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Structural Performance of Reinforced Concrete Pipe Repaired by Cement
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Abstract: The trenchless rehabilitation technology of cement mortar spraying can improve the
mechanical properties of pipelines, and currently is widely used in China. In order to further explore the
effect and mechanism of mortar lining repair technology on the pipeline, a three-edge bearing test was
carried out on a repaired concrete pipeline of diameter 1 m, vertical deformation 14.7% , and lining
thickness 50 mm. The law of pipeline crack initiation and bearing capacity variation after repair was
obtained. Based on the test results, a finite element model was established to analyze the influence of
mortar spraying thickness, original pipe deformation degree, and reinforced inner lining on the repair
effect. The research results show that the increase of inner lining thickness can improve the bearing
capacity of the repaired structure, and the repair effect is better when the original pipe is less damaged ;
the reinforced inner lining can improve the mechanical properties of the repaired pipeline and the increase
of reinforcement ratio can increase the repaired load. The closer the reinforced location is to the inner
surface of the lining pipe, the higher the crack resistance of the structure and the lower the ultimate

bearing capacity of the structure.
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Fig.4 Stress-strain curve of fiber-reinforced concrete
3.3 HEMmiER

AP BN AT 5 A 8B 2 (A ) S R
KFRIAT TS, AR RP B AL B A E O, AR
Shi 251 5 A h 4% FL TR R S I vERf . bR A
ABAQUS 1) Cohesive BRI Fp F AL ELSE 1T 5R
fIE, ST 58 FE FURE L5 B2 2 Cohesive #5078 H i 7 4
TS MRS R G AM BRI X, D IR
55k BN Ao 5 D A S T R) A0 B i BT b o B Ol
0.95 ~1.86 MPa,
3.4 WHHRHP EHEBER

HP &SR T35 7 2 S0 WL BT 5o MR A0 1
SR 5 (a) AIEN, N#R G HP SRR &4 TR
M, A T A IRER A N ™, 2 A T
RZ5448E , CATZ A — DA SE AP R JE X, 7R
PR T I T I RE i ek g A4 05 2 AR A ok
W INER S5 HP 45 10 AR5

KR 5 (a) HP 45 SDEG 7 [ Ko 45 9 ¥ X Jaf xof
I A P AR B SR T RRUIMAS 2% 338 45 30 A5 ) 1 2
Prim ZEL SDEG ™ I 7L T
S SDEG, - V,

w _i=1
SDEG ™ = m

total

Arpr VBB AR I A, m’
VB T AR A B T, m?

total

&y

(5)

- 35 .



%365 %204

T OE % K H K

www. cnww1985. com

SDEG—45 18 B P H (5 2 g
Bl 5(b) 2l (5) AN ARAIE &4 T E
EAFOLEA B (CDV) o a4 HP & 9 A%
JEE % 30 mm B, 45 T00 457G R A I 46 A8 6 IX 3k rp
(955 SDEG (SDEG * ) 43314 17% 29% 1 20%

SDEG Amount CDV_,

099 600 546
4.00
1.00
0.50
3.00

0.82
0.74
0.66

3.28
0.74
0.33
0.58
049 025
041  4.00

3 4.00
8.00
12.00
6.00
4875

1.74
0.12
1.64
1.32
2.00
1.92
0.48
0.17

091

SooOooo000
S e b
REABEELRES

100 ¢

- E T
o R
- B IK

80

60 |

CDV/%

40t

20t

80 100 120
A/mm
b. BB HAL CDV A

60

5 HP BEHMEITESELA

Fig.5 Example of equivalent value calculation method
TR HP 45 9 27 e 39 st TR 5 A48, R3] S
THEAE R 50 XA RN ) - AR 2R ILIE 6.

8
7
&3 6 \\\‘\\\\\\\\\\\\\\s\\\\——s\\\\\"‘““‘s§—““““s§—“\§‘
E 5
= 4
=3t
2
1
0 5 10 15 20
N A% 1%

6 R{KIBAIRIRE S - REE 4
Fig. 6 Tensile stress and strain curve of the damaged area

3.5 HEVEMIMEIER

P 7 g HP 45 RP 45 A £ fE R0 -5 1056 A
PR, R BRI 2LX HP A RP 45 B RADL 5 SR A
RIRZERA — & M 22 , e TF X LGN, HP &R
RP 45 AR RRADUFI 56 O 22 32 97 /] , HP A7 D8 (L 670 £y
RmZERN1.15%

—HP i — HP FHUE

300 —RP EiRE{E — RP E L
= 250
g
= 200
-
< 150
=%
iz [T00
50
0 051015202530
0 20 40 60 80 100 120 140
{3 % /mm

B 7 HP RPEMIXIEFIRBILER
Fig.7 Experiment and simulation results of HP and RP
pipe

