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TOM TAT

Bai bao trinh bay nghién ciru vé higu qué ki thuat va kinh t& cia
mang be két hop coc (Piled Raft Foundation - PRF) ap dung cho
nha cao tang xay dung trén nén dat y&u trong da thi Viet Nam.
Trén co st ting hop Iy thuyét va céc phuong phép tinh toan
(ban kinh nghiém va ma hinh sd), nhom tac gid st dung phén
mém SAFE d& ma phang ba phuong &n mdng: mang coc, mang
be va mang b coc. Ma hinh cang trinh |a toa nha Il tang ca tang
ham dat trén nén dat yéu tai TP.HCM. K&t qua phan tich cho théy
phuong an PRF gidp giam da lin dén 70% so vai mang be, tigt
kiem 42,6% be tong va I6,7% thép so vai mang coc. Ngoai ra, PRF
con dam bao kha ning thi cong trong diéu kign xay chen va giam
anh huéng dén cong trinh lan can. Nghién cou dé xuat &p dung
PRF nhur mat giai phap mang higu qua vé mat ky thuat va kinh t&
trong xay dung cong trinh cao tAng tai da thi Viet Nam, ddng thai
kién nghj cap nhat tieu chun thigt k& nén mang cho pho hop vai
diéu kien dja chat trong nudc.

Tir khda: Mang be coc; PRF; nha cao tang; dét y&u; phan mém
SAFE; ma phang sd: xay chen.

1.DAT VAN PE

Su phat trién d6 thi nhanh chéng & Viét Nam lam gia tdng nhu
cau xay dung nha cao tang trén nén dat yéu, doi hoi giai phap méng
vlia hiéu qua ky thuat, viia hgp ly vé kinh té. Giai phap méng be két
hop coc (Piled Raft Foundation - PRF) da dugc Balaam & Booker [1]
va Randolph & Reul [5] chiing minh ¢6 thé tan dung uu diém déng
thdi clia coc (kha nang chiu tai sau) va ban bé (phan bé Ung suat,
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ABSTRACT

This paper presents a study on the technical and economic
efficiency of piled raft foundations (PRF) for high-rise
buildings constructed on soft soilin Vietnam. The study reviews
theoretical concepts, analyzes design methods ranging from
semi-empirical to numerical approaches and uses SAFE
software to simulate three foundation types: pile foundation,
raft foundation and piled raft foundation under typical soil
conditions in Ho Chi Minh City. The results indicate that the
PRF solution reduces settlement by up to 70% compared to
raft foundations and saves 42.6% concrete and 16.7% steel
compared to pile foundations. The PRF system also improves
constructability in confined urban sites and minimizes the
impact on adjacent structures. Based on these findings, the
study proposes adopting PRF for urban high-rise buildings and
recommends updating design standards to reflect Vietnam's
geotechnical conditions.

Keywords: Piled raft foundation; PRF; high-rise building; soft
soil; SAFE software; numerical simulation; urban construction.

khai thac thém stic chju tai ctia dat) [3, 51. Tuy nhién, viéc iing dung
PRF & Viét Nam con han ché do thiéu tiéu chuén thiét ké chinh thic
va cébng cu mé phdng phé bién. Vi vay, nghién ctu nay hé théng
héa co s& ly thuyét va mo phong bang SAFE nham danh giad hiéu
qua ky thuat - kinh té ctia PRF, tir d6 dé xuat giai phap ap dung phu
hop diéu kién dé thi Viét Nam.
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2.CO SG LY THUYET VA PHUGNG PHAP NGHIEN CUU

2.1.Nguyén ly lam viéc cia PRF

PRF hoat déng dua trén su tuong tac déng thai gitta coc - bé
- nén dat. Coc chiu phan 18n tai trong ding, trong khi ban bé phan
phéi lai ting sudt va gép phan kiém soat lun léch. Cac nguyén ly
thiét ké PRF dugc phan thanh ba nhom:

- Coc chiju tai hoan toan;

- Bé chiu tai chinh;

- Ca bé va coc cling chiu tai [3, 4, 5].

