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Abstract

There are two types of unbonded prestressed concrete beams according to tendon
layout: unbonded internally prestressed concrete beam and externally prestressed
concrete beams. Because of the advantages of simple construction, structural safety
and economy, the unbonded prestressing technique has been widely used in the new
construction of large civil engineering structures. Also, Many engineering structures
at service especially bridges are suffering from fatigue or structural harm due to
structure aging, corrosion of reinforcement bar and overweight. It is very effective to
strengthen these harmed or fatigue structures using the externally prestressing
technique.

Analysis of beams prestressed with unbonded tendon is much more complicated
than that of bonded concrete beams. As to bonded concrete beams, complete bond
between steel and concrete is always assumed, so analysis can be performed based on
plane section hypothesis. However, the strain compatibility between tendon and its
adjacent concrete is no longer valid when unbonded internally or externally unbonded
concrete beams are analyzed. The precise analysis of unbonded beams performed
should be based on structural compatibility condition using iterative method. In this
dissertation, analysis model for beams prestressed with internal unbonded or external
tendon based on large deformation finite element theory is developed, and material
and geometrical nonlinearities are involved. By replacing the effect of internal
unbonded or external tendon with equivalent nodal loads of beam element, analysis
can be performed with ordinary bonded reinforced concrete beams, whose internal
forces are caused by externally applied loads and equivalent nodal loads from
unbonded tendon together. Fibre integration method is initially proposed to cope with
arbitrary concrete section of beam element and to derive the section tangent stiffness
matrix. Computational efficiency is remarkably improved. Conventional strip method
is also utilized in this dissertation. Based on these, standard finite element formulae
are established by utilizing nonlinear plane beam element. Two numerical examples
are analyzed to verify the validity of the proposed model.

It is difficult to analyze unbonded prestressed beams by commercial finite
element programs with conventional methods. To solve this problem, a commercial

finite element program, ABAQUS, was used to develop an analysis model for
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concrete beams prestressed with internal unbonded or external tendon. The finite
element model included two types of main element: beam element for concrete and
truss element for internal unbonded or external tendon. The end nodes of main
elements were connected with internal constraints named MPC in ABAQUS. Spring
elements with very large stiffness were set up at the place of the deviators of
externally prestressed beams, or along the span with relatively little space of
unbonded internally prestressed beams. The modified Riks method is utilized to trace
the entire structural response of beams prestressed with unbonded tendon from zero to
ultimate loads. The reliability of the analysis model is verified by analytical results of
typical test beams in comparison with experimental ones.

Eight series 76 beams prestressed with internal unbonded tendon and two series
21 beams prestressed with external tendon and 3 comparative beams prestressed with
internal unbonded tendon are designed to conduct parametric study. The designed
beams are analyzed using the finite element model proposed in this dissertation.
Influence of various parameters including ratio of nonprestressed reinforcement, ratio
of unbonded prestressing tendon, span-depth ratio, effective prestress, cylindrically
compressive strength of concrete, ultimate tensive strength of prestressing tendon,
yield strength of nonprestressed reinforcement and loading pattern on the behavior of
unbonded prestressed concrete beams and the ultimate stress in tendon, f,, are
investigated in detail. Parameters having important influence on second-order effects
of externally prestressed concrete beams as deviators, tendon configuration and load
type are evaluated. The study makes an in-depth understanding and recognition on the
working behavior and structural mechanism of beams prestressed with internal
unbonded or external tendon. Therefore, a sound basis is offered for optimal design of

unbonded prestressed beams and for future modification in new code equation for fps.

Key words: internal unbonded tendons; external tendons; prestressed concrete beams;

material and geometrical nonlinearities; finite element; parametric study
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RIGR, WA RN I, SERAm, JREELIRE 71.845~89.635MPa. 564t
oy 44, MRS BN TN ARG LR BTN B b L AR
RJTHTIRN . RIS L5 R fs WA AR TIN5 BCTRUSE 7 5 FH 2 P 338 o v B KK
55 v LT TR 5 TRUNE 77 53 I 14 TG B SR R
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] A SRR JE G 45 M. 70 B B T Fe A8 A 28 O 75 o o B SRR A T
B i AR e R A PO I 18 ARG, B FC T R AR e R A R R 4
HR T TN ST R TE RE DL S5 v LU fos BSEE, 45 BES AR TR AT ECT £ BEIS i TL
BORTPEARIEE W, HRH fos THREAZ. JCIEFR T (8 [ A0 S i 75072
XS 37 ARTCRESE TN IR -G, 7 W I 1 LA SR B R AR R 97T
AREE . A AU T B 1) 1 7 SRR 4k A S et 4 B P e AT R 11 8
MR 45 Je 2 ARATRG S5 TIUSE B e, TR 485 i 7 AN (R 0B ) B2 R b 25 4k
AE, HC B 5 ANBCAR TN 7 3 R TCRG 25 AR RE T L LA K% i A5 ()4 P S R 3R 64T T
o HERIMT fos IR A S PARIEEST TR 32 0 1 a2 0@ i 4t 10
ARG 45 B 50 TS, 7 7R e 1= B2 AT 1 AR E A A 3 VR e - S (el 7, ST 1 T AR
BREAMRAE T M A, 4 T4 G I RB RS ST E A ST
TP R S Bk i O ot Wt 29 MRTCRE S S, AR K56, WA T R
SEPEPERERIIN ZR, 1FE VN T B D 2 2 B 28 S AL Fiads . KIDERIE A B
R B /BB PV 3 FIAE KPR S S A H A I R 88 1 16 e S 8%
TEF T 94 5 R JCRG 45 TN 7Rt HHEZR B W 7T, i AR e i ik, R
BT ORGSR I HEZRGE R IO B MRS o AL BB R IR AR EAEPHI45 H 20
R IHD TO R 225 508 73 UL /¥R ot 328 5 B N I e T R, JR4h 5 ok 45 B2y
TR Sy iR - 5 e A R B LA S R O A BOR, St 7R IR AL K
EFE TR AR K R 00N 15 AR AR YA 1ar 38R 11 MRV 2 S fp A F R I
REZE TN 7 e st L ik e, AL T fios BIENATHE A, A IETE 545
AT AR bR K 5% 2 2B K TR A BN T 0BG 25 50 23 TS ) e i R e - R 2R
g R A, FRN A SCRIN S SE T A B A K. FRSFRERE
RGPS 25 BE T 5 A 7] ) 2 2 B 5 TR 42 TR 7 VR L AR ASE A, of 3
1 AT RN BB, S5 4 B AT AFRERL AFRTHR L AR
J82 A3 RE A% U KR RS, FFHEAT 158 7T, ek A5 TN R e HE S ok
G IS AT HRAL T HE o G R A R U A RO I 2 Al 2 PRI
(IR 25 C B TR 45 TS 3 00 555 RS A e B TR 5 T 0 A A D Tk 4 T
Jrik e - MELAR R KPR e A B R ke, i RS L JEE . 55
& WIEE LU RE B AR HIRE /0 3 3EAT TR AL, wlIR s KRR : AeE 1 Z dE e ik
TN R A A, T L AR A AEME ST by X T AT BT B TC R 5 T T A
FRRONESE B RO A 4 o T HESR K ok . IR KA I R RN i A 2 i
REXSANRIC i 5 10 14 MRICHE 45 8 0 FIUNE 77 VR e 1 BEAEAR A e SR A 4804 1 A9k
%, WEIT T A5 RIDUR R LU 5 3 TRk 45 A A% BR S 77 R S
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L5 L PTIR , 324 D9 1 N AT TEE A P RS S5 TN, ) AT TR R e it
T XL IG W T IE NATTR TG 45 TARNLEE 1 LS A it JoR 45 e e
REFAEH BRI DTk, HATS ERE fs HR R IR mT TS il 45
Mgig AR H2, WA )RR, el =R ERy /RS Shr
TRERRAIRRZE R, BT 5120 B ROt C A TR AR B TR A AL

1.2.2 BB orLER

Baker*?(1949)f B 32 T #7962 $ (reduction coefficient) FIHE & £ ¢ B
T IR EE BN T AR IR SR () BITHEL: &, =&, + F(Ag,) » T e, ATOHG
EETN ) I A IR, ORI R L, As,, ARISL A 45 TR 7 73 A5 B 52
A . AR TORS S5 TR S AR SRR ZS I 23 B o SR A NG RG4S o i
= N 6 a0 =0/ Bl W ko730 il i B e W e 7 s R e 1K 1582 N = AT W i
JEI R VR L R AR B LA, S HAN R RS2 Y A fof B F B FTEL 0.66, 7K 2
PR EE R RN FEADNT 0.5, BEJEARA, Baker™™(1951)4E 4 Mattock Xf &
RGE RIS B, SCERUE VT 5 TORG 45 WA SR B B HE R HT ik R 5 FOH—
Mg T2 AHME 0.1, Bb/5, —Lerf i iR & B 50 st U R W 1 F )
HUAE o Revesz™(1953) 2 i F =0.0005/¢, , %R ¢ B 0.003, N F=0.167.
Gifford>*}(1953,1954) &1 F=n, XH n=p f, /(0.85f), H 0.85f EiREEL
NLFTERISFIIR 7 AL, n T SORN TR 0 R R R P AR B AR AL, %o AR
B, HAE— /DT 030, Cowan™(1955) MRIEIRIGSE HAE 0.1~1 TWEINSH T
F R n (fE . Janney Z5*1(1956)IN K F 5 8T 6 AP MR R B ¢ 4555,
TR PR R o ANTORE S AR IR LT fos AHOGER, JHAH 7RIS AT B E - Warwaruk
SN 1962) TR R EL F 5 0K SE W A R TN AR (N AR I R AR, F
AR T AR . Pannell*(1969) 48 150 45 I A Baker UL F EHA 0.1
KA TART, Rl xd T 15w LU TORS 45 TS 7)o Pannell fEHTICREL F
SE SR To R S5 TR 7 T Bk - R AE A PR Aar 25 A FH T IR JE R 45 39 B A8 15 K AL R
Wk AR R AR 7o 8 N K 5 0 5 o BORT 52 i 41 (199 5) H 4 ok R B A 485 A -
F=F\F,, 3% FURSGERBIERG RNSE, RASERWERNSE, 1§
0T 101 ARRER L2 1 [R5 2387 23 T Fy A F AU

Pannell''*(1969) ¢ 5. 1] FHl £ 24 88 14 [X K J& (equivalent plastic zone length) Lo it
B fosr FEAS SRR AENG Y TR A K TR 45 T0USE 7 555 J& I VR 48 - 1 J9 AR 4 Hh 7 25 4K
VXK Lo o fhBIEXS 38 MRICHLSE BRI L5 BT, RIL Lo SHEIRE
TP R ¢ Z W A M E B — AN 4, FERUXANEEON 12, HIIE £,
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[ EEARARTE 3 A A BT N AE 9 #r o J5 oK Tam A Pannell[161(1976)1flﬁﬁT 8
MRICRG 5 PN S VR e R ARG 0T 7T, JRE A EIEL 10.5 DA REARTN /)R
SR, L AR E B (1997 R Pannell J7i%, M HTASHI 70 5
I3kt 109 HRICHESE R TN Syt 3, B AEE 9.2, EFEAEP2001)
£ ERBEFU AR b, 3l [ A 125 AR TCRE S TN il ek i Bl 2 A, A
B 9.48 o KLt A= Rt B 2 (1998) it — A LU AE A ¥ J8 N A T 1E 8 48 F I BEG
R S5 ER 73 TN S VR B - BRI R g o3 M, JFAE A 5 SN “ SRR TEIX K 5 T 248
TR e Bt v P2 R LR, GBI 55 AN R far 280V E FH R S8 B 48 1 20 i, O
HHL 15.2.

Mojtahedi 1 Gamble™ (1978) U N #E F LT fos BAT IR K MISE, AR IELE
R, MATTEESE T — N =AM AU R (triangular truss model), WA 1(a)fiw, 1Z4
AL e AR AR (1 0 R MR BEAT (rigid link) F1—HR Z A (tie) 2Rl R 5 R
AR IR G TN ) GRS e, T AR AT A R ARHE I 5 A W R AL RO
Tk 45 355 (0 8 AR 1 B 1 e L A8 n T SR R B . SRTT Lee 25%(1999) 1A Mt
B JEASBEAR 7 Hb S WO RE S5 TN S 2 HIVERE, 9Bl i T84 T2 1E, 7ENI
PEFEM A R AT 2 (A1 3G % T — AR WM (rigid bar), fE1E 5 BB WE] 1(b)Frs, X
B, R R 5 v LU AR ORI O ARG &5 TR R 9 DIkt 45 7577 1) 82 7 8 Re AT A 22 1
K.

e

£

WP WP é /]‘\\ é
R | Rt R
A #HF O A O
| . | | . |
(@) (b)

B 1-1 ASEAULES ey LU I ) = A AT AR A Y
Fig.1-1 Triangular truss model for simulating the effects of span-depth ratio

Balaguru> (198 1)WF 78 1 JCHk 45 i B A7 8 i tH B3 1o A AE MBI S
Sefiti BRI i S A AT RS dh R, JFM I BUEAR 2T S AR
AL 0] UH 73 A T R O RG 5 05 S I A 3K

Kordina A1 Hegger®}(1987) 18 1 — ANt H6f 3% S T0 R 45 K 1 1 TCR 435 757 1 PR
IR R /NS

E U
fps =0, t szkbikviksikfilGi (1-7)
T
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Refk, k kFk ASEL 30 RG-SR . WM E S TR 7
395 B 23 o DA SR T TR AT G, AR 1 RN TESA T8 A A X 7 A ) B M BB
2(1-7) B A R A2 5 B0 RS 485 9 . 386 1 38 T A HS BT e K 25 A b
CEPERD, MR EIMEAREER . KO- EEERLAH T84S
HIORE TR 45 5 A% PR 77 388 2 1) B TR
Zimmerman FI Weller™ \(1988)7F )32 (B 7o 45 B LRl BRI T fos 15
AR

fps =0, (n1n2n3)(n4n5n6) (1-8)

A ny B ng o m ST EIE A TN DA CoRE . BRI TR B L PR TR
TOURE 7 55 B A S AR RS 7 i A R ) R 8. b 5 #0E AM OC I R 2L my
FE R T BN A B 1) R A

Vega Fll Dotreppe*!(1988)HF 7T 1 To b4k TN J7 32 )25 - il 2R i 1 o B e 2
TEBENNINE B R RR G, I H A TFRL, Al a s x th 2 AR o B
REE 77 ()P K & o A4 UHTE AR PRARAS, AT TE B2 5 bk ) BB e — A2
PE DR SR IR 45 Wi A PR S 7

Harajli® (1990)45 Hy 1 — AN PPAG ToHk 45 T 77 3% RO e L o I 445 19 4 B 1o
JIFRIE i () BEARASERY , A 53 B TRk 5 A5 PR B B S 184 8 I % v B G DT
%o BRAR 3 H7 J5 T AR E « VR LR TS 7 35 2 TR P V7 738 i T v B2 e M 0 A1
S 8 L S ) 087 g 3 P e Ao G 32 0 pon I AR | 23R 0 A1 () R R B X
IVEAR L IR s 44 PSSR T VA B 7 1) JO R 45 735 (0 N2 ) DR A AN AR o T
PLEAB e, PE#H W TR fos A

f 8
= + (70 +—== 04+ 1-9
Jos =0, +( 100, X L/dp) (1-9)

p

Harajli fll Hijazi"™(199 1)BtJ52EAT T Z MMk 7t IS4 SURER
N BYIAR TRRE 75 v LU R TC R 45 A5 . 0 18 2 R R o AT TR U, T A S R X 2
B D) AR T R e I A AR R A — AN S OB K B QL) R . Ly, RIES
H1 Corley®(1966) e, J& 3K Mattock!®l(1967)% HAE B
L =0.5d +0.05Z (1-10)
A Z AR BT KE BUR R A 2R AR RS .
Harajli f1 Hijazi" (199 )%} L, HIRIER AE T #E— BB

