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LOI NOI PAU

O nwde ta nhiing ném gdn day da cé khd nhiéu sdch vé nén méng cong
trinh duge xudt ban. Tuy nhién, cdc thong tin mdi vé thiét ké nén va
- méng lai duge trinh bay rai rdc va chua duge ddy du. Cudén sdch nay
tap hop khd ky luong cdce kién thitc moi vé méng coc, nhi cdc phuong
phap mat dy bdo sic chiu tdi cua coce, ddc biét la coc nhéi; phuong phdp
tinh todn dong thoi coc - nén dat; cde phuong phdp thi nghiém coc (thi
nghiém PDA, Osterberg, Statnamic). Hy vong rang cuén sdch néy sé bé
ich cho cde ky sw tie vdn va hoc vién cao hoc ¢ Viét Nam.

Vi trinh do va kinh nghiém c6 han nén Ehéng tranh khéi thiéu sot.
Chiing toi rdt mong nhan dugc sy gop y cua déc gid theo dia chi:

Nha xudt ban khoa hoc va ky thuat, 70 Tran Hung Bao. Ha Noi;
Hoac:

Bo mén co hoc dat - nén mong,
Truang dai hoc xay ding, s6 5 duang Giai Phong, Ha Nai,
Email: Ctfe@fpt.vn hodc ngthai@ufl.edu.
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(3 bién dang l6n) P oo téng tai trong doc truc tUr KCBT
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B(hayd)............. canh (hay dudnd kinh) coc [P sife chiu tai cho phép doc truc
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B d6 chéi (36 in do duge < TR g, hiéu chinh do ¢ vong da tham
do mdt nhat bua déng coc) Tyeermeeernrernreerinnes sltc khang néndon (g, = 2 S}
E'hayE........... modun thoat nudc, ¢ ngd hong RS sire khang mii don vi clia dat 1én coc
= madun vi mé cda thai da/ IGM Qe tai trong ngang
SO madun vi méd cla khai dal IGM Q.o s{rc chiu tai cho phép ngang fuc
e e madun clia thép Qe sc chiu tai cuc han ngang truc
o médun cla coc Q, (hay Q) oo slic khang bén
| =T nang lugng cua bua déng coc Q, (hay Q) v sirc khang mii
Fon e slic khang bén ctia CPT Q. thay P e s(c chiu tai huy déng
TR POIRPOS sirc khang bén dan vi & mét chuyén vi nao do
(ma sat bén) clia 44t 1én coc RQD . oo chi s& chat wong da/ IGM
F oo hé s6 an toan ndi chung Feees e ty 1& nang lugng hiéu qua cla bua
Fiori hé sé an toan cho suc khang bén Ragoioooeoienn cudng do nén mau tru tron bétdng
Fo hé& sd an toan cho suc khang mdi S ST cuting dé cho phép dong coc thép
MY chiéu cao rdi bua (stroke) R cudng 46 nén cho phép
IGM.. ..o vat liéu trung gian gilta dat va da déng coc bétdng
Ky oottt e chi s8 nén ngang DMT = ORI cudng do kép cho phép
USSR UPPTOPPOPPTPON chiéu dai coc déng coc béténg
Lo veeemreeme b, chidu dai doan coc sthay z)......cco.... chuyén vi ding (1Gn) cla coc
ngam trong dat da ot S, (hay Gl luc dinh khong theat nudc
Mo, médun khéng nd héng toie, stic khang déat - coc (hoac f hoac q)
N oo sG nhat bua déng coc khi thé hién dudng cang t-z
N oo, k&t qua (so nhat dap thd) SPT U oo chu vi than coc
MNggereeivomeres N chuén hoa thec 60% nang lugng ¥ oo chuyén vi ngang clia coc
N'so hay (Nydup-oroer oo, N chudn hoa cudi cling

CAC THU NGUYEN THUONG DUNG

100 kPa = 100 kN/ m2 = 1 bar = 1 pa = 1 kG/cm? = 10 t/ m*=~ 1 tsf = 2ksf.




CHUONG 1

TONG QUAN VE MONG COC

1.1. GIGI THIEU

Mdong coc 14 mét loal méng sau, thudng ding khi tai trong cdng trinh 16n,
va/hodc 10p dat t6t nam rat sdu dudi long dat. Hai loai coc phé bién nhat 1a
coe ché sdn va coc nhéi (coc dé tai chd).

Coc ché& san ¢6 thé lam bang béténg dice sdn hoac thép.

(Con coe db tal chd. thudng goi ta coc nhéi, ¢6 dang hinh tron. Puong kinh coc
nhoi trong khoang 0.6 + 5 m. véi kich thude thuong gap ¢ Viét Nam hién nay
la 1+ 2 m. Mét dang coc dé tai chd khac 1a coc barretle, thudng ¢6 dang hinh
chit nhat va thudng duge dung lam méng cdng trinh ¢o Lai trong rat 1én.

1.2. SUC CHIU TAI DOC TRUC CUA coC

Stic chiu tai doc truc cua coe duge phan biét ¥am hai loai:

1) Stic chiu tai theo vat liéu (P);

2) Stic chiu tai theo dat nén (P,,).
Vé phuang dién ste chiu tai theo vdt lidu. sic chiu tai cuc han (P,.) sé dugce
tinh toan dya trén cudng dé cue han cua vat lidu. Véi coc thép, cudng db cuc
han cua thép thuong ldy 1a giéi han chdy, da sd cdc loai thép lam coc ¢6
R, = 248 MPa = 2500 kG/em®. V&i coe béténg, cudng dé cuc han thudng 1ay 1a
cuong do thi nghiém ¢ ngay thit 28 (R, con ky hidu la £) trén miu tru tron™,
va R, = 25 + 35 MPa vdi coc thudng, R~ 35 + 45 MPa véi coc ting suat trude.
Trong qua trinh coc s# dung, thi stic chiu tai cho phép theo vat lidu dude tinh
dya trén cudng d6 cho phép theo AASHTO nhu sau:

“ Néu thi nghiém trén mau lap phuong, hai mit day khéng bai tron thi thudng thu duge R, cao
han. Khi dé cin hiéu chinh vé cudng d tuong duong ctia miu tru tron.
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Coc thép: [R,] = (0.25 = 0.33)R ., (R, cOn ky hiéu la [);

Coc bétong tng sudt trude: [R,] = 0.33R, - 0.27f,: (f,. 1& Ung suit kéo
trudce hiu hiéu sau khi tén that, thong thuong £, > 5 MPa):

Vai coc béténg khong dng sudt trude thi f, = 0.

Trong qua trinh déng coc, thi cutng dd cho phép khi déng theo AASHTO i

Vé phuong dién stc chiu tai cia

Coc thép: R, = 0.9R.: nhu vay R,; = 220 MPa (cac loat thép dic bigt
A-5372. AG90 hay GR 6 R, = 345 MPa = R, = 330 MPa):
Coc béténg ng suit trude:

« (Cuong do chiunén: R, = 0.85R,s - [

- Cudng dé chiu kéo: Ry, = 0.25 /R, + £, (cac dai lugng tinh bing MPa)
Coc béténg thuong:
= Cuong d6 chiu nén: R, = 0.85R,;

« Cudng dd chiu kéo chi tinh trén dién tich thép: R, = 0.7R,,,. Tu do
tinh ra duge cudng do chiu kéo tinh cho tiét dién coe: R, = F R, /A..

" R} FH 3
coc theo ddt nén. coc dude su dung Pu
dé truvén tai trong tii két cau bén ._L/
trén xudng nén theo mjt trong hai ay | 1 Lept

(hodac ca hail) phudng thic sau
(minh hoa trén hinh 1.1}

Qp I ] Ldp 2

Sie khang bén Qg (g6m ma
sat bén va luc dinh, nhung ta Qs | | Lop3
dd quen goi 14 ma sat bén): 1a

phan luc gida dat xung

. A Lép dat d
quanh coc vo1 phan xung : I mili coc
, Qu
quanh cua coc:
g

- - - -~ N
Stte khang mai Q) 1a phan luc t

- O - - . Qp
gitia dat ¢ mul coe tac dung
lén dau coc, Hinh 1.1. Sirc chiu tai nén cla coc

Dé danh gia cac stc khang nay, ta

phai khao sat nén dat, tién hanh céc thi nghiém hién trudng” va trong phong

2 2 . . - ) ~ A
dé xac dinh cac dac trung cua nén dat.

“' Xin xem sach "Thi nghiém ddt hién truing va ting dung trong phéan tich nén méng" [11.
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V& d 1dn, ta chia site chiu tai lam hat giéi han:

1) Sde chiu tai cye han (P,): 14 tai trong ma tai d6 vat liéu hoic dat nén bi
pha hoai:

2) Suc chju tai cho phép ([P]): 1a tai trong ma tai d6 coc (céng trinh) Jam
viée an toan (véi mét hé s§ an toan F, thudng 16n hon 2).

"Ste chiu tai eye han ctta coc 1a gia tri nhé nhét gita stic chiu tai theo vat liéu
va theo dét nén: P, = min(P, .., P,,)"

Phit biéu trén 1a ding nhung thifu. D& tranh hidu nham cho nhidu nguoi,
nhit Ia sinh vién, ta can lam rd nhu sau:
1) V6i coc nhéi: Ta c6 thé thist k€ P, =~ P

udney

2) V6i coc d6ng/ ép: Dé tranh bi pha hoal coc (nhat 14 dAu hodc mii coc)
trong qua trinh ha coc, thi cdn thiét ké nhu sau:

Pu:Purln (11)
Pu vl == Pu dn (Pu vl phél lén hdn nhié‘u S0 Vé] Iju dn) (]-2)
Trong cudn sach nay. ching téi chi dé cap dén stc chiu tai tinh theo dat nén.
Vi vay, dé cho gon. ky hiéu P, s& dugc viét tit thanh P,
1.2.1. Phuong trinh téng quat vé stic chiju tai doc clia coc
Stc chiu tai cyc han cta coc dude chia thanh stc khang bén va miti nhu sau:
Pn - Qf + Q]n (1 3)
trong dé: Q; - stic khang bén, cdn ky hidu 1a Q,:

Q= uifaz, {(1.4)
d day: f, - ma sat bén don vi cye han cla coe
(edn ky hiéu la 1, hoac g, hoic f);

]

u - chu vi thén coc;
Az, - chiéu dai doan phén t6 coc ma trén dd [, duoe coi 1a hiing s6-
u Az, - dién tich xung quanh ctia doan phin té coc,
Q, - sttc khang mi, con ky hidu 1a Q. :
Q.= q, A, (1.5)
¢ day: q, - sitc khang miii don vi eye han etia coe (con ky hiéu 14 Ri);
A, - tiét dién ngang mii coc.
Néu coc chiu kéo, miii coc ¢6 md réng chan thi A, 13 phin md
rong chin, mat tilp xde gitta coc vai dit phia bén trén chd

md réng (hinh 1.2); N&u coc chiu kéo khong md réng chan
thi A, = 0.
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Nhiéu nghién cuu thiy ring
{hinh 1.3a): Stic khang bén dat
cuc han rdt nhanh (4 chuyvén vi
khoéang 3 = 5 mm. N&u coc nhoi
¢é thanh bén rat nham. thi sic
khang bén co thé dat cye han
& chuvén vi 1én hon. khoang
10 = 15 mm (xem thém cudi
phan 3.9.1). Ngudge lai stc
khang mii dat ede han rit
cham. Dudi tai trong cho phép.
chuvén vi eta coe [s] kha nho,
do dé stic khang mii mdi chi
duge huy dong mot phan nhd
(trong khi dé. suc khang bén
ctia coc da duge huy dong kha
1dn).

Sttc khang

at

1 |

Q. /F,

Chuyén vi tuong ddi

0 s giffa coc va dat

a) D&t binh thudng

Wﬂ X

Pu

Q¢ l l Lép 1

Q: | ] Lop 2

Qi3 ‘ l Lép 3

Qu l t Lc’iﬁp datd
mili coc

ol U

Hinh 1.2. Suc chiu tai kéo cla coc md rgng chan

Sic khang
QU 1

o]
Q;

Q;

i
Chuy#n vi tuong ddi |

gilta coc va dét

Sy (hay Zcr) 52 (hay Zres)

b) Dét giam y&u khi bién dang Idn

Hinh 1.3. Sy buy ddng suc khang

Ta cdn dac biét chit ¥ dén loai dat/da "giam yéu khi bién dang 1én". minh hoa

trén hinh 1.3b. Khi chuyén vi 12 s, stic khang bén da huy doéng duge toan

phan va dat gia tri eye dal Q,. Tuy nhién khi chuyén vi tang dan 1én, trong
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khi sttc khang mii vin tang dan thi sie khang bén lai gidim di- Nhu vay. tong
stic khang cuc han khéng phai la Q + Q, ma 14 gia tri 1n hdn trong hail gia tri
sau: i, = Q, + Qpl vaQ,= Q. + Qp-

Phan 1.2.4 va 1.2.5 sé& trinh bay ran tdt cac coéng thie co ban xac dinh suc
khang bén va sie khang mai cua coe nol chung, Ngoar nhiing ¢ong thite co
ban trong phan 1.2. phu thudce vao loai dat cu thé, ta con ¢é nhiing cong thic
chi tiét khac, chung duge trinh bay trong cic phin 2.4 +2.10. 3.4 + 3.8 va

5.1 5.5,

1.2.2. Anh hudng cta qua trinh thi céng coc dén sifc chiu tai cla coc
1.2.2.1. Coc trong dat sét
Khi thi ¢dng coe. dat sét bi xao dong, do 46 ste khang cat khong thoat nude

cua dat sét tam thol giam xuéng con S, (8, = =", trong do 8, la d6 nhay cia

k.
|

dat sé1). Tuv nhién. sau mét thoi gian dai (coc nghi). ap lue nude 16 rong du sé
tidu tan din. & da so dat sét sé ¢o hién tugng sdc khang cat phuc héi mét hoac

toan phan theo thdi gian.

Véi coe nhoi. néu ta khéng git thanh bing dung dich (bentonite hoac pdlyme).
¢6 the o6 nhing tane. cue sét bi 16, ddc bigt néu chung bi 14 trong qua trinh d6
béténg Lthi chit higng béténg sé kém di. Khi do bétong, néu béténg qua udt
{nude thita trong qua trinh déng két bétong), thi nude nav sé bi dit sét xung
quanh huat (dat sét ¢6 tinh hit Am cao). va tam théi lam giam ste khang cat
cua dat nay.

Con néu khi khoan coc nhéi c6 sit dung dung dich, ma day 16 khoan lai khong
duge vé sinh sach sé mun khoan trude khi do béténg. thi stie khang mai sé bi
giam di rat nhiéu.

Tuy nhién. béténg tuoi trong coc nhéi lai ¢d mot yu diém khice la: ximang sé
¢6 phan tng héa hoe véil ddt sét xung quanh (ngudt ta tan dung phan ang nay
trong viée gia ¢d dit 2ét véu bang ximang hodc vo1). Hon nita, thanh cia coc
nhdi thudng sin sui hon so véi coe ch& san, do dé stc khang bén dude cai thién
mot phin.

Véi dat dinh biao hoa nude, ta nén st dung site khang cat khong thoat nude S,
(tde 12 ¢,) dé du bao stce chiu tai cda coc vi diy 1a trudng hop nguy hiém hon:

e Khi co tal trong tac dung. toan bd tai trong sé do nude 16 rong du tiép
nhan. Véi ddt dinh thoat nude kém, nude 16 ring du tiéu tan cuc ky
chiam (coi nhu khong tiéu tan). Do d6 6 that gian dau, dng sudt hitu hiéu
o' khong déi. cho nén stic khang cat khong déi. Vi vay ta si dung S, dé

tinh toan.
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e Sau mdt khodang thii gian dai. nude 16 rong sé tidu tin dan, va do d6 tai
trong bén ngoai sé truyén dan lén hat dat. Ung suéAt hitu hiéu o' tang
1én, lam cho sGc khang cAt cling ting lén. Nhu vay, dd an toan cia cong

trinh ciing tang dan 1én.

e Tém lai. thoi diém nguy hiém nhat véi d4t dinh chinh la khi cong trinh
vita thi cdng xong, nude chua kip thoat di

Neudce lai. véi mot s6 dat dinh "qua ¢ két manh", ¢ hién tugng "chtung” hay
"mém" di. tie 14 stc khang cit giam theo thoi gian, nguyén nhan cua hién
tudng nay la khi chiu tai trong dit "qua cd két manh” co thé bi nd ngang
(dilate). do dé nd hut nude & cAc vang lan can. Do Am tang lén lam stc khang
cit ctia dit giam di. Trudng hop nay, nén danh gia sdce chiu tai theo théng 56
thoat nude.

1.2.2.2. Coc trong dAit cat

Coc ép hoic dong thudng lam chat dat cit xung quanh coc, dan dén su lan cua
dat quanh coc, hé s6 ap hic ngang K, sé tang lén, dong thoi siic khang cit cla
dat sé tot hon. Tinh chit clia dat tét 18n lam cho sde chiu tai eua coc (tinh

theo dat nén) cao hon.

D& véi coe nhdi, viee khoan 16 s& lam dat cat (ca ¢ thanh hé va day hd) roi rac
hon. do dé stc chiu tai ctia coc giam di. Ngoai ra, ciing nhu ¢ phan 1.2.2.1, néu
khéng vé sinh sach day ho khoan, stic khang mii sé giam dang ké.

1.2.2.3. Coc trong da

Véi coc bétdng mac 250 + 350 nhu phd bién & nudc ta hién nay, viée déng hay
ép vao dén 16p da la diéu khong thé. Véi coc nhéi dat mii vao da, ¢6 hai ly do
khién sitc khang miii khéng dang ké:

1) Maic di tAng dia chét 14 da, nhung do qué trinh khoan, sy tiép xuc gida
da va coc khong bao gid hoan hdo (dic biét néu khoan sit dung bentonite
dé gitt thanh 16p dat yéu phia trén).

2)  Dudi tai trong cta eéng trinh, dé ldn phai nho hon do hin cho phép (2.5 ¢cm
theo quy dinh ctia nganh cau dudng My). Dudi 46 lin nho d4, sttc khang miui
chi dudc huv dong mot phan nhé do dudng kinh ctia coc nhoi rat [on.

Nhu vay. coc ehéng thudng chi gdp vdi coc bétdng mac cao (c6 thé téi #500),

coc thép. Ngoai ra. loai coc hén hgp ma sat + chdng la phd bién nhat.

Khi thi edng coe nhdi trong da, néu ta 1am nham 16 khoan (viéc nay s€ lam chi
phi thi céng téng cro), ta s& dude 1gi rat nhifu vé mat stc khang bén cua coc
nhdi. Ta xem xét hinb 1.4: do thanh nham tao ra thé cai ring luge gida coc va
da: dudi tai trong, coc eé chuyédn vi va diy da sang ngang, do d6 stic khang &
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mat bén cua coc khéng nhitng gdm ma sat ma con gdém ca stic khang chéng,
két qua 1a sic khang bén gitia dd va coc nhéi tang cao khi thanh hd duge

lam nhain.

Tuy nhién, néu da khong duge lam nham thi stc khang bén sé nhé. Hon niia,
mét s6 nha thau cdu tha, khi thi céng khéng bom hut. vé sinh hét nude va
dung dich ban sé lam da mém di. Hinh 1.5 (thi nghiéin cua Hassan va O'Neill,
1997 cho coc nhéi trong da ciing) cho thély, méc du thanh nham, nhung vi hé
khoan ban nén sde khang bén cua dudng cong (b) chi nhinh hon dudng cong
{a) (truong hdp thanh nhan) mét chut.

0.0 o T T T T T T
5.0 \ —
10.0 \ ~..
15.0 ': N
£ ‘
E 20.0 —{ ---- - (a) thanh nh3n .
5 (b) thanh nham, ban
- 250 —
8‘ ---------- {c) thanh nham
0.0 T D L1

Stre khang bén (MPa)

Hinh 1.5, Anh hudng cia thanh ha khoan

Hinh 1.4. Sy day ngang vao da
trong da

1.2.3. Anh hudng cda chiéu sau ngam coc dén sic

s 3 R A A
chiu tai cua coc

Khi tai trong dat dén cuc han, dit 6 miii coc s& bi
pha hoai theo mat truot sau (hinh 1.6). Mat trugt
sau nay hinh vong cung bit ddu tit mui coc, di
xubng phia dudi khoang 2 + 3.5 B, sau dé vong lén
trén khodng 2 + 8B. Pham vi cia mat trugt phu
thudce vao loai dit ¢ l4n can mai coc. Néu la dat
dinh thi mat trugt nhé (xudng khodng 2 + 2.5B va
lén khodng 2 + 2.5 B), con véi cAt chit thi mat Be
trugt dai hon (xuéng khoang 3 + 3.5B va lén J
khoang 6 + 10B). Néu coc }am viée trong nhém, khi

tai trong dat dén cyc han, d&t & dudi mai coc sé bi
. .. Hinh 1.6. Mit trugt sau
pha hoai sdu hon.
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D&i voi dit dudi mini coe. hau hét cac tiéu chuan déu quy dinh d sau khao sat
dia chat phdai ion hon do sdu mai coe khoang 2 + 3.5 B hoge han (dé dam bao

riing trong khoing nay phia dudi mii coc. dat du kha nang chiu lue).

P61 voi dat trén mii coe. chiéu dai mat trugt phat trién lén trén gol Ja chiéu
sAu ngam can thiét (eritical) - ky higu la D, (bang 1.1). Néu trong pham vi D,
nén dat gém nhidu 16p dat. thi viee dy bao stc khang mit {(q,) phai duge dua
trén tinh chat cua 14t ca cdc 1dp dit nay (thong thudng thi mai coc kha sau,
nén dat ¢ pham vi bén trén trong vang D,. sé véu hon dat 6 bén dud). bé don
eidn hoa vide nav. ta oo thé du bao st khang g, dya trén tinh chat cua 16p dat
mii coc. sau dé giam q, di do tén tai lap véu trong khu vue De. Con néu trong
pham vi D¢, dat tueng déi dong nhat thi ta khing can hiéu chinh q,. Cach

tinh nav dude Schmertmann st dung trong phian 2.6.3.

Bang 1.1. Chiéu sau ngam can thiét

Ky hiéu Loai dat D./B
1 pat sét 2
2 HEM hop sét - bui - cat; Cat rat nhiéu bui; Bui 4
3 Cated: Ny <12 6
Ngg = 13 = 29 9
N, 2 30 12
| 4 D4 voi mém; Cat 1An nhidu vo 5o, hén 8

Ghi cho:  Trong bang trén, B la dudng kinh coc; N, 1a két qua hiéu chinh tif thi nghiém SPT
{(xuyén tiéu chudn).

1.2.4. Tom tat vé suc khang bén ctia coc

Khi mét vat thé chuyén dong trugt trén vat thé kia. gitia hai vat thé s xuit
hién stc khang bén (sic khang cat) 1a f, (con ky hiéu la 1), biéu thie nhu sau:
f =c+ otgs,

trong do: ¢ - luc dinh don vi gitia hai vat thé:

o - (ng sudt phap gifia hai vat thé;

5 - ghe ma sit ngoal gita hai vat thé.
D& véi coc. khi coe chiu tac dong etia tai trong nén nd sé cd xu hudng lan
xudng”". Hudng chuyén vi 13 thing ding. do dé Ung suit phap gitia hai vat
thé (coc va dat) 1a tng sudt theo phudng ngang (o', = K ¢'). Ta phan hét sic
khane bén lam hai truong hgyp thodt nude va khing thoat nuoc nhu trinh bay
dudi day.

e ——

™ Néw su Lan eta coe Tan it hon sy Tan cla dat xung guanh, ma sit sé 1a 4m - xem phan 0
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1.2.4.1. Stitc khang bén thoat nude

Cat (hay dat roi u6i chung) 1a vat liéu tham nude rat tét. Béi vay, 4u lue nude
16 rong du ludn ludn dude coi 14 tidu tan ngay lap tie (thoat nude). Béi vay,
stc khang bén gitia dit r8i va coc duge goi 14 stte khang bén thoat nude. Lue
dinh ¢ cua d&t roi gan nhu khong c6 (c = 0). bdi vay stc khang bén don vi cuc

han thoat nudc cua coe ¢6 dang sau:
fi = Ko',tgd, (1.6)

trong dé: o', - ang suat hiu hiéu theo phuong ding tai doan coc (d6 sau la 2)
dang xét;
K - hé s8 ap luc ngang, sau khi coc da thi céng:
K o', - ing sudt phap tac dung vudng goc véi doan coc dang xét;
& - gbe ma sat ngoal gitta d&t vai coc, goe nay co thé 14y xdp xi bang o.
14 géc ma sat trong gitia dat vdi dat.

Vi viée dy bao K rat khoé khan (hé sd ap luc ngang K da thay dai so véi dat
nguyvén dang khi chua cé coc) ta 6 thé dat K tgd bang f. do d6 phuong tririh
(1.6) co dang:

f. = Bo, (1.7)

Cach tinh trén goi 1a cach tinh B (béta). Hé s& B duge du bdo dua trén thue
nghiém (vi du trong phin 2.5.3.1).

Qua céc phuong trinh trén, ta thiy ring sic khing bén cta coc phu thuée do
sau doan coc dang xét (o', = 2yh). Doan coc cing sau thi o', cang 18n va f;
cang 16n. Phudng phap théng ké (theo CHWM cta Lién X6 cit) ma ta di biét
cang thé hién didu nay trong cac bang tinh toan.

Hién nay, cach du bao stc chiu tai tryc tiép tir k&t qua thi nghiém hién trudng
(SPT. CPT) ngay cang tré nén phd bién. Trong cac cich tinh nay (vi du trong
phan 2.6, 2.7), ta khong tryc tiép thay f, phu thude vao dé sau, bdi vi két qua
cua thi nghiém hién truong (N va q.) di phy thuée vao do sdu réi (tham chi
vGi dat déng nhit. néu cang xudng sau thi N va q, cang ting).

1.2.4.2, Stic khang bén khéng thoat nuéc

Ta biét ring dat dinh cé tinh tham rat kém. D&i vdi dat dinh bio hoa nudc,
trudng hdp nguy hiém nhat 1a khi 4p luc nude 16 réng du chua kip tidu tan. va
stc khang bén khi dé goi 1a sttc khang bén khéng thoat nude. Trong diéu kién
khéng thoat nude, dat dinh bio hda ¢ géc ma sat trong 1a ¢, = 0 va luc dinh
& S, (con ky hiéu la ¢,). Bdi vy, ta ¢6 sttc khang bén don vi cue han khong
thoat nudc cta coc trong dat dinh bao hoa 1a:

f=aS,, (1.8)
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trong dé: o - hé s6 chiét giam (o < 1), do lge dinh gitia coc va dit la nho hon
luc dinh gita dat va dit. Hé s6 o dude tim qua thye nghiém, va
cach tinh nav goi 14 cach tinh o (alpha).

Khi dat dinh khéng bao hoa. stic khang bén f sé lén hon nhung nguoi ta van

¢6 xu hudng sd dung phuodng trinh (1.8) dé thién vé an toan (dé phong coc bi

pha hoai trong nhiing tinh hudng bt ngd nhu mua, bio, lut).

Trong phuong trinh (1.8). ta khéng trye tiép nhin thay quan hé gida f; va do

sdu. Thye ra. né da gian tiép nam trong stc khang cat khéng thoat nudc S,.

Theo Jamiolkowskv. Mesri, Ladd va cong sy thi vét dat dong nhit, S, s& tang

theo d0 sau nhu saw

S, = (0.23 1+ 0.04) o', OCR"* (xem chuong 1. [1]).

trong d6: OCR Ja hé 86 qua cd két.

1.2.5. Tom tat vé suc khang miii cua coc

1.2.5.1. Stre khang mii thoat nudce

Theo ly thuyét can bing gidi han (Terzaghi,...). khi dat ¢ mii coc bi trudt sdu

ta ¢6 stc chiu tai theo phudng trinh quen thude sau:

N, &, B
P, - 0= '7% +q(N, - D5+ cN&,
trong do: B - canh cua coc:
N, N, va N, - hé s6 stic chiu tai, phu thude géc ma sat trong q:

¢ va @ - cac Lhong s& stic khang cét cia dat:

.- he 50 hiéu chinh cho N,, do dé siu dat moéng (h), do hinh dang
mong (s) va do goe nghiéng cia tai trong (1): &, = &y, x &y x &1t

g, - hé =& higéu chinh cho N;

E. - hé 58 hiéu chinh cho N,

q - Ging suét ban than phia 4 mtic day méng (tic 12 6 mii coc),
nhu vav q chinh la ¢',,..

Trong méng coc. canh cla coc B rat nho so véi chiéu dai L. do d6 phan c6 chua
yN,B/2 thuong nho so véi hai phan kia nén duge bo qua. Tu dé ta c6 stic khang

miti don vi cue han cua coc 1a:
q, = o' (N, - 1)§, + eN.&, (1.9

Tuy nhién. sau khi coc dude thi edng xong, cac dac trung c va ¢ cua dit da bi
thay déi rit nhidu so véi lic khdo sat dia chét, do do ta phai e6 cach dé xem
x6t nhiing su thav ¢éi nay. Phuong phap Nordlund (phan 2.5.3.2) da xu ly chi
£i6t van d& nav. bién cach tinh 1y thuyét trén ddy thanh mét cach tinh tin cay.
Ngoat ra, nguol ta cé thé du bao sic khang mii g, true tiép theo thi nghiém
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dat hién truong (SPT ho#c CPT, xem phén 2.6 va 2.7).

Néu coc dat trén di voi castd (karstic limestone), thi nén bo qua siic khang
miii ciaa coe. N6i chung, ta nén bé qua sic khang miii cua coc trong da voi, cho
di tai thoi diém thiét k& ¢6 hién tugng castd hay khong.

1.2.5.2. Stc khang miii khong thoat nudce

Nhu dé cap 6 trén, véi dat dinh ta thuong tinh sitc khang mii théng qua stc
khang cat khong thoat nudc S,. Do ¢ trong trudng hop khong thoat nudc duge
ky higula S, vd ¢, = 0 nén N, - 1 =0, nén phuong trinh (1.9) ¢ dang:

q, = NS, ‘ (1.10)

trong dé N, = 1.33(nl, + 1); (1.11)
G E

I=——="%, 1.12

=3 "3s (1.12)

u u

3 day: G - mddun cét;
E, - mddun dan hdi khéng thoat nude.

Qua thdng ké. ngudi ta lap duge bang tim N, nhu trong bang 1.2,

Bdng 1.2. Quan hé giltaN_va S,

S, (kPa) 1 N,
24 50 6.5
48 150 8.0
96 250 8.7
192 300 8.9

Thong thuong, coc duge dat vao 16p dat tot (S, = 96 kPa), do d6 viée dung
phuong trinh don gian sau la chdp nhan duge:

qll = 9811' (1 13) :

Khi chidu dai doan coc ngam trong 16p dat tot (hodc tuong dél tét) qua ngin
(L, < 3B, v6i B la dudng kinh coc), thi gia tri q, phai giam di nhu sau:

) Lng
=i=+—1IN_S,. .
a -{3*93] S, (1.14)

1.2.6. Thiét k& coc theo suc chiju tai cho phép

Tén tiéng Anh ctia phuong phip nay 1a Allowable Stress Design (ASD).
Phuong phap nay con goi 12 ta1ét k& coc theo hé sd an toan. Trong d6, sic chiu
tai cho phép thu duge bang cach chia stic chiu tai cuc han cho hé s& an toan.
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Sire chiu tai nén cho phép cua coc la:

P P
{F'I = f‘i_ (W(:(_)(‘ - V\"(];'{l) = I_,'LL - W, (115)

¢ w]a hidu =6 gitia khai lugng ban than coc va khé1 lugng ban than dit do
116 chiem chd. ¢6 xét dén lue day Acsimet (Archimet) cua phian ecoe dudi
muc nude ngam:
Vi du. coc ¢6 tiét dién 0.09 m® dai L = 20.0 m. phén coc nam trén nudc
ngdm 1a 12.0 m. phén coe nam trong nude ngim 1a 8.0 m. Trén mue
nude ngany. V.. - Yan * 2.5 - 1.8 = 0.7 t/m*. Dudi muc nude ngam. do su
day néi Acsimét nén v',. - ¥y = 1.5 - 1.1 = 0.4 t/m". Ta ¢6

w=009m’x(8Bmx0.4t/m*+12mx0.7t/m"=1tan.
e F_1a hé 56 an toan. thutng ldy tir 2 dén 4 (phé bién nhat [a F, = 2.5).
Ghi chit: Khi ta tinh stc chiu tai kéo. thi:

«  Ste khang mil chi ¢é néu min coc md rong chin. Lie d6 stic khang

mai ¢é d phan trén clla dé mai: Néu khong md réng chin thi:
(Q] = Q¢ /F + w,,. (khéng xét dén w;):
«  H@ <0 an toan F, phai ldy 16n hon trudng hop coc chiu nén.

Tu nhan xét trén hinh 1.3a. ta nén diing hai hé 88 an toan nhu sau:
(P} = 2+ =5 ow (1.16)

Hé s8 an toan cho ma sat bén F, thudng bing khoang 1.5 + 2.5, con hé s8 an
toan cho stic khing mii F, trong khoang 2.5 + 4.0 (thdm chi téi F, = 6 nhu
phuong phap Schmertmann SPT, phan 2.6).

Ta can thiét ké sao cho tal trong tac dung 1&n coc nho hon stc chiu tai
(P = [Q)). tic ta:

P=P,+Py+P < --—-L+Q" W, (1.17)

trong do: P, - tinh tai;
P, - tai thiét bi:
P, - hoat tat:

P - téng tal trong (tinh tai va hoat tai) tac dung 1én coc.

Nhan xét 1.

e Phuong phap théng ké (Viét Nam, Lién X6 c@) dy bao sic chiu tai cho
phép la:
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[P] = Phd/ktc;
vdi k.. = 1.4 cho coc chiu nén, k,, = 2.5 cho coc chiu kéo.

e Phuong phap nén tinh theo Quy pham c@ du bao sic chiu tai cho
phép la:
Phd .

(P1= 4

at
véi Py, 12 tai trong & cdp nén tinh ma d6 lin do duge 1a £[S] va k,, = 1.25.

* Trong cac phuong phap trén, k, va k,, mic di mét s& sach viét 1a hé s&
an toan, nhung thyc ra, ching nén duge goi 12 hé sé hiéu chinh chu
khéng phai 1a hé s6 an toan. Bdi vi, Py, tinh theo hai cach trén khéng
phai 1& tai trong cuc han (P, < P,).

. ) P A R N
Néu ta goi o = —= thi hé s6 an toan thycra la F, = a x k,, (hay a xk_,).
hd

Nhdn xét 2:

Khi coc c6 ti€t dién cang 18n, néu muén stic khang mii huy déng toan phin
(Q,). thi cang doi hoi dé lin 16n. D§ ldn 1dn qua sé& khéng théa méan diéu kién
s dung (theo d6 lin cho phép ctia cong trinh);

Ngay ca vdi sttc khang bén, dudng kinh coc cang 16n thi f; cuc han cang nhé
nhu trong thi nghiém cua Baycan (1990) trong cing mét loai dd mém (xem
hinh 1.7); Vi vay, dudng kinh coc cang 16n thi cang phai chon hé sd an toan
16n. V6i coc nhdi dudng kinh 16n hon 1.3 m. nén chon F, > 2.5 va F,=4+86,
tham chi 1én hon.

0.8
o - | e d = 350 M —
(v
g 0.6—]
& 0.56—
£ - d =600
= 0 4] —— e | a0
g d = 1500
5 03— — -
z d = 2000 e Ce
g 02 r‘bﬁh by Yaad e Lo
g 0.1
g 1| THY Vi
%) 0.0 ’
b 0 5 o Ko AQGR0%. o
chuyén vi (mm) MS . Ealar. ...

Hinh 1.7. Sic khang bén cuc han f, trong 44 mém
cla coc' nhéi dudng kinh khic nhau

2MCPT-A
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1.2.7. Thiét k& coc theo hé sé thanh phin
(LRFD - Load and Resistance Factor Design)

Mot s6 nuée chau Au va Canada da ap dung LRFD thay cho phuong phap
thiét k& theo hé s8 an toan (phin 1.2.6). Nude M§ miy nim gan diy mdi dang
nd luc chuyén déi tit phudng phap thiét k& theo hé s an toan sang phuong
phap thiét k& theo hé so thanh phan (vidt tit ta chuyén tit ASD sang LRFD).
Theo tai lieu cia FHWA (My), ta cin phai kiém tra 11 giéi han sau:

1)  Cudng d6 I: ¢ong trinh lam viéc véi hoat tai binh thuong. Khong cb gié.

2)  Cudng d6 II: céng trinh lam viée vdi hoat tai dac biét. Khong c6 gié.

- 8)  Cuong d6 I11: céng trinh 1am viéc khéng ¢6 hoat tai. Gi6 16n hon 90 km/ h.

4)  Cudng d6 1V: cong trinh ¢ ty s6 tinh tai/ hoat tai rat 16n (= 7). Loai nay
thudng xuit hién véi cdu ¢6 nhip rat 1én (= 75 m) do dAm cAu 1én va tinh
tai 16n.

5) Cuong d6 V: cdéng trinh lam viéec véi hoat tai binh thudng. Gié ldén hon
90 km/h.

8) Suedl:cé dong dat xay ra.

7)  Sucd II: ¢6 tai nan nhu xe dam vio cong trinh, tau bé ddm vao cau.

8) St dung I: Kiém tra d6 hin trong trudng hgp binh thudng.

9)  Su dung II: Kiém tra két cAu thép va cdc mdi ndi két cau thép.

10) Su dung III: Kiém tra khe nit, dic biét 12 két ciu béténg ing suft trudc
chiu kéo.

11) Kiém tra moi.
Tuy nhién. d6i vdi coc ta thudng chi kiém tra hai giéi han saw:

Cuong do 1.
Phuong trinh "cé ve tuong tu" nhu phuong trinh (1.17):
YoPp + ywPw + 7P < ©Q + (Dpr - oW, (1.18a)
trong dé: Py- tinh tai;
Py~ tai trong cac thiét bi.
Véi eéng trinh cdu dudng thi tai trong do 1ép mét duge tinh vao
Py (wearing surface) chi khdng tinh vao Py,
P,- hoat tai;
Y5 Yw: Y1~ hé sO tinh tai 4y bang 1.25), thiét bi (1.5) va hoat tai (1.75);

@, ®,- hé s6 sitc khang bén va hé sb stic khang mii.

2.MCPT-B
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Dai khi dé don gian, ta gdp ca Py vio P, (tic 1a Py 12 tinh tai va tai thiét bi),
do d6 phuong trinh (1.182a) ¢d dang sau:

YoPp + 7P, < @Qr + ©,Q,, - Ypw. (1.18b)

Theo AASHTO 1994 - 2001 thi cac hé sd &, @, phu thude vao phuong phap du
bao siic chiu tai. Bang 1.3 va bang 1.4 gidi thidu cac hé s8 do AASHTO va
FHWA kién nghi cho coc ché sdn va coc nhéi (cap nhat dén nam 2001). Tuy
nhién, cic hé s6 nay sé con thay ddi dua trén cic nghién etiu van dang tién
trién cia AASHTO. Hé¢ s& sic khang ® ciia coc thép thudng thap hon cla coc

béténg.
Bang 1.3. Cac hé sé sirc khang @, @, clia coc béténg déng
Loai dbt Phu'oh:q pha_p d,g:rbao d:?,nén- db." nén )
: stic chju tai {khdng bén) {khdng mai)
« - API (phén 2.5.1.2) 0.45
« - Tomlinson (phan 2.5.1.1) 0.35
Hat min {dinh) ) 0.60+0.70
B (phdn 2.5.1.3) 0.32
» (phan 2.5.1.4) 0.45
Nordlung (phén 2.5.3.2) 0.35
Hat thé (roi) - 0.40 - 0.60
B (phdn 2.5.3.1) 0.45
Schmertmann SPT (phan 2.6) 0.45
_ |Schmertmann CPT (phan 2.7.3) 0.55
Cac loai dat -
Thi nghiém nén tinh (phan 5.4} 0.80
Phan tich CAPWAP (phén 5.2) 0.70
Bdng 1.4. Cac hé s stfc khang ®,, @, clia coc nhéi
L oal dét Phutmg phap dl,rbao (Df nen ¢f kéo d-"ﬂ nén (Dp kéo
. suc chiu tai (khéng bén) (khdng mii)
Pat dinh « {(phan 3.4.1, 3.5.1) 0.65 0.55 0.55 0.50
pat rai f} (phan 3.4.2, 3.4.3, 3.5.2, 3.5.3)
IGM thd Ly thuyét (phén 3.4.4) 0.40 + 0.60
IGM min Phan 3.4.5,3.5.4,3.55,3586.
Carter & Kuthawy (phan 3.4.6) 0.55 0.45 ! /
ba . Horvath &Kenny (phén 3.4.6) 0.65 0.55 / /
CFEM (phan 3.6.3) / / 0.50
Cac loai dat/ Thi nghiém nén tinh {phén 5.4) 0.80
da Phan tich CAPWAP (phan 5.2) 0.70




20

MONG COG - PHAN TIiCH VA THIET KE

S dung 1.
Kiém tra dé lun dudi tai trong sau:
Py + Py + P, + 03P,

trong d6: P, - tai trong gi6. Déi véi edng trinh cau dudng, thi P, = P, + Pg,
P..: P., - tai trong gi6 1én két ciu va tai trong gi6 1én xe cd van tai.

1.3. HIEN TUONG MA SAT AM

Khi coc chiu tae déng cta tai trong nén. nd sé ¢6 xu hudéng lin xuéng. Néu
khéng ¢6 nhiing tac nhan dé cap dudi day, néi chung dat xung quanh théin coc
s& lin it hon dd lin cda coe. Do d6, stic khang bén gitta dat va coc sé ¢d tac
dung khang lai tai trong ngoai.

Tuy nhién, khi dat xung quanh than coc lin nhiéu hon dé han cta coc, chuyén
vi tudng db1 gita coc va dat sé ¢d chiéu ngude lai. do do stic khang bén giga
dit va coc cling ¢6 chiéu nguge lai. Ste khang bén nav khéng khang lai tai
trong ngoai ma con gép phan day coc xudng, dé goi 1a stc khang bén am (tuy
nhién thuit negd quen st dung 1a "ma sat Am". méic da sic khang bén bao gém

ca ma sat va lue dinh).

Céc tac nhan thuong gap lam cho dit quanh coc ldn nhiéu hon d8 hin cua

coc la:

e Cé mbét 16p dat dinh mdéi dap (hinh 1.8a), ban than ldp dat dinh nay sé
lin theo thai gian (hién tugng ¢d két tham).

o (6 mdt 1dp dat bat ky méi diap gay ra tai trong vél nén dat. hoae ¢é tai
trong kho bdi...(hinh 1.8b). Phia duéi nén c¢6 cac 16p dat dinh. Tai trong
mdi giy ra do lun theo thoi gian trong 18p dat dinh nay.

¢ Muc nudc ngadm bi giam, lam @ng suit hitu hidu tang 1én. Néu trong nén
dat ¢6 dat dinh, thi dat dinh nay sé lin theo thé gian do sy tiang Ung

suat hiu hiéu nay.

D61 vdi cac 16p dat vdi trong nén dat quanh coc. khi ¢6 nhiing tac nhan ké
trén. dat roi cing Ién. Tuy nhién, d4t rdi ¢ tinh thAm rat 1dn, bdi vay su lin
xay ra gan nhu tde thot. Do d6 ma sat Am chi xuat hién trong mét thoi gian
cuc ngan, sau dé ma sat lai ddi chiéu thanh ma sat duong. Bdi vay, ta chi
quan tim dén sy hin cua cac 18p dat dinh ma théi.

Gia tri tuyét déi clla ma sat Am o thé coi bing ma sat ducng. do dé ¢6 thé ap-
dung nhing cach duy bao trinh bay trong chucng 2 va 3. Trong hinh 1.8a thi
ving ¢6 ma sat Am Ja ving dat ddp. Con trong hinh 1.8b, khéng phai toan b
viing dat dinh déu ¢6 ma sat dm. O phia dudi mit trung hod, dnh hudng cta
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tai trong dap gAy ra la khéng dang ké, do d6 d4t & viing nay c6 dé hin khéng
dang ké (coc vAn ¢6 xu hudng liin nhiéu han d4t), do d6 ma sat van 1a duong.
Nhu vay, chi ¢6 viing dit trén mit trung hoa méi c6 ma sat 4m. Mit trung
hoa ¢6 thé duge xac dinh mot cach ky ludng qua thuat toan cua Vesic (1977).
Don gidn hon, ta cé thé st dung céng thite sau cita Bowles (1982):

L,

1

L =

[0.51,5 +§)-2§ , (1.19)
Y ¥
trong dé: L, - khodang cach dén mét trung hoa;
L. - chiéu day 16p ddt dinh;
p - tai trong mdi gy ra cho nén (vi du do dat dip);
y' - trong lugng riéng cua 16p dat dinh. Néu dat nam dudi mue nude
ngam thi st dung trong lugng riéng ddy néi.
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Hinh 1.8. Dat ddp gay ra ma satam

Tuy nhién, khi stc khdang miii cang 16n thi d¢ hin cia coc cang nho, va mit
trung hoa cang sau xudng (nghia 12 ma sat Am cang 16n).

Véi coc chéng thi L, = L.

Khi ¢6 nhitng tac nhén giv ma sat 4m k& trén, dé gidm ma sat 4m ta c6 thé
quét bitum 1én mét coe. Ldp bitum cé thé 1am cho ma sat gan nhu bi triét tidu
(f, = Q).

1.4. SUC CH|U TAI NGANG CUA CQC

Méng coc chiu tai trong ngang thudng 14 méng coc dai cao. Tuy nhién véi
mong coc dal thip, néu tai trong ngang qua 16n thi dit ¢ trén mic day dai
cling khong ti€p nhéan hét tai trong ngang. Khi dé, coc trong méng coe dai
thap cang chiu tai trong ngang. Tai trong ngang thudng gap la: tai trong do
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tang/ giam tdc dd cua xe. tal trong do phanh xe, tai trong gid, séng va dong
chay, tdi trong do tau bé va cham (tai nan), do déng dat, do 16 dat,...

Khi tinh toan cong trinh khéng chiu tai trong dit, ta cé thé thiét ké& coc xién
dé chiu tai trong ngang. Tuy nhién, néu cé xét dén yéu t& déng dit thi coc
xién lai gay hai dén ca két cidu bén trén va két cAu moéng. Vi vay, can

phai tranh st dung coc xién khi tinh todn céng trinh trong vang cé déng dat.

Céach du bao slc chiu td1 ngang ctia coc ché sin va coc nhéi hau nhu khong
khac nhau, boi vay ching t61 trinh bay chi tiét mdt s6 phuong phap du bao

stc chiu tal ngang cuc ] I
) ’ ung suat tiép

han trong phan nay. -
Mbdt phudng phap khac - -
la phuong phap p-y g -
ching i tinh bay  chidéng—~ ~————bidéng
trong Chuong 4 - Tinh - o

- -—

toan coc lam vide dong
thdi vo1 nén. ~

Lyc ngang va momen ] ing Sual’ﬁép

tac dung s& duge coc va Hinh 1.9. Bat quanh coc tiép nhan tai treng ngang
da't tiép nhan. Véi coe thing dilng, coc tiép nhéan tai trong bing d6 cing chdng
uén (EJ) cua tiét dién coc. Con @4t tiép nhan tai trong bing dng suat phap &
mat chinh dién (ap lye chii ddéng va bi déng) va (ng suit tiép 6 hai mét bén

(hinh 1.9).

Trude day, sic chiu tai trong ngang thudng duge du bao bang cach tra tit mét
bang sé don gian, vi du nhu bang 1.5. Trong bang nay, sde chiu tai cho phép

duge tim dudi chuyén vi cho phép Ja y,, = 1 cm. Néu yéu cdu chuyén vi cho

phép v,, phai nho hon 1 em thi ta ndi suy gitta gia tri O va gia tri trong bang.
Han ché ctia bang nay 1a chi c6 mot s6 rit it tiét dién coc ta ¢ thé tra dude
trong bang.

Bdng 1.5. Sirc chiu tai ngang cho phép [Q] (tan)
khi chuyén vi ngang cho phép lay,,=1cm

Loai dit trong d¢ sdu Chiéu sdu ngam kB Coc vudng, canh: |Coc tron, dudng kinh:

ngam tinh todn kB (B Ia

dudng kinh/ canh coc) Coc BT | Coc gd | 20x20 | 30x30 | 40x40 | 28 30 32
1) Cat chét vira, 4 sét déo 6d 4.5d 60t | 70t | 80t | 26t | 28t | 2.8t

cing
2) bat rdi, cai bui; 4 cat 7d 5d 25t | 3.01 | 35t ] 1.4t | 151 | 1.6t

déo; a sét/sét ddo mém
3) Set/ & set déo nhao, bun 8d - 6d 1.0t | 1.0t | 20t [ 05t | 0.5t | 061
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Ngay nay, stc chiu tai trong ngang cé thé dude tinh toan dua trén nhiéu
phudng phap chinh xac hon. trong dé hai phuong phan phé bién 14 phuong
phap thé so cia Broms (1964) hodc Meverhof (1995), va phuong phap "tinh
toan déng thai" dya trén dudng cong p-y ctia Reese (1984). Phuong phép ctia .
Broms va Meyerhof tudng tu nhu phudng phéap tra bang trude day, phuong
phap nay don gian nhung khéng thé chit ché va chinh xac nhu phudng phap
duong cong p-y. Bt vay, véi nhiing bai toan phic tap (vi du coc trong nén
nhiéu 16p, coc dai...) thi nhat thiét nén diing phuong phap dudng cong p-y.

1.4.1. Phuong phap du bao sic chiu tai ngang cta Broms

Trong phucng phap Broms, quan hé giifa 4p lduc ngang cia dat 1én coc va
chuyén vi ngang ciia coc 12 quan hé tuyén tinh (p = K, y), trong dé K, dugc goi

142 hé s6 nén va 1a hing s8 theo phuong phap Broms.

DAu tién ta phai xac dinh chiéu sau ngam kB (tit day dai trd xuéng). Trong
pham vi kB nay, ta phai xac dinh xem loai dit chung 1a dat rdi hay dat dinh.

Sau d6 thuce hién cac bude tinh toan nhu sau:

Budc 1: Tinh hé s8 nén theo phudng ngang (K,) cia dat trong pham vi kB. Ta
¢6 thé sit dung phuong trinh P-7 cia Vesic trinh bay trong phu luc 1,

hoic cac gia tri kién nghi bdi Broms nhu sau:

« N&u d4t dinh:

n,n, x80xq, :
Khl = L]?)q__, (120)

trong dé: q, - sttc khang nén ddn mét true caa dat (kPa); q, =2 S,;
B - canh hojc dudng kinh cta coc;

n,, n, - hé s8 kinh nghiém, 14y theo bang 1.6.

