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KET QUA NGHIEN CUU VA UNG DUNG

MONG BE - COC (CPRF) - GIAI PHAP HIEU QUA CHO
THIET KE NHA CAO TANG & SIEU CAO TANG TAI VIET NAM

Nguyén Thanh Son'

Tém tat: Trong nhiing ndm gan day, méng bé - coc da dang ngay cang duwoc cong nhan nhw la mét gigi phap
moéng dem lai hiéu qua kinh té cao trong xdy dung cac cong trinh cao tang trén thé gi¢i. Trong bai viét nay,
tac gia sé trinh bay co sé ly thuyét va danh gia giai phap mong bé - coc (CPRF) trong thiét ké nha cao tang.
Tuong tac gitra coc - bé - dat nén anh huéng Ién dén tmg xir cia bé - coc sé durpe xem xét dyra trén phan tich
béng phuwong phap phan t hiku han. Két qua thu dugrc: 1) danh gia dugc hiéu qué cia méng bé - coc théng
qua hé s6 a,, (ty s6 giira téng tai trong tac dung Ién cac coc/tdng tai trong clia cong trinh); 2) chiéu dai coc,
cach bé tri coc anh huéng dang ké dén dé Iin va hé sé a..,..; 3) viéc té hop coc véi kich thude khac nhau cé
thé ndng cao khé néng chiu téi cia méng.

Tiekhoéa: Mong hén hop; mong be - coc; do lun be - coc.

Abstract: In recent years, piled raft foundations have been recognised as an economical and effective
foundation system for highrise and tall buildings in the world. This paper presents the theory and evaluation
of combined piled raft foundations (CPRF) for design of high-rise buildings. The interaction between piles,
raft, and subsoil system which is of a majorimportance in the behaviour of piled rafts is considered based on
analysis the finite element methods. The result shows that: 1) The effectiveness of piled raft system through
the CPRF coefficient (the ratio between the pile loads and total building load, aCPRF) is evaluated; 2) The
influences of pile length, pile layout to settlement and factor aCPRF is significant; and 3)Variation of piles
sizes can improve the performance of the foundation.

Keywords: Combined foundation; piled rafts Foundation; settlement.
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@ 1. Giithigu

Lwa chon gidi phap méng phu hop cho céng trinh ¢6 ¥ nghia rat quan trong. Trong do, giai phap
mong bé - coc 1a mdt gidi phap dd dwoc ap dung cho rat nhiéu céng trinh nha cao tng trén thé gioi
[21.[31,[4].[5].[7]. Khéng gibng nhu thiét k& moéng coc théng thwdng, coc duoc thiét ké dé chiu phan Ion tai
trong tlr cdng trinh, méng bé - coc dwoc thiét ké ké dén sy phan phdi tai trong bén trén xubng nén dat dudi
bé maéng va coc. Uu diém cia két cAu mong bé - coc la: 1) phu hop véi diéu kién dia chat khi ma Iép cudi
séi/da gbe & qua sau; 2) phat huy téi da kha nang chiu tai cia bé méng; 3) gidm gia thanh xay dwng. Nghién
clru clia Phung [1], Poulos [5],[6] va Katzenbach [7] cho thay phan bé méng cé thé tiép nhan tir 30% - 60%
tai trong tlr céng trinh trong diéu kién dia chat khac nhau.

& Viét Nam viéc tinh toan thiét ké mong bé - coc chwa dwgc xem xét k¥, cac thiét ké chwa danh gia
va phan anh ré vai tro clia bé moéng, dat va hé théng coc. Bén canh do, thiét ké con gap nhiéu kho khan do
thiéu cac tiéu chuan lam co sé tinh toan. Theo Poulos [8] mét phan tich day di twong tac bé - coc véi nén
dat can thiét phai xét day di cac yéu té: sire chiu tai téi han clia méng dwdi tac déng cia td hop tai trong;
anh hwéng cac tac déng co tinh chat chu ky dén (rng x(r clia mong; dd lun téng thé clia méng; dé lun léch
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gitra cac khéi nha va véi cong trinh 1an can; anh hwéng gitra bé mong vai coc, gilra cac coc véi nhau; anh
hwéng clia dong dat bao gdm ca nhivng tran déng dét kich thich, kha ndng héa léng cla dat va phan (rng
déng cla két cdu dwéi tac déng cla taitrong gio, ...

