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Tom tit

Trong bai bao nay ching tdi mudn gisi thiéu mét logi méng méi, duoc goi 1a “méng kim
cwong”. Mong kim cwong dwoc vng dung nhiéu ¢ Hoa Ky. Nhung ¢ nwéc ta, chiea ¢é cong
trinh nao nghién ciu 1ng dung vao thuc tién ciing nhw Iy thuyét tinh todn. Dya vao kién thic
nén moéng, ching téi da ché tao logi mong nay va xay dung trinh ti tinh toan, kiém toan va thi
tai. Khd nang chiu tdi cia moéng kim cuwong dwoc so sanh véi mong néng dé chimg minh tinh
kha thi cua logi méng nay.
Tir khéa: méng kim cwong, coc xién, sirc chiu tdi, kiém todn mong, thir tdi coc
Abstract

A STUDY OF DIAMOND PIER FOUNDATION AND ITS APPLICATION TO
LIGHTLY LOADED BUILDINGS

In this paper, the authors aim to give a presentation of a new type of foundation called
"Diamond Pier". This type of footing is widely used in the United States. Yet in our country,
there have been no studies either on the use of this type of footing or on the theoretical basis for
calculation and design. A model of this foundation has been built for testing and a procedure
for calculation, design checking and load testing has been created. The bearing capacity of
Diamond Pier footing are compared to that of a shallow footing to demonstrate the feasibility
of use of this type of foundation.

1. Pit vin dé

Méng kim cuong dwgc wng dung nhiéu tai My, trong cac cong trinh xay dung cau nho,
cong trinh nha cira, cac cong trinh tam, cac con duong trong khu du lich... O nudc ta dé tai
mong kim cuong con rat méi la. Chua ¢ cong trinh nao nghién ciru, tng dung vao thuc té hay
ly thuyét tinh toan vé loai méng nay. Vi vdy can nghién cau thiét ké “mong kim cwong” sao
cho pht hop véi cac yéu cau vé ky thuat, my quan, diéu kién xay dung, khi hau ¢ nudc ta, dac
biét 1a gia thanh va thoi gian thi cong. Tur nhitng yéu cau d6 ching t6i thay can nghién ctu va
som dua loai méng nay vao ap dung thuc tidn trong cong tac thiét ké va thi cong.
2. Két cau hé théng méng kim cwong

Vat liéu xay dung thong thuong dugc st dung cho méng kim cuong la thép, bé tong va
thép dng khong gi. D6i véi bé tong ta nén sur dung bé tong c6 cuong do cao dé dam bao tinh
bén cho khdi méng kim cwong trong qué trinh sir dung va dac biét Ia trong qué trinh thi cong
nén st dung méc tir 300 tré 1én. D6i voi bng thép. Do dng thép duoc dong vao trong dat, chiu
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su anh huong oxi héa. Theo thoi gian 6ng thép s& bi an mon va phé hoai, dé khic phuc nhuoc
diém d6 ta nén st dung éng thép dugc ma ké€m, crom. Khi do tudi tho cua 6ng thép duoc tang
1én dong nghia vai tudi tho clia cong trinh ciing duge ting 1én. Trén thi trudng hién nay dng
thép ma k&m duoc phan phéi bai nhiéu cong ty trong ca nudc. Ong thép duoc san suat tir thép
cuong do cao 350-450 MPa, éng thép ma kém c6 nhiéu quy cach, duong kinh tir D21, 27, 34,
42, 49, 60, 76, 90, 114, 168, 219 va nhiéu kich c& khac, vai chiéu day tir 0.9mm dén 5mm. Boi
v6i thép dat trong khéi mong kim cuong dugc bd tri theo dang vong khép kin, nén cé thé sir
dung thép co duong kinh nho dé thiét ké thuan tién cho viéc gia cong. Chiéu sau chén mong
phu thudc vao nguoi thiét ké, két cdu phia trén mat dat bao gdm mot phan khéi méng kim
cuong va hé lién két vai két cau phia trén. Hé lién két véi két cau phia trén c6 nhiéu dang, nhu
hé lién két s dung bang m4, bat mot phuong, bat 2 phuong hoac ¢6 thé 1a cét cho (cdt thép).
Hé lién két vai két cau phia trén stir dung buldng két hop véi bang ma thich hop cho cac cong
trinh nha xuong, nha kho, ma ¢ d6 sir dung cot 1a thép. DAi vé6i cac nha cong nhiép lap ghép thi
phwong phap nay gitip rat ngan thoi gian thi cong va céng viéc thi cong don gian [7].

