PIA KY THUAT - TRAC BIA

MOT SO VAN DE LIEN QUAN DEN I'NG SUAT KEO TRONG QUA
TRINH THI CONG PONG COC BE TONG COT THEP DU NG LUC
SEVERAL PROBLEMS RELATED TO TENSILE STRESS DURING THE
CONSTRUCTION OF PRESTRESSED REINFORCED CONCRETE PILES

ThS. NGUYEN NGOC THUYET
Saitama University, Nhat Ban
TS. PHAM THANG

Civil Engineering Dept., University of Texas Rio Grande Valley, My

Bai bao c6 st dung mat sé tai liéu va kinh nghiém cda cé TS. Trjnh Viét Cuong - nguyén

Vién triromg Vién KHCN Xay dung.

Toém tét: Coc bé tong cét thép (BTCT) ha bang
bua déng 1a moét phwong an thi céng kha phé bién
tai Viét Nam. Hinh thdc nay hién thwong duwoc ap
dung tai cac cong trinh céng nghiép va ha tang véi
khéi lrong Ién. Trong qué trinh thi céng déng coc tai
mét sé cong trinh 16m & Viét Nam, cé nhiing sw ¢
xudt hién ngoai dw tinh nhw hién tuong nit coc khi
thi cbng, hién twong coc bj nghiéng khi dao méng,...
anh huéng I6n dén qua trinh thi céng va nghiém thu
cbng trinh. Mét trong nhidng nguyén nhan la trong
qué trinh thiét ké, cac ky sw Viét Nam hdu hét chi
quan tdm dén kha ndng chju tai nén khi lam viéc va
khi ha coc ciing nhw khd ndng chéng ndt khi céu
I&p, ma thwong bé qua mét théng sé rat quan trong
la ing suét kéo phat sinh trong qué trinh déng coc.
Vi v4y, trong thuc té thi cong khi gdp tinh hudng
umg suét kéo I6n, cac nha thau nhin chung la ling
ting va thuong phén doan sai vé nguyén nhan sw
cé. Bai bao nay phan tich mét vi du dién hinh cda
triromg hop tmg suét kéo 1én phat sinh khi thi cong
déng coc, déng thoi dua ra mét sé kién nghj gidp
khdc phuc tinh trang nay.

Abtracts: Driven prestressed concrete piles are
now very common in Vietham. These pile
foundations are often applied in industrial and
infrastructure projects in large volumes. During
installing piles at several major projects in Vietnam,
there were unexpected incidents such as pile
cracking during construction, piles tilted when
digging the excavation of foundations, etc., which
seriously affect to the construction and acceptance
process of the projects. One of the reasons is
related to the design process. Viethamese
engineers usually consider the compressive load
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capacity when working and installing the piles, as
well as the ability to resist cracking when carrying
and transporting. A very important parameter that
was neglected is the tensile stress that appears in
piles during installing. Therefore, in practice, when
faced with a high tensile stress situation, the
contractors are generally confused and often
misjudged the cause of the problem. This paper
analyzes a typical example of an actual case with
high tensile stress occurring during installing piles
and then gives some recommendations to help
overcome this problem.

Key words: PDA, tensile stress, prestressed
concrete piles, pile installation.

1. Gi¢ithiéu

Céng trinh duwgc xem xét nghién cu trong bai
bao nay la hang muc Boiler 2 thuéc Dy an “Nha
may nhiét dién Long Pha 1 vé&i cdng suat 2x600
MW’ dwoc xay dwng vao ndm 2016 tai 4p Thanh
Plrc - xa Long Dlrc - huyén Long Phu - tinh Séc
Trang - Viét Nam.

Theo phwong an thiét k& da dwoc phé duyét
ban dau, nhiéu hang muc cta dy an nay s dung
coc vubng BTCT dw ng lwc loai 0.5mx0.5m, bé
téng coc st dung la C50 (theo ASTM C39, bé tong
¢ cwdng dé nén mau lang tru 150x300 mm ', = 50
Mpa), cét thép sir dung cho coc la cap dwong kinh
15,24mm c6 cwong do f,, = 1860 Mpa, sb cap cho
maéi coc 1a 4 sgi. Cac t6 hop coc gdbm 3 dét coc:

+18m + 18m + 17m=53.0m;

+18m + 18m + 16m= 52.0m.
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Trong qua trinh thi cdng déng coc, mot sé coc
xay ra hién twong niét ngang than coc. Cac vét nit
¢6 dang nhuw trong hinh 1 va hinh 2 [5].

