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Tém tit

Viéc sir dung 1y thuyét co hoc ran mit trong thiét
ké tiwong ké bé tong cot thép la mét phwong phdp
tién tién giip danh gia chinh xdc hon kha ndng
chiu lyc va d3 bén ciia két cdu, dac biét khi xét dén
sw hinh thanh va phdt trién ciia cdc vét mirt trong
vat liéu.

Trong bai viét nay, tac gia phdn tich cdc bé phén
két cau ciia cong trinh ké bo dwoc xdy dung tir cdc
coc cir bé téng cot thép img sudt truée va gidi
thiéu phwong phép tinh todn két cau da trén 1y
thuyét co hoc ran mitt. Théng qua viéc so sanh két
qud tinh toan cia mot vi du cu thé, tac gia da danh
gid wu diém va han ché cia viéc dp dung 1y thuyét
co hoc ran nut, theo Eurocode 2-2004 ciing nhw
TCVN 5574:2018 trong thiét ké cong trinh ké bor
stk dung coc cir bé tong cot thép img sudt trude.
Két qua tinh bé réng vét nitt theo Eurocode 2-2004
cho gid tri nhé hon nhiéu so véi theo TCVN
5574:2018. Tir d6, tac gia dé xudt dp dung tinh
todn vét nitt theo Eurocode 2-2004 dwa trén mé
hinh dan hoi tuyén tinh (LEFM). M6 hinh nay phi
hop véi cdc gia dinh vé img xir dan hoi ciia bé
t6ng va cot thép trong diéu kién tdi trong thong
thwong, giup don gian héa qua trinh tinh toan ma
van dam bdo dé chinh xdc can thiét, phit hop cho
viéc thiét ké cdc cong trinh ke bo s dung coc cir
bé téng cot thép img sudt truée tai Viét Nam.

Tu khoa: Ly thuyét co hoc ran nitt, ke bo, coc cu,
bé téng cot thép, vmg luc trude.

Abstract

The use of fracture mechanics theory in the design
of reinforced concrete retaining walls is an
advanced method that helps to more accurately
assess the load-bearing capacity and durability of
the structure, especially when considering the
formation and propagation of cracks in the
material.

In this paper, the author analyzes the structural

components of a revetment constructed from
prestressed  reinforced concrete piles and
introduces a calculation method based on fracture
mechanics theory. Through the comparison of
calculation results from a specific example, the
author evaluates the advantages and limitations
of applying fracture mechanics theory and TCVN
5574:2018 in the design of retaining structures
using prestressed reinforced concrete piles. The
results of crack width calculations according to
Eurocode 2-2004 are significantly smaller than
those according to TCVN 5574:2018. Based on
this, the author proposes applying crack width
calculations based on Eurocode 2-2004, which
utilizes the Linear Elastic Fracture Mechanics
(LEFM) model. This model aligns with the
assumptions of elastic behavior in concrete and
reinforcement under normal loading conditions,
simplifying the calculation process while ensuring
the necessary accuracy. It is well-suited for the
design of revetment structure using prestressed
reinforced concrete sheet piles in Vietnam.

Keywords: Fracture mechanics theory, revetment,
Sheet Pile, Reinforced concrete, Prestressed.

1. Giéi thiéu vé Iy thuyét co hoc ran nit

Ly thuyét co hoc ran nit 1a mot nhanh cia co hoc
vat liéu nghién ctru vé sy hinh thanh, phat trién va lan
truyén cac vét nut trong vat liéu dudi tac dong cia tai
trong. N6 cung cip cong cu ly thuyét @& danh gia kha
nang chiu lyc va do bén cua céc cAu kién khi xuét hién
cac vét nit, mot yéu té quan trong trong viée thiét ké
cac cong trinh c6 tinh bén viing cao nhur cau, tuong ke,
bé chira, va cac két ciu chiu tai trong 16m [1].