JA ) LN (1-11)
P L/L, L/d,
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FE—RSTEFTAR A5 B Harajli A1 Kanj ) (1990) 42 2] “ To k5 45 TN J1 2 i 485 1
M) J8 4 7 AT 45 SR 5 S AR 2 1) 1) 22 A B 55 ) 1 15 v B R /N T 38 K 7, I R
Harajli Z55%°(1990,199 1) E M (I M HTRE R4 ¢ o Y T 70 58 4o B T S MR BRIR
AT B 2T B HE 1, DT S R R A D0 kB B BY D% 2 25 i A8 T 1) s el #
R fHE AR, XA R I — AMR KM, PR SERR iy 3R K 7 1) 1 By
71 BE A e SR 3G N T R RR AR A, T LU RN BY D) R S ) S R, B R bk
/N, BEY)REA R

Naaman 1 Alkhairi®**(1991a,b)iFik T 2§ 10 M £ AR, FFEIR
287 A2 37 98 £ Bl (strain-reduction coefficient) s FH T Tkl 45 N 777k + 32 1) 4t
FEONT, BASHTIR AR H% AR TP 2 JF 24880 DL S iR A bl 2
N Q For, Ho Q24T Baker™ (1949)4 3T R 50 Fo AF BTN AR
BB SN B K S FEAR T A TR &5 5 ~F- ¥ I A 14 1 5 40 L PR G 45 7 I AR 48 i 1)
LAl ”, FReaH fos TR

d L
fps =0'pe+Q]Epsgu(—"—1)—1 (1-12)
c L,
A A
SR = Y IE
Lid,
2= 15 (1-13)
: — R N E
Lld,

Naaman Z51°1(2002)3FiA I LU T CA I £ AR, YOARA-12)2 H il
RNBEBRAN, @R TRERIIT ACIHEH fs itTE A

Alkhairi 1 Naaman'*7(1993)$2 tH ) /3 T A B I 2L 15 (¥ To AL 45 B2 X1l 53 A R
ANX Ak, B A2 DX SRR gt B e R 2R X 3, — ANk B i = 2 kAR
S, B — ZUGE RO I P AR R AT, 38 R OE O E SR P R L A AT
5= R UGE RO T IO RS 45 38 B2 /38 5 A o %A AL Park Al Paulay!*(1975)
W IMTZEN LA (truss mechanism)SRAFL G2 1) BT T A5 5200

Chakrabarti™!(1995)7F [ QiR 36 33 HRR5E 52 L& Du Ml Tao iX36 42  Harajli
A Kanj 50230 B, W T — N HREANLER fs iTHE AR

0, +70+4

= 1-14
= (1-14)

A

11
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£ d, 414

A= L. 1+ p./0.025 1-15

100p, a7, (TA002) (I-13)

- (1-16)
100p,0,.

M N T BT 33 0, fHEL 1.0; 4Bt RT 33 B, - fEHHL 0.8,

Ament fll Chakrabarti'®(1997)F i G i+ BAS BT 7T LU 1 BN fos T LA SIKIKS
¥, Bl ACI318 3. Du fl Tao A3\, Chakrabarti A3\, Harajli A3 1 &
Harajli A28 2. Namman A 3. M FIEME LY )7 25 (mean values and standard
deviations). % Z 4> #T(error analysis). #H5% &%} (correlation coefficient). %) /7 Z i
fii(standard error of estimate). #1% 73 #7(frequency distribution)iX 5 477 T 4743
PrAIvEAli, 455 Du M1 Tao A AERZHUIFH i EAE MR, ACI318 A3l
J¢ Harajli A3 1 3334 T0R5F, Harajli 230 2 A1 Naaman AR JEH, SAHER
Chakrabarti 2 ZUf 4F -

Moon A1 burns"" 1 (1997) 73 MWt 78 T To k&5 TS /1321025 kg . $RHE TR
WL T BEA A ¢ 2, T 44 32 7674 (hybrid-type element method) Uit | =% F& 4544
HARARTE I TCAG 45 T0URE 7 75 L8 R0 R 7 B o B REE, thil] 1 PiSE g VR g 4 R I
B> HT TSN TAPS . A3 R AR 20 B 1 AN [R] STHR R 0 Rl 25 11 SCRTi%E
L gn gL, H A I L 00 52 1)y -0 ) IR TG 5 T ) S IR B N 7 s 1L
3 M 45 SR S ARG 4 A 55 R B R AR XA BT o (H A B L5

Allouche Z5(1998) 145 1 2 FiT 30 £EAE RKIM AN IL SE B 1) TG 45 F5UN7 778
it LT LA fos THE AR AT ERITE ACI318-95 1) fis 1HEAE S
RIS R R IR ZE, FEA RSN P AKRZ A INERITE A23.3-94 1] fis it
S A T TORE S5 BRI TN 25 SR, AR T ORGSR I R TR

Allouche 21 Y(1999)# 37 7 JE Kk 4 TN 734 B2 A 1 A2 4 W A BB AR 9
Fortran77 15 5w T MR 1T 525 UBCPBY. 5 Campbell F1 Kodur”Y(1990)
HE IR R4 TS F73% 82 2R 7 NAPCCB #{8L, UBCPB 3K 1B 45 M 43 # K A%
A% I R ERER TORG 25 30 43 TR J T E SR R () AR ZevEm B, 08 7 B = TR ) ik
Fi TR LR DL AR TS ) 5 AR A SR RS . A, RES ORI, B
IR S E A B HEE, BV B AL IR St 4 BT e TS
JIMGE H ERFEI, X LM W A RO R, XA, AU TR ) S AR TN
FIEMT A E T & BT AR TR 152 o 252 AT e K AR RBOR 1) v 2 i X e 45— A
FEERTT, FFPSethE — AR N B 5 M Z(target curvature) i i a3 & . I &5
—ANBTCIR RN 2 th ]I AT B T BN BV R A 2, B JLE BT R

12
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R A . R BTG B NI R Mo br, WIdkEdr, B A2 HTE IRTEH BT
A F TG ZE NI EETE — AN R 2 IR Z VI (1%) P - B2 @ R PRl s o THE
RN BT TS A7 i 7K Ab VR B 3 AR, AT A5 B0 RG 45 5 K i, &
TETCRGEE TN AT fos B -

Wu Z72001) 3 1 T BE M TCRGSE 1 SR AR EAE G, TR
TCHERH R B e, 2R, R L 0 v 3 B T (host element), JGH4E
WA BRI N T E# TN, B Green-Lagrange A% 23 315 21 JC KL 45 15 5. T 1) W
AR, TR R AR 2 AL B T B O R BRI B G SRR R R, 5 O RG
TG TT I NI FERERE . FR T )2 NI FERE R th = T02E s, Btk NI FERERE . 4]
A7 W B R AT 2 NI B R« YR - = R A 8 1T s S e, HAIZRNI
JEE R BB T 2 P DO PR R % A O R e R I 1 JEE A B AL o BT 2 ST I R
FOUART RS P o3 AT F2 T RE A 5 R P SE PE AN BB M T . TP DA BB A A 2K

Ariyawardena”""*(2000,2002) 2 7. ({4 L4 Y gk R RAD B 22 48 T T FTIR
PR BIER G, A N TORN 46 3 AT IR A R 2 TR 3@ I v 2 NI e e e, T DAL e
AT B R BE BS 7E I FE OR AN AR o AR 2 i) T AE B TS RR P 300 T A T
FEME . iZ AW R A R fR BRI S A

AR A R G 47 77N 2003 ) ST 1 K T 45 R AR T B I A FE A BRODR 2 DA KK
BRE ST BRARAS T ICRE G5 TS A1 793 82 028 A B o AT 7 v o AR 3 TR I — S AL i 4y
WA, FETORE 25 T0UR 7 55 . 0 37 BURE) (1 195 vh e B 1 2 PE R %1, R A Branson
A1 Trost™ B H (KIAT 2B PR VR V1500 1E 8 R A B (0 PR e B, i e T 7 3 i
e PR DR 85 (1 %5 v P8 S DU s 228 % 00 82 7 5 I 7 48 8 A0 52 s DX = T3S 77 i o
P9 IR I 5 H 0 — A AT R Uk SR B

Bt S5 1(2003) - 37 T il T eSS TR IR SR S MR, T
T IR0 G5 44 5 K It AR R ) AR S 1t A T R 7 A B o AR Y T SR E K
SRREIE, WP WAE . ARAR DA RMOREE T B R T R AR I R R . BN
PRAT LR G — R KCR IS CRPFHR M2, JEdR s . o
i S M AR, SR BRICRI 22  5 & IO IR ST S T A, A 4
AR AE T S o

FH b TH TR AT R0, AATIRE e R &5 T 3. 77 VR e = 2 1 3 Ay 7 vk AT 1 — e i B
WIRER, XTI 2 R/ KRR HIR IR LAY fs THEEAA, (HIX
e S N 200 0 SRS BEAR A KERAR, [R] tANE T2 IR % 52 S B o3
W o S TR &85 T 70 G2 1R B 3 BT o0 230 05 8 ) B 1 A 2% A J i R AR vk ik
17, XTI AR R AR, REEHE A 7 — S A, (FX RE AR R A7

13
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FERME A, R BITCRZE . A H RN R A5 a5, BRI A 06 B0 TR 435
82 3 G BEAA AR 3 W EAT SEER A I T

1.3 &SR 1R R R

1.3.1 RIEHE

Harajli®(1993)iR56 1 16 AR LA 10R FIS 700 [ (5 S i ik e i
=3 a5 H AR AR SNSRI ]V A S AR e T DA VP
HAE TARG 844 CHTSARR R 25 s 52 . 16 ARVR B L T ik
FE — 58 far 270 B A PRI P98 57 fir B0 R 72 AR08 57 AR T SR I R R AAR A1 55 2 7
BOARBEAT IR, BN E EMEIR . RIS LE 8 R RSN N 3555 0
5, TREE LRI PSRN A 146%, %57 KA 75%; 1Lk
(A SN FIURE 3 555 LU ELZR T IR AAR S PR g 8 0t T 14 00 42 R e 25 5 R S A & ]
TRGE = R A A 704 A 55 4 2 330 LRS- 380 82 9 KT PR3 22, 1t BR SR 1R 0% 55 75
WA T HERNGE.

P ST B R P (1996) iR 56 T 2 IRARAMNR TN J) i S i sl g2, Horp— R
TR GE Ny = B T G ORI D R AR AN TR g 52, 53— MR AR 2 g AR PR AR AAR S/ L
F15e . RIGLE R TR THIPERE FUS 7 TR & S e bt IR AT 2400, R4t
i 8/ E T AV e 5 AR RN AL s TP R TS, TR e e A 4t U
S TG &R, FETUN IR J5 H 2 e S BRI RA BORE S, fRAL
TEAREAL PR B, 772 A2 75 5 R X 35 F 8 1 5 T 7 A T e 4 AR TV UG B R R AR
MUHE s B GE T B R TR EE A 05K T, T e Bl B Aol 32 5 R P A PR AR 37 %
%, R AT DU i S8 A ) B B 4558 0 25 003G G (R TR 0 A0 R 5 sk s s 78
PR S AR )1 B 1 L — B ARG 5 AR TS A 0T 225 4 A W R G R, K
B BRARZS AT LA R S AR PR S PR 4

Tan A1 Ng®(1997)ik58 T 6 MK 77155 S, H A2 F 70 5% 1 B i o
FRTEAR GRS TR, T ZE PR Re s o b 3 ROV B 2 R, HUTEs KR E
AL M PECRE AR RO =R BEEAERS A — AN, (BRSN R AR A
S G BE BT AR O R R Thz 77D Bt B A 2R i A8k o 358 4% =43 s
WEMIR . WIS EE R oR: ERECKHEE P A 5 B — AN e Re i 2 7= A R
TP TARERE (BERE. FFRRANAIR 71D, AR T304 B BAT A % e i i
HMGE B T AR IR AR RE 7T 0 T EIUARSN, S H AR O FE CRH R/
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HLI1) 2 FEUE NI T 248 T8 5 DL TARGr 80T IR RGO, Tt T4
BICARSN T, BGINH AR O EE O R N TR 7)) 2 S BCE/NRIRE . SR A
A0 N 38 5 DL R i A R DRI B v %) B 5 18 DA & 75 1 AR CRH I gk FE T 7))
IR B o B T, T SR PEREAIR

N TR HTET RS, Tan A1 Ngl®(1997) 3 iR56 T 534 7 H8 T i 1
BN S T8 S5 o RIS Th el — R, BT H ARz R
R AL, HE BB =4 AR . 16 45 S R R VR Aok i P el B B A
HENG 2 FECOR R ATV, 1 4R E LR A PUsy A8 E e B i U, BPAf
RPUETEE 5A M0 B2 KD 2.5, ARSMNRIIG K AU BIA .

[ RS PR PNEE AN 3 5L 25 A O872000) 156 1 4 MRS FISE F1 11 S A 2 4R
PRANN I ARG, - BEAR BTN I AR . 5 bl TR g B2 DL A AR Tl
823 S G 2 o e 4 IR WA SN TN, ) G BT RAF AR T RE ) ELGM 2 7
7 BE A T B3GR JERIRAR AN K, (HAEZE b3 I R 4 2R 4% HLUE Ak
IPEER LA, ELZRTN S5 LA ORI IGAG, T il 2 TN A7 85 B 1 G B

Harajli Z5**(2002)ik56 7 9 HRAKSMFN. ) P et 4L, IR56 A5 B N AR AT
AN ARG 45 AR % I At B DL RAR AN AR o B4 s ARSI i AR B 5. 7
— PR T BN = T RS T s B A A A S A B AR AR 7 S BE VRS T LUK R 4T 2
SR AN GEEL /N s G A PN AR 2 A T AR e T B B (R 2R 5% 70 AT, AT T 1B
R 2R R AR 2

Aparicio Fl Ramos Z5*4(2002) 056 7 7525 i a5 dh A1 8T B & 1E R 5 1R
BRI 3 ARAT B ARSI J1 iR EE 08, ga 1A oo aRae TR ) Wik PR Ak &k
T3~ TN A7 AN RS 77 38 5 DA AR IT B8 iU BT ME e S5 I B 2225 3, R3S 1144k
THNE ) R BR A A 7 LA B PISE 7 5505 Xof K R T 52 IR A DR 2548

2= 75 765 PY(2002) T 7T T 8L 3 R E Bk = A ARk ok e R VR B - A AN TN i
LEGE T RE AR, BEUT TSR 1 4 ARARANIUN g e S TR o - i 5 AR (1)
BORL . IR LSRR RIS ) ISR R R EE AT 5 kR A S ok 45 A
ABRs K P AN 2T 2 1 47025 Ak B0 T 2884 B A 25 T EL R AR £ 4 3 5 T AE —
SEFRPE b PRI SE R Fe I AE 4 f5 A SR SE PH G e A A x0T 2 R S A PR | 2R 5%
RIEAH .

5K e AFK R REP1(2003) iR 56 T 7 RSN TS SRS R, EEARRA
RSN BB A e mp) iR E R, — AN RPN R o |
TR, 7 5 5 LA S5 v b o AR 2 7 TR g A PR 7 1 DR S 0 PR 25 6 1) 52
DA, FEUCHEA b, JE— 2B M AT 5T ARSI, 7 55 7 186 AT AR F B AR AR
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TR A, Tl T DAIIF IO e 5% fy 9 5 B R SN IR B 3 & (5 A
e

[l A JCRG 25 TIUSE AT AR L, AR SR IRUN. 70 B2 (i B it ST /b AR L 143
A 0 AE L (R AR SR TN 77 5 B PR 7 4 B v SR B A A % o SRS
TN AT B2 i 1k BE AT A A JC R 2 TN FJ B AEAR 22 U7 TR AR, (EAR SR TN 7)
ZNEAARF T RN TR TN SR — AR E R R IR N T i
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Fig.2-1 Stress-strain relationship for concrete under uniaxial compression
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Fig.2-2  Stress-strain relationship for concrete under axial tension
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Fig.2-4  Stress-strain relationship for non-prestressing steel
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Fig.2-5 Nonlinear beam element before and after deformation
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Fig.2-6 Bonded concrete beam section divided by strip method
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Fig.2-7 Fibre integration method for disposal of bonded concrete beam section
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Fig.2-8 Unbonded internally prestressed concrete beam and its elements
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Fig.2-9 Externally prestressed concrete beam and its elements
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Fig.2-10 Beam element and its corresponding element of internal unbonded or external tendon
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270 % 7 BANL 2k, FERANGLL EAEN 6.35mm”. B A-1 A C B AE TN 1 i
SN iR L, e 3 ARGENER A TN v -, R ICAT T A2
FEFRE S35 o RBEL RO PUR IR £, KSR R E, . BRI o, PR AR
TV A, 5 T3 2-1. P smfE RO hUE 35 1) 0.1 5.