Hinh 1. Vét nit cua coc sé hiéu 12HA415
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Hinh 2. Vét nit cda coc s6 hiéu 12HA195

Céc hang muc cong trinh dw kién s dung loai
coc néu trén phan bd twong dbi tap trung va chad
yéu nam trong pham vi khu virc nha may chinh. Céac
hé khoan nam trong pham vi nay la: BH6, BH7,
BHS8, BH9, BH 10, BH 11, BH 12, BH 13, BH 14, BH
23; cac hé khoan sau 50m, trir hé khoan BH8; BH12
sau 60m va hd khoan BH23 sau 20m. H6 khoan
BH7 nam trong khu vuc nghién ctru (Boiler 2).
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Hinh 3. M4t bang bé tri hé khoan khao sét dia chat céng trinh (PCCT) ban déu trong khu virc Nha may chinh

Theo béao céo khao sat DCCT, cac I6p dat nén trong khu viee nha may nhiét dién Long Pha nhw sau:

Bang 1. Tém tat c&c 16p dia chét khu vuc nha may nhiét dién Long Phi 1

s D sau day lop SPT Khéi lwong thé
i Mo ta — Bén (bua/30cm) tich (kN/m°)
1 Lé&p 1: Cat lap chat vira 2.8m 4.8m 4-22 20
2 Lop 2: Sét déo 4.0m 6.4m 2-9 18
3 Lé&p 3: Sét déo chay dén déo 15.5m 17.5m 0-13 17
Tap chi KHCN Xay dung - s 2/2021 51



PIA KY THUAT - TRAC BIA

4 Lép 4: Cét pha chat vira 19.0m 23.2m 9-19 19
5 | L&p 5: Sét déo mém dén déo cirng 38.5m 50.4m 8-30 19
6 Lép 5a: Cat pha chat vira 33.6m 37.8m 9-25 19
7 Lép 6: Céat pha chat vira 38.5m 49.0m 9-43 19
8 Lép 7: Sét déo cirng 40.0m 49.0m 14-40 20

Hb khoan BH7 ndm trong khu virc nghién ctru thé hién cac déc diém twong tw nhw cac hé khoan con lai

trong pham vi thi cdng nha may chinh.

Loai bua chinh dwoc st dung 1a HD100 cé céc théng sé nhw trinh bay trong bang 2.

Bang 2. Théng sé thiét bj ha coc

Loai bua HD 100
Trong lwgng phan roi (kg) 10000
Nang lwgng méi nhat dong (Nm) 340000-220000
Tan suét dap (nhat/phut) 36-45
Lwc I&n nhét tac déng 1én dau coc (KN) 2600
Phu hop dé ha coc (kg) 40000
Téng trong lvong bua (kg) 20560
Chiéu dai bua, a (mm) 6720
Chiéu dai coc bla - al (mm) 6720
Chiéu cao roi I&n nhat — L (mm) 4110

Ngoai ra, mét loai bua khac cling dwgc str dung
song song c6 trong lweng 7,2T, chiéu cao roi la
2,5m.

Sau khi ghi nhan hién twong nit coc, Nha thau
thi cong da tién hanh ra soat céng tac san xuéat va
thi cong coc, déng thdi danh gia lai phwong an thiét
ké coc ban dau. Két qua cho thay nhirng yéu t sau
day khong phai nguyén nhan gay nit coc [5], [11]:

- Chét lwong bé téng coc (d&m bao theo thiét
ké);

- Sai s6t trong viéc ché tao coc (c6 thé gay nut
khi van chuyén céu I3p).

Nha thau tién hanh khao séat dia chat b sung
véi l6p dia chat bé mat co chiéu day khoang 4m.
Thuc té cho thay didu kién DCCT da cé sy thay dbi
so v&i khdo sat ban dau: I&p cat san nén co trang
thai chat dén rat chat (SPT N=17-45), sai khac v&i
diéu kién dia chat ban dau (SPT N=6-33), nguyén
nhan c6 thé 1a do 16p san nén gan bé mét cé do
chat tang lén theo thi gian khi c6 tac dung cla céac
phwong tién hoat déng trong khu viwc khao sat.

Sau khi nghién ctru qua trinh khac phuc ma cac
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Nha thiu d3 tién hanh, nhém tac gid nhan thay mot
sb diém sau:

- Chét lwong bé téng dam bao cac thdng sé nhw
thiét ké dé ra;

- Céac vét nit déu theo phwong ngang than coc
nén nguyén nhan gay ra hién twong nay dén tir tng
suat kéo (khi uén hodc kéo doc truc) chir khong
phai tlr (’ng suét nén:;

- Céc trwong hop gay ubn coc (khi van chuyén,
cau lap, udn doc khi déng) khéng phai 1a nguyén
nhan (nhém tac gid nhan thay trwong hop Nha thau
gidm dd manh cla coc trong qua trinh déng coc,
bang phwong phap kep coc, nhwng coc van bi nit);

- ng suét kéo doc truc la diéu nha thau chua
tinh dén va chwa dwoc khao sat day da.

V6&i nhitng nhan dinh trén, nhém tac gid kién
nghi kiém tra (rng suét kéo trong coc trong qua trinh
doéng va ung hd dé xuét thay déi thiét ké coc clha
nha thau,nhirtng doan coc hay gap sw cb sé& duoc
téng sb soi cap tr 4 soi l1én thanh 8 soi. Loai cap
duwogc st dung c6 dwdng kinh @15,24 mm.

Hai trwdng hop coc str dung 4 cap (nhw ban
dau) va 8 cap (nhw kién nghi diéu chinh) dwoc
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danh gia kha nang chiu lwc vé vat liéu theo céc
tiéu chuan hién hanh. Tiéu chuan dwoc ap dung
dé tinh toan 1a TCVN 7888:2014. Phwong phap
tinh dwoc gir nguyén, s dung tiét dién hinh

hoc cla coc vudng dac 50 x 50cm. Theo tiéu
chuén nay, cudng do chiu kéo clha bé téng coc
bi bd qua. K&t qua tinh toan dwoc thé hién
trong bang 3.