Bé tong cbt thép 1a vat liéu phirc tap do su két hop
giita bé tong (vat lidu gion) va cdt thép (vat lidu déo),
nén viéc hiéu rd co ché ran nit gitip dam béo an toan
va d6 bén cua két chu.
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1.1. Dic diém ciia ran nikt trong bé tong cot thép

Bé tong: La vat liéu gion, dé bi niit dudi tac dung
clia tai trong kéo. Khi bé tong bi nut, cac vét nit
thuong xudt hién tai cac vi tri c6 tng suat kéo vuot
qua cuong do chiu kéo ctia bé tong.

Vét nurt trong bé tong thudng bit dau tir cac khuyét
tat vi mo hodc ving co tmg sudt tap trung.

Khi ting suit kéo vuot qua cuong do chiu kéo cia
bé tong, vét nt s& hinh thanh va phat trién.

Cét thép: La vat liéu déo, c6 kha nang chiu kéo tdt.
Khi bé tong bi niit, cdt thép s& chiu luc kéo va giup
han ché su m& rong cla vét nut.

C6t thép giup kiém soat sy mé rong cua vét nut
béng cach chiu luc kéo va phan b lai img suét.

1.2. Céc mé hinh ly thuyét co hoc ran niit trong
bé tong cét thép

a. Mé hinh dan hoi tuyén tinh (Linear Elastic
Fracture Mechanics - LEFM)

Ung dung: LEFM dugc sir dung dé phan tich cac
vét nut trong bé tong khi vat lidu duge coi 1a dan hoi
tuyén tinh va ving bién dang déo tai dau vét nut 1a
nho [1].

Thong s6 chinh:

Heé s6 cudng d6 ung sudt (Stress Intensity Factor -
K): Panh gia trang thai ing suét tai dau vét nut.

Do dai chéng nut (Fracture Toughness - K_IC):
Gi4 tri t6i han cua K, khi vurot qua gia tri nay, vét nut

s& phat trién.

b. M6 hinh dan hoéi - Déo (Elastic-Plastic Fracture
Mechanics - EPFM)

Ung dung: EPFM dugc sir dung khi ving bién
dang déo tai dau vét nut 1a dang ké, thuong xay ra
trong bé tong cdt thép do su két hop giira bé tong gion
va cbt thép déo.

Thoéng s6 chinh:

J-Integral: Do ludng ning lugng giai phong khi vét
ntt phat trién.

P6 mo dau vét nit (Crack Tip Opening
Displacement - CTOD): Panh gia kha nang chiu tai
cua vat lidu khi c6 vét nut.

¢. M6 hinh nang luong (Energy-Based Models)

Nguyén 1y Griffith: Vét nit s& phat trién khi nang
luong giai phong do su phat trién ciia vét nut 1on hon
hodac béng nang lugng bé mat cn thiét dé tao ra bé
mat moi.

Ung dung: Phan tich sy phat trién ctia vét nirt trong
bé tong dua trén can bang ning luong.

1.3. Ung dung trong thiét ké va kiém tra két ciu

Thiét ké két cau: Str dung 1y thuyét co hoc ran nirt
dé thiét ké cac két cau bé tong ¢t thép co kha ning
chiu tai t6t va han ché su phat trién cua vét nut.

Kiém tra va dénh gia: Phén tich cac vét ntt hién
¢6 trong két ciu dé danh gia mirc d an toan va dé xuat
céc bién phap stra chita, gia cb.

Hinh 1. Vi tri cong trinh nghién ciru
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Hinh 2. Coc cir SW840 dung cho cong trinh ké bo