B B 38 NGEEATE, HHEX Rodriguez 81 7 MR . REET AR S 5L
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y=0.15, £=0.002, £,=0.003, a,=a,=1.0. TN SHRAE 2-3 i =ik

N J)-RAE K F, HE =193GPa, f,=1562.4MPa, f,,=1729.8MPa, &,,=0.015,
Jru =1860MPa, &, =0.035 . I 5N /7 A R FH 2L AR 30 08 1 R g - ML AR SR &R

f,=413.63MPa, E =200GPa.

‘ 3505.2 mm »T139.7mm1+
~—1295.4 mm 914.4 mm 1295.4 mm ‘¥
P iy | & B |
0 ] o 2 p S
\ S T @ b
N ? ~
A Q 200
As
Bl 2-11 Chakrabarti i3
Fig.2-11 Unbonded prestressed beams tested by Chakrabarti
#2-1 WIREH RS
Tab.2-1 Material parameters for test beams
e A, (mm?) f. (MPa) E_(GPa) . (MPa)
A-1 0 36.54 36.5 1068.74
A-2 70.96 34.48 35.0 1048.06
El13 141.92 34.74 352 1132.35
B-3 329.02 36.56 36.5 1110.12

ToRG &5 i AR IR AT 8 Py DA AR PR B 7388 A fos MRS AE 5 THE 45 S0 b
A HR 2-2, FTLAEH, WHEE ERFEIENLRLF. A fy R ZE 4aXHE #4%
HITE 20% 2 P, S5 SRR T LAEZ 1) Py MR ZELGERR T A2 e 3 R
PEHIE 10% 2 A, A-2 TR PR A7 4800 22 A T R 28, 32 S S R 2 AR T2 7 A Akt
SRR, RN SCER I 25 H AR TR 7 5 1 e AR 2, B3 BIT ELAY) Jee o
EARIE RO AT, X FSEPRMEE € A 28 .

IR E R e - R M 2 & 2-12 B, AWEH T DLE 2
A-1. A2 FIZE E13. B-3 HIEAWRIX A, 5T J)iRE £ 22 E13 il B-3
2 I R = IBAR, SN SR TR LT R GER, A
Y1 AR AETIN 5 S B T AT, 2R 2 SRR B LR . 2 A-1 A1 A2
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HI 3 SR D S BC B TR AR TN F7 5577, 5052 0k e WY SR AN G B2 FUE 7 TRt 1
22 E13 M1 B-3, HAar - P R L il 2 U B R AR P2 i A VR e 1 0 T 288 i 2
m, FARREEZ IR . LB A1 A2, B2 A2 HTIE B
AETRNL 755, FLMIEE AR BR A7 B A S AE PR AT LL AL TN A7 iR e L3 A-1 B A
WIS S SR P A5 A A7 - TR 45 UL 77 9 A BR 2 7 8 i it 2 & 2-13 s
PLAZI 2-12 AT 2-13, W98 BT ARAR R ARAL, 6 A Ot 46 UM 0 79 ) 2 7 3
MBS TR Z R R R0 %) WK 2-13 ATRAEH, XTIk 4hEt 70 1
AR s R A2+ E13 M B-3 (TS 2k, B DUBi AR TN /7 i B i = 1R85
BEIN,  TCRGAS TN A7 AR SR FT I R A f BB D

#*2-2 IR SENE S THE S5 R LA

Tab.2-2 Comparison of experimental and computational results for test beams

- Py(kN) A fo(MPa)
R7ne
PRI 25 F T4 WZE%) ISR WEER  RE%)
A-1 17.78 18.33 3.09 413.71 493 19.17
A-2 32.04 27.09 -15.45 441.29 520 17.84
El13 40.05 35.94 -10.26 544.03 445 -18.20
B-3 62.30 573 -8.03 379.23 414 9.17
60
55 L e sfz/*’*/ﬁ/wﬁ " —o—A-1
—h
50 [ —O—A2
. —A—E13
L » —%x—B-3
40 -
g 35 | ,,/ A/A/A N
% 30 F s//A/A i
' o5} Pa -
L o
20 - A/O .
15 | /D/D/D/D
10 |
5L
0 [ 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
5 HPESE (mm)

K 2-12 Fisk-EErhges dhsk

Fig.2-12 Load —midspan deflection curves
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Fig.2-13  Stress increase in unbonded tendon with applied load

242 RSN JTR BT IR Rt

HY Harajli 1 Khairallah!"" {3642 T2S. T2D NMHrat 4, RPN T HE
T AR A TS A Tkt - (T S 2 B Mg RN THT A0 P 2-14 i . T2S 5 PN B e,
RN N BRI, TR A5 R 0o B Y 84mm . T2D 7EE5 TR B — N g B,
PRAN RHTLRIE , 75 3 35058 [ X 1) 0o BE A 84mm, 7625 9 1) 0o PR 228.6mms
G A AE R ) T B 4, =340mm”, i IR GRS £, =612.0MPa, L&
E,=200GPa. A4/ RL 4, =39.0mm*, TN S) o, =935.0MPa, Hifi
SR £ =1607MPa, SR E =193GPa. T2S 1 T2D AIREELANOHUETREE /,
735179 40.1MPa H1 43.5MPa, Hi4 5 & BT R 5 B2 Y 0.1 i .

" |

1000mm
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— . —

3000mm 1
3250mm #127mm«1«

K 2-14 Harajli 5605
Fig.2-14 Externally prestressed beams tested by Harajli
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RIS i 32 NG, FEBSRHHERIT A TR . 52 X TR R
2-1 P BT B IR IO A0 R B BR EL LR S HT-RiAE R R, Ly =0.15,
£,=0.002, &,=0.003. SZFHiXIEHEE KK 2-2()Fs i) 3 &N J1-RAR LR,
HWa, =0, &,=10¢, . TN SHRAWE 2-3 PR =L I-NAERR,
W f.=085f,» f,,=093f,, &,=0.015, &, =0.035. AETHRLSy =R i3 2
P8 7- AR 56 58 2% AN 7 e R i 1 IR A% e A K

PR PR 0 Py RIS R R B 738 5 A £ T AR5 R ANIG &5 SR 1T L1
FF2% 2-3, AT AE HE WIS HIT. K 2-15 4 0T M TFAE N4 B B RA 1 1
B E A AR 2k, T2S A1 T2D M A8 R B =4k, B T RN
EFEATE TR R TT RS SR RN AE TN A 5 e R = AN B, T2S TR
WA B MY, RN R OFEBEIR: 1 T2D 1EE R A —#m s,
BB T I RARSNG VIR RO EE AN, RIS AR RN T AR SN I o B %, Rt
T2D FINIEEFIRR B fr 2 EREE T2S St Ao PRAI i B 3 SRR s vh 35 2 (8]
X R 2-16 fvn, EXTLIE, AR5 N 1 E ) 431MPa RIARSIH B /)
FIAGAPER PRI 53 5 i ] 2-15 R 2-16 AT LA t: 32 T2D hn#k % 127.2kN
i, AETN 1R AR, BB N 13.32mm, RSN S8 E N 360MPa; [ )5
MO A 130.8kN ], AR AN R ) BIA SRR, it s RN 15.82mm.
Z% T2S A 114.12kN B AEFS 78 JE i, B8R 13.58mm, #R4MHi R /)
BEE N 205MPa; 4ARSINARE 121.2kN BRSNS ) Bk AERL R, i
PeIEFIA 31.98mm.

F2-3 T2S F1 T2D HRIGME 51t 545 R i

Tab.2-3 Comparison of experimental and computational results for T2S and T2D

Py(kN) A fo(MPa)
56 TH PR ZE(%) R HE PR ZE(%)
T2S 130.5 129.6 -0.69 450 461 2.44

T2D 151.0 147.6 -2.25 482 517 7.26
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Fig.2-15 Load —midspan deflection curves for T2S and T2D
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Fig.2-16 Stress increase in external tendon with mid-span deflection
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2.5 KB/

SRS T AT TS AR N TORG S5 S AR SN 7 TR e e A BR T BR 18 2 T AR,
A PRI — AR G T U6 N B BV ) 4 RS A i S o IS [R5 18 1 A4 LA
JUATHARZEE, ST SR B A R o 545 R 25 R4 & R 4T, UL pr
R EER

AR 2T YRR 732k AL B TR+ AT O 3 AR ) 2R IR 5 R - R 2
1Y) Rodriguez IS , 42 A5 0 SRR Rl 70 B TR IR .78, EMRHEL
PER F7-RAR G A kAl b, Sl B MR IE T AR S BIEET N 7. T 4ER >
VIR G 1Ay R ey 2K, B TSR o A SC RN 4 SR I T HE AR T
DIERRIRETT 2

K A P AR R B e 3 AR EAT BR T3, 2 37 A BT NI E R 2 /)
PEAZ W BERE R« AL AS NI ERE R AT, A A BEFE R A AL s = A1 R 20l e Tk
TAPRHRZRAE . MRHEELAE R T KA IR & il ) SR AN R R A AR 2%
PERONE o 38 I HE A A TR 5 B AR A T 7 5553 (' FH 280 55 28 4 B TT I 1 s A
L 7 rid .

A FH 32 HH 0070 A A R A 3 TERG &5 B AR AN TN 77 52 1R 32 J PR REAE T 0025 11
IINTWTIT, WEFURE: BN IC BE 2 BOR B AR TN 0 5 E 2 S ORI
V52 SIPERE s XTI TN IR 2L, TORG S5 TN A0 i A BRI 7y 4% B A
TS 73 153 A9 25 (R R N T 92 s A0 RAR SN FUSE A BT W B I B, RN X
T2 (10 T4 SRR PR A 28 2 7 AR ORI AN A, TR 1 9802 — RN (K520 L
FEGE SRR e B [ R
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BT THEMNAIRNRABRTIEFEL S

31 51 B

M 1960 4E Clough!15— W ERFEH “AIRHETE” WS, BwSHo
&0+ 2 RIntE], AEREE T ENER R R, AT KRBT Z AR
IR, ForPAE E PR B Y B A 44 i KR IR TR A ABAQUS.
ADINA. ANSYS. MARC. NASTRAN DL} SAP %5, XU BRCHAF o El
IRTFEMEER T UL BB A A EE T A, AR, B, B Ak, GEE
DA SRR 45 A A ek o 45 2R A T2 B S

e FE A B O 3 7 = A TR AT 14 R e = AR 7 N7 g R gt = TR b £ I P AR
B, AFX LR A B R R T R A R L AR VR e AR, TIETE
RG4S TS 77 TR B - TR b 1) B FH B0 98 R 2 /b, 3X £ B2 B T IO RG 4 TR 7 TR
5t b AR B A A AR M DATE R A SR TG R 3 mh 4 ARG 45 TR R TS, g T e -
TREARRE R 3 7722357 . Thongjen!**((1996)F1 Tanchan*!(2001)%% J5 &7 1 4
PR TG R 35 S R e 2 1 B AR LA A3 M RRRY, (L RE A P R AA A TR g TR B - R )
SIS B AR ST, IR RS0 — G T SRR I AT (1 42 P T RG &5 T8 7 T g - i 22
BEAT T WP I6AIE « AR FH s A BR 7GR ABAQUS! T 1 ik Py okl 45 Je ik
AN S7 IR R MR, SRR T @A VE L BT EE . MRS E X
DA SRS AT RE AT R 2, 8 i e R X0 22 11 43 B of B 36 TR AR fg ]

S,
3.2 ABAQUS %4y 4al2

David Hibbitt 1#1:/& ABAQUS I HIZEEEN, WRNA IR CHAF A 5T
BR#E 2 —. Hibbitt 5 Pedro Marcal ZUZ & 1ER] 1 1972 4F, EREHENEGIER
321 HKS A, ff ABAQUS B HEMFHEANTT. KINZET a5 S5
N RSEIN A SR RS (1 LG BR TR P 2 —, BT s ok 1 5
PRI . ABAQUS BB FHIFER

ABAQUS/CAE: X/ H T 837 ABAQUS #i7 ({1 32 H 3 B J5 AL FRAER, FH LA
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BRI LT, LU PPl 45 5. ABAQUS/CAE 45 B A - AE S 0 i @ i Al o
fa R WA HIRE ST, LR RET 12 1 ABAQUS Kf# 82 ThfE. ABAQUS/Viewer
VERN— DR PR 5 7E ABAQUS/CAE 2 i, 'ERAtAEE. ZH L K
X-Y B, RedRim 28 A s im . ABAQUS/Viewer SCHFFTA ABAQUS IhE.

ABAQUS/Standard: XA RTaiieF, BAJLTFHA RIZEMIELM: 5
Wrohee, wiF sy, shii, BOREE, NWREh )%, J1HmfhE . 8 B a4
(K AR 2k 1 5 250 B 23 BT . ABAQUS/Design & ABAQUS/Standard i I 23 7 B
RV P AT B REUE M (DSA), T4 Wi S50 S i 4 AR B e
SH.

ABAQUS/Explicit: 1X—F2 744 1 [ 44 & A FH i 2N (R AR 40 i a5 A E 2 itk
S EIpALL A T DN E2 3 Y A NI E T E AV WSS Kl e AP o T =i =
R ABAL R A 0 N T 5 AN S AR A M ) S PR HEFR S 70 T

ABAQUS/Aqua: X & —HPIRME . s Mt ERET, 5
ABAQUS/Standard #H A & DI A~ & & E A LS R 5.

ABAQUS/Safe: X — ™ ity v 55 B ToAR Y (195 55 77 i A 55 9 B A 4% DXL 1~ LA
T € T IR 55 75 i o

ERHP A : ABAQUS/Adams: iX— 774k 0 iF ABAQUS A R e Y/
NFMEERAFE N MDI ADAMS 7= i % H . ABAQUS/CAT : iIX — 7~ i /2 ABAQUS
F CATIA Z M Bz XAl A HL A« CATIA /& Dassault Systems [ CAD 7=
it ABAQUS/C-MOLD: X — 7 i WIBPEIH 740 M % 7 C-MOLD #4445 R 76 M
. AHRMERERWIAE M 155 2 ABAQUS #i A3 fF. ABAQUS/MOLDFLOW:
X A SN Tk FE 45 B MOLDFLOW #4045 TR T Mg . ARk o
FHIAE N 1505 £ ABAQUS H N SC1

3.3 ARTEMU

FIH ABAQUS F2J7 % Jo Rl 45 Fil I /7 VR e - AT KAS TR AR 0 M. TOHG
ZETRUNL 7358 B TRk 45 35 A0 ] FBIVR Ut - 22 TR A Rt AT BR e 0 A AR 2R e A4
ARG ZE TR ) B2 1) AR VR S X RS 40 A BR T ABAQUS
X TR 45 TN 7T R (AR T i e A A

33.1 ARTEKEE

ST B AR A1 BAR DY I R 5 TS g TR gt R LB ] 3-1(a) A 3-1(b) BT
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Ny AN D) T — R AE 5 A A0 B I ) R DASR e AR AR 7 MR AN IR ) SR A B
TOTHEAR RN 3-1(c) i « %A PRI AY 1Y) 5 B 0 70 g VR e b 2 e A A il
LM AR B TT, BT A IR T Ol R A o R R T AT S B G 1 ity 3T
M H ABAQUS [N TEZIR MPC &z, %29 F A 2 5 70 AT 42 5070 (1A i 350 79 55
HAAH R 07 A% Rt 2, by MOS0 oty 0 8 L A A A 00 7 55 AN T g - 2 B AR T
W BBV B RIEEAR K s (NIPEBLEE) B, TRIEAES: kb 4
BINTISE 7 555 0 o B A 5 o A PR TIOR8 T8 7 2 R A B o v SRS R AR A T
FIREFAAAEL, W 3-1(d)FT7R, AR ARE T4 A TERE 45 TR ) B 3 A i
DA EbASE /I 1 1) B 14 L 22 PRI 3 38, bl s ABE RO PN IO &5 TR 70 7 7 R R 185 Y
1 0o BE OR AN
TRANEEL [y B T b

PRAN T AR A TERG 45 A
(a) PAH B4 A TR 45 TN ) S 45 4

Agjiifgf_hl_Luﬁ 7jil%@%
o~ LT RR TR
FRE S RS

(b) FAHM A4 A TCoE 45 TN 77 G A T

R g, Ry
i : : ]
MPCZ o MPCZ) 3
RAMT . MTBEHIT KIEH R A NIIE: 5§
() AN TN, 7722 1A PR oA Y

(d) A P9 JERE 45 TIUNE A3 82 (A PR oA 7Y

B 3-1 ARAPEIAR A TOR, S5 TN 7058 Je HAT PR T A

Fig.3-1 Externally or unbonded internally prestressed beam and its finite element model
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332 BT
3.3.21 BT

e AHL A A BARR = 4RI — AL, 485 9D IR T R AR 4
e, BPEREARTH I RS AH BRI R R ZR 7 I I RSP M 2, — IREDSR I 5
FER T EEE T 8. TR JJiR & L 3R = Lh iR, —MCARAE 10 BA L, DRR A
RIS 4.