Bang 3. Kha nédng chiu lyc cda vét liéu coc theo TCVN 7888:2014

- . Kha nang chju kéo ctia BT coc
Kha nang chiu 3 X 5
. nén ctia BT coc B& qua cwong d6 | Ké dén cwong do
Trudng hop chiu kéo cua BT chiu kéo cta BT
MPa MPa MPa
4 cap 23.73 2.68 8.18
8 cap 22.57 5.12 10.62
TCVN 7888:2014 bd qua (ng suat kéo clia bé Lo ,

tong coc. Tuy nhién, c6 thé thay cwdng do chiu kéo
cla bé tong coc la dang ké. Tinh toan theo ACI
543R ciling bé qua cwong d6 chiu kéo clia bé tdng
coc, khd nang chiu rng suét kéo cta coc 50 x
50cm, 8 cap la 1033 kN [4] twong dwong 4,132
Mpa.

Ngoai ra mét tiéu chuan Viét Nam khac ciing
thwong dwoc st dung dé tinh toan ciu kién BTCT
la TCVN 5574:2012. Tiéu chuan nay cé dé cap dén
viéc tinh toan cAu kién bé téng ng luc trwéc nhung
khéng quy dinh vé viéc tinh (ng suét kéo trong coc
&ng suét trwdc cd st dung cudng dd kéo cua bé
téng hay khéng.

Tiép theo, bai bao thao luan vé hién twong séng
&ng suat kéo phat sinh trong qua trinh déng coc.

2. Ly thuyét chung vé truyén séng trong coc

Khi bta tac dung vao dau coc, xung lwc do bla
gay ra séng nén lan truyén tlr diu coc xudng phia
mi coc. Tai thei diém t=L/c (L 1a tbng chiéu dai
truyén song, c la van tdc truyén séng trong vat liéu
coc) ké tir khi bua dap vao dau coc va phan hoi tré
lai d&u coc. Stre khang ctia d4t nén do ma séat va do
strc khang & mii coc tac dong dén cwdng dod va
dang cla séng phan hdi. Théng thwéng séng phan
hdi tr& lai dau coc la séng nén nhwng trong thuc té
¢6 nhirng trworng hop séng phan héi la séng kéo. Ly
thuyét truyén séng trong thanh dan héi dwoc tém tat
dusi day.

2.1 Xung lwe trén dau coc

Khi bua dap vao dau coc sé gay ra trng suat nén
tac dong lén dau coc. Dang dién hinh cuta su thay
ddi ng suét theo thoi gian dwoc thé hién trén hinh
4.
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Hinh 4. Xung luc tac dong |én déu coc

Ban d4u tac dong ctia bua chi & dau coc rdi sau
do lan truyén xubng phia mii coc véi tbc dd
¢ =+/(E/p), trong d6 E 1& mé dun dan héi va p la
khdi lwong riéng cua vat liéu coc. Gia tri déc trwng
cla van téc truyén séng la ¢c=3500 m/s dbi véi coc
BTCT va ¢=5000 m/s v&i coc thép.

Bién dé cua xung luc do bua gay ra & déu coc
phu thudc vao nhing yéu té nhw chiéu cao roi bua,
trong lwong bla, céu tao bua, céc déc trung co hoc
clia dém déu coc va twong quan vé dé cung giifa
bla va coc.

2.2 Quan hé gitka van téc chét diém va dmg suat

DPéi v6i bua roi tw do, van tdc cla qua bla khi
tiép xtc v&i dau coc xac dinh theo quan hé:

V, =,/20He; )
trong dé: g - gia téc trong trwdng, e - hiéu suét
cta bta va H - chiéu cao roi bua.

Van tdc cla dau coc khi chiu tac doéng cua va
dap thuweng nhé hon van téc cdia qua baa, cha yéu
do tac dung gidm chan cta hé théng dém dau coc.
Khi chiu tac dong ctia xung lwc, chat diém trén than
coc dich chuyén mét khoang twong dbi nhé (thwéng
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& mirc vai mm dén vai cm) va thdi gian xay ra hién
twong nay ciing rat ngén (thwéng & mac vai chuc
ms). C6 thé nhan xét [a V << ¢, trong d6 c |a van téc
lan truyén séng trong coc nhw da néu & trén.

Quan hé gira van téc chat diém va rng suét

duwoc xac dinh theo:

=E.— 2
Oy o (2)

Te c=,E/p, c6 dwoc VE =c x,[p va thé
vao quan hé trén:
ou
o,=CJE.p.— (3)
a r Y
Van tbc truyén séng c l1a tbc do lan truyén cla
dx
séng doc than coc tac dong cda bla, do d6 C=—
Thé vao (3) thu dwoc:
dx au ou
o, =Ep Ep.— (4)

dt x ot
Vi E =V lavan toc chat diem nén:

=, EpVv=pcy (5)

Lwc tac dung 1&n coc bang:

F=A\E v—AE—2 v=AE i \Y;
o 1} £ L. 1/E.p.