2. Tinh toan két cu ké twong cir bé tong cot
thép ng suit truéce theo Iy thuyét co hoc ran
nut

Hién nay, viéc tinh toan vét nit trong két cau ké
tuong cir bé tong cdt thép tmg suét trudc tai Viét Nam
chu yéu ap dung cac tiéu chuan ACI 318, Eurocode 2-
2004 va TCVN 5574:2018. Trong d6, ACI 318 c6
phuong phép tinh toan don gian, nhung cong thirc xac
dinh chiéu rong vét nut lai st dung mot hé ) phu
thudc vao méi trudng, dao dong tir 0,5 dén 1,0, dan
dén Két qua tinh toan c6 sy bién dong 16n va phu thude
vao kinh nghiém ctia ngudi thiét ké. Bai bao nay s&
tap trung vao viéc so sanh va phan tich bé rong vét nirt
theo hai tiéu chuan con lai, ap dung cho mot cong trinh
cu thé.
2.1. Théng sé dau vio

Cong trinh dugc lya chon dé nghién ciru 13 ké bo
song Cam ctia Thanh phd Hai phong. Cong trinh nim
doc theo mom Thity Pgi va song Cadm (Hinh 1). Diém
dau tuyén tai vi tri K26 (Km0+495,5), diém cudi
tuyén K40 tiép giap v6i ké bd hién hitu chan ciu
Hoang Vian Thu (Km0+815,5). Chiéu dai ké song
Cim khoang 320,0m chia lam 11 phan doan, cao trinh
dinh ke +2,80m.

Phuong 4n két cdu ké: Dang ké tudng dung bang
coc cir BTCT g suét trude loai SW840 c6 neo trong
bang hé thanh neo ban neo.

Coc cir bé tong cdt thép dung cho cong trinh dugc
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san xuét san ¢ cac nha may theo yéu cau thiét ké nhu
trong Hinh 2.
Chi tiét thong s6 hinh hoc cua két ciu va vat liéu
nhu sau:
Thong s6 hinh hoc ctia mit cit coc bé tong cdt thép
dugc quy ddi ra tiét dién hinh chit nhat nhu sau:
b =533mm;
h=533mm;
A =283915mm?>.
Thoéng sb vat liéu dau vao:
- Sir dung bé tong cap do bén B60 tra bang cé:
Ry= 60MPa
- Coc cir SW840 trong vi du str dung ba loai thép:
(1) thép cudng do cao loai tao xodn 7 s¢i, dwdng kinh
15,24 mm, phi hop véi tiéu chuan ASTM 416, (2) cbt
thép go D12mm, tuén thi theo TCVN 1651:2018, va
(3) thép tron tron D10mm, phu hop véi TCVN
1651:2018. Bé tinh toan vét nirt, tac gia da quy doi cac
loai thép trén vé mot loai thép twong dwong voi cac
thong s6 nhu sau:
R¢=500Mpa;
Er=2x10°Mpa;
Ar= 4259 mm?.
Noi lyc tinh toan:
M = 249kN.m,;
C=30mm,;
de= 16mm.
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2.2. Tinh todn vét nirt theo Eurocode 2-2004

Tinh toan vét ntt theo Eurocode 2-2004 1a theo mo
hinh dan hdi tuyén tinh (LEFM). M6 hinh nay pht hop
v6i cac gia dinh vé ing xtr dan hoi ctia bé tong va cdt
thép trong diéu kién tai trong thong thudng, gitup don
gian hoa qua trinh tinh toan ma van dam bao d¢ chinh
xéc can thiét.

Budc 1: Tinh module dan hdi cua bé tong
ck+8
E.p, =22 [(ff—o)] 0.3 (GPa) (1)

Module dan héi ciia c6t thép Es=200 GPa
Eem=39.1 GPa
Buée 2: Tinh hé s6 Module
0= —=x (1 + @) (néu tinh dai han) )

Es
a =
¢ E

(néu tinh ngan han)

Oe=5.12
Budc 3: Tinh cudng d6 trung binh tai thoi diém
nut

Beey: exp {s [1 - (?)%]} 3)