4 BALAEINLE R 5
4.1 BUREEEHL

B8 SR T N BEJR 435 25 .50 .75 #1100
mm [ RP 45 1473, - AE I, ol L& D RS )
EREJEIG R B S5 MR E O WAEI . 7RI RIX
(TR Pl v, A8 0 55 s AN [R) 25 140 1 45 16 1 25 A )
J&Z,25 mm XL TE B S5 H W BE S 93.75 kN/m, 4
PP IZEERGIN 25 mm , 4538 25 44 W B AH 3G i 60%
152.19% F1 500. 0% . Bt W BE A 3G n, 480 18 7 A= 1)
EISAQUR LI

350
300 /-f“**\
250 o
= 200F|/ w— -
= / .,
% 150 f'/
= L —-25
= 100 50 g% 50
50 —75 mm
== 100 mm
0 10 20 30 40 50 60 70
12 # /mm

a. S8 AT AR F% it 2k b. 244 DR 2k

B8 AREEEEETHEH - Bk
Fig. 8 Load and displacement curves under different restoration

thicknesses

5 —J7 T, B HP A A AR R K 805 O 264. 3
KN/m , BUERAUET R LW, 75 mm @03 N R B R
Je BB B R B RE ST T R 10 A 100 mm 7
WNRHMB I 5 A R IR A B WA= R 17. 2% ;
MR 100 mm @03 AN AU O i , T HL 2> 48 18 4
ST 18% 3 im MIAR o b P DL , A 3ok 5 i
AT WARFE BRI E AT S MBS AR A
4.2 HPEERREE

RIG LI A R FBAYULE R, 2 HP B K,

- 36 -



www. cnww1985. com

S BN, 5 ARPEY R RS AN A R £ AR

%365 %204

MR = P RE D AR ME £12 o 5 30 A0 7R 20 RE 7, D ek
A7 HP AL AR E , FFE M TR SO mm iy P RERD J X
HP 8 A SR AU ZE R ILIET 9

HP i B A 2%

2 4

68 10
AT L (%

12

B9 RPE&MWREAESN - HP EEHIRE ML
Fig.9 Curve of bearing capacity of RP pipe and deformation
degree of HP pipe
H11& 9 FI A1, HP 45 01 i AR TEAE O ~ 6% IHE
SR AT, I HLE T A0 TE AR B 18 52 A58 SR 1) 5 i
B MW G AR T M 3L 6% I, 16 5 )5 305 B B AF
22 BUE B2 R R HP BT <2.7%
HF,50 mm WP A& B J5 4 T 9 B K = T HP A5 0 4R
AR IR AR ST, — BAFTE R 2. 7% ,50 mm 03 4%
02 A T R AT T R HP 45 SRR R N 445 44 5
i, RGBS IR, ol WLk 4 38 118 &2 1 i)
SR E T, AR EE R SE R, 15 2R PR R )
(P,) 5 HP IR (A) KRR, I FRFR,
Hrb R {624 0.998
P, = —0.120 6A* +3.347 1A% = 30. 724 +
321. 14 (6)
4.3 mEEEHE
10 (a) F27R Sk P4t 12 H AR 7 0 B 6 RP 45 7
BIHRE 255 R Y R el 2 N 2R T S
(d{H) 430 15 35 mm B, RP & (14 ff ] oy 28 3 31
h 86.4 .72 kN/m, 5 AN 506 52 4 W KR B (47. 8
KN/m) AHEG, 28 SIBE AN T 80% Fil 50% , 1% B8 7o 4k 154
T 9.7% M 23% . w] W, d {8/, 1B 5 & iE
FE BB A B BEAR P RE AT, 1T B PR 407 2K
K 10(b) 37w d {0 35 mm BHE 5 HAR B 5%
3£ i N A A TP G A SR 1 AR Ak, XY G 2 p (ELST 0 N
0.063% .0.393% .1.01% F1 1.901% I}, RP 45 iy %
P31 15 A% T A3 16 245 A LL 20 i R T 2. 36%
8.54% 22.18% F1 39.77% , 5 K415 HP EAH L4
HIRET -12.48%  -7.21% 4.47% F119.50% .

LR B R AR 5 N p 2
[FIFEAE R AP SRR U A A0 -
P, =469 x4.435( £0.853) xp +
227.313( £0.853)

(7)

300
250
2200
2 150
EWO — W
50 d=15 mm
— d=35 mm
0 10 20 30 40 50 60 70

a. BFR A 5 0 7R 3B T B4 B2 )
P=4 69x4.435(+0.853 ) xp+227.313(+0.835)

li@%\s
b

10 s 20
TE A1 %1%
b. L A 5 0 7R 4 B ) A 1

0 0.5

E10 MmEFfEERRoSH
Fig. 10 Reinforcement repair effect analysis

5 %

A I = 1004y B30 A BROTAR Y 73 A v ] LA
R NS

@ BT R A TR I
FU R AL, B 1B SR A v S B S S AU
FE i AR

@ EOHE A2 TR RS I RT AR g T 2 )
JEFIR B AE

@ HP EHWIRZTETE 0 ~ 6% & S BOR L
4. HP EWIR IR E <2. 7% I, 50 mm I E
52 J B T 9 BERE v T HP RS BRAR 2 ) 5 24728
o >2.7% i 6 52 5 45 T8 0 AT R I T i I
ABEHG SR A TR, RIS IR

@ NAHZ S R 18 R A E AR e
S5 77 0 [ o R AT N A N SR T 1B R 5
TSR 5 JEE AR £y , A PR 28 AT o

Sk
[ 1] CIJ181—2012 3 SR HE /K 48 3 A I 5 PP Al i A LA

.37 .