Bdng 1.6. Gia trin, van,

::: ;’;f’;fy’:e; n, Vit liéu coc 1y
< 48 kPa 0.32 Thép 1.0

48 + 191 kPa 0.36 Bétong 1.15
> 191 kPa ‘ 0.40 ' Gd 1.3

« Néu dat r3i: 14y gia tri hé s8 nén K, theo Terzaghi & bang 1.7.
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Bang 1.7. Gia tri K,,, (kN/m?) cho dat rdi

PJ chat Trén muc nudc ngam Duoi muc nudc ngdm
Rdi rac 1900 1100
Chat vira 8100 5400

{Theo DAS 1a tir 55007000} | (Theo DAS la tir 3500+4500})

Chat 17600 10800

Buée 2: Hidu chinh hé s8 nén K, theo diéu kién tai trong trong ting Joai dat:
= Ngéu tal déng dat tac ddng trén dat roi:
K, = 0.5 K,, v6i dat chat viva dén chit;
K, = 0.25 K,,, v6i dit d trang thai roi.
= N&u téi trong tinh tac dong lau dai trén dat dinh:
K, = (0.17 + 0.33) K, vdi dat yéu;
K, = (0.25 + 0.5) K,,, v6i d4t cling dén rat cing;
« Cac truong hop khae: Ky, = Ky,
Budc 3: Xac dinh momen cuc han ma vat héu coc co thé chiu dudc:
« M, = CR, W véicoc thép,
trong dé;  C, - hé s8 hinh dang coc;
C.= 1.3 v6i coc Ong;
C. = 1.1 v&i coc chit H, va lyc ngang tac dung vudng gbc véi
ban canh: 7
(, = 1.5 véi coc chit H, va luc ngang tac dung vuéng goc vii
ban bung;
- cudng d6 gidi han chay cla thép 1am coce (thong thuong
R.., = 250 MPa = 2.5 x10° kN/m” =~ 2500 kG/em?);
W - mémen chdng udn cua tiét dién coc.

R

ach

= M, = R, W véi coc bétdng,
trong d6: R, - cuidng do chiu nén cha miu bétdng tru tron tai 28 ngay.
Budc 4: Xac dinh xem coc 1a coc ngan hay coc dai:
» Trong dat dinh:
- By, L > 2.5 thi coc la day;
- B, L=2.0+ 2.5, coc la trung binh;

-3, L< 2.0 coc 1_51 ngan.
trong dé: B, =il ===

L - chiéu dai doan coc trong dat:

B - canh cta coc;

EJ - d6 cung cda tiét dién coc (bang tich cia médun dan
héi va mémen quan tinh).
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Budc 5:

Trong d4t roi:

- B,L > 4.0 thi coc la dai;

- B L =20+ 4.0, coc 14 trung binh:
- B.L < 2.0, coc 1a ngén,

Kh
EJ

trong dé: B, =3

St dung céc d6 thi ¢ hinh 1.11 dén hi.r_lh 1.14 dé tim stc chju tai
ngang cuc han Q.. Néu trudng hop coc trung binh thi ta tra cd d6 thi
cho coc ngan va coc dai, sau 46 14y gia tri Q, nhd nhét. Trong cac do

thi nay, ta cAn biét cac tham s6 sau:

Xem xét xem coc c¢6 dau bi ngam hay la ty do. Néu dau coc tu do, cin
tim khoang cach e, tit ddu coc d&n mit dat (hinh 1.10).

V4i dat dinh, ean tim sitc khéang
cat khéng thoat nude trung binh
S, (8,=q,/ 2.

Véi dat roi. can tim gia tri YK,.
trong d6 v la trong lugng riéng
trung binh cua dit, cé tinh dén hidu
g diy ndi cho phin dat nim dudi
nude ngam; con K, = tg*(45 + ¢/2)
chinh 13 hé s§ ap luc dat bi déng
theo Rankine.

Q, Q,

b

Hinh 1.10. Cac théng sé ddu coc

0 e/B
60 T 7 y. .
Ao
50 _“I AV
4 4
y |(///
Vi
40 / /1 P d
Vo4 8
/ V'V
30 /|
QU " /// ////, v 16
2 A A A A
s,B 7 . //
Pl
20 1 f Y.
l' ) A AN/
y 7oA
10 127y p
/ A o )
L d4P 1
v, "/
o L& d
0 4 8 12 16 20L/B

a) Dau coc ngam

b) Bau coc tu do

Hinh 1.11. B3 thj tim Q, cla coc ngdn trong dit dinh
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a) Bau coc ngam b} Bau coc tu do 3B

Hinh 1.12. D6 thi tim Q, cla coc dai trong dat dinh

e L
e/L
200 T 0.0
|
|
160 A i po02
I’ / ’ 0.4
120 a4 / / / 08
08
Q [l b )94 e
KoBY' / N &4
80 / X/ 15
A | A20
[/ A // 30
40 V. 1,16, o
/ A A
Ay =
0 beat e [
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a) Dau coc ngam b} Dau coc tu do

Hinh 1.13. Dé thi tim Q, cla coc ngén trong dat rdi
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By K.
10000.1 1 10 100 1000 10Q00 -
Ay 7,
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a) Dau coc ngam  b) Pdu coc ty do

Hinh 1.14. D6 thi tifn Q, cla coc dai trong ddt rai

Budc 6: Stc chiu tai ngang cho phéptéidala Q, = %“ = g‘é )

)

Buoc 7 Néu ¢6 quy dinh vé chuyén vi ngang gidi han yne thi @, 12 stc tai
trong ngang cho phép tinh theo chuyén vi Yo
Q, phai tinh theo cac hinh 1.15 va hinh 1.16.

Ngoai ra. cac hinh nay ciing dude sit dung dé xac dinh chuyén vi

C s . as . .. .. vyK,BL
ngang y Ung vdi tai trong ngang Q nao d6 (dua trén gia tri Y——a—
EJ 0.6 KOA .
hoac y®) KBy ).

QL
Budc 8: Stc chiu tai ngang cho phép cua coc don 13
[Q] = min(Q,,, Q.) x k;
k; 12 hé s6 phu thudc vao phudng phap ha coc;

k, = 0.75 vdi coc ha bing phuong phap x& nudc; k; =1.0 vdi coc ha
bang cac phuong phap khac.
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a) Bau coc ngam  b) Dau coc ty do

Hinh 1.15, D& thi tim sirc chiu tai ngang Q,
theo chuyén vi cho phép Yoo trong dit dinh
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a) Pau coc ngam b Bdu coc tu do

Hirth 1.16. D& thij tim sic chiu tai ngang Q,
theo chuyén vicho phépy,, ctla coc trong dat roi
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Bude 9: D6 vdi nhém coc, ta can
glam stic chiu tai cia mét

coc trong nhém coc bdi hé 7 7

s6 nhém n nhu sauw:

[Q:} = n[Ql,

trong d6, 1 dude tra 6 bang 1.8, phu
thudc vao khoang cach Z gilta cac
hang coc (theo huéng cha tai trong
ngang Q - xem hinh 1.17).

—eg———T&i ngang Q

Bang 1.8. Hé s8 nhém n

OO 0O O0OO0OO0
OO 0000
O O O OO0

Khoang cach Z hé s& nhom n
8B 1.0
68 08
AB 0.5 " Hinh 1.17. Nhém coc chiju tai ngang
3B 0.4

1.4.2, Phuong phap du bao sifc chiu tai ngahg cua Meyerhof
Mevyerhof (1995) phan coc 1am céc loai coc ngén va dai theo tiéu chi nhu sau:
o K_<0.008 thi coc 12 ngin (tdc 14 coc cling);
e K 20012 thi céc 12 dai (tdc 12 coc mém);

» K, =0.008 : 0.012 thi coc 1a trung binh, khi dé, ta ¢in tinh toan coc theo
ca trudng hop coec ngin va coe dai, sau d6 18y gia tri stc chiu tai nhd
nhat.

Bl

Ed'L4 !

EJ - d6 ciing chéng udn cla tiét dién coc;

trong dé: K, - d6 cling tudng ddi cia coc; K, =

E, - médun bién dang theo phudng ngang clia dat trong pham
vi ngam tinh toan; h '
I. - chiéu dai cua coc.
* Trong dat roi:
« Véi coc ngén trong dat rdi thi sdce chiu tai ngang cuc han 1a:

Q, = 0.12yBL3K,,; Q, < 0.4p;BL, (1.21)
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trong dé: y' - trong lugng riéng cua dat;

B - canh ho#ic dudng kinh coc;

L - chiéu dai coc:

K,, - hé s& sitc chiu tai ngang, tra trén hinh 1.18a.

py - 4p lue téi han thu duge tit thi nghiém nén ngang PMT:
Né&u khéng thi nghiém PMT thi c6 thé tam 1ay p, nhu sau:

pL = 50tg%(45 + ¢/2)e™ ¥ tgo (kPa).

« Vi coc dai trong d4t rdi thi ta vin tinh todn nhu trén, nhung si dung
chidu dai quy d6i 1a L, thay vi chiéu dai thuc L

L,=1.65K. "L, L, < L, (1.22)
trong dé: K, - d cling tuong dbi clia coc.
¢ Trong dit dinh:
« V6i coc ngén trong d4t dinh thi st chju tai ngang cyc han la:
Q, = 0.48,BLK,; Q, < 0.4p BL, (1.23)

trong d6: S, - stic khéang cat khong thoat nude;
K., - hé s6 stic chiu tai ngang, tra trén hinh 1.18b.
Py, - Ap lyc téi han thu dudgc tir thi nghiém nén ngang PMT:
Néu khéng thi nghiém PMT thi cé thé tam 14y p, nhu sau:
P =7 Su-
. V&i coc dai trong dét dinh thi ta vAn tinh todn nhu trén, nhung su
dung chiéu dai quy ddi 1a L, thay vi chiéu dai thuc L, trong dé:
L. = 1.50K,*""L; L. < L,, (1.24)

trong dé: K, - 46 cling tuong déi cua coc.

40 T T T T

Ku

a) b)

Hinh 1.18. Hé sd K, va K,
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Vi du 1.1

Che coc dong bétdng cét thép tiét dién 40 x 40 cm?, cudng dd chiu nén clha béténg coc 1a
R,s = 350 kG/cm? ~ 35000 kN/m?.

Coc dai L = 20 m, dau trén dugc ngam trong dai. Nén dat cho dén mii coc gdm hai lép,
ldp 1 1& dat cat chat vira ¢ ¢ = 32° day 3m; phia dudi la dat sét ciing. Muc nudc ngam
thay d6i manh (-15 m trong mia khé va -4 m trong mua mua) va gia sif trong lugng riéng
trung binh cla dat fa v = 15 kN/m? {cb xét dén hiéu (mg ddy ndi cho phan coc dudi mut nudc
ngam).

Du bao sic chiu tai trong ngang cho phép clia coc nay biét chuyén vj ngang cho phép
cla ¢ong trinh Ja 8 mm va coc xay dung trong ving cé dong dat.

Theo bang 1.5, vdi ldp dat 1 la cat chat viva ta ¢d chiéu s&u ngam tinh toan Ia
kB=6B=2.4m,

do d6 doan coc chinh chiu tai trong ngang (I doan ngam tinh to&n) n&m tron trong I1&p
cat chat vira. Vi vay, ta cé thé tinh toan coc voi s8 lidu dat nén 13 cat chat vira, ta khdng
can xét dén Iap sét ndm bén dudi.

Ciing theo bang 1.5, ta c6 voi y,, = 1 cm thi [Q] = 8.0 t. Nhu vay, vdi chuyén vi cho phép
13y, =08cmthi[Q}=0.8/10x 8.0 =6.4 tan.

e Theo p;hubng phadp cua Broms:

Budc 1: Du bao K, = 6000 kN / m® (theo bang 1.7, vdi gia tri trung gian gilta dat
khdng ngap nudc va dat ngap nudc).

Budc 2:  Hidu chinh K, do coc xay dung trong ving ddng dat:
' K, = 0.5 K,, = 3000 kN / m".

Bude 3. M, = Ry W =35000 x 0.4 x 0.47/6 =373 KNm.

Budc4: EJ=25x10"x0.4 x0.4%/12 ~53333.3 kKNm?;

n = S‘JK—%S,} 3090 _ _ .56 (1/m):
EJ V53333.3

nL = 11 > 4 nhu vay day 1a coc dai.
Budc5: v xKp=15xtg’(45+ 16)=48.82kN/ m’;

M, 373 . 299

B'YK, 04%x4882

Tra tir hinh 1.14 véi coc ngam & déu ta dugc:

Q,

e .z105;
p Y

=5 Q, = 105 x B%'Kp = 105 x 0.4° x 48.82 = 105 x 3.124 = 328 kN ~ 32.8 tan.

Q. Q ,
uac 6. = v "% +13tan.
Bube 6:Qn = £==75

s
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Budc 7: Vi yéu cdu coc phai c6 chuyén vi nhé hon chuyén vi cho phép
Yag = 0.008 m, tra tif hinh 1.16 vdi coc ngam & dau ta cé:

yng (EJ)UG K;:‘)4

LB, '}
Q,L '

Q. < Y ENTKY 0.008x53333.3% x 3000

= 67.5 kN =6.7 tan.
a a.L 2 7 7 tan

Budc 8: Vila coc dong, nénk = 1 va [Q] = min {Q,, Q,) = 6.7 tan.
e Theo phuong phép cua Meyerhof:
Gia st modun bién dang theo phuong ngang cla dat cat chat vira la:
E,4 = 80 kG/cm? = B0OO kPa:;
D6 ciing tuong d6i ctia coc ta: K, = _EJ _ 533333 - 0000042,

E.lL' 8000x20*
Nhu vay, coc 1a coc dai va chiéu dai tuong duonglal, = 1.65 K" L= 10m;
Vi ta knong thi nghiém nén ngang PMT nén ta 1ay:
p. = 50 tg%(45 + (/2) " " tgp = 50 x 19’61 x ™92 « 1932 = 724 kPa;
Tra hinh 1.18a ta dugc K, ~ 10;
Q,=0.12vBL2K, =0.12x 15 x 0.4 x 102 x 10 = 720 kN ~ 72 tan;
vaQ,s04p, BL,=0.4x724x0.4 x10= 1158 kN;
Vay Q, = 72 tan va tai trong ngang cho phép 1a Q,, =72/ 2.5 = 29 tan.

Ta thay k&t qua clia phuong phap Meyerhof idn hon han hai phuong phap kia, déng thdi
nd cling khdng xét dén chuyén vi ngang cho phép cla cdng trinh.

1.5. HIEU UNG NHOM

Su lam viée cua coc don khic véi sy lam viée ciia nhém coc. Khi khoang cich
gitda cac coc kha ldn (vi du 16n hon 6d, d la dudng kinh coc) thi coc lam
viéc nhu coe don. Trong nhém coc, khoang cach gitia cac coc thudng bé tri 1a
3d + 4d cho coc ché sin, va 2.5d + 3d cho coe nhdi.

Trén hinh 1.19a. gia st coc don chiu tac dung cta tdi trong lam viéc la
P = 50 t. Gia si stc chiu tai cye han cla coc don theo dat nén 1a P, = 120 t
(néu chat tai 16n coc dén 120 t thi dAt nén bi pha hoai). Cac dudng cong trén
hinh nay thé hién cic dudng ddng itng suat do coc don giy ra. Con & ba coc
trong nhém trén hinh 1.19b, ta thay tng suit ¢ gita nhém coc sé do tai trong
truyén tit nhiéu coc téi. do d6 tng suft duéi nhém coe 1én hin 1én. Néu méi
coc cing chiu tai trong lam viée 1a 50 t thi d6 lin ctha nhém coc nay 16n hon
hén d6 Jdn cla coc ddn trén hinh 1.19a. Néu chit tai dén pha hoai, thi cé thé
chi dén 300 t nhém coc da bi pha hoal (nhd hon so véi 3 coe x 120 tleoe = 360 t).
Ta goi hé s6 11 = 300/ 360 = 0.83 14 hé s6 nhém. ti d6 rit ra biéu thic sau:




Chuong 1. TONG QUAN VE MONG COC a3

P\l uhom — 11 X 11X Pu don » (125)

trong d6: 1 - hé s6 nhom;
n - 6 lugng coc trong nhém:
P, - sitc chiu tai cia mot coe don.
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Hinh 1.19. Hiéu (ng nhém

Khi déng hodc ép coc vao dat hat thé trang thai roi hodic chat vita, ¢4t sé chat
1én, do d6 cai thién duge stte chiu tai cia tiing coc, khi dé n ~ 1.

Con khi déng hoic ép coc vao dit dinh, cdu tric dat bi xao déng, ste chiu tai
giam xudng nhidu. Sau mét thdi gian coc nghi, stic khang cit sé phuc héi dan
nhung it khi phuc héi 100%. Vi vay. n =~ 0.8 + 0.9.

Khi thi ¢éng nhém coc nhdi, qua trinh khoan tao 18 s& lam cho d4t & lan can
roi rac hon (nhit 14 véi dat hat thé), do d6 khéng nhiing lam giam sie khéng
cua d&t d6t véi ban thin coc dang khoan ma con 1am giam stc khang cta dat
vdi nhiing coc gin d6. Khi d6 bétong, ap luc cla bétdng tuodi phin nio lam
dat chat lai. nhung khéng dang ké. Vi vay, hé s6 n cia coc nhéi kha thip
(m = 0.65 +0.75 véi d&t hat thd, = 0.7 + 0.8 véi dat dinh). Trong cic khoang ké
trén. nhém cang nhiéu coc va khodang cich cang gan nhau thi i cang thap.

Ngoai phudng trinh (1.25), v6i dat dinh ta con cé thé xac dinh P, bing cach
gia thiét nhém coc lam viée nhu mdt khdi (mét coc rat 16n - hinh 1.20). Chidu
dai clia coc 16n van 14 L, con tiét dién cia coc 16n nay 1a L, x B, (L, va B, 14 hai
canh cta hinh chii nhat bao 14y nhém coc, nhu vay L, va B, x4p xi bang tiét
dién cua dai). N&u sitc chiu tai cua cge (khéi) 16n nay nhod hon n x P, thi ta
14y dé lam stic chiu tai cua nhom.

3MCPT-A
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Hinh 1.20. Tinh nhém coc nhu mét coc Idn

Khi nhém coc chiu tai trong ngang, do chuyén vi ngang cua d4t tac déng truc
ti€p dén coc bén canh, dnh hudng clia mot coc dén cac coc 1an can con 16n hon,
vi vy hé s6 nhom n khi tinh coc chiu tai trong ngang sé nho hon (xem
bang 1.8).

Dé du bao dd lan cia nhém coc, ta ¢o thé sit dung phudng phap méng khoi
guy udc ma ching ta dd quen thude. Ngoai ra con nhiéu phudng phap khac,
nhu phuong phap cta Vesic (duge trinh bay dudi day), cua Poulos (phuong
phap coc tuong duong), phudng phap 6 véi 10 giai phi tuyén, c6 xét dén tuong
tac coc - dai - ddt (phan mém FLPIER cta B) giao thong Florida) v.v...

Vesic (1969) kién nghi cdch du bao dd lhin ctia nhém coe (coc déng, coc €p, coc
nhéi v.v...) dua trén do6 lin cua coc don nhu sau:

fB o
. — mép ngadi nhom coc
Snhém — Saon d H (126)

trong d6: d - duong kinh coc;

S0, 40 lin clia cce don (xem phén 2,12, 3.95:
Bmé]l ngoi ahom coe” Chléu r@ng (nhin trén mét‘ béng) tinh glaa hai mép
ngoai cia nhém.

3.MCPT-B




CHUONG 2

COC CHE SAN

2.1. GIOI THIEU VE COC CHE SAN

Coc ché& san thudng gém hai loai:

s Coc bétong cot thép (BTCT) dic sdn, cé hodc khéng iing suit trude.
Coc thuong ¢é dang hinh vudng, canh coc 0.1 + 1.0 m; Kich thudc thudng
gap d Viét Nam hién nay 14 0.2 + 0.4 m; Véi coc ¢St thép thudng thi mac
béténg thuong 1a 250 + 350. Con vdi coc Gng sudt trude, mac bétdng
thuong la 350 + 450. Cap thép kéo Ung suit trudc thudng cé cudng dd
cuc han khodng 1800 MPa (18000 kG/cm?). Trong qua trinh d6 béténg,
cap duge kéo trude véi ap lue khoang 900 + 1300 MPa. Coc BTCT iing
sudt trude c6 uu diém 1a stic chiu tai 1én, ¢6 thé xuyén qua cac lp cat
chat, sdi cudi. Tuy nhién, loai coc nay chua phé bién ¢ nudc ta.

¢ Coc thép (thép hinh chit H, hodc thép éng chit O). Do bé day tdm thép

méng, dé coc dé dang xuyén qua cac 1dp dit tét, ngudi ta thudng gia b
miii coc nhu trén hinh 2.1 (goi 1 "shoe" - gidy).

T 553 <2 @

Hinh 2.1. Gia ¢ miii coc chir H

O Viét Nam, ta thudng ha coc ché& sin xuéng bing mét trong hai phuong phap
sau:

1) Dung biia déng coc. Phuong phap nay thuong giy chan déng va tiéng
n 16n. Hon niia, ¢6 thé khéng déng duge coc qua cac 18p dat tot vi coc
(thudng 1a ddu coc) bi v8, méo, v.v... D& gidm chén vi trg gidp qua
trinh déng coc, ta c6 thé khoan mdi trude khi déng, hoic x81 nude &

mili coc;
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2) Ep coc bing kich thuy luc va hé déi trong (gidng nhu céng tac nén tinh
coc). Dé coc thing duge stic can ctia dat, tién xubng dé sau thiét ké, tai
trong ép & dAu coe phai vugt qua hodc bang tai trong cde han P, cha
d&t nén. Phuong phap nay giy tiéng én khéng dang ké va dang cb
nhing tién bd 16n may nam gan diay. Néu nhu nhiing nam 1995 + 1997,
ta chi 6 thé ép nhiing coc nhd (20 x 20 = 30-x 30 cm?), doan ngin (4 + 7 m).
tai trong ép trung binh (20 + 100 tdn), thi nay di 6 nhiing may ép
duge nhiing coe trung binh (30 x 30 + 40 x 40 c¢m®), doan dai
10 = 12 m. tai trong ép tdi 250 + 300 tan. Mic du vAy. néu coc 16n han
nita (45 x 45 + 70 x 70 em*dai trén 12 n/ 1 doan coc. stc chiu tai 16n),
thi chi ¢é bua Jén méi déng duge coc xudnhg dit. Vi di nhién, dé coc
khéng bi pha hoai do vat liéu thi coc phai 1a BTCT tng sudt trude hoac

coc thép.

2.2. THIET BI DPONG COC

2.2.1. Gigi thiéu vé thiét bi déng coc

HAu nhu bat ky loai bda rdi nao cang ¢in ¢ hé tru din hudng (Lead) ¢6 tac
dung huéng cho bia vrdi ding tdm cia coc (hinh 2.2), do dé giam thidu hu
hong d61 v3i coc. Ngoat ra, hé tru dan huéng con gifi vi tri cua coe ding chd

trong qua trinh déng coc.

Hinh 2.3 minh hoa mdat hé day dd ma coc (phidn nam gifia bda va coc). Dém
bua (hammer cushion) ¢é tac dung giam xung kich do va cham gida kim loa1
(bia) véi kim loai (m@). Dém bua thudng lam bang micarta, nhdm, fosterlon,
conbest hoac hammortex (déu & dang phién). Dém coc (pile cushion) ¢6 tac
dung giam lyc xung kich do va cham gifia mi coc va coc, ddc biét 14 coc
béténg. Dém coc thudng 1am bing nhidu tdm g6 dan. Ca dém buia va dém coc
déu s& rin 1én va bi pha hiy theo thsi gian (dac biét nhanh vdi gb dan), do dé
chiing phai duge thay méi thudng xuyén.

Bua dong coe duge phan lam hai nhém chinh: bda rung va bua déng luc
xung kich (bua rai).

. Bua rung

Baa rung la loai baa kha da nidng. Bia rung cé nguyén ly lam viéc va cac
thanh phan thiét bi khac hdn véi bia roi. Gitia bda va coc khong ¢6 mii coce
(helmet), thay vao vi tri dé 1a "cai kep" (clamp). Bia rung thuong cb tan so
rung 1én nhat trong khoang 15 + 30 Hz (900 = 1800 vong/phiit), mémen léch
tam trons khoang 0.25 + 1.13 kNm, nang lugng trong khoang 50 + 120 kW.
Thiét bi nay thudng chi pht hop véi coe etr thép (dang tdm), coc thép chd H va
thép ong. Cac loai dit dinh, dic biét 1a dat dinh ctng khéng phtt hgp véi loai
bua nay.
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giléng {cH thé co)
Hinh 2.2. Hé tru din huéng c6 thé quay dudc

de

-

dém bla

dan hudng

dém coc
{coc bétdng)

Hinh 2.3. Cac thanh phan cda mil va dém coc
2. Biia déng luc xung kich
Biia déng xung kich lai duge chia lam bdn nhém nho:

e Bua roi: bia roi duge kéo 1én bing ciu, sau d6 tha rai tu do xuéng. Loai
bua nay thudng c6 chiéu cao roi bda 16n, do dé van téc hic va cham 16n
(6.7 + 9.5 m/s), vi vay thudng gay pha hoal coc. Loai bia nay hién nay
rat it khi duge dung;

¢ Bia hoi: bda nay duge day 1én bang nang higng hai nude; chidu cao roi
bua H 1a ¢6 dinh;
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e Biia diesel: bua nay dudc day 1én bang ning luong do diesel chay. Chiéu
cao roi bia H 14 thay d6i phu thude vao sic khing cta dat.Nhuge diém
clia bua nay la: tiéng né 16n (do diesel phat chay); khéi do diesel chay
gay & nhiém moéi trudng;

e Bia thiy luc: day 1a loai bia hién dai, bia dude nang 1én bang ning
lugng thiy luc: chidu cao roi bia H 1a thay dai.

V6i biia hdi, biia diesel va bda thily luc, ta con chia tiép ra bia mot chiéu va
hai chiéu.
Bita mot chiéu la buia duge roi xudng tut do, do d6 ning lugng bidu kién cla
biaa 1a E,., = QH, v6i Q 1 trong lugng bua, H 1a chiéu cao rdi biaa (stroke).
Biia hai chidu 1a bia roi xuéng nhanh hon téc dd rdi tu do, do trong qua trinh
roi, buia con duge day nhanh thém bing mét ap luc (dung dich hogc khi). Bua
hoi hoac thay lye hai chiéu sé ¢é ning lugng hiéu kién la:
Eln'm = (Q + A])iston x p(l(l) x H:

V(jl Api:‘-tun‘
1a dién tich hidu hiéu ctia dau piston, ¢dn py, k2 ap luc cua dung dich 1&n buaa.
Biia diesel hai chiéu sé ¢6 nang lugng biéu kién la:

Elzl'm = (Q + pb) X H’
véi py, 12 ap luc budng.
Hinh 2.4 minh hoa bia hdi mét chiéu. Khi van md théng "ciia vao", ap lic hai
¢6 tran vao, diy piston va qua bia 18n cao. Pén d6 cao yéu cau, "clta vao" déng
lai, "ctia x&" md ra, bua roi ty do xudng va dap vao hé mi cgc - coc.

_:.:;"Tj xy lanh =
: N \
 Piston 7

t
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a) Baa xudng b) Baa lén

Hinh 2.4. Bia hoi mét chiéu
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Hinh 2.5 minh hoa btia hai hai chiéu. Khi bia roi xudng thi 4p luc hdi & niia
trén ctia xilanh ciing d4y piston xuéng, do d6 bda rdi nhanh hon. Nhu vay, dé
tao ra cung mdt nang lugng, bia hai chiéu s& cAn mét qua ta nhd hon, chiéu
cao rdi bita thap hon so véi bia mét chiéu.

van trén

- .
e~ cla xa
r | T
. A e X lanh
[ y

i i _.~—buia

-
T = -
~_~-dém bua

a) Buaa xudng b) Baa lén
Hinh 2.5. Bia hdi hai chiéu

Hinh 2.6 minh hoa biia diesel mét chidu. Trén hinh ¢, bia roi xufng va nén
diesel lai, khi nén dén ty 1é 20/ 1,diesel s& phat nd sinh ra 4p luc 16n, ddy bia
lén cao (hinh e va f). Stic khang cua d4t 1én coc cang 1dn thi ap luc do diesel
phat nd cang 16n, 1am cho chiéu cao rdi biia (stroke) clia nhat k& tiép sé cang
16n. Chiéu cao rdi bvia cé quan hé véi tée dd rdi bia nhu sau:

H (m) = 4400/ N,.* - 0.09 (N,, 12 s6 nhat bia trong mét phit).

Biia diesel hai chiéu khac véi bia diesel mét chidu d chd, nila trén budng
xilanh chita khi kin. Do dé khi bita ndy 1én cao, sé ép khi nay lai lam han ché&
d6 nay clia bda (va vi vay, tdc dé bida s& nhanh hon). Khi buia roi xudng, khi
nén nay sé hd trg day bda roi nhanh hon.

Hinh 2.7 minh hoa so dé bda thay lyc. Qud bia duge nang 1én bdi ning lugng
thuy ldc ngoai, qua bia duge dua 1én cao hay thip tuy thudc vao sitc khang
clia d4t 1a 16n hay nho. Day la loai bia hién dai, c6 hép tuy kiém soat, cho phép
hién thi van tdc lic bda va cham. Bang 2.1 tém tét vai diac diém cha céc loai

bia vua trinh bay.
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Hinh 2.6. Bla Diesel mét chiéu
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b) Bla hai chiéu hé trg bang khi nitg
Hinh 2.7. Baa thiy lyc

a) Bia mot chigu

Bing 2.1. Tém tit dic diém cac loai baa

Loai bua ~ Phu hop loai coc Ui diém Nhuoe diém
L Moi loai coc, dic biét la iy s Luc xung kich Idn,
Mt chigu L , Ban gian, gia ré s p
coc BT légn va ong thep néng suat thap
Bla hdi L cioh
. . . Uc xu i -
Hai chiéu Khong phi hgp coc BT ", ng kic = Gia cao hdn
nho, nang suat
Mot/ hai Chiéu cao roi
Bua diesel 2o nal Moi loai coc bdala hamclia | O nhiém, tiéng én
chiéu i .
strc khang
Baathiy | Mot/ hai o Nang luong thay o+ tap, chi phi bao
T Moi loai coc doi trén mot
Iuc chiéu oo x o dudng cao
khoang Idn :

2.2.2. S0 bo chon bua déng coc

Vi btia déng coc, ta cin chon baa phit hgp dé sao cho dé& dong ma lai khéng
gdy hu hai cho coc. Biia nhe nhat ¢ trong lugng khoang 0.9 kN va nang lugng
biéu kién la 1.4 kNm (vi du, bua MKT 5). Biia ning nhat cé trong lugng
tdi 1500 kN va niang lugng bidu kién téi 3000 kNm (bda MENCK MHU 3000
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hoic bua IHC Hydh S3000). D& chon bua that phit hgp, ta phai su dung
phudng trinh séng (phan 2.10.2). Phan nay chi giéi thiéu cach so bd d€ chon s8
hiéu biia hop 1y. Cac bude nhu sau:

e Tai d6 sau thiét k& mii coc, d6 chéi hop 1y 1a e = 3.8 + 8 mm. Suy ra s0
nhat dap dé coc di duge 250 mm 1a N,y = 250 / e = 31 + 66 nhat; s6 nhat
dap dé coc di dude 1 m 1 N4 = 125 + 260 nhat; Mot vai tiéu chuén cho
phép s8 nhat dap cho 1 m 1én téi 480 nhat (=> ¢ = 2.1 mm). Néu sé nhat
dap cao hon 480 nhat/ 1m, thi ddi hoi t6c dé néng bua phai rdt nhanh
(t3c d6 ba chi duge 60 nhat/phit, bia hai chiéu c6 thé dat 200 nhat/phat),
hon nita d8 chdi e < 3.8 thi sic khang mii cha dit chua huy dong dang
ké, do d6 két qua phan tich khong chinh xac. Nguge lai, néu sd nhat dap
qua it (< 125 nhat/ 1 m), coc chay qua nhanh thi ng suét kéo thuong
16n, gay dat coc,

e Nang lugng hitu hiéu ciia bia nén chon la:
(rE,.) =3 x P, (e + 2.54 mm), (2.1)
trong dé: P, - stic khang cuc han ctia dat 1én coc 6 d6 sau thiét k&
e Naing lugng (biéu kién) clia bia la:
Enw=CE) /1

trong d6: r - phan trdm nang lugng hiu ich ma dau coc nhan dude,
tam lay r = 75%.

Vidy 2.1 .
S dung tai lidu dja chét, ngudi ta d{j bédo coc co suc chiu tai cuc han 14 P, = 1840 kN.
Hay sa b6 chon baa phu hop.
Mudn dat duoc d9 chdi e = 8 mm, ta ap dung phuong trinh (2.1) dé tim nang lughg cla bua:
[ Ep, = 3 x P (e + 2.54) = 3 x 1840(8 + 2.54) = 58181 kN mm ~ 58 kNm;
= Epu = 58/0.75 =77 kNm;
Mudn dat do chdi e = 3.8 mm, ta cling ap dung phuong trinh (2.1):
F Ep, = 3 x P (€ + 2.54) = 3 x 1840(3.8 + 2.54) = 35000 kN mm = 35 kNm;
= B 35/0.75 =47 kNm.

Nhu vay, bua phu hop 1a bua c6 nang lugng trong khoang 47 + 77 kNm. Thdng thuong
chidu cao rai bua trong khodng 1.0 = 2.5 m, nhu vay trong luong qua bua sé& khoang 4 tan
{xem ti€p vi du 2.11).

2.3. THIET B| EP COC

Nguyén 1y ctia cong tic ép coc tuong ty nhu thi nghiém xuyén tinh (CPT) hay
thi nghiém nén tinh (phin 5.4), trong dé ngudi ta dung kich dé ép coc di
xudng véi mot téc dd ndo do. D8I trong trong cong tac ép coc thuong 14 nhiing
khéi bétong.
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Pé ép dudge coc xudng dé sau thiét k&, luc ép (12 luc ban tinh) phai thing duge
sttc khang cyc han cta d4t 1én coc, ¢6 nghia la: Py, . > P, (P, la sitc chiu tai
cuc han ecia coc, tinh theo dat nén).

Vi coc trong dét dinh, Py, ., ¢6 thé nhé hon vi qua trinh ép lAm x40 trén va
giam slc chiu tai cha dit sét (relaxation). Tuy nhién, sau mdt khoang thoi
gian nao d6, coc sé 1ay lai duge stic chiu tai (setup). Ngude lai, véi coc trong
dat cat, Pg, . ¢ thé 16n hon nhiéu so véi gia tri P, du bao. '

2.4. DU BAO SUC CHIU TAI THEO PHUONG PHAP THONG KE

Phuong phap théng ké dya trén s6 liéu thong ké tit Lién Xo (cii), trong d6 dua
trén nhidu thi nghiém nén tinh coc, ngudi ta tim tudng quan giita sitc khang
v6i loai cat (dat roi) hodc véi do sét B (dat dinh). Nhu vay, cach tinh nay ¢6
thé rat pha hdp véi mét ving dit nao d6, nhung cé thé khong phi hop véi
viing dat khac.

2.5. DY BAO SUC CHIU TAI THEO S(fC KHANG CAT CUA BAT

2.5.1. Sirc khang bén cua coc trong dat dinh

2.5.1.1. Cach tinh ¢ - Tomlinson

Cach tinh o - Tomlinson (Tomlinson, 1980/ 1995) du béao stfic khang bén ctua
coc dua trén stc khang cét khéng thoat nude S, nhu sau:

f=ax8,, (2.2)

trong d6: o - hé s6 dinh (hinh 2.8), « phu thude vaoe chiéu sdu ngam cta coc
vao 1dp dat dinh tét; hé s6 « ciia Tomlinson phu hgp vdi coe bétdéng
hon 1a véi coc thép chit H va 6ng rong;
D (hay L, )- chiéu sdu ngam cha coc;
b (hay d)- dudng kinh, hay canh cla coc.
Trén hinh 2.8, Tomlinson cho ring:
¢ Trén hinh (a). 16p cat rdi bén trén sé bi kéo xudng 16p dudi (trong qua
trinh ha coc), do d6 hé s6 o ting lén;
e Tudng tu nhu vay, trén hinh (b) 16p sét y&u bi kéo xudng sé lam giam hé
s6 a.
Trong trudng hop cac 16p dat xen kep 1an 16n, ta nén ding phién ban cii cha
Tomlinson (1980) trén hinh 2.9. Mac da thuit toan trén hinh 2.8 kha don

gian, nhung phidn mém DRIVEN ctia FHWA van xif 1y sai khi ¢ mili coc ¢6
nhiéu 16p d&t sét cing c¢d S, khac nhau. Néi chung, dé dd nhim 14n ta nén
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Hinh 2.9. Gia tri f, = o X §, (Tomlinson, 1980)

2.5.1.2. Cach tinh o - API (1987)

Cach tinh o - API (American Petrolium Institute) 1a mét cach tinh st dung ca
tham s& dng suit tdng (stc khang cit khong thoat nude S.). ca tham sé dng
suét htu higéu (¢,). Ta van st dung phudng trinh (2.2), tuy nhién véi hé s o

nhu sau;

a = 0.5y néu y < 1.0, (2.3a)
o= 0.5y néu y > 1.0.va max o = 1.0, (2.3b)
yv=3S,/c : (2.3¢)
trong d6: o, (hay p) - ting suat hitu hidu tai diém gitia phin t6 coc dang xét.
1 " . . -
L \ ; i
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I~ v Ll 1]
08 Lol AN i} e p’=200kPa
- : T
TV S MU M., W —" S IRR—
; s |
1 |
L g s
i ! i
: ! :
T emmmm e dmmmm o L
; a a
L H L
04 4 e P .
- 1 : 1 1
r ; i i I
1 1 i ]
03 I k. 1 1 L ! ) N T -1 E A I L 1 i 1 i 'l 1 .l 1 1 l i
a 50 100 150 200 250 (kPa)

Hinh 2.10. Hé s& a (API, 1987)
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T phuong trinh (2.3}, ta ¢b thé vé duge dé thi trén hinh 2.10 véi ba gia tri
khac nhau cta o' (p") 1a 50,100 va 200 kPa. Cach tinh «-API mac da it duge
moi ngudi biét dén nhu cach tinh - Tomlinson, nhung a-API lai ¢6 nhiéu wu
viét hon phudng phap a-Tomlinson:

e Cach tinh o - API don gian, dé 13p trinh;

e Qua so sanh vé) thi nghiém nén tinh, két qua cho thiyv a - API ¢6 d6 tin
cdy cao hon o - Tomlinson. Trén hinh 2.11.ta thay sic khang bén don vi
cuc han f, = o S, s& cang 16n khi dat cang tét.

120 . - . .
X p'=50 kPa i E
10041 - - —p'=100kPa [ 1k pemm oo
F | ——p=200kPa ' !
O N ] S
C ! | ;
f=axs, [ 5 . T :
50 o—--mmmen 4 ot T fommmememee]
r |
r = i
T J A A S o 1 N S——
: e : ! f
L H H 1 1
- ' : ! :
20 T e oo —
g ! E = !
N N H 1 t
0 i 1 1 L } 1 L A 'l : 1 1 L 1 ! 'y 1 1 1 % d i 1 1
0 50 100 150 200 250 8, (kPa)

Hinh 2.11. Gia tri f, = a §, (cach tinh a - API)

2.5.1.3. Cach tinh'p- Burland (1973)

6 T T T T T T T ‘ T ]
] 1 1 ]
- : | | i =
i i : :
[ T S S | T -
k 1 +
g ' 1 | E
OCR 555 T P=50 i E :
PRy — [ I e e = 4
7 | 46 45 | ,
- s | 66 77 | 1‘ B
Bl Bq boeeoo 8 1.12 1.22 i S A
[ 161 2.06° | 2.30°_ + :
@ | .
1
o R e
| | | |
1 1 ! v
‘; | ! 5
1 pommmmmmeee S : oo e
i ! : :
1 1 [
1 ) ]
i ': : L
0 Z 5 10 20 50
OCR

Hinh 2.12. Quan hé f§ - OCR
Céach tinh nay dua trén phudng trinh (1.7):
fi = BG‘\' »
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Trong phudng trinh trén, hé s§ B duge tra tit hinh 2.12 phu thudc vao hé sd
qué ¢4 két OCR. Trong hinh nay, Esrig and Kirby (1979) kién nghi rang gia
tri § phai khong vudt qua 2.0.

Ngoai cach tinh B-Burland, con c¢6 mét vai phién bin B khéc cho dat dinh,
trong d6 hé s8 B phu thude vao gée ma sat trong thoat nude clia dat sét.

2.5.14. Cach tinh 1

Stte khang bén cha coc
trong cach tinh A duge du 0

. 0.1 0.2 0.3 04 05
bdo qua Ung suit hiiu ; i : '
hiéu (¢') va qua sidc i :‘ -‘: E
. - - . S . TR N i [ o __]
khang ecat khéng thoat - i ’ i 1
nuée S, nhu sau: i A : ;
Sy — R 4 S S ——
=%, +28,) (2.4) £ i 5 j ,’
Trong céch tinh nay, hé o Q Lo . R I ]
- . . o i 1 i :
sd A duge rut ra qua thi o : i ! :
nghiém nén tinh cia coc 'f - ; | : |
dng thép ¢ 15 cong trinh & 2 7 ! ; ] i
. 5 o]
, e e
Mac dit ¢ nhitng doan coc ! : : !
khac nhau, gig tri f sé o E j ; 5
) L - B S e bommmeees fmmmae freee]
khac nhau (do o', va S, © ! ! ! !
khac nhau), nhung nhu . R | ; .:
trén hinh 2.13,hé s6 A la R ' " :
chung cho ca coc. Hinh 2.13. Ha s& 1

2.5.2. Sutre khang miii ctia coc trong dat dinh
Nhu phan 1.2.5.2.ta ¢6 thé du bao stic khang miii ciia coc nhy phuong trinh (1.13):
q, = 9S,.

2.5.3. Strc khang bén cda coc trong dat réi
2.5.3.1. Cach tinh B - Bushan (1982)
Ta van van dung phuodng trinh (1.7) trong cach tinh cta Bushan:
| =o',

trong d6: B - hé s6 kinh nghiém; B = 0.18 + 0.0065 D,;
D, - 43 chit tucng d6i.

Nhut vy, Bus = 0.83 khi D, = 100%.
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2.5.3.2. Cach tinh Nordlund

Cach tinh ctia Nordlund 1a cach tinh kha ky ludng, lién quan dén nhidu yéu td
coc - ddt. Cach tinh nay ¢6 b tin cay t6t, vi vay dudc st dung rat rong rai ¢
Bac My.

£ = K, Cyor, SO+ 0), 2.5)
cos o
trong d6: o, - tng suat hitu hiéu theo phuong diing tai gitta doan coc dang xét:
o - goe nghiéng cla tidt dién coc ném. Vi coc tiét dién déu. w = 0;
K, - hé s8 4p Iuc ngang lén doan coc dang xét (hinh 2.14 dén hinh
2.17). Latu ¥. quan hé giita K;va V 12 quan hé log chit khong phai
tuyén tinh;
3 - goc ma sat ngoai gita coc va dat. Voi coe tiét dién déu-(w = 0) thi
& thuding nhé hon goc ma sat trong ¢ (3 < @), con vél coc ném
(@ > 0) thi c6 thé § > ¢. Ty s6 & / ¢ dugce Nordlund dug bao trén
hinh 2.18:
Cy - hé =6 hiéu chinh cho K; khi 8 # ¢. Cac gia tri thuong gap la
C, = 0.6 + 1.0,cac gia tri ngoai khoang nay it gip hon (hinh 2.19).

Trong cac hinh 2.14 dén hinh 2.18V (m*/m) 12 thé tich mé coc chodn mét ché
caa dat. tinh eho 1 m dai coc. Vi du: coe dong bétong 40 x 40 em ¢6 dién tich
tiét dién = 0.4* = 0.16 m* Néu déng coc khong khoan din thi V= 10.16 m"/m:
N&u déng coc ¢6 khoan din, dudng kinh 16 khoan la ®300 (c6 dign tich la
1x0.3%4=007Tm)=>V=016-007=009 m*/m.

Vi coc tiét dién déu (o = 0), phuong trinh (2.5) trd thanh:

fi = Ka Cp O-". sind. (2.6)

2.5.4. Strc khang mii cda coc trong dat roi

Thurman kién nghi cach dy bao sitec khang mii don vi cua coc trong dit ro
nhu sau: '

Q]l = O'l. N'q 0'\' Al (27)

trong dé: o, - hé s6 tra trén hinh 2.20.
Hinh nay dude vé véi ba gia tri D/b khae nhaw:

N', - hé s6 sitc chiu tai tra trén hinh 2.91. Khi goc ¢ 16n, gia tri N’
rat 16n (vi du N, > 250 khi ¢ > 42°). Vi vay, mét vai tac gia
khuyén nghi gidi han géc ¢ nhoé hon 36 hodce 40™

o, - dng suat hitu hidu tai miii coc. N&u 6, 16n hon 150 kPa thi Jay
o'. = 150 kPa.

g, cling c6 gia tri giél han (q,< @) trén binh 2.22.
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Hinh 2.22. Sire khang mii cuc han 8i da q, (MPa) (Meyerhof, 1976/ 1981).

2.5.5. Nhan xét

Phan 2.5 vira trinh bav cach dy bao stc chju tai ctia coe theo cic thong sé stic
khang cat cua dat. Phuong phap nay con duge goi 1A phuong phap 1y thuyét.

Tén tai mét quan diém la phudng phap ly thuyét khong dang tin cay va it
duge su dung. Thyc t& thi khong hoan toan nhu vay, mic du 1a phudng phap
"Iy thuyét” nhung cac hé 6 (nhu a. B. K, Cy, v.v...) déu duge kién nghi dya
trén "thuc hanh" (cu thé 1a thi nghiém nén tinh coc). Vi vay, do tin cay eta
cac phuong phép nay kha tét. Do d6 day 1a phuong phap thuong duge st dung
& cac nude Tay Au va Béc My,

2.6. DU BAO SUC CHIU TAI CUA COC THEO THi NGHIEM SPT

Céach tinh cua Meverhof (duge trinh bay sd luge, van tét trong mot s6 sach nén
méng ciing nhu trong tiéu chuan Viét Nam) da duge tap thé nhidu tac gia
(Schmertmann, Lai, Graham, Mac Veight v.v...) siia déi b6 sung lién tuc trong
hon 10 ndm qua dé Ap dung cho moi loai coe diic sén, trong moi loai dat va véi
dd tin cay cao hon. Cach tinh nay ban dau duge dit tén la SPTI1, ro1 SPT94,
ro1 SPTI7 v.v... Sau do6 dé théng nhat, ngudi ta goi 1a cach tinh Schmertmann.

Stc khang bén va sitc khang miit cta coe duge dua bao dua trén két qua thi
nghiém N, Ny, la s6 nhdt ddp dé 6ng SPT di duge 30 em, dd hiéu chinh vé
60% nang lugng hiiu ich trong thi nghiém SPT (xuvén tiéu chuin):
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NGOZNXCE!

trong d6: N - s6 nhat dap d&€m duge dé ong SPT di dude 30 cm;
Cr = Ey 860;
E, - ty 1& phén tram nédng lugng hitu ich cua thiét bi SPT
(thuong E;, = 30 + 60).

Pau tién, s6 doc N, tit thi nghiém SPT dudc gidi han nhu sau:

s N&u N, <5thildy N =0 (bd qua ma sat bén khi dat yéu. Tuy nhién,
sau nay nhidu tic gia kién nghi nén thay tiéu chi qua an toan Ny, <5
bang tidu chi Ny, < 4 hodc 3);

¢ Né&u N, 2 60 thi Ny, = 60.

2.6.1. Suc khang bén

Stc khang bén cuc han don vi duge !y theo bang 2.2 va duge vé minh hoa
trén hinh 2.23. T hinh 2.23 ta thiy rang, sitc khang bén ctia coc trong dit sét
(k¥ hiéu 12 1) 1 cao nhat, gia tri d6 giam dan véi dat cat (3) va cudi cting 1a da
v6i (4). Ta cling thay ring, sttc khang bén ctia coc bétdng 1a 1én haon véi coc thép.

Badng 2.2. Suc khang bén f; (hay q,) (kPa), cach tinh Schmertmann SPT

Ky hidu Loai dat Béténg Coc thép chir H Coc éng thép
- - . - - -
1 |pat st 20:1(1118(2t N) 2Ng1105y)72 18.58 + 20.93IN
I SR [ S R SR R R R R R
2 |Hén hop sét-bui-cal; | 2.0N(110 - N)| - 2.174 + 3.16N - 0.044N?
Cat rat nhidu bui; Bui 47.86 +2.36 X 10°° N 23.27 + 14.08InN
...................................... | A O B AU N SO
3 |cat 1.82N 111N 5.55 + 14.56InN
4 |Payvoi mém; Catian 0.96N 0.73N 1.72 + 12.83InN

nhiéu vé so, hén

Ghi chu: Trong bang trén, dé cho gon khi trinh bay béng'. Ngo duge viét 1a N.

S
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H—— 4
100 eI oo et T
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50 P4 ommm e I
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1
+
H
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1

a) Coc bétdng ‘ b} Coc thép chir H ¢) Coc 6ng thép
Hinh 2.23. Stre khang bén, cach tinh Schmertmann SPT
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2.6.2. Suirc khang mui

Ta goi dit & mii coc la diém A. Khi d6, gia tri ste khang mai q, trung binh &
diém A dude tinh nhu sau:
Trung binh trong s6 ¢ 8B trén A + trung binh trong s8 q,, ¢ 3.5B dudi A

qp(f.i‘.\ =

2

Gia tri g, duge tinh toan dua trén bang 2.3. Ta thdy ring, ngude lai véi
bang 2.2,stc khang mii cua dit sét (1) 1a thdp nh4t, sau dé ting dan véi cac
loai dat ky hiéu tir s6 2 dén sb 4.

Bdng 2.3. Stic khang mii q,(kPa), cach tinh Schmertmann SPT

Ky hiéu Loai dat Bétbng va coc thép chi H Coc dng thép
1 Dat sét 67 N 46 N
2 Ho.r: th.set - bui - cat; Cat rat 153 N 92 N
nhiéu byi; Bui
3 Cat 306 N 126 N
4 Pa vdi mém; Cat lan nhiéu vo 345 N 184 N

50, hén

Sau khi tinh @; va Q, tir phudng trinh (1.4) va (1.5), trong cach tinh cua
Schmertmann. con ¢6 thém khéi niém sdc chiu tai huy déng, d6 1a:

Véi coc bétdbng va coe thép cht H:  Quq = Qr+ % (2.8)
e ~ . . _ Qp
Véi coc 6ng thép: ha = Qr 5 (2.9

Vi stc chiu tai cho phép dude coi 1a: [Q] = Q. / 2. Nhu vay, theo cach tinh
nay, hé s6 an toan cho sitc khang bén 1a F,= 2, va hé sd an toan cho sic khang
miii la F, = 2 x 3 = 6 cho coe béténg va coc thép chi H;

F,=2x2=4chococ ong.

2.6.3. Hiéu chinh sirc khang do chiéu sau ngam

Chiéu sau ngam da (Dg) la chiéu sau cho trong bang 1.1 (phdn 1.2.3). Néu
chiu sdu ngam thuc D, (actual) khic véi chidu sdu ngam da (D), thi ta cdn
phai hiéu chinh cac sie khang tinh dude.