bé tong ;
dau coc

coc 6ng
thép
/ nat bao vé
mii coc

=

Hinh 2. Méng kim cwong cho cong trinh nha va cong trinh cau

3. Tinh toan kha nang chiu luc

Coc trong mong kim cuong dugc thi€t ke vei goc xién a. DB xién cua coc gilp coc tang
kha nang chong d& cac ngoai luc xién. Khi tai ngang doi chieu do gio, do lyc ham cua xe, do ap
lyc nudce chay trong vung c6 anh hudng thay tricu... Suc chiu tai caa coc xién cé thé tinh theo
cong thic quen thuoe nhu [3]: Q =9A + A (1); trong do Qo : 1a cuong do dat nén tai mii
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coc; A, : la di¢n tich tiét dién ngang cua coc; fs2 13 luc ma sat giita dat va coc & d0 sau z; A :
La dién tich xung quanh cua coc, == U'ntg¢a’+ ©2(2). V6i: o'n 1a tng suat phap thang goc véi
mat coc ¢ do sau z. Tai d6 sau nay ta nhan thay ellipse tng suat cé % truc dai la tng suat chinh
dai o'v, va % truc ngan 1a ang suat chinh tiéu o'h nén on<ovbat chap do xién cua coc la bao
nhiéu. Do vay dé don gian tinh toan va thién v& an toan, c6 thé sir dung cong thic tinh T nhu
coc thing ditng. 9% +C < T =019, +C (3)

Tuong tu, cling c6 thé st dung cong /Qu
thire tinh stre chiu tdi don vi cia dat nén & P4
mui coc q o cua coc théng dlll’l'lg dé tinh cho 1L FHIIIT P T AR /ﬁ/ //,«’ NN
) ) / ,fi
coc xién. / / N
) / oV
‘-‘F\“

Hinh 3. Hinh anh coc xién chiu tac _hl _ _/Z
dung cua lyc ma sat va lyc miii coc. /

3.1. Sirc chiu tdi do chi tiéu cwong dé ciia dit nén

3.1.1. Sirc chiu tdai do ma sat xung quanh than coc [3]

Qs =uxy f;xl (4); trong —
d6, u 1a chu vi tiét dién ngang coc: —
u=27R; | 1a chiéu dai doan coc o G )

21

cam trong 16p dat thir i va f, la
ma sat don vi trung binh giita dat @, Cs
va coc trong 16p dat thir i.

H,

~e

Hinh 4. M6 phong coc xién qua cdc 9
lop dat. / /\7 ¢, Cy | = —
- X Hinh 5. Coc dng thép.

Coc thép rdng: dugc lam bang thép khdng gi, co duong kinh ngoai D, cé duong kinh
trong d.

Chiéu dai cua coc thép trong ting 16p dat : |, = H,

CoOS

DxzxH,

) cosa

Luc ma sat don vi trung binh gitra dat va coc trong lop i.

f, =(@1—-sing)xOCR xo;; xtgd, +c,;  (5)

Véi: oy, =k, xoy, =[@—sing')xoy;,. o, : 1atng suat cb higu theo phuong dang do

trong luong ban than cua dét dat tai trung diém cua I6p dat dang tinh :

Dién tich xung quanh ciia coc trong ting I6p dat : A, =

fi: oy =7 X7I+o-\}(i—l)

ocr: lati s6 ¢6 két truge cua lop dat thai> 1.
Luc dinh va gbc noi ma sat:
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- Coc bé tong cot thép: ¢, =¢ C, =C

- Coc thép: ¢,; = (0.67 +0.83)x ¢, c,; =(0.67 +0.83) xc;

Cha y: Néu c6 muc nudc ngam trong mot I6p dat thi phan 1am hai 16p dé tinh.
=Q,=A xfy=Axf +A,xf,+... +A, xfg, (6)

3.1.2. Sirc chiu tai do miii coc: Qp = Ap xq,

7 x D?

