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SU PHU THUOC CONG SUAT DAN PONG CUA MO TO QUAY
VAO TOC DO HA COC ONG THEP TREN NEN SAN HO

Tran Hieu Ly', Phan Thanh Céau’, Nguyén Vin Hién'

Tém tat: Dua trén mét sé gia thiét vé nén san hé va két qua do duoc khi thuc nghiém quay ha coc trén dao,
bai bao trinh bay phurong phép tinh toan xéac dinh dnh huéng cta tbc dé dan tién dén mé men cén quay trong
qua trinh quay ha coc éng thép trén nén san hé véi nhiéu I6p dia chat. Ttr d6 khao sat sw thay dbi cong suét
ctia mé to quay coc theo vén tbc dan tién coc. Két qua nghién ciru la co sé dé tinh toén, thiét ké Iwa chon
mé to quay coc cho may khoan ha coc & diéu kién bién dao Viét Nam.

Twr khéa: Quay ha coc; nén san hé; mé to thiy luc; cong suét dén dong.

Dependence of driven power of rotational motor on the installing speed of tubular steel piles into
coral foundation

Abstract: Based on some assumptions about coral foundation and measured results in experiments of
pressing piles on the islands, this paper presents a calculated method to determine effect of installing speed
to resistance torque acting on the piles in the pressing process into coral ground with different layers. As
a result, this work investigates the variations of the power of driven motor upon piling speed. The results
are based to calculate and select a new motor for the design of press-in machinery for work conditions in
Vietnam’s islands.
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@ 1. D3t vén gé

Tuy thudc vao diéu kién thiét bi thi cdng, ddi twong
nén va chang loai coc, ngudi ta c6 thé st dung luc ép tinh,
va dap hoé&c luc rung d& ha chim coc 6ng thép vao nén [1].
Phwong phap xoay ha coc éng thép (rotary press-in) phuc
vu gia ¢cb nén méng coéng trinh c6 nhiéu wu diém hon so véi
cac phuong phap ép coc truyén théng s dung hiéu tng
rung va hiéu (rng va dap vi né khéng lam anh hwéng dén do
bén, kha n&ng chiu tai clia coc ciing nhw cac déc tinh co ly
clia nén dia chat xung quanh [2,4]. Béi véi nhitng khu vuc
ven bién va hai dao véi dac diém dia chét 1a nén san ho thi
yéu cau nay lai cang can thiét d& dam bao chét lwong va tudi
tho cong trinh. C6 thé str dung cac may quay ha coc chuyén
dung (Hinh 1a) ho&c cac thiét bi Press-in tich hop trén may
xuc, can cdu dé ha coc éng thép. D& giam lwc can doc truc
clia coc khi dwa vao nén san ho tir dé gidm duwoc tdng lwc
can khi ha coc, dau cac coc 6ng thép dwoc bb tri cac réng
cat (Hinh 1b).

D4 c¢6 rat nhiéu nghién ctvu lién quan dén cong nghé
khoan xoay ha coc tuy nhién nhirng nghién ctru nay méi chi
dirng lai & viéc tinh toan lwc can thuan tay Ién coc ma chua : i
day da. Chwa c6 nghién ctvu nao tinh toan coéng suét can S “
thiét clia mé to dan déng coc. Néi dung bai bao tién hanh Hinh 1b. Ong thép déu Idp rang cat
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nghién ctru anh hwéng cla tbc d6 ha coc trén nén san ho téi cong suat mé to thdy lwe dan déng quay tir d6
xac dinh dwoc cong suét can thiét ca né.

@ 2. Tinh toan céng suat mé to quay trong qua trinh quay ha coc

2.1 M6 hinh twong tdc giira coc 6ng thép - nén san hé khi quay ha

Cac gia thiét khi xay dung mé hinh:

- Ap lwc ngang ctia nén san hé tac dung 1én thanh coc dwoc tinh [Ly thuyét Rankine]:

) TP

ah(z)Iy(z)ztan (Z_E) (1)
trong dé: y(z) 1a trong lwong riéng cla san ho, phu thudc vao chidu sau va dwoc xac dinh béng thwe nghiém
theo [1]; ¢ la goc ma sat trong clia san ho.