Khi l6p dat ¢ miii coc tot hon 16p dit bén trén va:



56 MONG COC - PHAN TiCH VA THIET KE

e Néu D , < D, (hinh 2.24a), thi phai hiéu chinh nhi sau:

D
ql.:qb(‘.“"“‘i(q'r"ql)(t): (2.10)
De
fio D c
f :E;{q”' +-2DA(, (qy —~qQue) | s (2.11)

trong d6: q, - stic khdng mai higu chinh:
qic - stc khang mi tinh d mat phan 16p nhu o muc 2.6.2:
gy - stc khang mii (chua hidu chinh) tinh ¢ miii coc nhu 6 muc 2.6.2;
f - stc khang bén hidu chinh ctia phin coc trong 16p dat tét ¢
doan cudi coc:
f. - sttc khang bén (chua hidu chinh) ctia phan coc trong dat tot &
doan cudl coc;

Trong phudng trinh (2.10) va (2.11), ca q, va f; déu nhé hon gia tri chua hiéu
chinh (q, va f,).
e N&u D, > D, (hinh 2.24b), thi phai hidu chinh nhu saw:

" fil) - |
fae.n= G[A"”Q[q Le +0-5(Ch"n Q¢ ), (2.12)
@)

trong do: [, - stc khang bén hiéu chinh cho doan coc i diém LC
(mat phan 16p - layer change) téi diém D:
f..c.p - ste khang bén chua hiéu chinh cho doan LC - D;

Qep - stc khang mii tinh (khéng hiéu chinh) tai diém D;
Stic khang mii g, khong can hiéu chinh.

a) &)

LC

Da
Da

Dc
Dc

1 A L

Hinh 2.24. Hiéu chinh sie khang
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2.6.4. Vi dy dy bao sirc chju tai ciia coc tir thi nghiém SPT

Vidu 2.2
Cho két quéa thi nghiém SFPT nhu hinh 2.25. Gid tri N (cot 2) la két qui thu dudc t thi
nghiém SPT. Thi nghiém cu thé nay c6 nang lugng hitu ich 14 E, = 40%

= C¢ = £,/ 60 = 2/3. Do do, Ny, = 2/3 N véa dugc tinh trong cét 3.

z(m} | N | N 0 20 40 60 80 Nego
000 00| D004 f ! ! "
5 1 1 1
162 |3 2 18 ..4_‘. _______ e [ N D S
305 |9 | 6 ‘~._ ; :
I'v
457 19! & 30 T-e--e-- R R AR EE R Rt
H 1

610128 | ,of | AN e b
6.86 | 15| 10 ) f
7.62 |211 14 k.0 *,L -------- Rl i -9.9-86=6.3m
838 |24 16 . _ _ L I

T SR, & -t---r === . . L.__.
9.14 [33] 22 [E ’\k: L-8B
991 (30| 20 [N J0 Fr--o-Trgomnnno :+ ------------------------
10.67] 35| 23 | ¥ ‘ E__g_gm

’ - ing 4---o--- :\b _______ :. ______________ L .&a M3t phan Iﬂp

114327 | 18 b ! e
124906342 120 +-------- r-_-’-'t‘-v;%,-- -------------- 11.48m
137233 22 . ol

15358 +-------- r‘--“"—' """ heiaietalinhett ettt S S
14.48 |38 | 25 o, £+3.58=13.48m
1524|601 40 | 1650 f-------- :.-?'fh.,___" ......... R — - 9.9+126=15.3m
16.00 | 80 | 40 f I \ chiéu s&u
16.76 72| 48 fgam can
1753 (114 76 | 13 At
18.29 1138 92

Hinh 2.25. Vi du vé strc chiu tai clia coc ] l

LT

thudc 45 cm x 45 cm, dat trong nén dat gém hai Iop
(hinh 2.25), op 1 1 bui séu 9.9m, 16p 2 Ia cat. Téng
chiéu dai coc la 14.4 m, trong dé 11.9 m tiép xuc voi
dat, con 2.5 m (k€ ca 0.4 m sé dap dau coc sau 144
nay) nadm trén mat dat (hinh 2.26). 1.8

Cho moéng coc dai cao, vdi coc bétdéng dic sén kich ’.

Ta du bao sifc chiu téi theo cach tinh Schmertmann:
Lép 114 byi co ky hidu la dat @ theo Schmertmann, GERVENG
I6p 2 1a cat ¢d ky higu la dat @ theo Schmertmann

(theo bang 2.2). Hinh 2.26. Vi du coc dai cao
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St khdng bén chua hiéu chinh
Sitc khang bén daon vi clia coc trong Idp dat bui (f,,) dugc tinh trong bang 2.4,con sirc
khang bén ddn vi clia coc trong 1p cat (f, .,) dudc tinh trong bang 2.5.

Bdng 2.4. Sirc khang bén f, (kPa) trong 18p bui

z (m) Neo f.= 2N,,(110 - Ny,) / 47.86 f dg’:ﬁa ’fp Az, (m) f, Az,
phén to
0.00 0 0 0.00 1.52 0.00
1.52 0 0.00 13.04 1.53 19.95
3.05 6 26.08 26.08 1.52 39.64
4.57 6 26.08 30.09 1.53 46.03
6.10 8 | 34.10 o 37.94 0.76 28.84
6.86 10 41.79 ' 48.98 0.76 37.22
7.62 14 56.16 59 51 0.76 4523
8.38 16 62.85 71.88 0.76 54.63
9.14 22 80.90 58.65 0.76 44.58
9.9 20 36,400 . Y =316.10
fou = 316.10 /9.9 = 31.93 kPa

&7 Vi Ng, = 2 nén bd qua ma sat bén,
"} Gia tri ndy 18y tr bang 2.5.

Bang 2.5. Sirc khang bén f(kPa) trong I6p cat

7 z({m) Ng, f,= 1.82N,, h ig;‘:a:p Az, (m) f;, Az,
9.9 20 36.40 39.13 0.77 30.13
10.67 23 41.86 37.31 0.76 28.36
11.43 18 32.76 4627 0.47 21.75
11.9 59.77 (ndi suy) 3 =80.23
12.19 42 76.44 f,., =80.23/(11.9:9.9) = 40.12 kPa
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St khdng mai chua higu chinh
Bang 2.6 trinh bay két qua tinh q,, va q,,. Trong d6 q,, 1a gia tri trung binh trong s6 & 8B
trén mui coc, con q,, 12 gia tri trung bink trong gﬁ 3 3.5B dudi mii coc.

Bdng 2.6. Tinh q,, va g, tailan can 11.9 m

z(m) Ny, L dat q, q.; 0 gia Idp phdn t6'| Az, (m) | q,; x Az, | Tq,4z,
7.62 14 2142
L-8B=83m @ 24158 | (24158 +2448)12 | ) 0p | 19455
q,= néi suy = 24319
153N;,
8.38 16 (kPa) 2448 2907 0.76 | 2209.32
qp? =
914 | 22 3366 4743 0.77 | 3652.11 ; 19448 | 9794 .6/8B
= 5402
9.91 20 6120 6579 0.76 | 5000.04 kPa
i ‘___._A
10.67 23 7038 6273 0.76 | 4767 .48
11.43 18 | ‘ 5508 7711.2 0.47 | 3624.26
]
@
L=119m g = | 2144 11383 0.29 | 3301.13 Q. =
P ndi suy p2
306N, | 16525 | 16525/3.58
| kP =
i 12.19 42 (kPa) 12852 10251 1.29 | 132238 10439
. | ]

7650
noi suy

lL +3.58 = 13.48

Tir 4o, ta c6 sitc khang mai don vi cuc han chua higu chinh g, ia:

gy = (Qpy + Qp2) / 2 = (5402 + 10458) / 2 = 7930.5 kPa.
Hiéu chinh strc khdng
Miii coc nam trong dat cat 66 Nag yung binh gin ma cec ~ 30. DO @6 chidu sau ngam can thiét 1a
D. = 12B = 5.4 m (tir bang 1.1). Nhur vay, d& huy dong ti da sirc khang, thi mili coc can phai
& d6 sau 9.9 + 5.4 = 15,3 m. Trong khi d6, chi€u sdu ngam thyc 1aDy= 11.9-9.9 =20 m.
Nht vay, ta can phai hiéu chinh sic khang.
Trude hét, ta ¢an tinh sc khang mai don vi tai 4o sau 9.9 m (mat phan 1&p). Qua trinh
tinh thé hién & bang 2.7 tudng tu véi bang 2.6.

= Qp matpnaniop = Ohe = (2713.2 + 6404.5) / 2 = 4558.8 kPa;
Doidp 1 yéu hon 1dp 2 nén;

Gy = Quc + Dy Dc (ar- quc) = 4568.8 + S_ZZ (7930.5 - 4558.8) = 5807 .6;
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f. D
f oot higw crinn = Eﬁt {qLC +"f|j&(;(QT -Qc )J

_ 2012} 4588 2 (?930.5#4558.8):|=26.22 kPa (2.13)
7930.5 2x5.4

=  Q,=5807.6x0.452= 1176 kN = 117.6 t4n;
Q= 4% 0.45 x {fo x 9.9 M * feyne x 2 M)
= 1.8 x (31.93 x 9.9 + 26.22 x 2) = 663.4 kN = 66.3 tén.

Bdng 2.7. Tinh q,, va g, tai 1an ¢&n 9.9 m

B q, O gilia
2 {m) Ng, dat g, lci;phén » Az, (m) | q, X Az, | D4z,
I
6.1 8 1224
9.9-8B= 180454 47 056 | 7937
6.3m o nok suy
-
6.86 Lm ~ 1530 1836 0.76 1395.4 a1
b 15q§N- - . = 9794@
7.62 14 (kpa‘)*” 2142 2295 0.76 11744.2 097946 8B
— — — = 2713.2 kPa
8.38 16 2448 2907 0,76 2209.3
N —
9.14 22 3366 4743 0.77 3652.1
9.91 20 ! 6120 8579 0.76 5000.0
Gz =
10.67 23 o 7038 6273 0.76 4767.5 | 10055 | 10055/ 3.58
= 6404.5
11.43 18 q = 5508 5749.6 I 0.05 287.5
S
306N
99+3.5B= (kPa()m 5991.2
11.48m noi suy
12.19 42 12852

Nhu vay,  slc chiu tdicuc hanla: P, = 117.6 + 66.3 = 184 tan;
sirc chiu tai huy dong 1a: Q,, = 117.6/3+66.3 = 105.5 tan (theo p.t. 2.8);
sifc chiu tai cho phép 1a: [Q) = 105.5/ 2 = 52.8 tan;
hé s6 an toan chung la: F, = 184 /52.8 = 3.5.
(Néu khang hiéu chinh theo D, thi sitc chiu 1ai cuc han Ia:
P,=7930.5 x 0.457 + 0.45 x 4 x (31.93 x 9.9+ 40.12 x 2) = 2319.3 kN = 232 tan).
Vi du 2.3
Cho s6 liéu nhu vi du trén. Xéc dinh sifc chiu tai theo phuong phéap Nordiund va Thurman.
Biét muc nudc ngdm 3 3 m.
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Budc 1: Durbdo gdc ma sét trong ¢

Theo phén P.2.2.2 ta c6 thé du bao géc ma sat trong ¢ cia dat rdi nhu sau;

Badng 2.8. Dy hao géc ¢

rm | W | PTSLIEE | emaea e 220 o | hon,
1.52 2 29 27.49 27.49
3.05 6 7.3 29.09 3262 30
457 6 7.0 28.96 31.84 30
6.10 8 8.8 20,61 33.64 bui 31
6.86 10 | 10.8 30.27 35.30 rdi / 32
762 | 14 | 148 31.56 1 38.05 chat a3
838 | 16 | 165 32.10 38.93 vifa 34
914 | 22 | 222 33.77 B 4158 35
9.91 20 ] 197 33.06 40.28 345
1067 | 23 | 222 33.78 41,24 cat 35
1143 | 18 | 171 32.26 38.55 chat 34
1219 | 42 | 38.9 37.98 46.31 vita 40
1372 | 22 | 196 33.02 39.38 345

Bang 2.9. Tinh toan sirc khang bén theo Nordlund
z(mj o K Cr o', (bar) .= KCo',5iné (kPa) f, x Az,
0 0 0

1.52 | 275 | 1.08 | 0.978 | 0.247 11.05 1105%x152/2=84
305 | 30.0 | 1.25]0.973| 0.498 27.89 . (11.05 + 27.89) / 2 x 1.53 = 27.79
457 | 30.0 | 1.25{0.973| 0.599 33.59 46.72
610 | 31.0 | 1.39 [ 0.971 ] 0.705 45.20 60.27
6.86 | 320 | 1.53 |0.969 | 0.759 55.04 38.09

| 762 | 33.0 | 1.67 | 0.966 ) 0816 66.31 46.11
838 | 34.0 | 1.81 | 0.964 | 0.875 79.00 55.22
914 | 350 | 1.95|0.962 | 0.939 93.53 65.56
991 | 345 | 1.88 10.963 ¢ 1.002 95.10 72.62
10.67 | 350 | 1.95 | 0.962 | 1.067 106.25 76.51
11.43 | 340 | 1.81 | 0.964 | 1.128 101.76 79.04
11.90 | 38.0 | 2.85 | 0.956 ) 1.173 181.77 ((11011';/? :ﬂf;)]:ééésx
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Butic 2: Du bdo sut khédng bén theo Nordlund
Thé tich coc chiém chd: V = 0,457 = 0.2025 m*/ m;
Coc déu = v =0;
Tit hinh 2.14 dén hinh 2.17 ta lap dugc cac gia tri Ksnhu & cot 3 trong bang 2.9;
Tir hinh 2.18.¢6 5 / ¢ = 0.914 (gia ti cuc dai co thé cd clia duang cong c);
Tif hinh 2.19 vdi cac gia tri khac nhau clia o, ta dudc cbt 4 (C;) trong bang 2.9.
¥ f, Az, = 644,98 kN/ m. Day chinh la dién ' f; (kPa)
tich phan t6 mau den trén hinh 2.27. 0
Q= u ¥ faz=4x045x64498

= 1161 kN = 116.1 tan.
Buvic 3: Tinh sut khdng mdi theo Thurman

w
o
—
[=]
=]
-
n
o

Fm———————-

Ta tinh géc ma sat trong dé du bao sirc

I

[

khang miii theo kiéu "Schmermann” nhu

sau: = |
S + N g R - - :o- -------------
Qo = AR (2.14) ;
2 '
trong d6: ;5 - g6C Ma sat trong trung binh . B
tinh tir mii coc xuéng dudi mot doan 3.5B: i
ge - §OC ma sat trong trung binh tinh tir mi
10 PO -~ - -~~~ 1 -~
coc 1én trén mét doan 8B.
Trong vi du nay: :
36.26 + 34.81 12 =
Pmii = __%__ = 35.54°. Hinh 2.27. Biéu dé sdc khang bén

Ta co ty s6 chiéu dai coc vdi dudng kinh cac fa:

D/b=11.9/0.45=2644.
Sir dung hinh 2.20 ta dugc o;T ~ 0.654; S{f dung hinh 2.21 ta dugc N'; = 70.152;
Tai dé sau 11.9mtaco o', =~ 117.3kPa nhé hon gia tri gidi han la 150 kPa.
Tir phuong trinh 2.7 taco

Q=g Nyo,) = 0.654 x 70.152 x 117.3 =~ 5380 kPa.

Tra trén hinh 2.22 ta dugc sifc khang mi t6i da la q_ ~ 6.085 MPa = 6085 kPa;

= q, = 5380 kPa;

= Q, = Ag, = 0.45 x 5380 = 1089 kN = 108.9 tan.
Nhu vay, sifc chiu taicyc hanla: P, =Q+Q,=116.1+ 108.9 = 225 tan;
Néu 1y hé s6 antoan la Fy=2,F,= 4 thita c6[Q} = 116.1/2 + 108.9/4=85.3 tan,
H s6 an toan chung 14 F, ~ 225/85.3 ~ 2.64.

Vidu 2.4

Cho s6 liéu nhu vi du trén. Xéc dinh suc chiu téi theo phuang phap [ va Thurman.
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Theo Gibbs va Holtz (1979) (xem phan 3.3.1.1,[1]). ta c6 thé du bao d6 chat tuong déi D,
nhit bang 2.10. Bang nay clng trinh bay s6 liéu tinh toan sirc khang bén f, theo cach tinh
B chia Bushan (phan 2.5.3).

Bang 2.10. Sitc khang bén theo cach tinh B - Bushan

z(m) | Ny | o', (kPa) | D, (%) ‘g; &;80': f ;‘Pﬂaj"' £, x 4z, 1
0 0 0
1.52 2 24.7 16.2 0.29 7.05 705 x152/2=5.36
h;;“ 6 498 _}734.9 .0.41 - 20.25 {(7.05+20.25)/2x153=20.88
4.57 l 6 59,9 L33'6 - 0.40 23.86 33.52
6.10 ‘ 8 70.5 [ 40.0 0.44 31.01 . 4198
6.86 10 759 T 45.7 0.48 36.20 25.54
762 [ 14| 816 54.5 0.53 43.59 30.32
8.38 16 87.5 57.3 0.55 48.37 34.94
9.14 - 22 93.89 63.5 0.59 5567 39.54
9.91 | 20 100.2 61.3 0.58 58.00 43.76
1067 | 231 +.087 ) 63.5 0.59 63.26 46.08
1143 | 18 1.1428‘i 581 0.56 62.88 47.93
J} 11.90 | 42 1.203 Lﬁ'g 0.62 72.88 (62.8B+7288)/2x047 = 31.9;
2§ Az = 401.77 kN/ m. Day chinh ia dién tich
phan td mau den trén hinh 2.28. f, (kPa)
Q =uXf Az =4 x 0.45 x 401.77 = 723 kN o 0 4 e
~72.3tén, °% !
Van theo cach tinh Thurman (& vi du 2.3) 5
ta ¢o: N e R | ""J
Q, = 108.9 tan.
Nhu vay, slrc chiu tai cuc han la: P R N

P,=Q+Q,=723+1089 = 181.2 tan;
NEu 18y hé s an toan nhu vi du trén, ta co:
[Q) = 72.3/2 + 108.9/4 = 63.4 tan;
Hé s6 an toan chung la: F, = 181.2/63.4 = 2.9.
Két ludn: g
Slc chiu tai cuc han dugc du bao trong
khoang 181 + 225 tan:
Slrc chiu tai cho phép dugc du bao trong 10 DRSNS .
khoang 53 + 85 tan;
Chon [P] = 75 tan; 2
Hé s6 an toan chung trong khoang 2.6 + 3.5. Hinh 2.28. Bigu d8 suc khang bén

z{m)

=]
t
1

|

!

!

I

1

1

1

B b e Al b B o
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Nhdn xét 1: Néu 1ay goc o 16n nhu trong cbt 5, bang 2.8 thi sic khang cuc han (theo
Nordiund + Thurman) sé lén t4i 464 tan. Con néu 18y géc ¢ nhu ¢6t 4, bang 2.8 thi sic
khang cuc han (theo Nordiund + Thurman) s& con 192 t4n. Nhi€u tac gid nhan xét, goc ¢
4 cot 4 (1a géc ¢ du bao theo Peck, Hanson va Thornburn, st dung N'y, & hiéu chinh
hoan toan) thi phil hdp nhét cho viéc du bao sic chiu tai cla coc.
Nhédn xét 2: iKhi tinh sire khang mii theo Thurman, néu 18y luén géc ¢ = 40° tai mQi (gia
tri @ cuc bé) dé tinh thi sif'c khang mii s& tang thém dang ké. Tuy nhién, cach nay khong
phit hop, vi trong dat cat, mat trugt sau (khi dat & mii coc bi pha hoai) thudng kéo kha
dai, do d6 ta phai tinh ¢, nhu & phuong trinh 2.14. Vi dat sét thi ta c6 thé |8y gid tri sic
khang cit cuc bd & mii coc dé tinh siic khang mdi.
Vidu 25
Cho coc nhur céc vi du trén. Tuy nhién, trudc khi dong coc, ngudi ta khoan méi dudng kinh
40 cm. Hon nita, ¢ong trinh & mong coc O tru cau dan, gan bd séng. Vao mua Ia, nudc ¢cod
kha nang x6i mén 1.52 m dat dau tién, va myc nudc ngdm déng cao ngang mat dat. Du
bdo strc chiu tar cda coc.
Du bdo siic khdng bén theo Nordlund
Do viéc khoan mdi, thé tich coc chiém ché con la: V = 0.45% - n x 0.4% / 4 = 0.0768 m*/m;
Coc tiét dién déu déu = » = 0; Gia tri K, sé khac vdi gia tri trong bang 2.9 viV d3 nhd di
con 0.0768 m*/ m; Tir hinh 2.18, ta ¢ 8 / ¢ = 0.7209 (udng cong ¢); Gia tri C; cling khac
vdi gid tri trong bang 2.9 vity s6 8/ ¢ da nho di.
Hon nira, vi dat bi x6i mdn mat 1.52 m nén tai 1.52 m, ta phai ddi gia tri ¢ tir 27.5° thanh
0°. Va (mg suat hitu hiéu o', tai moi diém déu nhd di do bi mat 1.52 m dat va muc nudc
ngam dang cao.
Ban doc tu tinh phan nay va ki€m ching két qua sau:

Néu khodng cé i Q, = 734 kN;

Néu co 10 (va x6i mon). Q=377 kN.
Du bdo siic khdng miii theo Thurman
Vitys6D/bnhddivala D/b=(11.9-152)/0.45 = 23.07 nén hé s o, sé thay ddi
chut it. Quan trong nhat 1a dng suét hitu hidu giam di dang ké.
Ban doc tu tinh phan nay va kiém ching két qua sau:

N&u khéng ¢6 1a: Q, = 1089 kN (khdng ddi so vdi vi du 2.3);

N&u cé Ii (va x6i mon)y.  Q, =729 kN.
Nhu vay, du bio theo Nordlund va Thurman thi vdi coc khoan moi + dong nay:
-Trong mia khd: P, =73.4+ 108.9 = 182.3 tan (gidm 19% so v4i khong khoan méi);
- Trong mua |4 P,=37.7+72.9=110.6 tan (giam 51%):

[Q)=37.7/2 + 72.9/ 4 = 37.1 tan.

Sifc chiu tai gidam mét nlra so véi cac vi du trudc. Vi vy, Khi thiét ké, can dac biét chi y
dén céng nghé thi cdng, va dén tinh thé xau nhat xay ra khi st dung cong trinh (thudng 1a
maa 1ad).
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2.7. DY BAO SUC CHIU TAI CUA CQC THEO THI NGHIEM CPT

2.7.1. Cach tinh LCPC ci (1982) (TCXD 205-1998) cho mei loai coc

Cach tinh LCPC cfi ciia Bustamante va Gianeselli (Laboratoire Central des
Ponts et Chaussées - Phap) duge dua ra vao nam 1982 tai hoi nghi chau Au vé
"Thi nghiém xuyén". Sau dé cach tinh duge hiéu chinh vai 14n. Tuy nhién, chinh
hai tac gia trong héi nghi 1982 di néu ra riang, cich tinh nay cé do tin cay khéng
cao lam. Cach tinh nay la cach tinh duge trinh bay trong quy pham Viét Nam
(TCXD 205 - 1998) ciing nhu trong mét s gi4o trinh nén méng hién hanh.

2.7.2. Cach tinh LCPC mdéi (1983 = 1992) cho moi loai coc

Cach tinh LCPC mé1 vé cd ban van gidng cach tinh LCPC cii. Tuy nhién cac
bang s6 duge thay bang cac dé thi. Cach tinh méi nay duge danh gia 1a ¢6 d6

tin cav cao hon.

2.7.2.1. Ma sat bén (siic khang bén)

Cac bude tinh toan nhu sau:

Bude 1: Dya vao bang 2.11 dé xac dinh ky hiéu nhém cta coc thiét ké;

Bude 2: Tra bang 2.12 dé tim ky hidu dudng cong;

Budc 3: Tra cac hinh 2.29.a, b, va ¢ dé tim ma sat bén don vi f, etia coc. Sau do.
4p dung phuong trinh (1.4) dé tim téng ma st bén.

5.MCPT-A

Bang 2.11. Bang phan nhém coc

Nhom Logi coc
1. FS Coc khoan nhéi khéng str dung dung dich khoan. Chi phi hap vdi nén sét
trén muc nudc ngam
2.FB Coc khoan nhdi ¢6 s dung dung dich khoan (bentonite,...)
3. FT(FTU) | Coc khoan nhéi sir dung casing {6ng dd thanh)} sust doc coc nhdi. Khi rut
casing thi cling d8 béténg xudng
4. FTC Coc khoan nhéi dudng kinh nho st dung khoan gudng xoén (coc augercast).
Vita bétdng do sut Idn dugc phun qua I8 réng clia can gudng xo3n, ddng thai
gudng xodn vita xoay vifa rat i&n
5 FPU Coc khoan nhéi vao 15 dao thl cong
6.FiG - BIG | Coc khoan nhdi duding kinh nhd (< 25 cm) cd casing (micro pile loai 1)
7. VMO Coc x0dan vao dét cat trén muc nudc ngam hoic vao dat sét
8. BE Cou thép déng ¢d phd bé miat bang vita ximang
9, BBA Coc bétdng (c6 thé ng suat trudc) déng hodc rung va déng
10. BM Coc thép dong (khong phl mat bang vita ximang)
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Nhom Loai coc
1. BPR Coc réng, tron bang bétong. Cac doan coc thudng dai1.6 + 3.0 m, dudng kinh
ngoai 70 + 90 cm, dudng kinh trong 40 + 60 cm. Coc ndi vdi nhau bing ng
suat trudc.
12. BFR Coc réng: khi rit casing thi dd vira ximang do sut nhd vao va dam chat lén dé
béténg & day
13. BMO Coc rong 46 vira ximang 46 sut vita
14, VBA Coc ép béténg
15. VME Coc ép thép
16. FIP Coc khoan nhdi duiing kinh nho (< 25 ¢m) (coc micro pile loai 11).
17. BIP Coc phun dubi ap suat I16n, dudng kinh coc trén 25 cm
Bdng 2.12. Bdng ky hiéu dudng cong
Duvng q. Nhom (tu L T
cong# | (bar) | bang 2.11) Ghi chu
PAT SET VA/ HOAC BU!
1 <73 1+17
>73 12 Budng cong 1 ¢d ma sat bén thap nhat, do doé thudng ding cha
’ ' nhing truong hgp xau.
Vi coc thep (s8 8,10,15), néu dat =6 tinh dinh cao thi nén ding
) 124 4,58 =+ dudng cong #1 cho an toan;
> . - . . = >
11,13 = 15 | vgi coc déng bétdng, néu dat ¢ tinh dinh thap (dat Ian nhigu cat,
cudiy, thi ma sat bén cd thé cac han, ta ¢d thé diing dusing cong #3.
> 125 7
Néu thi cdng cog nhdi duge giam sat chat ché, thanh hd khoan
>12.5 1.2 duge |am sach va nham, bétdng d8 ngay, dat ¢6 g, > 47 bar thi ¢d
thé diing duding cong #3.
NEéu thi cong coc nhéi dudi muc nudc ngam doi hdi bom hut nudc
> 1256 3 lign tuc, do 4 phai di chuyén casing thi nén diing dudng cong #1
cho an toan.
12.5
3 +20.9 12
5 >20.9 16,17 Ding néu chét lugng thi cong tat.
DAT CAT - 80!
1 <365 | 2-4,6- 15
Vdi cat min:
Coc thép: néu cé thi nghiém nén tinh kiém chiing mdi diing dudng
2 >365| 679+ 15 | cong#2,néu khéng nén diung dudng cong #1;
Coc bé&tdng: néu a. » 78.3 bas thi dung dudng cong #2; ngugc lai,
dung gia tri gilta audng #1 va #2.
NE&u coc nhéi dai hdn 30 m trong cat min, nen ding aia tri gitta
>52.2 2.3 A '
dudng #1 va #2.
1= 52.2 4

5.MCPT-B
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Pudng q. Nhom (tir . .
cong# | (bar) | bdng 2.11) Ghi chu
5 > 78.3 ‘ §,7.9 10,13 | Thudng a vdi cat soi, Néu coc bétdng, cd thé dang gia tri 16n hon
) = 1517 duang cong #3.
> 783 2,3 Cho coc nhéi ngan hon 30 m.
Néu vao cudi s6i ¢éd q, > 42 bar, co thé diing dudng #4.
4 >78.3 8,12 | Cho cat soi va cudi.
5 >522 | 16,17 | Dung néu chat lugng thi céng tat.
DA PHAN
Budng q nhom (tor o
¢ N Ghi ch
cong# | (bar) | bdng2.11) rend
1 <313 1-4,6+15
Dung dudng cong #2 néu: q, < 73 bar, dudi muc nudc ngam, coc
7+ 11, . T . o
3 13 = 15 thép hoac bétong thanh nhan;
N Ddng gia tri 1an hon duéing cong #3 néu q, > 125 bar.
> 47 6.8 ’L
| cho coc nhéi trén muc nudce ngam va bétdng dude 8 ngay sau khi
>47 | 1+357 | Khoan o e
{ Néu g, > 125 bar va trén muc nude ngam thi co thé dung gia tri 1an
;_h‘dr_:ﬂrdng cong #3.
Néu da dudi muc nudc ngdm, thanh hd khoan nhin, hay da phan
xao tron nhiéu & thanh hd khoan thi nén gidam ma sat bén xudng
bing dudng cong #2.
4 > 47 12
> 47 16,17 Duang néu chat lugng thi cdng 6t
A) SET; BUI
[~ Tt T T T T rTTeTTTTTT T T
R S R — N — L et
e e e B s SRS
= ' | i H st
; s — |
2 : : | : : Lo
R e fommmmae dreom oo RS . et 2
s . 1 i i Vo
> F :' : E Lo
1 R — — i —— S F= s
v ' i i ! o
. IS S R N
0 20 40 60 80 100 120 140 160  ksf
0 96 19.2 287 383 47.9 57.5 67.0 76.6 bar

Sirc khang mii qc(ksf)
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8) CAT - 501
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Lo

I
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1
k
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]
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1
'
!

g z

jeq 6€'7 6L bl 96'0 LAY

asx)'s ueq 1es en

bar

95.8 143.6 191.5 239.4 287.3 3353 383

47.9

q,{ksh

Sifc khang mii

C) DA PHAN

2
1

ksf

r--put R R,

b e ——————
h

b mme— e m

479

1 S, 4
req 687 26

(3s)'s ugq 125 EW

1436 191.5 bar

95.8

c

q {ksf}
Hinh 2.29. Ma sat bén clia coc trong cac loai dat/ da (LCPC)

Sitc khang mai
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2.7.2.2. Stc khang mii
Stte khang miii don vi 1a: q, =~ K. q.
Sau dé ap dung phuong trinh (1.5) dé tim tong stic khang mui.

trong d6: K, - hé s& quy ddi tt CPT sang coc - tra bang 2.13;
q - stitc khang miii do duge tt CPT, thudong 1a gia tri trung binh
trong khoang 1B tit mai coc xudng (B la dudng kinh coc).

Bang 2.13. Hé s6 K_ cho sic khang mai

Loai dat Sét - bui Cit - soi Dd phin
Coc nhéi 0.375 0.150 0.200
Coc déng 0.600 0.375 0.400 .

2.7.3. Cach tinh cla Schmertmann CPT
2.7.3.1. Ma sat bén (sittc khang bén)

Trong dat cat, stic khang bén don vi f, 12 gia tri t6i thiéu trong ba gia tri saw:
' 1

o fi=Kxf xmin(l, — ¥ 2.15

! . ( B (2.15)

o f,=0.12 MPa = 1.2 bar ~ 2.4 ksf;
e fy=cxq, (2.16)

trong d6: q.va f, - két qua thi nghiém CPT;
K - gia tri tra trong hinh 2.30; ¢ 12 gia trj trong bang 2.14:
L - chiéu dai coc;
I - dd séu tiu mat dat dén diém tinh f;;
B - duong kinh coc.

Neéu'f, 1a gia tri t6i thiéu, dya trén phuong trinh (2.15) va (1.4), ta c6 thé vidt
lai tdng ma sat bén clia coc trong dét cat theo phuong trinh don gian sau:

' 138 L
Q,-:qu,xAzl:u{ZK><fs><Azi+Z:KxfsxAzi (2.17)
2 2= z=8B
Bdng 2.14. Hé sé ¢ cho suc khang bén trong dat cat (Schmertmann)
Loai Béténg Be‘tang ",1_0 Coc G4 Théfu (t?ng Tflep (Hi'ho,éc
coc réng mai rung mili kin) ong mii ho}
c 0.012 0.009 0.018 0.012 0.008 J

Trong dat dinh, sttc khiang bén don vi £, 1a gia tri toi thiéu trong hai gia tri
sau:
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(2.18)

(2.19)

200

Coc thép

150
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8B

)

f, = o x £, x min(l.

=ox 3,

£,

I3
1.

31

tri trong hinh 2.

-

o - gla

trong dé:

thoat nude (néu biét 8).

t khong

a

S, - stic khang ¢

-

ang mui

2.7.3.2. Sttc kh

Theo Schmertmann. sic khang mii cha coc 1dy theo cach tinh cta De Ruiter

4G

Coc béténg

va Beringen (muc 2.7.4).

40

Hinh 2.30. Hé s K tinh toan ma sat bén cla coc trong dat cat (Schmertmann)

I
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I |
| !
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]
L

ain i ettt

14

100
Sitc khang bén f{kPa) (tr CPT)

50

trong dat dinh {(Schmertmann}

&n cla coc

Hinh 2.31. Ma sat bé
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2.7.4. Cach tinh cua De Ruiter va Beringen

2.74.1, Ma sat bén (siwc khang bén)

Hot khac mgt chuat so véi cdch tinh Schmertmann, ma sat bén cda coc theo De

Ruiter va Beringen duge 14y nhu sau:
Trong dat cat, sic khang bén don vi f; 1a gia tri t61 thiéu trong ba gia tri sau:
e {, =f cua thinghiém CPT;
e {,=0.12MPa=12bar=24ksf,
e fL=cxq,
« Dé tinh stc chiu tdi nén: ¢ = 1/ 300:
»  Dé tinh ste chiu tai kéo: ¢ = 1/ 400.
Trong dat sét. [ =a S,
» Trong dat sét ¢6 két thuong (NC): o = 1.0;

¢ Trong dat sét qua ed két (OC): o =0.5.

2.7.4.2. Sttc khang miti

Stie khang mai don vi chinh bang 9.

gia tri trung binh cua sic khang
mu1 do duge t& CPT. Tuy nhién, qua
trinh tinh "trung binh" riat dac biét

va hal phuae tap:

= der 702 (2.20)

a, '—2

trong do: q,, - gia tri nho nhit trong
cAC g4 Ll g

4. la gid tri trung binh g, (stc
khang mai CPT) tt L dén L + xB
(gia tri thyc). v61 tir L + xB nguge
1én L (g14 tri nho nhat). Vi du trén
hinh 2.32.ta sé tinh q, trung binh
trén quang dudnga-b-c-d-c-e.
Doan a - b - ¢ - d la doan gia tri thue
tu xuvén CPT. Doan d - ¢ - e (di 1én)
ia doan dudng theo gia tri nho nhat;
(.. - El4 tri trung binh tir L nguge

Chiéu sau

AEEEREEEEE RSN

Hinh 2.32. Vi duy tim 9,

- . e o e L - chiéu dai coc, B - duéng kinh coc,
lén 1. - 8B (gia tri nho nhat). Trong x = 0.7 + 3,75 (doi khi x I8y tr 0.7 d&n 4,

hinh 2.32.ta can tim q., theo doan
ductnge-f-g-h-1
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Trong dat sét, stte khang miai don vi ¢o thé con dude tinh nhu phudng trinh
(1.13) {(muc 1.2.5.2):
q, = 9S,.
Tuy nhién, q, phai nho hon gi tri giéi han g,
gy, = 150 kG/ cm* (15 MPa) v dat rai chat, rat chat;

q,r. = 100 kG/ em® (10 MPa) véi cac loal dat khac.

2.7.5. Vi du tinh stfc chiu tai cua coc tir thi nghiém CPT

zZ(m),

i0

14

G.

Vidu 2.6

Cho s6 liéu xuyén tinh nhu hinh 2.33,gia trf trung bintrecda Jta‘mg doan 1 m dugc tom tat
trén hinh 2.34. Ngoai ra, con co cac sé liéu sau: coc thep tron {dai cao} bit kin mii dudng
kinh @45 cm, co chiéu dai L = 9.5 m. Du bao stfc chiu tai theo cach tinh De Ruiter va

Beringen.
3 02 010030 2 4 € & W L, . . ., catbui
chat
fs (MPa) .'
vua

Fi

SO WY SNV S " 1 N

8k - - sét yéu

™ = bun sét

| _ _ _catchat

cat rat

chat

Hinh 2.33. K&t qua thi nghiém xuyén CPT
Sure khdng mai
q, 14 gia tri trung binh g, tir L di ngugc 1én L - 8B (8B = 3.6 m) theo con dudng co q, nho
nhat, t{c 1a dudng e - f- g - i trén hinh 2.33:

;
Doan | e-f t-g g-i ‘

22+8 8+0.6
Qu X AZ; 5 x05=75 8x2=16 > x1.1=473 ¥ =28.23

= Q. = 28.23/3.6 = 7.84 MPa.
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f, (MPa) q. (MPa)
o.3 0.2 G.19.05 0 * 4 6 & 10
T T JVUE SN R 1 L 1 [ S ' ol 1 i 1 1 1
0.03 €.2
5. 05 J 7.8 cat bui
3 _ e i A B Chat
0.027} | 0.7 viia
1 ©.031 e E
4 = el e e ma e e A AR i e m e = Y e — - L = A =
sét yéu
' T.04 "los 9 Y
2 )
| 6.01% 0.5 L-8B=5.9m &
& _I —————————————— T ——————————— 1y o4
| 500 bl W bin sét
1.9
z(m) , ] 0.11 :
1 0.097 9.3 j At
- P ca
,  0.18 : ’ Lj 0.0 chat
10 ek
0.23| f 2
‘ :
{ 21.9
2 LR L+4B=11.3m
1] ul ) 13.0
I o.22 23 ca
o~ cat rat
: N chat
| S— -

Hinh 2.34. K&t qua thi nghiém xuyén CPT tinh trung binh timg doan 1m

Q.,; 14 gia tri trung binh g, t L xudng L + 4B (4B = 1.8 m) theo con dudng thuca-b - d
trén hinh 2.33: )
Poan a-b b-d

2 22
23.2+:§ < 0.5=12.8 28+

q, X AZ; x13=325 Y =453

= Qo = 45.3 /1.8 = 25.17 MPa,

g, & gia tri trung binh g, tir L + 4B 1&n L theo con dudng ¢b q, nhd nhdt d - ¢ - a trén hinh
2.33. Ta c6 ngay q., = 22.0 MPa,

= Qo = (o + Qo) / 2 = (25.17 + 22.0) = 23.58 MPa.
Tu hinh 2.33 ta thay rang, tir 0.7B dén 4B dudi mdi coc, gia tri g, vifa tinh [& nho nhét (vi
khi xB < 4B thi ca q.,, v& q., déu 16n hon). Do dé, q., = g, = 23.58 MPa.

= Q= (Qur + Gez) / 2= (23.58 + 7.84) / 2 = 15.71 MPa;
Tuy nhién, g, phai nhod hon g, , do dé g, = 15 MPa.
= Sic khang mii Q, = q, x A, = 15 x [x / 4 x 0.45% = 2.45 MN = 245 tan,
Stic khdng bén _
Chia coc thanh cac doan c6 Az, = T m, riéng & mii coc thi Az, = 0.5 m. K&t qua tinh toan
dugc Jap thanh bang 2.15:
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B:ng 2.15. Sirc khang bén - De Ruiter va Beringen

-1
[ Séu (m) q. (kPa) f,=f f, f.{kPa) = f, (kPa) = fxaz, | .
hinh 2.34 (kPa) (kPa) q./ 300 min (kN/ m)
01 6200 30 20.67 20.67 20.67
12 7500 50 25.00 25.00 25.00
L B :
CAT 6+7 3100 40 120 10.33 10.33 10.33
7:8 14900 110 39.67 39.67 39.67
8+9 9500 92 31.67 31.67 31.67
—
9-95 20000 180 66.67 66.67 33.33
siu m) | 9 P2 s s,= 95t | paPays | fxag
hinh 2.34 | O (KP3) 11 axS, | (kMm)
(p.t. P-15)
243 700 45 55 55 55
]
SET/ 3-4 500 645 36 36 36
BUN
45 600 B5.5 34 34 34
5:6 500 106.5 26 26 26

2 fixazi= 311,67 KN/ m;
T phuong trinh (1.4) ta cd: Q = UX. f x AZ, = [n x 0.45] x 311.67 = 440.6 kN = 44 tan,
Vay sic chiu tai cuc han la: P, = Q, + Q; = 245 + 44 = 289 tén.
Coc chil yéu lam viéc nhd slic khang mii (coc chéng), ma stic khang mdi thudng chi huy
déng hét khi chuyén vi cia coc 19n. Do d6, sitc chiu tai cho phép fa:
' [Q)=Q,/4+Q/2-w=245/4+44/2-3=80tan;

& day: w - khéi luong ban than coc thép (w = 3 tan trong vi du nay).

Vidu 2.7
Voi 6 liéu 6 trén, dy bao suc chiu tai theo cach tinh Schmertmann.
Sduc khdng mai Q, = 245 tan (theo De Ruiter va Beringen).
Sut khdng bén
Tuang tu cach tinh DeRuiter va Beringen, ta tap dugc bang 2.16:
Trong bang, f, dugc tinh dua trén hé 58 K = 0.78 (tra tir hinh 2.30,coc thép, L/ B = 21.1,
xuyén con do b&ng dién ECPT); con f, dudc tinh dua vao ¢ = 0.012 tr bang 2.14.
Tubang 2.16: X f x Az, = 355.8 KN/ m;
Q,=u T f x Az =[n x 0.45] x 355.8 = 503 kN = 50 tan;
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P, =Q, + Q=245 + 50 = 295 tan;
Q=Q/4+Q/2-w=245/4+50/2-3=83tan.

Bang 2.16. Sirc khang bén - Schmertmann

Sau (m) h‘::';k;? . | f(kPa) | 1, (kPa) :’ gk: :) f;(fn':? (';“:,d,:;
0+ 1 6200 3.2 74.4 3.2 3.2
12 7500 16.2 90.0 16.2 16.2
CAT 5+7 3100 31.2 120 37.2 31.2 31.2
7-8 11900 85.8 142.8 85.8 85.8
8+9 9500 71.8 114.0 71.8 71.8
9-9.5 20000 140.4 240.0 120 60
Sau (m) h‘?;ff;?ﬂ hﬁlﬂ,k';.a ::4 (k%a) @ ’ (2::) " (’;;/é::p;
243 700 27 55 0.92 17.25 17.25
SET/ —“3 . 4 500 23 36 0.94 21.02 21.02
BUN :_:—, ] mﬁsoo 40 34 0.80 27.2 27.2
5:6 500 35 26 0.85 22.1 22.1
Vidu 2.8

Vi 86 ligu 3 trén, du bao sifc chiu tai theo cach tinh LCPC mdi.

Sut khdang mi

Tu bang 2.13.dat tai mai coc 1a ¢at, coc dong = K, = 0.375;

q. trung binh trong khoang 1B tir mii coc xubng 1a 23.4 MPa (hinh 2.33);
= q, = K, q. = 8.8 MPa,
= Q,=88xa/4x 0.457 = 1.44 MN = 144 tan.

Stic khang bén '

Turbang 2.11,coc nay thudc loai nhom 10 (coc BM);

T bang 2.12:

- Dat sét/ bun (tk 2 dén 6 m). Vi g, < 7.3 bar va coc nhém 10 nén ta st dung dudng

cong 1 {hinh 2.29a);

- Pat cat Khiq. > 78.3 bar (chat), ta dung dudng cong 3; néu 36.5 < q.< 78.3 bar (chat

vlia) ta dung dudng cong 2 (hinh 2.29b).
Gia tri tinh toan sirc khang bén dugc 1ap thanh bang 2.17.
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Bang 2.17. Strc khing bén - LCPC
. Dudng f, x Az,
Séau (m) q. (MPa) q. {ksf) cong f; (ksf) f; (kPa) (kN/ m)
0+1 6.2 124 1.30 65 65
2,
1+2 75 150 hinh 1.38 69 69
2.28b
CAT 6+7 3.1 62 114 57 57
7+8 11.9 238 2.24 112 112
3; hinh
8§+9 9.5 190 2 205 2.10 105 105
9-95 20.0 400 2.40 120 60
2+3 07 14 0.48 24 24
SET/ 3-4 0.5 10 1 0.38 19 19
hinh
BUN 4:5 0.8 12 2.29a 0.42 21 21
5+6 0.5 10 0.38 19 19

Tt x Az, = 551 KN/ m:
Q= u X f x Az = {n x 0.45] x 551 = 779 kN = 77.9 tan:
P,=Q, + Q = 144 + 77.9 =~ 222 tan;
{Q=Q,/4+Q/2-w=144/4+779/2-3=721tan.
Nhén xét: Trong vi du cu thé nay, phuong phap LCPC danh gia sic chdng mai thap hon
rét nhiéu so vdi hai phuong phap kia. Tuy nhién, ma sat bén tinh theo LCPC lai nhinh hon
mét chut.

Vidu 2.9

V&i 86 lidu 8 trén, du bao suc chiu tai theo cach tinh cach tinh a - API, Nordlund va
Thurman, st dung cac thong s6 sirc khang cét du bao tu thi nghiém CPT.

Sut khdng bén

Tir 0 dén 2 m va tir 6 dén 9.5 m (G4t céat), ta s& dy bado slc khang bén theo cach tinh
Nordiund. Cén lai (tir 2 d€n 6 m), ta sé sir dung cach tinh o - APL.

Truédc hét, ta cdn du bao sifc khang cét nhu sau:

- ¢ (cla dat roi). g, =~ arctg[0.1 + 0.38 x log(q. / ¢',,)] (Robertson va Campanelia, phan
P.2.2.2). Riéng & d6 sau nhd hon 2 m, ta sif dung bang P-3 clla Meyerhof, Két qua
dugc lap trong bang 2.18.

- Theo va S, (ciia @t dinh); S, = iiﬁii’i (phdn P.2.1.2). K&t qué d tinh trong bang

K
2.15 va dugc chép lai trong bang 2.18.
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Cach tinh Nordlund dugc tién hanh tuong tu bang 2.9 (trong vi du 2.3). Cach tinh nay nhu
sau: Thé tich coc chiém chd: V = n x 0.452 / 4 = 0.159 m% m; Vi coc ¢6 tiét dién déu nén
w = 0. T hinh 2.14 d&n hinh 2.17 ta lap dugc cac gia tri K;nhu & cdt 5 trong bang 2.18.
Tir hinh 2.18,cé 6/ ¢ = 0.7773 (gia tr trén dudng cong a). T hinh 2,19 véi cac gia tri
khac nhau cla ¢, ta dugc ¢ét 6 (Cr) trong bang 2.18.

Bang 2.18. Sic khang bén - Nordlund (dat rai)

?:; 9. (bar) (g;;) AR (bsaur) Y :J,, @ |1 (kPa) (f‘,(:;a:)
0 0 0
01 62 6.09 40 3.30 | 0.859 13.18 13.18
1:2 75 0.27 40 3.30 | 0.859 39.55 39.55
2=3 0.45 0.55 1.222 | 0.476 26.15 26.15
34 0.595 0.36 0.605 | 0.643 | 23.14 23.14
4:5 0.705 0.34 0482 | 0.720 | 2448 | 24.48
5+6 0.815 0.26 0.319 | 0.885 | 23.02 23.02
6+7 31 0.925 ; 3420 | 1.78 | 0.89%9 64.95 64.95
7+8 119 1.035 407 | 3.30 | 0.859 148,73 | 148.73
89 95 1.145 | 39.67 | 3.21 | 0.861 159.40 | 159.40
9-95/ 200 | 1.255 | 40 | 3.30 | 0.859 180.96 | 90.48
Cach tinh o - APl cling dudc trinh bay trong lkPa)
bang 2.18. Cuéi cing, gia tri sltc khang bén o 0 50 100 150
cuc han la: | ) '
Trong dat roi: f, = K C, o', sing; ! : : """"" E“ """"" ‘: ''''
Trong gat dinh: f, =« S, 5 A A— ,i---ﬁ
T bang 2.18 ta c6: : ' ;
Trong datdinh: X f. x Az, = 96.8 KN/ m; u? __________ n'r _________ wi—
Trong datroi: X f x Az = 516.3 kN/ m; " """"" I'r """"" ’If
Trong toan bé chiéu dai coc: z 1 __________ r _________ ]} .....
Y f x Az, = 613.1 KN/ m; N ': E :
Q, = USf x Az = [1 x 0.45] x 613.1 = 866.7 kN g ________ * """
~ 86.7 tan. R R
Sur khdng mdi theo cdch tinh Thurman 8 BBEn 515 3 Nm B =
Tuong tu vi du 2.3,ta cé: . : B % -;
o (p3‘582+ g3 _40+38.13 _ 59 o . R E’

Hinh 2.35. Biéu d sirc khang bén

™ Géc ma sat trong tinh duge tai cde vi tri nay 1a 41.45 va 43.13°. Tuy nhién, nén gidi han géc
ma sit trong duéi 40",
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D/b=95/045= 21.11. Si dung hinh 2.20 ta dugc u; = 0.718, con sir dung hinh 2.21
ta duge N', ~ 132.49; Tai d6 sdu 9.5 m ta cé o', ~ 125.5 kPa nhd hon gia tri gidi han la
150 kPa. Tir phuang trinh (2.7) ta co:
q,= o, Nyo, =0.718 x 132.49 x 125.5 = 11 939 kPa;
Tra trén hinh 2.22 ta dudc sitc khang mi téi da a q_ = 16.411 MPa = 16411 kPa;
= q,= 11939 kPa;
= Q,=A.q,=[n0.452/4]x 11939 = 1899 kN = 189.9 t&n;
P,=Q,+Q=189.9+86.7 = 276.6 tan;
Q) =Q,/4+Q/2-w= 189.9/4 + 86.7 /2 - 3 = 88 tan.
Tém lai, cé thé du bao rang:
- Stfc chiu tai cuc han clia coc trong khoang 222 dén 295 tén;
- Slfc chiu tai cho phép cha coc trong khodng 72 dén 88 tan.

2.8. DU BAO SUC CHIU TAI NEN DOC TRYUC CUA COC CHE SAN TRONG

PAT SET THEO THi NGHIEM DMT
Powell v cdng su dé xudt phuong phap nay dua trén 38 Ii¢u thuc nghiém cua
60 coc déng va ép vio dat sét & Anh. Nauy, Phap va Ban Mach.
Cac két qua thu dude ti thi nghiém nén ngang mii xuyén phang (DMT) la:

pupi: 86 doc hidu chinh tif s& doe tryce tiép A, B, AA va AB;

I, ¢hisd dat: 1, L LR

E,: mddun DMT: E;, = 34.7(p, - p).
Ste khang bén don vi f cho trudng hop coc chiu kéo la:
» 0.5 (p, - pa) néu I, < 0.1:
e (0.575 - 0.730771,0p, - po)  1néu 0.1 <1, <0.65:
= 0.1y, - po) néu 0.65 <1, < 0.8
Sttc khang bén don vi f; cho trudng hap coc chiu nén la:

- (0775 - 1111111)) (p] - p“) nélu L) < 0.6:
= 0.11(p, - Dy néu 0.8>1,>0.6.

