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## 4170397921 : MAJOR CIVIL ENGINEERING

KEY WORD: STRENGTHENING / EXTERNAL PRESTRESSED
PRANOTE PUAPERMPOONSIRI FLEXURAL STRENGTHENING OF
CONCRETE BEAMS USING THE EXTERNAL PRESTRESSED METHOD. THESIS
ADVISOR: ASSIST. PROF. PHOONSAK PHEINSUSOM, Ph.D. , 131 pp. ISBN
974-13-0917-1.

The objective of this study was to investigate, by using numerical analysis, the flexural
behavior of concrete beams strengthening by external prestressing. The studied parameters were
prestressing steel area, prestressing stress, tendon profile, tendon eccentricity, number and location
of deviators. Tendon was placed under a beam and was not placed under the beam more than two
times of beam depth. The beams used in this study were the bridge girders, e.g. RC SLAB,
PC PLANK GIRDER, PC BOX GIRDER and PC | GIRDER.

Results of this study indicated that an increase in prestrsssing steel area led to an increase
in flexural strength and stiffness of the beams but led {0 a reduction in ductility of the beams.
Prestressing stress level in prestressing steel had no effect on beam’s flexural strength; however, an
increase in prestressing force level in prestressing steel resulted in an increase in stiffness and
cracking load of the beams. An increase in tendon eccentricity led to an increase in beam’s flexural
strength, but it has no effect on beam's ductility. In beams strengthen with large eccentricity, high
level of prestressing stress led to the reduction in the stiffness of the beams, while low level of
prestressing stress led to an increase in the stiffness of the beams. - A decrease in number of
deviators had less effect on the loss of tendon eccentricity.  In case of decreasing number of
deviators, beams strengthen with large ececentricity led to less decrease in flexural strength than
beams with small eccentricity. Tendon profile affects the flexural strength, stiffness and ductility of
the strengthen beams. Load patterns on beam and increase in tendon stress are the major
parameters in determining the tendon profile. Trapezoidal profile of tendons made beams more stiff,
more ductile and higher flexural strength than the draped profile. It was found that behavior of
beams strengthening by external prestressing in this study is similar in term of flexural strength,

stiffness and ductility.
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(a) Old Load - Deflection {9) New Load - Deflection
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RS R ANIUSERIN A DL ARSI LA AD AT

RMNN15AN1U8Y P, Srinivasa Rao waz George Mathew ' WidwnAaHAaLeILs
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HaannstinuasinueasnaunIn (elastic shortening) MannusadnLazanlamuson
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WU g UNANISILASIS RN LN ANAR AL

aad . e o o e a0 = pe 4 v
MMIMIAATITINGFNTINATUARUNTASA NN BUENTINAIIN LA 3 el
wiladrgunsniunannFnssiassaunsunindausneuanlaaiinugnsiesiisame

BT Kiang-Hwee Tan'™ uas Aravinthan™ avinnng

Jnhaunnaaaulng Songkiat M.
a - 5 < ar d‘ g -ﬁl il g ar o ar
Apmoias i Bauisuiuuanldaannimvessy dsuasseglugtuesiwinnssindusres
R

UEUFIATNNATNANL

AunnagaLing Songkiat M. Ua Kiang-Hwee Tan ifluaninaunindmnusaiiuun
mManwsnuasatadaLseiaagnelussauAuENIaInY Tudua uAaUNTaSALSILLILAY

o o . < o <4 o . o e
aOATMAY  Songkiat M. AnmawnpnssiewRuLmeLs A uAsunIRdaLs ey
WL bond ANUABUNTASALINNE UL unbond ATUASUATASALNANEWEN UaznIT1E
AMEALINNNEILENTINALATUARUNIASALIULIL bond  $INYRENIIANHINAUANTZEZYN
sdpnLawes (deviator) BNdaE  Kiang-Hwee Tan ANBINOANIINIDIAUAIUNIAESA
ol i/d’l’ ei 8 o s 2 $raf ar o c 1

unneen e TENURVTNTARIASALN  LIBNA TERNAIAFALIY STUIULAZAILULNYBY
AAemIEEng 7 fiu

dupunnadaling Aravinthan A uAeURTAVARA I SAULLANAIANSY [N

RWIMIAIATAUNNNEUEN IALIWINIIINNFITIBIAAALINBELANINTTALANUANTEIATL
uReuifaunansiiassiiuNainaaUas Songkiat M.

MuaziBunA i Songkiat M5 vinmismeaauuanalugii 4.1 uazmsne 4.3 fn

<4 o ey [ <4 [ 1 oy o ar ar ar % =
Dev ABRMIUATGIABILAY Sd ABTrazUnssIudwAlnImesTauengarusanving Tunstl
gasaandnuIan g Az liunimaswiouiumesaussnauan  Taaszaslu () Ao
setirludauaaniatiiudussy aumnsiaseaini 270 kN i lffamialsialuaands
usaulszanne 0.55F, AEUNIRNANAISA 40-MPa TaelumnsNd 4.1 uaTATaNN 4.2 wasa

A @ = ar Ay
ﬂm@uum ANLATULAZAARA LL?\?VII‘D

AT 4.1 uaAIANTRUAMANETNR I lun9Anes Songkiat M.