Twr d6 xac dinh dwoc quan hé gitra Iwc va van
tdc chat diém:

F:EV:ZV (6)
c

trong do:
E o .

Z = —— - khéng tr& co hoc cla coc.
C

2.3 Phén xa cda s6ng gng sudt tai dau mat cda
thanh dan héi

ng x& cla séng &ng suét trong thanh dan hoi
khi lan truyén dén vi tri c6 sw thay ddi bat thwong
cla khang tré dwoc xac dinh theo twong quan gitra
dd citrng clia cac phan coc & vi tri do (hinh 5).

Cwong dd séng phan hdi Fr duwoc xac dinh theo
twong quan gitva khang tré ctia phan coc bén trén
(Z,) va bén dudi tiét dién cé thay dbi khang tré (Z,):
Zz - Zl Fli
Z,+7,

Trong thwe té cé thé gép cac trwdng hop:

“Khi Z,=Z, thi F]
phan hoi;

- Khi Z,>Z, thi F =F", khi d6 mét phan
song sé& phan hoi tré lai voi dau tring voi dau cla
séng ban dau;

- Khi Z,<Z, thi F] =—F", khi d6 mét phan
séng sé phan héi tré lai voi ddu nguoc véi séng
ban dau.

Riéng khi Z, << Z, thi toan bd séng sé phan
hoi tré lai.

Fo = )

=0, khi d6 khéng cé song

Thét gian t

B AT Dline
2

Hinh 5. St lan truyén séng (ng suét tai diém thay déi khang tré
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Sdéng nén

TR AW

Diét yéu

R RS

(a) Lop tua coc

PN | 7 AR

Séng nén
dén mili coc

)

Ghi chu:

- Séng phan héi 1a séng
nén khi lop twa coc la
dat cung;

- La séng kéo khi I6p
tra coc la déat yéeu;

- Song kéo ¢o cuong do

cao khi ma sat va stic

khang mii khéng dang

k&, vi du khi déng doan
l coc dau tién.

Séng
phan hoi

Hinh 6. Truyén séng tng suét tai miii coc

2.4 Corché cua swcé gay coc trong qua trinh
déng trong dat yéu

Quaé trinh truyén séng trong coc dwoc minh hoa
trén hinh 6. Ban dau bua gay ra (rng suat nén tac
dung lén dau coc va trong giai doan séng lan truyén
xudng mii coc thi &ng suét trong coc la nén (hinh
6a dén 6¢). Giai doan tiép theo, khi song truyén dén
mii coc thi c6 thé xay ra ba trwdng hop vé séng
phan hdi nhw d& dé cap dén & phan trén. D6 1a:

- Khi Z, =Z, thi khdng c6 song phan hoi: Trong
thuc té co thé gap trwong hop nay khi dé cirng cta
dat dwoi mii coc twong dwong do cing clia than
coc. Trong khu vwc nghién ctru khong gap trudng
hop nay vi dét nén twong déi yéu;

- Khi Z,>Z, thi FRT = Fl¢ moét phan song sé
phan héi tré lai dwdi dang séng nén. Dac biét khi
Z, >>Z, thi toan bd soéng sé& phan hdi tr& lai.
Trong thyc té xay dwng c6 gdp trwong nay khi coc
dwoc déng vao nén rat cirng nhw cac loai da. Trong
khu virc nghién ctru khdng gap trwdng hop nay do
I&p twa coc cé dd cirng twong ddi thap so véi do
clrng cua bé téng coc;

- Khi Z,<<Z, thi Fl =—F" toc 1a toan bd
séng sé phan hdi tré lai dwdi dang séng kéo. Diéu
kién nay thwéong xuyén gdp trong thuwe té déng coc,
vi du:

+ Giai doan dau doéng coc trong 16 khoan dan,
khi mii coc chwa xudng dén day 16 khoan va ma séat

Tap chi KHCN Xay dung - s 2/2021

bén twong dbéi nhé thi strc khang ctia nén réat thap.
Diéu kién nay xay ra & khu vic nghién ctu néu coc
duwoc ha trong 16 khoan dan qua Iép cét san nén;

+ Coc doéng qua l&p dat twong dbi cirng, xuyén
vao lop dat yéu: Khi mii coc ndm trong Iop dét
clng thi stre khang cltia nén twong déi cao nén bla
diesel thuwdng “nhady” cao. Khi miii coc xuyén thing
I&p dét cirng thi stre khang mii gidam dét ngdt trong
khi xung lwc do bua gay ra van rat cao. Diéu kién
nay co6 thé xay ra tai cong trinh khi déng coc qua
nén dat gdbm nhirng 16p dat xen kep. Hién tuwong
nay ciing twong ty nhw trwdong hop coc déng qua
khu vwc khoan dan (trong cong trinh nay) véi
dwong kinh nhé hon dwdng kinh coc strc khang
miii (Z,) rat nhé so véi strc khang bén.

Séng kéo phét sinh trong coc theo co ché néu
trén c6 thé gay nirt gay coc néu ng suét kéo vuot
qué d6 bén chju kéo cla vat liéu coc. Trong trwdng
hop nay, c6 thé tadng trong lwong clGa bua (ram
weight) déng th&i gidm d6 clrng cha miéng dém
(cushion) sé& giam thiéu dwoc hién twong nit coc
khi déng.