Néu coe qua dai (L > 50B. L 1a chiéu dai. B 1a dudng kinh coc), thi stc khang
bén f, & doan coc gAn mat dat (dai 1. - 50B) sé phai giam di 15% so vé1 cac g1a
tri trén.

. Sitc khang mii don vi la: q, = ky, p«:

véi:  k, = 1.3 néu £, > 2 MPa:

kdi =019 né,u E]) <2 MPH

N&u coc dng rong khéng bit miii thi g, giam di 50%.
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2.9. PHAN MEM DU BAO SUC CHIU TAI THEO PHUONG PHAP TiNH

Céc phuong phap dy béo stic chiu tai trinh bay trong muc 2.4 dén 2.8 duge goi
ta phuong phéap tinh. Trén thi trudng hién nay 6 kha nhiéu phian mém du

bio stic chiu tai.

(»Concrete Pile ? - Situ test #: 1 —=—
. Case# .
{_*H Steel Pile 2 v Lab test#: 1 .= |
{#) Pipe Steel Pile datalD 4 SI Unit: ¥

Name: Vfdnl.fnhto
Project #:| Méng coc
Note: -
shapef end condif Closed Frd "3, 000 ]
modulus E[2 0E+0% kPa

Width or dia. | 4500 " cm

R Total length
|_Thickness|: 208" cm Embeded length |

Hinh 2.36. S liau diu vao

OPEN| NEW | capa- | DELETE
v \ of CITIES § RE?;;;RD :
IMPORT} " SAVE | .| —

INSITU TEST:

™ SPT (otherwise CPT)
Station#: .0 . Deancetople

ground surface elewsiion; 0.0 water table eley: 3.0
el o bmaring bayer Tomlinson case#

ElevatioriDepth: 5 | Qc (Pa)

m m (kPa):

0.5 . 30.0 6200
1.5 | 5007500
25 270700
35 220500
45 . 400600

55 360500
6.5 | 40.0 3100
75 110011900
£5 | 92.0 9500
95 11300 20000
0105 1230 0 24000 T e
0 115 190.0'21900

00 125 1180.0 22000

Hinh 2.37. $& ligu dia chat (két qua thi nghigm CPT)
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Hinh 2.38. D& thi s& liéu dia chat (d6 thi thi nghiém CPT va d& thj sirc khang cét)
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PILE CAPACITY case ¥ 2 .- Page 4
ID# : 4 - w
CAPAC'TIES Calcutation with data from:
. APH r Depth of top soil that m
GRAPH - F  Insimtest 1 ide resist. is neglecled
Limit ¢ under: 40 & |
Correlations: With ¢ > 36 Thurman tipincreases w3
™ 4 by K M ot Bubertsan & dramatically Therefore, limit ¢
ey BMayne [otharwize Robertson -
! Gy muihendyeMayne (mnamis e sapetsd below 36 or 38 is recommended
Campanela)
r v
- Thwyan tip msisiance use Jarka's Nq (other
I DecsivDris corrscted by <o ' wise- Thaman)
M meverho! Side resiztancs srictunit coresrsion? r - Meyerhot Side resist usa cormected N
Length L= 29.18
* 3tm=7.88
Effective weight of Pile+plugged soil (KN) = 41.2
Ultimate side resistance Ultimate Tip resistance
Znil IMethod kN kips Soil iMethod EM kips
348 COHE Pocerage 2E belowy - -
................. g5y -
- SivE 38 showe, 358 below . -
ZOHE e Tarslinzan & # AESHTO provision - -
srr| 6 224 FIOHE < eyernar . -
\ JEeK Al SIGK- .;\":f‘ CORFS of Enginger -
COHE  [Meverhiof - - LESS Eowdes's Fid Ana & D - -
ShGH- B 230 742 Thur- Average 28 below 2,348 5272
LESS|ronund 714 181.5 man  sp.35e; o '<1kpa 1,393 4265
Sehemertnann SF Tt - - # Sehmenmann SPT (eotrectad) - -
Properbes i3 8 average | Propertes (3 tip, Feerage
Total Capacity 86 53758 2B bl tigs Comparab
le 10
Method KN kips KN kips
arfa &Flrevised  and MNordund Thurrman 2771 vl 1M8 7074
- - - - ORIVEM
ﬁ and Thurrman 2453 &ms 295 A
Larndda ang Mardiund 2840 sus 2568 £
Litimate Schmertmann SFT (correctad) - - SPT 97
Mohilized Schmertmann SFT (corectad) - - SPT 97
Schrmetmann TFT 2950 eex2 FL-AID

Hinh 2.39. Két qua tinh toan

6.MCFT-A
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Hitimate Total Capac ity (KH)
100 1100 2100 100 4400

+ L I
T T T

alpha Tom linzon andfor

Mordlund
— —alpha AF I andfor Nordlund

—a—heta

w n o« wlamda and Mordlund

- -gp- - Schmerm ann uncorrected

Depth (M

Hinh 2.40. D5 thi strc chiu tai theo chiéu dai coc

Vi s& liéu dia tdng trong vi du nay tuong déi don gian, nén do thi trén hinh
2.40 rit don gian. T hinh nay, ta c6 thé nhan xét la:

e Né&u thiét k& coc ngan, thi khong nén lam coc dai 7 m, vi sitc chiu tai cua

coc 7 m tham chi ¢dn nhd hon cia coc dat 6m:

e Tit 7 m dén 11 m, coc cang dai thi sitc chiu tai eang cao.

Khi coc nim trong nén c¢6 dia tang phte tap, thi dd thi stc chiu tai theo chiéu

dai coc rat hitu ich cho viée lya chon chiéu dai coc hop 1y.

2.10. DU BAO SUC CHIU TAI CUA COC THEO PHUGNG PHAP DONG

"Phudng phap dong" (dynamic method) 1& phuong phap du bao sidc chiu tai
clia coc va/ hoiic phén tich Gng suat, bign dang trong coc khi déng coc. Trong
nhém phudng phéap déng. ta chia ra lam bén phuong phap nho (c6 do tin cay

theo thil tu tang dan):
6.MCPT-8
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1) Cong thuc dong (Dynamic formulas hay Driving formulas): St chiu tai
duge dy bhao bdi cac ebng thie nhu Gerxévanov, ENR, Gates, v.v... Cac
cdng thiic nay c¢6 do tin cav rat kém. vi viy hoan toan khéng nén dang.

2) Phén tich ddéng bing phuwong trinh song (Dynamic analysis by wave
equation): St dung phuong trinh truyén séng (vi du cia Smith) dé du bao
stc chiu tal clia coc hodic phan tich {ng suidt/ bién dang trong coc. Théng
thuong. ta dung mdt phin mém GRL-WEAP @ d& hé trg qua trinh phan
tich. Phuong phap nay cé dd tin cay da tét, va ré tién hon phuong phap
PDA va CAPWAP dudi day.

3) Phuong phdp CASE: Thi nghiém thd dong bién dang lén (PDA - Pile
Dynamic Analysis): Khic v6i phuong phap trén, ta phai gidn nhiéu dau do
bién dang (strain trancducer) dé do bién dang va ddu do gia téc
(accelerometer) dé do gia toc séng truyén trong coc.

4) Phuong phdp CAPWAP: Day chinh 1a sy két hop giita WEAP va CASE, s6
liéu thi van dang cla thi nghiém PDA & phan 3 ké trén. CAPWAP ¢6 do
tin eay cao hon CASE, vi vay khi d3 tién hanh thi nghiém PDA thi ta chi
tién hanh phan tich CAPWAP cht khong cdn dung két qua phan tich
CASE nua. Théng thudng, ta dang mot phan mém duy nhit 1a CAPWAP™
dé hé tro quAa trinh phan tich. Phuong phap nay cé d6 tin ciy rit cao, chi
kém phuong phap thi nghiém nén tinh coc.

Tom lai trong phudng phap dong, ta nén tién hanh mét trong hai hoac ¢4 hai
phuaong phap saw: GRL-WEAP hoie CAPWAP. Uu diém cua phudng phéap nay
14 nhuge diém cua phudng phap kia: WEAP thi don gian (chi cdn do dé chéi do
mét nhat bua gay ra dé xi ly két qua). nhung d6 tin cay khéng cao bing
CAPWAP. CAPWAP thi qua phte tap (cAn doc két qua thi nghiém trén cac
dau do va xu 1§ két qua). Theo Coduto thi, téi nidm 1994 ca thé gidi chi ¢6
khoang 20 ngudi ¢ du trinh dd va kinh nghiém dé chay va xi ly CAPWAP.
Vay ma, hién nay (2003), s6 nguoi sii dung CAPWAP & Viét Nam c6 18 nhiéu

hon con s8 nay.

2.10.1. Céng thirc dong (Dynamic formulas)

Céng thite déong con duge goi 1a "cdng thic déng coe” (Pile Driving Formulas).
C6 rit nhiéu cong thic déng khac nhau, sém nhat (va ciing téi nhat) 1a cong
thiic ENR (Engincering News Record) ra doi vao nam 1888 + 1893. Hang loat

' Cé kha nhiéu phdn mém tuong tu khac. Tuy nhién GRL-WEAP vi CAPWAP kha hoan hio va
day uu viét, vi vay hai phin mém nay chiém dbc quyén trong linh vuc phin mém giai quyét
hal bai toan trén. GRL - WEAP ban ddu chi ¢6 tén 1a WEAP, sau nay gin thém tén hiang GRL
vao (Gobie Rausche Likins}
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céc cong thice khae dang duge sit dung la: ENR hiéu chinh. Michigan, Pan
Mach (Olson va Flaate), Tiéu chuan xay dung Tha Biuzh Ducong (Pacific
Coast), Janbu, Gates, Navy - McKay, Gerxévanov, Ha Lan v.v... Hau hét cac
cong thie nay déu cé dd tin cdy cuc ky kém, vi vay khong nén ding. Cé6 nhing
eong thite, dé b lai cho d6 tin cay quéa kém. ngudi st dung phai 4p dung hé s6 an
toan cao (F. = 5.5 + 6.0) nhu: ENR, Michigan, Pacific Coast, Navy - McKay,
Ha Lan.

0 Viét Nam, cong thuc thudng dude su dung la cua Gerxévanov. Con 0 Béc
My, cong thic Gates thudng dude st dung nhiéu nhit. Theo Gates (1957), suc
“¢hiu tai cge han la

P, =arE, . (b-loge), (2.21)
trong dé: B, - nang lugng xung kich (biéu kién) cta bda. kNm hoéac kipft;

r - ty 1& nang lugng hiéu qua vao d4u coc {thudng r = 65 = 85%):

r B, - nang hugng xung kich thue sy truyén vio dau coc;

e- dod chdi (mm hode inch): e 1a do lun khi déng m6t nhat bia vao
coc 6 db sau thist k& Thong thudng thi ngudi ta khong do e, ma
dém s6 nhat baa dé coc di dge 10 in (250 mm), do do

e (in) = 10/ N hay e(mm) = 250/ N;
Khi st dung hé metric (SI) thi: a=104.5b=24;
Khi st dung hé Anh - My (English) thi: a = 27,b=1;
Site chiu tai cho phép la: [Pl =P,/ (3.0 dén 3.5).
Nhu vy, sit dung cong thie dong thi ta sé giai duge mot trong hai bai toan saw
1) Hoéc do dd chéi e Wie déng coe, tim P, vi du nhu theo phuong trinh (2.21).
2) Hoae cho trude P, (du béo theo trinh bay trong muc 2.4 dén 2.8), chon loat

bia (tic Ja chon Ey). v dy bao & nhat bua can thiét dé déng coc (N).
Cang cd thé cho trude s6 nhat bia ean thidt (N). va tim K, (tdc la tim loai

bua déng coc phi hop).

2.10.2. Phan tich déng bing phuong trinh song
(Dynamic analysis by wave equation)

Ly thuyét séng va sy md hinh thiét bi déng coc va coc rit phie tap va kha
dai®™. Vi vay, chung i chi néu rat vin tit mé hinh (sao cho doc gia thay dé
hiéu nhat) va néu két qua giai bai toan dong sit dung GRL-WEAP, mot phan
mém tng dung 1y thuyét séng truyén trong coc.

* DE sit dung duge GRL - WEAP, ban doc khong cin hiéu rd vé& su md hinh hda hé Lua - coc - dat
ciing nhu 1y thuyét séng,
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Hinh 2.41. Cac thanh phan cua thiét bj déng coc
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Hinh 2.42. Mo phong hé bua - coc - dat
Cac thanh phan cta thiét bi déng coc (hinh 2.41) duge Smith mé hinh héa
trén hinh 2.42. Ta thdy sdc khang tinh ctua dit 1én coc sé duge md hinh héa
bing mdt dav 16 xo phi tuyén ¢ hé 6 dac trung la quake q. Dat cang ¢ tinh
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dan héi cao thi g cang 16n. Sitc khang déng cia dat 1én coc duge md hinh hoéa

bing pittdng cb hé s6 dac trung la damping J (can nhdt). DAt cang nhidu hat sét

thi J cang 1on.

Trong md hinh Smith, cic gia tri quake q va damping J eta cac loar dat

thudng c6 gia tri tiéu bidu saw:

e Quake: xung quanh cec: g = 2.54 mm {(pb1 hop cho moi loai dat);
mili coc: g =b/120 mm (phd hgp cho moi loal dat, vai dat co
tinh dan héi cao thi c6 thé 1ay g lén hon: b la dudng kinh coc
theo mm);

Véi coe chéng thi quake 6 miil coc ¢b thé 16n hon b/ 120. Trong trudng
hop nay, ing sudt trong coc thudng kha lon. Pé giam ting sudt trong coc.
viée tang bé dav dém coc (pile cushion) thudng it tac dung. Giai phap
hiéu qua thudng la: tang trong luong qua bua va giam chiéu cao
roi bnia (stroke).

e Damping (can nhét): xung quanh coc: dat sét:  J =0.65 s/ m;

dateat: J=0.16 s/ m:
miicoc:  mol loai dit:  J = 0.49 s/ m:
P&t cang tot thi damping cang nho. Va luu §, khi coc nghi mot thal gian
méi déng lai (restrike) thi gia tri damping lai thudng 16n 1én.

Nhu di néu, WEAP 13 phdn mém théng tri trong phudng phap phan tich

dong. Dé chay WEAP. ta can nhiing thong sO sau;

e S# hidu bua. Ti s6 hiéu bua, ta sé co: hang san xuit bda, tén bia, nang
lugng t&i da. trong lugng bua, chiéu cao rdl t61 da. co cAu bang diezel, hot
hay quay;

e 5§ liéu vé coc:

¢ S6 lidu v8 mii coc (helmet), dém bia (hammer cushion) va dém coc (pile
cushion) (hinh 2.41);

¢ S61iéu vé nén dat.

Tudng tu muc 2.10.1,ta s& giai duge mét trong hai bai toan noi trén:

1) Hodc do do chéi e ldc déng coc, tim P, bang GRL-WEAP:

2) Hodc cho trude P, (du béo theo cac phuong phap trinh bay trong phan 2.4
dén 2.8), du bao s6 nhat bia can thiét dé déng coe (N) hoac tim loai bia
phu hgp.

Ngoai ra con cé thém nhiing két qua hitu ich khae, dé la tng suat (kéo hoac

nén) phat sinh khi déng coc, tit dé6 phat hién xem coc ¢6 kha nang bi v0 hay

khong.




Churong 2. COC CHE SAN 87

Vidu 2,10.

Tiép tuc vi du 2.2 dén vi du 2.4. Tim loai bua phit hop d& dong coc nay trong mua kho
(muc nuoc ngam 6 -3 m). Biét rang coc chi gém mét doan (14.4 m).

1) Dur bdo sde chiu tédi theo phuong phap bat ky. Trong vi du nay, ta dy bao theo
Schmertmann SPT

Ta ldy két qua tir vi du 2.2: Theo bang 2.4 dén bang 2.7 va s hiéu chinh sitc khang &
phuang trinh (2.13), ta chép lai sic khang clia coc nay vao bang 2.19. Cha y rang, khi
déng coc chiéu dai coc Ia 14.4 m chir khéng phai 11.9 m nhu lic du bao sic chiu tai & vi
du 2.2. Trong bang 2.19 do sau z tinh tir dinh coc.

Bdng 2.19. Sitc khang lén coc

Sirc chiu tai cuc han: P, = 1840 kN

z(m) f. (kPa) q, (kPa) Q, (kN}
0.00 0 0 0
4.02 0.00 0 0
5.55 26.08 918 185.9
7.07 26.08 918 185.9
86 | 3410 1224 247.9 \/ ) / IT
9.36 4179 1530 300.8
10.12 56.16 2142 4338 | | W—JVMT“ T 144
10.88 62.85 2448 495.7
11.64 80.90 3366 681.6 JoU
124 | 3640X 26,22/ | 6120 X 58076/ | _
4012=2379 |7930.5 = 4481.7
o 4416?162%:226?_23261 7709338025:82:564, 10437
13.93 | 32.76 X 26.22/ | 5508 X 5807.6/ |
40.12=21.41 | 79305 = 4033.6
4.4 5‘496?1?21 2369%2; 5807.6 1176.0

2} Chon.bua

Tur két quad vi du 2.1,ta can tim loai bia c6 ning luong bidu kién tir 47 dén 77 kNm. Gia sl
ta 1am sai va chon bia c6 nang lugng thap hon 47 kNm (va cudi cung, bla nay sé khong
phu hop). Ta ding GRL-WEAP dé search (tim kiém) loai bua co n&ng lugng biéu kién
trong khoang 33 kNm dén 37 kNm, két qua tim dugc 22 loai bua dudgi day.
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Bidng 2.20. Cac loai bua cé nang ludng tir 33 + 37 kNm

T Hammer Hammer Max. Ram Eg Max Hammer
ID Mfgr Name Energy Weight Stroke Type
42 FEC FEC 1500 36.75 14.68 2.50 OED
61 MITSUBIS M 14 34.24 13.22 2.5% OED
84 LINKBELT 1B 520 35.69 22.56 1.58 CED
101 KOBE K 13 34.49 12.77 2.70 OED
173 CONMACO C 550 33.91 22.2% 1.52 ECH [chon]
175 CONMACO c BO 35,27 35.60 .99 ECH
201 VULCAN vyL V12 36.77 12.26 3.00 OED
207 VULCAN VUL 08 35.27 35.860 .69 ECH
224 VULCAN VUL 80C 33.20 35.60 .93 ECH
225 VULCAN VUL 85C 35.25 37.91 .83 ECH
‘235 VULCAN VUL 505 33.91 22.25 1.52 ECH
25% RAYMOND R O 33.06 33.38 .99 ECH
256 RAYMOND R B0C 33.20 35.60 .93 ECH
257 RAYMOND R BOCH 33.20 35.60 .93 ECH
310 MKT CB826 Stm 33.10 35.60 .43 ECH
312 MKT 5 -8 35.27 35.60 .99 ECH
320 TIHC Hydh 8 35 35.01 32.35 1.08 ECH
350 HERA 1250 34.38 12.50 2.75 COED
381 BSP HH 3 35.29 29.42 1.20 ECH
449 MENCK MHF 3 - 3 33.59 31.39 1.07 ECH
481 JUNTTAN HHK 3 36.01 29.46 1.22 ECH
515 UDDCOMB H3H 33.75 29.37 1.15 ECH
IEiiany key to continue. .. < ESC > to Return

Cac ky hiéu trong bang trén nhu sau:

1D:

Hammer Mfgr:

S8 higu bla;

Hang san xuat bua;

Hammer name: Tén bua,

Max energy:
Ram weight:
Max stroke:

Hammer type:

Nang lugng biéu kién 16n nhat ma bua dat dugc - E,.. (KNm);
Trong lugng baa - Q (KN},

Chidu cao roi bua 18n nhat ma bua dat duge - H(m).

Loai bua (OED Ia baa diesel mot chiéu - Open End Diesel, tlc la
Singie Acting; CED la bua diesel hai chiéu - Closed End Diesel,
tic 13 Double Acting; ECH la bba hot - External Combustion
Hammer).

Tir bang 2.20,gid s ta chon blia CONMACO C 550 (s6 higu 173} c6 nang lugng xung
kich biéu kién (hay danh dinh} la E,, = 33.91 kNm, chiéu cao rgiH=152m.
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3) Cdc sd liéu ddu vao khdc cho GRL-WEAP

Vi coc kich thudc 45 x 45 cm, ta chon céc théng s8 vé bla nhu sau do GRL-WEAP dua
ra cho bta CONMACO C550:

= Helmet Weight (trong Iudng mi coc): 8.87 kN;

*  Hammer Cushion (dém bua): 7
Vat liéu: aluminum / micarta Dién tich; 699.40 cm?,
Médun dan hoi:  2275.35 MPa Béday:  469.90 mm;

Hé sé phuc hdi clia aluminum / micarta (coeff. of restitution): 0.80: |
» Bém coc {pile cushion) cb cac théng s nhu sau:
Dién tich = tiét dién coc = 2025 cm?;
Vat ligu: sif dung 8 tdm gb dan. Mbi tdm gé dan day 17 mm (coi nhu da bj ép
chat, khong thé méng hon nifa) = Téng chiéu day ciia dém coc 1a 8 x17 = 136 mm:
Modun dan hoi E = 207 MPa. Hé s8 phuc héi cla gé dan; 0.50;
» Coc bétdéng mac 320,c6t thép 8425 = 39.27 cm?. Ta cob:
Médun dan hoi: 36000 MPa;  Hé s6 phuc héi clia béténg: 1.0:
Cuang dé chiu nén cho phép déng: R4 = 0.85 x 300 = 270 kG/ cm? = 27 MPa:
Cuong dé chiu kéo cho phép dong, tinh riéng cho phan thép:
R.q = 0.7 x 2800 = 1960 kG/ cm? = F, R,, = 39,27 = 1960 = 76 930 kg:
= Cudng dé chiu kéo tinh trung binh cho tiét dién coc;
Ry = 76 930/ 457 = 38 kG/cm” = 3.8 MPa.

= Dat nén theo méd hinh Smith:

quake: xung quanh coc: =254 mm  (phl hgp cho moi loai dat);
mii coc: g=b/120 = 3.75 mm (phi hgp cho moi loai dat);
damping (can nhét):  xung quanh coc: dat bui (I6p 1):  J=0.20 s/ m:
datcat (I6p 2): J=0.16s/m,
mui coc: moi loai dat:  J =0.49s/ m.
4) Chay GRL-WEAP, s6 liéu dau vao (input) |a toan béd cac sé lidu tir muc 1 dén 3 & trén.
Két qua tém tat nhu sau:

*+ Ung sudt kéo trong coc do qua trinh déng coc |14 3.4 dén 5.5 MPa » R, = coc
sé bj nit/ dit do keo. Nhu vay, bua CONMACO C550 va dém coc (pile cushion)
khong pha hgp. Mudn coc khong bi pha hoai, ta co thé thay bua va dém, ciing
co thé lam coc BTCT Ung sudt trudc dé tang R.. Néu BTCT img suat trudc
mac 380, Ung suat kéo hiru hiéu sau khi tdn that |13 foe = 5.2 MPa. Ta co:

Cuang dé chiu nén cho phép dong: R,s = 0.85 Ry, - f,. = 27 MPa;
Cuong do chiu kéo cho phép dong: Ry, =0.25,/R,, +f.= 6.7 MPa.
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« Tai d6 sau cufii cing (11.9 m so véi mat dat), s6 nhat bla yéu céu la 567 nhat/m
= dé chdi la e = 1000 / 567 = 1.764 mm. Cac théng s6 nay khong dat yéu cau
dé ra (cu thé fa dd chéi hoi nhd). Ta can chon lai blia khac c6 nang lugng idn
hon.

Vi du 2.11

Chan lai btia déng coc cho vi dy trén.

1) Suc chiu tai: nhu vi duy trén.

2) Chon bda

Tir k&t qué vi du 2.1.ta tim kiém (search) lai trén GRL-WEAP v&i khodng nang lugng biéu
kién tir 47 d&n 77 kNm thi dudc t6i 89 loai bia khac nhau. D€ thu hep danh sach, ta tim
ki€m bua co khodng nang lugng tir 65 dén 70 kNm, két qua dugc 18 loai bua nhu sau:

Bédng 2.21. Cac bua cé ning lugng biéu kign tir 65 + 70 kNm.

Hammer Hammer Max. Ram Eg Max Hammer

ID Mfgr Name Energy Weight Stroke Type

7 DELMAG D 22 - 02 65.78 21.58 3.05 CED

8 DELMAG D 22 - 13 65.78 21.58 3.05 CQED

9 DELMAG D22 - 23 69.53 21.58 3.22 OED [chon]
43 FEC FEC 2500 67.81 24.47 2.77 OED

104 KOBE K 25 €9.88 24.52 2.85 OED

157 MKT DE 50C 67.82 22.25 3.05 OED

163 MKT 50 DE70 / 50B 67.82 22.25 3.05 OED

179 CONMACO C 100E5 67.82 44.50 1.52 ECH [chon]
183 CONMACO C 160 66.12 72.31 .91 ECH [chon]
211 VULCAN VUL 016 66.12 72.31 .91 ECH [chon]
228 VULCAN VUL 200C 68.09 89.00 .77 ECH
238 VULCAN VUL 510 67.82 44.50 1.52 ECH
260 RAYMOND R 150C 66.12 66.75 .99 ECH
261 RAYMOND R 4 / O 66.12 66.75 .99 ECH

271 MENCK MH 68 €66.70 34.35 1.94 ECH

352 HERA 2500 68.75 25.00 2.75 OED

507 HPSI 1000 67.82 44.50 1.52 ECH

518 UDDCOMB H6H 67.50 58.74 1.15 ECH
Hit any key to continue... < ESC > to Return

Ta chon bua CONMACO C 100ES5 (s hiéu 179) c6 Ey, = 67.82 kNm, H=1.52m.

3) Céc s6 liéu ddu vao khdc cho GRL-WEAP
V@i coc kich thudc 45 x 45 cm, ta chon cac thong 56 vé bla nhu sau do GRL-WEAP dua
ra cho bua CONMACO C100ES:
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Helmet Weight (trong fugng mii coc): 16.54 kN;
Hammer Cushion (dém bua): Dién tich:  1029.10 cm?

Pile cushion (dém coc) c6 cac thong sé nhu sau: St dung 14 tdm gé dan. Mai
tdm gé dan day 17 mm (coi nhu da bj ép chat, khéng thé méng han nifa). Nhu
vay téng chiéu day clia dém coc la 14 x 17 = 238 mm. S& di ta phai tang chidu
day dém coc 1én vi ta mudn gidm {mg sust kéo phat sinh trong coc xuéng:

Tat ca cac théng $6 khac nhu vi dy trén.

4) Chay GRL-WEAP dugc két qua trong bang 2.22 va hinh 2.43,dién gidi két qua nhu

sau:

Ty 1& nang lugng hitu ich thuc la r = 67%. Tdc d6 nang bua la 60 nhat/ phut. '

Trong bang 2.22,c6t 5 (Bl Ct - viét tit clia Blow Count) 2 s& nhat baa trén 1 m.
Nhu vay, & do sau cudi cling s§ nhat bla cdn dap |3 186 nhat/ m = do chdi
e = 1000/ 186 = 5.38 mm. Nhu vy két qua nay dat yéu cau dé ra, S6 liéu trong

6t 5 ducc vé trén db thi (a) ciia hinh 2.43 (dudng lin nét, véi truc hoanh nam

phia duai d6 thi). Va theo phan tich cia GRL-WEAP thi sic chiu tai cuc han P,
la 177.2 tan (cot 2,bang 2.22,Rut - viét tdt cla R ultimate), khac véi 184 tan nhu
khi ta input. '

Cot 6 (Com Str - viét tat clla Compression stress) 13 (ing sudt nén cuc dai phat
sinh trong qua trinh déng coc.

Nhu vay, Ung sudt nén cyc dai la 12.132 MPa < R,y = 27 MPa, do dé coc an
toan vé mat chiu nén. Ung sudt nén nay dugc tinh toan véi gia thiét cac tuyét dbi
théng ding. Néu coc nghiéng di médt chit, hoic bua roi léch tam s& xuét hién
mdmen trong coc va s& lam téng {ng suat nén. Cot 6 dugce v trén do thi (b) cha
hinh 2.43 (duang d(t nét, truc hoanh nam phia trén dé thi).

Cot 7 (Ten Str - viét tat cra Tension stress) la {ng suat kéo cuc dai phat sinh
trong qua trinh déong coc. Cot 7 dudc v trén do thi (b) clia hinh 2.43 (duong lién
nét, vai truc hoanh nam phia dudi do thi). Nhu vay, khi coc di tir 8.6 dén hét
{(14.4 m), Gng suat kéo cuc dai la 2.844 MPa < R, = 3.8 MPa. Tuy nhién, tir khi
bat dau dong coc dén g6 sau 7.1 m (tic 1a 7.1 - 2.5 = 4.6 m so vdi mat dat), (mg
sudt kéo cuc dai la 3.826 + 4.306 MPa > R,,. Nhu vay, mudn cho coc khdng bi
nit/ dat khi dén do su 7.1 m (tic 1a 4.6 m so v&i mat dat), ta phai giam luc
xung kich ctia btia di vao coc bang it nhat mét cach sau:

1) Giam dé cao roi bia;

2) Tang chiéu day dém coc (pile cushion). Ho#c, nhu da dé cap ta co thé thay
coc bang coc (ng sudt trudc dé tang R,,.



92 MONG COQC - PHAN TiCH VA THIET KE
Bdng 2.22. K&t qua dy bao déng coc véi bia s& 179
Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Bl Rte ENTHRU
4.0 .0 .0 .0 .0 .000 .pQO0O .0 .0
5.6 121.3 19.6 101.7 14.8 11.842 - 4.306 60.0 20.6
7.1 197.9 72.4 125.5 17.3 11.845 - 3.826 60.0 21.4
8.6 353.2 153.3 199.9 25.6 11.852 - 2.844 60.0 21.6
9.4 472.2 207.1 265.1 35.3 11.856 - 2.156 60.0 21.3
10.1 663.2 275.9 387.3 49.7 11.B67 ~ 1.233 60.0 21.2
10.9 811.7 357.6 454.1 61.1 11.878 - 1.456 60.0 21.0
11.6 1101.1 459.9 641.3 86.5 11.89%9 - 2.616 60.0 20.2
12.4 1403.9 535.9 867.9 118.6 11,940 - 2.000 60.0 19.1
13.2 1575.5 572.6 1002.9 144.8 11.9%88 - 1.391 60.0 18.4
13.9 1387.2 603.6 783.6 113.8 12.054 - 2.122 60.0 19.2
14.4 1771.9 633.7 1138.2 185.5 12.132 - 2.255 &0.0 17.6
Total Driving Time 9.32 min. for 60.0 bl / min; Total No. of Blows 557
Ui du bua COMACT {79 88z #7 1
Hammer COHMACO © 188ES
Shatt-Toe G- 1.B68. 1,890 GELHEAPCTH Usr=ion §937-2
o — —a— —olapacity (KH) o —o— —eCom.Stress (HPa? e — — o — — oEWTHRU (kJy  Friction i)
L B3 TIZ 1088 1424 1750 @ 4.8 6.0 12. 16.2 7A.2 @ €3 12.0 12,0 2482 50.6 @ A 160
9,0
[ [ B
4.8 MF*-._‘_\_ -T‘.—\—_.
o . -~ -.4":—__:‘,__“____‘__ .
P AR R
\ L "..
- A / 1 i1
~ ) hl d 1 + d b
: LIRS 4 i blog | ¢
W w 'Jr 1 9y @ +
L 3 !
"é u--"'\a“ T I\’jp 1 &'? :: f
2 12,8 == = l»"' [-] !
.-:;‘ e (\ 4 H g I
of__ of__ l y \b ] |3
e i i 4 :F [
16.8
a 4 5w 12 168 208 @ 2.8 4.9 6.8 &.0 10,9 A 12 24 3B 42 d
g——tiB 0w Court {BFNM) g o gTen.Stress (HFad o—a—~Bl. Fte, (B mind
(a) (b} (c) (d)
Hinh 2.43. D thj k&t quad du bao déng coc vdi bia s6 179
Nhan xét:

Néu chon buia CONMACO C160 (sé 183), la baa nang hon va rdi thap hon: S8 nhat

bda theo WEAP chi con

180 nhat/ m = e

6.25 mm. Néu chon bua VULCAN Qi3

(s6 211). s8 nhat bda can thiét 1a 140 = e = 7.14 mm. Ta thdy ca hai bla nay déu hiéu
qua hon bia s6 179 vi ¢ s6 nhat boa it hon, d6 1a do baa nzing roi thap. Mac du baa sd

183 va s6 211 cd clng trong lugng bua (72.31

kN), cung chiéu cao rdi

(0.91 m), dém coc van |a 14 tdm gdé dan day 238 mm, nhung két qua dong coc lai khac
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nhau. Ly do {a: hai bua nay st dung mi coc va dém bua (hammer cushion) khac nhau:
+ Bua 183: Mi coc néing 24.83 kN. Dém buoa cé d6 cimg la 795 KN/ mm:;
+ Bua 211: Mi coc nang 17.69 kN. Dém bua cé dd cimg 1a 1316 kN/ mm,

Vidy 2,12

Sau khi chon baa 179 (CONMACO C100E5) cho coc nhu vi du 2.11 {du bao e = 5.38 mm).
Bem di dong coc thuc té, tai dp sau theo thist ké (11.9m so vai mat dat), do chdi thue do
duge fa e = 6.8 mm. Hai, strc chiu ti thuc cia coc 1a bao nhiéu?

NEéu dd chdi thuc e = 6.8 mm thi s& nhat dap yéu clu 1a N = 1000 / e = 147 phat. Ciing
chay GRL_WEAP, ta dugc dé thi Bearing Graph nhu hinh 2.44. Tir biéu d6 nay, xem truc
hoanh & phia dudi ciing (Blows/ m), ta thay twang (ng vdi N = 147 thi sitc chiu tai tuong
(g la khoang 7600 kN ~ 160 tan (truc tung, niia dudi). Nhu vay, sifc chiu tai cda coc 13
160 tén, khang dat yéu cau thiét ké (184 tan).

Déng tiép ten dudng dut nét & gida, ta thiy ung suat kéo phat sinh trong coc s& khoadng
1.3 MPa (Tens Str, truc tung. nira trén bén phai). Con g suat nén sé khodng 12 MPa
(dudng lién nét trén ciing - Comp Str, truc tung, nifa trén bén trai).

COMMACR 108ES
Efficiency 0.ETE
Comp St Tens Str
MPa MFPa He lmet 18.5%4 kN
T il aald “ LT
tz.a - 3.8 H Cushion 435 KM
= P fushion 176 KMo
- o .
S = Z.@ @ Shin = 2,548
f’ 0 Toe = E.759 mm
o
Ll J SEin = H.168 =
4.8 l.e J Toe = B.498 =g
Pile Length 14.48
Q.0 [ .0 F-Top Ares 2025.08 cm2
Uit Csp e Stroke
kH | = o FILE MODEL | SKIM FR DISTRIE
1552 o 0.6a
11ed o.oe
.
TR a,98 [
8L a.00 L
@ 78 13 234 Elows/m EB = 84 %

Hinh 2.44. Bidu d8 sirc chiu tai (Bearing Graph)

Vidu 2.13

Sau khi chon bua 179 (CONMACO C100E5) cho coc nhut vi du 2,11 (du bdo e = 5.38 mm
d d6 sdu 11.9 m). Pem di déng coc thuc t&, maoi tai d6 s4u 9.9 m {con 2 m nifa moi téi 96
s8u thiét ké), do chéi thue da do dudc 1a e = 5.38 mm (s nhat bua & 186 nhat/ m). Hai,
suc chiu tai thuc cda coc tai dé sau nay da dd chua?

Surc khang bén sé dugc chép lai tir bang 2.19 vao bang 2.23. Tuy nhién, vi coc mdi déng
dén do sau 9.9 m, cot d6 sau z (m) tinh tir dinh coc sé dugc cong thém 2 m (= 11.9-9.9).
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Diéu nay cé nghia la, tir 0 d&n 4.5 m coc s& nam trong khong khi, con 6.02 - 4.50 = 1.52 m
coc ti8p theo van cd f, = 0 vi dat yéu (xem lai bang 2.4).

Két qua dugc trinh bay trong hinh 2.45. Xem truc hoanh & phia dudi cling (Blows/ m), ta
thay tuong (ng vai N = 186 thj slfc chiu tai la khoang 1770 kN, nhu vay xap xI véi gia tri
thiét k&, do dé cb thé ngitng dong coc tai day.

[ * COMMACD ¢ 1OGES
- Efficisnoy B.67a
Comp St Tens Str
o] ’ MFa He lmet 15.54 KM
12.8 Sl ke g“! 3.8 H Cughion . 492 KN im
-
,-1’= P Cushion 176 EHAmm
&.0 A 2.0
' H - @ SKin = 2,548 mm
:r'I’ 3 Tog = 3.758 mm
g
J Skin = B.168 s/
4.0 1.9 Y Toe = 2.4%98 =-m
Pile Lennth 14.49
@.a ?.5 BLE F-Top Area 2823.80 w2
11+ Cap o Stroke
kH B mo FILE MODEL | SKIM FR DISTRIZ
1552 — @ .50
1164 0.6
778 ' 2.08 W
age .80 Y
Ry
N
i saoo-ealde—a4 .60 -
o) 78 15§ 234 Blctusw EB =  £B X

Hinh 2.45. Biéu dé suc chiu tai (Bearing Graph)

Bdng 2.23. Sirc khang bén

z (m) f, (kPa)
.00 0
6.02 0.00 o
7.55 26.08
l 9.07 26.08
I 0.6 34.10
1.36 41.79
12.12 56.16
12.88 62.85
13.64 80.90
14.4 23.79
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Vi du 2.14

Lam Iai vi du 2.11, tuy nhién trong budc 1 ta dif bao sirc chiu tai theo Nordiund va

Thurman (xem vidu 2.3).

Ta chép lai két qua d bang 2.9 vao cét 2 cla bang 2.24. Luu y réng trong ¢t 1,z(m) Ia d6
sau tinh tir dinh coc (khac vdi bang 2.9 z(m) la dé sau tinh tir mat dat). Theo cach du bao
nay, tai d6 sdu thiét k& sdc chiu tai cyc han (P, = 2250 kN) ién hon so vdi vi du 2.11. V4i
dau vao thay ddi nhu vay, ta chay lai WEAP véi bua CONMACO C 100E5. K&t qua trinh
bay trong bang 2.25.
Tai do sau thiét ké, s& nhat dap can thiét 1a 335 nhat/ m = e = 1000 / 335 = 3 mm. Cac
s8 nay hdi ndm ngoai yéu cau dé ra (e = 3.8 + 8.0 mm), tuy nhién néu khéng cé kha ning
thay bua khéc thi van co6 thé tam diing CONMACO C 100ES5.

Bdng 2.24. Sirc khang theo Nordlund va Thurman

.= aN, o,

z(m) [£,(kPa)| ¢ |Pyungsion miviwinan G| D76 | @ N, |o, (kPa) Q, (kN)

(kPa)
0.00 0 0 0 0
402 | 1105 | 275 26.00 3.38 | 0.489 [ 14.653| 24.70 177 35.9
555 | 27.89 | 30.0 27.90 6.78 | 0.529 {21.644| 49.80 570 1155
7.07 | 33.59 | 300 28.00 10.16 | 0.531 [21.913| 59.90 697 1411
8.6 | 4520 | 31.0 29.00 13.56 | 0.551 [ 25.396| 70.50 986 199.7
9.36 | 55.04 | 320 30.00 15.24 | 0.570 [29.976 | 75.90 1297 2626
10.12 | 66.31 | 33.0 31.00 16.93 | 0.588 [35.316| 81.60 1695 3433
10.88 | 79.00 | 34.0 32.00 18.62 | 0.606 [41.280| 87.50 2190 4434
11.64 | 93.53 | 35.0 33.00 20.31 | 0.623 {47.929| 93.90 2802 567.5
12.4 | 95.10 | 345 32.50 22.00 | 0.609 | 44.507 1oo.éo 2716 549.9
13.17 | 106.25 | 35.0 33.30 23.71 | 0.619 | 50.091 | 106.70 3307 669.6
13.93 | 101.76 | 34.0 32.00 25.40 | 0.589 |41.280{ 112.80 2742 555.2
14.4 | 181.77 | 38.0 35.54 26.44 | 0.654 {70.152| 117.30 5380 1089.4
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Bang 2.25. K&t qua GRL-WEAP néu P, = 2250 kN
Depth Rut Frictn End Bg Bl Ct Com Str Ten S5tr B! Rte ENTHRU 1
4.0 .0 .0 .0 .0 .000 .0o00 .0 .0
5.6 108.6 48.6 60.0 14.0 11.842 - 4.570 60.0 20.2
7.1 223.5 124.6 98.9 -17.8 11.84% - 3.858 60.0 21.5
8.6 401.0 236.2 164.8 28.3 11.861 - 2.866 60.0 21.5
9.4 537.7 30%9.0 228.7 38.6 11.869 - 2.153 60.0 21.2
10.1 701.4 393.1 308.3 50.3 11.886 - 1.554 60.0 21.2
10.9 906.1 496.4 409.7 67.7 11.915 - 1.620 €0.0 20.9
11.6 1153.4 618.1 535.4 87.6 11.9%66 - 2.976 €0.0 20.1
12.4 1270.1 746.6 523.5 96.1 12.014 - 3.147 60.0 19.7
13.2 1529.3 B886.6 642.7 125.0 12.066 - 1.950 60.0 18.8
13.9 1562.4 1027.3 535.1 124.8 12.108 - 1.969 60.0 18.8
14.4 2216.5 1155.3 1061.2 335.6 12.165 - 3.814 60.0 15.9
Total Driving Time 9.68 min. for 60.0 bl / min; Total No. of Blows 580

Vidu 2.15

V@i coc nhu vi du 2.11, tuy nhién lop dat 1 la dat set chir khdng phai byi, va két qua thi
nghiém $PT cing thay d6i nhu trong bang 2.26. Chon bua va kiém tra xem bua co phei

hgp khong.

Bang 2.26. S& lidu lop dat 1

z (m) N N, D4t
¢ 0 0.00

1.52 o 0.00

3.05 8 5.33

4.57 8 533 sét
6.1 10 6.67 0

6.86 13 8.67

7.62 18 12.00

8.38 20 13.33

8.14 28 18.67

9.9 dén 18.29 Nhu cil (vi du 2.2 dén vi dui 2.8)
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1} Suc chiu tai

a7

Du bao lai sirc khang bén theo cach tinh Schmertmann SPT nhu bang 2.27.

Bing 2.27. Stc khing bén f, (kPa) clia [3p sét

2 | Ny | PTIIET i | |
0.00 0 0.00 0.00 1.52 0.00
1.52 0 G.00 13.34 1.53 20471
$.33 L‘ 26.68 26.68 1.52 40.56
J 5.33 26.68 29.81 1.53 45.60
6.10 I 6.67 32.93 37.45 0.76 28.47
6.86 8.67 41.98 49.10 0.76 37.31
7.62 | 12.60 56.21 58.91 0.76 4477
8.38 13.33 61.61 71.55 0.76 54.38
{——9:—4 18.67 81.50 58.95 0.76 44.80
9.9 20 36.40 Boleucd ]

¥ =316.31

foi = 316.31/9.9 = 31.95 kPa

So sanh vdi k&t qua clia vi du 2.2, ta thly sirc khang bén trong 16p dat thir nhat gan nhu
khang thay ddi. Stic khang mi sé thay d8i chat it (do su hiéu chinh sifc khang theo chidu
sau ngam thuc D,), tuy nhién dé€ cho don gian ta gia thiét sitc khang bén va sifc khang
mdi ¢6 gia tri gidng hét vi du 2.2 va vi du 2.11. Do d6, slic chiu tai cuc han (lau dai) la

P, = 1840 kN.

2) Chon btia: Chon blia CONMACO C 100E5 (s6 179).

3} Cdc sé ligu khdc: Co mot vai s6 liéu khac vai vi du 2.11 1a; 1gp dat dau tién 13 dat sét
¢6 hé sd damping J = 0.65 s/ m.
4} Chay GRL-WEAP: Vi hé s6 J clia I6p 1 thay ddi, nén ta ¢é két qua nhy sau:

» Néu coi dat sét khdng bi giam slc khang do xao dong, thi két qua chay WEAP
1a: dd chdie = 1000/ 222 = 4.5 mm.
= Tuy nhién, khi déng coc, dat sét sé bi xao dong lam gidm sifc khang
(relaxation). Gia sU sitc khang bén trong dat nay gidm di 2.5 1an lic dong coc
{tlrc 1a gidm con 1.0/ 2.5 = 0.4 = 40% so vdi sic khang 1au dai). Két qua chay

GRL-WEAP 1a: d6 chéi e = 1000/ 145 = 6.9 mm.

7.MCPT-A
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Vi du 2.16, Bua Diesel.

Kiém tra kha nang dong coc frong vi du 2.11 v6i boa Diesel DELMAG D22-23 (s6 9) (luu
v vdi buia Diesel, chiéu cao roi bua khéng cd dinh nhu céac vi du truac),

Chay WEAP, ta dugc két qua trén hinh 2.46 (hinh v& nay tuong ty hinh 2.44). Déng trén
hinh v& nay, tugng (ng véi sifc chiu tai 1840 kN (Ult Cap = 1840 kN) thi s& nhat bua can
dap Ia 272 nhat/ m = e = 3.66 mm. Két qua nay hai nam ngoai yéu cau dé ra (260 nhat,
hay 3.8 mm), tuy nhién-chap nhan dudc. Nguyén nhan chi yéu 1a do qua bua nhe hon,
rgi @ do cao cao hon, do do khong higu qua bang bua ning rai thap.

Hai dudng cong rén cung clia hinh 2.46 thi ta da biét, do & ng suat nén cuc dai (Comp
Str MPa, dudng lién nét), va (ng suadt kéo cuc dai trong coc (Tens Str MPa, dudng dut
nét).

Diém khac biét vdi hinh 2.44 1a: trén hinh 2.46,ta con c6 duang cong thir tu - dudng cong
thé hién chiéu cao rdi clia bia diesel d nhimg sifc chiu t3i khac nhau - dudng nay la
dudng dut nét d nira dudi cda hinh vé (Stroke, m). Trén hinh nay ta thay, tuong ung véi
stc chiu tai 1840 kN thi chidu cao roi bua dudc du bao {a 2.08 m,

Ngoai ra, la con co két qua & hinh 2.47 (chay WEAP vdi stroke option = 2). Trong hinh
2.47 s{ic chiu tai khong d6i va 1a 1840 kN. Dudng cong dudi ciing (dudng stroke) mang v
nghia nhu sau: néu cong tac déng coc thuc t& cho thay chiéu cao roi bla (stroke) khac
v8i du bao, nhung néu sé nhat bua (blows) déng coc théa man diém co toa do (blows,
stroke) nam trén dudng cong nay, thi coc van di sic chiu tai. Vi du (272, 2.08) nam trén
duding nay, nghia 1a chiéu cao roi bua 14 2.08 m, s nhat dap 1a 272 nhat/m thi coc sé& cb
stic chiu tai 1840 kN. Tuong tu nhur vay véai diém (245, 2.18),

s oy Efficiency a.5aq
Comp St I 5} B o Tensz S4r
Mfa N \/" Fa He | met {8.02 kM
T aa ! =i oo T
11.33 = S B Z.52 H Cuzhjon 18282 KH mm
Crall .
s n." e F Cushicn 176 KMsmm
lo.7% P 1.65 @ Skin = 2.548 i
o B Toe = . 3.750  fm
}
18.13 Ll ; {22 1 gkin = B.150 som
-1 ' 7 - 1} Toe = B.499 z/n
P e |/ File Length  14.48
5.50 Tl *:El B0 P-Top Aréa 2025.00 ol
Uit  Cap e Stroke
kN L W FILE MDODEL { SKI1i FR DI
1oe8 7,.-!5-1*""“’"""‘“ 2.18
ﬂu'
&1
1520 ey n Z.80
S
0 II}
1158 k 1.3
S
s ‘
) o
245 F 1,84
'l
bl v 11 : 1.7a o
40 157 272 T9R Blousss ER = EE_

Hinh 2.46. Bidu d6 sifc chiju t3i (Bearing Graph)

7.MCPT-B
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m
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132,55

1185

19,78
trobe

[ %]

-Td

DELLMAG 0 22-23
Capacitiy: 1848, kM . N
T ot Efficiency @.809
" ens Str
m, MFz He Ilmet 16.82 kM
-a 2.353 H Cushice 19262 KN
e P Cushian 176 K-
-1 , ~ =
; o 2.50 2 Skin = 2,548 mm
“ “-fi @ Tos = 3.758  mm
B g o am 1 ghin = 2.180 s/
] E - og = L4538 =-m
h&, x“"u__
v .. File Lenath  14.40 m
= '“: .45 F-Top Aréa 2025.80 cow2
9
“ FILE MODEL | SKIN FR DI
-
o,
u
-
'\\
u,
.,
e
Rﬂw__
"‘-—-._ﬂl s
L34 P g 254 @6 Efowsom EE = 6B

Hinh 2.47. Bigu 48 chiéu cao rdi bua

Gia sl cdng tac dong coc thuc té cho thay tai d6 sau thiét ké ta thu dugc két qua la:

Néu chiéu cao rui bua do dudc la 2.18 m, 6 nhat bua Ia 228, nhu vay diém nay
(228, 2.18) nam dudi dudng cong stroke = coc chua dat dugc stic chiu tai 1840 kN.

NEu chiéu cao roi 12 2.18 m, s6 nhat bua 1a 270, nhu vay diém (270, 2.18) ndm
trén dudng cong stroke = sUc chiu tai clta coc sé& I16n hon 1840 kN.

Nhung tuu y khi phan tich déng bang phuong trinh sdng

Nhu trén da dé cap. phuong phap phan tich dong (st dung GRL-WEAP) rat don gian va
ré tién. Tuy tin cay hon rat nhiéu so véi céng thire d6ng, nhung sic chiu tai thu duoc tir
WEAP ¢6 d¢ chinh xac chua cao dugc nhu CAPWAP (va CAPWAP lai chua chinh xac
béng thi nghiém nén tinh). Nhing sai sé do phan tich WEAP c6 thé do:

Gia tri quake va damping khéng chinh xac.

Duv bao sitc chiu tai (budc 1 trong vi du 2.10 va vi du 2.11) khéng chinh xac.
Biéu nay co thé do viéc khao sat dia chat khong chinh xac hodc do phuong
phap du bao,

Ty Ié nang tugng hiéu qua clia bua (r %) khdng chinh xac. Sai s6 nay dugc giam
thiéu véi nhitng bla hién dai c6 hop diéu khién (control panel) hién rd nang
luong thuc ca moi nhat bua.

