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A new type of prestressed concrete hollow girder design
for overcoming the typical diseases
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Abstract: This paper proposes a new type of prestressed concrete hollow girder based on the summaries of
the current studies on longitudinal cracks and hinge cracks. The match prefabricated method is used with
shear key at interface to solve the problem of hingle cracks, and the two-way prestressing strand techniques
are used to assure the longitudinal load-bearing capacity and to prevent the emergence of longitudinal cracks
because of pressure existing at the match interface. In order to reduce the temperature difference between
the internal and external of the prestressed concrete hollow girder, drilling holes are carried out at the
bottom slab of girder every distance. To ensure the adhesive effect between the girder and deck pavement,
we designed grooves at the top slab of girders. The finite element analysis results of a design example show
that the pressure stress of bottom slab of girder is about 2. 58 MPa and 0. 16 MPa, which are effective to
avoid the appearance of longitudinal cracks and hinge cracks.

Key words: prestressed concrete hollow girder (PCHG) ; longitudinal cracks; hinge cracks; fabricated by
matching; shear key

W B #A:2012-04-11
ELTE HH M LA S BIH (20100094120013) 5 7135 44 53 32 4 7T RHE S HEIH (08Y08) 5 th Je g il 45 2 9%
YW H (2009B13914)

& EER (19749, 5 Wi KA BR8N SRR BT BB AT 5T . (E-mial) yuanam@163. com,

=
‘—‘>



http://gks.cqu.edu.cn

% 10

EERCF AMAEARENH AR S RE LTS P RT 125

TN 77 VR Bk 1 A5 0 B E CRLE i Fk PCHG) &
S B TR B T A 2 AL TR
B K PR AL, R T (R S R v, T ) A0
WBEHI T F 208, EHX 1000 £ &R /)
25O MR BE R EAT TR E G A R R
V7 7 0 Al R ) B R TR ) B S L R A
] 24 5% B4 . 9N n) 24 4% — RIS A5 TR g 73 O 1l
B AR e s I BB i 0 2R B A R B AR B i i
MBI Ak, EE R A AERS. K
13k PCHG B #7000 ) 24 &% R4 4% 9 3 11
1% 0L .

(a)h 1 44

(b)BEEB K

B 1 PCHG #EFE

TN, 7 VR 5 25 0 A IR B R 4T 5T 1 A
M Z — . Schnell, Jirgen"™ BF5¢ T #i i F1 1 %E
A DA R R Z T B 8 TR T S
OHRTEEZ | X & . Hsu, Thomas TC™ 4
Tl B 0 WRE Ay IR A D MR P
Wy ke aBE T ACLH1995 it #lyi. Matti
Pajari1 ™ 3 3 56 FUH i 4097 - B8 T SR AR |
{18 39T 77 TR 3 45 0 A SR R 1) B I 4% 3 15 B0, S BT
TR T B L) A R A AL BRI ) S Y A

SCHER X TR, 7 T BE 2 0 Bl R ) R R

[sa)

—%
N
—

=

68

88

(a)hgest

AR T —FhoBr B W T TR a0 RS 4
13Xl Y 2 A A R € I SR Il T 7R L g TR
BE b2 DR 1 AR R AT TS e M IR T
BT BTN T TR e £ A OB R AR A AT AT
1 EEMHNEHNADFALRELS

IR R SRR B

fip sl R PCHG i BUAN i) ¢ 4% 1 B4 0 %
—ELRIRR W SR R BT B ) SR AR Y
P RBLER I S8 2 13 B e BIIR A BT B
PCHG 4 u) 5% i I 201 P KL 58 8 19 T3R8 A7) 9K
Wb TR H TR TS R W A 4% Y i B
T PO I PR Y S o B 1 3 e O D
FOTP 2L DR 2 ol 1 250 AN Sh 8 L 22 L O A
F14 B SR TP R IO T IR AL B T B R 9 R R
JEA SR AR AE X S8 53 BT KR B A S PR
MR U IR Z U E B I HLEE 2 A AT SR Ak T IR R
FIBIFFE Z o B7 16 O Toa) 228 48 1O 4 il L — L 9 AT S 5
[ENIEE