ABAQUS H )42 5170 (beam element) e {7 T = 4E 7% [A] 5 X-Y ~F- [l ) — 4E IR
TG, HWIEE SR 7 AR A K, XA RE R, B (F
D PARAEZS [ I AR T s thAh, R eid n] DLAL R SR R 2 AN 77 7 2 18] 1)
BT . RRITTH) F AR AR VAR . HHED . ABAQUS e a4
RETE H &P KA. ABAQUS HITFESRAE 75 1R R LKA, TiRYE
SN BT R . LR H A 4 3111 Euler-Bernoulli 325170 R 51 125 [E By )
S ) Timoshenko 2.0 R 51 .

Euler-Bernoulli .70 RINAF BT RN, TN NG Hl5 B
TR LR T, AR JE ORI (B AR T ) I HAT A 4l 2k
B iZHIT /SIS PR T B23. B23H LU A AL 0 B33, B33H. H1T
2 T BT 52, Euler-Bernoulli J2IRTIE A 2% 11 42 2 1) 5 FE AR O T8I R <)
FEHR, X THIRGE, ERPEMEE & LAMET 15 Euler-Bernoulli 2250 R =
UCATHE BR B, IR A1 24 GRS 3040 far BT ) 20 AP AE R o SIS 88 0 32 LA X
NS REES 34T, EATIANIE G T R o b AR 1 )

Timoshenko $ 5T 1 MM B YVIAL T 52T, ABAQUS Ay H A A 72
BEAR R A AT JE AT ORFF AT, (HA T SR A R, ZB T RIE SRR TH
B21. B22. B31. B310S. B32. B320S %. 4 Euler-Bernoulli .70,
Timoshenko ZEHLICHIE FHVEE S, W H T8 EEAHG BN 3E, 0 T3 i 22
(10038 FH B SR S R 10 5 s EE AT 8. ABAQUS iACA Timoshenko 2 (14 ) BT Uk
REAE 2R BRI, BY DA & ] 52 , BT U8 TR A A7 22 (00l 1) 4 A 25 i . Timoshenko
R TE R FH 2 M B B eR B . S B TT R UK 2 3l R RAR T, IRy e
SIS A A A TEAR /DN s A2l e AN b er 23k [m 4R I, A 2 % ) R AR A AR K
B, A Be ARSI b T S8 L it B ) R AR A

AR A5 55 Timoshenko ~F [ £ PE 2 FLIT B21 SRABHIREE L2 14k, #
TCHIREANAT S B K ALRE . EM BRI A=A HBE. WA, ZHRIkE
25 RIS (R BT V)AL TS, RIS T 70 Ar 25 s v B AR 2 BT )02 1 R 12
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1EFE*Beam section iy 4 & X ITHIE, FHRH 9 MR > 5 (BEE RN S
NSy D, I 322 Fion, ABAQUS K #UE 77 K0 2 8 Fi ot A i BN R
Ga=N i v S S AN

® © ®© 0 © 0 © O O
=D W o 01 o N 00 ©

K32 REETTETE AR ) A

Fig.3-2 Section integration point of beam element

3.3.22 MiZRETT

HT4E BTG (truss element) AT FH SRASEAULAE - 1] 5 4 1) BL (%) 7R 32 Bl ) 9 /6 FH S
BORGEH, AF BB A U EH . ABAQUS $2ft 1 P8R A B M7 48 5
JG: ISR A HZMTEE(2-node straight truss), X070 B AL K FH 26t P 4
W, IRERIJTHIN ) R R, SR BRSO P BT T2D2 AP ) $ s T3D2: 53—
HKIE = 2B MT4E(3-node curved truss), X T-057 B AR K B P AE ARV, S
FATCHIN AR B2 VEARAY, LY B ToAT P T BT T2D3 FZE [A] $C T3D3. BRIX M
REAMNTZEEITAL, ABAQUS B4R ML 1 LA AT 22 870, dnm] B AR AT
438 I A7/ 8 A8 M1 48 5T (hybrid stress/strain truss element), S5 B GA5 A1 Y
s~ =R HI0 T2D2H, T2D3H, LR [R5 i =17 5 $.70 T3D2H. T3D3H;
AT BN 343 B 1R B2 - 57 7% 4 S 47 22 5. 7T (coupled  temperature-displacement
truss element), BB BT P10 =5 fi . =9 UG T2D2T. T2D3T, LK =3 [H]
AT AL =S T3D2T. T3D3T; w H T s 43 B i K HL T 48 5T
(piezoelectric truss element), L7 B0 A 1 [ 5 &5 . =75 55 ¥ 70 T2D2E. T2D3E,
LR A8 —F5 5. =711 s H00 T3D2E. T3D3E.

AR T SR EMT AL BT T2D2 SRASUAAR P TG RG 285 Bk A TS /)
i, ZBITHEANT R EAKEE . REMBERAE B, T A E MR
FHZ M N4, W ICHIN. 1AW . H*Solid section € X HLITAE#LIN, S4H T
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KAOLFEARLPE D ATIE, ABAQUS AN FEMT AL B IC H SEbrft kL X, s (B 2
BT AN AT A4 R AR B S HL AR A .
3.3.2.3 MPC 4%k

MPC(multi-point constraint) 7o VF7E AN [F] H B EE B s 2 (BN 20, F R
BRERGE 55— AN S E . ABAQUS #4712 MPC 267, Ll Beam.
Cyclsym. Link. Pin. Tie %, iX#& MPC i ABAQUS WTE/r2E, & dpmhsr
W5 A MPC N E A &% AU MPC. in B FE 75 B2 > MPC 1 A2
W, XL MPC Al AR R T4 H, H—A7 i RBeE AR il — X

AR Beam MPC SRABH AR P o 45 B4 71 TS g 6 Bk - T2 1 8 1] o »
LA 2 T — RRIERAE TP R 8], JE 5 — AN R AL RS AN 3 24 SR 3
A RIS b AR SCR A R OB A, WA 3-1 R, B MPC
S 1 0 ] DX R AT 0, — AR T AL B A IR TR
ZE TS 77 AR AN TS ) AT AR B T R T A, EARX AN TS A R AN E ) E
FE, R S A AR . AR A =N, AT T
HAKPAEMEBEMERAHHEZ. @i Beam MPC 48, FLMHTEL A ITH]
AU N, ARG SRS AN A, AT BT AR SR e S
A EHEE, FEEEMT AL IC Y SR R T i B A R AL R A A (%),
AP A DL o 50 L AL A P TGRS 48 B A A 0027 35 AN T g 2 B AR T W
3.3.24 NIt

XA N TERG S TN F g TR B 2, AR B ASTE I RE AR A JORG 25 T /0 7
ol O BRAR 28 DRIF AL s TR, B T S A b ] DX 4, A P JTERG 46 TN 77 55 5 o
TREE L 2 8] 2P AR X Bl e X T AR SN RN g TR =22, A4S TRUNE 7 355 16 5 ) B
K i Lo B DRAE AN BRAH 22 P A AN 81 o A SCR AR R BT AT A B0 2 18] R B
WP S SR AS UL IO R 5 TN 3 e R S A T o, I 3-1(c)~ (D)o, A4
2 RAE R ) kb 15 B W B 3 (rigid spring), A4S P9 JORN 25 TRUSE 70 2 D) 55 v 42 4
UL B 2 NI TR, FL P AR A O R 25 TIUSE 0 AR P A B i 3804 DA S AR )
TORE S5 TR 3 555 B 2 3 Kb oo 2008 BB IR 5 2

AR FEE B ICY Springa, 1% 570 BN AU B IEL AR, R
PR ARLNE AT, BRICH R AR S . SERRM AT, SRR BT Springa BUIR KK
SN (LA 10"'N/mm), {314 P2 s 38 00 PO A 4 BP0 ORI B 64
PR PR FE AR, (HMTALETTHY RS R R TTHT R A SRV AR A T A
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333 BERTEMEHESHENX

TR A eV R, BV RSP, RPThL, ZOTRERE . BIARATE
SR AR E PR R o AR RS P SR 2 — . ABAQUS 248 | P Bt
AR AR, —FR VREEE ST (smeared crack model), 57— fh %
PR (damaged plasticity model), PR3 73 H7 X0F R % BR B AT IR $E
3.3.3.1 SREAHEIRE

ABAQUS [P 5k 2415 R M FH 5E )4 475 58 (oriented damaged elasticity) LA
e %% 1) 5 5 ¥ 14 (isotropic compressive plasticity) FIHE 2% SR fifiid VR it = i AR 28
A, AR AL F T 20 M RS2 BRI B S5 AR R AL AN S TR R R a5 K, TR
TEEE L 1A

TREE PSR s B, ABAQUS AN iR &+ N A3k — 4y
1B “ 5% 45 TH (crack detection surface)” FIBEIRIHIIY, ZE448TF 45 . IR HIAE
GRS p F Mises S80I N. /) g Z (B2 ZMEC R, & 3-3 s, REE—H
el 2, &0 AU BE S T SRR B AT, B S I [ — Ak ) 2AE
HZIERE . ABAQUS A\ Jyiidie -t TR A R AR, 17 HAT S AL R 4%
A 3 % (2 AP JRGL, 1 2695 R TR LD .

o |

2 4
Eas 2wt}

Kl 3-3  (p-g)°F I IR AR T
Fig.3-3  Yield and failure surfaces in the (p-q) plane

ABAQUS 1B E Vi Bk - R 1t R 37 3 L ol [l (R ARG 5 AN 5, TR - AN i 2
() ()R AT FH 25082 Eb TRl 285 9 B 55, J I 7 Vit AR AL b 5] N “ i 54K (tension
stiffening)” RIUTANSLI, 11 3-4 FroR . Hrdrsm Bl 7 VR EE L 50 i B 4N
AELE, 7 BUE TRt L TR G (B A3k . 7€ XPURL iR, AR EE LT R
JERLIE ) IR T8RRI, A3 B A — ¥ hi /7, H *tension stiffening 7 2 i€ o
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PLPR AV 2 R A G, Felnme fifabs . AN Al e L2 [ ORGSR & TRt
R b 2 AN ELAR AR RS BA S A Rl o345, DL 23 AT e ZRR 418 S B &
PG THREE L I PThraRA . 6F T IR E T AN TR e 3t ABAQUS LR B
LR I BE RS OF2D N AsihitfE G, RR & PERERIE, Hhrxt
LS AR O RS 10 5. —MIEDL T, s TR 1 T 2N AR (1) SR
N10%, TR Ao RS RAR R 107 RO A EE

ol

failure point

f; 777777777 _—

"tension stiffening" curve

N
o

K34 IREEL ST R

Fig.3-4 Tension stiffening model for concrete

Hi *Failure ratios 4 i€ SCIRHE L IPUHLRE , & W EHEE N IR L dths
S JE 5P SR LUAE o TR i s W] TR L B RIS 1R B, RS
RIS HAR O, TR Pt R T — ] BUR EE L PR SR 7%~10%.

TR T IR E H BTN EE & AT Bk, ABAQUS K H*Shear retention iy 4>
ke SCBTUIRIEE R84k . LB SRR TE LT, ABAQUS NIA TR &E L1
TEEON FCBTUI NI EEBAT 52, AR “ ATV B (full shear retention)”, XA
FEEONE BRI, PR 3d AR O TR E T2 B U3 B 1 DR/ R e R 2R i)
2RI S AN B

TR U T s P 2 R Tt AR e, R SSRGS 7T p A Mises 553U B
q FIKH— AT 21T B B S IR R AL, ] 3-3 PR TR A A R M R Ak
TIREEL SRR ERE, THRACRE S (HAEZMPUSMER T, BT
ZHRMSE N A, JE R AR . ABAQUS B, 52 VR R BN
ORI EOE FE R 7 - AR 22 an P 3-5 P, 2R o LB kB BORI AR R 1 B B
S 0 PRAE — AR EDCTRR ¥ L 0 9 5E 1) 40~50% . HH *Concrete iy 2> 8 S HLFl 52 i VR
e HENTFEZME R B R - N AR R R, AN SCK A Hognestad 321 32 Hs X TR At
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TR -RAR R FR, He BT IR R B T L BORB, A BB A A
Ji*Concrete & HIEHEI. T ABAQUS HISFREENEN JJ-MARE LI, HJads
Y PR AR T 14 L B S SCIE T A DR — AN B EOANAR T AR SEZRsE S, 24
TR ) R AR BTE R PR T AR 2 Ji s A A B s PR Fa o %

Ao MBI R P R R g A A

.
WA 17 7 A

ARLERT B

SRR R

AN
2R B

L/ﬁn&k/ﬁnlnéknﬁm
g b SRR

] —
0
&

Bl 3-5 52 s v AN SE ) ) - AR AR R

Fig.3-5 Stress-strain model for compressive concrete under uniaxial loading and unloading

3.3.3.2 IfptBEfiasy

ABAQUS 455 28 11 A5 8 R FH &5 [m) 453 %5 588 (isotropic damaged  elasticity) A
5 2% T 25 i 125 [ 98 PE (isotropic tensile and compressive plasticity) M & R it
TR EE L AR VR o AR )3 Y6 Bl LR (R IR B R G AL B T2, LAY
AT T3 A — M R A OS2 R N ) 5 TR e g5 ), T T E R AT R E A R B
S B D11 B E T TR e L S5 B 53 B

TRt L A5 1 PR I AR ) 2 PR AR A WL VR g R 2R R e, 5 2 0T
() Jee Al CERABEIR ) THI PR TR B 23 ) ER 55 205 28 M s N A% (tensile equivalent plastic strain)
NGB M s N AR (compressive equivalent plastic strain)iX PR =15l [F]
), RGN R RIS (BB & di de, 590l sz i Al
52 s XV 5 Lk N AR AR A BT 2 A TR S 28 55 A e R, 3 P AN AR 5 43l B
*Concrete tension damage F/1*Concrete compression damage & X .