- Qua trinh khoan xuédng chi cé ring cét dau coc thép mai tham gia qua trinh cét da san ho;

- Qua trinh khoan téc d6 quay can khoan la khéng dbi;

V&i 1, (bng suét tiép tac dung 1&n than coc dwoc tinh nhw sau [3]:

7,, =0, tang = yztan (Z—gjtangé (2)

- Theo két qua thwe nghiém xac dinh & mot sé quan dao [5], phan bé clia nén san hd dwoc chia thanh
3 loai chinh. Loai 1: catsan h6 , y, = 15 KN/m3; Loai thir 2: san ho canh nhanh 7,=18 KN/m3; Loai thir 3: san
hé lién khéi, y, = 25 KN/m?. Trong qua trinh quay st tvong tac coc gitka coc va nén san ho lam xuét hién mo
men can ma sat do lwc ma sat gitra thanh coc va nén san hd. M6 hinh twong tac gitra coc thép va nén san
h6 dwoc thé hién trén Hinh 2.

2.2 M6 men ma sét can quay téc dung lén coc éng thép

M6 men can tac dung lén coc bao gdm: Mé men can ma F
sat do Iyc tac dung vudng géc Ién thanh ngoai cla coc; M6 men X
can ma sat do lyc tac dung vudng géc Ién thanh trong cla coc; d>
Mé men can cét trén cac rang cat ctia thanh coc. Theo [4], dé tinh <__/
todn md men can thanh coc ta xét mot phan tr trén thanh coc & do 777 7777,
D

sau z co chiéu cao dz va chiéu rong D/2 d (dbi véi thanh ngoai)
va d/2 do dbi vai thanh trong.

- M6 men cdn ma sat tac dung lén thanh ngoai clia coc:

mse

H, H, H,
M! =ptan¢k, —COSSJde yljlzdz+y2j‘zdz+y3j‘zdz] (3)

1 2

trong do: y,, 7,, 7, la trong luwong riéng cta da san hé & Iop tho 1,
2, 3 (kN/m?); 0 1a goc & tam ctia phan tir dang xét, (°); z1a vi tri cla
phan ttr dang xét so v&i mat nén, (m); u 1a hé sé ma sat gitra thép :
va san hé, y = 0,155-0,358 [1]; J 1a géc ma sat gitva thép va san Hinh 2. M6 hinh tinh toan céc thanh phén
ho, 6 = 20°; K 1a hé s6 ap Iuc nén bi dong, duoc tinh theo cong lwc can quay tac dung Ién coc
thre: Kp- l—s%n @ =1 —s%n36
I+sing 1+sin36
chiéu sau I&p ther 1, 16p thir 2 va I6p thir 3, (m); D 1a dwdng kinh ngoai ctia 6ng coc thép, (m).

=0,63; ¢ la goc ndi ma séat clia cat san ho; ¢ = 36°, H,, H,, H, la lan lwot la

- Md men can ma sat tac dung Ién thanh trong ctia coc:

H, H,
M!. . =htandk, TcosSIdG{}qJ‘zdz+y2J‘zdz+y3J‘zdz:l 4)
0 H, H,
T (3), (4) ta duoc:
2 Bl
M,, = muK , tan ¢ cos 5—[.[ 7,2dz + _[ 7,2dz + I ;@zdz] (5)
M, =muK , tan pcos6.—— {J. y,zdz + ‘[ v,zdz + I 732dz] (6)
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- X&c dinh lwc can cat & cac rang cat

Trong qué trinh quay ha coc xuéng nén san hd, cac rang cat & dau éng coc thwe hién nhiém vu cét
pha 16p cat san hd nham lam gidm lwc can doc truc.

Trong qua trinh c&t pha rang cat chju tac dung ciia lwc can cat F, luc can cét nay dwoc phan thanh
hai Iyc thanh phan: thanh phan lyc can cat theo phwong ngang ky hiéu 1a F, luc can cat theo phwong
thang ding F °. Trong qua trinh cat, rang cat dich chuyén véi van tée v, nghiéng voi phwong ngang mét goc
a, chiéu day |6p cat h, chiéu cao rang cét h,, mat treot clia nén khi bj cat hop voi phwong ngang mét goc 4
phu thudc vao d&c tinh cia nén san hé.