Vé&i muc dich nghién clru trng dung mong bé - coc trong diéu kién dia chat Viet Nam, bai bao trinh
bay phwong phap thiét ké bé - coc trén co s& danh gia mot sé yéu td: chiéu dai coc, cach bé tri coc téi hiéu
qua phan phdi tai trong cong trinh 1&n coc va bé.

@ 2 Phwong phap tinh toan méng bé -coc

2.1 Hésé CPRF

M6t trong nhibng yéu ciu chinh khi thiét ké méng bé - coc la phai danh gia dwoc sw phan phéi tai
trong tir céng trinh 1&n coc va bé. Theo dé cleng, tdng tai trong thdng dieng clia céng trinh R truyén vao dat
théng qua ap lyc tiép xtc dwoi bé R, va coc ZR,,, . Sw phan phdi cia téng tai trong cong trinh 1én bé méng

va coc duoc mé ta théng qua hé sé CPRF (OLgpqr).

Rmtaf = Rmf.i‘ i ZR pile.i (1)
_ z R,'J.".'e;' (2)

Ol =
e R.’o{m’ .
trong do: R ,, .14 tbng tai trong truyén 1&n cac coc don trong toan b daiva R, la tdng kha nang chiu tai cia

mdng.

pile,i

Hinh 1 va bang 1 mé ta gia tri clia O theo nghién cru clia Katzenbach [7] va tdng hop mot sb cong
trinh str dung gidi phap mong bé - coc co két qué quan trac.
E’l I‘-/- Médng bé coc
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Boln  inh 1. Hé s6 CPRF [7]

Bang 1. Téng hop mét sé céng trinh trén thé gici st dung gidi phap méng bé - coc [1]

STT Céng trinh Chiducao/ting | 7 ruyentai | ps 150 1on nhat
Coc Dai s,.. (mm)

Messeturn, Frankfurt 256m, 60 tang 57 43 144

Westend 1, Frankfurt 208m, 53 tang 49 51 120

Petronas, Kuala Lampur © 450m, 88 tang 85 15 40

QVA1, Perth, West Australia 163m, 40 tang 70 30 40

Treptower, Berlin 125m, 32 tang 55 45 73

Sony Center, Berlin 103m N.A. N.A. 30
ICC, Hong Kong 490m, 118 tang NA.

Commerzbank, Frankfurt 259m, 56 tang 96 4 19

0 0 N AW N =

Skyper, Frankfurt 153m, 38 tang 63 27 55

Ghicha: PF)Giai phap méng coc; D) Phan phéitai theo tinh toan; N.A.= Khéng cé théng tin.
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2.2 Cac nguyén ly va phwong phap tinh toan méng bé - coc

Hién nay ba nguyén Iy chinh trong thiét ké mong bé - coc, Randolph [8], gom:

Nguyén ly 1 (théng thuérng): Coc dugre thiét ké dé chiu phan Ién taitrong clia cong trinh. Sy tham gia
lam viéc cila mong bé dwgc xem xét trén khia canh méng bé lam téang hé sdantoan clahé mong;

Nguyén ly 2 (coc tir bién): Coc thiét k& chiu 70 - 80% strc chiu tai gidi han cia coc. D6 Iin do bién
dang déo va tir bién clia coc chiém mot phan dang ké trong téng dé Iin clia méng coc;

Nguyén ly 3 (kiém soat dé lan léch): Coc dwoc bé trithich hgp theo tai trong céng trinh nham giam do
lan Iéch.