Type/Dia Area (cm?) E, (Mpa) Yield (Mpa)

SD345/¢G-6mm 0.282 206,000 350

SD345/¢-10mm 0.785 206,000 400
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ANINT 4.2 ugsAnaNITRTesaImdaLsan 1 lun1aAnIa Songkiat M.

Type of Tendons Area (sz) Yield Load (kN) Ultimate Load (kN)
SWPR7A ¢12.4 mm 0.929 136 160
SWPR7A $15.2 mm 1.387 204 240
SWPR7A $19.3 mm 2.437 387 451

AN 4.3 Lapnraasituea i lun1sdneans Songkiat M.

No. | Description of Specimens | Dev Sd Type of Tendons
{m) External Internal

A-1 | External PC Beam 2 1.80 | SWPR7A-2(15.2 -

A-2 | External PC Beam 2 3.00 | SWPR7A-2$15.2 -

A-3 | External PC Beam 3 1.50 | SWPR7A-2(15.2 -

A-4 | Intenal Unbonded PC Beam ~ (3.00) - SWPR7A-1$19.3
A-5 | Internal Bonded PC Beam - (3.00) - SWPR7A-1(18.3
A-6 | External PC Beam and Bonded 7 3.00 | SWPR7A-2012.4 | SWPR7A-1$12.4

PC Beam

Reinforcement Deformed bar Grade SD345:

Top:406 mm (A.=1.13cm?)  Bottom:3$10 mm (A =2.35cm°)

i 275
%I 1173 Tﬁ
— 900 o ;L&{; I}
M 100 i

!( Sd \

JAN 5200 e
'I=. ]

UM 4.1 wsasnuuaziwminnesin? i lunnsfnmaes Songkiat M.
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Deflection {mm}

UM 4.3 uanan s FUUTHLNAN AT LA ARDLITBIA A-2

1 Load-Deflection A-1
| [
4 =¥ Expenment
— Calcuiaie
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917 4.2 ugpensulisUNanIRIATISITILNAN AR ULBIAT A-1
1 Load-Deflestion A-2
J
1
- :—0— Exoerlm;;E
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Deflection {mm)

917 4.5 wamaN s FUUTRUNAN TR TTTUNANARELIIBIAT A-4

) Load-Deflection A-3
i
B o Exaennrm
— Calculate |
-10 0 10 20 30 40 50 60 70 80 90
Deflection {(mm)
-‘:} = < o
gﬂV\ 4.4 LL@ﬂQﬂ'XTL‘LEEJU WHUNARNTTUATICUNUNAYVIARSUTAIATU A-3
1 Load-Deflection A-4
f —&— Expenment i
- Calculale )
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917 4.6 AN IS B UTNELNANTATIZUTLNANAGOLTBIAT A-5

R Load-Deflection A-6

100 4

80

70 -

60

i H
50 4 i —&— £ xpenment }

Load {kN)
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71U 4.7 uaman s S UIABLNAN ST ATIZUTLHAY ARDLTEIAI A-6
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WisuReunanIs AT IR UNaNAgaUYad Kiang-Hwee Tan

! fl’]ﬂﬂ?ﬂmﬂﬂuuﬂﬂ\ﬂuﬁﬂ?ﬂdﬁ 4.4 @ wiy

neasFoani Kiang-Hwee Tan(™
FrumissesiAiemes (deviator) Nems 1 f azansfisnumkiiiinanan nadl 2 Fhazasd
Fuvidt 1 T 3 184A9INENIAN AU T-0, T-1 LAS T-2 ANAREALIT 0.7f,, AN T-1A A
aIRFAUNT 0.2f, WAZAU T-1B AaaAsAUIT 0.4f, AAUNTATANASA 30 MPa 7i 28 3

doihupneed 4.5 uazpnendl 4.6 uansnusNTRveImAnIgTN LAz AR ALsINLE

Tunnsdnem

AT NN 4.4 WAPNTIEAZRLARIUA IE lURNIAREN189 Kiang-Hwee Tan

Beam | Dev Dops {cm) f.. (Mpa) External Tendon
T-0 0 20 1,297 Straight, ¢ = 9.5 mm
T-1 1 20 1,197 Straight, ¢ = 9.,’5 mm
T-1A 1 25 327 Straight, ¢ = 9.5 mm
T-1B 1 20 750 Straight, ¢ = 12.9 mm
T-2 2 20 1,182 Straight, ¢ = 9.5 mm

.Reinforcement

Top:R8-408 mm (A,=2.012cm?) Bottom:T16-2916 mm (A_=4.022cm’)

ANINT 4.5 UATNATUANIFIUDUMANLEINA L lun1sAnE9d Kiang-Hwee Tan

Type/Dia Area (cm°) E, (MPa) Yield (MPa)
T16 /¢-16 mm 2.011 200,000 530
R8/$p-8 mm 0.503 200,000 338

