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A Study of Design Method for External

Prestressing Strengthening

Li Yanhe'! Wu Yuan®

1 Center of Strengthening and Appraisal, Nanjing University of Technology, Nanjing, 210009, China
2 College of Civil Engineering, Southeast University, Nanjing, 210096, China

[ Abstract] Traditional external prestressing strengthening method has many problems, such
as lower prestressing, smaller strengthening, higher loss of prestressing and serious corrosion
for tendons, therefore, it has very few applications in practice now. But, modern external pre-
stressing strengthening method has not the above disadvanfages; and it has become a popular
strengthening method for concrete structures. Nevertheless, it is not yet a perfect one, because
it is very difficult to calculate the ultimate stress increment of tendons. In order to deal with the
problem, deformation state of beam under the ultimate state was analyzed and the relationship
between the middle deflection and the elongation of tendons of beam were established. The for-
mula for predicting the ultimate stress increment in tendons of beam was proposed. Finally, an
engineering case was introduced to present a detailed process for the flexural design of the beam

strengthened with external prestressing.
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P, o ) B 5] DX SR BB R it 482 5 SR o AR T A 7 5

O EASIBUN SI G5 — MR FHF R RBE LM, ot FARSNBUS 100 o 1 e I
il i 5 VR BE T AR, PRI AE A WA R - SN AT R — B, ARAE KA
N, KB T RSN BN SR I A% o RT3 A, Bl B H 2 B i — MR AR
WO AT LA 2

(2) ImEYL

X T 4 A5 BT SR AT, AN AR B AA S U7 g B I L BUEE, 45 U1 4 S DL R
=R
(D3 I SRALARS NI T3 505, %I B 54 7 e — LS A 018, ST 48 T A
Gk LSRR, IRE 0 E Y H A

QLB ST, B SHN AT R — A 454, KRGS M B R 5 IS
TN S3F5 -, et TSR 0 A5 LA ARG AR BERE , PR ST A S b 72 D 1 AR AR B

@1 T B3 FH T G B A 7 A S, 9N T B B B BE RIS Y it
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HOBUS SR 30— E RIS , MR BAETEREW/N, 405 T S5 MO AP
2 MRS TR S5 5L i 8

TERRMORAS T, AR5 T 3 A5 145 SR 0 LS AR T 7 A A48, T4 S T
N3 393 4 B S B R A R T AT ARSI T AT, O, 1 A
RSB BN, HoRAR B S ERT, [ P SR A S ) A M KR 48 i 3
%m%mm,@ﬁﬁﬁ%ﬁ%ﬁﬂ%%%ﬁ%ﬁk,Hﬁ%ﬁ%ﬁ%ﬁ@o%%,ﬁﬁﬁ
CABFIOSARIERE b, 205 H LU 38 P 0 200157 1 o 5 4 5 B 7 18 B 5

(1) FEAMBE Kt s

OB BUSLIT INIETZE £ BB BRI S IEPER, 4 SR B S RS T B e 2
BR BRI BB . PRSP IR B, B Pl A R 5l

OMBUE RSN ) BLELE T ARG — 0 A RIS Bl (R4 58— WodR B ) , i
T3 JI 25 R A A AR T B S R 1 R

(a) (b) ()
B R R R e

(2) Ny E R RN F73 3 A =
WIEE 1 (¢) PR, AABC 5 ADEF AR ATER (1),
AL, = 4(A/L)(h +a, - c) (1)
A ARSI SKALEE RS 4k 52 7 AR BRLIR S i A 2 v s
L— BB

AL, —— N BERAE TRILES HUT AR S 1 T AR ZS B 1) e A
AT LA PR T P 18 T 2 10 v e v B

B L, ABNINELITKE, As, WNRLRARE, Ao, WRELRN 1R, E
NBLR PR, AT XE.

C

P

Ae, = AL /L, (2)
Ao, = E Ae, (3)
Ad, = 4E,(A/LL) (h +a, - c) (4)

B oo AJRMIREE R EXEE, A QRS2 3H MG (GB 50010—2002) i
E, v 5 FAEMTRR:
c = %/B, (5)
Kb B—FRE, MIRBE R E S %A CS0 B, BLg, =0.8; IR BE L5 E K C8O I,
Bi =0.74; FAHREMENIHEE .
Z M SRS PR A T A, BRI AR RS A 5 M, A s
KERK (6):
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A = k,k,M,I*/B, (6)
K b —— W BIE AR AR R
by —— M IR T F D1 2 S5 AR BRAR ZS T SR A &5 R S X W BE A HUE, B 0. 765
B, —— W YR AR F W
5 ERM, HPEATFRIT AR RAA .
M/B, = ¢, = &,/c (7)
K o, —RIER (BEIR) ERE AR BE iR ;
£, IRBE TR R EN S, — B £, =0.0033,
#R (7)) RARK (6) 15
A = kik, - (e,/¢)L = kk,B,(e.,/x) [} (8)

RA (4) K15
AUP=A.[M_1] 9)
X

R A=4kkE,e, (L/L)
BN #i KB BRI S1 8 o, W
m = Op + A0, (10)