So dd tinh toan lwc can cét dwoc thé hién trén Hinh 3 [6]:

Hinh 3. So db tinh toan luc can cét Hinh 4. Luc tac dung 1én I16p cat

- Luc tac dung 1én I&p san hd da bi c&t ndm ngay trwdc rang cat gém: Luc do &nh hwéng cla tng
suét hat 1én bé mat trvot N,; Luc trvot S, do ma sat trong clia nén, c6 gia tri bang N,tang; Luc W, do ap
suat cla nwéce 1én vung trwwot; Lwc tregt C do sy bam dinh cda vat liéu nén .. Lwe nay dwoc tinh béng cach
nhan d6 bén cét z, v&i dién tich mét truot; Trong lwc G cta phan trong lwong I6p nén da bj cat; Lic quan
tinh / do chuyén dong cta I&p nén da bi cat; Lyc tac dung Ién rang cat N, do ap lwc cla cac hat; Lyc truot
S, do ma sat ngoai, cé gia tri béng N,.tang; Lwc trvot A do lwe bam dlnh gitra nén va réng cat 7. Lwc nay
du’cyc tinh b&ng nhan d6 bén bam dlnh clia nén 7, voi dién tich tiép xtc gitva nén véi rang cét; Luc W, do
ap lwc cta nwéc 1én réng cét.

Lwc N, va luc truot S, co thé két hop thanh lyc hat K, nhw sau [6]:

K, =N} + 8} (7)

- Luc tac dung |én réng cat khi cat nén san
hé gbm: Lyc tac dung 1én rang cét N, do ap lyc hat;
Lwce trwot S, do ma sat ngoai cla nén va dwoc tinh
béng N,.tand; Lwc truot A do sy bam dinh gira nén
voi rang cét 7. Luc nay duoc tinh bang cach nhan
dd bén bam dinh cta nén 7, vai dién tich tiép xdc
gitra nén voi rang cat; Luc W, do ap lwc nudc tac
dung 1&n réng cét.

Két hop cac luc N, va S, ta duwgc luc K, nhw

sau [6]:
=\N; +8; (8)

trong do: N, a Iwc trén rang cét (kN); S, la lwc ma sat
trén rang cat (kN); Hinh 5. Céc luc téc dung lén réng cat

+ Hop lwc theo phwong ngang [6]:

D F, =K sin(B+¢)-W,sinB+(C+1)cos B~ Acosa +W,sina—K,sin(a+B)=0 (9)
trong do: F, Ia Iwc cét theo phwong ngang (kN); o 1a goc cét cla rang cat (d6), 30° dén 60°; 4 1a goc truot
(d8); ¢ 1a géc ma sat trong (d8), 38°; J 14 géc ma sat ngoai (d6), 26°; A 1a lwc dinh trén rang cat (kN); C 1a lwc
dinh trén mat phang trwot (kN); /13 lwc quan tinh trén mat phdng truot (kN); G 1a trong luc tac dung Ién 16p
cat (kN); W, la ép lwc tac dung Ién mat trwot (KN); W, 1a ap lwc tac dung I1én mat rang cat (kN);
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+ Theo [6] Lwc K, tac dung I1én mat phéng trwot:
_ W,sin f+W,sin(a+ f+5)+Gsin(a+6)—(1+C)cos(a+f+5)+Acos§

& sin(a+B+5+¢) (10)
+ Lwe K, tac dung Ién rang cat [6]:
K - W,sin(a + f+@)+W,sing+Gsin(S+¢)+ (I +C)cosp—Acos(a+ f+9) (1)
? sin(a+fB+5+9)

+ Tl phwong trinh (11) ta c6 thé phan tich lwc tac dung 1én rang cét theo hai phwong nhu sau:
F'=-W,sina+K,sin(a+5)+Acosa  F'=-W,cosa+K,cos(a+p)-Asina (12)
+ Néu khong c6 xam thuc thi W, va W, dwgc tinh nhw sau [6]:

_ plmpwgvcghizb _ plmpwgvcghizb W, = P2, P, 8V END _ PanPu8VEMD (13)

2

" (ak, +ak,, )sin B k, sin B (ak, +ak,,, )sina k, sina
trong do: a,, a, 1a hé sb tham trong; k, 1a do thdm ban dau (m/s); k___la do thédm tdi da (m/s); k 1a d6 tham
trung binh (m/s), co gia tri ndm trong khoang (11+12).10°%; p,, & ap lwc 16 réng trung binh trén mét truot
(kPa); p,, 1a ap Iwc 16 réng trung binh trén rang cat (kPa); p,, la trong lwong riéng cla nwéc (tAn/md), P, =
1000; ¢ la hé sb toi xdp;
+ Néu c6 xam thyc thi W, va W, tré thanh [6]:

W p,g(z+10)hb . p,&(z+10)hb

: 14
1 sin /8 ? sina (14)
+ Lwe quan tinh | dwoc xac dinh bang cong thirc [6]:
I=ppy——% _hb (15)
sin(a + )

trong do: p, 1 trong lwong riéng clia nén san ho (tan/m?), p, = 2,5 (tan/m?); hi la chiéu day ctia 16p cét (m/
vong), tinh theo cong thire [6]:
hi = % (16)
n.n
trong do: b 1a bé rong rang cat (m); h, 1a d6 cao cta rang cat (m); v, 1a thanh phan van téc cét vuéng goc
v&i réng cat (m/s);

+ Lwe dinh va lyc bam dinh dworc tinh theo céng thirc sau [6]:

c-<hb - _ahb (17)
sin sin o
trong do: a la dd bam dinh va dd bén cét ngoai (kPa); ¢ 1a dé dinh va do bén cét trong (kPa);
+ Trong lwc G tac dung lén I1&p cét dwoc tinh nhw sau [6]:
sin(a+f)|(h,+hsina) hcos(a+f
G=(p, - p.)ehp 2L [Vt hsine)  hyeoslet f) (18)
sin sina 2sin S
- M6 men can quay gay ra tai rang cat:
Mcthch.D:d=DT+d.(—Wzsin(x+Kzsin(oc+6)+Acosoc) (19)
- Téng md men can quay tac dung lén coc:
M :Mrirllse +Mr}rltsi +MLh
D+d
— kK, cosa[yl.Hf +yo( HE = HE )4y (HY - H3 )] (20)
+ D+d(—Wzsina+K2sin(a+§)+Acosa)

- Xac dinh cong suét cia md to quay khi quay ha coc
Co6ng suat md to' can thiét d& thdng mé men can quay tac dung lén coc dwoc xac dinh nhuw sau:
N =M. n = nn/30.M.n
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N = (n/30)ukK, D+d cos 8| 7y H} + 7, (H; = H} )+ 7, (H; ~ H3) |

D+d @)

+ (-W,sina +K,sin(a+5)+Acosa)

trong dé: N 1a cong suét can thiét cia mé to dan dong quay (kW); M la tdng mé men can quay tac dung Ién
coc (kNm); n la sé vong quay clia coc (vong/ph); i 1a hiéu suét cla bo truyén tir mé to' quay té¢i coc 7 = 0,97.

@ 3. Sw phu thudc cong suét ctia mé to quay vao téc dd ha coc
3.1 Cédc thong sé dau vao cua bai todn

Bai bao sir dung phan mém Matlab dé giai bai toan & phwong trinh (21) véi cac théng sé dau vao
nhw sau:

Théng sb hinh hoc clia coc: Pwdng kinh D=400mm, bé day thanh coc 6,5mm, dau coc cé gan mot
vanh ¢ réng cét, vat liéu lam coc la thép CT3. Thudc tinh ctia nén san ho: loai 1, 7,=15 kKN/m3; loai 2, y,=18
kN/m?; loai 3, y,=25 kN/m?; Hé sb ma sat gilra nén san hé va thép: y=0,358 [5], géc ma sat gitra thép va san
hé d = 20°; Géc ndi ma sat clia cat san ho, ¢ = 36°, Goc cat a = 60°; Goc truot f = 22,506 [4]; Sé rang cat
n 8 rang; Téc do dan tién thay déi tir 0,1+1,0 m/ph; Téc dd quay coc 6 vg/ph; Bé rong rang cat b=0,007 m;
D¢ thdm trung binh k_ =0,00012 m/s; Theo [4] &p Iwc 16 réng trung binh trén mat trwot p, =0,339; Ap Iuc 16
réng trung binh trén rang cat p,, =0,196; Hé s6 d6 dinh ngoai a = 0,36 kPa; Hé s dd dinh trong ¢ = 1 kPa;
Heé sb bién dang &= 0,2092; 0,=6820kPa; Ac=106,25kPa

3.2 Khéo sét sw thay dbi cong suat mé to quay coc khi thay déi téc dé dan tién coc

Khi thay ddi tbc d6 dan tién coc thi chiéu day I6p cat cling thay dbi vi thé lwc can cat tac dung I&n cac
rang cat ciing thay ddi theo. Anh hudng ciia td d6 dan tién coc dén cong suét dan dong mé to quay dwoc
thé hién trén bang 1 va db thi Hinh 6. Nhin vao d6 thi ta thdy khi thay dbi van tbc dan tién coc thi cong suét
mod to' quay téng khi tdng van téc dan tién coc. O tAng san hé cé ty trong 16n hon thi can cdng suat mé to
quay coc I&n hon khi van hanh véi cling mét van téc dan tién. Khi tinh toan thiét ké can Iwa chon van téc
dan tién hop ly d& ddm bao cong suét ctia ngudn déng lwc di dé& cung cap dan ddng méd to quay coc. Khi
tién hanh quay ha coc thi tlly tirng loai san hd ma chon van téc dan tién coc hop ly dé dat nang suét cao ma
dam bao khong qua tai mo to quay.

Béng 1. Céng suat mé to quay theo téc do dan tién coc (kW)

Cac loai Téc dé dan tién coc (m/ph)
san hé 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
San hé

loai 1 20,00 22,16 24,21 25,5 31,07 35,02 40,51 45,50 52,03 59,14
San ho

loai 2 20,15 24,13 26,27 31,24 37,16 44,22 51,68 60,25 69,52 80,54
San ho

loai 3 20,25 25,50 31,18 38,27 47,05 57,31 69,48 83,06 98,03 | 116,78

Cing suit theo toc do din tién coc

-
L)
=

= 100

=

Z 80

=

Z 60

g

= -

=v 40 ‘.' '—.-—' ]

:» I-'—-_.. - - & 4 A

_1:'_L - = oamai=15kN/m’

S 20 = 1gama2=18kN/m’
=#=gama3=20kN/m’

01 02 03 04 05 06 07 08 09
Vin toe din tién coc, im/ph)

Hinh 6. Sy thay ddi cng suét dan déng mé to quay theo vén téc dan tién coc
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@ 4. Két luan

Bai bao da trinh bay phwong phap tinh todn mé men can tac dung Ién thanh coc va rang coc trong
hai trwéng hop 1a nén ddng nhét va nén khéng ddng nhét, tr d6 xay dwng mdi quan hé céng suat mé to
da&n ddng quay coc véi tc dd ha coc trong ba loai san hd c¢é ty trong khac nhau (I6p san ho cat, I1ép san hd
canh nhanh va 16p san hd da lién khéi).

Két qua cho thay khi cong suat mé to quay coc 1a 60kW thi quay ha coc & tAng san hé cat cé thé dat
van téc 1m/ph; Khi quay ha coc & I&p canh nhanh van téc ha coc ti da dat 0,8m/ph; Khi quay ha coc & tAng
da san ho lién khéi thi van tdc ha coc téi da chi dat 0,62m/ph. Dwa vao két qua trén khi tinh toan, thiét ké
ché tao thiét bi quay ha coc chiing ta cé co s& dé lwa chon mé to quay hop ly.

L&i cam on: Bai bdo nhan dwoc sy hd tro ctia nhdm nghién ctru dé tai doc lap cap quéc gia ma sé: DTHL.
CN-17/15.
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