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Development and application of frost-heaving fracture damage
mechanical model for concrete lining channel with arc-bottom
trapezoidal at high groundwater level
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Abstract; [Objective)] Based on the liner elastic fracture mechanics, this study explored the frost heave
fracture damage mechanical model of arc bottom trapezoidal concrete lining channel at the high under-
ground water level,aimed provide to improve the design of arc bottom trapezoidal channel lining. [Method])
The concrete lining of high groundwater level arc bottom trapezoidal channel was simplified for the simply
supported beam structure and established the frost-heaving mechanical model. Considering the defect of
material and combining with the fracture mechanics theory presenting the high groundwater level arc bot-

tom trapezoidal channel frost-heaving fracture damage mechanical model. Using the theory of the fracture
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mechanics and structural mechanics and considering the normal freezing force, relevant internal forces of
arc bottom trapezoidal channel lining were calculated through appropriate simplification and the failure cri-
terion suitable for fracture mechanics of arc bottom trapezoidal channel lining was proposed. The frost-
heaving fracture mechanical model was also evaluated using numerical example. [Result] Channel lining
plate frost heave fracture fit the [ -]l complex style fracture, and the lining plate thickness of channel
shady slope,sunny slope and channel bottom could be calculated using the established arc bottom trape-
zoidal channel concrete frost-heaving fracture mechanical model. Calculation examples proved the frost-
heaving fracture damage mechanical model for arc-bottom trapezoidal channel at high groundwater level

was correct practicable simple and useful. [Conclusion] Arc bottom trapezoidal concrete lining channel was

structure with small frost heaving force and frost heave deformation was superior to the trapezoidal channel.

Key words:arc bottom trapezoidal channel;high groundwater level;concrete lining; frost-heaving dam-

age;fracture mechanical model

KR NS LA A A7 W) o BR il K SRR R =
BCRHI AR E ST R RN RZ —, — 2R
BRAK T 3 A —J7 TR K IR P e AR . A
T H (5 ARl H K 90 26 114 T I FH 7K H AR R AU
HA 40%~50% i KK E K2 k3] 700 ~80% .,
FErp SR TE B U 100G 0 7 BRI K 45% . R T
U /8 T o 7 Lk R T R Y A B R R KR 4+
AR Z R B RIEA S I E s 7 — 2
WFFE AR o A5 [ T3 R 4% RO 2K TR
AT ) S E L AE R E W S DL — 1 BRI
W T 1) TR B & U AU GE s Y . 5 — BB
TV SR 38 AH EL L DI B B 38 N (A 1 5, 1 FL /K U
A Vb RE )0 e ) R IR BEIE 454 2
SNV ORI T 53 A 4 5] BT OR K PR B 4 TR E HC 2
P2 A7 RE 15 . TRE TR APE K, PRI g o 52 98 E X IR
BE AT 2 N BRI B e Wi 2 — . EOE T A
A4 9IRGB0 TR TR BB 1 25 1 11 1k Dy S U TR 25 4 L 2 11
TR B TE 1 VR K T 2 00 B 900 3 T Wi 8
A RS HE ST R KA I B T A B 4 1 %) o K
Wy 2R A,

P08 SR TR BE 45 0 SRR UL B Bk B 2 X
SR 1) S R R 7 A 24 4 2 AR 5 R N TR
AR AR B 1 fEH Y % 4z
1. IR EE AT T NIV ARL B T 4 kHE PR
Jiti T 5 T A SR DR S A it TR AR AR A Ak L X s
B A7 AR B 2 PR AR T S5 A AT R SE PR . TR
AT A AR ) R B R R A I R K T T R
Y1) VR 45 1 45— Z 90 I3 iy S W AR F T & AR L e X
— R TR AR B R s R B AR AR A
TEIX S S VR T R Fa Y g, de 48 5 BURT ) 5L 45 1)
YR IR B LA A 57 AH 7 A 5 K DBy 54 7 = A5 A A R 0

B R T A/ TR W R BE A ) A R I
2075 BER B R T b 5 R M DX I B O
JEEBEIE SR8 . H AT i R DL 5 22 A 3 N A R K W 2
FRAL . O ARBF S AE AT i R Al B B R
TR RS By 10 SR BE A< W 28 T S I S5 R T A
PURVER IS, 38 3 T 77 8 4 25 21 3R IO 9 SI0 B B
R PEAT T BE— 22 152 T3 0 B RUE 5, 3 10 T
KA IR 6 T SR T 1 5 K DB SR g A MY AR A AR
TR BE AT IR R IR AR -1 2 B0
7R A1, SR i P52 B8 IR AR Uk 18] R 45 T A 5 Y
(DA R LR TR S (P T R A R N B o
SRR B B HE AT — 28 81 9 KG iz B3 S Y o
T o835 . DU O 52 bR TR b B R 0% 0 A 4R Y i
SRR S H K.