RN3797 4.6 UandATUANTRAIAARLNT I N 9An84 Kiang-Hwee Tan

Type of Tendons Area (sz) E,. (MPa) f, (MPa)
$ 9.5 mm 0.516 193,000 1,900
$12.9 mm 0.987 199,000 1,900

T10%62106
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Load-Deflection T-0
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Load-Deflection T-1

—&— Experiment
— Calculate
T T T T T T T H T =} - - T T B T T T T T
-2 o 2 4 6 8 1042 14 16 18 20 22 .24 26 28 3G 37 34 36 38 40

Deftection {mm}
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Load-Deflection T-18

: & £ xpanment I

{ —— Calculate :
e

=T T T T T T T T T =i i T T T T T T T T T 1

-2 0 2 4 6 8 0 12 14 16 8 20 22 24 26 28 30 32 34 36 38 40
Deflection {(mm)

917 4.12 wamasuFuL s uNan MR DT LINAA AR UTENA T-1B

Load-Deflection T-2
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gﬂﬁ 4.9 5\13ﬂ‘7i 4.13 URGNNIULFHUTHLNANI TR TSI LNANAGDUATY T-1,
T-1A, T-1B UAz T-2 ANAGU %qme@@ugﬂﬁwﬁﬂﬂ'a‘:ﬁ”uﬁu?:H:Lmuﬁﬁﬁmmqmu
HanAA AN ganndasiunanagauiluettem

puTnnsiwnAnssuuLeaniths 3 1osfe weFnstarouAnuIRE
wqﬁm?wﬁqwﬁqmnﬂaun?m%qLwimﬁﬂm“}mﬁﬂﬁﬂmﬂ WAZWOANTINTNUAIRINIMAN
BuATN wqf?m?-mLwiﬂ:ﬁq\iﬁunﬁﬂﬁmnﬁ'mﬁwLuaﬁLﬁ'gau1ﬂ (ANFuaaL&u)

woinssuaesAtnrieuneurme - axdainelfdinanisinesiammnsialien
srgisApulnaiaiiennnss s IndIResAlnanAReY  URTHANTIATITLNA
nageLsalirnaRniuaaanAdesiuiiLatieA

WOANITHTIENAUTHNASRINAgUNIR T uAWaNIEINEY lATIN AW T-1 uez T-18
HaMFATISITUNanagauRAN INaAeeTe dauan T-0, T-1A uas T-2 wansaas i v
ANABNILAGINIHANARDL

WOFRNITHIBNATUTINMAIRINMANATNATIN  ATEFNILAUAT I UEUGIATEIATL
e e FAAIsilAn IndlAsaiLlans gL

Tasnudaiznmsdinmafild  anmedunewgfinssunueeuninfinaserias
Kiang-Hwee Tan #fluating  Tnonaildainnisimssiasiidiainiuaunnninameie

R 4
SR

uBsuvieunanig Lﬂﬂz\gﬁu HARVNAEBULBRY Aravinthan

MEAZIBEAAIUN Aravinthan™ vinnsssauuanslusean 4.7 lunsaiilldszus

d’ll & ar c:lle! 1 & &’/ g @ < =1 ]
HevAutraandausuuLnRAmn T ldecazitiesrusl 62.5 muimms Taily 4 win
ABIATINANATY PNAYAEAUNT 0.20f, td TUAvnaeLTusaAivluaIngnLe 205.9 kN LAz

AAUNIRNNNAYSA 57.2 MPa

BN 4.8 UAANATUAIN T RIASALLI L

RAFNN 4.7 ugmrsiazidunn1un 1N s@neaes Aravinthan

No. | Description of Specimens e Type of Tendons
{cm) External internal
D-1 | Single Span Beam with Two | §2.5 SWPR7B-4¢9.3 SWPR7A-1$10.8
Point Load




AT 4.8 usnAaNTRanERLseT 1FuN9AN 11049 Aravinthan
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Type of Tendons Area (sz) Yield (MPa) Ultimate (MPa)
SWPR7B ¢10.8 mm 0.6968 1,600 1,900
SWPR7A ¢9.3 mm 0.5161 1.500 1,750
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US55V 6 da

saussvin 10 da

3.96m 1.30m
4.6t 8.2t 8.2t

saussvin 18 da Wi
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saUsTVA 18 da flanie

ECi0s
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4.6t 8.2t 8.2t 8.2t 8.2t
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ANT199 6.6 uareAsauLA IEId3 R &9A18 PC | GIRDER A9MNENITA 20 WRS

Variable 02H | 05H | 1.0H | 15H | 2.0H
drop (cm) 288 | 72.0 | 144.0 | 2160 | 288.0
P, (ko) 159,030|117,540| 81,916 | 62,863 | 51,001
Mumtathdanandauselion, A_cm3 | 12215 | 9.028 | 6292 | 4.828 | 3.917
Mt sasansaun unana, A_(cm?)| 17.101 12.639 | 8.808 | 6.760 | 5.484
MFwhianandaussmn, A em?) | 28.502 | 21.065 | 14.680 | 11.266 | 9.140
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