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Cbng bé tong cbt thép duoc st dung dé kiém soét triéu va diéu tiét nwéce trong hé théng thiy loi. Véi két
cAu ban dy céng ddng thoi 12 ban méng trén hé céc coc bé tong cbt thép, két cAu méng cbng déng vai trd
12 hé beé - coc. Phitong phép tinh todn méng coc cdng v6i quan niém coc chiu toan bd tai trong thing ding
ctia cbéng trinh va dan déu céc coc trén ban day céng dugc nhiéu nha thiét ké 4p dung khién cho viéc tinh
toan va bd tri cdc coc trd nén don gian nhung sé khong phan 4nh mé hinh 1am viéc thuc té ctia hé théng
méng beé - coc thyc té. Trong bai bdo nay phiong phap phan tit hitu han thong qua phian mém Plaxis 3D da
duge 4p dung dé phan tich méng coc céng va danh gid kha ning @ng dung ctia phiiong phéap nay trong thiét
ké méng. Ngoai ra, phiong an bd tri coc hop 1y dwéi ban day céng duwoc d& xuit nhim t6i wu héa viée bd
tri coc duéi b, ti¥ d6 1am ting t6i da kha ning chiu tai ctia cac coc v tiét kiém 32 % tdng chiéu dai coc bd
tri dwéi ban day céng.

ABSTRACT

Irrigation sluice
Piled-raft foundation
Numerical analysis
Plaxis 3D

Reinforced concrete sluices are used for tidal control and water regulation in irrigation systems. With the
structure of the culvert bottom slab which is also the foundation on the reinforced concrete pile foundation,
the culvert foundation structure acts as the pile - raft system. The method of calculating pile foundation
culverts with the concept of the entire structure load supported by the piles and even distribution of the
piles is applied by many designers, making the calculation and the arrangement of piles simple, but this
method will not reflect the actual working model of the actual pile - raft foundation system. In this paper
the finite element method via Plaxis 3D software is applied to analyze pile foundation culverts and evaluate
the applicability of this method in the foundation design. Moreover, the suitable arrangement of piles is
proposed to optimize the pile arrangment, maximize the load-bearing capacity of piles and save 32 % of the

total length of piles.

1. Dat vin dé

[1,2,3,4] hodc nhu phuong phép giai tich theo 1y thuyét cia Poulous —
Davis — Randolph (PDR) [5] d& phan tich ting xtt phén chia tai ciia méng

Hién nay, d6i v6i cac cong trinh céng kénh thiy loi (Hinh 1) ¢6
nhiém vu chinh 12 kiém soét, didu tiét ngudn nweéc (min, 1g, ngot). Ban
day cbng kénh dit truc tiép trén nén coc bé téng cbt thép va dit nén
bén duéi, do d6 hé két cAu moéng cua céng kénh lam viéc nhv mot hé
moéng bé - coc (Hinh 2).

Thong thuding, ngudi thiét ké sé tinh ton két cAu méng véi quan
niém 1a céc coc chiu toan bo tai trong ding cia coéng trinh va b tri rai
d8u céc coc dudi ban day. C6 thé thiy ring, v6i quan niém tinh toan
nhanh va b6 trf coc don gian nhu vay sé khong phan 4nh dting mé hinh
lam viéc ctia hé méng ngoai thyc té. V6i hé moéng be — coc ¢ cac tuong
tac gitta bé, dAt, va céc coc nhu Hinh 3. Hién nay, d4 c6 céc nghién citu
va phuong phap tinh todn méng bé — coc lam viéc ddng thoi theo
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bé coc céng kénh, phuong phap nay tuy khéng qua phifc tap nhung
khong xem xét duge do lin 1éch trong méng, cling nhu ndi luc trong be
va céc coc. Do d6, phuong phép PDR chi nén dugce st dung trong tinh
toan thiét ké so b méng bé - coc. D& xem xét dAy du cac yéu té v& hinh
dang két cAu ban ddy, ban thanh va céng trinh phu trg bén trén céng
cling 1am viéc ddng thoi véi dat nén cin st dung phuong phap phan tit
hitu han dé mé phong va phan tich ding din hon. Két qua phan tich
gitip hidu r6 hon sy 1am viéc thyc té cia méng beé - coc va c6 phuong
an bd tri coc 1am viéc t6i wu va hiéu qua hon v kinh té nhung vin dam

béo cong trinh 4n dinh.
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Hinh 1. Céng kénh thily loi, Ca Mau.
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Hinh 2. Méng bé - coc cong kénh.
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Hinh 3. Hiéu ting tuong tc gitta dt — bé - coc ctia Katzenbach [1].