PCHG 7E Fif ¥ 49 B3t o R /N B ge B2t R
i BT 7 . A A% 3 oAt o 7. A 2 Cad i s o
1) 0 C AR R0 R i BN BCBF e o O B
BTN R AT I X R B AR BT AT A
— SO — 2 A S B ) AR Y R R W)
5250 AT RS A I AR B AR 22 LG T R K 2 A
MR ZAF T AR M Z S EoRk, R L
PRI R /)N BB Y it A 1) AR R A BR L T T
F1% X HE o X LR JIE 0 4% VR BE b A Sk . A AR
O AR R O BE A AR i B AL B HL A IC A /D B
B R E ORI IR R A

ﬁ

(=}
—

' wn[
w
o

_af
10 S

99
(b)KEesE

B2 g#EnER

INEEE R BETTIRAT TR AT 30 4,90 AR LG
T B 7 O ECAE TR AR, I 2 (b) TR,
T v RN A ) B i R B I BT TEC A A T R
2 FPIE 2, — T S O AR B Y TS D)

— 77 TG X B 3% 1 3 G o R R AN AR e LT A g 2 47
T A 3 Fras . R EEE HAT R AR MR AT BT NI
JBE R 1) o A P e 25 00 A (R R BB ) o BRI A
HRAE BOEER F I BR . e K A o T g



http://gks.cqu.edu.cn

126 TR K FFER

%35 %

TR 5 R 1) B AR 52 7 B ATY SR AE 25 200 WR G2 v 3 3
FEAE . SCHRLO-11 1% b Im) BBAE T 48 S ¥R A I 0F 52
Iy BTSRRI SRR B ae ¥ PCHG % #2 R 1)
25O AEVR IR R TR L FLRE AT ] 77 A 1 o
KA F1iKF) 1. 16 MPa, 53X Fp W F7 08 28 % 18 78

ERAEAL | T B A% Ak — R B IR B 1 45 5 T K 4G
B A R A BAE R . B I . Wik R
B T SRR TN 7 1R B 0 B 43 S SR R
B iR 2T 4 RS T A5 X6 A SRR 1 2 AT T )
37 77 453 F9 T [0 20 2R B

- w A R B UA
< < <>> <<> < <
<\ /7 )l
(a) DU 1 (b) A & (o)A

B3 RAXKERMERNGHE

g5 L PR TN 7R e b 2SO AR B A 9 ) 2 4
FECEE IR F ARG W AA e, SCrp 48 T — Bl
PCHG %44 , BRI UC ¢ T il B 1) 350 07 g F L1 Bk 1= 25
O ZE Q& 4 R . HA iR A — 2 SR UG C 7
U, Y RO RO AR e BB B s e ANAE
T8 1) G 1o A IO A7 T EL TR SR 0 R ) L A
N I35 s = & fE PCHG /9 i§ Mz #F 47 F L 1Y 2 AE
PCHG Ti#ie . &R I UIR AT 1T AL BALBE .

7 LIRBRIFAL

259714

34 AR G AR
AR E

S B 2 SRR TR
6. 8L S 2 AR ISR

fod] 7 BB DA IRAR
S il s B
s D NY o JEHRA T RSk
o /. /// ) 07 8 10. TR AR F Ak Sh R
e, | 1. AR B
12. AR VI

B 4 U 5 XN 1) TR 0 FF FLOR R £ = AR R

2 UL o o X fe) PR g FF LR =
DRI ER
2.1 EEFHRANNERERE
PCHG th F47 78 B4 3 » F BOR th 3L 4 %
7B T 0B 1 B P A R 6 . R
FEDC T 04 0 1 A B 3 1 4 £ PCHG Y
BUT 3 v L 28 D A g A8 T — L 35040 22 £
BRI 2 T DR A B R T, — R R 5 )

— HRGEZ (8] B Ok B R B et . ok 5 e
E AR TR LI 5 A g (A
BRI R A TR BOVR b 2 R Hi L
282 BN B X I R 2 B PCHG 23t
W R SAFAE NG 07 T MERE . 0 Rk B 2Rk B
9T BV A A 2 . PCHG 1 VT JE 751 441 2 485 A5 1)
14+ T R & 22 9 PR 1) 2R AT 01 4 B2