%36 % %204 P 2 K HE K www. cnww1985. com
[S]. dbmt: b EER Tk R4, 2012. 2020 - 03 - 23.

CJJ 181 - 2012, Technical Specification for Inspection
and Evaluation of Urban Sewer [ S].
Architecture & Building Press,2012(in Chinese).

Beijing: China

[10]

Najafi M, Sever F. Structure Capabilities of No-Dig
Manhole Rehabilitation Products [ M ]. USA:. Water

Environment Research Foundation,2015.

[2] FURM. FEORFNAE B A 2B H8R [11] GB/T 11836—2009, J& %t + 5 4K #7i 18 % + HE K 45
WFFE RS AD ] AEAT: A E 5ok, 2017. [S]. dtst. o Fk o, 2009.
Kong Yaozu. Study and Application of Cast In-situ GB/T 11836 — 2009, Concrete and Reinforced Concrete
Method for Pipeline and Manhole Trenchless Sewer Pipes [ S]. Beijing: China Quality Inspection
Rehabilitation [ D ]. Beijing: China University of Press, 2009 (in Chinese).
Geosciences, 2017 (in Chinese). [12] Fuente A D L,Escariz R C,Figueiredo A D D, et al. A
[3] S dEFiE L= (M), dbnt: ARSHE R new design method for steel fibre reinforced concrete
#L,2008. pipes[ J]. Constr Build Mater,2012,30:547 —555.
Ma Baosong. The Science of Trenchless Engineering [13]  Lubliner J, Oliver J, Oller S, et al. A plastic-damage
[M]. Beijing: China Communications Press, 2008 ( in model for concrete [J]. Int J Solids Stract, 1989 ,25
Chinese) .
(4] IR AT IR ], i AR (9):299 326,
N . [14] TLee J, Fenves G. Plastic-damage model for cyclic
A3 H RAL,2014. .
Ma Baosong. Trenchless Pipeline Rehabilitation and loading of concrete structures[J]. I Eng Mech, 1988,
Renewal Technology [ M ]. Beijing: China Communications 124(8) :892 -900.
Press, 2014 (in Chinese). [15] Birtel V,Mark P. Parameterized finite element modeling
(5] . KBTS el e 5 T - T ) 4% S T of RC beam shear failure[ A]. Proceedings of the 19th
SRR [ D], JE5t: B E LR A2 2019, Annual International ABAQUS Users’ Conference[ C].
Zhang Haifeng. Theoretical and Experimental Study on Boston:['S. n. J,2006.
Structural Performance of the Sprayed-on Cement Mortor [16] Blanco A, Pujadas P, Cavalaro S, et al. Constitutive
Liners Rehabilitating Precast Concrete Drainage Pipe model for fibre reinforced ~concrete based on  the
[D]. Beijing:China University of Geosciences,2019 (in Barcelona test[ J]. Cem Concr Compos,2014,53:327 -
Chinese) . 340.
[ 6] Water Research Centre. Sewerage Rehabilitation Manual
[M]. UK;Water Authorities Association,1983.
[ 7] Zhao ] Q,Daigle L. Structural performance of sliplined
watermain[ J]. Can J Civil Eng,2001,28 (6):969 —
978.
[ 8] Shi Z, Masaaki N, Yoshifumi T. Sewer Renovation in
Structural Analysis and Renovation Design of Ageing
Sewers[ M ]. Berlin;De Gruyter Open,2016.
(9] BAEZ, ShORbs, skl 4=, 5. A EIE S N &G 5%

152 J1PEBE BTk [J/0L ). W /R Tl K22
#i. http://kns. cnki. net/kems/detail/23. 1235. T.
20200323. 1411. 008. html,2020 —03 -23.

Zhao Yahong, Ma Baosong, Zhang Haifeng, et al.

YEZ BT S (1994 -
FHE, EENEATHEOIR TAE,

E - mail : 735176822 @ qq. com

W= B H#7:2020 - 06 — 12

Mechanical behavior and calculation method of interface
between host pipeline and lining [ J/OL]. Journal of
Harbin Institute of Technology. http://kns. cnki. net/
kems /detail /23. 1235, T.20200323. 1411. 008. html,

.38 -