2. Phan tich két cAu méng cho cong trinh cu thé bing phin mém
Plaxis 3D
2.1. Gidi thiéu cong trinh
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Hinh 4. Mt bing bb tri coc duéi cbng kénh.

Cong trinh céng thudc dia phan huyén Pam Doi, tinh Ca Mau véi
kich thuéc méng bé coc c6 chidu dai L, = 39 m va chiéu réng B, = 22
m, chidu day ban day d,, = 1,0 m, chiéu day ban thanh t = 1,0 m, téng
tai tic dung 1én bé bao gdm cong trinh bén trén cbéng va trong luong
ban thén ctia céng 14 Q = 56007 kN.

Cin ct két qua khao sét tai cac hd khoan, dia ting tai vi trf xay
dung cong trinh duge phén thanh cac 16p sau:

- Lép 1: Sét hitu co, xdm xanh, nau den, 16p nay cé bé day trung
binh 19 m.

- Lép 2: Sét xam nau, xanh vang, xam tro. Lép nay c6 bé day 16n
hon 30 m.

Céc chi tiéu co 1y ctia cac 16p dat nhu thé hién & Bang 1.

—

.
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Hinh 5. BS trf méng bé - coc trong nén dét.

Cong trinh st dung coc bé téng cbt thép tiét dién vudng 0,35 m
x 0,35 m, chiéu dai coc L, = 22 m véi sttc chiu tai ctia coc theo thiét ké
P, = 1610 kN. S6 lugng coc cAn bb tri dwéi bé n = 77 coc nhv Hinh 4
va Hinh 5.

2.2. Phdn tich gidi phdp mong bé — coc bdng phdn mém Plaxis 3D

Téng hop tit nhidu nghién ctu trén thé gidi, c6 thé thdy phuong
phép phan tit hitu han 14 mét trong cdc phwong phip manh dé phan
tich méng beé - coc. Trong bai béo ndy, dé danh gi4 kha ning ap dung
ctia giai phap moéng bé — coc cho céng trinh céng kénh, tién hanh ap
dung phan mém Plaxis 3D [6] dé phén tich cc Gng x( clia méng bé —
coc nhu mé hinh & Hinh 6. Lwéi phin tif ctia mé hinh trong Plaxis 3D
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duoc thé hién & Hinh 7. Cac théng s6 cia mé hinh dugc trinh bay nhu bic | Lép 1:Sét hitu co, | L6p 2: Sét xAm nau,
trong Bang 1. Céc két qua vé& d6 ldn, ndi luc trong méng bé — coc duige trung Don vi xam xanh, ndu den | xanh vang, xdm tro
thé hién 1an luot & cac Hinh 8, 9, 10, 11, va 12. U’ng véi tai trong céng Material
trinh thyc té thi cac két qua phan tich ddu cho thiy giai phdp méng bé model | Model | Hardening soil Hardening soil
- coc vAn dam bao én dinh va bién dang vé6i d6 lin chi 2,99 cm, nho Drainage ) )
hon nhiéu db lin giéi han cho phép [71], ddng thdi coc chiu tai 16n nhét type Type Undrained Undrained
van nhé hon stic chiu tai thiét ké: P, = 1508 kN < Py =1610 kN. h, (m) 19 32
Yunsat (kN/m?) 15,6 19,1
Ysat (kN/m?®) 15,7 19,2
€ - 1.951 0.852
k, (m/day) 8,424E-03 8,424E-03
k, (m/day) 3,370E-03 3,370E-03
Erly, (kN/m?) 6830 13198
Eref, (kN/m?) 6830 13198
Eref, (kN/m?) 20490 39594
m - 0,5 1
Hinh 6. M6 hinh méng bé - coc trong phan mém Plaxis 3D. c (kN/m?) 17,9 33
¢ “ 18,28 23,68
\Y 0,2 0,2

Hinh 7. Lui phin t ctia mé hinh trong phin mé&m Plaxis 3D.
Bang 1. Thong s6 dia chit cta cac 16p dat trong md hinh PLAXIS 3D.