SR B Ty SR AQRE B4 B T ol B T B4R B/ 1Y
23 () HEAT TC A7 » v M 1 ¥R 5 - kL IR 48 85 52 DL K A%
GLgcsE BT b BCAE W A PCHG W BE A EE 852/ 1Y
K. B9 TSR A B AT DU A n] DL B —
SE 1) AT B . 0 B R T 1A R S 2 RO e
A R ERARIT
2.2 WNEABMEAHHE

R PO ) B AR B4 Bt ol e T B4R I
Wi o T AT WL IR HE R E B 2 7 T T AR ]
Py BAE TR - G245 B2 AL CREOAF 1) 23 i BUAK
AR AT o PRI L R T B g R 3 2 4 TN g 9 R
B R AE A7 2 A T Wb IR 225K . U PR X R 2 K
KEIE PCHG AR HT L “ B 52 T3 7 LG8 22 1K
M. 2T XA O TR % W 1) PCHG R H]
KL UL F7 BT s AN CAE AT S8 O 2 15 A B T 7 4 »
1T LA P 222 B 1] o A 8 TR, A0 587 o REATR 1) A A
U 3 83 77 A 0 TS T HRAE T VA e 2 T R R
JRE AR PP A R AR o) 130 097 M SR T M B Y A1
Mo XAMPIE T PCHG DGt S 16 A 77 £ FE R T
1 HARUE T PCHG FJE AR AT 1) A7 76 BN ) » X
BTk T PCHG A 48 1 i B .

AR 16) A3 Y TIOR3 J5f3 26 Z50R AT 1] A B 1)
JOL 7 W AL BB T o AN B IR AR S FE O R IR



http://gks.cqu.edu.cn

% 10

EERCF AMAEARENH AR S RE LTS P RT 127

M 1] 60N 3 455 A7 A I OO 3K 4 B AT 1 L ) AR
ORI )| S DS N g il S VD VA B E RS
A0 TG G5 757 o B G TR AR A TO TR & 2 2o AR 5 AR 3 A
Qb ) TR AL B T 0 5 0 T

9 T B L T A 2k UK S  F K 2 i B )
BB AR VR B RS AT L 510 5 ) B
W s[RI, B 1k PCHG R 10 $00 5 4 T et
bR S TR 3 ) B4R e AR 5K I . @ EEAE PCHG 1Y
THUAR Akt A e R A 1) 9L 3 577 SR P AAR A1 TR &5 13
NIV
2.3 RIRFAFL

PCHG W &M 22 2 5 BUR A I A ™ A8 2 ) 2
A1 o DR T L IR R R R AR R AR 0 O
W2 B B0R S AR S B 2 TR R ) B AN A
TORIE PCHG P AM 1 T 22 A8 2 ORI PR TE 25 <Y
sl £ PCHG WY IEAR . B R 2 m £ii & B4R ©100 (1
Lo T LA O S0 S A e 0 3 T 907+ LA 9 5 RS L g
Berbro VRPN G S50 T 00 A N 2 Sk T X 2
X5
2.4 THRIEXRE

PCHG 75848 T 19— 4> 8 2 5t X 2 1o 4l
BN . MR R N — BB bR 5
GRS [ P 3 20 AT B30VE T . 24 40 T R T B
i, HERS A T S, B T 2R 20 FH 4 A 34 T
2 TIK 23U A W AR 8 \ BI AT TH B 2 5 45 1 0 RS
g5)2 B A s R B F . kR
BCAENR TR LE W TG B R AR AR . M T
IG5 A J22 22 [i] 1 G 235 2 0 2 R B - 25 5 T, 3G i
BEIREE 455 R4S ). R TR Bk
J7H R Hindo! '™ SR il i FE /K b 325 % B 2 TR e+ kG
S50 VEAT o B AL B B TR AR B W BT B 5T
T B R A B BT 2 TR BE bR 45 A s A A A
coimbra K2#1% Eduardo NBSJ 25 A8 Wall JSH |
Cleland D J“" SR FH 6 B 75 WD 125 D)8 125 0 3 i ks
25 THT A RLRE R B2 L 90 AS [m] 52 el PR 3R 6 TH R 86+
KEEEPERERYSZ I o 3 B AT 5T 45 2R 3% WY DDA vk AR A9
EWEH A MRCR L. HAETH PCHG — R A5 3%
T 0 I R R TR AN A AR TR A ) Y A T
ASUAA 87 B B Ak B S i BOR DD R AR E
W B R BE 1 Tk .