2.2. Phuong phap tinh toan PRF

Céc phuong phap tinh todn PRF dugc phan thanh hai nhém chinh:

Phuong phép ban kinh nghiém: Dua vao biéu dé phan bé tai
trong va hé s6 hiéu chinh tir két qua thuc nghiém [3, 41.

Phuong phap mé hinh sé: S& dung mé phong phan ti hitu
han nhu SAFE, PLAXIS, MIDAS GTS dé mé phdng tuong tac phi
tuyén giira coc - bé - dat [2]. Trong nghién ctu nay, phan mém SAFE
dugc lua chon do kha nang mé phong linh hoat hé ban san méng
va coc dudi tdc dong tai trong dung.

3. MO HINH TiNH TOAN

3.1. M6 hinh cong trinh

Cong trinh mé phéng la mot tda nha van phong 11 tang, co 1
tang ham, xay dung tai phudng Déng Hung Thuan, TP H6 Chi Minh.
Nén dat yéu vdi stic chiju tai han ché, trong d6 c6 mé-dun dan héi
E=30,51 MPa, hé s6 nén |a 25.000 kN/m?/m, hé s6 nén coc D300 la
60.000 kN/m, hé s6 nén coc D450 la 160.000 kN/m. Ba phuong é&n
mong dugc mé phdng gém: Mong coc D450; mong bé ¢o sudn va
mong PRF két hgp coc D450 va D300 phén bé thua.

3.2. Phuong an méng coc

Hinh 1 trinh bay mé hinh phan tich két cdu méng bang phan
mém SAFE, iing véi phuong an méng st dung coc D450 két hop véi
hé dam sugn. Day la mo hinh khéng gian 3D cho phép danh gia day
da Ung xr cia méng duéi tac ddong clia tai trong cdng trinh va diéu
kién dat nén.

Hinh 1. M6 hinh SAFE tinh todn phuang &n méng coc D450 c6 sudn

Xuat két qua tir phan mém SAFE ta dugc luc nén doc D450 co6
P, nhd hon tai trong thiét ké ctia coc la 1.600 KN, tir d6 dam bao kha
nang chiu lyc cda coc.
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Hinh 2. Luc nén doc D450 (tdi trong thiét ké coc 1.600 KN), PTK < 160 KN (dam bao
chiu lyc)

Hinh 3 tai hai diém bat ky, ti phan mém phan tich két cdu SAFE
xudt ra chuyén vi nén theo phuong ding (ky hiéu Uz), don vi mm,
c6 U, =-9.770 mmva U_ = -4.154 mm, tir d6 tinh dugc d6 lin cuc
b6 gilia hai di€ém bat ky =6 mm, ty lé lin léch 14 0,1%<0,2% giGi han
theo TCVN 9360:2012.
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Hinh 3. B lin mong cuc bg trén méng 6/6.000x100% = 0,1% < 0,2% (dam bao
an toan)
Bang 1. Bang t8ng hap chi phi xay dung phuong an méng coc

Hang muc céng Khéi Pon gia Thanh tién
STT viéc BVT | 1yuong | (vND) (VND)

1 | Chiphithépvagia | Tan 67,50 | 30.000.000 | 2.025.000.000
cong thép

2 | Baténg mong m* | 287,00 | 2.000.000 574.000.000

3 | Chi phi coc va ép | md | 3.07800| 500.000 1.539.000.000
coc D450

4 | Téng gia tri trudc 4.138.000.000
thué

3.3. Phuong an méng bé

Hinh 4 thé hién mé hinh 3D dugc xay dung b&ng phan mém
SAFE dé phan tich phuong an méng bé két hgp susn c6 mé réng
mong, nham phan tan ting suat déu hon 1én nén dat yéu, tir d6 giam
tai trong don vi truyén xuéng nén.