\Tai trong

Coc va hé
chay déo
Coc chay

Tai trong
thiét ké

cho phép

>
r

Do lun

Hinh 2. Quan hé tai trong - Iin theo cdc nguyén Iy thiét ké

Hinh 2 mé ta quan hé gilva tai trong va dé Iin theo cac nguyén ly thiét ké, trong do: Bwdng 0 md ta
quan hé tai trong - lin cla moéng bé véi do [an Ién khi chiu tai trong lam viéc cla cdng trinh; Buwdng 1 mo ta
toan bé tai cla céng trinh dwoc truyén 1én moéng coc (quan hé tai trong - 1Gn gan nhu la tuyén tinh, céng trinh
¢6 d6 lun nhé va hé sb an toan cao); Puwéng 2 mo ta bé - coc dwoc thiét ké theo nguyén ly thi hai, strc chiu
tai cia coc dwgc huy ddng & mirc cao va dat nén & dwdi day mong da tham gia chiu tai va Buéng 3 biéu
dién kha nang chiju tai clia coc dwge huy dong dén mire téi da. Quan hé tai trong - Itn mong khang con 1a
tuyén tinh ngay & cap tai trong lam viéc cla coéng trinh. D& 1an clia méng dwoc khdng ché bang cach diéu
chinh sé lwong coc cho phu hop.

Phwong phap NPRD (Nonlinear analysis of combined Piled-Raft using DIN 4014) la phwong phap
cho phép phan tich phi tuyén méng bé - coc. Co s ly thuyét clia phwong phap 1a xac dinh d6 clrng cla coc
tlr quan hé tai trong - 1tn clha coc. BJ clrng nay sé duwoc tinh dén khi tinh do clrng cla bé. Cac lyc tac dung
lén than coc va phan lwe nén & mii coc dugc xét mot cach riéng ré. H& moéng bé - coc dwoc gidi theo vong
lap cho dén khi dat dwoc sw tbi wu vé dé 1in clia be, cac coc va nén dat.

- D6 lan cla ban than cac coc dwoe mé hinh hoa, st dung quan hé phi tuyén clia duwéng cong tai
trong - lun lay theo DIN 4014;

- B4 lun cua cac coc do cac twong tac coc - coc, coc - bé, bé - dat dwoc xac dinh béng cach str dung
cac ma tran dé mém, dwa trén loi gidi cha Mindlin;

- Swtwong thich gitka dé 1an cla cac coc, bé va dat nén dwoc kiém tra & bé mattiép xuc gitra coc - bé
- dét.
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Tuang tac
mong - dt nén

(1) Tudng téc coc-dat
@ Twong tac coc-coc
(3) Tuung téc ba-gat

@ Twong tdc coc-hé
Hinh 3. M6 hinh turong tac méng be - cgc theo phuong phap NPRD

(@, 3.Xacdinh hé $6 Olepe

3.1 Cdc mé hinh CPRF dwa vao phéan tich

Bé& méng bé téng cbt thép cé mat béng hinh vuéng véi canh 1a 20m va day 1,5m; st dung coc khoan
nhdi dwerng kinh D1000. Tng tai trong cong trinh sau khi té hop tai trong dugc gia thiét quy vé tai trong phan
bb déu co gia tri bang 60 kN/m®.

Bang 2 va 3 mé ta dia chat, sirc chju tai du tinh theo cac chiéu dai coc khac nhau.

Béng 2. Chi tiéu co hoc clia nén dat

h; Nspr 17 ¢ L
[m] g [kN/m?] | =

1 Cat min, chat vira 8,0 14 18 10 30 0.3

Lép dat Pic diém

2 Cat hat trung, chat vira 12,0 24 20 25 33 0,3
3 Cat thd 1an san sdi - 42 20 35 38 0.3

trong do: h,1a bé day I&p dat thir i; N, chi sé xuyén tiéu chuén; v la dung trong tw nhién; ¢ la goc ma sat trong
cla dat; Ela médun dan héi clia dat va muce nwée ngam dugc gia thiét & rat sau;

Bang 3. Théng sb chiéu dai coc va strc chiu tai tvong (ng dung trong phan tich

Strc chiu tai cho phép,Tan, (Fs = 3)
Nhat Ban Meyerhoff

Coc Ky hiéu L, [m]

Loai 1 (1] 5 70 60
Loai 2 (2) 10 130 110

Loai 3 (3) 15 150 130

Loai 4 (4) 25 290 240
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Hinh 4 minh hoa 3 loai phwong an diing & mé hinh. Trong d6 PA1 véi mé hinh chiéu dai coc khéng
dbi; PA2 vé&i chiéu dai coc thay ddi xen ké& va PA3 véi mé hinh chidu dai coc tdng dan téi tam dai. Méi phwrong
an lai dwoc chia thanh 3 kiéu b tri coc nhuw trén mat bang hinh 5.