Dién tich tiét di¢n ngang coc: A, (xem coc thép Ia coc dic) A, =
Cuodng do dat nén tai mili coc (Stre chiu tai don vi): g,

Theo Terzaghi: [1]

- Coc vuong: g, =1.3xcx N + 0, x N, +0.4xyxdxN,

- Coc tron: g, =1.3xcxN; +0o,, x N, +0.3xyxdxN,

Theo TCXD 205:1998: [4] g, =cx N + oy, x Ny +yxd xN,

Véi: ’d la canh hinh vuéng, dudong kinh hinh tron hoef}c chiéu sau chon mong. Ne, Ng, N,
la cac hé so phy thudc vao géc ndi ma sat ¢. ¢'yp 1a ing suat co hiéu theo phuong dimg tai miii
coc. oy, ZZ(% xZ;) (7
Vay strc chiu tai do miii coc tinh theo TCXD 205:1998
7 xD?
Q, =

3.1.3. Sirc chiu tai cyc han: Q, =Q;+Q,

x(€xN¢ +oy, xN, +y>xdxN ) (8)

3.1.4. Sirc chiu tai cho phép: Q, _Q :%Jr&
F R K
Fs: Hé sb an toan tong (Fs=2-3). Fy: Hé sO an toan phan chiu tai do ma sat (F,=1.5-2).
Fsp: Hé s6 an toan do miii coc (Fsp=2-3).
3.2. Sirc chiu tdi ciia coc theo vit ligu: [5] P, = px(A; xRs)

zxD?  zxd?

Cuong d¢ cua coc thép: R, =R, . Dién tich tiét dién ngang coc: A =

4 4
Sirc chiu tai ctia coc theo vét liéu: P, = px (A xR;) = px (R, x(”X4D2 _ ”Zdz))
Véi @ 1a hé sb xét dén anh hudng cua ubn doc.
¢ =1.028—0.0000288.4% —0.00161 (9)
L L 2 Z
/I = —=—
d r (10)

Lo: la chiéu dai tinh toan cua coc.
(Lo =v x L. v: 1a h¢ so6 do manh).

N

IU=2 IU=O. 3

Déu coc ngam trong | Déu cot ngdm trong| Diu coc ngam trong

Hinh 6. H¢ s6 do manh trong cdc : et L .
dai va mii coc nim | d& vamili coctira | dAd vAmii coc nghm

truong hop

trong dit nén lén dat citng hodc d4 trong da
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3.3. Noi lyc tac dung lén diu coc
3.3.1. Tinh todn theo méng coc dai thip véi cdc coc xem nhw thang dirng [5]
N tt M tt
P = ><|y |_
| Z v 2
Véin, la ) luong coc, X;, Yila toa dd coc thtr i so voi trong tdm nhom coc.
Tai trong ban dau tac dung 1én dinh moéng nhu sau: Lyc ngang: HY, Moment: M", Luc
dung: N Tong hop luc quy vé bé méng. Luc dang: Ny =N"+y,xD, xF,. Luc ngang:
Hy =H" .Moment: Mj =M_+Hxh

tt

x| (11)

3.3.2. Xeét goc xién trong coc

cos o oo C e
P = (ﬂ ) xP (véi cac coc ¢ goc xién duong).
cos
= cos(fra) P (Vi cac coc cogoc xién am).
cos f
max max
Pao Po

‘min
o

Hinh 7. Thé hién goc a va [ (B: Aa goc gitia
phuong thang dung va phuwong hop luc giita
Pi & H; a: Aa goc giita phuong thang dimg

\ ; A , "max
va phuwong coc (goc xién cua coc)). Po

3.3.3. Kiém tra sic chju tdi cua coc

P <
max Qa 1Pmin
P. >0

min —

Néu khong thoa ting kich thude coc. P
H
3.3.4. Kiém tra bén cho coc ong thép [2], [6] (
Tai trong p tac dung tai dau coc phat sinh
luc Ps. P, = Pxtga N
Ung suat ¢6 hi¢u theo phuong ding tai cao . g
trinh mili coc cua dat bi dong. v I
2 0 ¢ El /L —\\ Ey
B =yxLxtg (45 +=) 7 R
(12) — —\
P2 P3 ]

