%DHIREEIZC
W SET, B, VA ML AOFHEANDH D0,
ZOHM, WTHhORL 7T T MIEAL TV,

FHATEH L, =227 U — FOT R, PCHIMOT AT
b5, a7 ) —FOTHOREITITT N TOREBRK
[ZOWT, T AN NOERER - 515k, #iT 2
PRUNOHIT « AW A SRR O EfER - SRR T
AT o7,

3.3 PBHEREREMmARER

EMEETO T V=T OfRHER =7 U — ~ OB
PEIZ -2 5 B Z T 5729, $100 mm x 200 mm @
MR ICRIS I &2 52, 7 ) =7 &% OE
i - BIRIBEEIZ DUV TIRFT 21T o 72, ReakBRIK & [k
(2, FTERfE 1 HCBALL, 20£1°C, TBJE 60£20%D1HE
ERICREL, FFUS/E, M1, 7 BICEAL, £
AVENM R 1, 7 B OEMETRE IR 2 e TIRE LTz,
Ffothis ) OIEIEIL 3 FHEE T, Ml 1 B CHRED 20%, 7
AT 20%D %1% 5 2 Tk (LT, 20%-20%
specimen), #1Hs 1 H THRE D 30%, 7 H T 20%Di7)
5 2 UK (30%-20% specimen), & 5120, Pk
AR DI EDICT %52 T2 56 DMt 21T 9 729,
i 1 HCTHED 40%, 7 BT 40%DI % 5 % -4k
AR (40%-40% specimen) THEFIL7Z. £D%, £
3y AIRNEBAN LT 72%, bR L, JEfEASR, H
PEDIBRABR A b L7z, FB D720, RGeS )& A
B, Ml 1B XV RO EREE R L
IR (0%-0% specimen) (22T § [AIER O TR LR &
To7=. Uiz, [EHERERIL JIS A1108 (ZfE-> TITV, H

28

Fig.3 Direct tension test
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Fig.4 Variation of creep strain (From 1 to 7 days of age)
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Fig.5 Variation of creep coefficient (From 1 to 7 days of age)
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Fig.6 Variation of reduction ratio of prestressing force (After 7 days of age)
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Table 4 Mechanical properties of concrete

. Compressive
Specimens Compressive Young’s modulus
strength (MPa) (GPa)
0%-0% 37.70 27.22
20%-20% 40.62 29.38
30%-20% 44.07 30.77
40%-40% 39.51 29.19

Specimens Tensile strength | Tensile Young’s
(MPa) modulus (GPa)
0%-0% 3.03 25.6
20%-20% 3.01 25.01
30%-20% 3.10 26.83
40%-40% 2.57 2542
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Table 5 Experimental results (A series)

Bending cracking load Maximum load .
(kN) (kN) Failure pattern
Case 1 38-40 94.67 Flexural compression
Case 2 36-38 96.34 failure
Case 3 36-38 91.67
Case 4 34-36 91.84
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Fig.7 Load-deflection relationship (A series)
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Fig.8 Relationship between load and maximum
crack width
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Table 6 Experimental results (B series

Bending cracking load | Maximum load Failure pattern

(kN) (kN)
Case 1 30.2 79.7
Case 2 25 89.0 Flexural compression
Case 3 253 88.0 failure
Case 4 20 86.5
Case 5 22 86.0
Case 6 20-22 80.8 Shear compression failure
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Fig.9 Load-deflection relationship (B series)
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