-l e

[ ; .
b) Phurong an 2 (PA2) ¢) Phuong an 3 (PA3)

Hinh 4. Cac phuwong an mong be - coc dung phan tich

a) Phuwong an 1 (PA1)

B, 0 0O

Phuwong an .2A (PA-2A) Phuwong an 2B (PA-2B) Phuwong an 26 (PA-2C)
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Phuong én 3A (PA-3A)
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Phuwong an 3C (PA-3C)

Hinh 5. Bé tri coc trong céc phuwrong an phén tich
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3.2D4anh gia hé s6 CPRF

Qua trinh phan tich dwa trén co sé Iy thuyét phwong phap NPRD (phdn mém ELPLA 9.2). Két qua
phéan tich chuyén vi dirng tai mat cat di qua tdm méng va phan tram tai trong phan phdi Ién coc-bé duoc tom
tattrong Bang 4.

Bang 4. Téng hop két qua phén tich hé s6 CPRF

Phwong an

Do lan I&n nhat
[mm]

Tai trong va %
phén phai Ién coc

Tai trong va %
phéan phoi lén bé

Hé 56: Clepre

Phwong an 1A

21.0

36934 (78,8%)

9920 (21,2%)

0,79

Phwong an 1B

20.8

40227 (78,5%)

11045 (21,5%)

0.78

Phwong an 1C

2953

36761 (79,3%)

9602 (20,7%)

0,79

Phwong an 2A

19.2

26550 (60,1%)

17653 (39,9%)

0,60

Phwong an 2B

17.8

30481 (62,7%)

18140 (37,3%)

0,63

Phwong an 2C

25.1

27989 (61,5%)

17491 (38,5%)

0,62

Phwong an 3A

314

24097 (55,5%)

19321 (44,5%)

0,56

Phwong an 3B

216

28610 (61,7%)

17753 (38,3%)

0.62

Phwong an 3C

254

25973 (567,2%)

19408 (42,8%)

0,57

Két qua tir Bang 4 cho thay do Ian I&n nhat tai tam méng phwong an 1 1a 29,3mm (PA-1C); va bé
mong tiép nhan khoadng 21% dén 29% tbng tai trong tlr cong trinh (hé s6 QL. = 0,79). Phuong an PA-2B

cho két qua d6 lun bé - coc la nhé nhat 17,8mm twong (ng hé s6 phan phdi Ol = 0,63 (bé méng tiép nhan
37% tbng tai trong ctia cdng trinh). Phwong an 3 cho két qua dd héi tu kém nhét. Vi tri lun 16n nhat nam & sat
bién hang coc ngoai theo phwong ngang, (I¢n nhatla 31,1mm phwong an 3A). Diéu nay dwoc gidi thich 1a
do tinh khéng déi x(rng trong cach bé tri coc dan dén kha nang chiu lwc clia mong theo hai phwong 1a khac
nhau (trong khi gia thiét tai trong céng trinh 1a phan bd déu).

Hinh 6 biéu dién % tai trong cdng trinh phan phdi lén coc va bé. Hinh 7, 8 va 9 biéu dién dwéng dong
murc bién dang ctia bé-mong cho 3 phwong an phan tich: Phwong an 1, phwong an 2 va phwong an 3.

/“:K}
PA - 3A

PA-1A PA -1B PA-1C PA - 2A PA - 2B PA -2C PA - 3B

Hinh 6 . Phén trém (%) tai trong cong trinh phén phdi 1én coc va bé méng

N

Phuong an 1C (25 coc P3)

Phuong én 1A (16 coc P4) Phuong én 1B (25 coc P4)
Hinh 7. Két qua phan tich chuyén vi bé - coc phuwong én 1
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Phuwong én 2A Phuwong an 2B Phuwong an 2C
(9 coc P4 + 4 coc P2) (16 coc P4 + 9 coc P2) (16 coc P3 + 9 coc P2)