3 EHES
LA B b — A KR R S T X

23R SR 2H R HAR VRS A2 16 m, Bt A 0 A
%Iﬁa*ﬁﬁ 12 m9$‘$§$‘rﬂ 3 ilﬁv&ﬁ%&ﬁm 12

Fi F0URE 7 TR B - 23 0 B 4R 21 A . TR 42 B DT AR R
I 900 3 FF LR O IEAT B, B e BlE A
WA R SF W 5 iR . TR BE R C50,
TN 79 28 26 R e o R AR AL S AR 48 4k HLAR 4
15, 24 mm, BRI BEARUE(E £ =1 860 MPa, &
PSR T A5 B ) B Geon = 0. 75 f i » MM SRR T 458
il B ST B 0con = 0. 55 f oo AT TUBE I3 A5 R FH AT K 245
UL 3 A3+ A8 1 T A7 3 SR FH G RG24 TN ) A ¥ R
SRR 1. 1) T ) 7 04 A R S LA BT
B o ) B ) A A TS A A 0 A B R R
2 m, JE TR THORIRAUIE % 12 em b, |V & A & 1
W EAERR 2 m A B HAE 0100 IR AL,

5
10

80
5,10.5,10,5,10 .5, 1

6l

15
10

100

5 DLEHH W E B SRR L= OREEER

Fie B LR BTt — B S O AR SR 1 R IR R T
Y ATBLRL, W 6 Fr . AR R E R T S A
TG WU I R AT 2R BT, 2 F 28 O R A A8 T
AR IS 595 5 22 1) ) B B T A 40 3% PR o0 KRB &2
JE s ANREAZ AL, RER AT B ADL I 28 0o B 2 3 432 B T
32 J3 1 B . 25 BT 19 R I8 1 43 i) A CRR B
(JTG D62—2004) A1 N7 A4 A6k 119 1 J5 AH X iz

Eo6 BEARTER

A FRITM M 45 2R s o X 1a) T A3 TR B 4 250
BORTE 2N 8% TG A R o HOR 2R ) i FROR 25
SR LA FIE B O BROR S AL A R4l E



http://gks.cqu.edu.cn

128 TR K FFER

35 %

IR AR AR 1) AN G 1) 64 1 7 0 AR B AR 1
N e AT LATE 7R A 20 T WU 1) G
EW— A~ T80, B B9 35 18 B 2 0 TR N T, A
2.58 MPald [ fiff % s BEHF ) 76 25 Fh AL & 1R T
LR R R i 25 B /D 0. 16 MPa, 156 B A8 [m) T8
S 3 B AT B RE % 1T S 2 A A 28 A P T SRR A 1l
ISE A3 RN S A7 000 Bl 1k SRR R A 1) SR 4 1y e A . DT
i LA £ 2 o Al R B T A7 A T IS T A s i T

I BCHE B TR VR A M TR AE AR R0 ) 1Y 1
o B T A A

Bl 7 R T AR IR IRAR S A A S
YERITR - B 30 g 18 #E 1 25 0 iR B AT B ) =
Kl o3 A . B & B R AR N I 43 A 7R — 0. 16 MPa
~—3.51 MPa Z [1] , 1fif == &l ¥ & 7 88 K W F) Fl
BERAL N 3 W3t J7 5k 60 7 it o e g 4R
T L

F1 REIFHHEATRAREARELZ=ORBRNE N6

T&
N 1
ALY A /MPa K4l 4/ MPa AL 5 /MPa
LA 18] . ST o, —2.58~ —10.5  —3.67~ —8.80  —3.59~ —8.77
BB 18] 5 1 o —0.16~ —3.51  —0.36~ —2.38 —0.32~ —2.12