Hinh 4. M hinh SAFE tinh todn phuong an mong bé két hgp sudn (md rgng mong)

Hinh 5 tai hai diém bat ky, ti phan mém phan tich két cdu SAFE
xuat ra chuyén vi nén theo phuang ding (ky hiéu Uz), don vi mm, c6
U,=-10,198 mm va U =-3,964 mm, tur d6 tinh dugc d6 lun cuc b
gita hai diém bat ky As = 6,234 mm, ty |& 1tn l&ch [ 0,1247%<0,2%
gi6i han theo TCVN 9360:2012.
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Hinh 5. D4 lin méng cuc b trén méng 6.234/5000x100% = 0,12% < 0,2% (dam
bao an toan)
Bang 2. Bang téng hogp chi phi xay dung phuang én méng bé

Hang muc cong s Pon gia Thanh tién
STT viée PVT | Khoi luong (VND) (VND)
1 |Chiphi thép va) ro | 6750 | 30000000 | 2.025.000.000
gia cong thép
2 |Béténg méng m? | 500,00 | 2.000.000 | 1.000.000.000
3 | Tong gia tri trude 3.025.000.000
thué

3.4. Phuong an méng bé coc

Hinh 6 thé hién m6 hinh phan tich két cdu moéng dugc thiét
lap trong phan mém SAFE, 4p dung cho phuong 4n moéng bé coc
két hgp suan. Bay la mé hinh 3D mé phéng day du cac thanh phan
chinh ctia hé méng bao gém: Ban bé, dam sudn va hé théng coc
chiu luc.

Hinh 6. M hinh SAFE tinh toan phuong an méng be coc két hgp suon

Hinh 7 thé hién két qua xuit ra ti phan mém SAFE, trong dé
luc nén doc D450 c6 P,, nho hon téi trong thiét ké clia coc la 1.600
KN, tir d6 dam bao kha nang chiu luc cta coc. Tuong tu xuat két
qua tir phan mém SAFE ta dugc luc nén doc D300 c6 P, nho hon
tai trong thiét k& cla coc la 600 KN, tir d6 dam bao kha nang chiu
luc cla coc.
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Hinh 7. Lic nén doc D450 (ti trong thiét ké coc 1.600 KN); PTK < 1.600 KN (ddm bao
chiu lyc), D300 (tdi trong thiét ké coc 600 KN); PTK < 600 KN (ddm béo chiu luc)

Hinh 8 tai hai diém bat ky, ti phan mém phan tich két cdu SAFE
xudt ra chuyén vi nén theo phuang ding (ky hiéu Uz), don vimm, c6
U,=-6,758 mmva U ,=-3,818 mm, tu d6 tinh dugc d6 lun cuc bo
gira hai diém bat ky As = 2,940 mm, ty |& ltn l&ch |a 0,0589%<0,2%
gidi han theo TCVN 9360:2012.

Hinh 8. D lin méng cuc bd trén méng 2,95/5.000x100% = 0,059% < 0,2% (dam
bao an toan)
Bang 3. Bang t&ng hop chi phi xay dung phuang 4n méng bé coc

Hang muc Khéi Pon gia Thanh tién
STT | céngviec | PVT | lugng | (VND) (VND)

1 Chi phi thép va Tan 56,18 30.000.000 | 1.685.400.000
gia cong thép

2 Bé tong moéng m3 287,00 2.000.000 574.000.000

3 Chi phi coc va 612,00 300.000 183.600.000
. md
ép coc D300

4 Chi phi coc va| md 558,00 500.000 279.000.000
ép coc D450

5 Téng giad tri 2.443.000.000
trudc thué

4, KET QUA NGHIEN CUU VA THAO LUAN
Bang 4. So sanh uu, nhugc diém ba phuong an méng coc,
moéng be, méng beé coc

Phuong an: Méng coc Phuong an: Méng bé Phuong an: Méng beé coc

Bién phdp thi cong don | Bién phap thi cong don Bién phap thi cong don gian

gian

gian

Gan nhu khong lan theo
thai gian

Ldn theo thoi gian dat
truc tiép nén dat

Gan nhu khong 1un theo thai
gian do c6 hé coc b6 sung

Ap dung dugc cho cong
trinh xay chen va dai tra

Néu cong trinh xay chen
khéng thé mé rong dai
va nén dat c6 suc chiu tai
nho sé khéng dam bao

Ap dung dugc cho cong trinh
xay chen va dai tra
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Anh huéng céng trinh lan
can: Gan nhu khéng anh
hudng (do s6 lugng coc rat
thua téi khodng cach 13,3d)