3. Cac phwong phap wéc tinh ng suét phét
sinh trong coc khi déong coc hién cé tai Viét Nam
3.1 Dwbéo theo tiéu chudn TCVN 9394:2012
3.1.1 N¢i dung cta phwong phap

ng suét do bua gay ra trong coc khi déng, gdm
(’ng suét nén va (ng suat kéo, dwoc tim theo
phwong phap tra bang.
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Tri s6 ng suét dong nén o, kéo o, 1on nhét

trong than coc BTCT ha bang bua di-&-zen kiéu dng
va bua hoi don dong xac dinh theo cbng thirc:

o = KKK KK, (8)
trong do:
K - hé sb, & day K=1.1 cho &ng suét nén va
K=1.3 cho &ng suét kéo;
K, - hé s, xac dinh theo ty sb Q/F, voi Q la

trong lwong phan dong cla bla va F 1a dién tich tiét
dién coc, kG/cm?;

K, - hé sb, phu thudc vao chiéu cao roi bua H;

K3 - hé sb, phu thudc vao d6 cirng cla vat liéu
dém dau coc;

K, - hé sd, phu thudc vao chiéu dai L cla coc,
va cuong do tieu chuén, R, cda dat nén dwoi mii
coc, tinh theo céac chi tiéu cwdng do Cl]a} dat nen,
theo phwong phap tra bang trong tiéu chuan thiét ké
moéng coc (hién nay la bang C4 cua TCVN
9394:2012).

3.1.2 Tinh toan ¢ng suét khi déng coc bang bua
thay luc trong lwong 7,2 T

3.1.2.1 Truong hop déng doan coc dau tién

a) CAc s6 liéu ban dau:

Trong lwong phan dong cla bua: Q=7200 kg;
Chiéu cao roi bua: H=2.5 m;

Bé rong tiét dién coc: 50 cm;

b) Tinh hé sé Kg:

WI/F = 7200/(50x50) = 2.88 kG/cm?

Tra bang C1 xac dinh dwoc:

- Dbi v&i ing suét nén: Ky, ne, = 217 kG/cm? :
- Déi voi (g suét kéo: Ky weo = 14.8 KG/cm?.
c) Tinh hé sé K;:

V&i chidu cao roi bia H=250 cm, xac dinh dworc:
- Dbi v&i (ng suét nén: Ky, g, = 0.776;

- Dbi véi tng suét kéo: K g = 0.47.

d) Tinh hé s6 Ka:

Trong diéu kién khong c6 sb liéu chinh xac vé
dém dau coc, trong tinh toan & day xac dinh Ks
twong &ng v&i didu kién thwong gdp la dém dau
coc lam bang van ép véi tbng chiéu day 20 cm. Tra
bang xac dinh dwoc:

+Hé sé nén K, =0.7;
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+ Vi gia tri gid dinh clia &ng suit =250
kG/cm?, c6 E, = 4800 kG/cm?.
E
Tirdo K, =—"% = 4800
K., ~ 0.7x20

Gia tri cua Kj:

= 342.8 kG/cm?

- Dbi v&i tng suat nén: Kg, ne, = 1.0668
- Dbi v&i (’ing suét kéo: Kj g = 1.224
e) Tinh hé s6 Ky

Khi déng doan coc dau tién thi strc khang cua
dat rat nhé (coc ha trong 16 khoan dan qua céat va
sau dé xuyén vao I6p sét yéu), do d6 trong tinh toan
ldy R,=50 T/m?. Ttr d6 c6 dwoc:

- Dbi v&i ing suét nén: K, n¢n = 1.0;
- Dbi v&i ng suét kéo: Ky e = 2.58.

g) Tinh toan &ng suéat nén/kéo khi dong doan coc
dau tién theo cong thiee: o, = KK K,K,K,:

O =254.64KG/cm’ (25.5 MPa)
O, =60.76 KG/cm?’ (6.1 MPa)

3.1.2.2 Trurong hop déng coc dén do sau thiét ké (3
doan)

a) Tinh hé s6 Ky:
Nhw trwdng hop déng doan coc dau tién:
- Dbi v&i tng suét nén: Ky, ne, = 217 kG/cm?;
- i voi trng suét kéo: Ky weo = 14.8 KG/cm?.
b) Tinh hé s6 K;:
Gidng nhuw trwdng hop déng doan coc dau tién:
- Dbi v&i ing suét nén: Ky, ¢, = 0.776;
- Dbi v&i ng suét kéo: Ky, e = 0.47.
c) Tinh hé sé Ks:
Gibng nhuw trwdng hop déng doan coc dau tién:
- Dbi v&i ing suét nén: Ks e, = 1.0668;
- Dbi v&i ing suét kéo: Kj e = 1.224.
d) Tinh hé sé K,

Khi déng doan coc dén d6 sau thiét k&, mii coc
twa vao Iop sét cieing & d6 sau >35m, do d6 lay R,
=8000 kPa. Tr do:

- Dbi v&i tng suét nén: K, nen = 1.03;
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- i v&i ing suét kéo: K, g = 1.224.
e) Tinh toan (rng suat nén/kéo khi déng coc dén do
sau thiét ké theo cong thic:
ok = KK KKK,
o, =262.28 KG/CM? (x26.2 MPa)
Oy, =15.54KG/cm’ (x1.55 MPa)

3.1.3 Tinh toan ung suét khi déng coc badng bula
diesel HD 100

a) C4c sb liéu ban dau:
- Trong lweng phan déng ctia bla: Q=10000 kg;

- Chiéu cao roi bua |4y theo bao céo két qua
PDA (thi nghiém coc 12MA 3124): H = 2,5m, phu
hop véi nang lwong cia mdi nhat déng la 340000
Nm dén 220000 Nm.