MIDAS/Civil
POST-PROCESSOR

SOLID STRESS
SIG-YY
5.87793e+000
- 4.12803e+000
- 2.37814e+000
I 0.00000e+000
- -1.12165e+000
-2.87155e+000
-4.62145e+000
-6.37134e+000
-8.12124e+000
-9.87113e+000
-1.16210e+001
-1.33709e+001

7 ARBENBRRSEFESERTRAZE

45

DX PCHG (9 1) & 4% Fi B 48 5 3 38 th —
ki A PCHG , BV D E 95T i) 0 1] i 1 g JF L Ve &€ +
2 OMRGE . B SR DT C T 15 5T ) AR B i
T G BLEE NG F 5 N R ) $50N g . 98/ PCHG 7E
A AT BAE R B 1) 2 T ) RIS S B Lk G 1) 2 Ak
(977 A e ik B g B 3 e ST By T 4 0% 1) 5 L T
FIIREE L IR TE AL - PR IEZS O B 32 9 AN — 355
FEAETOUH >R FH V)R 3 JF Al 388 o 5% 14 5 475 1 47 2B 1
K2

2) A BRIT A3 B & W1 il Jan A8 ) 500 g 14 2 o0 AR
AR A A AR AE R S R 1) 1 g W 0N TE R I R
ZRE 7 FROIR A B AR 2 A 3 2 TE R AR BRAR S
MHAA G MK A A, Z/DAF7E 0. 16 MPa |1y JE )i
T3 ARAIE T VG FC S T A AE TR ) B[R] B B Lk TR
YN 1) S 4% R A e G .

DEREH T MM PCHG 458, (B 5 164
e T 518 A X X Ah a5 i e . il TR R
Tia] 87 3 1 DG JC S50 A B 7 5, 33 BT R s 0 AR R 1Y
Mmoo RBOIT AR B R BT A A TS
LRI R AR R TR EE AR
WA . 3 A0 BT BTN 77 25 0 AR 2 1 3138 A R 24
4 3t 75 B < DG TG B T B 7 SR A B B RSP R
JIN bR ) A A N T A A Y Ta) R DL R S B K
ol S A T ) o A O B it T B R R L A R —

2% UK -

[ 1] o s R 2 T 5% Be. Y090 48 P9 o o 8 I b iR
W25 00 B R I L R 955 5 e 1 43 A LR . e &L, 2009,

[ 2] Schnell J, Florian P, Ackermann D, et al. Load
bearing capacity of prestressed hollow core slabs on

flexible support[J]. Beton-und Stahlbetonbau, 2007,



http://gks.cqu.edu.cn

% 10

EERCF AMAEARENH AR S RE LTS P RT 129

102(7) :456-461.

[3] Hsu T T C. ACI shear and torsion provisions for
prestressed hollow girders[]J]. ACI Structural Journal,
1997,94(6) . 787-799.

[ 4 ] Pajari M. Shear resistance of PHC slabs supported on

analysis [ J ].  Journal of Structural

Engineering,1998,124(9):1062-1073.

[ 5] Pajari M, Koukkare H. Shear resistance of PHC slabs

beams. ] :

supported on beams [ :tests[J], Journal of Structural
Engineering, 1998,124(9) . 1050-1061.

[ 6] BRAIEE. R BE 4 25 00 MR 3 I AR G 1) BLEE X S5 40 2 5 1
WAL B, 2009(3):53-55.

QIU Lirui. Impact analysis of longitudinal cracks in
bottom plate of concrete box-beam to structure[ ] ].
Railway Engineering, 2009(3): 53-55.

7] & THELBESC. SEokik BN ) 1R B 4 25 0 AR SR 9 1) 24 5%
Srprl)]. A 8%,2006(10) :52-53.

ZHAO Weiguo, XUE Wen. Research of longitudinal
cracks of pretensioning prestressed concrete box-beam
[J]. Highway, 2006(10):52-53.

[ 81 Akae, ittt 2. e o ) 32 25 0 b B2 1) 34 4% 43 A7
[J]. AR 1% ,2006(5) :55-58.