FEPEIAAT B E S, TREE LR o HLRIAE 2 B, HE O I 24 11
AR IE, PLARENTZ MM EAER . WIS 7R, AIEHI a8 575 ke
SRR, YRR B NI B REAS B TR LMK, AR BRL1A) RU8 (unilateral effect)”.
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P e 380 A AT M SR SRR B 52 I U B, 3Kt T TR A Az B AR ik
JERE g0}, %M, ANIMAEHTE NI R . WIS R 8 H N )
VR Gk E B 22 N, ABAQUS il i *Concrete tension damage iy 4 [
compression recovery Z ¥ B ¥t K NI K E RE we, LA LI 1L *Concrete
compression damage T2 ] tension recovery 2305 B PPN E K E R wi. 1R
LB ERE IR AR WK 3-6 Fio, X T ELAE TR e A N 48K 2 BHE R AR
AL BRI R, TR AR S AR PR NI R T, BRI PTE we=1;
H—I7E, AR EMNER R, SRR 2 AR S, BRI — B BT IR
wHEWE, BVEL w=0,

O-l
Ji
EC
we=1 0 \\\\
e L —
(-dyE]/ (1-d)(1-doE: e &

3-6  REEL 1 R EA LA

Fig.3-6  Uniaxial load cycle for concrete

TRGE T2 I 1 N AR B A BE FH Ay 2 *Concrete tension stiffening 7€ 3, 1%y
A [ I DL — 5 Oy ] B PR 7 ¥ 2% B8 S AREADL A R 22 4N i A ) B VR o = 2 T P AH
LA RN o VR s ) 43 40 B PE 4SS A i+ Concrete tension stiffening i & AT /b,
EAR A VR B T RS L - AR G AR B e S W 2 RE T 2 E WU (fracture
energy cracking criterion) AR V&L T HTh Rtk . X — R0 TR EE L,
PUhr sRA RS FH T 205 1 B 77-REAR 6 2R X, FF AR5 JF 2L R AE (cracking  strain)
25 O OB, TR AR D S P N AR 5 s e R B AR ) ZE 4B, THELR
ABAQUS #i& 4t 132 NI FE I IR AR F Al B ST 203 e 4 oy S5 RO hr
REARAH o 0 R SR W FE R IR AR B A Bah HAE 9 %, U8 AR {8 56 T4 0B 1
PLRIARAA . T RIRBEL, AR - 338 K R AR YU A 22 5] AN B )
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UK, FEOHEARSL, XG0 TR 4% J5 # 5  i TF 28R EE L 254 J0
. ABAQUS ¥ H Hilleborg 15 Fr) W 2 i T 22 #E DI SRRl ik 2R VRt L (0 B AR 4
WG, VR PR R A R -0 0% R T AN S BN -8R % SR E

Bl 37 VR B R DX DLA B R R 1 N T - AR 9K &R H *Concrete
compression hardening & X, HEHE 1) B 77 AR 1% R AR I SR ek A, IX
FL AR e R AR A D S e 8 A 5 R AR ) ZE (B . tHELIN, ABAQUS
2546 4 IR 32 s M P AR R AR A 1 Bl A AR 2 s N AR 3 46y 5 M TR N AR
1B o 4032 M FE R A AR B 4w g tH B N %, WU AR SR 1 He 37 3% 1 55 T 45 25008
PEE AR {E

334 NEABEENX

Hi*Rebar A RGN CROLHE TN ) i AR RN 79 35> 78 SO TR e+ 32 B
JoH, N 3-7 B, xis xo A ARSI E BRI A B AR BRE . W R AR S
X TN 1AM 5, B *Initial conditions & AN TIN f7 . SEBR L, TN 75
RO RAR AR UM AR R A N ) B3R, A4S 44 7 A — i 1) 3
R PR N s o )RR IS NN R S S & UK 1= RN ) ) B VAN |- R s & <
TR E AT, #/E *Initial conditions Ay 2 HH 45 H 1) TN 77 E W B R T4 287
REJIE . ABAQUS [FJ AL 1 57— 75 1o >R A B A R 45 Y0 I 7480 A 1) 33X A [l
e 76 *Static B AT JG 45 H *Prestress hold 74>, ARUETN. /755 I TN
EAERARI B P PR A AR AAE, XA AE *Initial conditions A4 H145 H
TOURE 3 B 0 A AT RPN I B

~ 5

: @
—

|

|

|

|

|

i

RARTEIY O |
|

\—J X1

K 3-7 4N A2 SRR T A 7

Fig.3-7 Rebar location in beam section
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XA A TR 5 TR 3 5 E A A FUSE ) M AR BTG, FL TN A
*Initial conditions iy %€ 3, Fr 4y AT (8 RIS K T RN e, Bk
MRS, RSB TR AR TN AR, AR JE e R HUIN AR T Rk RS AR
PR TSR TT N, ASEPR A RN T LR, 8 A AL A
LSRNV

A ABAQUS [R5 VAT RHS AL 5 SCHUNL A7 F AN AE TN 1 555 IR RS 5
TS 3 R P =T RN F3- AR SR 5 s ARTIUNL A7 5555 — Rk ) B AR 2B 1 (1 18 77
WARR Z8 s AL TT 258 B DL RE A A Ji A PR 2 AR SR AL RN o 5 5 BB SE SC- B
ARTE SCI S 4TS 7 35 AR TR A7 79 A AR BTA M PR LA 2 S, A I 1 A
PEHLEE N E

3.3.5 {BIERY Riks Bk

M ABAQUS {2 1E i) Riks 59253 TORE 45 TN /132 M6 28 B 28 22k 3L
BA SRR . BIER Riks FikJE TIKIER —Fh. L2 IR ER S
P AR LR P HT B A% (1) — b7 46, Fel] H Riks! 842 HY, 411 (1 Ramm!"** 11 Crisfield
UOLs A A e HERI & B2, Al S AR et R T P E B k. 9K
PRI P A GE R T A% Gt A Wk P R 25 AL AR 2 S it~ % A B ARl 5 R (9 3
RAGIAE RO BIRME, HRRR AR AR BN EL K, RESME
e B AR 2 JE T 5 12 45k A2 (40 Snap-through AT Snap-back 9 EEEK i i 17
). Crisfield 42 H FFE I IE & B AT SRAT . BA UKk, JLsmk
W& AR N AL B2 (B AE T #EAT 1, BRI pRO AR TR, & 3-8 o
ABAQUS HFEIEM Riks ¥, HIAAZIEHE 15 U0 2 NI FE i B 2 B0 7 8]~ T gk AT
(1, 4k 3-9 s, B ARER A At LAl - (load proportionality factor).

B IER) Riks 5% REHLLT AL JC RS 25 7 8 g VR Bk 1 SR AE BEAN I B R 1 32
JITEREARAL, R IT R 52 R DXV 0 N AR AL . FE TR g A AN TN )
(e RS s RIS, 0 BRI b g e 2 I A7 M B IS PR A5 50, 0 Rikes 7925 FR) A
WA B R AR, & NMEEDH G FNFR XA RFEME. ABAQUS
Hi) Riks VEFESR G R rh R AR R E H shi B B K, 1 EEDH
AT UGETER. Riks FIE fir 4% N *Static riks, Hs 0T AT 5 5E SR
EEBI R 7 Bt RARS , PREAT— (B RIS o B 0k . 20y, G200 B AL Y
AT % o
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AR
l Vo

v i

Bo

<

K3-8  FEINKIE
Fig.3-8 Cylindrical arc-length method

\ AR
/\/Al
A 7 M
2 /\/$1§IE
B2
B1

Kl 3-9 MEIEM Riks 2
Fig.3-9 Modified Riks method

HIFHUIN A B/ E TN 7R e S A A S BT TR — 8 TR R
RBL T PD AT 1) BOESMTBONE, TN ) A 2is, A
AR TP EEE; 2) FIF ABAQUS M Riks Bk, THEEMIFMHINEE 2
R 25 T -

THEEI 0 SRARr 3 SR SR KW P2 PR AR A S 2 500 AN 52D Jim 4y BONIZ A (6272
MIALRFEAAL , INZE ORI A IR ARIR « BERIBIR — R 3 —F b R
TN 7 9 AR TN 7755 ) P AR BT AR R At/ e AR 5B Y s 53— FaT REFR 1 0
& AR RREA BIA ST AR, (HEEAS B O AR AR K IV E AT 1T 3 B
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3.4 HESHRSHEERIELE

3.4.1 Chakrabarti i} 382

Chakrabarti Z52HR50 7 33 MRICKG S TN S iS22, RIGRILH N 4 4.
801N 8 MAEIER (AL, A2 55), 4 TR ) LA R bR AR & . 5 2
HIRK N 6 # T L4 (PPT9A, PPTIB 45) 1 2 #JHIE4: (PPROA 1 PPRIB),
WA TN I EE R BC i FE AR DA S TR R R B, A T s S R L.
53 4N 9O M RE (K11, K12 %), BEmbh. #B5 TN 7 bbR AIEL 5 46 br
N, B4 N 8 IRAETERE, A BTN E DA R 4y TR ) b # AR &

B 2 HARIR N A Mt 5, I8 FE 0 25 /) AN T A 1] 3-10 Fios, 8 RIS
PHERECAT 2 WE AN 6.35mm 1] ASTM-A421 270 Zjm sk hi kG 45 TN 77 7 AN
K. AETR I ASTM A 615 60 AN . LRI JTHTAR 4, A I )
Ko, IREELIRE 5T WPRATER B, LL R IORE 25 TN A7 5 A5 B L 773
A TS EE RS IREG A R A T35 3-1, frd-Bs b He i ih 2R an el 3-11 s

£
£
35052 mm————————— 139 7 ‘R317.5mm4" «
~—1295.4 mmj«914.4 mmj<f1295.4 mm—- | o T
i waw | & T -]
P2 pp ML £ = g =
[ ) S N3]
d b o 8 Ap o o
S T & Q & Q
} Il I
A s o o laeal | °°
: Il 88.9mm

K 3-10 AEFEAN T FEARHI ) Chakrabarti {35252
Fig.3-10 Rectangular and T beam specimens tested by Chakrabarti

#3-1 WRERAE 5 IRTTTHEAs R

Tab.3-1 Summary of data for test beams and the computational results from FEM

A o fe Py(kN) EARK Af(MPa)  FEARE

pe

(mm’) (MPa) (MPa) {4 5 (P i E (AR

PPTO9A  71.0 12446 60.74 46.86 35.70 0.7618 2972 3434 1.1562
PPT9B 129.0 12446 60.05 52.07 51.42 0.9875 392.3 396.4 1.0105
PPTO9C 329.0 1099.1 51.43 86.78 88.20 1.0164 580.6 526.9 0.9075
PPTOD 5419 10963 5143 1157 116.1 1.0035 515.8 521.7 1.0114
PPT5A 129.0 11929 37.78 51.62 51.36 0.9950 427.5 442.1 1.0342
PPT5B  329.0 11729 30.43 85.66 88.80 1.0367 4447 460.1 1.0346
PPROA 3290 11549 5440 73.20 76.00 1.0383 447.5 428.1 0.9566
PPRO9B 329.0 11729 51.71 73.43 75.50 1.0282 3923 4121 1.0505
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13k (kN)

5 HP R (mm)

TR (KN)

5 RS (mm)

3-11  Chakrabarti 1046 FE4 28-125 H 58 M 2 (14 TSR 5 100 45 R L
Fig.3-11 Comparison of predicted load-midspan deflection response with experimental results
for beams tested by Chakrabarti

3.4.2 Harajli 70 Kanj {3032

Harajli F1 Kanj"*' 56 1 26 MR ICKG 45 7R /740 F 17 S 2%, R 06 AR 8 i vt
ANEDN=ZAFRS]: R3, R2 AR, HXFR#E & 35008 20, 13 F18. HUR3
RN 10 IREEN TR G, MBS TR 3-2. BESREHN “-37 RoRn=41
mEk, “-0” Fongg o SAE R, PR WAIETT W E 3-12 B, iR
e PR B P, LA K T Rt 6 TS g i R RS2 70 385 B A, ) 545 TR 5 e 45 R 41 T
% 3-3, PSR ERE-Es TR R 0 b it 2 an & 3-13 TR
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|P
F10l6mm— [—1016mm—
—1016mm—-
7 I f1
3048mm £ g E
3251.2mm E s
. S o
=4y AN & LI
} /P
-——1524mm  524mm 7\ \
. 1 5 -127mm~
]
3048mm
3251.2mm
B AR PR

3-12  Harajli F1 Kanj 1036 5% 25 ¥ A
Fig.3-12  Structure and section of beam specimens tested by Harajli and Kanj

% 3-2  Harajli 1l Kanj 362 (1418 2%

Tab.3-2 Material parameters for beam specimens tested by Harajli and Kanj

1

A (mm’) 4 (mm’)  f.(MPa)  f,(MPa)  f, (MPa) o, (MPa)

KT
PP2R3-3 38.71 154.84 43.16 361.30 1482.4 951.5
PP2R3-0 38.71 154.84 43.78 284.76 1482.4 937.7
PP3R3-3 7742 225.81 43.16 445.42 14273 882.6
PP3R3-0 7742 225.81 39.03 516.44 14273 896.4
PIR3-3 19.35 56.55 44.40 275.8 1606.5 1013.6
PIR3-0 19.35 56.55 41.71 275.8 1606.5 992.9
P2R3-3 7742 56.55 46.89 275.8 1482.4 861.9
P2R3-0 77.42 56.55 38.61 275.8 1427.3 875.7
P3R3-3 116.13 56.55 46.54 275.8 1427.3 882.6
P3R3-0 116.13 56.55 41.23 275.8 14273 848.1
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# 3-3  Harajli 1 Kanj {3652 (1) 11 545 R 5150 5 H 3

Tab.3-3 Comparison of computational results and experimental ones for beam specimens tested

by Harajli and Kanj
o P (kN) T AR Af,,(MPa) THE AR
Rk T (P) Rk L (&)
PP2R3-3 3745 37.10 0.9907 333.0 327.5 0.9835
PP2R3-0  24.11 23.35 0.9685 311.0 309.3 0.9936
PP3R3-3  67.65 65.00 0.9608 275.8 3343 1.2121
PP3R3-0  48.17 48.70 1.0110 2413 245.6 1.0178
PIR3-3 15.97 14.56 0.9117 319.2 348.4 1.0915
PIR3-0 9.52 10.10 1.0609 295.1 308.1 1.0441
P2R3-3 33.98 32.80 0.9653 384.7 360.1 0.9361
P2R3-0 2091 22.20 1.0617 371.0 314.3 0.8472
P3R3-3 42.79 44.00 1.0283 313.7 3224 1.0277
P3R3-0 29.88 29.67 0.9930 358.5 299.9 0.8365
20 -
18|
—~ 16-—
£l
\E/ 12-—
g 12: PP2R3-3 eI
T
& off
ol
2l
0 10 20 30 40 50 60 70
5 HHHEE (mm)
20 -
18 +
-
2
= o
- kit

5

" " | -
0 5 10 15 20 25 30 35 40 45 50 55

5 HHHEEE (mm)
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3-13  Harajli A1 Kanj {36 5215 25 0 -175 v 58 BE i S R TSR 5 130 45 2R LR
Fig.3-13 Comparison of predicted midspan moment-midspan deflection response with
experimental results for beams tested by Harajli and Kanj

3.4.3 Tan # Ng i 38R

Tan 1 Ng™ W56 7 6 A T JEARI A SN S IR0 52, &5 hg A0 4 1
3-14 s, Horb T-0 SN A W E R MR, T2 BN =0 bR E 2 A,
HARREE PR — AN . T-1D RSN A B RRITRTE, oM I 7E v 4
HACBIA RS B 127mm, 755 7 [ R AL 1A 280 8 250mm; AR R 14
AMTERNELLE T, T-0. T-1. T-1B F1 T-2 (RSNG00 A 200mm, T-1A ()
RHMIA RS B 250mme. BRI ZERCA A R O FE RN 7, BRRRERCA 2 AR
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HAAN 16mm, JEARSEE N 530MPa AETIN 1, RETETECE 4 RESZN
8mm, JE AR5 SE N 338MPa FIAETIN. 1. TR 23 THIAR . A RN 1 KN B K
TREE T RO HUE SRS T3 3-40 WRERAT 2R P, UL K TC RS 25 TN 7 55 1% PR I 7748

B AL TR R SRR TR 34, fard-ms e M2k n ] 3-15 .

B A
r r l 1000——1
| ™0 |
[ [
A O
| =] |
O
‘ 1000 ‘ 1000 ‘ 1000
| [T | |
[ [ [ [
O
‘ 300
e ® © ® %
)
e o
‘——110——‘
A
K 3-14

|- 200-!

L2001

200!