V6i trong lwong bia 10000 kg, chiéu cao roi
bla twong &ng la:

H=340000/(9.8 x 10000) dén 220000/(9.8 x 10000)
~ 3,4 mdén 22 m.

Bé rong tiét dién coc: 50 cm.
b) Tinh hé sb K:

WI/A = 10000/(50x50) = 4 KG/cm? I16n hon mirc
cao nhét trong bang C1 ctia TCVN 9394:2012. Nhw
vay viéc str dung loai bia 10 tAdn dé déng coc nam
ngoai pham vi diéu chinh cua tiéu chuén.

3.2 D bdo theo phwong phap cua Warrington [10]
a) Xéac dinh van téc truyén séng trong coc:
c=JE/p
trong do:
¢ - van tbc truyén song, m/s;

P - khéi lwong riéng cla vat liéu coc (bé téng),
lay béng 2500 kg/m®;

E - m6 dun dan hdi cua vat liéu coc, & day lay E
= 3.10E10 Pa.
b) Tinh toan khang tr& co hoc, Z, cla tiét dién coc

_AE
C

VA
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Véi A la dién tich tiét dién coc.
c) Xac dinh van téc cta qua bua, Vo, khi dap vao
dau coc:
V, =/2gH

v&i:H= chiéu cao roi bua (m);

g = 9.81 m/s” (gia téc trong trwong).
d) Tinh toan khang tr& ctia qua bia Z,:

Z, =JKM

trong do:

K - do clrng cla dém dau coc;

M - khéi lwong ctia qué baa, kg.
e)Tinhhésb6Z:Z'= 5

ZS

g) Xac dinh lyclonnhét F_, :  F,, =2V,

Vé&i V, 1a van téc bua khi va cham véi coc.
h) Tinh toan lwc tac dung 1én diu coc (Warrington,
1999):

1.021
I:pile - W I:max
1+
Zl
i) Ung suét trong coc khi déng:
_ Fore
A

Céc théng sb cla coc bé tdng cbt thép tiét dién
vubng, canh bang 0,5m nhw sau:

O - khéi lwong riéng cha vat liéu coc, 14y bang
2500 kg/m?;

E - md dun dan héi cha vat liéu coc, & day lay E
= 3.10E10 Pa;
Dién tich tiét dién coc: A = 0.5%0.5 = 0.25 m”.

Cac théng sb khac khi xac dinh bang phwong
phap cha Warrington cho hai trwdng hop dwoc thé
hién & bang 4:

Trwdng hop 1: bGa nang 7,2T chiéu cao roi
2,5m;

Trwdng hop 2: bGa nang 10T, chiéu cao roi
2,5m.
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Bang 4. Céc thdng sé duoc xac dinh theo phurong phap ctia Warrington (1999) [10]

Théng sb Ky hiéu T. hop 1 T. hop 2 Don vi
Van téc truyén séng trong coc c 3521.363372 m/s
Khang tré co hoc cua coc Z 2200852.108 kGs/m
Trong lwgng qua bla M 7200 10000 kG
Chiéu cao roi H 2.5 2.5 m
Van téc baa khi va cham Vo 5.943 7.004 m/s
Do ctrng clia dém dAu coc K 3.00E+08 3.00E+08 N/m
Khéang tré cta qua bua Zs 1.47E+06 1.73E+06 kGs/m
Hé sb6 Z' z 1.50E+00 1.27E+00
Lwc Ién nhét Fmax 1.03E+07 1.21E+07 N
Lwc tac déng 1én dau coc Fpile 8.73E+06 9.99E+06 N
Ung suét trong coc khi déng c 3.49E+01 4.00E+01 MPa

3.3 Thi nghiém do séng wng suét (thi nghiém PDA) Tru dia chat dwoc dung dé déi chiéu la caa

Téng hop két qua do song phat sinh trong than ~ hdé khoan BH7, (ky hiéu cac I&6p dat trong cac
coc trong qué trinh déng coc dwoc thé hién trong  hinh 8 va 9 dwoc giai thich day da trong hinh
hinh 7 (bta 10T) [2] , hinh 8 va 9 (btia 7,2T) [3]. 7).