Bending moments M ;
Maximum value = 1120 kKNm/m (Element 286 at Node 8918)
Minimum value = -462.8 kim/m (Element 236 at Node 5503)

Maximum value = 0.1207%10 > m (Element 1293 at Node 18171)
Minimum value = -0.02989 m (Element 980 at Node 14995)

Total displacements u,

Hinh 8. D6 lin cta bé - coc trudng hop n,. = 77 coc; L, = 22 m.

S v
RS v

Bending moments M,

Maximum value = 24,5 him/m (Element 268 at Node 8755)
Mirimum value = -543.4kNmjm (Element 77 at Node 143)

Hinh 9. Monent uén M, ctia bé truwdng hop Deoe = 77 €0C; Ly = 22m.  Hinh 10. Monent uén M,, ctia bé trudng hop Nge = 77 €0C; Loy = 22 m.
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Torsion moments M,
Maximum value = 532.2 kimjm {Element 347 at Node 12460)
Minimum value = -467.7 kim/m (Elsment 353 at Node 12577)

Hinh 11. Monent uén M,, cta bé trong hop ne,e = 77 ¢9¢; Lepe = 22 m

3. Phan tich giai phdp méng bé - coc hop 1y cho cong trinh

céng kénh

Nhu véy, khi phan tich ting x(t méng bé - coc bing phin mém Plaxis
3D cho thiy phén tai trong cong trinh do cac coc ganh 13 50928 kN tuong
ing 91 % tbng tai trong truyén xudng, va huy dong dugce bé tham gia
ganh khoang 9 % tai trong cong trinh do ngay duwéi day bé 12 16p dit yéu
c6 bé day kha 16n. Ngoai ra, trong phuong 4n méng bé - coc cho céng
trinh céng kénh, viéc bb trf cac coc sao cho tdi wu va hiéu qua can dugc
quan tAm mét cach nghiém tic hon thay vi bd trf coc v&i phuong 4n rai
d8u céc coc dudi be. Tién hanh khao sat tiép tuc mé hinh méng bé coc
cbng kénh véi phuiong 4n 77 coc nhi Hinh 4, Hinh 13 va xem xét riit ngén
chidu dai cac coc chiu tai nho, 1am viéc khong hiéu qua.

Do dic diém phan b luc ctia cdng kénh tap trung phan bd nhiéu
& vi tri thanh céng va mép bién cta bé méng, vi thé ma tai trong tic
dung nhiéu vio céc coc & vi tri thanh cdng va & bién, con cic coc & giita
chiu tac dung cua tai trong nhé hon nhu trén hinh 12. T hiéu qua lam
viéc ctia cdc coc gitta 1a khong nhidu, nén tién hanh khao sét cac trudng
hop cét giam chiéu dai cac coc viing gifta nhu trén cac hinh 14, 15, 16,
17,18, 19, 20 va 21. Cac két qua v& d6 lin ctia méng bé — coc, sy phan
chia tai giita bé va coc ting véi cac triudong hop cét giam chidu dai coc
khac nhau dugc thé hién 14n lwot & Hinh 22 va 23. Khi phan tich cac
truomg hop: ¢t 3 m ciia 25 coc (trwdng hop 1 — TH1) va cit 12 m cta

E E:: k2 5 # g3 k3 B E::3 k2 R |
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Trugng hgp 1: cdtBm cdia 25 coe
Hinh 14. Méng bé coc céng kénh

TH1: cit 3 m cua 25 coc.

Axial forces N (scaled up 5.00%10 2 times)
Masimum value = -2.855 kN (Element 164 at Node 23718)

Minimum value = -1508 kN (Element 1 at Node 23378)

Hinh 12. Luc doc ctia coc trong phan mém Plaxis 3D.

45 coc (truong hop 8 — TH 8), moment trong bé cta tridng hop 8 ting
1én so véi trieong hop 1 tit 22,4 % dén 33,2 %, d6 lin ctia méng bé —
coc c6 ting 1én nhung khong nhidu, tit 3,13 cm dén 3,83 cm nhu thé
hién & Hinh 22, va vin nho hon gi6i han lin cho phép, ddng thoi theo
Hinh 24 tai tic dung 16n nhit 1én diu coc P,,,, = 1601 kN van nhé hon
stic chiu tai thiét ké ctia coc 1a 1610 kN. Nhu vy truong hop cit 12 m
ctia 45 coc (trudng hop 8) 14 trudng hop hiéu qua nhét khi cit giam
chiéu dai cac coc. Ngoai ra, Hinh 23 cho thiy bé ¢6 thé tham gia ganh
hon 10 % tai cong trinh bén trén.