1 DRE R G5 A A DBl 224 1 DU

Xt TR B A W AR R L SRS I K R
FEEIAE R R E o DRI L AR BIF 5 N IR 2R g g i) B
W ¥R F 53R B e B B R B B IR AT S s R ST
J7 SR EE R IR HE D AR 5] R v 22 R e
Wi 2B E (K i) A DR ) SC3 J3E 45 B+ F 9 TR 5 £
AR B IR " A7 2 o X T U2 A i AROR B B IR
B AR A S R AS R R T 5 1R B R
U RS — e ST AR A K <K s REEIR 5
K=K i FORE; Ky > K s8R, Hob K o
IR IR BE A (P R A L e T S5 A ) 1 B
TR EE R T 5 K i o 2308 TR BE A 4 85 Al CFE T A
ERE T YD W R o LIy
Il e 7R TR B e W M ke A B R T BRI IR AL AL |
I YRI5 H) D) | [T R R (e 27

X IR Aok B AR R L+ [ BN A7 A 3 ) R K T



%13

A WA R RS 9IRS b T TR B e 180 3 T R i B SR A g < A A % N T 215

RYI RSy, PR SCRRELER T AT 2 i,
BT 1 -11 52 4 L %1070 5245 70 I 20 6
2 0T HEBT S 0 T SR P T« EL LA
BEPE SRS
K,/'I +K‘fﬂ >Kfl4-o QD)

ARTIFIE B 5 1 S 9IS BT 8 A1 45 60 B
Y P (005 5 BB 5 S0 46 6K 27 880 o
1 5 I A4 2 ST ) B O 5 0
CEPIE L
2 R ARALIIR AR L IR BE 1 ) 4

18 Y PR g 2 A A

W U S B T R 4 1 40 1 0 1
S0 SR B T T L 5 o KA A
FE 1 5 46 7 e P 5 S S T 4 1154
SRR AR LA A T LA B 5 M 1
R 1 PSR AR B T £/5 R £ %
B A5 AR 6 ST R 1 DA
R 71— /> B A T LR 5 47 R
BB SR AR 98 5~ )¢ s AR TR 20 B
BRI B0 2 B 0 04 . AT TR
B b 0 B 5 4 B B AR G
BAE B F AR I B A LB e
AP 1B S LS AL
b B TER c HURE L A 2o o —

BT IR R IR TR BE b ) 7 I s
Fig.1 Concrete lining section of arc bottom trapezoidal
2.1 RERFK S FEER
IR o6 12 1R 5 e ) 2% B AR ) 1 B 77 T 4 T 2
JIr 7

qm”\]\m
N,

= I
B «— A4
! I I ws
Ny FA

B2 SRR IR TR BE b4 ) S 3 AR 1 52 3 43 7 [
Fig. 2 Stress analysis for canal slope plate with arc

bottom trapezoidal concrete lining
HH &1 2 AT BB N AT LR R O
. 47 1 . 1 1 b

Fit == 5ot 55t s 5 =0, (2)
Fa= %q [— 15—6Tb : (3)

N, = el + st )
N:-:%rmlo (5

AUty B A -5 b SR R B R YR

TR B R A 189 5 F1 s g SR U AR R 3 A B T
1) VR 1K T3 B8 B KABL » o 9 U0 1) UR &5 1 f RAB . 0 R
IR IR RE L N, O TR L AR A B T AR I
T BT ST N, S B iR H T IRAR B2 R .

4 VL AR B RS 4 4 b SR
AV A 3G g 5B R ) o
A0S0 BB 1 5 M S L

I 4 25 Q S B AL 455 A9
U R B 347 40 99 1) B

4
q
M
C I
2113 l L
F,

P 3 8% H IR ALY Jm 8 32 0 23 T

Fig. 3 Local stress analysis for crack

0

v



216 P JE AR MBI A2 4R (A SRR 2 B 543 &

[P 3 7 0, 1SR A B B 50 b e
%@m%ﬁh4ﬁ%%ﬁ-

2 2 2, b
Pagimgt) by e 5y
St et Sl M0, ()
M=— 2l P bl %
XS5 AL R 50 b U 4 e
QH XF
1 2 2 1

1.2 2, - _1 o
Qi 2 3 G max 3 Z FA 72qmaxz+16rmaxbo (8)

2.2 MIRIRAFRK S FEE
IR AR A 52 71 53 fif R 18] 4 Fms

K4 SRR 152 1 43 B 16 18
Fig.4 Stress analysis for arc slab
PN\ T AR O = W RV O S S
M=o, €D
) +N,[r—rcos (a—8) +

N,r sin (a—

L %rmax[r*rcos (a— O Jrdg—

J;(Jmexxr[sin (aig)]rdﬁiM‘g:Og (10)