Bua khong bao dudng t6t, nhat la bua diesel. Ta biét ring véi bua diesel, chidu
cao rof bua thay ddi phu thudc vao sirc khang clia dat vdi coc. Khi sirc khang
I&n, diesel chay nhiéu sé day bua cao hon. Tuy nhién néu bao dudng bua diesel
kem, c6 thé co hién tugng danh Ifta sém, va chi mét phan nhé nang luong {cla
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diesel chay) sé vao coc, phan ldn nang ludng con lai s& day bla 1&n cao hon
mitc du doan.
« Céac gia tri vé dém. nhat 1a dém coc (pile cushion) sai. Dém coc thudng lam
bing gb dan. Vi du ban ddu mdi tdm gb dan day 19 mm. modun £ = 207 MPa.
Tuy nhién, sau vai chuc nhat bua, gd dan thudng bi nén lai vagi bé day con
15 = 17 mm/ tdm, médun dan hai tang 1én. O d6 sau thiét ké, sau vai tram nhat
bua, g& dan chi con khoang 11 + 13 mm/ tdm, moédun dan hdi co khi i 400
MPa, ddng thdi-hé s6 phuc hdi s& gidm xuéng (nhé hon 0.5). Sau 1500 nhat
dap, nén thay dém coc mdi.
Vi GRL-WEAP khéng tén kém, do dé ta cd thé st dung GRL-WEAP dé theo doi déng cla
timg coc mét. Nhu vay, ta cb thé coi WEAP 1a preprocessor, con CAPWAP la
postprocessor (WEAP va CAPWAP fam hai nhiém vu hoan toan khac nhau chi khéng
phai la hai phan mém tuong tu nhau). Tai cong truong, néu co thi nghiém vai coc v&i PDA
va phan tich CAPWAP, nén so sanh két qua gilta GRL-WEAP vdi CAPWAP dé diéu
chinh cac théng s8 dau vao ctia WEAP cho phi hop.

2.10.3. Thi nghiém th{r dong bién dang 16n (PDA - Pile Dynamic Analysis)

2.11.

Vi thi nghiém PDA tién hanh duge trén ca coc nhoi, nén ching téi dé cap thi
nghiém nay trong phan 5.1 va 5.2.

ANH HUBNG VA CAC BIEN PHAP GIAM ANH HUGNG DO PONG COQC
PEN CONG TRINH LAN CAN

Khi déng coc, séng chan dong s& lan truyén trong long dat dén céc cong trinh
lan c¢An, gdy nhiing taec hai nhat dinh. Dé tai 021901 - TC 922 dé ra gia tri téi
han ctia van tde dao déng trong bang 2.28. Trong dé, cdng trinh dugc phéan cip
tif 1 d&n 8 trong bang 2.30 (th{ tu tit céng trinh chiu chan déng tét dén khong
chiu duge chan dong). véi cdp 8 1a cbng trinh dic biét quan trong, hodc cong
trinh rdt d& hu hong do chén déng: Dang moéng duge phén loai ti A dén C
trong bang 2.29 (thi ty ti méng t6t dén yéu); Dat duge phéan loal tu a dén f
trong bang 2.31 (thi ty tit dat chiu chén dong tot dén kém). Ngoai van tdc cua
séng chian dong. con nhidu yéu t6 khac lién quan dén kha néng hu hai cua
cong trinh do déng coc, nhu trang thai am viée cha két ciu, tan s dao dong,
v.v.. (vi du. néu tAn s6 riéng ciia két ciu tring v6i tin sd cua dao dong kich

déng thi sé xay ra cing hudng. va cb thé gay ra su pha huy céng trinh).

Van tée dao déng tai vi tri cac ¢dng trinh 1an can 6 thé duge du bao bing
nhitng phdn mém thudng mai, hoac thé thién hon bang mot trong cic cong
thie kinh nghiém sau:

V=k, E,.“/R" (2.22a)
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V=k, Q" H*"/R, (2.22h)
trong d6: R - khoang cach tit coc dang déng dén cong trinh dang xét;
k, =04+ 1.8;
a = 0.5 va B=1 (c6 thé gidm xudng tdi 0.7 voi nhing bua ning);
k., = 10+ 32;

Q - trong luong buaa;
H - chiéu cao roi bua;
E,..- nang lugng cua bua.
Nhu vay, sau khi du bao duge V, ta cin so sanh V véi gia tri gidi han dé ra

trong bang 2.28 dé két luan vé mic dé an toan cla cdng trinh 14n can.

Bang 2.28. Gidi han van téc dao déng ddi vdi céng trinh

Vin téc Phén Idp Cap céng trinh
giot han cong trinh H 2 L 3 h I 5 [ 5 L 7 ! Py
1 Aa Dang mong (chir hoa) va loal dat (chi thudng)
2 Ab | Aa | Aa | Aa
36 + 50 3 T Ab Ab Ab Aa
(mm/ ) Ba | Ba | Ba | Ab L
4 Ac Bb Ac Ac
Bb Ba
Bb
m5_ Be Ac Bc Ba
Af Ad Bd Bb Ba
Ca
22 + 36 7 Af Ae Be Bc Bb
Cb Ca
8 Be Bc
Cc Cb
9 Bf Cd Bd Aa
Cc
12+ 22 10 A, Ce | Be Ab
Ccd J
1 Cf Cf Ce Ba
12 cf | Bc
J Ca
0.2-+12 13 Cf Bd
Cb
Ce
14 Cd
: Ce
L s
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Bang 2.29. Cac dang méng

——
Dang médng Md ta
A Méng coc BTCT va coc thép c6 giang méng

Mong bé BTCT co sudn, mbng bang giao nhau

Tudng chén trong fuc

B Mong don c6 coc BTCT

Mdng co tudng méng md rdng cho cac nha co tang ham

Mébng coc tre hodie coc gb va mang ¢ bé go gia cudng nén
C Tudng cur
Méng gach, da hoac vién dic san

Khong cd mong, tudng xay truc tiép 1&n dat

—

Bdng 2.30. Phan cap cdng trinh theo kha ndng chéng dd dao dong do déng coc

Capc Nhom nha
dng
trinh 1 2

Nha cong nghiép nang nhiéu tang, | Nha céng nghiép 2 + 3 tang, nha cd két cdu khung
dudc thiét ké chang dong dat. Céc BTCT hodc khung thép, bao che bang panel réng,
cong trinh mBng nhu cau, thanh | bang khdi x4y gach ho&c cac vién dic sin; san

1 luy,... thép hoac BT duc sén.
Nha cdéng nghiép nang cd két cau thép va BTCT
hoac két hop nhiéu loaj vat liéu ]
| - — —
Nha khung gé, nha cong cong duge | Nha tam 16n 5 + 9 tdng ding lam nha &, tru sa...,
thiét k& chang dang dat nha cdng nghiép c6 két cdu khung nhe bang
2 BTCT hozic thép, bac che bing panel réng hoac
khéi xay. Cac nha nay khong dugc thiét ké chéng
déng dat
N

Nha khung gd ding déc lap, hoac | Nha 1 tang ditng doc iap, nha cang nghiép dang
dimg %ién nhau khong bao che hogc | hd co khung nhe dude gidng bdi cac tudng trong
3 bao che bang gb; Pugc thiét ké | bang thép / nhém / gb; hoic khung bétdng nhe,

chéng déng dat bao che bang tén, panel rong; thiét ké chéng ddng
dat
. Ta : . - . . . ]
Nha nhiéu tang lam kho, cao > STNha 2 tang ding doc lap, hodc ddng lién co két
4 tang. cdu chiu ldc 1a khéi xay; san bang BTCT hoac

tudng tu; thiét ké chdng ddng dat.

Nha 4 + 6 tang xay bang gach, | Nha & 4 - 10 tdng dugdc xay bang khGi xay nhe,
5 tudng chiu luc cé cdu trac nang né; | phan 16n dude giang bang giang trong. San BTCT
nha kiéu biét thy it nhat la cach tang

Nha 2 tdng tudng khdi xay, san gb | Nha &, tru sd,... tudng khdi xdy, san gd hoac tdm
6 ho#c tam nhd. Thap da / gach dugc | nho
thiét k& chéng dong dat

Nha thd, céng thy bang da / gach | Nha 2 tAng, két cdu nhe.
kidu vam hozc dét. Nha thd két cau
khung khéng giang ngang. Nha thd

l sd, nha dé xe, nha cdng nghiép
thip, dén miéu; nha tuong tu cd
san nang
Nha trong tinh trang dé hu hdng do

8 chan déng.

Cac cang trinh cé tdm quan trong
lich sif thugc cap 7.
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Badng 2.31. Phian loai dat theo chan ddng

| Lcaigat | M6 ta
) B -
a I Ba chua phong hoa/ phong héa yéu; dat da hat 1dn, chat, it 4m
b Da chua phong héa manh; cat soi hat Idn/ trung hinh, chat, 3m/ it am
c T)_gét hat nho; bui, chat - cht vira, it &m
d | Mai dc 3 thé truot
e Cudi, sdi, cat rdi va sét ¢6 két ngam nudc
f Dat dap

Dé giam tae hai xéu dén cong trinh lan can. ta ¢é hai giai phap sau:
1) Gidm chan dong tai nguon
a) Chon biia cd trong luong 16n va giam chiéu cao rol baa (tang Q, giam H).

L) Khoan mdéi trude khi dong coc. Tuy nhign, bién phap khoan méi lai lam

giam stic chiu tai cua coc,
2} Gidm chdan dong tai viing (cong trinh) can bao vé

a) Dao hao giam chian nam gita ngudn chin déng (chinh 14 coc dang
dong) vi cong trinh. Hao niy thudng sau vai mét. 1ing 6 thé t6i 2 + 3 m.
Hao nav ¢é tac dung cat mat méot phén méi trudng truyén séng, do dé
phia sau hao, song chin dong giam di dang ké. Hao cang gin cong
trinh can bao vé thi séng chin déng téi céng trinh nay cang nhé, Tuy
nthién. khi d6 edn quan tam dén én dinh mai déc (6n dinh ha dao).

b) Dat phu tai (vi du dat dap) nam giita ngudn chan ddng va cong trinh.
Phu tai nay eiing ¢o tac dung tuong ty hao giam chin: phia sau phu

tal. song chan déng giam di dang keé.

2.12. DO LON CUA COC BDON

Ngoii phuong phap moéng khéi quy ude. trong phan nay ching tdl xin gidi
thiéu vdi bun doc cach du bao dd lun cha coc don dya trén quan hé dng suit
bién dang. Cach tinh nay khéng nhiing 4p dung cho coc ché sdn ma con ap
dung duge cho coe nhdi. PO an ctia nhém coe da duge trinh bay trong phan 1.5.

D6 lun cia coe don gém ba thanh phan nhu sau:
S, =4 ts,,ts,. (2.23)

trong dé: A, - bién dang dan héi ciia ban than coc;
s, - dd ldn cha coc do tai trong truyén 1én dat dudi mii coc (g, jg):

1

s, - d6 lan cua coc do tédi trong truvén 1én dat doc than coc (£ 4,.).
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e

Bién dang dan hdi cua ban thdn coc (tinh toan nhu thanh chiu nén) dude xAac
dinh mét cach dé dang nhu saw
A= Ay, (2.24)
AcE.

grong d6: A, - dién tich ti8t dién coc:

E. - mbdun dan héi cia ban than coc:

L - chiéu dai coc:

Q. - lue nén trung binh tac dung lén coc;

6 dﬁ\' (th = Q-p I + MQ(N - Qp ﬂn;r) = Q]HIH_M- + a Q{'thl;r (225)
trong comg thdc trén:

N - tai trong lam viéc truyén i cong trinh xudng coc:

Q, e - téng stc khang mii & tai trong lam viée:

Q; 1y - tong stic khang bén & tai trong lam viée:

¢ - hé s6 phu thude vao phan bg ma sat bén (suc khang bén fi,..):
Né&u {, . phéin b déu (hinh 2.48a) thi & = 0.5; Néu f, . phan bo
tam giac (hinh 2.48b - cang xudng siu thi stc khang bén cang 14n)
thi & = 0.67: Trong thuc t&, phan b& ma sat bén co dang trung gian,
do dé & =0.5+0.67.

v T f
/
v ¥ f
/
r T l * L]
/
v v l L4 v
/
v v / v v
! /
v ¥ T / L] v
/
| v i J v ]
‘- /
db , dle
\TQ plv Clpl\.f Qplv Qplv
so do phan bd bidu dé luc sd do phan bé bidu dd luc
truyén iuc masat  doc trong thanh truyén lyc  ma sat doc trong thanh
a) Sic khang bén déu b} Sifc khang bén tam giac

Hinh 2.48. Tinh toan bién dang nén dan hdi ctia coc

Ps lan cua e do tal irong truyén lén dat dudt mii coe duge xae dinh thec
bidu thiie tuong ti nhu cach xac dinh d¢ lun ciia mong néng dat trén nén dan

héi nhu sau:
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e % Ba(1—p®)
g i e (2.26)
EL]

trong do: q, . - stc khang mii don vi § tai trong lam viée: Qe X B = Qe

B - duong kinh coc hay canh coc:

1t - hé 6 nd hong (Poisson) cla dat & dudi miii coc;

E, - médun bién dang cla dat ¢ duéi mai coc:

» - hé s6 phu thuge hinh dang coc: néu coc tron thi w = 0.79 con coc
vudng thi o = 0.88. Néi chung, ¢6 thé luén ludn lay o = 0.85 ma sai
s6 khéong dang ké.

Ngoail ra, Vesic (1977) ¢on kién nghi eéng thic sau:
= e (2.27)

trong dé: q, - stc khang mi don vi cuc han;
C, - hé 56 theo cac thi nghiém cha Vesic, 18y theo bang 2.32. T cac
g1a tri nay ta thay, néu cing loai dat va cung kich thude thi coc
nhéi lin nhiéu hon 2 dén 4 14n.

Bdng 2.32. Bang cac gia tri c,

Loai d&t Coc ché sén Coc nhoi
Cat (chat dén rdi rac) 0.02 - 0.04 0.09 - 0.18
Sét {eitng dén mém) 0.02+0.03 0.03 - 0.06
Bui (chat dén rdi rac) 0.03 - 0.05 0.09 = 0.12

136 Iin cua coc do tai trong truvén 1én dat doe than coc dude xac dinh nhu sau:

_ q_;:(]n_rr XB{’J(]' —Hz)
EE]

) (2.28)

5,

trong dé: £, - stc khang bén don vi § tai trong lam viée, tinh trung binh cho
toan b coc;
fplhl_h- XX L = Qf'thu:-;
g day: L - chiéu dai coc;
u - chu vi coc:

wy, - hé 8 phu thude do6 manh cla coc,

o, =2+ 0.35‘/’%. (2.29)

Ngoai ra. Vesic (1977) cdn kién nghi coéng thie sau:
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e XC
5 = e X O (2.30)
' qu]]

trong dé: C, - hé s6 theo cac thi nghiém cua Vesic. duge tinh toan nhu sauw:

—

C.=(0.93 +0.16 JI:B ), | (2.31)

Tuy nhién, khé khian 16n nhit cia cach dy bao dé lun nay 14 viée xdc dinh

Qpﬂ\uc-

Vit £ Bl vay, véi coc nhéi thi ta ¢6 thé ap dung cach tinh riéng trinh

bay trong phan 3.9. V4i coc ché sin, mudn tim cac dai ligng nay ta ¢6 thié tinh

lap nhu saw:

Gia st £, = o, £, véi £ la site khang bén don vi cue han, eon o, ban dau
lav khoang 0.5 + 0.8:

Tinh &6 lan ctia coc S, theo cae phudng trinh trén;

4 A N A - A . N o~ v P A
["a1 gitia coc. chuvén vi tudng do1 gia coe va datxap x11a 8, - —)' :

Vai dat cat. ste khang bén dat cuc han (f) d chuyén vi téi han la
7z~ 2.5 mm, con vé dat sét thi z, =~ 0.01B. Nhu vay. ta c¢6 thé lav

So sanh o, nay vdi giad tri chon ban diu, néu khac xa nhau thi chon

la1 m;.




CHUONG 3

COC NHOI

3.1. GIOI THIEU VE COC NHOI

Coc nhoi la mét loai méng siu duge thi cong bang cach d8 bétong tusi vao mot

h& (16) khoan trude do.

So vdi eic loal coc khac. coe nhdi ¢6 mot lich st tudng d6i méi. Nam 1908 dén
nam 1920, cac 16 khoan coe nhdi ¢d nhé (dudng kinh 0.3 m. dai 6 «+ 12 m) duge
thi cdng bang ciac may khoan 16 chay bang hdi nudc, tham chi bdng ngua. Cubi
nhitng thip ky 407 va dau thap ky 50, cong nghé khoan coc nhdi da kha
phat trién. Ngudi ta da c6 thé 1am coc md réng chan. va khoan pha da, cing
nhu dii biét cach st dung dung dich (bentonite) dé gitt thanh hd khoan. Coc
nhoi hién dai duge gidi thiu vao Viét Nam ddu thap ky 90, Kich thude phd

bién cua coe nhdi ¢ Viét Nam la: dudng kinh 1 +2 m, chidu dai 40 = 70 m.

Miic du eéng nghé thi cong da phat trién, nhung 1y thuyét / phan tich thiét ké&
{du bao sie chiu tai va d6 lun) lai chim chan hon. MAi dén thap ky 607 + 70",
nhtng chuong trinh nén tinh quy mé 1én méi giip ngudi ta hiéu ré hon su lam
viée eta coe nhéi. trong do cé mot didm ma dén nay nhiéu ky su nuée ta van
chua nhéan ra. dé 1a coc nhéi it khi 1am viée nhu coc chéng (du d4t & mii coc
rit t6t). Qua trinh nghién citu, tim hiéu vé su 1am viéce clia coc nhéi tidp tue tix
dé, xuyén sudt sang thap ky 807 va 90", FHWA (Federal Highway
Administration - Cue Quan 1y Dudng bd Lién bang My). mét trong hai t6 chie
16n nhit vé xiy dung ¢ My di xuét ban téng cdng ba lan Tuyén tap vé Thi
cong va Thiét ké coc nhdi (vao cac nam 1977, 1988 va 1999). Tuyén tap nam
1999 1a 1an tai ban cha hai l1an trudc, trong dé cé rat nhiéu hiéu chinh va bd
sung. Tap nay day tdt 790 trang (ké ca phu luc). Chuong nay sé trinh bay ¢

dong cac kién thize trong tuyén tap nam 1999,

20 day hidu 1a nhung thap kv cita thé ky XX.
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3.2. TOM TAT VE CONG TAC THI CONG COC NHOI

Qua trinh thi cong coc nhédi duge chia lam cac giai doan sau:

a) Khoan tao 16.
h) Ha long thép xudng 15.
¢} Da bétdng.

Qua trinh khoan tao 16 (a)

g
e
o el o

thudng duge tién hanh bai
may ciu khoan (hinh 3.1).

Can khoan (kelly bar) co

cu tao g1dng nhu angten

rAdu cua dai. tivi (co thé

rdt ra. rat vao dé thay doi

can kIuan
(kelly bar)

chiéu dai cidn khoan).

Ngoai vi du trén hinh 3.1,
con ¢6 nhiéu phuong phap

khoan tao 16 khac nia.

Néu dat nén c¢é6 nhiéu da

tang. s6i cudl thi dudng
kinh coc nhéi cang 16n
cang tot. nhu vay s¢ giam
bdt khé khian khi khoan
tao 16. D& thanh hd khoan
khéng bi sap trong qua
trinh khoan, ta ¢6 thé st
dung éng vach (6ng gid
thanh - casing) va/ hoac

dung dung dich bentonite.

NN . inh 3.1. May cau khoan tao |
Hinh 3.2 minh hoa qua Hinh 3.1. May cau khoan tao

trinh thi eébng st dung dung dich bentonite. Trén hinh (c). khi béténg duge de
xudng. dung dich bentonite sé& bi dang 1én. nd sé duge bom huat dt (c6 thé loc va
tai su dung).

D& ¢6 thé thi cong duge. béténg ding cho coc nhoi thudng cé dé sut 1én

(160 + 200 mm). va khdng c6 cot lidu qua 16n.
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Hinh 3.2. Qua trinh thi céng coc nhai cé ding dung dich bentonite
a) Khoan 16 diing dung dich khoan; b Bat 16ng thép;
c) Bé bétdng; d) Coc nhdi hoan thién

i A g ; -

Hinh 3.3. Long thép
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3.3. CAC SO LIEU VE DAT NEN

Pé du bao site chiu tai evia coc nhéi, trude hét ta phai phén loai cac 18p dat.
Theo FHWA (Mg#). thi nén chia dat/d4 thanh bon nhéom saw

e "Nhém 1" DAt hat min. yéu dén cing: gém dat sét va dat bui ¢ tinh
deo: S, < 250 kPa:

e "Nhom 2" Dat hat thé, trang thai rdi dén chat: gdm cat, soi, dam va bui

khéng déo: Ny, < 50:

e "Nhom 3" Dat - Da IGM. Day 12 tén dat mdi, nham phuce vu cho viée du
bao sdc chiu tai cha coc nhéi. IGM viét tit cta Intermediate
GeoMaterial. tic la "vat liéu dia ky thuat trung gian". Cudng db cua
IGM thudng la: 250 kPa < S, £ 2500 kPa. hodc 50 < Ny,

Y nghia cua tif "trung gian" 1a: ITGM t6t hon dat nhém 1 va 2 ké trén.
nhung lai véu hon da (nhém 4 dudi day). IGM thuong la cac 16p dat xen
kep gida da goc va dat. Tham chi. mét s6 loail dat/ da c6 S, nam ngoai
khoang cta IGM (S, > 2500 kPa) nhung néu ching dé dang bi vd ra khi
nghién bing tay: ching dé bi phan héa khi ngdm {t61) nudc thi ta van
coi 13 IGM. Ly do 1a: qua trinh khoan 16 (thudng cé dung dung dich) va
qua trinh dd bétdéng (trong baténg ¢ nude) sé lam cuong o dat/ dd nay

glam di.
IGM duge chia tiép 1lam ba nhém nho:

« IGM1: IGM hat min: d&t sét rat qua cd két. da sét mém. da phién sét,
da bun,

» [GM2: IGM véi: da v6i. Tinh chat cia IGM2 tuong ty vél IGM1. do d6
trong cac phan 3.4 dén 3.9, néu khong ¢é nhiing phudng trinh riéng
cho 1G3M2. ta c6 thé ap dung cac phudng trinh cua IGM1 cho IGM2.

« IGM3: IGM hat tho: dat rdi rat chat, da cat mém, da gbe bi phong hoa.
e "Nhom 4": D4 (g8c) véi S, > 2.5 MPa (tic la q, > 5.0 MPa).

So sanh gitia IGM hat thé (thudc nhém 3) va cat séi (thude nhom 2) (cac phan
3.4.3. 3.4.4. 3.5.2, 3.5.3), ta thiy rang. néu s dyng cung mdt gia tri SPT N,
thi cat soi thudng cé sitc khang bén nho hon IGM3, nhung lai ¢6 stc khang
miii 16n hon IGM3.

Tai Ha Noi. 8 df sau hon 40 m, ta bt gap cat soi cudi, ¢d to nho khac nhau
duong kinh tir 2 d&n hon 100 mm, két qua thi nghiém SPT kha cao (Ny, = 50
dé&n hon 100). Tuy nhién, cac séi cudi nay thudng tron tria, khéng gae canh, vi
vay sdc khang bén thuong khéng cao. Kiém nghiém tai mot vai cong trinh o
Ha Noi cho thdy, mdce di théa mdn diéu kién IGM3 (tic la N > 50), nhung
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soi cudi ¢ dia chdt Ha NGi vdn nén coi la thude "Nhom 2" khi du bdo sie
khdng bén (phan 3.4.3). Con vé sic khdng mii, néu ta mudn hé sé an toan cao
thi ldy stc khdng mii thép clia IGM 3 (phan 3.5.3).
Cac ky hiéu dude st dung d trén la:

« S, stic khang cat khéng thoat nuée eia dat dinh.

*  Ni: s0 nhat dap thu duge tit thi nghiém SPT (xuyén tiéu chuén), duge

hiéu chinh v& 60% ning lugng hitu ich (xem [1]).
Tinh chat cha vat liéu nhém 3 (IGM) va nhém 4 (d4) con phu thude vao dg nit
ne cua da. Vi vay ngudi ta con chia ra thanh: da IGM va da géc nguyén khai
(it nat né): da IGM va da gbc ntit né.
Nhing khe ndt trong da dbi khi rdt nhd, bing mét thudng khéng thay vét nit
ma chi biét rang da thudng c6 dang phién x&p 16p 1én nhau, day duge goi 1a
"khe nut kin". 61 khi céc khe nit kha 16n, va chita nhitng dat ban yéu, mun
hitu co..... ching dude goi 1a "khe nit ha".
Tinh chat cua vat ligu IGM1. IGM2 va da (nhém 4) thudng dude danh gia béi
cac gia tri thi nghiém sau:
» Ny s0 nhit dap dé ng SPT di duge 30 cm. da higu chinh vé 60% nang
lugng hitu ich trong thi nghiém SPT (xuyén tiéu chuin):
N[-;n = N x Cl-l .
trong dé: N - s6 nhat dap dém duge dé éng SPT di duge 30 cm:

.
_E,

60

Cy

6 ddy: E, - ty 1& phan trim nang lugng hiu ich cta thiét bi SPT
(thong thudng E, = 30 + 60).

q,- stic khing nén mét truc nd hoéng, thudng duge xdc dinh trén
thol da nguyén dang; q, = 28,.

Ngoai ra, cach tinh cta Mac Veight con-ddi héi stic khang kéo tach q,
(split tensile strength). Theo Mac Veight, cac loai da va IGM, dac biét 1a
da voi co sy thay dé6i rat manh vé cac dac trung co hoc. Vi vay trong mét
ldp dat, q, khong phai 1a gia tri trung binh q, ,, ma iy nhu sau:

2.88x0,

Qu = Quuw - )
n

trong d6:  n - s8 méu thi nghiém dé do Qi
Qi - g14 tri trung binh cla n mAu thi nghiém:
G, - 40 léch chudn cta chudi cic gia tri q, thi nghié¢m.
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¢ E: mé6dun dan héi vi mé cua thdéi da/IGM. E, thuong duge xac dinh

théng qua thi nghiém trong phong trén ting thoi da/IGM nguyén dang.
Vi tinh chat cta cac théi IGM rat khéac nhau ngay ca khi ching ¢ lan
cAn nhan, do dé E, thudng duge 18y 13 con sb nam giita cac day s6 thi
nghiém (median value), ch khéng phai 1ay gia tri trung binh (average

value) nhu ta 1am vdi dat.

E,; modun dan héi vi mé cia khéi da/IGM. Modun dan hoi khong thé
xéc dinh bing thi nghiém trong phong duge vi khéng thé 14y mau 16n (vi
md) dé xét duge ca khdi da IGM 16n cling ca cac vt nit gida cac théi
da/IGM. Vi vay, E, thudng dude xac dinh théng qua thi nghiém hién
trudng. E,, ciing c6 thé udc lugng théng qua E, va bang 3.1 cua Carter va
Kulhawy (1988). Tuy nhién, htu y rang khi RQD cang nho (RQD < 50%)
thi quan hé E,/ E, cho trong bang cang ¢6 d6 tin cay kém.

Néu tinh toan so bd, trong trudng hop IGM nguyén khai, hoac khe nit
kin, khong 15 rdng thi c6 thé tam lay E,, = (150 + 250) q, v61 IGM1, va
E, = (75 = 115) q, v6i IGM2. Coén néu cé khe ndt hd thi E,, sé nho di.

Bang 3.1. Du bao E,/ E, dya trén RQD {Carter va Kulhawy, 1988)

E, /E,
RQD (%)
Khe nit kin Khe nut ho
100 1.0 0.6
70 0.7 0.1
50 0.15 0.1
20 0.05 0.05

RQD (Rock Quality Designation - Chi s6 chat lugng da):

chiéu dai cac méiu 161 (core) 2100 mm 3.1)
toan bd chiéu dai 1dy 161 )

RQD =

Site khang don vi cia coc nhéi trong IGM1 hodc da con phu thuge vao db
r4p nham cua thanh hé khoan. thanh hé khoan cang nham thi sdc
khang cang cao. Pinh nghia cia thanh nham va thanh nhén nhu sau:

- Thanh (rdp) nhdm: trén thanh hg khoan cé nhiing vét cit sau hon 5

" em, cac vét cdt (rinh cdt) pht kin 360° tron xung quanh hé khoan,
khodng cach gifta cac vét cdt theo chidu ding phai nhé hdan 0.46 m,
trén thanh hé khoan khéng con sét 1ai nhitng vun dit yéu (hinh 3.4).
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Thanh nhdn: néu thanh hé khoan khéng théa man didu kién trén thi
thanh ia nhin. Néi chung, khi khoan st dung dung dich sét
(bentonite) thi thanh coi 1a nhin.

L": Chiéu dai doan gap khic

Hinh 3.4. Thanh nham Hinh 3.5. Cac tham s& Ar,r, L

Ngoai ra, ta con e6 thé danh gia dinh lugng d¢ nham cua thanh hé khoan

nhu sau;

. ArL!
RF = L (3.2)
trong do: Ar.r. L'va L - tham s6 dinh nghia trén hinh 3.5:
Néu RI" < 0.025 thi thanh dude coi 1A nhin;
Néu RF > 0.08 thi thanh dudc coi 12 nham:
Néu 0.025 < RF < 0.08 thi ta phai danh gia theo c hai trudng hop
thanh nhan va nham, sau d6 dua ra két qud trung gian.

3.4. SUC KHANG BEN CUA COC NHO!I THEO FHWA 1999 (REESE VA O'NEILL)

3.4.1. Sirc khang bén cla coc nhdi trong dat dinh (nhom 1)

Stc khang bén don vi cuc han khéng thoat nude etia coc trong dit dinh néi
chung theo cich o dudi day:
f=aS,. {3.3)

Néu coc nhéi c6 dudng kinh d = 0.7 + 1.8 m: dat khéng qua yéu (8, = 50 kPa)
thi Chen va Kulhawy cho réng:

* 1.5 (m) doan coc dau tién: o =0 - (3.4a)
« 1d (m) coc cudi cling: a=0 (3.4b)
» Boan coc g gida: a=0.55 néu S, < 1.5 bar (3.4c)

«=055-01(S,-15=07-01x8,néulsb<8§,<25har (3.4d)
8.MCPT-A
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Quan hé trén dude thé hién trén hinh 3.6, trong d6 hé 50 a tim dude dya trén
dudng hdi quy ti két qua cac thi nghiém nén tinh coc nhdi. Giai thich vé
phuong trinh 3.4a. Chen va Kulhawy cho ring: ¢ 1.5 m coc dau tién
(hinh 3.7), dat va coc thudng khdng ¢6 su tiép xtc tdt (nhu d coe ép va déng).
Tham chi, ¢ doan 1.5 m nay cdn thay mot khe ndt ro rét néu viing nay nam
trén muc nude ngaAm, khi khd dat sét s€ co lai. Trong trudng hgp tinh coc chiu
tai trong ngang, do chuyén vi ngang cua coc, doan coc khong ti€p xtc véi dat
6 thé con 16n hon 1.5 m, khi d6 hé s§ « 14y bang 0 cho doan coc ma chuyén vi
ngang 16n hon 0.01d. Con 6 1d coc cudi cung (phuong trinh 3.4b), Chen va
Kulhawy cho ring, khi tinh toan siic khang mili cuc han da bao gém ca sic
khang cia doan 1d nay roi. Ngoai ra, doan mii coc thuong khoéng sach bang
cac doan trén, do cd thé con sét lai dit bun, bentonite,

Céon néu k& tat ca moi loai dat dinh (k& ca dét dinh yéu véi §, < 50 kPa), va
néu khéng b6 qua ma sat bén & hai doan coc ké trén (phuong trinh 3.4a
va 3.4b) thi vin hai tac gia trén cho ring:

o =0.29 + 0.19 S, trudng hop coc chiu nén. (3.5a)
o= 0.31+ 0.17 S, trudng hgp coc chiu kéo. (3.5b)
1.0 T
[ i dA dm : ' nit
0 S A ML W N
L e [ [IGM hat rrin \ +
s T N1/
s 0.4 - “I i . i’ E [ ) L] §\ %
. : "$ - e {_‘ﬁjﬁi‘."é'._._.'."' .'.',;'.'.':::'.:'.":'.' \‘g "rﬂ.i.
1S N S NV
0 B F I S | i 1 Jll 1 i 1 I‘I 1 i 11 1} i | I I | \ %
0 10 15 20 25 30 4.0 50 \ /
§,(bar) )
Hinh 3.6. Hé s6 « (Chen & Kulhawy) Hinh 3.7. Cac doan ma o = 0

3.4.2. Stfc khang bén cla coc nhdi trong dat cat (nhém 2)

3.4.2.1. Theo 1y thuyét

Ta ¢ thé st dung phuoug trinh 1.6 (phén 1.2.4.1) nhu sau:
f = Ko',tgd,

trong d6; K - hé s6 nén ngang cua dat 1én coc,
8 MCPT-8
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* K = 0.83K, néu ta thi céng khoan coc nhdi sii dung 6ng vach
(casing). va khéng dung dung dich bentonite;

* K = 0.67K, néu ta thi cong khoan coc nhdi st dung dung dich
bentonite;

* K, - ap luc ngang tinh, thuong duge xac dinh thong qua thi
nghiém hién trudng trong giai doan khao sat dia chat;

6 - gbc ma sét ngoai gitta dét va coe; & thudng biing ... 14 gbc ma sat
trong dudi hién dang rat 16n. Hau hét cac loai cat c6 ¢ = 31 +33°
(mic di. ¢, c6 thé 1a 40%. V& o, ban doc tham khao phan P.2.2.1.

Tuy nhién. theo cach nay cac gia tri K va & déi khi khéng chinh xéac vi anh
hudng ctia qua trinh khoan, anh hudng cia dung dich khoan, anh hudng ciia
loai ddt va thanh phAn hat rat phitc tap, khéng d& dang xac dinh bang s8 duge.

3.4.2.2. Cach don gian héa (cach B)

Suc khang bén don vi cuc han ctia doan coc nhdi trong dat cat la gia tri nho
hon trong hai gia w1 sau:

f=Bc',: (3.6a)
f =2 kG/ em® = 200 kPa, (3.6b)

min(Ng,,15)

o x [1.5 - 0.2445 7 | (3.6¢)

trong do: B=

va 3 phai ndm trong khoang 0.25 dén 1.2:

0 day: Ny - k&t qua thi nghiém SPT, duge chudn héa theo 60% niang lidng
hiu ich;
min{N,, 15) - gia tri nhé nhat giia hai gia tri: Ng, va 15.

T phudng trinh (3.6¢) ta thiv: néu z = 26 m thi B =0.25. Nhu vay, néu coc
nhéi dai hon 26 m, thi theo cach tinh nay ta cé:

* Tw 26 m dén khoang 50 + 70 m, gi4 tri B 1a hing s& (0.25), titc 1a sitc
khang bén don vi f, ting tuyén tinh theo d6 sdu: f;=0.25 o'

« Tu khodng 50 + 70 m trd xudng nia (khi 6, 2 8 bar), f; 14y gia tri han
ché 14 2 bar (phuong trinh 3.6b). Nhu vay, tir dd sdu nay trd xudng f
14 hiing 56 - d6 12 gidi han trén ciia stc khang bén.

Theo O'Neill thi cach tinh nay thudng an toan (tdc la cho sic chiu téi thap
hon gia tri thye ¢6). Cha y ring, theo phuong trinh (3.6) thi f, khéng phu
thude gée ¢. Thong s6 duy nhat cin bidt dé tinh stc khang bén 1a khéi lugng
riéng y' cua cac 16p dat. Giai thich vé diéu nay Reese vi O'Neill cho ring: " Do
qua trinh khoan va gidin {ng suét. tai thanh hé khoan, cat c¢ bién dang lén.
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Do d6 dit ban diu ¢ trang thai chat hay rdi, cat dfu eb goc ma sat trong tién
vé cung mot gia tri 12 ¢,. Tom lai, hé s6 B déi véi coc nhédi khong phu thude

géc ma sat trong ban ddu (@). Cac thi nghiém nén hién truong da kiém ching
diéu nay".

3.4.3. Strc khang bén f, trong cat soi hodic sdi co N> 15

Cach tinh stic khang bén f, trong cat soi/ s6i hoan toan tudng ty trén. Chi co
khac mét chiit 12 hé s6 P 1én hon theo bidu thic dudi day:
B=1[2.0-0.152""] (3.6d)
va B phai nam trong khodng 0.25 dén 1.8.

3.4.4. Sirc khang bén f, clia coc nhdi trong IGM hat thd (nhém 3, IGM3)

Theo Mayne va Harris, ta cé thé tam si dung phuodng trinh (1.6) (phan 1.2.4.1):
f = Ko',tgd. |

trong d6: o', - ing suat hiu hiéu do ban than dit giy ra tail doan coc dang
xét. tinh bing bar (1 bar = 1 kG/em®);

& - gbc ma sat ngoai; & = 0.75¢ néu qua trinh khoan sii dung dung
dich bentonite dud1 su kiém soat chit lugng tét. Néu su kiém
soat chat lugng khong tot Jim, nén giam 8 xudng;

¢ - goe ma sat trong; theo Schmertmann (xem phan 3.3.4.1, sach [1])

thi ¢6 thé ude tinh ¢ ctia d&t hat thé qua thi nghiém SPT nhu sau:

o = arctgi[Ng/(12.2 + 20.30' )1 (3.7)

N,, - k6t qua thi nghiém SPT, d4 hi¢u chinh theo 60% nang luong
hiiu ich. N&u N, = 100 thi lay N, = 100:

K - hé s6 nén ngang cua dat vao coc; K c6 thé coi la K, (tic 14, sau
khi khoan 15 trong IGM hat thé. qua trinh do6 bétdng ngay sau
d6 sé dua ap luc ngang tinh trong dat vé gia tri ci). K, tam ude
tinh qua phuong trinh sau (xem phan 1.2.3, sach [1]):

K, = (1 - sing)OCR™", (3.8)
& day hé s6 qua cd két OCR c6 thé tam udc tinh qua thi nghiém
SPT nhu sau:
ocr = 22Ne (3.9)
'

Z

Nhu vay, hé s8 ap luc ngang 1én coc nhoi ia:

sy
K=(1- sing) {%} (3.10)
o

FA
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3.4.5. Stc khang bén f, clia coc nhdi trong IGM hat min (nhém 3, IGM1)
Sde khang bén don vi cye han clia coc nhéi chiu nén trong da IGM1 la:
f, = 2aK,S,a v6i thanh nhin, (3.11a)
f,=5,0z  v&ithanh rap (nham). (3.11b)

Diéu kién st dung phuong trinh trén 13 ty s& E./q. phai nim trong khodng
115 = 500 (vé1 IGM1. E,, thudng khoang 250 d. con véi IGM2, E =~ 115q,).
Cac théng s6 can thiét cho phuong trinh trén la:

* o - hé s6 khdng thid nguyén tra trén hinh 3.8;
* ¢, g0c ma sit ngoal gilia da IGM va bétdng (re 1a viét tit cla rock - concrete);
* K, hé sd phu thudce goc ma sat ngoai theo bidu thic dudi day:

= {tg%%: 1.73tgo,. (3.12)
* E, - médun dan hoi vi md cta théi IGM1 (xem phan 3.3);

* E, - modun dan hoi vi md cha khéi IGM1 (xem phén 3.3);

* g, - suc khang nén don ctta IGM, q, =2 S, :

G, - ap lde ngang tac dong vao thanh hé khoan do vita bétong tuoi luc dé
coc. Néu tdc d¢ d6 bétdng 16n hon 12 m/ h thi e6 thé ude tinh o, nhu sau

(O'Neill, Bernal, Reese va cong su):
Gn = Myl:ltzs . (3~ 13)

trong dé: v, - trong lugng riéng cla vita béténg tuoi. Théng thudng, khi trén
mic nude ngam, y,, = 2.3 + 2.4 t/m®, eon dudi muc nude ngam,
ta st dung trong lugng riéng day néi 1a You = 1.3+ 1.4 t/ m*:
z - chifu sdu cla doan coc dang xét;
M - h¢ s6 khong thit nguyén phu thude vao d5 sut cla vita bétong
tuai (hinh 3.9) va d¢ séu z (m) cia doan coc dang xét;

* oy - hé s8 phy thudc vao ty s& moédun vi mé (E,) va vi md (E)). Nhu vay, véi
da va IGM nguyén khdi (khéng c6 sy ntt né, E, = E) thi oy = 1. Va1 da va
IGM ntt ne, oy duge 14y trong bang 3.2, Ti 3 lidu trong bang nay, ¢6 thé
18y x&p x1:

(L2579
E E
oy = 0.9762) % S 3.14
~omme e oy @.1)
* a; cling c6 thé tra tit bang 3.3 (thuc chat dude suy ra tit bang 3.1 va

bang 3.2).
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Hinh 3.8. Hé s6 a cho IGM (O'Neill va cong su, 1996 - 1995)
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Hinh 3.9. Quan hé giita hé s& M va dé sut clia béténg coc nhéi
(O'Neill va cong su, 1996 - 1999)

Badng 3.2. Danh gia hé s u, tir médun bién dang
{O’Neilt va cong su 1996/ 1999)

E,/E, 1 0.5 0.3 0.1 0.05 0.02
ac 1 0.8 0.7 0.55 0.45 0.30
Badng 3.3. Danh gia hé sd ag tir chi tiéu RQD cha da
RQD (%) 100 70 50 30 20 ]
Khe nut kin 1.0 0.85 0.60 0.50 0.45
ae
Khe nut ho 0.85 0.55 0.55 0.50 0.45
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Tuy nhién. gia tri cuc han f, cla coc nhéi trong d4 tinh § phuong trinh (3.11)
dugc huy déng dudi chuvén vi kha 1én, déc biét v6i trudng hop thanh nham.
Trong khi d6. quy pham My chi cho phép dd lin cho phép 1a [S] = 2.5 em. Do
d6, FHWA khuyén nghi st dung hé s6 K, lam giam f; di nhim han ch& 5 lin:

f 1] =25em = Kb
K/ = _H';,n___ < 1 (khéng thi nguyén);
H -2n+1
EI“Q

= — [5] vé1 [S] = 0.025 m; (khéng thi nguyén);
nl, T,

n =g,/ q, véi thanh nham

n tra trén hinh 3.10 véi thanh nhén:

Lnlr— ) : E
Q=114 V——a'”— —0.05[ wd_E - lJlogE“— - 0.04 (khéng thi nguyén):

i L.
I'=0.37 d 0.15{ F“L

V d

m

E
- 1} log 5 = +0.13 (khdng thit nguyén):

we tong chidu dai doan coc ngam trong 1GM, ké ca da géc néu cé;

duong kinh doan coc ngam trong IGM;

mddun dan héi cua tiét dién coc, c6 ké ca thép;

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

médun dan hoi vi mé ca IGM, tinh trung binh cho toan by IGM nim

trong pham vi L,

d6 lan cho phép. theo cac tiéu chuin & My thi [S) thudng 14 2.5 em:

0.5 —

q, (bar) -
Hinh 3.10. Gia tri n trudng hdp thanh nhin
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Nhu véy. trong hai trudng hgp thanh aham va nhin, gia tri Q va T 1a gidong
nhau: con cac gia tri n, H, va K, 1a khac nhau. Va1 thanh nham K, thudng kha
bé. Con véi thanh nhan, K, cd thé sat vai 1.

Vi du 3.1

Coc nh6i co dudng kinh d =1 m. Coc dai L =7 m, trong do 2 m dau 4 dat; 5 m tiép theo
1a da sét 16 thién (loai IGM1). Myt nudc ngdm rat séu;

RQD = 50%. Cac khe nut hd va c6 chida nhing vun dat yéu;
q,=2.5MPa=25bar= 2500 kPa=» S, = 1.25 MPa; E,= 500 MPa;

Vira bétong tugi ¢ do sut = 175 mm, trong lugng riéng v = 23.59 kN/ m?: Téc do do
béténg 12 m/h; Modun cta coc la E = 30 GPa = 3 x 107 kPa (c6 tinh dén cad thép), Du
bao sitc khang bén cta doan coc nam trong da sét cho cd hai khd nang thanh nhén
va nham.

1) Thanh nhan
a) Xacdinh a

Taidosduz=4.5m (gita clia |ap IGM), 4o sut = 175, tra hinh 3.9 ta co M = 0.95

o, = Mype 2 = 0.95 x 23.55 x 4.5 =100.7 kPa = 1 bar;

Tra trén hinh 3.8 v0i o~ 1 bar (hay o,/p, = 1} vaq. = 25 MPatacéo =009
b) Xac dinh a,

Véi RQD = 50%, tif bang 3.1taco E,/ E, = 0.1

Sau d6, tir bang 3.2 ho#c phuong trinh (3.14) ta cb ug = 0.55.

Tagiast o,.=30"=K, =1

f=2aKyS, apg=2x0.09x1x 1.25 x 0.55 = 0.124 MPa = 124 kPa.

¢) Xéc dinh K;:

E,/E = 0.1 = E, = 0.1x500 =50 MPa,

6, = 100.7 kPa = E,/ o, = 500;

n = 0.42 (hinh 3.10);

LJd=5/1=5

S .
r=037 \]562 - 0.15“%2 - } 10gg°— +0.13

m

30000
50

Ly L
Q=114 \Fg - 0.05! /-2 1 log-E—c— -0.04 = 1.937.
d d =

[S}=0.025 m;

+0.13 =0.442

- 0,375 - 0.15V5 - 1]iog
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En 50 x 1.937
H, = - 0.025 = 2.812:
"ol S = 570442 x 07124

K, = ~Hy - n? 2812 -0.1764 = 0.887.
Hy-2n+1 2812-084 +1

d) Trong doan IGM, Q;=u S fx Az =nx 1x 124 x 5~ 1950 kN = 195 tan;
fi25em = K x T = 0.887 x 124 = 110 kPa:
Qipe=250m = Ky x Q= 0.887 x 195 = 172.7 tan:
[Q] = Q- 250nf Fr = 172.7 1 2 = 86.4 tAn.
2) Thanh rdp (nham) '
ag = 0.55 nhutrén: f = S, ag = 1.25 x 0.55 = 0.688 MPa = 688 kPa:
Xac dinh K;:
o, = 100.7 kPa;
n = o,/q, = 100.7 / 2500 = 0.04;
E, =50 MPa; L,Jd=5;
I'=0.442; Q= 1937:
Enf o _ 50 x 1.937

. 0.025 = 0.507:
aloglh, 75 x0442 x 0.688

H, - n? 0.507 - 0.0016

e —

- - = 0.354,
Hy - 2n+1 0507 -0.08 + 1

fisi=25em = Ko % = 0.354 x 688 = 243 kPa.

Trong doan IGM,  Q=u X fx Az =r x 1 x 688 x 5 ~ 10799 kN ~ 1080 tan:

Qiy-25am = Ko x Q= 0.354 x 10799 ~ 3820 kN = 382 tan:
(Q]=Q/F,=382/2=191t4n.

Gta tri f, 1 - 25 o = 243 kPa I6n hon hai Jan so vdi trudng hop thanh hé khoan 13 nhin
{110 kPa) (trong khi do, thuc ra gia tri cuc han 14 688 kPa Ién gap t6i 5.5 1an). Do do khi
thiét k& coc nhdi nén can nhic yéu t6 chi phi nhu sau: néu thi céng thanh nham (Goi hoi
thiét bi dac biét) thi chi phi thi cdng cao, nhung sé tang sirc chiu tai clia coc, do db giam
58 lugng coc va ngugc lai.

3.4.6. Strc khang bén f, ctia coc nhéi trong da (nhém 4)
Tuong tu phan 3.4.5 IGM hat min), ta phéan biét hai trudng hgp: thanh nhdn
va thanh nham ahu trinh bay duéi day.

3.4.6.1. Thanh nhan

Horvath va Kenney (1979) tién hanh thi nghiém nén tinh coc trong d4 ¢ nam
Ontario {Canada) va kién nghi du bao ste khéang bén don vi cye han nhu sau:

f;=0.65,/q, ay=0.92/S, ay. (3.21)
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N&u site khang nén q, ciia da 16n hon cta bétong (q, > Rus) thi lay q, = Rus
R, 14 cudng dd chiu nén trung binh ctia mau béténg hinh tru tron d 28 ngay.
Vi du, béténg méac #300 thi Ry =~ 300 kG/em? q, va R,y déu tinh bing bar
(1 bar = 1 kG/em?).

3.4.6.2. Thanh nham

e Theo Horvath va Kenney (1979 + 1983), phudng trinh duéi day ap dung
cho ca da va IGM1:

f. = 0.8 RF"*" q,. (3.22)
Néu q, > 0.75 R, thi 18y q, = 0.75R.
RF xem dinh nghia ¢ cudi phan 3.3.

e (on Carter. Kuthawy (1988), Rowe va Armitage (1984) ciing tién hanh
thi nghiém nén tinh trén 25 coc nhéi trong da va kién nghi stc khang
bén don vi cuc han cua coc nhdi trong 16 khoan da thanh nham nhu sau:

f,=1.9.q, op=2.69S, o (3.23)
Né‘l.l Q. > R o thi lé.’y f =0.05 R-;q.

Trong cac cong thie trén. oy 1a hé s& giam sttc khang bén do su nit né
cua da. Véi da nguvén khoi, o = 1: Vid1 da nut né. a, tinh nhu ¢ phan
3.4.5.

3.5. SUC KHANG MUl CUA COC NHOI THEO FHWA 1999 (REESE VA O'NEILL)
3.5.1. Stc khang miii ciia coc nhai trong dat dinh (nhém 1) khéng thoat nudc
Ta 4p dung hoan toan kién thic 6 phan 1.2.5.2:
a,= NS, (3.24)
Théng thudng N, = 9 va véi dét cang y&u thi N, eang nho.

N&u chidu dai doan coc ngam trong 1Gp dat tuong doi tot qua ngan (L, < 3B),
thi stte khang iniii giam di nhu trong phuong trinh sau:

2, iy (3.25)
J: -+ — [Fhandl - " 5
“=137 9B

3.5.2. Sitc khang miii cGa coc nhdi trong dat cat (nhom 2) thoat nudce

Site khang mii don vi clia coc nhéi trong dat cat duge du bao dya trén két qua
thi nghiém SPT nhu phudng trinh dudi day. Trong d6, gia tri q, nhd hon rat




Churong 3. COC NHOI 123
ST L AN

nhiéu so vdi gia tr ma ching ta thuong st dung 13 120 N. Cée thi nghiém nén
tinh da ching té ring thita 6 57.5 la pha hgp nhat:

4, = 0.575 N, (bar) = 57.5 Ny (kPa). (3.26)

3.5.3. Stic khang miii ciia coc nhdi trong IGM hat tho (nhém 3, IGM3)

Mayne va Harris {1993} du bao sitc khang miii don vi cia coc nhéi dua trén

két qua thi nghiém SPT nhu sau:-

1
v MR

.y
q, = 0.59 [g§iﬁJ G ey (baar), (3.27)

trong dé: o', - Ung suit hitu hiéu do ban than dat tal mii coe, tinh bang bar;
Ny - két qua SPT (hiéu chinh theo ning lugng). N&u N, = 100 th;
lay N, = 100:

Gia st o', = 4 bar (tdc 14 6 d6 sdu khoang 40 m, mue nuge ngim tai mat
dat), véi IGM3 ¢6 ] s = 90 sé cho ta Q) = 28.5 bar = 2850 kPa. Ty thay ring
dat cat o Ny, = 50 ciing 6 cho mot gia tri q, nhu vay {(phuong trinh 3.26}. Ro
rang qua trinh khoan tao 16 di lam gidm sie khang bén ctia cac loai dat nay.