Ap luc dat bi dong tac dung vao dau coc:
E = 1 x (7 x L2 xtg?(45° + Q) ap lyc dét chi dong ap lyc dat b’i dong
2 Hinh 8. M6 hinh lyc tc dung 1én éng thép
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Ung suat c¢6 hiéu theo phuong dirng tai cao trinh miii coc cua dat chu dong

Pz=7><L3xt92(45°—g) (13)

Ap lyc dat chu dong tac dung vao dau coc: E, = % x (7 x L xtg®(45° —g)

Coi coc 1a ddm conson c6 ngam 1a khdi méng. Ta c6 momen gay ra tai ddu ngam la:
2 2
Mg, :ElxngS—szngS—l%xszLH xB+M (14)
Ung suit cta thanh thép tai vi tri ngam :

O':—OX _7Z'><D2
W y.wx_

X

x(l-a*) (15)

Moment khang udn.

D R

Véi: d, D: 1a duong kinh trong va dudng kinh ngoai coc ong thép.

B : la chiéu cao khoi mong.

Dé coc thép khong bi pha hoai thi phai théa man diéu kién: o < [O']

4. Thir tai

4.1. Dia diém, dia chit noi thir tii

Dja diém: Cong trinh xay dung co s& 6 Truong Pai hoc Lac Hong (trude kia cd tén 1a
cong trinh Ky tlc xa Truong Pai hoc Lac Hong), duong Huynh Van Nghé, phuong Biu Long,
thanh phé Bién Hoa. Dia chat: ban dia chat khu vuc khao sat c6 do sdu 20m, gdom 5 I6p dat.
Lép dat thir nhét c6 chiéu day 3.2m, c6 lyc dinh ¢=24.3 (kN/m?), goc noi ma sat ¢=17°01",
trong lwong riéng tu nhién y=18.7 (kN/m?), trong lugng riéng kho y=14 (kN/m?), str dung bé
tong cip B30, muc nudc ngam & do sau 6m.

4.2. Tién hanh thir tai

Tién hanh thir tai cho khdi méng kim cwong c6 kich thudc phan bé tong 35x35x35cm,
Vi 4 6ng thép co chiéu dai 1a 1250 mm, duong kinh ngoai 42 mm, duong kinh trong 38mm.

Tién hanh cong tac thir tai.

Buoéc 1: Xac dinh vi tri thir tai va tim méng.

Buéc 2: DUNg xéng dao dat toi do sau Dr do sau dat mong D= 20 (cm).

Buéc 3: it khdi mong kim cuwong vao vi tri kiém tra sao cho khdi mong khong bi dat
léch va nghiéng, lap dét chat xung quanh phan mong duoc chon dudi dét.

Buéc 4: Pua 6ng thép vao céc 16 ciia mong kim cuong. DUng bua ta dong cac coc xudng
tGi khi khoang cach con lai cua 6ng thép I1a 5em thi dirng lai.

Buéc 5: Tién hanh lap hé théng do d6 1n va tao mat phang trén méng kim cuong dé dat
tai trong. Cong viéc dat tai trong phai duoc thuc hién an toan. Pat tai phai dang trong tam,
chinh x4c, dam bao an toan khi thir tai. Cong viéc quan sat va ghi nhat ky phai duoc kiém tra
lién tuc trong sudt qué trinh thir tai.

Buéc 6: Tién hanh chat tai. Dung can cau dé chat tai 1én mong kim cwong. Tién hanh chat
tai tir tir roi quan sat chuyén vi theo phuong ding. Do diéu kién thir tai ¢6 han nén ta chi thu tai
Véi tai trong nén ding tam.
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Hinh 9. Déng coc vao ddt
va lap dat hé thong do do
lun.