Li  Changrong, ZHOU  Shijun. Rresearch of
longitudinal cracks of prefabriated simple-supported
box-beams[ J]. East China Highway, 2006(5):55-58

(97 XBKRAM. F M BUR ) 25 0 B 32 2455 J5 IR 43 B B 4 #2
[T, S8 BF 5 B5 k. 2009(7) : 180-182.

DENG Dawei. Cause analysis and treatment of crack in
presstressed hollow plate beam of a bridge[ J]. Urban
Roads Bridges&.Flood Control, 2009(7) :180-182.

L1070 X &, FoBr i, B HE ve. AR SR AR R 52 007 B B (8 o3 B

L] R e p i, 2004,14(1D)  25-29.
ZHAO Man, WANG Xinmin, ZHAO Yake. Numerical
analysis on “single plate bearing” of plate girder bridge
[J]. China Safety Science Journal, 2004, 14 (11):
25-29.

C11] SRR REF. 20BN B 01790 PR K
INE AL BEFE LT ] AR B % 4l A AR 2R
2008,36(2):118-121.
HUANG Minshui, ZHU Hongping. Study on
mechanism and reinforcement processing of “ single
slabbearing” disease of hollow core slab beam bridge
[J]. Journal of Huazhong University of Science and
Technology: Natural Science Edition, 2008, 36 (2):
118-121.

L12] Brelfe. =5 .OM AT 30 R B2 32 03 40 17 B T iy 4 it LT .
T AN, 2007,27(3) 1 118-121.

CHEN Jianhua. Force analysis and precautionary

measures of single beam in box-beam bridges [ J].

Journal of China& Foreign Highway, 2007, 27 (3):
118-121.

(137 #aichl . sk 2= 0 , Thue, J0 R ) 25 0 AR RN 1) FF 3452 )

SIHT R 4 AE [T 2SS 5E B B B R AR
2009(8) :39-40.
YANG Yongcan, ZHANG Xuefeng, MA Ye. Force
analysis and strengthening maintenance of prestressed
concrete box-beam with longitudinal cracks[]]. Journal
of Highway and Transportation Research and
Development; Applied Technology version, 2009 (8):
39-40.

(147 faf AR )™ 9007 g TR A0 T2 08T 4R 11y B T ikl 48 0%

PRI, Bl 5. 2009(5) : 64-67.
HE Xuhui, MA Guang. Geometric shape control of
precasting of PC box girder segments by short-line
match method [ J]. Bridge Construction, 2009 (5):
64-67.

L1657 @A T7 . 8 X i, 55O & TR BE A 25 P hr 1 58 1
R HFFE)]. AR 2] ,2001,22(2) :51-56.
ZHAO Zhifang, ZHAO Guofan, LIU Jian, et al.
Experimental study on adhesive tensile performance of
young on old concrete [ J]. Journal of Building
Strutures, 2001,22(2) :51-56.

[16] Hindo K R.
preparation of concrete [ J]. Concrete International,
1990, (12) :46-48.

(171 ZE 05 oK R, SR AN, B IFTR 6F £ 5t 1m0 45 A RS 0F
FELT]. BB TR 22241, 2006, 28 (12) : 34-37.

QIN Mingqiang, SHUI Zhonghe, ZHANG Jiangang.

In-place bond testing and surface

Research on the interfacial bonds between the new and
old concretes [ J ]. Journal of Wuhan University of
Technology, 2006,28(12) :34-37.

[18] Eduardo N B SJ, Branco F A B, Silva V D. Concrete-
to-concrete bond strength. influence of the roughness of
the substrate surface [ ] ]. Construction and Building
Materials,2004,18(9) :675-681.

[19] Santos P M D, Julio E N B S. Factors affecting bond
between new and old concrete [ J |]. ACI Material
Journal,2011,108(4) :449-456.

[20] Cleland D J,Long A E. The pull-off test for concrete
patch repairs[J]. Proceedings of the Institution of Civil
Engineers: Structures and Buildings, 1997, 122 (4):
451-460.

(217 v AR U A 5 . 2 B W s A 1)« 25 i =X 760 i
JIMRBE LR 25 O AR AR O 5K B a4 [M.
Jbat: N RS Rk, 2004,

(% HB%E)