3.5.4. Sttc khang miii cta coc nhai trong IGM hgt min (IGM1) va da (nhom 4)
nguyén khéi (it nat né) khéng thoat nude

Phudng trinh dy bao sie khang mii don vi cua Rowe va Armitage (1987)
thutng dude si dung cho da IGM va da nguyén khai:
Q. =2.5q,=5.08, khi L,.>154d, (3.28)
trong do: L,,, - chiéu dai doan coc ngam trong 16p da IGM hoae da.
Néu L, < 1.5d va bén trén 16p 4 IGM hoic da 1a dat yéu. thi sttc khang miij
dan vi sé nho hon:
q,<2.0q,. {3.29)
Williams va cong su (1980) cho rang, véi d4 bin (thuge nhém IGM1), gla tri g,
nén 14y nho hon naa:
q,=054q,=8, (3.30)
Mac du gia tri 0.5q, khéng phai la sge khang cyc han, nhung Williams cho
riing cin dp dung biéu thic nay dé han ché d6 lin cia coc trong da ban.

Vai da IGM va da gée o6 mét chit nat né (RQD = 70 + 100%), cac khe nitt déu
kin v gan ndm ngang. ta nén s dung phudng trinh say déy ctia Zhang va
Einstain (1998):

q, (MPa) = 4.83 [q, (MPa)]*™, (3.31)
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3.5.5. Sire khang miii cua coc nhoi trong IGM hat min (IGM1) va da (nhém 4)
nut né khéng thoat nuéc

Theo Carter, Kulhawy (1988), Hoek (1983) thi ta c6 thé du bao "an toAn" nhu
sau:

q, = {JE +Jmis + s} Qs | (3.32)

trong dé: q, - stc khang nén don cia théi da nguyén ven;
s, m - hé s6 cho trong bang 3.4. Trong d6, m phu thudc vao loai da
(tit A dén E, dugc dinh nghia 6 bang 3.5).

Bdng 3.4. Gia tri cha s va m (Carter va Kulhawy, 1988)

Chét Mad td nut né; s m
1 da Khoa i h I
uong da oang cdch khe nut loai dd A 8 c D E
—
tuyét voi | khe rdt nhd (kin); khodng cach > 3m/| 1 7 10 15 17 25
rat tot géan kin; khodng cach 1+ 3 m 0.1 35 5 75 | 85 | 125
i |
5 phong hoa nhe;
5 . . 1. . .
tot Khoang cach 1+ 3 m 0.04 0.7 1 5 1.7 2.5
hoa t inh;
trung phong hoéa trung binh;

binh . 10 014 | 02| 03 [ 034 05
khodngcach 0.3+ 1 m

phong hoa, ¢d min;,

kem 10°% 004 |0.05| Q.08 | 0.09 0.13
khoang cach 0.03 =+ 0.3 m

phong héa manh;

rat kém 0 . 0.007 { 0.01|0.0150.017 { 0.025
khoang cach < 0.05 m

Béng 3.5. Loai da dé tim m (Hoek, 1983)

Logi dd | Chét lupng Matd
A kem Ba cé chda cacbonat.
B D4 c6 chifa sét; da bln, da byi, da phién set.
C BPa cd chira cat: da cat, da cat thach anh.
0 B4 hoa thanh (da nham thach)‘hat min: andesite (da nai Wra co chda
feldspar), dolerite, da diaba, da riolit.
L * E 1o P4 hda thanh hat thé, da tinh thé bién chat: granit, da gabro, da gonai.
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Vidu 3.2

MUi coc nhéi dugc thiét ké dat trong I6p da phién sét, khdo sat cho thidy co rat nhibu nint
né, khoang cach gidta cac khe nit khodng 0.3 m, va vat lidu ndm trong céc khe nay bi
phong hoa trung binh. Ba phién sét cé q, = 6 MPa. Hay dif b4o sirc khang mili clia coc.
Tirbang 3.5, ta ¢cd da thudc loat B; '

Tu bang 3.4, ta thay chét iuong clia da ia trung binh;

Dodd tacés=10"*vam=02;

Sirc khang mii don vi la:

’_“—_”_“_“

q - [\Mo“‘ +y0.2v107 + 1074 ] a

=[0.01 + ¥0.0201 ] q,

= 0.056 q, = 335 kPa.

!
Ta thdy ring q, chi bing 5.6% clia q,, cho thdy anh hudng 16n clia sy nit né tdi sirc
khang mai clia coc nhéi. Tuy nhién, nhu d3 ndi day 1a du bao "an toan”, do dé trén thyc t&
q, €6 thé 18n hon.

3.5.6. Strc khang miii clia coc nhdi trong da (nhém 4) ¢é nut nghiéng,
thoat nudc

Khi mii coe nhdi nin trong da ma cde khe ndt nim nghiéng (va thudng cac
khe ntit song song nhau). ta c6 thé coi nude 16 rbng tidu tan tét khi cé tai
trong. Davis, Carter va Kulhawy kién nghi cach dy bao stc khang miii thoat
nudc nhu sau:

qll = N('H[cl + oJv:nl‘li th((pt)]! (333)

trong do: ¢, va o, - luc dinh v gbc ma sit trong cua thoi da (nguyén khéi);
S - Ung sudt hitu hiéu do ban than dat tal miii coc;
N.. - hé s sitc chiu tai tra tit hinh 3.11; trén hinh nay,
_ + G‘vm&i tgq)k

Cy = ; s
Cl + 0 vmai tgq’l

& day: ¢, va @ - Iue dinh va géc ma sat trong cia vat ligu 18p trong khe nit;
Théng thudng c, rat nhd, do dé ta cé thé bé qua. Néu coi @, = ¢, = 35" thi ta cé:
0.7¢'

- vl . (334)

Cjy _
c, +0.7c

Vi

P61 véi da, nguoi ta thudng chi lam thi nghiém xac dinh q, va q, (sttc khang
nén va sitc khang kéo), con rat hiém khi lam thi nghiém xéc dinh ¢,. Mac
Veight (1992) ching minh riing, c6 thé udc ludng ¢, qua q, va g, nhu sau:

¢ =0.5q,q, . (3.35)
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Tu hinh 3.11. ta thay rdng N, rat nhd khi géc nghiéng cia khe nit o = ¢, = o, = 35°.
Va khe niit 14 nguv hiém nhat khi ¢6 dd nghiéng o = 35",

1.9

Hé s sUc chiu tai Nes

0 20 40 80 80
Géc nghiéng cla khe nit {w)

Hinh 3.11. Quan hé giita N_, vdi gé¢ nghiéng o va sifc khang cit

Vidu33

MGt coc nhéi dai 26 m o mii dat vao mbt I0p da, khe nit clia da nghiéng goc w = 45°
- Myc nudc ngam tai 5 m, trong lugng riéng cda cac Idp dat da trén muc nudc ngam la

v = 17.4 kN / nr’, dudi mye nude ngdm 1a y,,, = 20.43 kN/ m>. Sic khang nén don cia da

1a g, = 9000 kPa, strc khang kéo don 12 q, = 500 kPa. Yéu cdu du bao suc khang midi qy

Ung suat ban than hit higu tai mii coc 1a:
&'ymes = 5 % 17.4 + 21 x (20.43 - 10) = 306 kPa.
Theo Mac Veight thic, = 0.5 (q,q, = 1060 kPa.

0TS 0T x308 4 6g

" Néu gia thigt p, = 9, = 35% tacd: ¢, = = ——
g LG ¥ %070, 1060 + 0.7 x 306
T hinh 3.11, véi o = 45 va ¢, = 0.168, ta ndi suy ra dugc N, = 22,
= 4, = Ny [6 + 0"y < tg{0)] = 22[1060 + 306 = 0.7] = 28000 kPa = 28 MPa = 3.1q,.

Day la q, diéu kién thoat nudc. Ta biét rdng, dudi diéu kién khong thoat nudc, g, = 2.5 q,
(phén 3.5.4). Do d¢ khi thiét k&, ta phai ldy gia tri nhd hon, tidc la g, = 2.5q, = 22.5 MPa.
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DUA TREN CAC DAC TRUNG CO Ly

3.6.1. Strc khang bén caa coc nhéi trong IGM hat mjn va da

3.6. CAC CACH TiNH KHAC

Ngoai cach tinh & phan 3.4.5 va 3.4.6, ta ¢6 thé con dang céc cach tinh sau;

* Vi dava IGM nguyén khoi:

Theo Williams (1980):

fi = 1.842 g 0907 (bar).

(3.36)
Theo Reynolds va Kaderabek (1980);
fi=(015+ 0.30) q,. (3.37)
Theo Mac Veight (1992, FDOT va FHWA, cach tinh nay duge danh giz
1a phu hgp cho loai IGM2 va cAc loai dé tuong ty rin hon)
f=05/q.q, . (3.38)

Theo Rowe va Armitage (1987):

E:[l_tﬂ(ljtqhﬂlvq’ (3.39)

. 16ng chidu day cae khe nat
trong do: ¢ = =278 °© T — ;

ng

fi. - stic khang cyc han ctia dit / min ndm trong khe nrit.
¢ the 14y f, = 0.25q, = 0.55,; va q,, f, va f, tinh bang MPa:

A = 0.60 véi hé khoan sach, thanh n
truong hgp khac;

Trong trudng hop nén bidn dén

ham; A = 0.45 vdi cac

g manh,

nén giam f, di tiy 30 =« 50% so véi
g14 tri tinh duge trong phuong trinh tre

n.

* Véida va IGM nat ne, ta ciing gidm st khéng ban di mot dai lugng 13
%y nhu trinh bay § phan 3.4.5,

3.6.2. Sttc khang miii cda coc nhéi

trong IGM hat mjn (nhém 3, IGM1)
va da (nhém 4)

Ngoat cach tinh § phan 3.5.4 va 855 ¢

{O'Neill va cong su. 1995) cho ca IGM1
nut kin) hay

a c6 thé sip dung cach tinh dugi day

va dé, du 1a nguyén khéi (hoic khe
nit ne (xin xem thér trong phan 3.9.2).

* TinhQvar (phuong trinh (3.19) va (8.20) phan 3.4.5);

* Néu day hé khoan sach thi ¢ mét d6 lin s; nao do, ste khing maj Ja:
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Q.p =A SiU‘GT‘ (340)
R 0.67
an: Lnﬂ
L,. 200\( _ollyy
1 a d
trong d6: A = 0.0134E, —— |~ ) (34D
L L. T
LY Aling

» N&u day ho khoan bén ta nén giam q, di, tham chi giam g, v€ 0.

3.6.3. Surc khang mai cGa coc nhdi trong IGM hat min (nhém 3, IGM1)
va da (nhém 4) nit né khéng thoat nuéc

Ngoai cach tinh & phan 3.5.5, ta 6 thé con dung cach tinh ciia Canada (1985)
dugc trinh bay trong Canadian Foundation Engineering Manual (CFEM) nhu
sau:

q, = Ksy 0 due (3.42)

trong d6: © - hé sd do sau. 6 =1+ 0.4L,Jd néu L, < 6d- 6 = 3.4 néu L, > 6
Line chidu dai doan coc ngam trong a4 hoac IGM;
d - duong kinh coc nhoi;
K.~ hé sd stic chiu t4i, phu thude vao sy nat né cua da hoac IGM;

340"
Ks;) = d == (343)

' t
10 ’1 +300 ¢
8.

& dav: s, - khoang cach gilta cac khe nit;
t, - bé rong khe nit;
Cong thdc trén ap dung khi 0.05<s,/d<20va 0<t, /s, <0.02
- K,, = 0.115 + 0.50:

Coéng thitc cia CFEM pht hop nhat cho IGM hoac da 4 nhém B trong bang 3.5.

Vidu 3.4

Ngoai cac théng 8 cho & vi du 3.2 (phan 35.5), ta bidt thém vai thong s6 sau: coc nhéi
dueing kinhd = 1m, chiéu dai coc ngam trong da ta 0.5 m. Khe nut cé bé réng 2 mm. DU
pao sufc khang mii g,

p=1+04L,/d=12
Sy 0.3

3+ 3+ ‘
d A =019

K, = — e Ses =
10 l1+300% 101+ 300 0.002
\ s, \ 03

q,= K., 8 q,= 0228 q, = 1370 kPa.
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3.7. CAC CACH TiNH KHAC DUA TREN KET QUA THI NGHIEM CPT

3.7.1. Cach tinh clia LCPC dya trén thi nghiém CPT
Céach tinh ctia LCPC (Laboratoire Central des Ponts et Chaussées - Phap), xin
tham khao phan méng coc ch& sdn (phan 2.7.9).

3.7.2. Cach tinh cla Alsamman (1995) dva trén thi nghiém CPT

Cach tinh nav dya trén két qui g, (thi nghiém CPT) tai ting doan coc
dang xét.

3.7.2.1. Sétic khang bén (ma sat bén) don vi

Trong dat dinh:

f.=0.0225 g, néu q. < 37.8 bar;
f.=0.85 bar néu q. > 37.8 bar.

Trong dat cat. eat lan bui:
£ =0.015 g néu q. € 47.2 bar:
£=0.71+0.00167[q, - 47.2] néu 47.2 < q, < 189 bar:
f; = 0.945 bar néu q, > 189 bar.
Trong da dam. dat cat 1an séi:
£,=0.02q. néu q, < 47.2 bar,
f; = 0.945 + 0.0025 [q, - 47.2] ndu 47.2 < q, <189 bar:
{;= 1.3 bar néu q, > 189 bar.

3.7.2.2. Sitc khang mii don vi
Trong dat dinh:  q, = 0.27(q, - 6,,,4).
Trong dat roi: q, = 0.15q,, néu q,, < 94.5 bar:
q, = 14.2+0.075[q,, - 94.5]  néu 94.5 < q, < 283.4 bar:
q, = 28.3 bar néu q, > 283.4 bar.

trong dé: q - gia tri trung binh cta q, (thi nghiém CPT) trong khoang 1B ké
Lt mii coc;
Guuai - Ung sudt ban than cda d&t (3 dd siu tai mi coc).

Ghi chi: Trong cac cong thiie trén, Alsamman ap dung vdi két qua xuyén do
bang co hoc (MCPT). Néu st dung xuyén do bang dién, ta cin siu
dung céng thic chuyvén d6i cha Kulhawy va Mayne (xem [1)):
9.MCPT-A
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Qraserm = 0.47 Qunern " = dequern = 1.886 @7 e A (3.44)

Tat ca cae thi nguyén déu la bar.

3.8. SUC CHIU TAI KEO DOG TRUC CUA COC NHOI

3.8.1. Strc khang bén cua coc nhdi chiu kéo
Véi coc nhéi chiu kéo thi site khang bén don vi cue han giam di so v61 coc chiu
nén nhu sau:
fico = W e (3.45)
e Trong dat dinh, w=0.9 + 1.0.
e Trong IGM hat min (nhém 3, IGM1) hodc da:

g«- % > 4 (coc cung hon nhiéu so vdi dat/ da);

Hy

w=0.9+1.0néuz

w=0.7+08néu < E 4 < 4 (coc khong ciimg hon nhiéu so vdi dat/ da).
m
& day: L - chidu dai coc, khéng ké cac phén coc ném trong dit yéu
(nhu bun, d4t nhiéu hiu co....):
E, - mddun dan héi clia vat lidu coc {(tinh ca phan thép):
E,, - mddun bién dang vi mé cta khéi IGM hodc da.

e Trong dat hat thd va IGM hat thé (nhém 3, IGM3): w = 0.75.

3.8.2. Strc khang miii cia coc nhoi chiu kéo

Coc nhéi chiu kéo chi ¢6 sitc khang miit néu miii coe duge md rong chan (ngoal
ra, con c6 thé cé lyc hit bam rat nho giita mat mi coc va dat/ da). Viée mo
réng chan chi thue hién duge trong dit dinh (d&t r&i thi rat dé sup 10, con da
thi khé ¢6 kha ning pha ngang réng dé md chan). Trong dat dinh, phian md
rong chan, sic khang mii don vi cua coc nhoéi chiu kéo la:

Qp = Nu Su‘ (346)

trong do: S, - stic khang cit khong thoat nude ca dat dinh, tinh trung binh 4
khoang 2d tif phAn md rong chan 1én trén;
N, - hé s6 stc chiu tai kéo;
& day: N,=3.5L,,/dva<9vdi dat sét khong nit ne;
N, = 0.7 L,/ d va < ¢ voi dit sét nit ne:
L,, - chidu dai doan coc ngam trong ldp dat tot;d 1a dudng
kinh coc.

" 9.MCPT-B
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3.9. DU BAO DO LUN CUA COC NHO!I DON

Ngoai phudng phap méng khéi quy udc, trong phdn nay ching tdi xin gigi
thiéu véi ban doe cich du bao dé lin caa coc don dya trén quan hé ung suit

bién dang. D6 lun ciia nhém coc d& dude trinh bay trong phan 1.5.

3.9.1. Du bao dd lun chia coc nhoi trong dat

Dua véao nhiéu thi nghiém nén tinh, FHWA dua ra cach

du bao d¢ lin (S,) cha
coc nhéi trong dit nhu sau:

1) Dudi tai trong doc true N ciia edng trinh tru

yén xudng coc, dy bao d6 lin
S, ban dfu nao d6 & ddu trén coc nhéi.

2) Tinh toin bién dang dan héi ctia ban than coc nhéi:
i\L = k *_I\I‘_“L
E A,

C [

(3.47)

trong d6: E, va A - médun dan héi va dién tich ti6t dién ca

a coc nhoi;
L - chiéu dai ctia coc nhéi:

k - hé s6 phu thudc vao sy 1am viéc cua coc: k = 1 véi coc chéng

hoan toan (hinh 3.12a); k = 0.5 véi coc treo (hinh 3.12b):
thong thuong, k ~ 0.67.

1 '

— i

b

tN to
a) Coc chéng b) Coc ma sat
Hinh 3.12. Coc chéng v coc ma sat
3) D9 lun ¢ miii coc la; Sha =S, - AL
4) D6 lun trung binh ctia cocla: S=8,-4A,/2
5) V& méi 16p dat (lép i):

El) Tl’]’lh S f d ('Jn)
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b) Dung hinh 3.13 hogc hinh 3.15 dé tim ty s0
B sitc khang bén
' stic khang bén cuc han f, )

[©)

Khi st dung cae hinh nay. ngusi ky su phai xem xét nén st dung gia
trj nao trong khoang gié tri cho trong do thi.

¢) Nhu vay, stic khang bén & 18p 1 dudi tai trong thuc cua cong trinh la:
f!lhun- =) fi:
d) Téng stc khang bén huy dong 1a:

Ql'lln_u' =u Z fi HIN G X AZI =u z (!)zfi * AZ:'
10,

08}

06}

Khoang gia trl

0.4 — _ _. Giatritrung binh

s(fc khang bén
sl khang bén cyc han f,

oy =

0.2

1 I 1 ’ 1 L -

00 02 04 06 08 10 12 14 16 18 20

db Iin coc {S) %
) dudng Kinh coo nhdi (d) )
Hinh 3.13. Phan tram huy doéng sdc khang bén trong dat dinh

6) Tinh Smmf d (“u). :

St dung gia tri S,/ d (%). tra db thi trén hinh 3.14 hodc hinh 3.16 dé tim

R sic khang mil
ty sd m,, = et

sdc khang mai cuc han q,,

Stie khang mai huy dong (dudi tai trong thige cha cong trinh) ia:
(Qp thue = qpihlj(' Ar Wy Qp !\-r'

7) Tsng Sﬁc khéng 1én coc ]é ch\jr = Qfl}nj«- + Qplhu’c'

8) So sanh Q. vl N. Né&u hai gia tri nav khéc xa nhau thi chon lai §,, va lap




Chuong 3. COC NHOI 133

sic khang bén

lai cdc bude ti 1 dén 9. Gia tri Sa cudi cliing 1a dd lan (tai dau trén coc) ma
ta can tim. Véi vong lap sau, si dung Qg va Qi ta 6 thé xac dinh A
theo phuong trinh (2.24) (dé ting mue dd chinh xac 1én mét chat so vdi

phuong trinh (3.17)).
1.0

09

o8f  J
07}
06

st Khodng gia tri

sde khang mili
sifc khang mii cyc han q,,

0.4 — — — Giatrtrung binh

Uy =

03

2

0.1

]
'
3
|
1
1
]
!
)
!
I
1
i
[}
]
I
I
1
i
+
]
1
t
1
i
1
]
1
'
t
1
i
i
'
|
]
i
I
]
'
|
1
]
1
'
1
i
]
1
'
1
i
]

0.0

4 5 6 7 B 9 10
dé lun coc (S) %

dutng kinh coc nhdi (d)
Hinh 3.14. Phan tram huy déng sic khang miii trong dat dinh

B e e N

0

10 r
08
A
o f
2 06 f
§ Khoang gia ti
o ) cho dt da gidm yéu
po ! khi bién dang Ién
- ' a . .
e 04 D e Khoang gi tri
] ; ; cho d3t/ d4 thudng Ghi cha: Khoang gia tri
'; ‘ ! | — — Giatritrung binh cho séi cling phi hop
02 oo cho mét s6 loai IGM1
H i I
F ; ! va IGM3,
! , i
' ! i
OG : 1‘ ; 1 1 1 1 i J

00 02 04 06 08 10 12 14 16 18

dé Iin_coc (S) o,
dudng kinh coc rhbi (d)

Hinh 3.15. Phan tram huy déng sirc khang bén trong dat rai
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16
14 L
12
a
o
f=
5 b
sl 1.0
5|8 MO b
ol
B2
£l o8 | el
= ’
8 i V. Khoang gia tri
a 06 | { i
[ S A 1 i ! _. __ Giatitrung binh
: : ; -
1
0.4 | l: i
1 | +
i i :
1 H 1
0.2 oo i
d i ' {
! [ ! i
| i ' i
0.0 i i i : ) ) L ; L PR
1] 1 2 3 4 5 [ 7 8 9 10 11
db in coc {S) s

duding kinh coc nhéi (d)

Hinh 3.16. Phan trim huy déng suc khang miii trong dat rai

Nhén xét: Nhu da dé cap trong phan 1.2.1. stic khang bén ctia coc dat cye han
it nhanh (& chuyén vi khoang 3 + 5 mm, xem hinh 3.13). Voi cgc
nhéi. do thanh coc nham hdn (déc biét trong dat roi, khi khoan tao
15 c6 hién tugng chay cit/soi xudng day hé khoan nén tiét dién coc
¢6 thé phinh ra). nén stc khang bén ctia coc nhodi dat cuce han cham
hon: 6 chuyén vi khoang 3 + 6 mm véi coc trong dat dinh, 4 =+ 8§ mm
véi coc trong dit roi, va tham chi 10 + 20 mm véi coc trong da so0i
{(hinh 3.15). Con tit hinh 3.14 va hinh 3.16 ta thiv rang, stc khang
miti dat eue han d khoang 30 + 60 mm v6i dat dinh, va 40 = 100 mm
va1 dat rot

3.9.2. Dy bao dd lun cua coc nhdi trong da va IGM1
3.9.2.1. Trudng hgp chi cé mét 16p da / IGM1

Véi cac loai dd mém va IGM, ta van cin phai kiém tra d6 lén cia coc nhdi, ddc

biét khi do lin cho phép nho (vi du, [S] = 2.5 cm theo quy pham My). Cach

tinh do FHWA (O'Neill va cong sy, 1995) kién nghi dude trinh bay theo tiing
bude dudi diy. Cach tinh nay phu hgp vdi IGM1 hoic da c6 tinh dan héi.
khéng gion:

1) Thiét lap dudng cong tai trong - dé lan (P - s) v6i nhiéu cdp tai treng khac
nhau (vi du trén hinh 3.17). Duong cong nay ¢ dang nhu dudng cong
trong thi nghiém nén tinh (ta co thé goi day 1a duong cong nén tinh a0.
Néu c6 thi nghiém nén tinh that thi ta ¢ thé so sanh véi dudng cong nay
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2)

dé xem xét loai da/ IGM ciia ta ¢6 phii hgp dé si dung cic cong thuc da
trinh bay hay khong. néu khéng phi hop thi can hidu chinh cac edng thic
thé& nao dé phu hgp). Cach thiét lap nhu sau:

a)
b)

c)

d)

e)

g)

Cho trude mot do lun s, (tai diu trén cha coc).
Xac dinh H; theo (3.17b):
- K0

L s, (bién s6 1a 8).
al, Tf

ngt M

Xac dinh K, theo (3.16):

¢ = —

= HH“z"n“I
Xac dinh stc khang bén huy déng khi dé hin 1a s;:
f; = H, £, n€u H, < n; (3.48)
fi = K; £ néu H; > n. (3.49)

f

1

max 18 sUc khang bén cyc han, xac dinh theo phuong trinh (3.11).
Xac dinh stc khang mti huy déng khi 6 hin 1a s; (xem phz”in 3.6.2):

Theo (3.40) ta cb:

0.7

q, = A s
Theo (3.41) ta cb:

L L
L. 1200 Qi1+ *
d d

d
L“H + ] nLngr
d

/\ = 00134Em

Tinh tai trong tac dung 1én coc dé c6 duge dd lin s;;
Pl = Q! + Qp = uZAZi x fi + Au qll.:
u va A, la chu vi va dién tich tiét dién coc.

Cho mét dé ldn s; khac, 1ap lai cac bude a dén f. Cudi ciing, ta vé dudc
duogng cong tai trong - d6 lan P, - s; tuong tu nhu trén hinh 3.17.

T dudng cong trén, tra tai trong P da cho ta sé duge d6 lan cAn dy bao s

(tai dau trén coc).

3.9.2.2. Trudng hop cé nhiéu 16p da / IGM1

Néu ta c6 N 16p d&/ IGM1, trude tién ta can tinh trung binh trong sé cac dai

luqng Eml.l)! fllﬂ(l,\‘l]}’ Vé Ny, nhu sau:
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N
zEluiLi
.

2L

N
Zfli ]!]:L‘ZiLI

R

Emtb =

imastl
L

(f.. .. 1a stic khang bén cuc han clia 1dp i. tinh bing phuong trinh (3.11)).

Thay gia tri E,,, vido cac phuong trinh (3.19), (3.20) va (3.17) ta tim duge €,
rlh‘ Hlil)‘

X4c dinh n; cha mdi 16p 1 (phuong trinh (3.18) hode hinh 3.10}. Sau d6 tinh ny,
nhu saw:
N

SoL
— 1
ny = -

SLo

Thay H,, va n,, vao phudng trinh 3.16 ta tinh dude K.

Tinh f,, (trung binh cho toan bd cac lép da/ IGM) hang phudng trinh (3.48)
hodc (3.49).

Tinh tiép cac bude e, f, g nhu 6 phan trén.

Vidu 3.5

Cho céc s6 liéu nhuvidu 3.1, déla:d=1m L=7m(5m cudi 1a da set 1o thién - IGM1);
g, = 2.5 MPa = 2500 kPa = 25 bar = S, = 1.25 MPa; E, = 500 MPa; E,, = 50 MPa;
E.= 30 GPa = 3 x 10 kPa. Du bdo do lun cia coc don dudi tai trong P = 1250 kN néu gia
thiét thanh nhén.

Tuvidu31, tacdn=042;1=0442; Q=1937 .. = 124 kPa;

o Em@ o 80x1887 s
L T 7x5x0.442x0.124

He -n? 1125 xs-0.1764
He - 2n + 1 1125 xs + 0.16

K=

f xac dinh theo phuong trinh (3.48) va (3.49). Sau d6 Q; = u fiL,, dugce tinh va 1ap

trong bang 3.6;
B - ~0.67

e L
Log |200] ) ™ —|[1+
4 d d

A =0.0134E,, - -
Lng 1 il pg!
d

5[200(y5 - 1937)x 6] kPa
= 0.0134 x 50000 = ‘ - 9420.17( ;
6 mx 5 = 0.442 0.67
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Két qua tinh toan dudc lap thanh bang 3.6 va minh-hoa trén hinh 3.17;, Déng trén hinh
3.17. tuong Ung voi P = 1250 kN, ta c6 dd lun clia coc nhdi 12 0.5 cm, Ta thdy ring, tai vi
tri nay thi s(tc khang bén da huy dong duge 1040 KN (khoang 55% sic khang bén cuc
han), trong khi strc khang mdi mdi huy déng duge 210 KN,

Bing 3.6. K&t qua tinh toan quan h# tdi trong - dé lan

H,= L 1125s-0.1764
SO ass T 1285016 | =uxdixly | Q= ApxAxs®T | P=Q,+ Q,
0 0.000 0.0 0.0 0.0
0.0010 | 0.113 219.1 72.3 291.4
00037 | 0.420 0.420 818.1 1748 992.8
0.0050 | 0.563 0.534 1040.9 2125 1253.4
00100 | 1125 0.738 1437.9 338.2 1776.1
00200 | 2.250 0.860 1675.9 538.1 2214.0
0.0250 | 2.813 0.887 1727.4 624.8 2352.2
0.0300 { 3.375 0.905 1762.4 706.0 2468.5
0.0400 | 4.500 0.928 1807.2 856.1 2663.3
0.0500 | 5625 0.942 18345 994.2 28287
500 1000 1500 2000 2500(KN)
0
05 [TtV ITTTTTTTTTT i e S
T - NN A
Wi
R \ i |
I O N W O
[ ; | i
25 poome R R s N e
----- Khang ben Qf | i
SR BT T o L B P T A, W
L O S B 1
L :‘
A o oo e B A =
| Vi : i
L R TR drmoee ;
! : : ‘. E
5 . X : ! L

Hinh 3.17. Biéu d6 du bao tai trong - d& lin
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3.9.3. Du béo dd Iin cua coc nhdi trong IGM3

Phuong phap cua FHWA (Mayne va P Pu
Harris. 1993) kién nghi cho IGM3 doan 1 :
cing la phuong phap xdy dung N P :
dudng quan hé tai trong - do lun (cé %an :
thé goi 1a dudng nén tinh coc ao cho s1+As ——————————————————

dé hinh dung). Tuy nhién, dudng tai
trong - dé lin caa coc nhdi trong
IGM3 (IGM hat r61) khéng cong ma
1a dudng gap khic ba doan nhu trén )i S
hinh 3.18.

Hinh 3.18. Buéng tai trong - d& 1an cho IGM3
Cach xay dung dudng gip khice nhu sau:
a) Uéc luong, danh gia médun bién dang cia IGM3. Néu khéng 6 thi nghiém
nao khac ngoai SPT, thi Mayne va Harns kién nghi phudng trinh du bao

sau:
E, = 22 N"* (bar). (3.50)

Phudng trinh nay chi dua trén mét loai IGM3 ¢ My. do ¢6 khi #ng dung g
cic ving dit/ da khac thi phai kiém chiing cho phu hgp.

b) Tai trong P, (3 cudi doan 1) l1a tai trong ma tai d4, sic khang bén da huy
déng duge 100% (Qp), con stc khang mi mdi huy déng duge mot phan rat
nho:

Q r fi MK =dL,

1 1 1
geos(nL, )1-v*)  Ecos(nkL, )1 - v?)

wa . (3.51)

P, =

Do lin tai tai trong P, la

. 3.52
T ELd (3.52)
trong d6: f,... - stc khang bén cuc han, dy béo theo phan 3.4.4 (Mayne va
Harris);
8tg (L., YL,
+
ar(l-v)(nk, )d
I=4(1+v) SmM 5 Yl X (3.53)
an _ *Ftg(mL L.
4 E, gl )L,

gl-v) | C@mLy)d

v - Hé s6 nd hong Poisson, d61 vdi IGM3.v=0.3+ 0.4 (c6 thé 18y v = 0.4);
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2 L, '
Nk, =: Ei"ﬁi; (3.54)

E, 2L, |
¢=1In 2.5§E——(1—v) + 0.25 - 0.25¢ 3 : (3.55)
w1, i
n= 200+ VEJE,: (3.56)

E=2.5 vdi [GM3:

E.- médun dan héi cia vat liéu coc;
E.. médun bién dang ctia IGM3 tinh trung binh cho doan coc dang xét;
E, - m6dun bién dang ciia IGM3 tai phan ngay trén mii coc;

tg(x) = sin(x)/cos(x);

cos(x) = (e* + e 7)/2,

¢) Tai trong P, (6 cudi doan 2) chinh 1a tai trong cuc han:

P, = Qi+ Q, = fudLy, + Qo rd?/4;
fimse dif bao theo phan 3.4.4, cdn q,,. dy béo theo phan 3.5.3 (Mayne va
Harris);

Phéap lan thém As 14 do phan tai thém (P, - P,). Phan tai thém nay hoan
todn truyén xudng mii, do dé ta ¢é c¢ong thie dan hdi sau (tuong tu céng
thide tinh ldn caa ban nén tron):

1 - v?

As=(P, - P
5 (u 1) Elld

(3.57)

E,- médun bién dang cia IGM3 & phia duéi miii (khac véi E,). Do qua
trinh khoan. médun bién dang cia IGM3 & phia dudi mili coc sé bi gidm di.
Theo Mayne va Harris. thi médun bi giam di & 1an (v8i IGM3, £ = 2.5),
tic la:

E, = 22 /& N, (bar), (3.58)

Véi N, 1a két qua SPT (da hiéu chinh theo 60% ning higng hitu ich) cuia
IGM3 6 phia dudi mai coc.
Vi du 3.6

Cho coc nhdi nhu trén hinh 3.19. Khoan tao 16 cé dung dung dich bentonite, kiém soat
chét lugng 5t (5 = 0.75¢). Budng kinh coc d = 1 m, chiéu dai L = 50 m. 40 m ddu tién
trong dét y8u (b qua surc chiu tai). 10 m cudi cang nam trong IGM hat roi (IGM3) nhu
trong hinh vé.

Muc nude ngam tai 20 m.
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Két qua ciia thi nghiém SPT dugc tinh trung binh la:

LOp 2: Ny = 75;

Ldp 3: Ny, = 90; 40
Dudi mii coc: Ny, = 100 (vi Ny, > 100 nén dy Ny, = 100).

Bétdng coc ¢6 E,, = 24 GPa = 2.4 x 107 kPa; Thép
coc ¢ dign tich 13 F, = 120 e, véi E, = 200 GPa.

Xac dinh dd lun khi P = 5000 kN va P = 9000 kN.

IGM3 65
1} Trudc tién, ta tinh cac modun: N=75
- Médun dan hoi cla coc: o3 i
E.=(E, x F, + EFF N=90 |
=[24 % (0.785-0.012) + 200 x 0.012]/ 0.785 N=110
= 26.7 GPa = 267000 bar, Hinh 3.19_ Vi du 3-6

trong dé: F - dién tich tiét dién coc, F =t x 12/ 4 = 0.785 m?;
F. - dién tich phan bétdng coc;
F, - dién tich cdt thép coc.

- Médun bién dang cac idp dat (theo phuang trinh (3;50) va (3.58)):
E., = 22 x 75°% = 758.5 bar;
E.,=E, =22 x90%°% = 880.8 bar;
E,,=(6.5x7585+35x880.8)/(6.5+3.5)=801.3 bar;
E =22/ & x 100°% = 384.1 bar.

2} Tinh sGc khang don vi theo cac phuong trinh trong phan 3.4.4, két qua lap trong
bang 3.7. Tir d6 ta ¢c6 téng stfc khang bén clia coc la:

Q=uXfli=nx1%x(224%x6.5+261x3.5)=100=7444 kN.

Bdng 3.7. Dy bao sirc khang bén don vi

o, |OCR=02N/o', ® K, = (1-sing) | =Ko tg0.75¢
z, (m} Ny .
(bar) (P.t. (3.9)} {P.t. (3.7)) QCR™ (bar)
43.25 75 6.158 2.44 39.2 0.647 2.24
48.25 90 6.708 2.68 40,2 0.671 2.61
st 100 6.9 2.90 40.9

Theo phuong trinh (3.27) thi:

0.5 0.8
q, = 0.59 {—Nﬁ‘-’_J Oy = 0.59 x [1698] 6.9 = 34.56 bar;

F ymai

Q,= A, g, =7 x 12/4 x 3456 = 2714 kN.
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3) Céaché sé:
bog/d=10/1=10;  v=0.4;

Eq 2L,
6.25 2 (1-v) - 0.375
EsL

|

=n {[szswn 0.4) - 0375]2"10} = 4.11;
h=2(1+v)E 1E, = 2.8 x 267000 / 880.8 = 847.77:
2L 2
Lp=2 /50 =2 £ ,10=0479;
T =N d T Ya1ixsdri7
32tg(nbog)ley
A(1-v)(nL,)d
I =4(1+ ) T (p v}(n ng)
4n _* tg(nl,. )L,
6 nESL g{nlag )l
1-v g(nk,g)d
3.21g(0.479)10
847.77 x 0.6 x 0.479
= 5.6 x X =0.2.
5667 4 41 < 0.91x19(0.479) x 10
4.11 % 0.479
4) Xac dinh doan 1:
P, = Q,I ' 2(}100 . 4?00 . eo:oo ' 3:oool 10000KN
D 25cos(nly) - v 1 P S
L T44 Ty R AU N 5 W
_ 0.2 A R R
2.5c0s(0.479)(1-0.16) R N + ------- frmmmnee foomn o
= 8138 kN; P S SR LA
< = Pl _8138x02 , § |
" E.d 88080 x 1 Spo N R
=0.0185m = 1.85 cm. e B it o S
5) Xac dinh doan 2: s (cm) V = 3 *.g
P.=Q+Q,=7444 + 2714
= 10158 kN: Hinh 3.20. Vidu 3.6
I 0.84
As=(P,-P,)- = 2020 x = 0.0442m = 4.42 cm;
(Pu-Pzg * 38410 x 1 em

5, = 1.85+442=6.27 cm,
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Tir két qua clia 4) va 5) la vé duge dudng gdp khig trén hinh 3.20. Tra trén hinh nay
ta oo

Kiu P = 5000 kN == s = .14 cm;
Khi P=9000 kN = s =3.74 cm.
3.9.4. Du bao dd lan cla coc nhoi trong da gion
Ngodi cich dy baoc d6 lin theo phén 3.9.2. Kulhawy va Carter (1992) con kién
nghi cich du bao d6 lun riéng cho truong hop coc nhéi trong da gion, Cach
tinh nay kha tudng tu phan 3.9.3 (dudng tai trong - 40 lun cang la duong gap
khie ba doan nhd trén hinh 3.18). Cach xay dung dudng gap khiic nhu sau:
a) Udc lugng. danh gia mddun bién dang ctia ¢4 (tham khao phan 3.3). Khac
v6i phin 3 9.3. modun bign dang caa da dudi mii coc (E,) khong bi giam di
2.5 jan. vi hé s3 & = 1 v6i da (phudng trinh {3.51) = {3.58)).
b) Tai trong P, v dd 1dn s, (3 cudi doan 1) xéc dinh gidng nhu phan 3.9.3. Chi
¢6 hai diém luu ¥ la:
f mex Phai du bao theo phan 3.4.6;
« Hé 28 nd hong Poisson cia dé thudng nhé hon va trong khoang
0.25 + (.35,
¢) Tuy nhién, tai trong P, (6 cudi doan 2) nhé hon (Q; + Q,) vi day la da gion.
Khi stic khang miii dat gia tri cuc han 14 Q, thi sitc khang bén lai b giam di
nhd hon Q, (44 giam véu khi bién dang Ién. tham khao hinh 1.3b, phan 1.2.1):
o lun s, = s, + As (6 cudi doan 2) la:

N = F:i PU N IP‘d‘ ’ (359)
nk. d
F.=a, (,,dC, - ,,dC)) - 4a; (3.60)
A, — A,
F, = [1 - aldﬁ}ag c/E, (3.61)
a, = 1.15n[5(1 - v)L,./ d] + ay; (3.62)
0.85E, /E_ +1
a,= BTV (3.63)
2tgotgy
h = “B+yB +d0 (3.64)
2a
— — B 2 )
A, = —B-yB +da (3.65)
20

B=a,dE /By (3.66)
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E
a, = 0_9_7.5) L : (367)
tey K,

a=a (E./E)d*/4; (3.68)
D

C,= L 3.69

ey , (3.69)
D,

Ci= ——— . 3.70

Ty (3.70)

Di={x(1-v) E,/ By + da, + a, L,d] o', @)

D= [n(1-v) E, /By + 48, + a, A,d) e (3.72)

d - duong kinh coc;
¢ - géc ma sat ngodi gitta da va béténg:;
W - goe dAy ngang cla d4 (dilation) khi chiu lyc, ¢6 thé gia thiét 1a y = 5",
Theo O'Neill va cdng sy, ta cé thé du bao nhu sau;
tgo tgy = 0.001 q,"*" véi g, tinh biing bar. (3.73)
¢ - lje dinh du trong da sau khi d4 di bi pha hoai. Ciing theo O'Neill thi:
¢=0.1 q,* (bar) véi q, tinh bing bar. (3.74)

Trén d6 thi hinh 38.18, doc theo doan 2, néu tdng sic khang 1a P thi ste
khang mii duge huy dong la:

2 ., .
Qp huvding = P x [P:{ + P.[ ncfl) CJ; (375)
VS P, =a, (4 - &) de” P (3.76)
}...LW Y P )
P =g, & e (3.77)
) D'l - DH

Dé hiéu ré hon vé cach du bao d9 lin clia coe nhéi trong d4, xem vi du 3.7.

3.10. MOT SO Vi DU THIET KE cOC NHOI

Vidu 3.7

Coc nhéi dai thap dugc thiét ké trong nén dav da nhu & hinh 3.21, myfc nudc ngédm ngay
tai mat dat.

Sét tuong déi yéu;
S.= 30 = 60 kPa.
Da cat, ximang hoa rét cing; q, = 8800 kPa;
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RQD g i = 50%: E, = 2.6 GPa;

Khe nut réng 2.5 mm, chifa cac mun yéu;

Khodng céach gia céc khe s, = 0.61m; \ ]
Dé cat nay khé gion, vi khi thi nghigm cét,
40
théy khi mau bi pha hoai, lc cat gidm rat manh.
«  Tham khao cac cong ty xay dung trong vung,
bén thiét k& nhan thdy c6 nhimg nha thdu cb
40 nang luc va kinh nghiém khoan da & do sau
I6n. Bén thiét k& quyst dinh thist k& coc nhoi 4
ngam vao trong 18p da 4 m, thanh ho khoan | l

khéng lam nham. Budng kinh coc dugc chon [a 221.C ha p
. Hinh 3.21. Coc nhai ngamt -
1 m, médun cia coc E .~ 23.6 GPa. ’ tngam trong ¢a

.  Nha thau thi cong bing phuong phap khoan 16 c6 sif dung 8ng vach (casing) sudt ca
chiéu day l6p dat sét d trén. Viéc yéu cau dng vach dai ciing doi héi nha thau phai co
nang luc thi cong tét. Khéng nén stf dung dung dich khoan {bentonite), vi co thé gay
Yac cac dudng 16 rong trong da cat, do do lién két gilra béténg tuai va da cat sau nay
bi giam di.

« Ky sirkét c8u bén trén cung cép tai trong nhu sau:

Tinh tai, tai thiét bi, va |6p mat: Py = 2300 kN;
Hoat tai s dung: P, = 15500 kN; _
Tai trong gi6 (phan gay ra luc nén xudng mang): P = 666.7 kN;
4oPg + 1P, = 30000 kN (cudng do |, theo LRFD, phén 1.2.7);
P, + P, + 0.3 P = 18000 kN (sr dung 1, theo LRFD, phan 1.2.7).

1) Suc khang cha igp dat (1ap 1) khong dang k& so vai 13p da (16p 2), do dd ta bo qua
stfc khang trong igp dat nay.

2) Du bao sifc khang bén:
Theo bang 3.3, vdi RQD = 50% va khe n(t hd, ta cé o = 0.55;
Theo cach tinh ctia Horvath va Kenney (phén 3.4.6), ta c6: -

f=065,q, ag=0.65x J88bar x0.55=3.37 bar = 337 kPa;

Theo phuong trinh (1.4) ta cd: Q= uf, L,y = 1 x 337 x 4 = 4235 kN.
3) Du bao sifc khang mai:
Theo cach tinh CFEM (Canada - phan 3.6.3):
S

3+77
KSP = ‘—gi = —-'—*“'——“-—'—_'—.ﬁ—:—T: = 024,

10\[14»300"d 10\/1 + 300 0.002°

W
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3)

10.MCPT-A

L,=4<6d =0=1+04L,/d=286;

9, =5 K, 0q,=1.872q, = 16470 kPa:

Theo phudang trinh (1.5) ta cé: Q, =G, A, = 16470 x n / 4 ~ 12940 kN.
Néu thi€t k& theo ASD, ta co:

Khao sat cho thdy da nay kha gion ("da gidm yéu khi bién dang Idn"). Vi vay, stic
khang sé huy dong theo dang trén hinh 1.3b. Nhu vay, st chiu tai cuc han clia coc 1a
P, <Q;+Q, =17 175 kN (xem thém budc 8 dudi day). Sirc chiu tai cho phép ciia coc
(néu chonhésdantoanta F, =2 va F,=5)

[P] <Q,/2+pr5=4235/2 +12940/5 = 4615 kN:

Py +P_+0.3P; 18000

S& coc can thidtla- n= — 0. >-——— =39 coe;
) [P] 4615 i

Ta chon n = 4 coc.
Né&u thiét ké theo LRFD, ta cé:

Theo bang 1.4, ta c6 hé s6 strc chiu tai cho Q, 13 @, = 0.65 (hang Horvath &Kenny},
con Q, 1a @, = 0.50 (hang CFEM) (truong hop cac s6 liéu vé nén dat khong c6 d6 tin
cdy cao Idm. ta ¢b thé gidm @, va P, xudng). Cing t& hinh 1.3b, mot coc sé co sirc
khang huy déng (theo LRFD) la:

DQ < B Q + D, Q, = 0.65 x 4235 + 0.5 x 12940;

= ®Q <9 223 kN;

AoPo + AP 30000

> 3.25 coc:
®Q 9223 oc

Nhu vay, sG coc nhéi can thiét 1a: n =

Ta clng chon n = 4 coc.
Nhu véy, tai trong theo diéu kién st dung | 1&n méi coc fa:

Pieg = PorP +0.3% = 1}29@ = 4500 kN (day coi la tai trong tidu chuén);
n

Tai trong theo didu kién cudng d6 | 1&n mai coc la:

= 2ofp + AP 30000

P, = 2222 = 7500 kN,
»Q 4

Dy bao d% Iin clia coc don dudi tai sd dung ia P, «a = 4500 kN {phan 3.9.4)

Tinh cdc médun:

Médun dan hai clia coc: E, = 23.6 GPa:

Médun dan hai ciia da: E,=E.= 0.1E, = 0.26 GPa (tra bang 3.1 vai RQD = 50%).
Cac hé sg (xem phan 3.9.3): '

L./d = 4/1 = 4; v=02 E=1

ng

E : 2L,
¢ =In {[2.5&_ Esg (1-v)+0.25 - 0.255} 5 g } =In{[25 % 0.8] x 2x 4}~ 2773
sb
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c)

d)

A=2(1+v)E /E, =2.4x23.6/0.26=218;

— fl—ém,Lng ! - 2 .
Ml =2 |~ 2 =2 | < 4=0.460;
Voa d 02.773x218
Btg(nL,y )L g
T e - ) (gl,, )d
A -3
| =401 + ) =" E‘)(“ g
4n _* tg(nL, )L,
4 By al"ro
‘i.(1 - \‘) ";(]]Lng)d
,, B819(0.460) x4
7 x 218 x 0.8 x 0.46
=48 ' = 0.231.
e 5, 4~ 1g(0.460) x 4
2.773 = 0.460
Xac dinh doan 1;
Py= — < = - 4235 . 5409 kN;
j | 1 0.231
zeos(nb, ) (1-+v?) cos (0.46) x 0.96
s, = Pl _ 5409 x 0231 0.00481 m = 0.481 cm.,

E,d 260000 x 1
Tai diém nay, stic khang bén 1a cyc dai (Q; = 4235 kN). Con slrc khang mii mai huy
dong dugc 1a: 5409 - 4235 = 1174 kN, '

Tu hinh 3.22 ta thay, dudi tai trong P, = 4500 kN thi d6 iin 1a s;~ 0.4 cm.

Xac dinh doan 2:

Thue ra, ta khéng cén xac dinh doan 2 (vi P, < P, = 5408 kN, do db ta da biét dap sé
s,= 0.4 cm). Tuy nhién, dé hiéu r5 hon vé sy lam viéc cla da gion, ta 1am thém phan
nay.

tgo tgy = 0.001 q,°% = 0.001 x 88°% = 0.02;

¢=0.1q," = 2.01 bar = 0.201 MPa;

085E4/E. +1+v 0.85x026/236 +12 ...,
2tgptguy 0.04 o

a;

1.15 In[5(1 - v)L,, / d} + @, = 1.15In16 + 30.2 = 33.4;

0.075E, _ 0.075x0.28
tgwy E. 0.0875x 236

d,

= ().0095;

p=a,dE,/E,=00095x 23.6/0.26 ~ 0.862 m;
a=a,(E. ) E,)d/4=33.4x23.6/0.26/4=758m?

_ -p+yB? 140 0862 + 10.8627 - 4758

A - =0.0358m"";
2o 2 x 758

10.MCPT-B
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R
3 By du _ 0.862 - v0.862° + 4758
: 20 2% 758

=-0.0369m";

Dy =[x (1-V)E,/E + 4a, + a, r,d] e9?2

={0.96 7 + 4 x 0.0095 - 33.4 x 0.0369) g ¢ *00%9 _ q 57
Dy =[n{1-V)E,/E +4a,+a, r,d] e

=(0.96 = + 4 x 0.0095 + 33.4 x 0.0358) 499358 4 9(;

D, 157

- - - Y 20.471;
D,-D, 49-157

Com Do A9
D,-D; 49 -157

F,=a, (1,dC, - ,,dC,) - 4a,
= 33.4 (0.0358  0.471 + 0.0369 x 1.471) - 4 x 0.0095 ~ 2.338:

- —).- _i
Fosl1oad?i™?2 ]y e
4 L 1 D4703JI 2 g

0.0358 + 0.0369

/
=[1-33.4% = | 30.2 x 0.201/ 260 = 0.00632:
L 4.9 -157

Dudi tai trong P, = 7500 kN, thi d6 lan Ia:

= 7500
=F, k. LFd=2338—""— -0.00632=0.0151 m = 1.51 cm.
Sie E,d 1 x 260000 m= o

DE xem sirc khang mai da dugc huy dong dugc bao nhiéu, ta tinh tiép theo phuong
trinh (3.76), (3.77) va (3.75);

fitia Loy 0.0358-0.0369
Py=a(b - 2)de™ ™ 7 =33.4(0.0358 + 0.0369)e 25-157 = 0.726;

P g 003604 00358:4
4= 8y ———- ———— = 30.2 = - 2.64,

D, - D, 49 - 157

Qq hoydong = Prcg {P +P, 3%9 = Py x [ 0.726 - 2.64 x 1 x 201 / 7500]
= 0.504 x 7500 = 3780 kN.