Becn: Hé s6 s6 phu thudc vao tudi bé tong t ngay
tudi
s: Hé sb phu thudc vao loai xi mang
= 0,20 d6i v6i xi ming c6 cudng do Lop
CEM 42,5 R, CEM 52,5 N va CEM 52,5 R (Lép R)
= 0,25 ddi v6i xi mang c6 cudong do Lop
CEM 32,5R, CEM 42,5 N (L6p N)
= 0,38 ddi v6i xi mang c6 cudong do Lop
CEM 32,5 N (Lép S).
Fem(t) = Beoo*fom “4)
fom : Cuong do nén trung binh ¢ 28 ngay tudi (xem
Béang 3.1 [4]).
fom = fuct8 (MPa) %)
fomy : Cuong d6 nén trung binh tai thoi diém nit
Femy =58,1MPa
Budc 4: Tinh cuong dg chiu kéo cua bé tong
Feterr= 0.3*fu > néu fu <50MPa

Feterr= 2.12 % In {1 + (%)} f4> 50MPa

Fetett= 3,72 MPa
Budc 5: Tinh truc trung hoa tiét dién khong nurt

bh?
T+ ((Xe—l)(As*d+A52 *dy)

Xu = [bh+(ae—1)(As+As2)] (mm) (6)

Xu = 266,53 mm
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Budc 6: Mo men thir cap ciia khu vue khong nirt
3 2
L=22+bh(5-X,) + (@ — D[A(d - X,)? +

Ap(Xy —dy?)]  (mm* 109) (7)

Iu = 8530 mm* 10°
Budc 7: Tinh Momen gay nut

Iy
h—Xy

Mer= fct,eff * (kNm) (8)

M > M thi ciu kién bi nit
M =249 kN.m > Mer =119,17kN.m
= CAu kién bj nut.
Budc 8: Tryc trung hoa cia tiét dién nut
X, =

1
(—As*0e=Asp (ae=1)+[{As* e+ A5z (ae=1)}? —2b{-As*aerd—Asz*dz (ae=1D}?)
b

(mm) )
Xe= 146,53mm.
Budc 9: Ung suat bé tong

M
O, = X (MPa) (10)
DXy ( 23 =(Ol.e—l)Asz(!}1(;112)(Xu—dz)
6. = 10,73MPa
Budc 10: Ung suat kéo trong thép
o, = Zo%e@-¥) “;(:‘X“) (MPa) (11)
o, = 130,5MPa

Budc 11: Dién tich chiu kéo hiru hiéu

Acerr= Min [2.5(h —a), 2 %] *b-A,  (12)

Acetr= 46361 mm?

Pp,eff:L (1 3)
Acerf
Pp,eff: 0,091 9

Budc 12: Khoang cach giita cac vét nirt 16n nhét
)] )
Sr,max =131 ,6mm (14)

¢: La 16p phu cho cbt thép doc;
@: La duong kinh cbt thép.

0.179

o 1.3
Sr,max = Min [(_h—Xu)' (34C + Dot

Budc 13: Bién dang trung binh dé tinh chiéu rong
vét nut

fet,
os—K¢ < Eff(1+ae*9p,eff)

Pp,eff
Es

>0.67(pstrain) (15)

Esm=E&cm =

Esm=Ecm = 473,7* 106

K;: 12 mot yéu t6 phu thudc vao thoi gian tai;
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K, = 0,6 cho tai trong ngén han (S);

K; = 0,4 cho tai trong dai han (L).

Budc 14: Tinh chiéu rong vét nirt
Wk = Sr,max * (5sm'5cm) (mm)
Wik =0,062mm (16)
2.3. Tinh todn vét nivt theo TCVN 5574:2018

Tinh toan vét niit theo TCVN 5574:2018 chi yéu
dwa trén mo hinh dan hoi tuyén tinh (LEFM). Cac tinh
toan nhu sau:

Xac dinh chiéu cao vung nén x:

2
x=ho[(hyas)” + 207710y (17

x=1545cm
Ef

= 18
afl Ep,red ( )
Rpn
Eb,red = 2 (19)
bired
Eb,red = 170000MPa
M
Of = 7o (20)
of = 2317,1 (daN/cm?)
¥, = 1-0,8% Q1)
¥Y,=0,75
Mg = Rbt,ser- Wpl (22)
M. =77,63KN.m
Wpl = 1,3W,eq (23)
Wpl =39.808,13cm’
Iy
Wiea = y_etd
W,eqa=30621,64 cm? (24)
Lrea = 1 + Isa¢ (25)