Aﬂ 27*“*

1500 ‘

1500

stm-‘

Lzso«‘

L 20-!

e 6

Lso-

300

150——‘

B

Tan A1 Ng 1505245 1 S AT
Fig.3-14 Structure and section of beam specimens tested by Tan and Ng
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®3-4  WRERAHE 5H RIS AE R

Tab.3-4 Summary of data for test beams and the computational results from FEM

A, o, 1. Py(kN) HEAR Af(MPa) R
(mm?) (MPa) (MPa) k% it%H (Py) i E (AR

o=

T-0 109.6 1297 346 160.0 161.8 1.0113 370 330 0.8919
T-1 109.6 1197 342 169.0 176.2 1.0426 450 431 0.9578
T-1A 109.6 327 304 160.6 164.2 1.0722 811 805 0.9926
T-1D 109.6 288 321  156.0 157.0 1.0064 955 914 0.9571
T-1B 197.4 750 33.2  190.0 187.0 0.9842 409 458 1.1198
T-2 109.6 1182 28.7 168.0 175.0 1.0417 483 438 0.9068
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1 1 1 1 1 1 1 1 1 1 1
5 0 5 10 15 20 25 30 35 40 45 50

25 FH BRI (mm)

Kl 3-15  Tan Fl Ng 1005 A7 40-125 vh PR i 8 (0 T S04 55 e 45 SR EE AL
Fig.3-15 Comparison of predicted load-midspan deflection response with experimental results
for beams tested by Tan and Ng
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W A 255 dy=400mm, A F A TH AR 4 =300mm” (K152 & [X K i TR )
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4-2), 3R CABS St Lidy TR A N T o, « TREE O HTESRIZ fov TC
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7t 7 om#EoT s, DU R OV E, SIS WA 4-3 s

As
| T*/ 77T
g L
g £
1 L E g £
(=3 s ©
b Ap l ¥
T
: SN 4
‘*300mmﬂ‘

B 4-1  FTZ 5t Je i JORs 45 TN 77k e+ 2

Fig.4-1 Unbonded prestressed concrete beam for parametric study
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Fig.4-2 Load types: single concentrated load, two-third point load and uniform load
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Fig.4-3 Two concentrated loads whose distance varied by load type factor /'
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a1 JT ST TR T A
Tab.4-1 Summary of unbonded prestressed concrete beams for parametric study
VIR /5%
: A R Sy
EVIE TR Joo Iw o Ty
A (mm?)  (mm?) Ow  Op (MPa) (MPa) (MPa)
(MPa) (MPa)
RI1BI1 0
R1B2 300
R1B3 i 600
R1 R1B4 T, 1200 350 20 1230 - 35.5 1860 530
RI1B5 i 1800
R1B6 2400
R1B7 3000
R2B1 200
R2B2 300
R2B3 L 400
R2 R2B4 L 300 500 20 1230 - 35.5 1860 530
R2B5 (E 600
R2B6 700
R2B7 800
R3BI 5
R3B2 10
R3B3 15
R3B4 ok 20
R3B5 25
& 300 500 - 1191 355 1860 530
R3B6 s 30
i
R3B7 35
R3B8 40
R3B9 45
R3B10 50
R3
R3BI11 5
R3BI12 10
R3BI13 15
R3B14 20
R3B15 YA 25
v 300 500 - 1191 35.5 1860 530
R3B16  fif#k 30
R3B17 35
R3B18 40
R3B19 45
R3B20 50
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R4B1 651
R4B2 B 837
R4B3 £Erp 300 500 20 1023 355 1860 530
R4B4 far 4K 1209
R4B5 1395
R4
R4B6 651
R4B7 837
YA
R4B8 o 300 500 20 1023 355 1860 530
far 4K
R4B9 1209
R4B10 1395
R5B1 i 30.0
R5B2 40.0
£ 600 350 20 1191 1860 530
R5B3 e 50.0
A%,
R5B4 60.0
R5
R5B5 30.0
R5B6 ¥AG 40.0
o 600 350 20 1191 1860 530
R5B7 k= 50.0
R5BS 60.0
R6B1 e 1500
R6B2 1650
£ 600 350 20 1191 355 530
R6B3 e 1800
g%
R6B4 1950
R6
R6B5 1500
R6B6 ¥AG 1650
o 600 350 20 1191 355 530
R6B7 1} 1800
R6BS 1950
R7B1 o 300
R7B2 : 450
£ 600 350 20 1191 355 1860
R7B3 . 575
far 4K
R7B4 700
R7
R7B5 300
R7B6 ¥AG 450
o 600 350 20 1191 355 1860
R7B7 Taf %, 575
R7BS 700
RSB1 £=3.0
RSB2 F=4.5
300 300 20 1208 355 180 530
RSB3 /9.0
R&B4 =0
R8
R8BS £=3.0
RSB6 f=45
300 500 20 1191 355 1860 530
R8B7 9.0
R8BS = o0
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4.3 HWERANMHEEXR

52 e X VR B N I FE 0~0.47: YU B A IA A2 St 1, B 0.4 IR AT 2-1
Fios EFHBE IR RN T B Bt — BRI N I-RABE R R, MBS H: ¢,=0.002,
£,=0.0033, y=0.2.

SZr DXIR I LR BT R N - RiAE S &R, W 2-2(a) i, BURLssBE f; Ll
OPUEIRIE £ 1] 0.075 %, WIRFIRIAE ¢ BUTRRAE ¢ B 10 %, o, =0.

TN TR U 2-3 Fros I =42k B )-S5 &, H f,=0.84 f
£,,=0.93 f,.» £,=0.015, &, =0.035.

FEFRRE 7 555 K FH XU AT 2 B A7 -RiAE O 27, 2 RN 7 o IR PRI AL O, B BR
FLNARH 0.035, Xof L FRIAR BRI T 1,150

4.4 AEFAR DEABCER RSN

PASZ RE X AETIN ) TR As (B2 47 X AETRN. JI 5 %6 p, ) AR R, A,
S350 F 3000mm” (5K p, A 0.00 £ 2.50%) K&, 4 M p HIES T 4-2.

ST 3 555 R 406 T R AR TR ) o, =1230MPa, TEAI A TS 3 A ) 58 46
HAE R TR R A P S 1A BB o MBS T3 420 WRIPATLLE S, FE%E
A F0NE 7 5 T A % (0 38 A8 B0, BN g A5 ) BTN ) AE A s B, A
1203MPa ZBHEINE] 1210MPa, 3X & BT 275 ~Mar 2 A FH A2 TS 7 355 4
SRR N AN GE ) B B AT, TS 5 G TR R A G R A SR TR 4
1T At A A 2 = A — g (25 b e, S ARIX ) LR 77 A5 PRI 46 TR 70 RO K
T B A ET AR RO, SR A R P AT R A s ISR R 4 s SRR
DI T ARG AN, SR A I EE RGO, T A6 75 F50RE 7 39 £ LT 46 T2 ) A B EE AR
N R A CTE T RN Y N E R G VIR I RiER DI

Bl 4-4 45 T =50 mif 3 B S A AR p, BT E-S R (P-5) .
TEAMTEAE FH AT, RARE N 3L, REHMETE 1.73mm (R1B7) ~2.75mm (R1B1)
Zla. WEFTAT LA, % RIB1 ) P—5 Mg A SR th A B 2 X 5.
F 2R X AR BTN 1% RIBL, 4IN#E 113.2kN i, JREEEIFE,
LR R B b e 8.54mm; YRR LT 2L RARSREGER N, it B A
PR B, AEsh B RA 31.4mm I, A7 R 0A 108kN; 5 HEHE He A+
SpfoEI N, R EITE, 282 KR R, AMET RN 127.8kN. B
RIB2~RIB7 ME T HEAEMZ R X AT /)5, B Re 15 281 B 03 .
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R1B2~R1B6 ] P— & HZ 2 =4 4T, 30l I g2 i 75 Fr 22 17 1) 284 T s
BB TT2LE S B LA R AR TIN5 e MR s B 2B Ve R B Be . % RIB7 (1)
P—& W2 2 AT e, 1l BRI, AR TR g 35 14 R e I« R1B2 132 s X AR T,
7755 T AR 2 R VR e - 5 A B ITE (GB 50010-2002) U4 st 40 55 9k ik - 44
PR/ A EESR L E 1), 5 RIBL L, RIB2 BIRIEE LA AR AS I 47 4%
ARFEERAT PR IG K (B0, H R AR IR AT 2 1 A 40.06%, 5 il PR 3
EN 39.87%, 5T ARIRFEFEHEIE N 27.25%. FEEAETN I HEC AT R AIIE K, 2
PRI EEBE 2 S8R, WRBR AT 2] G HC, H R I FAIK .

BEIfar B- oG E TR S R I3 (P— Ao ) il 2 RIS v 25 - TR 4
B AFHRTT (M —o,) HIZRS> AU 4-5 R 4-6 fiim. SE 4-4 800, 43
BT E 25 X AEFN A A (RIB1), JREEEIF 25 TORS 45 TR 1 i K 8 7 &
JISE 0, AR BNE R OIRES o M50 52 R X AR TR ) A T A 2R A
0.25%~2.00% (R1B2~R1B6), ZMEINITAETIN A O JE ik, &R =4k, 4
RN 3 BC 5 R BN E) 2.50% (R1B7), ZEWEIRITAETRN 707 i A e A, il 2k
BT, ELEH A TN iR A RIB2~RI1B7, B ARTIN 15 B 5 2% ()38
AHEE, TORRGE TN ) AR SR B g i Pkl . nTRAE H, Bl 4-4 5K 4-5,
4-6 AR ARABL, 15 BB A TR BRI 5 JOR 4 i 1) D BRUSE ) M B TR R RAR R
U1, Ao, -6 HZ&nE 4-7 fir. WK 4-7 ATUEH, 2 p K (0.00~0.50%)
I, RETHZ T, U EHRBIRR TN O A2 ek 24 p, > 1.00%HK), 2
TN B SRS ) 5 AT Ak T3 B (AT LA 4-6 19 2I56ED, #th 28 L N E 4

42 ARTRUNL g 55 C 5 R0 ok 2 TRUNE g Tk e R SR (5 R
Tab.4-2 Effect of nonprestressed reinforcement ratio on the computational data of unbonded
prestressed concrete beams

%}%% As P, s O-pe ﬂ ﬂO prs Aprs M u Pu 5u
(mm’) (%) (MPa) ° (MPa) (MPa) (kN+m) (kN) (mm)

RIBI 0 0.00 1203 0.000 0.099 1566 363 170.70  127.8 833
RIB2 300 025 1204 0.037 0.136 1574 370 238.76  179.0 106.0
RIB3 600 050 1205 0.075 0.174 1575 370 30542 2280 108.0
R1B4 1200 1.00 1206 0.149 0.248 1526 320 422.83 3172 84.0
RIB5 1800 1.50 1207 0.224 0323 1489 282 527775 3956 78.6
RIB6 2400 2.00 1209 0.299 0.398 1459 250 62471 4700 77.2
RI1B7 3000 2.50 1210 0373 0472 1433 223 708.09  532.0 76.5
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600 —8— 5 =0.00
S4BT ~
—— p=025%
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Fig.4-4 Influence of nonprestressed reinforcement ratio on the load-midspan deflection curves of
unbonded prestressed concrete beams under two-third point load
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Fig.4-5 Influence of nonprestressed reinforcement ratio on the load versus stress increase in

tendon curves of unbonded prestressed concrete beams under two-third point load
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Fig.4-6 Influence of nonprestressed reinforcement ratio on the midspan moment versus stress in
tendon curves of unbonded prestressed concrete beams under two-third point load
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Fig.4-7 Influence of nonprestressed reinforcement ratio on the stress increase in tendon versus
midspan deflection curves of unbonded prestressed concrete beams under two-third point load
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Fig.4-8 Influence of nonprestressed reinforcement ratio on the strain distribution of concrete at
the bottom of section over length of unbonded prestressed concrete beams at ultimate
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£,=0.25%, B 23 B VG AR 52 P e B i /N B3R 1) B2 o X AR TS A7 A I, B
PO, AR CLAE R v J ] X 0P i 2 1R AE, ie KARBE T
JERALE p, o 0 BHBNAND . BESE p, (VERSEIE R, 248K R X4k 22 DL rh Dy
O A PN R, RE% T8 LR N o 2 p T 2.50% 0N, REEXIER) LT3 RE
BRBE, w5 A il KRBT AL R 24 5% 2 AR F D

B 4-0 45ty 1 TORG S5 TN A0 A BRI 7738 8 A BEZR S EE SR b5 3, (221
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By = B+ B,
/ Ope

=P+ P,
fo TN

=i£+iape
ba'pfC bdp f.
ARARS, pHEILTREAZ, BOAE B A RKZET N o A AU

AL, THEIFRCPRIMELR B,=0.099. B 5 B, KIMEHIT % 4-2.

650

—a— R
,,,,,,,, B RZ 5020 2
— (HR) AR

w

a

o
Trrrr-r-rrrrrrrrrrTT 1

PR NN NS T U SR R S EUU RS S|
0.00 005 0.10 015 020 025 030 035 040 045 0.50

Ay

Kl 4-9  JoRhSE TN 77 A PR N 700 B 5 R A LA PR A 105G 2R

Fig.4-9 Stress increment in unbonded tendon at ultimate versus combined reinforcing index
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2y i R b/ 35 BUTCRE S TN F7 S A BRI A7 SR 22 56 A 30
fo =0, +500-7704,

H B,<0.45

ME 49 T IE H, H#RZm A TE () @8 n XA
Prit S A R IEAG R — B0, Kb () 288 A UMt 5485 R Y &1
DLARF B, AL R 250 A ORI 3 AT vk B3 285 SRR iR ZE A R

4.5 JCRAEETIN 71 EC R R A RN

TERGEE TS S TR A, (BRICHEE TR IR o, ) AR, A, 24
[El: 200~800mm® (& p ZALIEH: 0.17%~0.67%), A, p, 51T 4-3. FEkd%
FE F5e /N 77 3R TSR P 7L 52 2 [X I TS 77 7 A=300mm’” o TR 7 555 (I 46 TS 7
HY 1230MPa.

TERTAE TR A0 B B ar A T 2 56 i B BRSP4 S 1) LS. g 75 A TR
0, MU BEGEIE 6, « TORGEE TR JI SRR BR I 7 f,, « TCRG 28 TUNE g i A0 R 7 1
Af o~ PRIRFTEC P, B B PR R M, DA AR BRERBE 5, 41 T4 4-3.

A3 JORGZETIUN 0 i C 7 20T TE R 45 TRUME 5 VR ot - % T S5 08k ) B
Tab.4-3 Effect of tendon ratio on the computational data of unbonded prestressed concrete

beams

AP '0 P O-pe f;!s Af;)s Pu M u é‘0 é‘u
(mm®) (%) (mm’) (MPa) (MPa) (kN) (kNem) (mm) (mm)

i =
g

R2B1 200 0.17 1217 1563 346 83.5 158.90 -0.78 85.4
R2B2 300 0.25 1208 1537 329 110.0 208.66 -2.01 79.0
R2B3 400 0.33 1200 1508 308 135.0 256.13 -3.22 75.2
R2B4 500 0.42 1191 1473 282 158.0 300.60 -4.41 69.7
R2B5 600 0.50 1183 1428 245 179.6 341.32 -5.59 62.1
R2B6 700 0.58 1175 1374 199 197.6 375.74 -6.75 524
R2B7 800 0.67 1166 1348 182 216.0 408.93 -7.91 48.4

B 4-10~4-12 25 1 T A p, BIZEAE 55 B AR T 38 FH T AT 38 P B2 P e
FE6, BEHEHE M XN ISR SN TN AT o, VARTCRGSE TN 7735 8L 7T o) 3of
P TR 5 et AR £k

B 4-10 Box, EAMATEAE AT, AN A H0n A5 B EATEAEH T
OB RS, U 6, BEAE TO RS 45 T00ML /7 f7 e A5 2% R 488 KT 388 K
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2 p,=0.17%I, RN 0.78mm; 24 p, HIKZE 0.67%I, FEH bR 2
AT 8mm, #1573 B 7T 28 HY LA G% o SR IR SR A 8 B 5 TS &5 T80 S S 5 2 o, H)
BN 2 3 vy, T i rh W PR P2 A Bt A TG 45 U 0 F T 5 8 o, FA M N T 3%
HRN, 2 p N 017%IGKE 0.67%0: AR FRATHE P, M 83.5kN #2121 216.0kN,
T 158.68%; HAHE S, M 85.4mm J/NF 48 4mm, YR/ T 43.32%.