Ung suat phat sinh khi déng coc bing baa 10T

0 10 20 30 40 50

0 - su_ 0
+208| [1.38 Layer 1: Loose to medium dense yellowish brown, dark
117 .25 R o e brown poorly graded SAND with silt (SP-SM)
\\ 137 e 32 9 390
15.2 25.3 u Layer 2: Firm to stiff yellowish brown, greenish grey
15.2 L R R T, & —————— lean to fat CLAY (CH-CL)
152 253 -1.86( |5.30
i52 253
152 253
-10 11 i \25'37.8 Layer 3: Soft to firm greenish grey, dark grey lean
122 248 to fat CLAY (CH-CL)
122 248
122 248
122 248
‘122\' ~4.8 -1226] 11570
224 & 334
’IU/ et ——® 355 Layer 4: Dense to medium dense greenish grey, yellowish
6'755 Q\'ggi; = brown sandy lean CLAY (CL) to clayey SAND (SC)
20 7 { 22 -18.78] |2020
* 7P 224
7 $ 226
7! { 223
7. 234
78 \\izsj Layer 5: Stiff to very stiff strong brown, yellowish brown
Py 0N v 278 lean CLAY to sandy lean CLAY (CL)
£ ¢ 7h 428
e 75 ¥ 302
8 f 7 30.1
o -0 6.4 297 -27.06] |30.50
S 6.3 & 296
£ Layer 5a: Dense to medium dense yellowish brown, strong
O brown sandy lean CLAY (CL) to clayey SAND (SC)
g 5.9 4389 -3208) |3550
] 5 398
O S 5.8 R 403
6.6 ¥ a15
6.1 44
40 6! ¥ 423
7 422
6! z 422 Lens 1: Dense to medium dense yellowish
6! » 429 brown, grey silty, clayey SAND (SC)
6. 424
$7 ? 425
78 ? 426 Layer 6: Dense to medium dense yellowish brown, greenish
78 { 424 [I} grey sandy lean CLAY (CL) to clayey SAND (SC)
76 I 434
-50 75 _61 50 > 4425_95 lso Layer 7: Very stiff to hard greenish grey, yellowish brown
g “ '\ lean CLAY to sandy lean CLAY (CL)
(]
g —e— Ungsudtkéo
-4
—e— Ungsudtnén

Ung suat (mPa)

Hinh 7. Két qud do séng coc 12MA 3124
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Hinh 8. Két qua do séng img suat coc 12HA 474 khi dung bua 7,2 T cho doan coc dau tién
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—a— Ufng suitkéo —a—Ung suitnén C. TI’U ho khoan BH7
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(Fng suit (mPa)

a. Coc 12HA 474

rng sudt (mPa)

b. Coc 12HA 451

Hinh 9. Két qud do séng tmg suét khi diing bia 7,2 T véi ddy du 3 doan coc
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Nhan xét: két qua do twong dbi phu hop vai ly
thuyét chung vé truyén séng néu trong muc 2, cu
thé la:

- Trlr mot sé trwdng hop coc phai xuyén qua
nhirng I&p dat clrng xen kep, trong diéu kién théng
thwong thi (’ng suét nén trong coc 1a cao nhét khi
coc dwoc déng dén dd sau thiét ké, noi nén dat
twong ddi tét;

- Ung suét kéo tang khi mii coc chuyén tir 16p
dét cirng (16p 1) sang I&p dat yéu (16p 2 va 3).

4. Phan tich két qua do séng va cac ly thuyét
tinh toan

4.1 So sanh séng déng sudét phat sinh khi déng
coc véi kha nang chju tai cda coc

Két qua dy bao kha nang chiu tng suét kéo cla
cac loai coc (bang 3) dwoc dung dé so sanh. Két
qua cho thay:

a. Vdéi bua 7,2T

- Trwong hop coc 4 cap va bé qua cuwong do
chiu kéo clia bé téng, coc c6 rng suat kéo gidi han
la 2,68 MPa, nhé hon tat ca cac (rng suét kéo do
dwoc. Theo d6, tat ca cac doan coc sé& déu phai bj
nit. Tuy nhién, thwc t& cho thdy chi mot sb doan
coc bi nrt [11];

- Trwdng hop coc 4 cap va k& dén cwong do
chiu kéo cuia bé tong, coc c6 rng suat kéo gi¢i han
la 8,18 MPa, twong (rng v&i nhirvng song rng suét
kéo I&n nhat do dwoc. Can lwu y rng viéc chat
lwong coc khong thé ddng déu hoan toan, nén thuc
té thi cong c6 nhirng doan coc bi nt, sb khac thi
khbng la hoan toan hop 16 gic;

- Truwdng hop coc 8 cap va k& dén cwong do
chiu kéo cuia bé téng, coc c6 rng suat kéo gi¢i han
la 10,62 mPa, I&n hon hau hét séng ng suéat kéo
do dwgc (Chi nhat bua dau tién cé ng suéat kéo Ion
hon, bang 11,9MPa, nhwng nhiéu kha ning day la
sai s6 do dac). Khi dé viéc thi cong sé kho xay ra

nit coc do (rng sudt kéo. Diéu nay phu hop voi
thuc té thi cong, cac phwong an diéu chinh (tdng s6
cap tlr 4 thanh 8 soi) do Nha thau dé xuét la hop ly,
két qua thi cong thwc té hién trudng ciing cho thay
ty 1& coc hu hdng la chap nhan duorc.
b. Véi bda 10T