Hinh 13. M6 hinh ctia méng beé - coc ban d4u trong Plaxis 3D.
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Truémg hop 2: cét 3m va 6m ciha 35 oo
Hinh 15. Méng bé coc c6ng kénh

TH2: cit 3 m va 6 m cua 35 coc.
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Trudng hgp : ¢t 6m va Bm cla 35 coc Truiing hop 4: ot 9m va 12m cfia 36 ceo
Hinh 16. Méng bé coc cong kénh Hinh 17. Méng bé coc cong kénh
TH3: cat 6 m va 9 m cua 35 coc. TH4: cat 9 m va 12 m ctia 35 coc.
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cft13m clt12m ot 12m cdt3m citBm chtem
Trudng hep 5: et 3m va 12m cda 45 ce Trudng hop 8: ct 8m va 12m coa 45 coe
Hinh 18. Mdng be coc cong kénh Hinh 19. Méng be coc cong kénh
THS5: cat 3 m va 12 m cta 45 coc. TH6: cat 6 m va 12 m ctia 45 coc.
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Truding hgp 7: cdt om va 12m ciia 45 coc Trudng hep 8: cdt 12m cha 45 coe
Hinh 20. Méng bé coc cong kénh Hinh 21. Méng be coc cong kénh
TH7: cat 9 m va 12 m cta 45 coc. THS8: cat 12 m cua 45 coc
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Truong hop phan tich

Hinh 22. P lin cia méng bé — coc trong céc triedng hop giam chiéu dai coc
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THI  TH2 TH3 TH4 TH5 TH6  TH7  THS Audal forces N (scaled up 5.00710 times)
Tru‘c‘)‘ng hop giém chigu dai coc (TH) Maximum value = 3,529 kN (Element 2289 at Node 64557)
Minimum value = -1601 kN (Element 2170 at Node 64305)
Hinh 23. Phan trdm génh tai ctia bé va coc trong céc triudng hgp giam chiéu dai coc. Hinh 24. Luc doc trong céc coc ctia THS.
4. Két luan deep foundations and geotechnical in situ testing, Shanghai, China; pp. 26—

33.

[4]. H. Poulos (2001), Pile raft foundations: design and applications,
Geotechnique, vol. 51, pp. 95-113.

[5]. H. G. Poulos and E. H. Davis (1980). Pile Foundation Analysis and Design.

New York: Wiley.
- Deé c6 thé xem xét day du cac yeu to vé hinh dang két cau ban [6]. PLAXIS 3D Manual (2013).

Tt cac phan tich, tinh toan cho két cAu méng bé - coc cbng kénh
va céc triong hop t6i wu héa bb tri coc dui be day cdng kénh, c6 thé

rit ra nhitng két ludn nhu sau:

day, ban thanh va céng trinh phu tro bén trén cdng ciing 1am viéc ddng [7]. M. F. Randolph (1983). Design of pile raft foundations, Cambridge University
thoi v6i dat nén cin st dung phuong phap phin ti hitu han théng qua Engineering Department.
cc phan mém tinh toan dia ky thut dé mé phong va phan tich diing
d4n két cAu méng bé — coc cdng kénh.
- Téi uu héa bd tri coc dudi be gitip tin dung ti da kha ning
chiu tai ctia ca bé va céc coc. Cu thé véi cac phén tich, tinh toan & trén
cho thiy bé c6 thé tham gia ganh hon 10 % tai céng trinh bén trén,
ddng thoi 6 thé tiét kiém duoce dén 32 % téng sb chiéu dai coc bd tri
duwéi ban day céng kénh so véi cach tinh toan méng coc théng thuong.
Viée b6 tri coc dudi méng bé coc cdng kénh cAn dige xem xét cin than
khi tai trong tic dung 1én bé tip trung cuc bo tai cac thanh cbng, do dé
can b tri cac coc tap trung bén dudi thanh céng va doc theo mép bién
cta be.
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