Nhu vay, stc khang bén tai thai diém nay la: 7500 - 3780 = 3720 kN. Ta thay, tai thai
diém nay stric khang mii mdi huy dong dugc 3780 / 12940 = 29%. Cén sifc khéng bén
lai giam tir Q, = 4235 kN xuéng 3720 kN (mat di 12%).

V6i cac s0 liéu trén, ta vé dugc dé thi tai trong - dé Kin trén hinh 3.22.
8) Kiém tra lai diéu kign vé sdc chiu tai (gid st coi siic khang bén chi giam dén 3720 kN):

= N&u tinh theo ASD:
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Sitc chiu tai cuc han 1a P, = 3720 + 12940 = 16660 kN;
Hé sG an toan téng thé F, = P, / P = 16660 / 4500 ~ 3.7:
= An toan vé mat sic chiu tai.
= Néu tinh theo LRFD:
Sirc khang huy dong la; ©P = d; x 3720 + @, x 12940 = 8888 kN;
Tai trong theo diéu kién cudng do | 1én mdi coc 1a 7500 kN < 8888 kN,

= An toan vé mat sifc chiu tai.

9 1000 2000 3000 4000 5000 6000 7000 B0GO

Téng
Khiang bén
- = = = Khang mii

1.2
14
1.6

Hinh 3.22. Duéng tai trong - d& 1an trong Vi dy 3-7

9) Du b&o dd Iun cla nhém bdn coc nhdi dudi tai trong sir dung. Biét réng coc dugc bo
tri theo 10Gi 2 x 2, va khoang cach gilta tdm hai coc 1a 3 m. Nhu vay, khoang cach
giita hai mép ngoai cda nhém coc la 4 m.

Theo phuang trinh (1.26) cha Vesic, d6 iun cGia nhém coc nhai 1a:

B . e .
Sppom = Saon \[_mgswozm__gmg = 0.4 x \}% = 0.8 cm;

D06 lun nay nhé hon d6 fun gidi han, nhu vay cdng trinh an toan.
Vidy 3.8
Coc nhéi dai cao dugc thiét k& trong nén day/ da nhu & hinh 3.23. Thi nghiém SPT cé két
qua la N ghi trong hinh v&. Nang lugng hiu ich cla thiét bi SPT nay 1a 60%, nhurvay N = Ny,
Chiéu dai doan coc tinh todn ndm trong dat 1a 23 m, duding kinh fa T m.
Khi khdo sét dia chat, muc nudc ngam ndm & do sdu 4 m. Tuy nhién, cong trinh nay 3
ngay b& séng cé myc nudc 1én xubng thét thuong. Vi vay. dé an toan ta thiét ké voi gia
thi6t muc nudc ngdm ngay tai mat dat
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Trong lugng riéng no nude cia hai lop dat 1a: bé mat sau x6i mén

7= 190 KN/ m™ va p, = 21.4 kN/ m?. N=17

24

H& khoan dugce thi cong c6 sir dung dung dich Gat, I1&n 71
bentonite. Béténg tuoi co do sut Ia 200 mm, dé gtl'];!""z:"i gg
vai tdc do nhanh hon 12mv/ h, sau 28 ngay bétong j ) 36

dat cuong do nén tiéu chudn 13 R,y = 275.6 bar: 40

., —_ 38
Ky su két cau bén trén cung cép t3i trong nhu 14.3m 62
sau: 63

IGM hat tho 107 8550
Tai nén theo t8 hgp sir dung I 80
105
Pt = Pp+ P+ 0.3 Py = 4090 kN: 17m 77
Tai kéo theo t6 hop si dung I day hé khoan khao sat
Pua = Pp+ P+ 0.3 P, = 1820 kN. Hinh 3.23. M3t ciat dja chat

1} Du bdo sirc khang bén:

Mac du 16p 1 ¢6 N > 15 nhung vi day 13 cat chir khéng phéi cat séi, nén ta ap dung
phan 3.4.2. Sirc khang bén clia coc trong I8p 1 dudc tinh toan trong bang 3.8.

Bang 3.8. Sdc khang bén trong iép 1

Lopphdnts | z(m) | o' (kPa) £ (Pt 3.6.c) f, (kPa) uxd4z, | uxdzxf
0:2m 1 9 1.2 10.80 6.28 68
2:4m 3 27 1.077 29.07 6.28 183
4:6m 5 45 0.953 42.90 6.28 270
6+8m 7 63 0.853 53.75 6.28 338
8+10m 9 81 0.767 62.09 6.28 390

10+ 12 m 11 99 0.689 68.22 6.28 429

12+143m | 1315 | 118.35 0.613 72.59 7.23 525

Q. =¥ Q, = 2201 kN
Slrc khang bén trong 18p 2 dugc tinh toan theo phén 3.4.4:
Gia tri Ng, trung hinh trong Iép 2 la: Ngo =(62+ 63+ 100)/3 =75
Ung suét hitu hiéu & giita 16p (d6 sau 18.65m) ia;
o', =14.3m x (19- 10) KN/ m® + (18.85 - 14.3)m % (21.4 - 10) KN/ m?
= 178.2 kPa = 1.783 bar;
Theo phuong trinh (3.7): o = arctg{[Ne, / (12.2 + 20.3 o) 1°%%
= arctg{{75 / (12.2 + 20.3 x 1.783)]°%} ~ 49°-
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2)

3)

4)

0.2N
Theo phu’ong trinh (3.9):OCR = ——8. = 8.41,
o'

Theo phuang trinh (3.8): K, = (1 - sing) OCR™™" = 0.245 « 8. 419755 = 123,

Vi béténg dd nhanh, nén ta c6 thé gia thiét hé s6 ap Iuc ngang cla dat Ién coc khéng
ddi va 1a K,. Cling gia thiét 3 = @, ap dung phuong trinh (1.6) ta co:

f

Q,, =u Az f =nx87 x 252 = 6887 kN.

= K o', 1gd = 1.23 x 1.783 x 1g49 = 2.52 bar;

Nhu vay, t8ng stic khang bén la: Q, = 2201 + 6887 = 9088 kN.
Du bao sitc khang mﬁi:
Ung sudt hitu hiéu & mili coc:
= 14.3m x (19 - 10) kN/ m® + (23 - 14.3}m = (21.4 - 10) kN/ m?
= 228 kPa = 2.28 bar;

le.ll

Dusi miii coc, gia tri Ng trung binh la: (100 + 80) / 2 = 90 (gia tri 107 l6n hon 100, vi
vay bi cat con 100):

N 0.8 90
- 059 l—-f&} o = 0,59 { 28} « 2.28 = 25.66 bar;

G vmii |

Theo phuang trinh (1.5) ta c6.
Q, = g, A = 2566 x 7 / 4 = 2020 kN.
S(rtc chiu tai nén cuc han cla coc la:
P..=Q,+Q,=9088 + 2020 = 11 108 kN.
Stic chiu tai nén cho phép la:
[Pl.=Q,/F +QJF,=9088/2+ 2020/5 = 4948 kN (hé& s4 an toan 1a 2 va 5).
Sirc chiu tai kéo cuc han clia coc la:
P, =y Q, = 0.75 x 9088 kN = 6816 kN (y = 0.75 theo phan 3.8.1).
S(rc chiu tai kéo cho phép la:
[Pk=P,/F=6816/25= 2726 kN (hé s& an toan kéo chon 1a 2.5).

N&U thist k& theo ASD, ta chon s6 coc fa 1 (n = 1). Nhu vay, ca hai diéu kién vé kéo
va nén déu thoa man:

P,.s = 4090 < [P}, va Py = 1820 < [P]..

Ta thay rang, ty 1€ sifc chiu tai do i6p 1 cung cap chi la: 2201/ 11108 ~ 20%, con l6p
2 cung ¢dp tdi 80% sic chiu tai. Do d6 khi tinh lin, ta s& tinh 1Gn cho coc trong dat
1GM hat thé (16p 2). Ban doc W tinh va kiém chimg véi dap s ta 0.94 cm khi tai trong
1a P, = 4090 kN.




CHUONG 4

TINH TOAN COC LAM VIEC DONG THSI VSI NEN
W

4.1. GIGI THIEU

V41 su phat trién cta may tinh ca nhin va phuong phap phéan t& hiu han,
hién nay 6 cic nuée Tay Au - Bic MY, ngudi ta thudng tinh toan coc lam viée
déng thdi vdi nén (nh&t 1a bai toan coc chiu tai ngang - mong coc dai cao).

Trong dé. dudi tai trong ding (kéo hodc nén), nén dat sé tuong tac vdi coc qua
nhiing g6 dan héi theo phuong ditng (cac gé1 z, trén hinh 4.1). Quan hé gita
phan luc (ky hidu 1a t) va chuvén vi ding clta cac géi dan héi (ky hidu 1a z) 1a
t = k,z, véik, 12 d6 cling cia gbi dan héi theo phuong dimmg. Quan hé gita t va
z got la "dudng cong t-z",

Duét tai trong ngang. nén dilt sé tuong tac vdi coc qua nhing g1 dan héi theo
phuong ngang {cic gbi v, va y,; trén hinh 4.1). Quan hé gitta phan lLIc (ky hiéu
la p) va chuven vi ngang cua cac go1 dan hoi (ky hiculay)lap= k, y, vai k, la
dd cliing cia gm dan héi theo phuong ngang. Quan hé gita p va vy goi la
"duing cong p-y".

Nhu vay, phuong phép nay st dung phan tit hiiu han két hop véi mé hinh nén
Winkler (tic 14 mo hinh nén bang cac g61 dan héi lam viéc doc lap) phi tuyén.
Tém tit ciia phudng phéap nhu sau:

e (hia coc thanh nhiéu phéin td (doan) nhd nhu minh hoa trén hinh 4.1a;
* Trén moi doan. tudng tac gita coe va dit dugde mé hinh bdi cac g6i dan héi:

* Thong thudng, ta can phdi st dung may tinh (PC) dé gidi bai toan trén
(do khéi lugng tinh toan rat [6n). Hign nay 6 rit nhidu phan mém st
dung phudng phip nay nhu: COM624-P", LATPILE.UBC. LTBASE.
BMCOL76, FL-PIER (hay DEEPF). K&t qu4 la bidu d8 chuyén vi ngang,
luc cit, mémen trong coc, phan luc d4t 1én coc nhu ¢ hinh 4.1b.

.

™ Download mién phi tai dia chi "http::‘/www.ﬂqwa.dot.gov/bridge/geosoft.hbm#com624p"
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Trong cac dé muc tiép theo, ching to1 chi trinh bay dudng cong p-y va t-z cho
“coc don. trudng hop nén dit ndm ngang va nén déng nhat. Trudng hgp nhém
coc, hosc nén dat doc, hodc nén nhiéu 1ép. ching téi hy vong sé& dude dé cap
dén trong lAn tai ban tiép theo cia cudn sach nay.
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Hinh 4.1. M hinh coc-dat va két qua bai toan
4.2. PUONG CONG P-Y

Ta biét ring. dat khéng phai la vat liéu dan héi tuyén tinh, vi vay do cling cua
goi dan héi ngang (k, = p/ y) khong phai 1a hang s8 nhu quan hé tuyén tinh
trén hinh 4.2a ma giam ddn nhu trong quan hé phi tuyén trén hinh hinh 4.2b
(chuyén vi clia coc - y - cang 16n thi gd1 dan héi cang mém). Trong hinh 4.2b,
duding cong A 12 dang ung xu hay gap nhit d6i véi nhiéu loai d4t; dudng cong
B dugc goi la cho dat gion (brittle soil), ing xt dang nay chi gap vd1 mot 58 it
a4t sét cling dudi tac dong cha tai trong dong. Hinh dang va dd d6c cia dudng
cong khéng nhiing phy thude vao tinh chét cta dit, ma con phu thude vao do
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sau doan coc dang xét, kich thude €oc, mue nude ngadm va dang tai trong (tinh
hay déng). Phan 4.2.1 dén phén 4.2.9 s& trinh bay chi tiét cac dudng cong p-y
cho cac loai dat khac nhau, céc dudng cong nay duge FHWA (Hiép hdi duong
lién bang My). AP[ (Vién nghién citu diu My#) va nhiéu t8 chiic khac kién nghi
st dung.

Thoat nhin qua. ta thay phudng trinh mé ta dudng cong p-y trinh bay trong
cae phan dudi day kha phite tap. Tuy nhién, khi sit dung cse phan mém sin c6
(nhu COM624P...)). thi cic phin mém da san ¢6 cac thy vién dudng cong p-y
(ma chung t6i trinh bay dusi day). Bgi vay, ngudi dung chi cdn nhap mot vai
thong sd rat don gidn, nhu B (duong kinh coc), y' (trong lugng riéng cha cac
16p dat). e, va S, (dat sét), ¢ (dit cat), Ngoai ra, hiu nhut ta khéng cin nhap
thém thdng tin nao khac.

P

& O

e . ]
y Yo o By, v
a} G6i dan héi tuyén tinh b) Géi dan hoi phi tuysn
Hinh 4.2, Quan hé giira tai trong ngang p va chuyén vi ngang y (P.y)

4.2.1. Budng cong p-y clia dat sét yéu/ déo dudi muc nudc ngam chiu tai tinh
Matlock (1970) da tién hanh thi nghiém nén tinh ngang d6i véi cac coc trong
ving dit sét y&u dén déo o6 sic khang cit khéng thoat nude S, (tdc ¢.) ti 15
dén 40 kPa va rit ra quan hé tai trong - bién dang ngang nhu sau:

of e

v }U_J}.‘i p
p=05p,) = | (CRVEN
V. ,
trong d6: p - phan hic clta dat 16n mot :
don vi chiéu dai (doan) coe (vi '
du N/em hay t/m); 0.5p ) . ;
v - chuyén vi ngang cta doan 5
coc (cm); 5

. - phan luc cuc han cta dat ¥ B,

& h G d6 sdu dan . } . R
lén doan coc ¢ d sau dang Hinh 4.3. D3t sét y&u chiu tai tinh
Xét; o

v, - chuyén vi ngang clia coc khi p = 0.5p,; y, con goi 1a Vo
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Theo phuong trinh 4.1, p dat dude gia tri cuc han p, khi chuyén vi y 1a 8y
sau khi v > 8y, thi &y p = p.. D6 thi cta phugong trinh nay duge ve trén

hinh 4.3.
Theo Matlock. p, duge tinh nhu saw:

p. =N, 5,B. (4.2)
trong dé: S, - stc khang cht khong thoat nuée cua dit d 1an can doan coc

dang xét;
B - dudng kinh, hay canh coc:

N, - lay gia tri nhé nhit trong hai gia tri sau:
o' H
N, =: LU {4.3a)
! S, B
N, = 9. {4.3b)

g day: J-hésbd ' phu thudc loai sét:
Jd = 0.5 vi sét yéu: J = 0.25 véi sét trung binh (déo);
H - d6 siu tai phan doan coc dang x€L;
., - Ung suit ding hdu higu tail do su H.

Gia tri v, (con ky hiéu 1a ys) thico nhiéu cach tinh nbu saw
e Theo Matlock (1970):
y. = 2.5 g5 B, (4.4)

trong do: €, - blen dang ctia dat trong thi nghiém nén ba tryc khi ing
sufit bing 50% ctia dng suilt pha hoai. Néu khong tién hanh
thi nghiém ba truc thi co thé tam Jdy €, nhu trong bang 4.1.

Badng 4.1. Gia tri £, cho dit sét

Trang thdi dét sét| Nhao Déo mém/ déo | Déo cung | Cung/ rét cung Rat ran

Gid tri S, tkPa) | 12+ 24 24 + 48 48 - 95 95 + 190 > 190

Gid tri z5, 0.02 0.01 0.007 0.005 0.004

e Theo Stevens va Audibert (1979) (vdi y, va B déu phai st dung don vi cm):
y. = 14.2 g5 B™. (4.5)

Robertson va cong sy ap dung phuong trinh 4.5, va udc lugng €;, theo thi .
nghiém DMT nhu sau:

s, = 1.67 8,/ 10 By, (4.6)
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thay vao phudng trinh (4.5) ta ¢6 (véi y, va B déu phai st dung don vi cm):

_ 23678 VB
y(‘ T T A T, (4-7)
10E,,

trong dé: K, - médun DMT xac dinh tit thi nghiém nén ngang DMT @
(E;; chua phai 1a médun bién dang):;

4.2.2. Budng cong p-y cua dat sét yéu/ déo dudi mufc nudc ngam chiju tai lap

Khi coe chiu tai trong lap tudn hoan (cyclic loading) thi géi dan héi p-y mém hon
trudng hgp trén (véi cung gia tri chuyén viy, thi coc chiu duge tai ngang p nhé

hdn). Xem xét phuong trinh (4.3), khi do sdu H nho thi 3 + %‘l + J—g <9, cén khi
. . ce . G H e . (o 20
dosauHldn thi3+ 2 4 J B >9.Gidtridd sau H, ma 3+ -

L

+ e il = 9 duge
B

1) - 134

got 1a d6 sdu chuyén tiép (luu y rang o', cting phu thuéc d6 sdu doan coc dang
xét H). Cac nghién ciu thay ring & tai trong cyc han p,. néu H < H, thi dat &
xung quanh coe bi phd hoai trugt theo dang khéi ném (hinh 4.4a), con khi H >

H, thi dal ¢ xung quanh coc bi pha hoai theo dang chay ngang quanh than coc
| 6S, B

(hink 1.4b). N&u nén dit déng nhit thia', = YHvaH, = —
Y'B+JS,

a) Truot khdiném, H < H, b) Mb hinh cac phan t6 dat chay
quanh than coc trén, H > H,

Hinh 4.4. Sy pha hoai cua dit khi tai trong ngang dat cuc han p,
Qua trinh xay dung dudng cong p-y cho dat sét y&u/ déo chju tai trong liap nhu
sau:

* Xay dung doan dudng cong nhu & phin trén cho dén gia tri y bang 3y,
thay y=3y. vao phudng trinh (4.1) ta dugc p bing 0.72 p, (hinh 4.5);

“ Xem "Thi nghiém dat hién trudng va dng dung trong phén tich nén méng"
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e Sau 0.72 p,. v6i doan coc ¢c6 H > H, thi p khong d6i va la 0.72 p,:
véi doan coc ¢6 H < H, thi gid tri cua p giam tit 0.72 p, xudng con

H .. - ~ Pl - P A . > N
0.72 pu«l-:f—, gia tri nay cua p tudng ung vdal chuyén vl ngang cua coc tu

3y, dén 15 y,; sau dé thi p khéng déi.

P
0.72p4 Khi H > Hr
Kh‘uH =
0.5P, r

0 Yo 3y,

15y,

Hinh 4.5. Dat sét yéu chju tai |p tuin hoan

— y0.72 p; HIH,

4.2.3. Pudn.g cong p-y cta dit sét cimg dudi myc nudc ngam chiu tai tinh

Reese. Cox va Koop (1975) tién hanh thi nghiém nén tinh ngang dé1 vdi cac

coc trong vung dit sét cing cb stic khang cit khong thoat nudc S, (tuc c,) tt
100 d6n 290 kPa. cic tac gia nay cho rang quan hé téi trong - bién dang

ngang (P.y) ctia d&t nay gbm nam doan nhu minh hoa trén hinh 4.6. Cach xay

dyng dudng cong nhu sau:

Poan @: Doan nay c6 quan hé tuyén tinh thé hién qua phuong trinh (4.8):

p=k.Hy. (4.8)
trong d6: k. - hé sé tra trong bang 4.2
H - d6 sau cia doan coc dang xét.
Bdng 4.2. Gia tri k cla dat sét
S, (kPa) 12:24 | 2448 | 48+95 | 95+190 | >190
k, cho tdi tinh (static) Nlcm’® 8.14 27.15 136 271 543
k. cho tai ldp (cyclic) Niem’ 54.3 108.5 217

Poan @: Poan nay c6 quan hé parabol theo phudng trinh (4. 9), doan @ kéo dai
tit giao diém cta phudng trinh (4.8) vdi phuong trinh (4.9) d&n diém c6 chuyén

vila Ay
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p=0.5p, [ X (4.9)
Ve

trong dé: Y. =&y, B, (4.10)

O day: e, di dé cap dén trong phin 4.2.1 va bang 4.1 (c4c cot cudi cuing);
A, - hé s6 tra trén hinh 4.7. T trén hinh nay, ta c6 thé lay xap xi
nhu sau

H/B
2.0544H/B + 2.1948’

A ~02+ {4.11)
dday: H - dé séu cia doan cgc dang xét:
B - dudng kinh hay canh coc. 7
Pu - stc chiu tai eye han: p, = N,, S, B va N 12 gi4 tri nhd nhat trong
hai gia tri sau:
o' H
N, =2+ = 4, 983" 4.12a
: S B ( )

u

N, =11 (4.12b)

Ghi chii:  Né&u phuong trinh (4.8) va (4.9) khéng giao nhau, thi dudng cong p-
y duge dinh nghia bdi cac doan @ dén ®, trong dé6 doan @ sé& kéo
dai tir goc toa do.

0 02 04 o8

0 E A
it . LY
o -7 2 E
,@/‘/ :
2 -Agye 125 ]
A o ki N -
- 4 ! Al i
S l
S N N -
6 i i {
o
------- LA
8 i i |
5 o
------- e
o - 10 o
0 Ay v, 6Ay, WA, oyl D
_______ J_F__J_-_L___-__-J

Hinh 4.6. Dt sét cimg dudi muc nudc ngdm chiu tai tinh
Hinh 4.7. Gia trj A, va A,

Doan @: Doan nay cing cé quan hé parabol, nhu"ng theo phuong trinh (4,13),
doan @ kéo dai tir diédm c6 chuyén vi 1a Ay, dén 6A,y.:

A 1.25
p=0.5p, |- - 0.055p, [LL (4.13)
y(‘ Asy(!
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Dogn @&: La doan thing theo phuong trinh (4.14), doan @ co dd dée la

0.0625 T P -
-0, | ova kéo dat tu diém c6 chuyén vi 1a 6Ay, dén 18Ay.
Ye
b= 0.5p, JBA - 0.411p, - 22020 b (v - BAN. (4.14)

T

Doan &: La doan thing nim ngang kéo dai tu diém c6 chuvén vi 1a 18A.y, ra

ngoai. Gia trip la hing s6 nhu sau:

p = (1.225, /A, -0.75A, - 0.411) p,. (4.15)

4.2.4. Dudng cong p-y cua dit sét cimg dudi myc nudc ngam chiu tai lap
Cang tuong ty nhu phén 4.2.3, dudng cong p-y¥ (hinh 4.8) khi tai 1a tuan hoan
lap gém nam doan nhu trén. Trong dé ¢6 mét vai su khac nhau sau:

e Ta ding gia tri k, (bang 4.2)va A, (hinh 4.7) thay vi k,va A

o Doan @ va @ gop lai va theo phuong trinh (4.16). doan nay kéo da1 tu
giao diém clia phudng trinh (4.8) v6i phuong trinh (4.16) dcén diém b
chuyén vi 12 0.6y,;

v -0.45y, s
P Acpu 1-)—- O s (416)
0.45y,,
trong do: v, =4 1A v (4.17)

e Doan @ theo phuong trinh (4.18) va kéo dai tu diém c6 chuyén vi 1a
0.6y, dén 1.8y,

p=0.936Ap, - 9'—3—‘8—5@, (v - 0.6y,). (4.18)
n
A @ @:} '
0 0.4E5yc o‘siyp 1.i8yp "y

Hinh 4.8. Dat sét cimg dudi myc nuds ngam chiu tai lap
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* Doan ® ciing 1 doan thing tiép theo, nhung ¢6 gia tri la:
0.102

pP= 0'936 A:'pu - pqu- (419)

o

4.2.5. Buong cong p-y cla dat sét cimg trén myc nudc ngam chiu tai tinh

Reese. Welch (1975) ti€n hanh thi nghiém nén tinh ngang d81 véi cac coc
trong vung dat sét cing ¢6 stic khang cit khéng thoat nude 3, (tdc ¢,) tit 100
dén 200 kPa. cic tic gia nay cho réng quan hé tai trong - bign dang ngang
(P.y) ctia dat nay (hinh 4.9) nhu sau:

25
p= 0.5pu(~y-J . (4.20)

Theo Matlock, p, duge tinh nhu p

) ]
sau; e

pi T
By = Np Su B B

¥%C logN (4.21)

N, 1a gid tri nhé nhat trong hai 0.5pu

g1 tri saw:

N, =3+ Z 4 0.5-5; (4.92q)

LlI

e

0 [ i 16 <
N,=09. (4.22b) d d Y

e . Hinh 4.9. Dat sét trén muc nuée ngidm
Gia tri v, duge tinh nhu sau: : 9

yi' = 25 E:')U B (4.23)

4.2.6. Dudng cong p-y cla dit sét cing trén muc nudc ngam chju tai lap

Dudng cong p-v khi tai trong ldp gan tudng ty nhuy trén, cach xay dung nhu
sauw: Vi moi gia tri tdi trong ngang p;, ta c¢é chuyén vi khi tai tinh I3 Vi,
chuyén vi khi taj lap la y nhu sau (minh hoa trén hinh 4.9):

y=y;ty. ClogN, (4.24)

trong do: C - hé s6 do anh hudng ctia tai trong lap: 6 day C = 9.6 (p/ p,)*:
N - s61an lap cta tdi trong,

4.2.7. Budng cong p-y cia dit cat theo Reese

Reese, Cox va Grubbs (1974) ti€n hanh thi nghiém nén tinh ngang ddi véi cac
€OC trong vung dat cat (ed trén va dudi muc nude ngdm, ci véi tai tinh va tai
lap). véi gia thiét hé s ap lde ngang tinh 1a K, = 0.4, cac tac gia cho rang
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guan hé tai trong - bién dang ngang (P.v) ciia dit nay (hinh 4.10) gdm bén

doan nhu saw:
!

Doan @: Doan nay cé quan hé tuyén tinh nhu sauw:

p = kHy. (4.25)
trong d6: k - hé s6 tra trong bang 4.3;

H- d6 sau cua doan coc dang xét.

Bang 4.3. Gia tri k {(N/cm?) cda dat cat

Catrof | Cdt chdt vua | Cdt chat

Dudi muc nudc ngam 5.4 16.3 33.9

Trén muc nudc ngdm 6.8 24.43 61 J

Doan @ Doan nay c¢d quan hé parabol theo phuong trinh (4.26):

p=Cwi™ (4.26)
™ 9: — pm R
trong 4do: n=-m_. (4.27)
lnym
C.= Hi: (4.28)
N P -
fo] day; m = - p__gl_ :
Yu~"¥m
Y = B/GO
Yu = BBIBD
Pw = Bipa

B, tra trén hinh 4.11;
p. 1a gia tri nho nhat trong hai gia tri sau:

[ K Htgotgp . tep

=g, {(B+Htglo/ Dtep +
P te(B-oicos(o/2)  tg(B- o) Blo/2)teh
+ K(,Hthtg[g—] sinf - tg(g) - KHB:J; (4.29)
p.=K,Bog', {ig"8- 1)+ K, Bo', tgp tg'B: (4.30)

¢ - géc ma sat trong cua dat cat;

B=45+9/2;
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K. - h¢ 56 ap hyc chi dong; K, = tg?(45 - ¢/2);
Puax = A; p,; v61 A, tra trén hinh 4.12.

Giao diém cia doan @ va doan @ 14 nghiém cta phuong trinh can bang gida

n

(4.25) va (4.26) d6 1a tai chuyén vi y, = (f—ﬁ}l . Nhu vay doan @ kéo dai tit

diém c¢6 chuyén vila y, dén y,,.

ph
MAX |~ o m e e oo :
pm _____________________ J @ E @

: s

@ i ;

----- | e

i ! ;

i | 5

O | |

| L]
0y, y,s B/6O y,= 3B/80 o

Hinh 4.10. Quan ha p-y cla d5t cat

Dogn @ Doan nay ¢ quan hé tuvén tinh, va dé dée cta doan nay la m. Poan

nay kéo dai tit diém c6 chuyén vy, dén diém c6 chuyén Vi ¥,

Dogn @: Doan nay c6 quan hé tuyén tinh. va dé déc cia doan nay 14 0 (ndm

ngang).
[
®
10  Tain - 1.0 .
Taifinh Tai inh
20} . 201 -
304 - 30 =
40 . - 40 -
I
I
50+ | - 50 -
! A
6.0 - 1 ‘6.0 | | (
3 ) o
HiB 0 LEF 1 2 e 0 e 1 2 3
Hinh 4,11, Gia tri B, Hinh 4.12.Gia tri A,

11 MCPT-A



162 MONG COC - PHAN TiCH VA THIET KE

4.2.8. Dudng cong p-y cua dat cat theo Robertson

Robertson va céng su (1989) dua trén két qua cua thi nghiém nén ngang
xuyén DMT va kién nghi quan hé p-y nhu saw

033

o

trong dé: p, - siic chiu tai cuc han trén mét don vi chiéu dai coc, bang gid tri

nho nhat trong hai gia tri sau:
Py = 0w BK, - K} + H K| tgo tgp]; (4.32a)
Pu= G-‘vnB [KDR + 2K0sztg(f’ + tg(P h Kn]v (4'32b)

d day: - d6 sdu doan coc dang xét;

H

B - dudng kinh hay canh coc;
¢ - gbc ma sat trong hitu hidy;
K

.- hé s6 ap ldc ngang cha déng, theo Rankine

L= 20D sy gy
1+sing

K, - hé s8 ap lye ngang bi déng. theo Rankine: K, = 1/K,

K, - hé s8 4p lye ngang tinh;

B-goc4b’+o/2;

y. - chuyén vi ngang cia coc khi p = 0.5p,; y. ¢on goi 12 v;, va Rac
dinh nhu sau: |

4.17sing x o',

. , (4.33)
2E,(1 -sing@)

Y=

8 day: Ep, - médun DMT x4c dinh tit thi nghiém nén ngang DMT®
(Ep chua phai 1a médun bién dang).

4.2.9, Buang cong p-y cla cat theo Gabr va Borden

Gabr va Borden (1988) ciing dya trén két qua ctia thi nghiém nén ngang
xuyén DMT, déng thoi sit dung quan hé cta Murchison va O'meil (1984)
nhu saw

' k H
P=nAp,t o . 4.34
nAp, g[ AnP. yJ (4.34)

trong dé: 1 - hé s6 tiét dién, n = 1.5 véi coc tiét dién 48u; n = 1.0 vdi coc néra tron;
A - hé s0 tai trong, A = 0.9 véi tai trong ddng;

™ ¥Xem "Thi nghiém dat hién trudng va Gng dung trong phéin tich nén méng"
11.MCPT-B
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A =min(0.9: 3- 0.8 x H/ D) vdi tai trong tinh;
p. - 14y nhit phuong phap Robertson (titc 14 dung phuong trinh 4.32);
tg(x) = sin(x)/cos(x); cos(x) = (e* + ™)/ 2;
k, - hé $0 nén ban dau, duge Gabr va Borden dé nghi tinh nhu sau:
=P 0.
i) h [}
¢ day: p, - ap lue do duge ban dau (khi chua ¢6 chuyén vi) cla thi nghiém
DMT (tudng ing véi s6 doc A);
o'\, - 4p lye ngang hiu hiéu, o'y, = Kyo',,;
h - nita bé day miii xuyén DMT, h=7 + 7.5 mm.

4.2.10. Pudng cong p-y cla da voi

Tai Florida Keys (Hoa ky), Reese va Nyman (1978) tién hanh mét thi nghiém
nén ngang trén coc nhéi dudng kinh 1.2 m, dai 16.5 m, trong d6 doan 13.3 m
phia dudi coc duge ngam vao da véi 16 thién ¢6 stic khang nén don q, (q, = 2S,)
khoang 3500 kPa. Sau dé, cac téac gia nay kién nghi dudng cong p-v cho da voi
nhu trén hinh 4.13. Tuy nhién, cic tac gia ciing nhin manh, vi s ludng thi
nghiém qua it, khi st dung dudng cong p-y nidy cin than trong, nhat !a tinh
chat cia da thi thay d6i rat manh (do vét nit, do hién tugng réng cactg,...).

4.3. DUONG CONG T-Z

Tudng tu nhu dudng cong p-y, dd cling ciia goi dan hdi dang (k, =t / z) khang
phai 13 hang s8, va quan hé giiia tai trong diing (t) va chuyén vi dang (z) 1a
phi tuyén, va c6 thé gém nhiéu doan.

Hinh 4.14 minh hoa vi du mét dudng cong t-z dién hinh, Trong d6 ¢6 cac ky

hiéu sau:

toa - Stc khang cuc han ctia dat. Néu géi dan héi dang xét nadm trén than
coc thi t,,. 1 stic khang bén f, con néu gbi dan hdi d6é nim ¢ mai coc
thi t,. 14 stic khang mii q,. Viée du béo f, va g, 44 dude trinh bay ky

trong cic phan 2.5+ 2.8 va 3.4+ 3.8;

t..- sic khang du (residual - sttc khang ¢ bién dang deo);
£ - tY SO GUA tyee VA Loy (§ < 1);
Z, chuyén vi ditng tuong ing vai t,,.;

Z.. - chuyén vi ding d trang thai bién dang déo;

i - ty s6 gitta z,.. va z,, (1 = 1).
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s tmaxd
2
PO
-G
6'0.60 tres
o
]
s
&
5
fbo.
- —
¢ 0.0004B y 0 Z, Zios = M Ze, z
Hinh 4.13. Budng cong p-y cho da voi Hinh 4.14. Quan hé t-z

4.3.1. budng cong t-z vdi sirc khang bén

Y

tmax;

tres

Dudng cong t-z cla coc ché sdn trong dat dinh gbm ba doan duge thé hién trén
hinh 4.15a. trong dé doan cong diu tién duge xdy dung qua nhiing diém
thé hién trong bang 4.4. Con gia tri § = t,.. / t,.. thi bién thién trong khodng
0.7 + 0.9 tucng tng véi sét mém - sét ciing. D61 véi coc nhdi thi dudng cong t-z
ciing tudng tu nhu véi coe ché sin. dudng cong nay da duge thé hién trén hinh
3.13, trong dé z,, = 0.004B +0.006B.

Dudng cong t-z cia coc ché sin trong dat rdi thi gdbm hai doan rat don gian
nhu trén hinh 4.15b, trong d6 z,, thudng khéng phu thudce vao duong kinh coc
ma ¢6 gia tri khodng 2.5 mm. Cdn dudng cong t-z clia coc nhdi thi da thé hién
trén hinh 3.15. trong d6 z,, = 0.004B + 0.008B, riéng d61 véi sdi thi z,, kha 16n.

t

tmax

z,.=0.01B 0.02B z 0 2.5 mm z
a) Pat dinh b) Bat rdi

Hinh 4.15. Budng cong t-z cho ma sat bén cla coc ché sdn

Bdng 4.4. Cac diém trén doan cong thi nhat - Dudng cong t-z coc ché sin

z 0 0.00168 0.0031B 0.0057B 0.0088 0.01B8

t 0 031, 0.5t | 0750, | 09tu |t
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4.3.2. Budng cong t-z véi sirc khang mii

Dé1 véi coc ché sdn, duong t
cong t-z duge thé hién trén {
hinh 4.16. Doan cong déu
tign o phudng trinh nhu

tmax

sau:

D81 véi coc nhéi. dudng cong
t-z da dugc thé hién trén : ——
hinh 3.14 va hinh 3.186. 0 z,=0.1B z

Hinh 4.16. Buang cong t-z cho sirc khang
miii cia coc ¢hé sin






CHUONG 5

MOT SO PHUONG PHAP THi NGHIEM COC

5.1. THi NGHIEM THU BONG BIEN DANG LON
(PDA - PILE DYNAMIC ANALYSIS)

5.1.1. Gigi thidu

Thi nghiém thi dong bién dang 16n (PDA - hinh 5.1) duge biét dau tién vao
nam 1958 béi Luan an Thac sy cua Eiber dudi sy hudng dan cia gido su Nara
tai Vién cong nghé Case (va do d6, phudng phap duge goi la phuong phap
CASE). Nam 1964 luan an nay dudc phat trién thanh mét dy 4n quy mé do
gido su Scanlan va gido su Goble dan dat, véi sy hé trg vé tai chinh tir Bé giao
théng bang Ohio, tit FHWA va nhiéu cdng ty tu nhan khic. T nam 1964 dén
nam 1976, du an duge tién hanh theo bon
hudéng khac nhau, va tdt ca cac thi nghiém Bla

déu duge kiém nghiém bang thi nghiém nén
tinh coc. Nam 1972. PDA mdi bat diu duge st

dung vao muc dich thuong mai ciing véi su ra Thit bi POA
&di cua phin mém phan tich CAPWAP. Mic s g [L

» L R . . au do ||| q
da e nhing thiét bi va phan mém tuong ty o i

chau Au (FPDS va TNOWAVE ), nhung PDA
va CAPWAP van dudce dung nhiéu.

Trong thi nghiém PDA, ngudi ta gin cac dau
do gia tde va bién dang & diu coc. Tal mdi nhat
bia déng coc. gia tdc va bién dang trong coc
dude ghi lai va xtt 1§ bing thiét bi PDA (Pile
Driving Analyser). Két qua nay ciing cé thé

duge xU 1y tiép bang phAn mém CAPWAP. 7
Hinh 5.1. Thi nghiém PDA

“ Cac phadn mém 6 Chau Au thudng quy ude ddu ngude véi phdn mém ¢ Bac My: d chéu Au,
song duong duge thé hién xudng duél (bén dudi truc hoanh).
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5.1.2. Ung dung cia PDA va CAPWAP

PDA va CAPWAP ¢6 rit nhiéu Ging dung sau:

Panh gia stte chiu tai ctia coc

1)

2)

3)

Panh gia dude ste chiu tai cua coc tai thoi diém thi nghiém PDA. Néu lam
thi nghiém PDA lic coc vita ha xong (goi 14 EOD - End of driving) va lam
thi nghiém PDA sau mét thdi gian coc nght (goi la BOR - beginning of
restrike), ta s& danh gia duge sy ting (soil setup) hay su giam stic chiu tai
(relaxation) theo thoi gian. '

Thi nghiém ¥ ldc diu déng (ha) coc dén lic ha coc xong, ta sé danh gia
duge stic chiu tail cla coc ¢ nhiing chiéu dai coc khac nhau. T d6, giup
diéu chinh chidu dai coc thiét k& theo thuc té& dit nén.

Sit dung CAPWAP ¢6 thé danh gia su phén bé stic khang (bén va miii),
danh gia hé s& quake va can nhdt (damping) cha d4t (bing viée tinh Lip).

DPAnh gia sy lam viée cua buaa déng coc

1)

2)

3)

Déanh gia phan tram nang luong hiéu qua cua buda. Panh gia anh hudng
cta dém bia (hammer cushion) va dém coc (pile cushion) dén s nhat buaa.
Xac dinh nhiing su ¢6 caa bia, vi du nhu danh lia qua sém (bua diesel),
hodc eda ro r1 hoi (bia hoi).

Néu 56 nhat baa thde déng khac véi sd nhat buia du doan, xde dinh dugde

nguyén nhan 1a do diéu kién dia chit hay do su 1am viéc cia bia.

Danh gia @ng suat phat sinh trong coc va su toan ven cua coc

1)

2)

Du béo ting suit kéo va nén phat sinh trong toin bd coc khi déng, ti dé
kiém tra kha nang coc bi pha hoéng.

Khi coc da déng xong rdi, ¢6 thé ding PDA dé kiém tra su toan ven cla
coc, néu ¢é coc hit hong ta sé kip thdi dé ra bién phap dé thém coc hoic

glam tai.

5.1.3. Thiét bi thi nghiém

Théng thudng. thi nghiém PDA doi hoi phai gn téi thiéu hai ddu do bién
dang (strain transducer) va hai dau do gia t6c (accelerometer) d61 dién nhau
qua tiét dién coe, va cach diu coc khoang 2d + 3d (d 1a dudng kinh coc).

Trong hinh 5.2, ngudi thi nghiém dang khoan 1§ va bat cac neo béténg, chuin
bi cho viéc gin cac thiét bi thi nghiém 1én coc. Trén hinh 5.3, ngudi thi
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nghiém dang tréo 1én coc dé bAt buldng vao cac dau do. Néu thi nghiém sau
khi coc da nghi (BOR). thi ta c6 thé bat buléng khi coc da ha xong nén khéng
cAn tréo. Hinh 5.4 chup can cdnh sau khi ldp cac dau do bién dang va gia

téc xong.

- Quy trinh thi nghidm PDA nhu sau: su dung phuong trinh (2.1) hoac chay
phin mém GRL-WEAP (phan 2.10.2) dé chon bia pha hop. Sau dé, sd dung
biia déng coc dé ddéng coc. Vai coc nhdi, sau khi coe nhdi thi céng xong va
bétong da di cudng do. ta sé ding btia dé déng vai nhat thi nghiém ma thoi.

Thiét bj PDA trén hinh 5.5 s& chuyén déi cac tin hiéu bién dang va gia tdc do

duge sang luc va van tée (tai thai diém t) nhu sau:
F(t) = EA g{t) (theo dinh luit Hook): (5.1)
v = fawdt, (5.2)

trong d6: F() - luc téac dong vao phén t6 coc (vi tri dat dau do) tai thoi diém t;
V(t) - van toc chuyén dong cla phén t8 coc (vi tri dat ddu do) tai
thai diém t;
E - modun dan héi cia coc:
A - tiét dién coc:
¢(t) - bin dang do duge & thai diém t:
a(t) - gia téc chuyén dong ctia phan 6 coc do duoc tai thei diém t.

Hinh 5.2. Chuan bi gin cac thiét bi thi nghiém lén coc
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Hinh 5.4. Bat buidng vao ddu do bién dang va gia téc
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Foa Sy bl s

Hinh 5.5. Thiét bi thu va x(r ty PDA

5.1.4. Gidi thiéu vé co hoc séng (Wave Mechanics)

Khi déng mét nhat bia xudng dau coc. diau coc chiu mét luc nén la F (do d6,
{ing suit nén ia ¢ = F/ A), déng thdt diu coc chuyén déng xudng véi vin toc V.
Tuy nhién, ¢ thoi diém t = 0 thi mii coc vin chua chiu lue, ciing chua chuyén
dong xubng. Sau mét thai gian la t = L / ¢ (L 12 chiéu dai coc. ¢ ld vdn téc lan
truyén cliia song luc F va séng van toe V), thi tac déng d dau coc méi lan truyén

v anh hudng dén mii coc.

Can Iuu y ring, ¢ la hing s6 phu thudc ban chat vat liéu. trong khi V 1a dai
lugng thay d8i phu thude vao dé 1én ciia nhat bua déng coc va phu thude vao
stic khang clia dat: c thudng 16n gap vai nghin 1an V.

Tt cac gia tri F va V 3 cac thot diém khae nhau, ta sé du bao dudgce stc chiu tai
clia coe. Trude tién, ta xét hai trudng hgp ly tudng hoa: coc khéng cé sic
khing ctia dat tac dung (phén 5.1.4.1) va coc chéng (ngam cing § mii - phén
5.1.4.2). Sau khi da hiéu ré hai mé hinh nay, ta sé xem xét mét coc trong dét
thuc t& (phén 5.1.4.3). Trong céc phan nay ta can biét mét tham s trung gian
quan trong la trd khang ciia coc, ki hiéu la Z. bdi vi cae dd thi thudng thé hién
gia tri F va VZ, chit khong thé hién gia tri F va V (vi F va VZ ¢6 ciing thd

nguyen):
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7 = EA - Me (5.3)"
c L
trong dé: E - modun dan hoi cila coc;
A. L - dién tich tiét dién ngang va chiéu dai coc;
M - khéi lugng coc;
¢ - van tde truyén séng.

Vi du coc bétdng tiét dién 0.4 x 0.4 m¥%
Van tdc truyén séng trong béténg 1a ¢ = 3464 m/s

= Z = EA/c = 30 000 000(kPa) x 0.16(m*) / 3464 {m/ s) = 1385.7 kN s/ m; hoiic
Z=Mc/L=(2.5x0.16) (t/ m) x 3464 (m/ s} = 1385.7t/ s = 1385.7 kN s/ m.

5.1.4.1. Coc khéng c6 sitc khang

Ta xét mot mé hinh coc khéng cé siic khang bén ciing nhu stc khang mi trén
hinh 5.6a. Trén hinh nay, dé tién thé hién cac dé thi sau nay, coc dudc vé theo
phudng ngang, diu coc d bén trai, miii coc d bén phai. Khi buaa déng vao coc.
s& tao ra song luc (nén) va séng van toc hat. Hai séng nay truyén véi van toc
la c. Cé nghia la, néu tai thdi fiém t, = 0, séng bit dAu tit ddu coc, thi tai
t, = L/c, séng truvén duge t1 mii coe (hinh 5.6a, véi L 1a chiéu dai coc).

Tait, = 0. F, > 0;

Tait, = L/ ¢, vi mii coc khéng ¢é stic khang mii, nén ta can biang luc sé duge
F, = 0. F, = 0 14 do ¢6 mdt song ing suat kéo (ddu 4m) truyén nguge ti mii
coc 1én (hinh 5.6b).

Nhu vay, coc khdng ¢6 site khang (hodéc sitc khang nho - tie 1a dat yéu) thi dé
Li pha hoai do fing suit kéo. Séng (ing suit kéo truyén ngude 1én sé lam van
toe V, duge gap doi 1én (hinh 5.6b). Tuy nhién, d mii cec ta khéng gén cac diu
do bién dang va gia tdc, ma ta chi gan cac ddu do d gan ddu coc (xem phén
5.1.3). Hinh 5.6¢ thé hién két qua do dude d cac dau do nay. L 1a khoang cach
tit vi tri ddu do d&én miii coc (xAp x1 bang chidu dai coc, vi ciac diu do chi dit
cach dau coc mét doan 2d + 3d). Trén hinh nay, ta cé:

o Diém A li diém bat ddu xuit hién céc song tai cac ddu do. Tuy nhién, ta
khéng quan tdm nhiéu dén diém nay;

e Diém B la diém xuat hién song cuc tri. Tai day. F, ~ 2050 kN va
V= 2050/ 1385.7 ~ 1.48 m/ s {g14 st trd khang 7 = 1385.7 kN s/ m):

"

E=pc™ M=p AL {(pla khéi lugng riéng):
dodé EA/c=Mc/L. Luuy: N=kGm /s vakN=tinm/s".
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Bua

Tai thoi diém t = L/ ¢, cac séng mdi truyén dén mii coe, tuy nhién chua
di nguge lai dén vi tri cac dau do. Cac séng niy cAn mot thai gian 1AL/ ¢
nita dé di ngude dén cac déu do;

Piém C 13 diém diu do bit ddu nhan dude cic séng phan hdi (thdi gian
ting v doan AC biang 2L/c). Bit ddu tit diém C, lyc F gidm dén di, trong
khi van téc V tang ddn 1én. T A téi C, d6 thi luc F va dd thi V x Z trang
nhau, sau diém C, hai d6 thi nay tach xa din ra;

Diém D 1a diém cach diém B mot doan thoi gian 21/c. Tai day, lue F, = 0
Cén Vg = QV] = 148 x 2 ~ 296 m/ 8.

Sau diém D, ¢6 rat nhiéu séng 1én va xudng ln 16n nhau, do dé rat khé

— e

______ vin 6o o tir mii coc 1énltic dang tir dudi
1 || L
P+

N
phan tich. Ngudi ta thudng khéng xem xét dd thi sau diém D.
] _
coc, t=0 | ing SUBT NEN [chuydn dang do
JT {ir trén xudng [tic déng tir trén
L coc, I=Uc F2=0 > D € > Eﬁ
I_—__ ing sult kéo |chuyén ddng do

Coc, T=17¢ V2=V F2=0 V=2V,

a) Mo hinh coc

b) Luc va van téc & mii coc tai t

Luc F N A
mees vZ (3 5
) i n
{ [ [ | '[
1 [l bt
f H F | ]
] I ;! 'r
f I ) N
1 P r ! i
! ”»> 1 “ J * ,
p \\_-r \_:‘ AP [
20 8 ms
4 6 8L
e

c) Két qua do

Hinh 5.6. K&t qua do dugc tir PDA véi coc khdng sic khang
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5.1.4.2. Mii coc ngam cing

Ta xét mdt mé hinh coc khéng c6 sitc khang bén nhung c6 stic khang miii la v6
cting 16n trén hinh 5.7a (xem nhu mii coc chdng 1én da).

Tai t = L / ¢, miti coc duge ngdm nén khong ¢ chuyén dong, vi vay V, = 0
(hinh 5.7b). P V, = 0 thi cdn cé mét séng dng sudt nén phan hoi lai, va séng
nén nay lam cho {ng sudt d mii coc gap doi lén (F, = 2F,, hinh 5.7b). Nhu
vay, coc chdng thi dé bi pha hoai 6 mii coe (v do (ng suft nén qué Jdn).

Xét hinh 5.7¢ ghi lai két qua d cac dau do.

Tai diém C. cdc ddu do bat ddu nhan duge séng phan héi tit mii coc, do d6 hai
dd thi bat dau tiach ra xa nhau;

Tai diém D (t, = 2L/ ¢ so véi diém B). V, = 0, F, = 2F,.

F=
Rea
| -

Bla

coc; 1=0

TR

: chuy2n déng do| Ung sual nen

ke tic déng tirtrén | tir trén xudng
______ van ¢ e{j@
[ coc, t=Lic chuy&n déng do| Ing sudt nén

-1 tic dénf tir duaiitir mili coc lén
t 9‘ F_
[ coc; t=L/c '

- v2=0 Fa2 = 2F

M
™
1l
N
M
RUNAYRY

<<
nJ

i
<
ANWAY

a) Mo hinh coc b} Luc va van tdc & mi coc tai t

¢) Két qua do

Hinh 5.7. K&t qua do dudc tir PDA véi coc ngam tai mii




Chuang 5. MOT SO PHUONG PHAP THi NGHIEM COC 175

5.1.4.3. Coc thuc té
T cac phan trén, ta ¢6 nhan xét:

+ Néu coc tiét dién déu, khi gap stic khang cia dat thi lyc F tang 1én, con
van tde V giam di ¢hinh 5.7c¢);

+ Nguge lai. néu tiét dién bi thu nhd lai (vi du, coc hu hdng hoac hét chiéu
dai coc) thi luc F giam di, con van téc V tiang 1én (hinh 5.6¢);

Ta xét mot vi du don gian dé minh hoa cho nhan xét nay: trén hinh 5.8, coc
chi tiép xic véi dat & diém A (cach ddu coc mdt doan 1a A) va B (cach diu coc
mdot doan 1a B).

o Tai thoi didm A/ c, séng di dén diém A, bi phan héi lai:

¢ Tai thdi diém t = 2A / ¢, séng phan héi gap lai cac ddu do, do d6 luc F sé
tang 1én chut it, trong khi van téc V sé& giam di chat it. Hai d8 thi bt
dau tach ra va di song song mét doan;

o Tudng tu, tai thai diém t = 2B/ ¢, séng phan hdi do stc khang cta dat &
diém B ciing gip cac diu do, do d6 hai d8 thi tiép tuc tach ra xa hon va
di song song mét doan dén diém C;

e biém C la diém cach diém bt didu dé thi mot doan 1a 2L/ C. Sau didm
C, lue F giam di va van téc V ting 1én do gip séng kéo phan héi tit mai
coc (ti&t dién coc bi thu nho bang 0 tai mii coc).