Hinh 8 . Két qua phan tich chuyén vi bé - coc phuong &n 2

308 em ] \ L 5 o ” | R
G 2oy |8 i o 238 )
255km / 20
= o : Q 8 =
285(em) HSe 4 g Y sy 2230em
Bz v A 2 Oerttem
275m) & 1% 213jem)
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260m) : A s prTe it Ll 197Ien)

| 256fem ) 8 % B4 [o i 3 192 fem]
| G e Rl 4 { 187 o]
Wzt 2 178l , < 1820

Phuwong an 3A Phuwong én 3B Phuwong én 3C
(10 coc P1 & P2 + 5 coc P3) (10 coc P2 & P3 + 5 coc P4) (10 coc P1 & P3 + 5 coc P4)

Hinh 9. Két qua phén tich chuyén vi bé - coc phurong én 3

3.3Sosanhkétqua

Thuc hién phan tich cho trieérng hgp PA-1A sir dung chwong trinh Plaxis 3D Foundation. Trong d6
(rng xr clia nén dat str dung mé hinh Mohr-Coulomb. Coc va bé méng mé phéng véi (rng x(r la dan, hoi,
tuyén tinh. Mé hinh va két qua chuyén vi bé méng dwoc thé hién trong Hinh 10.

Mit cit ngang qua tam mong tai toa dd x = 10.00 [m]

60 80 100 120 140 160 180 200

¥ [m]

—&—ELPLA
~O—PLAXIS

P lin [em]

Hinh 10 . M6 hinh bé - coc va dé thi két qua so sanh chuyén vj phuong én 1A

Két qua cho thay sw khac biét vé dd lin bé - coc khi phan tich béng Plaxis 3D la kha nhd, sai s6 14%
so v&i két qua phan tich tir ELPLA. Twong tw, phan luclén nhéat coc tiép nhan 14 2288 kN, sai sb 4,5% so véi
két qua phan tich ttr ELPLA. Sy sai khac nay xuét phat tir co sé ly thuyét tinh tlr hai chwong trinh. Trong khi
ELPLA mé phéng twong tac giva coc-bé-dat dwa trén I&i gidi bai toan dan héi (Mindlin) thi Plaxis 3D st
dung mé hinh Mohr-Coulomb (mé hinh dan hdi déo ly twéng) d& mé phéng cac rng x( clia dat. Bang 5 so
sanh k&t qua phan tich theo Plaxis 3D va Elpla.
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Bang 5. So sénh két qua giita phan tich bang Plaxis 3D va Elpla

Phwong phap phan tich Sai sd
Tham sé Elpla Plaxis -
max min max min
Do lun u,, [mm] 21,0 14,7 | 2394 | 16,98 13,8%
Phan lyc dau coc lén nhat, [kN] 2395 2288 4,5%
Ldn léch, %o 0,445 %o 0,492 %o 10,5%

(® 4.Kétluan

Bai bao da trinh bay phwong phap tinh méng bé - coc trén co sé danh gia hé s6 CPRF. Két qua phan
tich cho thay sy phan phéi tai trong céng trinh I&n bé - coc phu thuéc nhiéu vao dia chat, chidu dai coc va
cach b6 tri coc. Hé s6 phan phdi O theo tinh toan dao déng tir 0,57 dén 0,79. Can clr vao dang tai trong
cong trinh, viéc thiét ké mong bé - coc véi cling mét chiéu dai coc sé& khéng phat huy dwoc téi da kha ndng
chiu lwc clia bé - coc, hé 8 U = 0,79. Trong khi d6, véi thiét ké chiéu dai coc 1a khac nhau theo dién chiu
tai, hé s6 Ol tinh todn dugc 0,57 diéu nay co nghia bé da tiép nhan 43% tdng tai trong tie cong trinh.

Thiét ké mong bé - coc can xem xét day du twong tac coc-bé-dat. Cung véi viée ngay cang co nhiéu

nha cao tang & Viét Nam duoc thiét ké st dung giai phap méng bé - coc da dat ra yéu cau can cé nhiéu
nghién clru va hé théng cac tiéu chuén, quy pham phuc vu cho cac thiét ké trong thei gian téi.
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