Hau hét ong suét kéo khi déng doan coc dau
tién déu Ién hon 11Mpa (phd bién 1a 15,2Mpa) [2].
Trong khi d6, ngay ca vai trwong hop cod kha nang
chiu &ng suét kéo I&n nhét ciing chi la 10,62 Mpa (8
cap va ké dén cuong do chiu kéo cla bé tong). Nhw
vay, bda 10T khéng phu hop véi tredng hop nay.
Nhén xét:
- Khi khéng k& dén cuong d6 chiu kéo clia bé
téng coc, kha nang chiu kéo cua vat liéu coc khong
dap wng dwoc (ng suét sinh ra khi déng, cho du
bda st dung la loai 7,2T hay 10T,;
- Khi ké dén &ng suét kéo cla bé téng coc:
e Trwong hop 4 cap da sb co6 thé dap rng duwoc
(ng suét sinh ra khi déng coc bang bua 7.2T nhung
hé sb an toan la rat thap. Trwong hop nay khéng
thé dap &ng véi loai bta 10T;
e Trwong hop 8 cép, c6 thé dap ng dwoc tng
suét sinh ra khi déng coc bang bda 7.2T véi hé sb
an toan la chap nhan duwoc. Trwéng hop nay ciing
khong thé dap (rng v&i loai bua 10T.

- Viéc bd qua ng suét kéo cutia bé tong khi danh
gi4 khd nang chiu &ng suét kéo clta coc 1a khong
hop ly. Khi k& dén khad nang chiu kéo cla bé téng
coc, két qua tinh toan twong déi phi hop véi thuc
té.

4.2 So sanh gia tri img suat phat sinh khi déng
coc theo dwbéo va theo do dac tai hién trurong

Cac két qua tinh toan ly thuyét va két qua thuc
nghiém dwoc tap hgp trong bang 4.

Bang 4. Téng hop két qua tinh toén va do ung suét khi déng coc

Tinh toan ly thuyét Do séng rng suat (PDA)
(ng suét nén (MPa) ng suét kéo (MPa) Ung Sl(JlatPrSn max Ung SEJGSZSO max
Loai TCVN 9394 c TCVN 9394
bda % Poan Toan b
A c 5 2 A A Y
ann ngn £ ann Toan b dAu Toan bd coc Poan dau coc
dau y g dau coc
coc
72T 25,5 26,2 34,92 6,08 1,55 24,1 54,9 7,9(11,9)* 6,6
10T - - 40.05 - - 35,5 43,6 22,4 8,1

Cha thich: (*) 1a sé lidu bj nghi ngor 1a sai sé ter viéc hiéu chinh may
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Nhén xét:

Tinh toan &ng suét (ca kéo va nén) theo TCVN
9394:2012 cho két qua nhu sau:

- Poan coc dau twong dbi phi hop véi két qué do
séng trng suét tai hién truwong;

- Poan cudi (toan bd coc) thdp hon dang ké so
v&i két qua do sdng tai hién truwong.

Nguyén nhan c6 thé do mirc d6 anh hwéng do
ma sat bén dworc lay cao hon thuc té. Trong trwong
hop cu thé cha Nhiét dién Long Phu, khi déng doan
dau coc thi strc khang cla nén la khong dang ké
nén sy chénh léch gitra (’ng suét nén va &ng suét
kéo nhod hon so véi khi coc da dwgc dong sau hon;

Tinh toan theo Warrington cho gia tri ng suét
nén twong déi phu hop véi két qua thwc nghiém.
Tuy vay phwong phap nay khong dwa ra sé liéu vé
&rng suét kéo trong coc.

5. Két luan vakién nghi

ng suét kéo phat sinh trong qua trinh déng coc
la mot théng sbé quan trong, can dwoc quan tam
thda dang ngay t&» budc thiét ké dé han ché nhirng
sw ¢d trong qua trinh thi cong.

Tinh toan kha nang chju kéo theo TCVN hién
tai, bé qua cwong do chiu kéo cua bé tong coc dw
&ng lwc 1 chuwa thda dang. Nén xem xét ké& dén
thong sé nay véi mot hé sé an toan thich hop.

Viéc thiét ké coc nén ddm bao khéng hinh thanh
vét nirt trong qua trinh van chuyén, cau 1ap (lam mét
kha nang chiju kéo clia bé tdng coc).

Anh hwéng vé sy thay ddi dia chat 1a c6 co s&,
khi ma ng suat kéo trong coc khi déng doan coc
dau tién (chuyén tir 1&p cat chat sang 16p dat yéu) 1a
twong dbi Ién. D& han ché cac nguy co nay, co thé
gidm chiéu cao roi bua hodc ting chidu day I&p
dém. Khi cé hién twgng n&t ngang than coc trong
qué trinh déng, can thwc hién mét trong cac bién
phap sau dé xac dinh nguyén nhan va giam thiéu sy
cb: (1) do ng suét trong coc khi déng dé phat hién
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ra chinh xac nguyén nhan ntt coc; (2) diéu chinh lai
thiét bi déng coc bang cach ting trong lwong clha
bua ddng thdi gidm d6 cing cla miéng dém:; (3)
tang kha nang chiu kéo clia coc bang cach tang sb
lwong hodc dwéng kinh cét thép chiju kéo trong coc.
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