3 BRBEAMERESETMZZ IR

BT B B N, XHEFEVE R, AR BE 1 52 Zha 4R R TUNE 7 fm [ vk n (1 )=
B T OZEMFRSZ ek, 5 BRI e, (=2, B REMN i E
SN, KIBERARE), RERZERNE, RTREBK A il KA. 2 EAARRE B “ 5k
RBR” . Hit, EBRWOHIERRE n=1.05, M., =0,

B WO B R RBOIRHEBE L M FRERL A £, =0.0033, RAAETERF A -5 i B
R, AR BRARZS T BT A i 2 Bs .

o

b
.
of af. A )
=i S gt <
— N =
< | : << AV | I P
M, | A
fiA, 1,4, ¢ 1 o+
——>N, aﬂ-—
i ke

(a) (b ()

B2 IE#EZESRETHE

N, = a,f.bx + flA] - fLA, (11)
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x = (N, +f A, -f,A)/(a,fb,) (12)
SR R Y M =0 7%, |
n(M = M) = af.bx(C - x/2) +fAL(C = a)) +fA,(hy - C) (13)

p N——F0E J1 7K B AR R B S 5
M ——BR S KB 5 R MR S, M, =N, (h+a,-C);
M——Jn [ B2 A B HE
DA KRB, 7=1.05,
Bl (12) RAS (13) #3H15.
nM = [n(h +a, - C) + CIN, +fA, * h, - fiAla;~
N (A -FAD N,

2afb T 2afbafplh A (13)
RIFRZEX EE «
xg = (fA, - f,A})/(auf.b) (15)
X AT PR S ORI R 2 AR R ST M,
My = fA, + (hy = C) +fAL(C - a) + arfibxy » (C = xy/2) (16)
¥ (15) AKX (16) 5.
M, = fAh, - fiAlal - (f,A, - f,AL)*/2a,f.b (17)

¥ (7)) A (14) K15
oM -M, = [C+n(h+a,-C) - (fA, -fA))/a,f.b] = N, - N°2a,f.b  (18)
L AM=qM-M,, H,,=C+n (h+a,-C) - (f,A,-fA.) /af.bRAR (18) 78.
N = 2a,f,bH,N, +2a,f,bAM = 0 (19)
AT

N, = a,fb (Hop - JH, Z2AM/ (anf.b) ) (20)

KA Ho,—— A5 04 K 0 1 T 5 1 78R T 5 20 B 5
AM——> 7% [ /L 3 R Z B0 W) 5 B A 25 60 o [

X, = H, - \/H,, -2AM/(a,f.b) (21)
K (20) ZEfh
N, = o,f,bX, (22)
A X, (X, <H,,) FIBEAEERE L5 TR F 557K T B 1 % 0L 9 18 58 + %400 3% R IX 8
A (22) BPRSRIUL S K BeAR BRBE T 9 A5
A (21), K (15) RAK (12) 15

v =X, + % (23)
B (23) ARA (9) 5.
_ 4[Bi " (h +a,)
Aa, —A[ﬁ—l] (24)

X (24) BISATHE BN A1 5K - Be by g &g A
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F BN 1 K BEhL T N, 5 HARBR B 71 B 6 R A%
A, =N/,
Kk (22) . K (10) RRATE:
A, = a,f.bX,/ (o, +Ag,)
X (26) BURRINL A #AKF BB mE B AR,

4 BRBMAMEREBEZZEITHEG

(25)

(26)

HORERPRE | =16m, A b x h =400mm x 1500mm, &KZZ5ERIHE M = 1998
KN - m, JEBEHIREEASY C25 (f. =11.9MPa), Jij HRB33S SeNMMA, MM A, =4909
mm’, A, =1964mm’, FREERFIN T (a) 2, IEADIERERD, THERITEEKEM =

3686kN - m IR FRACHUL A IEEINE , RN

. OBASHE

K F R BTSSP KB EIRARER) , @’ =0, @ =1/5=3.2m, ¢, =50mm,
B 1860 G5 $°15.24 SB LR, f,, = 1860MPa, f, =0.8f, = 1488MPa, B i 44 4 [ i1

2
A, =140mm",

BB LBEFRN C25, o, =1.0, B, =0.8; LWMWHRFZ/EE: o, =65mm, a] =

40mm, N hy =1500 —65 =1435mm, &, =0.550, B 5 =1.05
@hnEE AM HE

_fA - FA

= 185. 6mm
aLfb

Xo

2a, =2 x40 = 80mm < xy, &hy =0.550 x 1435 = 789. 3mm > x,

M, = o,f.bxy(hy — x/2) + f,A.(hy =a’) =2007.7kN + m
AM = nyM - M, = 1862. 6kN * m

@A X,

H, =C+n(h+a, -C) -x, = 1404. 4mm

X, = H, - /H,, -2AM/(a,f,b) = 313.7mm
@HBERERBN S o,
O = 0.65f, =0.65 x 1488 = 976.2MPa

L, = (16000 -2 x 3200 +2 x /3200° + 15507 ) = 16711. 3mm

= L/2 = 8355.6mm

oy = aE,/l = 116. TMPa

KRR AL, Bu=0.16

6 = arctg(1550/3200) = 0.4511

Op = (1 —e™) =967.2 x (1 — ') = 67. 3MPa

Op = Oun — (04 +0p) =967.2 — (116.7 +67.3) = 783.2MPa
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