B 4-11 IR, HTORES BN T IRIAG TR ) o [T E I, 65 ToRt 45 158
JIHBCHZE p, BB R, GEAERIAE TN J 3R 1 B 47 B T AR s 44 {8 7 1
K T TR B A SRR ) 0, 3820 I o 2 p, N 0.17% K % 0.67%H, o,
M 1217MPa 38/ 5] 1166MPa, /N T 51MPa. Z21)44 SIS 30 5 [t 2 0 AL 45 T
TR o, IG5 5 v, ORGSR 17 £ BEAE TC R 45 TS /0
S5 % p, I INTTEHTR N, 24 p, A 0.17%IH K 2 0.67%0 : 4 BT HREE M,
M 158.90kN = m #2752l 408.93kN » m, #&/& 1 157.35%, fos M\ 1563MPa Jili/N 2
1348MPa, {1 13.76%.
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Fig.4-10 Influence of tendon ratio on the load-midspan deflection curves of unbonded
prestressed concrete beams under single concentrated load
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Fig.4-11 Influence of tendon ratio on the midspan moment versus stress in tendon curves of

unbonded prestressed concrete beams under single concentrated load
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Fig.4-12 Influence of tendon ratio on the stress in tendon versus midspan deflection curves of
unbonded prestressed concrete beams under single concentrated load
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Tab.4-4 Effect of span-depth ratio on the computational data of unbonded prestressed concrete

beams

pe MR S M R 4, M, 5 0,

J7 30 (MPa) (MPa) (kN) (kN/m) (kN+m) (mm) (mm)
R3BI 5 1476 285 695 - 32938  -04 45
R3B2 10 1478 287 341 - 32424 14 176
R3B3 15 1478 287 220 - 31470 29 396
R3B4 . 20 1474 283 1584 - 301.10 -44 698
R3B5 7%43 25 1477 286 120 - 28481  -54 1110
R3B6 ., 30 1471 280 923 - 26334 -51  159.0
R37 TR o 1472 281 719 - 23921 27 221.0
R3B8 40 1467 276 555 - 21053 29  287.0
R3B9 45 1462 271 41.6 - 17781 129 365.0
R3B10 50 1467 276 30.15 - 14338 289  469.0
R3BI1 5 1558 367 - 68978 34322 04 57
R3B12 10 1557 366 - 16936 33743  -14 222
R3BI13 15 1555 364 - 7313 32778 29 497
R3B14 20 1553 362 - 3945 31439 44 882
R3BI5 i 25 1548 357 - 2387 29684 54 1370
R3Bl6 #i# 30 1545 354 - 1541 27602  -51  198.0
R3B17 35 1540 349 - 1028 25083 2.7 2700
R3BI18 40 1536 345 - 6975 22223 29 3520
R3B19 45 1527 336 - 4.66 18790 129  443.0

R3B20 50 1521 330 - 3.04 151.45 289  547.0
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Fig.4-14 Influence of span-depth ratio on the load-midspan deflection curves of unbonded

prestressed concrete beams under single concentrated load
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Fig.4-15 Influence of span-depth ratio on the midspan moment versus stress increase in tendon
curves of unbonded prestressed concrete beams under single concentrated load
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Fig.4-16 Influence of span-depth ratio on the stress in tendon versus midspan deflection curves
of unbonded prestressed concrete beams under single concentrated load
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Fig.4-17 Influence of span-depth ratio on the load-midspan deflection curves of unbonded
prestressed concrete beams under uniformly distributed load
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Fig.4-18 Influence of span-depth ratio on the midspan moment versus stress increase in tendon
curves of unbonded prestressed concrete beams under uniformly distributed load
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Fig.4-19 Influence of span-depth ratio on the stress in tendon versus midspan deflection curves
of unbonded prestressed concrete beams under uniformly distributed load
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g~ % UPUSREE M, AN EAE R AT AR BRRES T B R S, 1 S, « LU
REEE TS ST S IR BRI AT f A BRI A o B 4-20~4-23 45 T R nidi
r BN A 45 B AE HT R ANIR o, TORG SR i 3-8 PRI (P65 ). B aE-
ToRGE S (M - Ac,) HhZ.

MP—s i (& 4-20. 4-22) WLAEH, FEEABIUN ISR, REIT
ST ORI PR Aar BT I S R B v A PR P I D> o SR 8T B
B, TR T TORG 45 TS 7 AR v e e A, T JC R 45 10827 35 Jee IR JS 2 1)
I ARG E 28 . 2o M 035/, BEFEE R 0757, I BEAESMTEAEH
AT BEE A 1.63mm 3 K F 5.46mm; a8 T IARBR A2k Py M 114.8kN 42
=] 167.4kN, F2iE 1 45.82%, RIRHLM 80.3mm FEALN 68.1mm, [E(K T
15.19%; A7 80 IR AT g A 29.14kN/m $8 K3 40.15kN/m, KT
37.78%, WBRHEE M 98.2mm J Ay 86.6mm, I/ T 11.81%.

MM —Ac, HZe (K 421, 4-23) ATLVEH, FEEA RIS /3R, 2
A PUE SR LW, T ORG S5 5 RO BR N 1 B . 2o A 0357
BB E] 0.75f, B SRR T R4 PSR E N 218.42kN » m 25 F
318.14kN *m, figfm [ 45.66%; ATHTEC T 144 LHTE 522 M 232.08kN + m, Hi2
FrH) 319.86kN *m, $iEi 1 37.82%. H o, A 0.35/, B LR 0.65f, IF, TokG
SN 7 555 R BRI g A e T S PR R, T RG &5 A A SR 82 7 38 B A k),
TF 3T 4 A, A\ 329MPa Ji/NE 283MPa, /N T 13.98%, B4 38 T I Af A
410MPa Ji/NE 353MPa, /D T 13.90%: o, QK2 0.657, HIRE 0.757, 1,
HI T O R 25 TIUSE 0 5 R S, oK 285 TS 0 i A BRI 0 1 B A KRS, A
fF 4T A A, A\ 283MPa Ji/NE 181MPa, /N T 36.04%, B4 38 T HI Af A
353MPa Ji/N % 190MPa, Ji/N T 46.18%.
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RA-5 A BTN 30 TR A5 TN 3 J6 it - e v S5 40 ) R i

Tab.4-5 Effect of effective prestress on the computational data of unbonded prestressed concrete

beams
%17% % jjl] %jz‘ O-pe f;ys Af;ys Pu qu Mu 50 é‘u
7 (MPa) (MPa) (MPa) (kN) (KN/m) (kN-m) (mm) (mm)
R4Bl1 651 980 329 114.8 - 218.42 -1.63  80.3
R4B2 B 837 1143 306 129.2 - 245.71 -2.58 752
R4B3 £ 1023 1322 299 145.0 - 275.69 -3.55 735
R4B4 V=4 1209 1492 283 160.0 - 304.09 -4.50 69.9
R4B5 1395 1576 181 167.4 - 318.14 -5.46  68.1
R4B6 651 1061 410 - 29.14 232.08 -1.63 982
R4B7 Yt 837 1227 390 - 32.61 259.83 -2.58 939
R4BS8 T;I?@Z 1023 1399 376 - 36.26 288.75 -3.55 913
5]
R4B9 1209 1562 353 - 39.68 31593 -4.50 873
R4B10 1395 1585 190 - 40.15 319.86 -5.46  86.6
180 - —A— 0 =035
%%0[350.45_{pu
160 | e =055
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Fig.4-20 Influence of effective prestress on the load-midspan deflection curves of unbonded

prestressed concrete beams under single concentrated load
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curves of unbonded prestressed concrete beams under single concentrated load
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Fig.4-22 Influence of effective prestress on the load-midspan deflection curves of unbonded

prestressed concrete beams under uniformly distributed load
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Fig.4-23 Influence of effective prestress on the midspan moment versus stress increase in tendon
curves of unbonded prestressed concrete beams under uniformly distributed load
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[ 7738 5 I\ 298MPa 35 K 344MPa, KT 15.44%; ¥AifrEk T4 X P i
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379MPa, N7 1.88%.
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Tab.4-6 Effect of concrete compressive strength on the computational data of unbonded

prestressed concrete beams

g%% jJ‘D?EjZ ](C fl;’S A}fps Pu Qu Mu é‘0 é‘u
772 (MPa) (MPa) (MPa) (kN) (kN/m) (kN+m) (mm) (mm)
R5BI i 30 1489 298 154.4 - 293.58 257 759
R5B2 %EP 40 1523 332 158.8 - 302.04 240 814
R5B3 e 50 1535 344 161.6 - 307.22 227 833
R5B4 60 1535 344 163.4 - 310.83 221 835
R5B5 30 1563 372 - 37.88 301.70 257 924
R5B6 A 40 1568 377 - 38.57 307.25 240  99.2
R5B7  far#, 50 1570 379 - 39.08 311.49 227 102
R5BS8 60 1570 379 - 39.50 314.85 221 102
180
160-—
140-— .
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Fig.4-24 Influence of concrete compressive strength on the load-midspan deflection curves of
unbonded prestressed concrete beams under single concentrated load
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Fig.4-25

Influence of concrete compressive strength on the midspan moment versus stress

increase in tendon curves of unbonded prestressed concrete beams under single concentrated load
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Influence of concrete compressive strength on the load-midspan deflection curves of

unbonded prestressed concrete beams under uniformly distributed load
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Fig.4-27 Influence of concrete compressive strength on the midspan moment versus stress
increase in tendon curves of unbonded prestressed beams under uniformly distributed load
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LI e R, 2 5 4t R6B2 By R6B6 FrIJu il Fil . /g i o J ik, e G KAH LL TG
Rl 68 TN 55 1 oA S IR (220, R oy s TEVRRE L R, H g
i AR R B R6B3 HITCRG &8 TS, ) i i b T3 PR B, AT 32 R6B3 AT
JI R BR Brhr s B = T 1800MPa HIZE I & 2 e A1), M fT 8 EH T
fK1%% R6B7 fRITCRE 25 TN /0 5 CE N i IR (A5 2 B> . 24 ), A\ 1500MPa
FERF) 1950MPa: SErb & T RBR AT 2N 143.0kN 2/ 3 157.0kN, $25&
9.79%, F5HIKPRPEE N 82. 1mm Y/ 78.7mm, Y/ T 4.14%; AT E N
PR 4 34.27kN/m #2715 38.71kN/m, #2751 1.30%, B HEEEM
102.0mm Jik/NE] 96.7mm, /N T 5.20%.

MM — Ao, 4 (B 4-29. 4-31) ATLACE R, Bl TIN5 PR 043 558 5 )
e, 4 SCPUE SR D VR, T JCRS 45 i B BR R 77 8 2 2 2 4 . 2 R6BI
A R6BS [t £k LLBUR S, 7E VR Bt LT 2R A TR 7 39 Jee RaX — B B 2R ) 44 LA
O RIN BER, UL TORG S5 TR ) i 4 R IR, 3X 2 TR AR (1 TR
FI PR PLRLHRE RN, R 1500MPa, % iH5R A RIAR 2 S0, kA%
BR9 1260MPa, W HCA RN 11 1191MPa RETHOK T — &, e ingkid i b Jo ks
ZETRN I 5 TAE TR i JE R 24 f,,, Ak 1500MPa 3K E 1950MPa: £ if 3
NI X BT R 271.95kN + m B K] 298.35kN «m, H4K T 9.71%, Jokhz
AR BR N 18 B L 90MPa 14 K F 318MPa, KT 253.33%; HIAfTE T 144 X
USSR EE M 273.11kN « m 3 K% 308.55kN « m, KT 12.98%, JohL&E MMk R
N 748 B I\ 99MPa 4 K F] 405MPa, KT 309.09%.

AT TNy AR BRATC L 5 2 0] TRt 45 FUNE 77 R et B v SRl (52
Tab.4-7 Effect of ultimate tensile strength of prestressed steel on the computational data of
unbonded prestressed concrete beams

wn MR S S Mo R a4 Mg 8,
T (MPa) (MPa) (MPa) (kN) (kN/m) (kN+m) (mm) (mm)
R6BI1 o 1500 1281 90  143.0 - 27195 244 821
R6B2 %EP 1650 1398 207  150.2 - 28547 244 798
R6B3 P 1800 1509 318  157.0 - 20835 244 787
R6B4 i 1950 1509 318  157.0 - 20835 244 787
R6B5 1500 1290 99 - 3427 27311 -2.44 1020
R6B6 EKin 1650 1408 217 - 35.98 286.79  -2.44 100.0
R6B7 i 4% 1800 1522 331 - 37.65 29998 244 979

R6B8 1950 1596 405 - 38.71 308.55 -2.44  96.7
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Fig.4-28 Influence of ultimate tensile strength of prestressed steel on the load-midspan
deflection curves of unbonded prestressed concrete beams under single concentrated load
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Fig.4-29 Influence of ultimate tensile strength of prestressed steel on the midspan moment
versus stress increase in tendon curves of unbonded prestressed concrete beams under single

concentrated load
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Influence of ultimate tensile strength of prestressed steel on the load-midspan

deflection curves of unbonded prestressed concrete beams under uniformly distributed load
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4.8.3  AEFARL 155 FE ARGEE BRI

CLARTRR. 77 ) R ARG L f, hA2 B, A2 BN 300MPa~700MPa. K 4-8
2 T AR TR AT O A g B R AN f, ok S5 R SR T R .
4-32~4-35 45 T R R AR R ORISR R AN, JERE 45 5 O 1 -1
BRE (P-6). BEHEHE-TORAEHN IHEE (M -Ac,) HhZk.

MP—5 Mg (E4-32, 4-34) FILAEH, BEAE RTINS i IR B2 (0 B
W PR A 3R 3, B PR PR PSR B K. B TR T AR T0UR 7 55 1D IR i B A
[FlAh, &M B AR R, AR TR ) i r s v i, R &0 P— 5 )
JS7 2R AT N — T U2 S8 AR [F V), BB i 4K 3G i, JREE LIRS, AR
AR TURE g A5 AE 4 D IR, L i 2R B AR T 46 2 JT . 24 f, AN 300MPa 1 K |
T00MPa: HL s 8 R A8 IR BR fr 20 125.4kN $2 51 F1] 180.2kN, #2751 1 43.7%.
5 R BR B2 M 74.6mm 1K F] 83.6mm, KT 12.06%; A4 fif %  BIA% FR 1A
A 30.80kN/m Fi2 15 5] 43.66kN/m, #2215 | 41.75%, #5 PR IREEE A 88.1mm 4
KF| 105.0mm, #K7T 19.18%.

M-Ac, (FE 433, 4-35) izl P—s Mk Aitl, MERR LA,
W& AR TRUN g 735 e AR R S O i, 44 P s o B AR v, ok &5 A PR g 3
HEIEE K. 2 £, )\ 300MPa K F] 700MPa: i B2 far 8T 104 SCHT S T
M 238.40kn * m $2/mF) 342.72kN « m, &5 1 43.76%, JokhiSh itk bR N A1 &
M 306MPa 34K ZF| 337MPa, KT 10.13%; A0 #k N4 SCHUE S
245.28kN * m #&/m %] 347.91kN » m, 2 | 41.84%, Jokhigh mimk fR I /736 5 A
364MPa 1 K% 380MPa, KT 4.40%.