72

ﬁ@rmax[r*rcos (a—0)]rdg="2"
a a

2 2

[a —0
2

—fsin (a—6) +cos (a—e>—1] 1D

qumax 7’[Sin (afﬁ)]rd(?:

a7 [ 1—cos (a— )], (12
AP ar KR o S B AR BE L M, Sy SIS AT =
60 Jb S,
IR A 0 b HI 85 T Qy -
> Y=0, (13)

Q— L Z;z'mx[sin (a—® Jrd0—N, cos (a—0) —
N, sin a0+ | [ qunrcos (a—0)d9=0. (11)

ﬁ %rmm[sin (a— O Jrdg=

Tmax r[

—@cos (a—0) —sin (a— ], (15

a
ﬁqmaxrcos (a—di=quuxrsin (a— 6, (16)
X PR L0 BUR 00 AT
rZ

. a Tma
M, =N, rsin a+2N,r * sin® ?+L
’ a

2
<%+cos 0(—1)—2qmaxrsin2 2. an

2

Q, —Tmex * 7 —sin a) TN, cos a+

Qmax7SIN @4 (18)
Ao M, SRR A s Ak B S s Qo A VRS Al
RE 8 g,

3 SRR IR BE At i A R Ji W7 2R
=S it

N, sin a—

3.1 RFWMETR A FEE

TRBE AT B IR W AR K ) U RS ) 3k
[ YR 45 3 55 — F 50 3 A0 538 R AR A A & LR
BEALHE 1ok P, AL T DI AL BT LUE T 1 -1
S 4% TR0 W 24 2 R R O T ) W 2 g < o U 4 G

(DR WO 52600 A

KfT+Kf]']:K/I(o (19)
;H\:EP 9X‘T K/‘] 9%:

,1:%4@1:(‘—‘)0 (20)

KM AR bﬁ*fiﬁﬁé‘]&fﬁ*li%ﬂiﬁf”? HR AL 1Y

TR MR RAERE  F N REERE s MR
JERE b i R AR R A A

F(—)—l 122—1. 4><< )+7 33><<[i)2—

b
s 3 4
13.08(6 ) +14, oox(/—) . 21)
Xd‘ K/u ’ﬁ:
K, =1.121 5—«/ (22)

{h.Q iﬂ%iﬁ*}iﬂ,ﬁ?}ﬁlﬁﬂﬁgl Kb H) i SR 4 TR AL Y B
715



%13

A WA R R K L IR A T R BE b A ) 2R

H 5 i DT 2R A5 IR 3 2 80 I )z T 217

pa) Kﬂ;men‘ AT E— 2D 5 R .
Ko = Vs (%) [144“‘*(%)7
63418q“"x<i>9]mF< ) (23)

K, =1.1215 /;Q«/ns:L 121 5%

[712‘1‘ ( /f >+ 567* ]m (24
LI LE R W18 Kip . (MPa » m'?) 25 &K
R NG R S AE F K E AN 3k
BT K A DR T
K, .=0.097-+0.052| T| , T>—10 C,
{th % SCHRC14J3E B, T<<—10 C,

I — AU 5 (L) S I O R 4 £

(25)

1

5
K 1= L1215 (g o T 57 ) /75

ZT): 6(28418 lllll —%r)ﬁ - (26

W21 2R (26) A A B 1%
OSSR R 0,
3.2 MERIRAET RN FEE

IR T 2 )~ A 5 AR R AL, U R g
B AL BN ) 0 T IR AR T, R g — i B

oy

AR AT SR

TEIURAR G AL R R SR BLL AR B T-1

A T2 2 [n) 8T, 358 B W 24 v ) Sk =X (D)
SR
S
M, JEF(;) T+ 1
K= =6 [
5Trﬂ']x
)rSIn @t Ty Lrsin’ (*)Jr
2
T (& +cos a—1) «/7F(f)
2
— 2@ rSin® (*)]70
a b*
Q227
_1.121 5Q, Vas _
Ky =
Tmax * r(aisin Qf) 7Qmax ° l 5Tmax[)
1'1215[ a Jr( 24 T 16 )
cos aJr%lsma—qnmr * sin a]@o (28)
SR AR A5 =X (19, A1 2 403 8 o] oK R IR
M ) b
4 S

A B 5 3 T R o 25 ST R BOIR B A )
8 SIJFE A6 T 2 T8 O X AT 43 i M B S B 3R
1[1o]};ﬂ]ﬂmo

1 HRBESETRAERBERLFABREZHER

Table 1 Information of concrete lining channel of main canal test section in Jinghui, Gansu

HAEY R/ C Monthly temperature

RIK £ HEIE AL YR/ cm
Canal bed soil Channel parts Frozen depth 12 A 1H 2 H
December January February
BA Y% Shady slope 80 —4.6 —5.2 —1.6
s
KB £ ¥ ¢ Channel bottom 61 —3.7 —4.7 —0.5
Silty clay
BA 3 Sunny slop 47 —3.5 —4.2 —0.6
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