Anh huéng cong trinh lan
can: Trung Binh (néu ép
qué nhiéu coc kha nang
sé gay nut nha ké bén)

Anh hudng cong trinh
lan  can: Khong anh
hudéng

Thi cong: bai tra Thi cong: Pai tra Thi céng: Pai tra

Chi phi: 100%
(4.138.000.000)

Chi phi: 73,1%

(3.025.000.000) Chi phi: 59% (2.443.000.000)

Bang 5. So sanh lugng bé tong va ¢t thép méng bé coc so vai
modng coc

TOA NHA VAN PHONG
Ming eoc Ming bé coe
Thép Bé ting Thép Béting
Ty(Tam) W(m®) T3(Tén) Va(m®)
67,50 287,00 56,18 287,00
Virung binh bébing = Vi —Vz | Yobéting = Virung binh/V1
=287.00-287.00=0 =0287.00=0
Tmmmb =N -Ty %rhep = Tmﬁ:ﬂﬂl
=67,50-56,18=11,32 =(11,32/67.505=100=16,7
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Hinh 9. S¢ d0 so sanh lugng bé tong va thép giira méng coc va mong bé coc

K&t qua tinh toan lugng bé téng va cét thép méng bé coc so
véi méng coc dugc thé hién & Bang 5 va Hinh 9 cho thay néu s
dung phuong an méng bé coc sé tiét kiém dugc 16,7% thép so voi
phuong én méng coc.

Bang 6. So sanh lugng bé tdng va cét thép méng bé coc so véi
mong bé

i

TOA NHA VAN PHONG
Méng bé Méng bé coc
Thép Bé timg ¥ (m?) Thep Bé ting
Ty(Tén) Ty(Tém) Vy(m?)
67.50 500,00 56,18 287.00

%ﬁq = Vmﬁnﬁﬂ"l
={213500)=100 =42 6

Yorhép = Tirung bink//T1
(11,32/67,50)x100=16,78

Vmg binh bé bing = L]
=3500,00 -287.00=213

Ttrungtink =T1 — Tz
=6750-56.18=11,32
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Hinh 10. So d6 so sanh lugng bé tong va thép gilta méng bé va mdng bé coc

K&t qua tinh toan lugng bé téng va cét thép méng bé coc so
vdi moéng beé duoc thé hién & Bang 6 va Hinh 10 cho thay néu st
dung phuong an mong bé coc sé tiét kiém dugc 42,6% bé tong va
16,78% thép so v&i phuong &n moéng be.

5. KET LUAN

K&t qua tinh toan va mo phong cho thdy rang, khi bo tri hé
théng coc hap ly, méng bé c6 thé tiép nhan khoang 70% ap luc tur
nén dat trong khi coc van dam bao chiu gan 100% tai thiét k€&, gitp
phat huy t6i da hiéu qua phan phéi tai trong gitta cac thanh phan.
Sukét hgp hai hoa gitta ban bé va hé coc khéng nhiing dam bao kha
nang chiu luc, kiém soat lun hiéu qud ma con mang lai lgi ich kinh t&
ro rét nhg giam khéi lugng vat liéu st dung.

T cac phan tich ky thuat va so sanh kinh té&, nghién ctu dé
xudt ap dung mong beé két hgp coc (PRF) nhu mot gidi phap nén
mong uu viét trong thi cdng nha cao tang c6 tang ham tai cac khu
vuc d6 thixay chen, noi yéu cau cao vé kiém soat Iiin va han ché anh
hudng dén cong trinh [an can. Dong thoi, phuong an nay con téi uu
hoéa khéng gian sir dung va chi phi dau tu.

Nghién cuu ciing da hé théng héa cac phuong phép tinh toan
mong PRF, két hop Iy thuyét véi moé hinh mé phong thuc té bang
phan mém SAFE, tir d6 cung cdp co s& khoa hoc va thuc tién dé
Iya chon gidi phap méng phu hgp cho céc cong trinh cao tang xay
dung trén nén dat yéu dac trung cla dé thi Viét Nam.
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