R A-8  ARTINL A e R o P Xt TS A5 TN 7 Jke e - R v SR O R
Tab.4-8 Effect of yield strength of nonprestressed reinforcement on the computational data of
unbonded prestressed concrete beams

e IR L Y A M, % 4
Y (MPa) (MPa) (MPa) (kN) (kN/m) (kN+m) (mm) (mm)
R7BL 300 1497 306 125.4 - 23840 244 746
R7B2 %EP 450 1507 316  146.4 - 278.19 244  78.1
R7B3 oy 575 1514 323 1632 - 310.17 244  80.0
R7B4 i 700 1528 337  180.2 - 34272 244 836
R7BS 300 1555 364 - 30.80 24528 244  88.1
R7B6 i 450 1565 374 - 3575 28498 244 948
R7B7 ik 575 1568 377 - 39.73 31668  -2.44  101.0

R7B8 700 1571 380 - 43.66 347.91 -2.44  105.0
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Fig.4-32 Influence of yield strength of nonprestressed reinforcement on the load-midspan

deflection curves of unbonded prestressed concrete beams under single concentrated load
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Influence of yield strength of nonprestressed reinforcement on the midspan moment

versus stress increase in tendon curves of unbonded prestressed concrete beams under single

concentrated load
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Influence of yield strength of nonprestressed reinforcement on the load-midspan

deflection curves of unbonded prestressed concrete beams under uniformly distributed load
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Influence of yield strength of nonprestressed reinforcement on the midspan moment
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versus stress increase in tendon curves of unbonded prestressed concrete beams under uniformly

distributed load
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4.9 MMEF BRI

LU 77 N 7 AR R, ARRNEEN 3 (=0 S ~o (S
D K 4-9 45T TCREEE TN 1 AR 4, 8 300mm® A 500mm? i AS[F] £ TEks
CER MR P Bl g, « % PV ST M« AN AR T BT RAR BROR 2 T % o
PRI 6, F1 5, VLB TG 45 90N A3 355 B AR BRI g f FHAR B RE g 39 8 A o ]
4-36~4-39 25T TCRESE R SRR A, A 300mm® A1 500mm? B ANF] £ ToRG 4
R E-EE R (P-6). BEh B Hi-TORSEHN I & (M -Ao,) HhHZk.

MP—s i (& 4-36. 4-38) AILLE L, BEAE £ HGR, ARPRAT & 250
1%, E5HARBRGEEL RN o IR fAEBOK, A B0 S5 h OB (152
M TR, AT S8/ A7 A8 P DA AR e LT 2R L TS 0 Jee Al DA SRR
TSR B R F DX I/, A 1S SRR PRI R R I 5 R PR /N e 24 N 3 484
K oo: Ay~ 300mm* i, HEFRTTE M 159.4kN BE{E N 110.0kN, FFMK T 30.99%,
5 PR BR B A 108.0mm /N E] 79.0mm, YN T 26.85%; A4, N 500mm” i,
P PR AT 2 A\ 238.0kN FEAIK A 158.0kN, FEAIK T 33.61%, #5 RPN 108.0mm
I/NE] 69.6mm, I/ T 35.56%.

MM —-Ac, (K 4-37. 4-39) ATLUEH, BEE UK, 4 (U5 A
BRAR, TR 45 A RS 8 B SR /N o AR BT IR, R R R BB 1 e [X ekt
SRR A, IXAAERR PN, RIS 5 5 BB IR R IR AF, )3
N, OB b & )G A ST TR AR S I PR AIG . VR e T AT Y
M — Ao, MR ARIEA — 3, WREELIFRUT B8ORS B AGERS, ETR /)
393 D R, A R AR TN A0 5 e RS ) 2R BR AR TLT AR, R BT . 4
3 K F o : 4, Ky 300mm’ B, £ AT HRE A 212.63kN -m FEAE Ay 208.66kN -m,
BEAR T 1.87%, ToRG 45 5 W B S 3% 5 M 368MPa /N2 329MPa, 18/ 1 10.60%:
Ay~ 500mm” B, 44 U SR 317.59kN « m FEIEE] 300.60kN * m, &K T
5.35%, JoRE&E AR PR B 13 FE M 383MPa Jik/NE] 282MPa, /N T 26.37%.
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Tab.4-9 Effect of load type on the computational data of unbonded prestressed concrete beams
w4 WBER L. M, P M, & 4,
(mm?) S (MPa) (MPa) (kN) (kN+m) (mm) (mm)
R8BI 3 1576 368 159.4 212.63 -2.01 108.0
R8B2 300 4.5 1570 362 136.0 211.87 -2.01 98.8
R8B3 9 1563 355 118.6 211.15 -2.01 86.4
R8B4 o0 1537 329 110.0 208.66 -2.01 79.0
R8BS 3 1574 383 238.0 317.59 -4.41 108.0
R8B6 500 4.5 1564 373 204.0 316.95 -4.41 90.3
R8B7 9 1500 309 171.8 305.47 -4.41 76.2
R8BS 0 1473 282 158.0 300.60 -4.41 69.6
180
160 |-
a0 |-
120
100
= A
= 80-—
60 |-
40 __ ‘ L=8000: | hY f\ A\ Tsl
20 | l'30OmmJ
C10 0 10 20 w0 40 w0 &0 70 80 %0 100 110 120
&mm)
4-36 4 A,=300mm?’ A N5 O 0 Rl £ TN 7 Y 6 - 8 P -1 e i 2 ) S
Fig.4-36 Influence of load type on the load-midspan deflection curves of unbonded prestressed

concrete beams when 4,=300mm’
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Fig.4-37 Influence of load type on the midspan moment versus stress increase in tendon curves

of unbonded prestressed concrete beams when 4,=300mm’
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Fig.4-38 Influence of load type on the load-midspan deflection curves of unbonded prestressed

concrete beams when 4,=500mm’
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Fig.4-39 Influence of load type on the midspan moment versus stress increase in tendon curves
of unbonded prestressed concrete beams when 4,=500mm’
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(1) FEFRRL ARG 45 0 TORG 45 TR S R M e A B B . M3
A HCE 2 X RTINS A7 I, SRR SR AL AR ) AR A AN A,
FEGE N IC AR /D5 1) 320 AR TRUN 075, BE B S e R PR e . o T Jokhi & 30y
TR iR e L, BEAE AR TS ) G FR B4 v, BRIT RS WIS . R AR R
FIRNGA BT 50 5 v, TG PR S DA R TR 45 TN 77 35 A PR 87 34 3 it
BEAIG o

(2) $RETOREES TN, /) BC 28, B S35 B8 i R R 207 /25 R DA S A PR
ARERE J1/2 BT HREE, GRS DL K ok 45 TS 77 75 B PR S ) 38 B i P A1
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(6) & m NIRRT, IR PR AT BN 42 LS s A A F
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RIS, Pt g A TR (R L, RS AT TRE P BRI 2 N
RN TRUNE 7 1 e - SRR PN TeRG 25 T0UNE 77 T e 1= 22 (1725 gt 478 RE MR 1 i R AT
ALLERY S AR A 0 Rt 5 TS P — 8 T S 25 B 55 D 25 i 3 FX) R 45 00N 73 555
ANAETINE A 3 O BE 28 s 5 v L o A S8CTUNE 0 A RS E , A AR RN ) B2t
A& FIRERIZ . SR, B AL — D REAFZ AL R A TGS TN A0 A
RAEATEIS Fe i O BRAR 28 DRFF AL, ARSI FIUSE A7 153 P O o B B 5 8 1) A2 FE 1 AN
WA, PRy “ ZIRBEBL” e RN AR A FIUNE A7 7R e A — A d B BERFAE
A5 T2 BRI A BR T HUE 532 RSN 73 Ikt = B () RN A B
(¥ — L8 S HEAT Pl

5.2 BT R VHE BRSNS
NV ARG FIUNE A VR e = B — NG, it 1 PN R BRI SR N

F— RN 9 ARSI RN 3 KA P TCRG S5 xS EEREAL R, A4S FERR I % 1) B
MAFEA =R ok, BhiE | MER. 173 BARA 2 M
B, SERFIERTE AN 5-1 FvR . %R A RIS 45 HAH A P JC R 45 TS 70 2 L3
FP5fb . RO N ELTE, O EEA 150mm CEESETH = FE N 400mm).

BRI 12 ARSI SR AR, T R AR SN USE 3 5 LR
RN FIUSL T SRR 1) 5O ot R R ] 5-2 BT R AR 22 (1) 7 /B ) k2 [
(REE B R SIEI, 440 A5 75 o 0 ] DX ) (oo BE A O (BRI /i B 250mm), A4 4h
ST AN [y B 2 18] () Lo BE A9 200mm e CRE RT3 A 450mm)
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& T 5 UGNAR IR B =R S HOR RSN, 1 R BERY

(1) P ;

(2) ARINTRISL A7 5 AR ¥ 500

(3) faf L IR

BRI BA LA A SEL: 5K L=8000mm, FEJEALIH, % 300mm,
B 500mm. TS AR 4,=350mm?, PLHIHEEE f,=1860MPa, # 1k &
E,=195GPa, TR JIH A R /) 0, =1191MPa. #IH_FHECA X Gk
TURL A IR A4, =300mm>, JEJRGRSE £ =350MPa, FPEME E =200GPa, Z/&
DX AR TRUNE 7 57 B R THEE 2 o, =35mm. #KT R R B 2 h XA TR /) AR A4,=
600mm”*, & fRARE £,=530MPa, FPEME E~200GPa, FIFATHIE B d =465mm.
TR O PR SR £=35.5MPa, ¥R E~35.5GPa.

FIT ULV (AR S TISE ) R DL S T 3R 51

THECR AT RS 77- REAZ R 2R 7] 4.3 715

R 5-1 T USRS B AR S U T RO

Tab.5-1 Summary of externally prestressed beams for evaluation of second-order effects

AR

ETTINE TR Gl B I VR e
RI1EBI 0 - R2EB1 0.00
RIEB2  Hi i 1 P R2EB2  Hub&Ed 033
R1EB3 Tir %, 2 13 % R2EB3 g 0.66
IUBI NS R2EB4 1.00
R1EB4 0 - R2EB5 0.00
R1EB5 i P R2EB6 e 033

Rl R1EB6 RIS 2 13 & R R2EB7 B 0.66
IUB2 NS R2EBS 1.00
R1EB7 0 - R2EB9 0.00
R1EB8 = 1 5 R2EB10 =N 0.33
R1EB9 ETE= 2 1/3 %5 R2EBI11 =Y 0.66
IUB3 (NGBSt R2EB12 1.00

L=8000mm, d ,=465mm, d =35mm
A, =350mm’, A4,=600mm’, A =300mm’

f,,=1860MPa, f,=530MPa, f =350MPa, f,=35MPa
E =195GPa, E, = E,=200GPa, E,=355GPa
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Fig.5-1 Externally prestressed concrete beams with different deviators
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Fig.5-2 Externally prestressed concrete beams with various tendon configuration
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Fig.5-3 Load types: single concentrated load, two-third point load and uniform load
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5.3 H[EIRAYFM0

ONRITFURE T BT R AR TN g TR e+ 22 25 PR RE RN, BB T =R AN %
A E TR BARARER Y, BhRcH MR, B 2 Mgk,
Sy BEE T RE LS 1/3 kL, W 5-1 s ARANRRRZ =R a5
SLER AT A AT B =0 A

R 52 BRI PO RN S R B B SR R

Tab.5-2 Effect of deviators on the computational data of unbonded prestressed concrete beams

e R EESwE £ A, R g M, o5, o,

T g Wop: o (MPa) (MPa) (kN) (kN/m) (KN +m) (mm) (mm)
RIEBI H Toie 1478 287  134.0 - 25232 250 80.7
RIEB2 EE%; Frp 1A 1512 321  156.8 - 29789 246 795
RIEB3 . 2AF 138 1500 309 151.8 - 28585 245 783
IUBI s RN ToRZE 1511 320 1574 - 297.70  -2.44 789
R1EB4 T 1535 344 - 31,50 24986 -2.50  96.1
RIEBS  ¥Jfi Erp 1A 1570 379 - 38.11 30571 246 103.0
RIEB6  fai#, 2T 13 1565 374 - 36.86 29273 245  96.6
IUB2 RN TCRSE 1567 376 - 3834 30535 244 985
R1EB7 To e 1563 372 186.2 - 24738  -2.50  105.0
RIEB8 —=rii B 14 1577 386  224.0 - 300.85 246 106.0
RIEBY fi# 24T 138 1569 378  220.0 - 29249  -245 105.0
IUB3 RN TEREES 1577 386 230.0 - 305.69 -2.44 115.0

Bl 5-4. 5-8 LAJ% 5-12 il 5t T B pi SR far 4. $80A7 A 28k DA B =9 S mr 3%
YER PR S hHE (P-6) #hiZk, K 5-6. 5-10. 5-14 7374 1 H N
S WA AT B LA R = U N VR F R BRI S o S AR AR A A L g 1Y
(M-Ac,) MiZk. NP-5 M -Ac, IHEKIFTUEH, MELE=HL, WA
AT RUAy T TR B L SRR TN 7 75 e Al o FE VR PR, AR ek B
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Fig.5-4 Influence of deviators on the load-midspan deflection curves of externally prestressed
concrete beams under single concentrated load
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Fig.5-5 Influence of deviators on the load versus stress in nonprestressed reinforcement curves
of externally prestressed concrete beams under single concentrated load
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Fig.5-6 Influence of deviators on the midspan moment versus stress increase in tendon curves of

externally prestressed concrete beams under single concentrated load
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Influence of deviators on the load-midspan deflection curves of externally prestressed

concrete beams under uniformly distributed load
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Fig.5-9 Influence of deviators on the load versus stress in nonprestressed reinforcement curves
of externally prestressed concrete beams under uniformly distributed load
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Fig.5-10 Influence of deviators on the midspan moment versus stress increase in tendon curves

of externally prestressed concrete beams under uniformly distributed load
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Fig.5-11 Influence of deviators on the stress increase in tendon versus midspan deflection curves
of externally prestressed concrete beams under uniformly distributed load
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Influence of deviators on the load-midspan deflection curves of externally prestressed

concrete beams under two-third point load
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Fig.5-14 Influence of deviators on the midspan moment versus stress increase in tendon curves

of externally prestressed concrete beams under two-third point load
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Fig.5-15 Influence of deviators on the stress increase in tendon versus midspan deflection curves
of externally prestressed concrete beams under two-third point load
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Fig.5-16 Influence of tendon configuration on the load-midspan deflection curves of externally
prestressed concrete beams under single concentrated load

180

160 -

120 -

100 |-

P(kN)

60 -

-100 0 100 200 300 400 500 600
o(MPa)

5-17  H RSP ECT FUN  ARO AR AR ST 7 J6 o = S P - TS 0 5555 2 g it 2k
IR
Fig.5-17 Influence of tendon configuration on the load versus stress in nonprestressed
reinforcement curves of externally prestressed concrete beams under single concentrated load
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Fig.5-18 Influence of tendon configuration on the midspan moment versus stress increase in

tendon curves of externally prestressed concrete beams under single concentrated load
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Fig.5-19 Influence of tendon configuration on the load-midspan deflection curves of externally
prestressed concrete beams under uniformly distributed load
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Fig.5-20 Influence of tendon configuration on the load versus stress in nonprestressed

reinforcement curves of externally prestressed concrete beams under uniformly distributed load
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Fig.5-21 Influence of tendon configuration on the midspan moment versus stress increase in

tendon curves of externally prestressed concrete beams under uniformly distributed load
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Fig.5-22 Influence of tendon configuration on the load-midspan deflection curves of externally
prestressed concrete beams under two-third point load
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Fig.5-23 Influence of tendon configuration on the load versus stress in nonprestressed
reinforcement curves of externally prestressed concrete beams under two-third point load
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Fig.5-24 Influence of tendon configuration on the midspan moment versus stress increase in
tendon curves of externally prestressed concrete beams under two-third point load
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Fig.5-25 Influence of load type on the midspan moment-midspan deflection curves of externally
prestressed concrete beams without any deviator
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Fig.5-26 Influence of load type on the midspan moment versus stress increase in tendon curves
of externally prestressed concrete beams without any deviator
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Fig.5-27 Influence of load type on the midspan moment-midspan deflection curves of externally
prestressed concrete beams with a deviator at midspan
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Fig.5-29 Influence of load type on the midspan moment-midspan deflection curves of externally

prestressed concrete beams with two deviators at 1/3
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