Lroq = 816.066,73cm*

Trong d6: I, Iy md men quan tinh ca tiét dién quy
db6i véi truc trong tam.
2.3.1. Chiéu rong vét niit do tdc dung dai han cua
tdi trong thuong xuyén va tam thoi dai han e,

L
Aere,1 = Q1+ P2 Q3xPpx Of E—l; (26)

Khoang cach co sé gitra cac vét nit thing goc ké
nhau:
Lr=0,5.(Ab / Ay).d¢ 27
L¢=40cm.
Céc hé s ké dén thoi han tac dung cua tai trong
dugc lay nhu sau:
01=1,4;02=0,5; ¢3=1,0;

188

JOURNAL OF MARINE SQENCE AND TECHNOLOGY

Acre,1 = 0,243mm.

2.3.2. Chiéu réng vét mirt do tac dung ngdn han
cua tdi trong thuong xuyén va tam thoi der»

Céc hé sb ké dén thoi han tac dung cua tai trong
dugc 14y nhu sau:
01=1,0; 92=10,50; p3=1,0;
acre2 = 0,174mm.

2.3.3 Chiéu réng vét mit do téc dung ngdn han ciia
tdi trong thuong xuyén va tam thoi dai han a3

Céc hé s ké dén thoi han tac dung cia tai trong
duogc lay nhu sau:
¢1=1,0; 92=0,50; ¢3=1,0;
acre3 = 0,174mm.
B& rong vét nit:
Acrc = Acre,1 + Acrc,2 - Acre,3 (28)
ace = 0,243 + 0,174 - 0,174 = 0,243mm <
acreu = 0.4mm theo TCVN 5574:2018 Bang 17: Chicu
rong veét nut cho phép.
* Cau kién dam bao diéu kién chiéu rong vét nit.
3. Két luan

Trong nghién ciru nay, tic gid da trinh bay ndi
dung tinh toan két cAu ké tudng cir bé tong cdt thép
theo 1y thuyét co hoc ran nut, dong thoi da 4p dung
tinh to4n cho mot cong trinh cu thé. Két qua tinh toan
da chi ra kha niang chiu lyc cia cong trinh khi xuat
hién vét nirt van dam bao, nhung néu xét theo diéu
kién bé rong vét nut cua bé tong theo TCVN
5574:2018 thi két qua tinh toan s& 16n hon 4 1an (do
st dung nhiéu hé sb ké dén thoi han tac dung cua tai
trong @1; @2 @3 duge 1ay theo kinh nghiém). Pay la
mot han ché cua tinh toan trong thiét ké hién nay. Do
vay tac gia cling kién nghi nén xem xét 4p dung tinh
toan két cau theo 1y thuyét co hoc ran nut trong thiét
ké cong trinh, ciing nhu trong phan tich cac vét nit
hién co trong két ciu dé danh gia mirc d6 an toan va
d@& xuét cac bién phap sira chita, gia c6 (theo tiéu chuén
ACI 318-19 va Eurocode 2004, [3], [4]). Cach tinh
nay phu hop véi cac gia dinh vé ing xir dan hoi ctia
bé tong va cot thép trong diéu kién tai trong thong
thuong, gitp don gian héa qua trinh tinh toan ma van
dam bao d¢ chinh x4c can thiét.

Nghién ciru nay goép phan vao viéc phat trién
phuong phép tinh toan két cau ké bé tong cdt thép, co
tinh an toan va d9 tin cay cao, phuc vu cho cong tac bao
vé bo bién va bo song. Bén canh do, n6 cling mo ra
huéng tiép can méi trong tinh toan thiét ké cho cac ky
su va hoc vién trong linh vuc cong trinh thuy.
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