Hinh 10. Dar tdi lan 1 va
lan 2 lén mong kim
cuong

Bang 1. Gia tri do lun quan sat thir tai (X lun = 0,037)

STT Gia tai [kg] Thaoi gian quan sat [phut] Do lan [m]
1 420 10 0,002
2 1000 15 0,01
3 1420 15 0,005
4 2400 15 0,02

4.3. Két qua tinh todn cho mé hinh thir tdi trén co sé 1y thuyét

Luc doc: Ni = 5.0(kN), Luc ngang: Hx = 0 (kN), Hy = 0 (kN), Moment: My = 0 (kN), My
= 0 (kN). bia chat nhu vi tri thir tai coc.

4.3.1. Stec chiu tai do chi tiéu cuong do cua dat nén

Strc chiu tai do ma sat xung quanh than coc: Qg =uxY_ f; xI,

u: La chu vi tiét dién ngang coc.
U=2x7xR=2x3.14x(0.042+2) = 0.132(m?)

|- L& chiéu dai doan coc cim trong I6p dat thu i.

f.,: La ma sat don vi trung binh giira d4t va coc trong I6p dét thu i.
Coc thép rdng: Puoc lam bang thép khong gi.

Co duong kinh ngoai la: D =0.042m
Co duong kinh trong 1a: d =0.038m
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Chiéu sdu chén méng: p . =0.2m
Chiéu day ctia 16p dét chira coc: h =1xcosa =0.9xcos40° = 0.69(m)
Dién tich xung quanh ctia coc. A, =u x| =0.132x0.9=0.12(m?)
Luc ma sat don vi trung binh gifra dat va coc.
fy =(@1-sing)x JOCR x o, xtg@, +C,; =6.48x1912.75+18.23 =19.69(kN/ m?)
Véi: o) =k, xo; =(L—sin g )xoy; = (1—sin12.75)x8.32 = 6.48(kN / m?)
o i: La ing suat c6 hi¢u theo phuong ding do trong lugng ban than cua dat dat tai

trung diém cua 16p dat dang tinh fg |
0.89

oy = 7/><D =18.7x —— =8.32(kN/m?)
2 2
Coc thep:
@, =(0.67+0.83)x ¢, =(0.67+0.83)x17.01=(11.39+14.12)
c, =(0.67+0.83)xc, = (0.67+0.83)x24.3 = (16.28 - 20.17)
= Q, = A, x f; =0.12x19.69 = 2.36(kN)
Strc chiu tai do miii coc: Q, = A, xq,
Dién tich tiét dién ngang coc:A, (xem coc thép 1a coc dic)
zxD?  3.14x0.042
4
Cuodng d6 dat nén tai mili coc (Stre chiu tai don vi): g,
Theo TCXD 205:1998: q, =cx N +oy, x N, +yxdxN,

A, = =1.385x10*(m?)

Véi: d: 1a chiéu sdu chon mong: d =0.2m

Ne¢, Ng, N, 1a céc h¢ s6 phu thudc vao goc ndi ma sat ¢
N, =14.56, Ng =5.45, N, =3.50

G'vp laing suét cé hi¢u theo phuong dimng tai mii coc.

oy =D (7%x2)=18.7x0.89=16.64(kN /m?)

Vay strc chiu tai do mili coc tinh theo TCXD 205:1998.

zxD?

Q, x(CxNg +0y, x N, +yxdxN) =1.385x107° x (18.23x 14.56 + 16.64 x 5.45+18.7 x 0.2 x 3.5) = 0.51(kN)

Siure chiu tdai cwe han: Q, =Q, +Q, =2.36+0.51=2.87(kN)

, o e s . _%_Qs Qp_287_
Sire chiu tai cho phép: Qu = FF t e s =1.91(kN)

ss sp

F, : H¢ s6 an toan tong ( Fg =2-:-3).
F,.: Hé sb an toan phan chju tai do ma sat (F, =1.5-:-2).
F,. H¢ $6 an toan do miii coc ( Fyp =2-:-3).
4.3.2. Swc chiu tdi cua coc theo vt liéu
Cuodng do cia coc thép: Fu =#* (A xRs)
Dién tich tiét dién ngang coc: R, = R, =280(MPa)
7xD? zxd® 314x0042° 314x0.038’

= - =2.51x10"* (m”
A=—, : : (m)
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Sure chiu tai cua coc theo vat liéu:

7xD?*  7xd?
Ri = #x (A xRg) = gx R x( YR
Voéi: ¢ 1ah¢ s6 xét dén anh hudng cua udn doc

) = 0.91x 280x10° x 2.51x10* = 63.95(kN)

¢ =1.028—-0.00002881% —0.00161=0.91 va 1= L L 18 =42.86

d r 0042
Lo: Ia chiéu dai tinh toan cua coc: L, =vxI1=2x0.9=1.8
v: 1a hé s6 d6 manh: v =2
4.3.3. Ngi luc tc dung lén dau coc
tt
Xem nhu luc tac dung chia déu cho céac coc theo phuong thang dung. P=—¢
p
Téng hop luc doc quy vé bé méng: N} =N +G,, =5.0+0.766 =5.766(kN)
G,, = BxBxhxy,, =0.35?x0.25x 25 = 0.766(kN)
Trong lugng khdi bé tong:

Luyc tac dung théng dinglén: R=P, =P, =P, = 5.766 =1.44(kN)
4

Coc dong xi€n nén lyc doc tryc nhuwsaw:p =P, =P, = P; = b _ 144
cosa cos40
Str dung phﬁn mém plaxis 2D dé tinh lun cho khéi moéng thir tai. Do diéu kién khong cho

phép nén ta chi tién hanh thir tai voi tai trong nén ding tam.
Nhap s6 liéu dau vao: S liéu dia chat duoc léy trong hd so dia chét noi tht tai. Doi vai
tai tap trung ta mo phong cho 2 coc vdi luc nén p/2 va dugc phan tich thanh tai phan bd déu co
gi4 tri bang 12.5 kN/m.

~1.88(kN)

sco sm

>

f
P
dEEESEELEEEEE BB

.......... wr : waw | el Katao,

Hinh 11. Biéu do ving bién dang déo. Hinh 12. Biéu dé luc doc

Bang 2. Gi tri théng sé dau vao.

Thong s6 Don vi Lop 1
Vsat (kN/m?) 18.9
Yunsat (kN/ms) 18.7
c (kN/m?) 24.3
o) do 17%1°
v 0.35
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Eoed (KN/m?) 3750
H (m) 3.20

Rinter 1
W 0

Dua trén két qua thu tai thuc té va két
qua tinh toan trén cg so ly thuyét, ta thay kha
nang chiu lyc cua moéng kim cuong qua thu tai
thuc té 1on hon tir 3 dén 4 1an so voi két qua
tinh toan trén co s& ly thuyét. Vi thé ta can phai
dwa vao thyc nghiém va qué trinh khai thac dé
dua ra mot hé sé didu chinh tai trong nham
giam dudng kinh va chiéu sau coc, giam duoc
chi phi xay dung cta cbng trinh.

l h\‘ \

wt [ 2 7 e [

Hinh 13. Biéu do dé lun

5. Panh gia két qua nghién ciru

Qua md phong hinh dang va su so sanh thuc té bang thuc nghiém dé cho thiy nhitng vu
diém ciia mong kim cwong vai cac ¢éng trinh mong khac. Qua tinh toan va so séanh ching toi
thy kha niang chiu tai cia méng kim cuong gdm 4 coc thép @40mm, dai L=1250 mm lam viéc
tuong dwong mong nong bé tong cbt thép kich thudc 0,8x1,0 (m), chén sau 0,5m. Diém han ché
cua van d& nay la do kinh phi va thoi gian ¢ han nén chua dugc kiém chang nhiéu trong thuc
té va trong qua trinh khai thac va van hanh cong trinh.

Méng kim cuong nén str dung cho c&c cong trinh chiu tai trong nho (nha gd, cau bo hanh
két cau bén trén sir dung vat liéu gb hodc thép, nha tam, nha xuéng). Gidi han tai trong cua
cong trinh tly thudc vao kich thudc cua dng thép va ho so dia chit cua dat nén. Can nghién cau
thém vé khdi mong quy wdc va tinh bén cho khdi bé tong dé dam bao tuyét dbi an toan cho
cong trinh va tiép tuc thuc nghiém, quan sat qua trinh st dung thuc té dé dwa ra hé s diéu
chinh tai trong.
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