4 2L/c 7

Hinh 5.8, K&t qua do dudc tir PDA véi coc ¢o sirc khangtai Ava B
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Ta xét tiép ba vi du khac nhu sau:

e Trén hinh 5.9 ta thay. trong khoang thdi gian 2L / ¢ ban déu, hai d6 thi
nay tiach dén nhau ra nhung rit it, nhu vay sic khang bén la nhé. Tai
gan diém 2L/ c. lyc F lai giam, va van téc V tang (do xuit hién séng ing
suit kéo), nhu vay sttc khang miii ciing gin nhu khéng ¢ (tudng ty hinh

5.6). Tom lai, coc nay nam trong dat véu;

s Trén hinh 5.10, sttc khang bén 12 nho. Tuy nhién, stic khang mii la lén
vi tal l1in c&n diém 2L / ¢. luc F tang manh va van tée V giam manh
(tuong tu hinh 5.7);

¢ Trén hinh 5.11. hai d6 thi tach ra rit nhanh, ching to ste khang bén la
16n. Tuy nhién, coc nay ¢ stte khang mai réit nho.

- r >
V T gl
2L/C

Hinh 5.9. K&t qua do dugc tir PDA vdi coc ¢é sirc khang bén va mii nhé

Hinh 5.11. K&t qua do dugc tir PDA vdi coc co sirc khang bén 16n
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5.1.5. Xac dinh hiur hong trong coc

Coc duge dat trong dat, vi vay coc ludn ¢é stc khang bén doc subt than coc.
Theo nhu phén tich & phan 5.1.4.3, néu coc khéng thay d6i tiét dién, thi hai dd
thi ludn ludn phai tach ddn nhau ra (trong doan 2L/ ¢ dau tién).

Né&u coc bi hu hong, tiét dién coc bi thu hep lai, thi hai d6 thi (F va V x Z) sé
gan nhau .lai. Miuc dé gan nhau cha hai dé thi nay goi 13 BTA (hay B). Theo
Rauche va Goble, ¢6 thé danh gia mic d6 hu hong ctia coc dua trén gia tri ctia
BTA nhu trong bang 5.1. Khi thi nghiém PDA, mite dé6 hu hong (BTA) cua coc
sé& duge hién 1én thiét bi PDA luén (xem phan 5.1.8).

Béng 5.1. Mire d6 hu hdng cla coe

r—
<06

BTA 1.0 0.8+1.0 06+08

Mifc dé hurhong khong nhe vua l gay nang

1

5.1.6. Phuong phap CASE

Ngay tai hién truong, by "Phan tich déng coc” ("Pile Driving Analyser"} sl
dung phuong phap CASE di cé thé dy bao sie chiu tai ctia coe, du bao tng
suft trong coc. Phudng phap CASE chuéin (Standard CASE method - RSP)
duge Goble va cong sit kién nghi vao nim 1975 dé dy bao siic chiu tai cue han
cua coc nhu sau:

-7V,

P,=(1-J0) +(1+d )4 5 , (5.4)

F, +ZV,
St
trong d6: Z - trd khang cia coc (phuong trinh 5.3); .
F, va V,- huc va van téc do ¥ dudge tai cac ddu do d thai diém t,; t, 13
thoi diém ma hai séng nay dat cue tri ddu tién:
F, va V,- luc va van téc do'” dugc tai cac dau do § thdi diém t;
te=t, + 2L/ ¢;
J. - hé s8 can nhdt (hay cAn déng) Case. R4t luu y rang, hé s8 J,
nay la khong thit nguyén va khac v hé s6 J cua Smith trinh bay
cudi phan 2.10.2. Hé $6 J. ban dau duge Goble kién nghi nhu & cdt 2
trong bang 5.2. tuy nhién nidm 1996 cac tac gia di cap nhat va kién
nghi lai nhu d cét 3 trong bang nay;

Hinh 5.12 trinh bay mdt vi du du bao P, theo phudng phap CASE chuin. Y
nghia cua phuong phap CASE chudn nhu sau: siic chiu tai clia coc cang 16n

* Thige ra. cae ddu do do duge bign dang e(t) va gia t8c a(t), sau d6 st dung phuong trinh (4.1) va
(4.2) ta 56 thu duge lue F va van tée V.

PR .
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khi: (i) diém F, cang cao; (ii) diém F, cang xa diém V, (hai séng cang tdch xa nhau tait,).
Tuy nhién, véi coc chéng hodc coc nén chat dit nhiéu thi ta nén su dung
phucng phiap CASE max (Maximum CASE method. RMX). Phuong phap
CASE max khac phuong phap CASE chudn & hai diém:

o Ta phai tim thai diém t, dé sao cho sitc chiu tai P, 1a 16n nhat. Hinh 5.13
trinh bav mét vi du du bao P, theo phuong phap CASE max;

e Hé 6 J. phai 6 gia tri t8i thidu 1a 0.4 (v6i sdi. cudi thi téi thiu la 0.3),
vii thudng 16n hon hé sd J. ciia phuong phap CASE chuén tuw 0.2 dén 0.3
(cHt 4. bang 5.2).

Ngoai hai phudng phap CASE trén, con ¢6 hai phuong phap niia la phuong
phap CASE tu dong RAU va RA2. Tuy nhién, hai phuong phap nay it dang
hon.

Bédng 5.2. Gia tri J. st dung trong thi nghiém bién dang lén PDA

Dét 6 mii coc Kién nghici | Kién nghi moi J. cho
- (1975) (1996) CASE max
Cat sach 0.05 - 0.20 0.10-0.15 0.40 - 0.50
Cat 1an by, Bui chifa cat 0.15-0.30 0.15-0.25
Bui 0.20 - 0.45 0.25-0.40 0.50-0.70
Sét 1an bui, Bui lan sét 0.40-0.70 0.40-0.70
:ét 0.60-1.0 | 20.70 0.70- 1.0
— e F

—————yZ

Trd khang clia coc: Z = 380.5 kN s/ m;

DAt d miii coc 1a bui, ¢b 1An mdt it sét va hé sé damping la: J; = 0.4;
F,= 1487 kN; V, = 3.91 m/ g,

F,=819kN; V,=1.07 nv s.

F,.+2ZV

Py = (1-de) =5+ (14J,) .= 0.6

[

'F"E;zz;v'z 1487;143'{”'4 819;407, = 1181 kN ~ 118 tén.

Hinh 5.12, Phuang phap CASE chuin (Standard, RSP)

47 MAADT O
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Je = 0.7,
F,=819kN; V, = 1.92 m/ s;
F,= 1487 kN; V,=0.0m/s.

E -
P, =(1-4.) ———2—‘-+(1+JC)—2—-2——2= 0.3

v 819+730.5+ 1487 -0

17 = 1496 kN =~ 150 tdn.

2

Hinh 5.13. Phuong phap CASE max (Maximum, RMX)

5.1.7. Xac dinh ty 1& ning lugng tiép thu

Ty 1& niing lugng tiép thu (E,%) 14 mét thong s& quan trong ciia thiét bi déng
coc. K&t qua cua thi nghiém PDA cho phép ta danh gia dudgce ty 1é E, nhu sau:

E (t)
E = 2 5.5
Ebﬁa ( a)
trong d6: E,;. - ning lugng danh dinh cua bua;
E (1) - ndng lugng thuc truyén vao coc:
S
Bt = [F(t) = V(t)dt. (5.5b)
]

Vi dy ctia d8 thi E,(t) duge thé hién trén hinh 5.14b.

0 2L/¢c t
b} D6 thj nang lugng thuc E,

0 2b/e
a)PdthiFvaZ xV

Hinh 5.14. Nang lugng truyén vaoe coc

Tién hanh do dac nhiéu bua (st dung phuong trinh (5.5)), ngudi ta théng ké
dude ty 1& nang lugng tiép thu trén hinh 5.15. Ta thay bua diesel déng coc’
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béténg ¢d ty 1é tiép thu ning luong trung binh khoang 25% (d6ng tit s6 50%
trén truc tung sang), trong khi bia hoi mét chiéu déng coc thép co ty 18 tiép
thu khoang H0%.

100 %

90 %

80 %

0%

60 %

50 %

40 %

Ty Ié bua

30 %

20 %

10 %

0%

0% 10% 20%30% 40% 50% 60% 70% 80 % 90 % 100 %
Ty l& nang ludng tiép thu

Hinh 5.15. Ty 1& nang lugng tiép thu ¢ia mét s8 bua

5.1.8. Trinh bay két qua tirbd xir ly PDA

Sau mdi nhat bia tai hién trudng, thiét bi PDA (Pile Driving Analyser) sé
hién thi ngay lap tic nhiéu théng tin hiu ich, vi du nhu trong cac hinh 5.16
dén hinh 5.18.
Trong nhiing hinh nay, cac ky hidu la:
¢ Nhoém "Dau vao™
LE: chiéu dai coc tinh tit ddu do dén mii coc;
AR: dién tich tiét dién coc;
EM: médun dan héi caa coc:
SP: trong lugng riéng caa vat lidu coc;
WS: van téc séng truyén trong coc;
JC: Gia tr1 damping J (18y theo bang 5.2).
e Nhém "Thit nguyén™
Luu ¥ rang, thi nguyén thudng la kN x 10, hay chinh la tdn. Cé nghia

1a, stic chiu tai s& tinh bing tan, cdn ning lugng sé 14 tan x m. .
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Théng s6 dau do Két qua

Hink 5.16. Coc bétdéng duc sin Ung sudt trudc 35x35 cm?
Nhém "Dé thi két qua'™
Dudng thing dang thd nhat: thai diém t, 1a lde hai séng dat cye tri dau
tién;
Duong thing dung thi hai: thoi diém t, =t, + 2L/ ¢
Trén hinh 5.17. néu coc bi hu hong thi eon ¢é6 mot dudng dit nét d gita
(dudng D-D). Khi d6, trén man hinh sé& xuit hién mat clia sé nho, trong
d6 ghi gia tri BTA. Trén hinh 5.17, tai vi tri dudng D-D ta thay hai d6
thi F va ZV xich lai gan nhau chiing td coc cé hu hong. Trong hinh nay,
BTA = 89%, tiic la coc bi hu hong nhe, vi tri hu hong trong hinh nay la
LTD = 14.9 m tinh t vi tri dau do.
Nhom "Két qua”:
« (SX va TSX (MPa): ting suit nén vi ting suét kéo tai vi tri dau do;
CSB (MPa): {ng suit nén du bao tuong dé1 d mii coc;
Trén hinh 5.16 (coc bétdng), CSX = 20 MPa. Nhu vay, néu mac
bétdng ctia coc thip thi coc 6 kha ning bi pha hoai do nén:
Trén hinh 5.18 (coc thép), CSX = 211.6 MPa < R, = 220 MPa
cua thép lam coc 6ng va coc thép hinh chu H.
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Tuy nhién. CSB (mii coc) = 232.3 MPa sé 16n hon cuong dd chiu nén
cho phép khi déng R,, cla thép lam coc. vi vay khi déng coc nay dén
d6 sau thiét k& nén giam nang lugng cia bia (bang cach giam chidu

cao rdi biia) dé giam CSB;

Luu ¥ rang, CSX. TSX (tai vi tri dau do) va CSB (tai miii coc) chua
phai 14 gia tri Gng suft cuc dai phat sinh trong coc. Ung sudt c6 thé
xuét hién & vi tri khae hai vi tri trén, do d6 phai dung CAPWAP (hoac
WEAP) @& du bao ting suat cuc dai.

« BTA (%): gia tri danh gia mdc d6 hu hong cua coc.

« RSP va RMX (tan): stc chiu tai cye han P, cia coc du bao theo
phuong phap CASE chudn va CASE max, sit dung gia tri damping J..
kién nghi trong bang 5.2.

« RX7 {tdn): stic chiu tai cuc han P, du bdo theo CASE max, st dung
J.=0.7,;

« Trén hinh 5.16, tit d6 thi ta thAy rang coc ¢6 sic khang bén nho (hai
dé thi F va ZV tach nhau rat it). siic khang mui 16n nén coc duge
coi 1a coc chéng. Nhu vay, theo phan 5.1.6, ta nén sd dung gia tri
P, =RX7 =156 tan.

« EMX (tm): nang lugng do coc tiép thu. Trén hinh 5.16, EMX = 2.1 tm
= 21 kNm. Biét ring buia déng coc 12 bua diese]l DELMAG D-30-32 ¢6
nang lugng bidu kién E,., = 89.6 kNm = B, = 21/ 89.6 ~ 23%.

« BPM: sd nhat bua déng trong mét phit.

» STK (m): chiéu cao rgi bua, tinh toan cho bia diesel.

Firle Domarrics (R YIeesny (i ] PJ: EAST RILVER BRIDGE [TFTRNE - - us
LN PRI 4000 DIMIISTAELTIVENRII PN PRENA EMD OF DRIUVE ak ki (¥
L 4 an. AT TV TR o, e R R " N1

>

i

0. %0
AF3/ 4 1.00/1 .00

DENDING? HS7? LE? DAM
BTA=8? LTO=-14.% M
UTEM FAaF4dtr SPLICE? FF?

A3 300 s 30 PD: CE3ES, 406rwm = L3mn CEP
a4 313 (T8 16.0 TL 20.6 2L/ 1i.4 uA 200 UVE 1034 =
CSX=s 202, 4 RiP= 138 EMK= 3.2
C3I= 213.6 Rz 230 aPM= AT.3
£0-0FF PR—OFF| tsh= 140.9 AXY= 237 Uni= 4.8

Hinh 5.17. Coc éng thép d = 406 mm, day 13 mm, bijt kin mai
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Hinh 5.18. Coc chir H 360 x 132, chéng lén da

5.1.9. Biéu dién bing PDAPIlot

Sau mdi nhat bda, ta thu duge két qua nhu biéu dién trén hinh 5.16. Véi coc
déng, thu thap cdc s& liéu riéng 1é nhu trén trong sudt quéa trinh déng coc va
vé 1én d6 thi, ta sé biéu dién duge trén hinh 5.19.

GRL & ASSOC, INC.
PDAPLOT EXAMPLE, PRESTRESSED CONCRETE, DIESEL HAMMER
CSX (MPa) RMX (XN) EMX (kN -
6.0 m}
Max Measured C - Stress Capacity - RMX Max Transferred Energy
14.00 15 30 0 . 1400 2800 20 50 80
2 S— : — B
El @ H ‘_:?;,
o . %
oo , o 3.
}
T 22.0 (s, L E {
! , i
R ‘L~ ! - H
A ; 3, = %]
[ e £ i - _}.?
LY . — F
T ., - i 5
t 30.0 5 r 4 9
i s 2
0].. 4 \: ! - }1 - }
N F 11 \
(m) ‘: - H b3
- L
33.0 L\'\ i jj _[ - g
IR i L ' >
gt_ﬁé K e ~ I\:,
w] | | |
0 15 300 150 300 0.0 15 3.0
TSX (MPa) BLC (bl/m) STK (m)
Max Computed T - Stress Driving Resistance Hammer Stroke

Hinh §.19. D& thi PDAPIot
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Trén hinh 5.19, true-tung 1a dé sau déng coc (penetration), cac truc hoanh bén
trén 14 danh cho dudng lién nét, cic truc hoanh bén dudi 12 danh cho dudng
dit nét.

Trong hinh nav, ¢é cac dudng cong sau dude thé hién:
= (C8X, TSX - {ing sudt nén va kéo trong coc;
= RMZX - sitc chiu tai cye han ¢ia coc theo phuong phap CASE max:

» BLC - 36 nhat bda trén 1 m. Tit BLC, ta tinh dude d6 chéi 1a
e = 1000/ BL.C (mm);

» EMX - ning lugng do coc tiép thu;

STK - chiéu cao rdi cua baa diesel.

5.2. PHUONG PHAP PHAN TiCH CAPWAP

5.2.1. Tim hiéu thuat toan bén trong CAPWAP

Phin mém CAPWAP van st dung cac két qua do duge trong thi nghiém PDA,
tuy nhién, qué trinh phan tich cia CAPWAP chit ché hon, chinh xac hon va
dua lai nhiéu két qua hon so véi phuong phap CASE g trén.

Nhu di dé cap. CAPWAP 1a sy két hop gita WEAP va CASE. Trong d6 tusng
tu WEAP, buia, coc va dat sé duge mod hinh héa nhu hinh 2.42.

Diesel Do a(t), E({)
Q » =5 Fn & Vi (phuong trinh 4-1, 4-2)
blia - E;l
Géubia — Lt Gid sit s, Ji, Qs, Qp
dém bla -
mi coe —
. dém coc
IR i ! j1 t'ﬂg TQs1 {
77 CAPWAP dubéo Fe dya trén Vi, Qs, Qp
[ s fQS,
/ i’Ji b
NG 3
71 i D
_' Y lau,

Xudt két qua Qs, Qp

Hinh 2.42 (vé iai) Hinh 5.20. S d6 thuat toan clia CAPWAP
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Trong CAPWAP, céic hé 86 quake q va damping J s& duge tinh lap nhu trén
hinh 5.20. D& véi coc, ti cac dau do ching ta do duge gia toc a(t) va bién dang
g(t), do d6 tinh duge van téc V,, va lic F,, (m 1a viét tat cia measured) tuong
dng tai vi tri diém do. P81 v6i dat, ban dau ta gia si cac gia tri quake q, va
damping J, (md hinh cua Smith. xem cdc gid tri thuong gdp d cud phén
2.10.2) va phan b suc khang bén Q; va sic khang mai Q,. Dua vao cac théng
s6 nay, CAPWAP tinh toan gia tri luc tai ddu coc F. (¢ 1a viét tat cia
computed).

So sanh F, v41 F,,, thong thuong thi ¢ nhiing vong lap ddu, hal gia tri nay
thuong kha xa nhau, do d6 ta phai chon lai cée gia tri d4u vao va lap dén khi
.= F,. Trong CAPWAP, viéc so sanh F, va F,, thuc ra théng qua viéc xem xét
chi s6 MQ (match quality}. Néu MQ cang nho thi F, cang gdn véi F,,.

5,2.2. K&t qua clia CAPWAP

« Bang 5.3 minh hoa mét vi du vé két qua tém tat cta CAPWAP cho coc ¢6
tiét dién 168.4 cm” trong nén sét lan it bui, Trong bang nay ta ¢é:

» Dong 6 chi ra rang, stc chiu tai cue han 1a: P, = 2187 kN, trong d6
ma sat bén 14 Q, = 612.1 kN va stic khang miila Q, = 1575 kN;

» Trong céc dong tiép theo, cot 2 14 d6 sdu tinh tu cac ddu do, cdt 3 la
d6 sau tinh tir mat dat thién nhién, ¢t 9 va 10 1a gia tri damping (J)
va quake (q) trong md hinh Smith trinh bay cuéi phén 2.10.2. Déng
19 va 20 la gia tri trung binh, tuong dng cho than coe va miii coc.
Trong bang 5.3. véi than coc thiJ = 0.55 s/ m, g = 2.3 mm: vdi mii coc
thid=0.29s/m, q= 3.6 mm;

« Dong 22 1a gia tri damping (J.) trong phudng phap cia CASE (phan
5.1.6). Cac gia tri J va J, (theo ca Smith va CASE) va q déu da dugc
tim ra theo cach tinh lap nhu thuit toan trinh bay trong hinh 5.20.

s Bang 5.4 minh hoa mét vi du vé su phan bd (ng suit trong coc theo cach
tinh CAPWAP. Trong bang nay, ti dong 22 ta thay, @ng suit nén cuc
dai phat sinh trong coc 12 § 16.3 m va CSX = 20.065 kN/ cm” ~ 200.6 MPa.
Tt dong 23 ta thay, {ing sudt kéo cuc dai phat sinh trong coc 1a & 14.3 m
va TSX = 0.832 kN/ em* = 8.3 MPa.

e Hinh 5.21 minh hoa dé thi két qua CAPWAP cta mét vi du khéc. Trong
hinh nay, luc c6 thit nguyén 1a kip (1 kip = 4.45 kN = 0.45 tan); trong do
ta cd:

» Géc dau tién minh hoa hai dé thi: d6 thi F. (For Cpt - viét tat cla
force computed, 1a lye tinh toan theo CAPWAP - xem thuat toan ¢
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hinh 5.20); va d8 thi F,, (For Msd - viét tit ctia force measured, 13 luc
do dugc (gian tiép qua bién dang €);

» Goc th@ hai minh hoa hai db thi do duge: F,, (For Msd) va V,, (Vel
Msd - viét tat caa velocity measured). Cac d6 thi nay da quen thuéde
vdi dbc gia 6 phan 5.1; ‘

» Goc thit ba minh hoa d6 thi luc - dd lin trong qua trinh gia tai (ta c6
thé goi 12 dudng nén tinh 4o). Trong vi du nay, ta doc thiy sitc chiu
t4i cuc han theo CAPWAP 13 P, (hay R,) = 3056.4 kips ~ 1360 tan.
Trong do, siic khang bén 1a Q; (hay R,) = 1920.6 kips, con sic khang
mii la Q, (hay R,) = 1135.8 kips. Chuyén vi 16n nhat trong dé thi la
20.9 mm;

« Goéc cudi cling: nua trén thé hién phan bé stte khang bén (f) theo
chiéu sau (shaft resistance distribution), trong dé dau coc d bén trai,
miii coc & bén phai: nita dudi thé hién phan bé lye trong coc khi tai
trong la P, (hay R,). Ta thay, luc & dau eoc chinh 1a P, (trong hinh
nay 14 30566.4 kips), lyc ¢ mii coc chinh 14 Q, (trong hinh nay 1a
1135.8 kips).

Bdng 5.3. Vi du té6m tit két qua CAPWAP
1 | Goble Rausche Likins & Associates, Inc. 09 -Nov-95
2 PEACH FREEWAY BRIGGE
3 | Pile: PIER-2L Blow: 528
4 | Collected: 01-0ct-92 CAPWAP{R) Ver, 1,854.1
5 CAPWAP FINAL RESULTS
6 | Total CAPWAP Capacity: 2187.0; along Shaft 612.1; at Toe 1575.0 kN
7 EEETESAr Rl ae A s C S TS S SRS =SS EEE T T L3-S 3 1 4 A 22y 3+ i 8PS BT 4T F 1
8 | Sail Depth Depth RuU  Force Sum Unit Resist. Smith Quake
o | Sgmnt Below Below in Pile of Ru w. Respect to Damping
No. Gages Grade at Ru Deﬁ Areg  Factor

10 m at kN kN kN Him  kN/m2 s/m an
1 z187.0
12 1 0.2 2.3 44.0 2143.0 44.0 21.58 15.20 5850 2.300
13 2 t2.2 4.3 28.0 2115.0 72.0 13.71 9.685 .550 2.300

a 14.3 §.4 21.0 20%4.0 83.0 10.29 T.25 550 2.300
14 4 16.3  B.4  119.0 1975.0 212.0 58.35 41,08 .550 2.300

5 18.4 0.5 202.0 1773.0 414.0 99.03 63.74 550 2.300
15 L] 20.4 12.5 198.¢ 1575.0 612.1 97.08 68 .38 550 2.300
:: Average Skin Values  102.¢ 48.86 35,21 550 2.300
18 Toe 1575.¢ 17499 .63 L2890 3.600
19
20 S01l Model Parzmeters/Extensions Skin Tow
21 | Case Damping Factor . .4B8 882
22 _
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Bang 5.4. Vi du phin bé dng suit du bao bAng CAPWAP

; 1
2 Goble Rausche Likins & Associates, Inc, 09-Nov-95
3 PEACH FREE#AY BRIDGE
a Pile: PIER-2L Blow: 528
5 Collected: 01-0ct-52 CAPWAP{R] Ver. 1.994-1
6 EXTREMA TABLE
; Pile  Depth max . min. max . RaX. max, max. max.
Sgmnt  Below Force force Cemp. Tension Trasfd. Velec. Displ.
9 No Gages Stress  Stress Energy
10 L] kN kk  kN/om2  kNJem2 KN- m m's cn
" 1 1.0 3174.0 -72.5 18.848 - L4330 32.31 4.4 1.737
12 2 2.3 3195.0 0 18,973 .000 31.13 4.3 1,680
13 4 4.1 3214 .2 M 19.086 000 22 .83 4.3 1.580
8 6.1 3235.5 0 19.213 000 26,458 4.2 1.440
14 8 B.2 3273.7 O 19,440 .000 27.20 4.2 1.320
15 10 t0. 2 3342.8 -60.9  19.B48 -,362 25.92 4.1 1.200
16 12 12,2 32571 -83,6 19,342 .. 497 23.56 4.0 1.080
14 14,3 3252.¢ -$40,1 19.311% -.B32 21.75 2.9 960
17 16 16.3 3379.0 .126.5 20.085 <. 751 20.1% 3.5 850
18 18 18.4 3182.0 -49,7 18.885 -, 295 17.1% 3.4 .730
19 19 19.4 271B.8 0 16,145 000 14.02 3.3 .GB0
I 20 20.4 3005 .1 .0 17.845 Q00 11.47 3.0 .640
21| Absalute 16.3 20.065 [T» 24.7 ms}
22 14,3 -.832 (T= 41.2 ms)
23
CAPUAF EXAMFLE #5. B7-Now-1997
Tr. J.P. Seidel CAPUAPIR ) Uersion 1997-1
2000, For Msd oo, Med
Kips T For et Kips fl=d
1533 }\“\\_a 150a, |
™~ .
o A 20 30 48 ™s6 ws 9. 1 e
a 2 3 4 Lo Loz
—15m8, -1509, |
Losd in Kips
g.p_ 1002 2008 33ad  4apd Pile Top prizL Shaft Resistance
v A Bottom Kips/m Distribution
R Mﬂlﬂﬂ
1™ Fu = 3856.4 Kips
26,8 o Ez = 1%20.E Kips I .
Rb = 1135.2 kips Fite Forces
30.0 Dy = 20,9 4060 at Rut
Imx =  26.%  mm Kips -
46.8

displacement in mm

Hinh 5.21. D6 thi két qua CAPWAP
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¢ Hinh 5.22 minh hoa céc d6 thi vé theo chiéu sdu z (m), trong hinh nay,
cac @6 thi sau dude thé hién: luc ma coc tiép thu (Max. Force), ning
luong ma coc tiép thu (Max. Transfd. Energy), {ing suit nén (Max.
Comp. Stress) va kéo (Max. Tension Stress) 1dn nhat trong coc, van téc
16n nhat (Max. Velocity) va chuyén vi l6n nhat clla coc (Max.
Displacement).
----- Max. Foroe - aw- Max, Comp, Stress —e—=- Max. Velocity
CEips ) (Kips om2) (s 2
206 1606 2428 3100 4009 B.88 1.50 2.46 3.20 4.00 0.9 1,86 2,40 3.20 4.00
) | ' i
1 ] 1
1 1 b
1 1)
1 L] .
B8 ’ . ; /
T
Tepth ! ! :
Below ‘(/.f " 1 ‘f
Gages S ! ¥
tn ,( ; : L

18.0 # .

S
\"_
P
s
-

24 .8 i I,f" .
¥ ! !
/ . v }ff
: o A v
4 - i '.
/ ! v A
8.8
2.4 16.0 24,9 2.0 48.8 f.20 1,60 2.4 2.28 4.00 4.8 .6 12.0 15.86 24.9
Hax. Transfd. Erergy : - Max. Ten=ion Stress Max. Iisptacement

LKips -m 2 (Kips 7cm2? £ enne
P

Hinh 5.22. Bigu d6 phan bd theo chiéu sau tir CAPWAP

5.3. THi NGHIEM BIEN DANG NHO KIEM TRA CHAT LUQONG COC (PIT)

5.3.1. Giéi thidu

Phuong phap thi nghiém bién dang nho ¢é tén tiéng Anh la Pile Integrity Test
(PIT - Thi nghiém danh gia dd toan ven cta coc). Thi nghiém PIT danh gia
khuyét tat 16n trong coc, danh gia chiéu dai coc. Tuy nhién, thi nghiém nay
khoéng du bao ste chiu tai cia coe, va né chi pht hgp cho coc ¢6 tré khang 16n.
Vi vay, PIT khong dung dudge cho coc ¢6 trd khang nho nhu coe chit H, coc 6ng
thép khéng nhai 18i bing bétdng. Nhiing khuyét tit nhd nhu vét nitt nhd, chit
lugng bétong kém ciing khéng thé dude phat hién bdi thi nghiém PIT.

Thi nghiém PIT ciing st dung nguyén ly truyén séng trong coc, tuy nhién
thiét bi ctia thi nghiém nay don gian, gon nhe hon rit nhiéu so véi thi nghiém
PDA. Ta chi cdn gan mét ddu do gia téc (accelerometer) d gén ddu coc, dung
mét bia cdm tay (ning ti 0.5 dén 4 kg) dé g6 vao diu coc (hinh 5.23). Tin
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hiéu séng thu duge sé duge hién thi ngay tai hién trudng qua thiét bi hién
trudng (goi 1a I'T - system, hodc Integrity Tester), s8 lidu séng cling c6 thé luu
lai dé x4 Iy bing nhing phén mém cho may tinh c& nhan. Néu coc c6 khuyét
tat, trd khang ciia coc sé thay déi, do dé c6 séng phan hdi va dd thi séng sé c6
thay d8i 86t ngét.

Thiét bi PIT hién dai ngay nay thudng dude trang bi hai dau do (goi 1a thiét bi
Stereo), do dé cho phép do dude van tdc tai nhiu diém trén than coc. Loal
thiét bi vdi mét ddu do gia tdc hau nhu khdng cé kha nang do séng & cac vi tri
cach vi tri gd bia qua 20 cm. Khi thi nghiém, b& mit coc phai dude chudn bi
phéng. sach (c6 thé ding may mai dé tac bé mat), vi tri dit didu do thudng
cach vi tri gd bia dudi 30 em. Ta thudng thuc hién nhiéu nhat bua va luu tin
hiéu cua cic nhat bua nay.

Hinh 5.23. Thi nghiém PIT

Hién nay, viéc phén tich va dién giai két qua do séng dude thuc hién theo mét

trong ba phuong phap sau:
1) Pulse echo method: phan tich theo thoi gian (phuong phap phan héi xung);

2) Transient response method: iing xt nhanh (hay phéan tich theo tdn sd dao
dong);

3) Signal matching method: phan tich bang tin hiéu pha hop.

Céc phuong phap nay dugce trinh bay d cac phan duéi day.
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5.3.2. Phudng phap phan hdi xung (Pulse Echo Method - PEM)

V6i cting mét coc, ta gé nhidu nhat bia va séng phan hoi xung ctia ting nhat
bia sé duge ghi lai bang diu do gia t6c. Hop didu khién (display panel) sé
hién thi séng trung binh cia nhitng nhat bda nay va trinh bay trén dé thi
tuong ty nhu hinh 5.24. Hinh nay dude vé theo quy ude ddu cia chau Au (van
téc duong & phia dudi). Vi xung luc cua buia cam tay kha nho, nén néu khéng
phéng dai séng (hinh 5.24a), thi s& rat khé phan tich séng ¢ miii coc. Vi vay,
ngudi ta thudng phéng dai doan sau cia séng 1én, vi du trong hinh 5.24b, séng
d cubl dé thi da duige phéng dai 1én 20 1an (got 1a Amplification, hay Maximum
magnification); diém diu cta séng khéng duge phong dai, con gitta diém dau
va diém cudi, séng duge phéng dai din lén theo quy luat mi.

roke =183 % shoke =12 9%
oat [ FER ]
vel = 3676 mis vel = 3636 m's
0% =045 m; 0% = 045ms e
™. i /_,—/ T
P~ . , , X j/\. , ’ _ A\\\ ey
- l + + t -,\ ( t = t T
|l |
| f
» | ; Ly
Q L} 10 15 (il n 5. 10, 15, i
a) Séng khéng phéng dai b) Séng phéng dai 20 1an (3 cudi do thi)
Hinh 5.24. Van t3c phan hai xung {ta dd theo Chau Au)
c6 sifc khang song thay déi
cha dat tai 5m tai mii coc
0 3 8 12 15§ 18 21 24 m
.f’\ i ; !

L
H H
L i : !
4 ____...._....-.__-.é—-u—w-—-?-d
H .
i | —] - 3
H +
+ H

~

!
|
e
i
|
!

¢

Top Tos 168,30 m
Wavespesd 4000 m/s

Maximum Magnification 12

i
///%Zf/ﬁﬁfﬁ/,({%mﬁﬁ %

Tt —
——

—

Toe: vi tri mii coc; Wave Speed: van toc truyén séng
Maximum magnification: dd phéng dai 1dn nhat (& cudi dé thi),

20%

Ghi cha:

Hinh 5.25. Van téc phan hadi xung cla cgc nguyén ven (toa dd theo Bic My)

Tai mii coc. sé ¢ séng phan héi di vé€ phia ddu coc. Vi coc nguyén ven va cac
16p d4t khong cé sy thay déi dot ngdt, =dng sé chi cé nhiing thav d&i dot ngodt
tai mii coc. Vi du trén hinh 5.25, coc bétdng dai cao 30 x 30 em?, dai 16.3 m,
phan coc ndm trén mat d4t 1a 5 m. Ta thdy tai 16.3 m, séng tang lén rd rét.
Sau 5 m, bat ddu da c6 séng phan hoi tir d4t tiép xic quanh coc, T doan 5 m
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dén 16.3 m. khéng c6 nhing thay ddi ddt ngdt, vi vay ¢b thé két luan coc
khéng ¢6 nhing hu hong 16n.
Né&u trude vi tri mii coc, song €6 su thay d6i d6t ngdt, véi hudng thay doi
tring v8i huéng xung ban dau. thi ¢6 hai nguyén nhan:

e Hoac coc cd khuyét tat (trd khang cta coc giam);

e Hoac dia chit thay doi dat ngdt (ti dat rat tot sang dat y8u, mit phin

16p rat ro rang).
hu héng mili coc khdng danh gia dudc

o 3 6 9 12 15 i 18 21 24 m

] :

N

_, A4 __\ 1o
Top { /XWW i Toe 16.30 m
m*‘“"*\_\\ Wavespeed 4000 m/s

20% T~ Maximum Magnitication &

>

)

Hinh 5.26. Van tc phan héi xung clia coc hu héng (toa d§ theo Béc My)
R: Cao R: Cao R: Cao ’
s ) arom ] O
® || ®) © /\
" e
e 1 e B R
A: Thap A: T.binh A: Cao

(D) (E) (F)

R s B v IO e
(G)/\ /\ (H) )

Ghi chy: R: sirc khang cla dat; A: mic 86 khuyét tat cda coc

Hinh 5.27. Chin biéu d3 séng miu
Hinh 5.26 minh hoa d thi séng phan héi xung ella mdt coc bi hu hong o vi tri
4 m. Ta thdy d vi trf nay, song c6 su thay doi d6t ngdt, mac du dia chit (theo
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khéo sat) khéng thay d61 manh. Sau vi tri ny céc séng di vd vé dan xen
nhau, vi vay tai 16.3 m (i coc), ta khéng phat hién duge su thay déi dang
ké ctia song.

Hzng GRL ¢6 dua ra chin bidu d6 song phan héi xung mau (hinh 5.27), dua
vio cac dd thi nay, ngudi st dung PIT c6é thé phéan tich dé thi séng mét cach
dé dang hon.

Nhu vay. phuong phap PEM chi phat hién vi trf khuyét tat, chit khéng phat
hién duge mic do6 khuyét tat. Phuong phap nay ciing khéng phat hién dude
khuyét tat & qua gaAn dinh coc.

5.3.3. Phudng phap g xt nhanh (hay phan tich theo tidn sé dao déng -

Transient Response Method - TRM)

Phuong phap phéin tich nay doi héi bua thi nghiém phai dude trang bi thém
bd phan do luc. K&t qua cia phuong phap nay duge vé trén d6 thi tudng tu
hinh 5.28. Trong d6, truc hoanh la tin s6 séng, truc tung 13 mét dai lugng cé
tén la din nap (mobility), day 14 ty s8 gitia bién d¢ van téc va bién d6 luc.

c

Hiéu s& gitia hai hoanh dé cia hai cuc tri cia dé thi goilaAf =z = oA

Trong d6. néu coc ¢é khuyét tat thi z chinh 14 khodng cach ti dau coc dén vi
tri khuyét tat, néu khéng thi z chinh bang chifu dai coc. Vi du trén hinh 5.28,
biét coc c6 chiéu dai L = 10.3 m, van tdc séng ¢ = 3400m/ s, Al = 165 Hz =

34 . . - . P
- 9400 = 10.3 m. Vi z = L nén coc khong cé khuyét tat.
2x165
450
- af
350 [~
2.50
Dan nap
1,50
500
i i
150
Tén 6 (Hz}

Hinh 5.28. Phan tich theo tin s& dao déng
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Mot cach danh gia khace 1a dua vao dd cling déng E,. E,; 14 d6 ddc ctia doan dau
dé thi. So sanh nhidu gia tri B, cho nhiéu coc eé kich thude gidng nhau va &
cting mét khu vie (duge coi 14 ¢6 chung diéu kién dia chat), néu cac coc déu
nguyén ven thi cac gia tri K, sé tuong tg nhau. Nhu vay, néu cé gia tri E, nho
hon thi coc d6 ¢6 kha ning cé khuyét tat.

5.3.4. Phudng phap tin hiéu pht hgp (Signal Matching Method - SMM)
Phuodng phap nay dude cic phan mém nhu TNOWAVE hay PITWAP st dung.
Trong db. nguai ta danh gia khuvét tat etia coc nhu sau;

o Coi coc khéng c6 khuyét tat va co tiét dién khong d6i. Tién hanh thi
nghiém PIT trén nhiéu coc va do xung luc. Xac dinh biéu dd "séng ctia
coc dace trung™ '

e Xdc dinh cac thong s ctia mé hinh nén bang phudng phap tinh lip cho
dén khi xung luc tinh dude gan gidng nhu xung lue do dudc;

¢ Nhan biét coe c6 khuyét tat: 1a coe ¢6 séng phan hét khac véi "séng dac
trung™

¢ Dua vao céc théng s md hinh nén vira tinh & trén, danh gia khuyét tat
cta coc: vi tri khuyét tat, mic do khuyét tat.

Hinh 5.29 minh hoa két qua phan tich khuyét tat bang phan mém PITWAP.

/\Vf\/\w A N

a) Bigu dé van 8¢ do dudc

i '

]

-y =
.-
-

LR e,
o

»
1
1
.

¢) K&t qua tinh trd khang Z theo PITWAP
Nt 10.4m

d) Hinh dang cay coc thyc (mat 50% tiét dién)

Hinh 5.29. K&t qua phan tich khuyét tat bing PITWAP
13.MCPT-A
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Cac phucng phap ké trén déu coi coc lam viéc nhu mdt thanh dan héi, tiét
dién thanh luén phing. D6} véi coe nhdi. vi tiét dién coc rat Idn nén viée phan
tich nbu ba phuong phap trén 1a khong phu hgp, ta nén phan tich séng truyén
trong coc theo phuong phap phén td hiu han. 3 nude ta Trinh Viét Cudng c6
phat trién phin mém PIT-BP st dung phuong phap nay. tuy nhién méi ap
dung cho bii toan ddi xiing truc (coc tron).

5.4. THi NGHIEM NEN TINH COC
5.4.1. Nguyén ly

Thi nghié¢m nén tinh coc nham xac dinh, kiém tra sic chiu tai caa coc. Quy
trinh nén tinh coc da duge trinh bay chi tiét trong nhiéu gido trinh va tiéu
chuan d Viét Nam. Do d6 chiing t6i chi trinh bay vAn tét & day.

St dung kich thiy lue (s6 4, hinh 5.30. hinh 5.31) dé gia tai vao diu coc. O
Viét Nam, ta thudng tang luc vao kich nay qua mét hom ddu (s6 2). Dé lam
d61 trong cho kich thiy lye, ta cé cac cach sau:

e St dung coc neo, thudng 1a 4, 6 hoac 8 coc (hinh 5.30). Nhu vay, néu ta
thi nghiém nén coc, thi cic coc neo nav sé chiu nhd, vi vay, ta phai kiém
tra xem sic chiu tai kéo cla cac coc nay cé thoéa man khéng. Theo
ASTM. khoang cach gitta coc thi nghiém va coc neo phai lén hon 5d (d 1a
duong kinh coc); diéu kién nay dit ra nham giam anh hudng do tuong
tac gida cac coc;

e Su dung nhiéu khéi vat lidu (thudng 1a cuc béténg 1én. mdi cuc tit mét
dén vai tan). Vi cac khoi vat liéu nay rat dé sd, nén viée di chuyén rat
ton kém va nguy hiém (hinh 5.31).

% - Coc thi nghiém; 2 . Bom dau; 3. Déng hd do bién dang;
4 - Kich thiy luc; 5 - Dam thép; 6 - Coc neo.

Hinh 5.30. Thi nghiém nén tinh coc s dung coc neo

13.MCPT-B
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1 - Coc thi nghiém;

2 - Bom dau;

3 - Béng ho do bién dang;
4 - Kich thuiy luc;

5-Dam theép;
T Py 6 - G&i da.
|
Ry

Hinh 5.31. Thi nghiém nén tinh coc sir dung khdi vat liéu Idn

Theo quy pham Viét Nam. quy trinh ting tai trong nhu sau:

Du tinh tai nén té1 da la P, 1a tai trong ma coc sé lin khodang 40 mm.
C6 thé liy P,.. la sidc chiu tai cye han P,; P, dy bio theo cic phuong
phap khac (vi du nhu théng ké. xuyén tinh - Schmertmann hay
LCPC,..). Cang c6 thé 14y P,... = 2.0 + 2.5 [P}, véi [P] 14 tai trong dut béo
ma coc s& lam viée trong giai doan su dung céng trinh:

Méi cap tai sé1a 1/ 156 = 1/ 10 P, (nhu vay s& ¢6 10 + 15 cap tai). Ghi lai
dd lin tai cac thai diém: 0, 15", 30", 45', 1h, 1.5h, 2h, 3h, 4h...;

Chi ting tai dén cip tiép theo néu dd lin clia coe dd 6n dinh (d6 lin cua
coe bang hodc nhd hon 0.1 mm trong vong 30 phit véi cat, 60 phut
vil sét);

K&t qua tai trong - dé lin (4 cudi ting cép) duge vé 1én dd thi nhu dusng
lién nét trén hinh 5.33.
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Theo quy pham ASTM D-1143 thi ¢6 bay cach gia tai khac nhau,

Tuy nhién, quy trinh gia tai nhanh (QL - Quick Load) thudng dudge si dung

nh&t. Quy trinh nayv nhu sau:

o Dy tinh tai nén t8i da 1a P, . Thong thudng, P, = 2 + 3[P], véi [P] la
ste chiu tai thidt ké:

oMbl cap tdi s8 14 1/20P,,, (nhu vay sé c6 20 cip tai, c6 thé cd téi 30 cap tai);
o MG cap taichi giti 3 + 8§ phit. Toan bd thai gian thi nghiém chila 3 + 5 gid.

Khi nén dat sét véu. can quan tam dén @6 lin tu bién thi quy trinh gia tai
cham (Maintained Load) sé duge st dung. Quy trinh nay nhu sau:

e Du tinh tai nén téi da la P,,.. Théng thudng, P, = 2 [P]:
e M&icap tdise la 1/ 8 P, (nhu vay sé ¢ 8 cip tai);

« Md1 cAp tai giit déh khi tée d6 1dn nho hon 0.25 mm/ h, nhung khéng gid
qua 2h. Riéng tai clp P, thi gid 24 h. Toan bd thdi gian thi nghiém la
hai ngay.

5.4.2. Dién dich két qua theo s& doc cudi ciing

T biéu dé tdi trong - do lin (tai s6 doc cudi eting) ctia thi nghiém nén tinh
coc, c6 rit nhiu phudng phap didn dich két qua khac nhau dé du bao stc chiu
tai cua coc. Chung téi chi trinh bay hai phuong phép dién dich (tic 13 phuong
phap xac dinh sic chiu tdi) etia coc duge dung rit phd bién & cac nude
phat trién.

Hinh 5.32 minh hoa phuong phap De Beer: Ta vé& k&t qua nén tinh trén d6 thi
log - log. Néu trén dé thi ¢6 hai doan gin Lhﬁng rd rang nhu hinh vé, thi giao
cua hai doan tudng {ng véi site chiu tai huy ddng P,

Trong vi dy trén hinh 5.32, P, = 190 tan, tai d6 A = 8.5 mm.

Phuong phap De Beer ¢6 nhude diém la: khéng phai bae gid ta ctng cd hai
doan thing ré rang nhu hinh 5.32, do d6 khé x4c dinh Py,
Hinh 5.33 minh hoa phudng phap Davisson. Cac bude xac dinh P,, nhu sau:
e V& két qua nén tinh trén d6 thi thudng:
. b Aim s des . . EA,
e Dudng "dan ho1" 14 dudng c¢6 phuong trinh sau: P = T A;

trong d6: A, - tiét dién coc (m?);
E - médun dan héi etia coe KN/ m?);
L, A - chiu dai eoc va chuyén vi elia coc (cing don vi).
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T&i thi nghiém (kN}
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Hinh 5.32. Phuong phap De Beer
Tai thi nghiém (kN)
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k&t qua nén tinh ..

20 — ~—-Busng dan hdi .

- - =~ -Buéng Davisson -

25 ¢

Hinfh 5.33. Phurang phap Davisson
¢ Duong Davisson la dudng song song vdi dudng "dan hdoi", khodng cach

gitta hai duong la: 3.8 + % (mm)} néu dudng kinh coc B < 600 mm;

73% (mm) néu B > 600 mm (Kyfor va eéng su kién nghi bé sung).
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e (Giao diém cua dudng Davisson vdi dudng két qua nén tinh 1a siic chju
tai huy dong Py. Trén hinh vé. P, = 201 tdn, tai d6 A = 23 mm.
Phuong phap Davissen dé ding. pht hdp véi cd quy trinh nén tinh nhanh va
cham. Mét han ché nhd cia phudng phap nay la né khéng phu hap véi coe
chéng (coc c6 ma sat bén nho).

Trong ca hai phuong phap trén. sic chiu tai cho phép sé la:

[P1=0.5 Py, (5.6)

Phdn tich wu diém cda phwong phdp Davisson

Véi céc s6 liéu cho trong hinh 5.33, ngoail ra ta con biét thém la: coc dai 30 m.
tiét dién 0.40 x 0.40 = 0.16 m? Than coc dit viao dat to6t. Mai coc dat vao 1dp
dat cat, thi nghiém SPT cho thay Ny, = 40. Theo cach tinh Schmertmann SPT
(phan 2.6) thi

(1“ - 306 x N(;[, - 12240 kp'd
= Q, = q, x A = 12240 x 0.16 = 1960 kN = 196 tan.

Trong thi nghiém nén tinh, khi Itic ép tU kich xudng 1a 150 tdn, nguoi ta do
duge dé lan (On dinh tai cdp tai nav) 1a 8 mm O©.

Gia st coc 1a hdn hgp ma sat + chdng, va bién dang dan héi clia coc tai cip tai
trong nay la:
P 1500kN

Az =067 —-1L =067— _ S = =% 30000 mm =8 mm @
EA, 2.4 x10"kN/m* x 0.16m"*

Theo cdch tinh pho bién ¢ Viét Nam hién nay:
Stte chiu tai cho phép 1a [P] = P/ 1.25;

trong d6: P la tai trong nén tinh ma tai d6 d6 lin la £ [S];
£ thudng bang 0.1 dén 0.2;
[S] thudng bing 80 mm (dé lin cho phép ctia cong trinh);

Nhu vay, theo cach tinh Viét Nam & vi du nay thi tai £[S] = 0.8 mm ta cb
P = 150 tan. Tuy nhién, dya vao con s6 8 mm', ta thdy rdng miii coc gin nhu
chua chuyén vi. Do d6 150 t&n nay chi bao gém sic khang bén, con stc khang
miti chua thé huy déng (trong khi d6, stic khang mii cuc han Q, du bao theo
thi nghiém SPT ¢ trén 14 196 t4n). Tém lai, theo cach tinh nay ta sé khéng
biét cu thé hé s6 an toan vé cudng do 1a bao nhidu.

® TPidu chudn Viét Nam dya vio tiéu chudn ctia Lién X6 (ci) véi £ = 0O,1; £]1S! = Bmm; véi
£ = 0,2 (theo tiéu chudn méi hon cta Lién X6) £1S| = 16 mm. Véi & = 0,2 phan lugng tai trong
0 miij coc cé tang lén. '
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Theo cach tinh Davisson:

Khi tai trong thi nghiém 1a P, = 201 t&i: thi chuyén vi do duge (& ddu trén

coc) la:
E)M-L + 3.8+ —B mm = 2010 x 30000 + 3.8 + 400 =23 mm;
EA 120 2.4 x 10" x 0.16 120

«

Bién dang dan hdi cua ban than coc du bao 1a:

0.67&'—L = 10.5 mm.
EA{‘.

Nhu vav. chuvén vi d mai coc (dau dudi cia coc) 14 23 - 10.5 = 12.5 mm.

Dudi chuyé]n vi nhu vay (tham khao hinh 1.3, phén 1.2.1), ¢4 stic khang mui
va stic khang bén déu da dude huy déng. Nhu vay, cach tinh nay rat hgp ly.

5.4.3. Dién dich theo toc dd bién dang

Dua vao tde d6 bign dang, ta cb thé danh gia dude site chiu tai eua coc. Ta goi
tai trong gidi han chay (creep limit - P.) ca coc 14 tai trong ma ké tir d6 tée do
lin ¢6 su thay déi dét ngdt. DE xac dinh tai trong gidi han chay ta lam nhu sau:

e Tai titng cAp tai trong, ta lay hiéu s8 gita @6 lin tai thai diém cudi cling
va d6 lin tai thoi diém doc trude d6. Vi du trong thi nghiém gia tai
nhanh (QL), ta 18y dé lin ghi lde 8 phut trit di d6 Iin ghi lic 4 phit; ¢on
trong thi nghiém gia tai cham (ML), ta 14y dé lan ghi hic 2h tru di do
lin ght lie 1.5h (hodc 1h). Hidu s6 nay thé hién téc dé bién dang.

¢ Sau d6 vé biéu dd quan hé giiia hidu s6 trén va cic cap tai trong (hinh
5.34). Trén biéu d6 ta sé thay cd su thay d6i dot ngdt vé téc do bién
dang. Tai trong tuong (ing véi diém nay 1a tai trong gidi han chay (vi du
585 taAn trén hinh 5.34).

0.2
[ ]

I .
hiéu sd P I
(mm) ﬁ'al chay: 585 h
gita s6 91 i
doc tai 4' I
¢ tai :

va 8
0 100 200 300 400 500 600 700

Tai trong (tan)

Hinh 5.34. Xac dinh ti trong gidi han chay (creep fimit)
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Sau tai trong gidi han chay. téc d6 bién dang ngay cang phat trién manh. Tuy
nhién, vdi tail trong nho hon tai trong chay thi dd lan theo thoi gian 1a khang
dang ké. T tai trong chayv, ta ¢6 thé 14y stc chiu tdi cho phép cda coe la
[P} =06+08P.

5.5. THi NGHIEM OSTERBERG

5.5.1. Gidi thiéu vé thi nghiém Osterberg

Thi nghiém Osterberg (con goi 1a O-cell) vé thue chat 1a thi nghiém nén tinh
coc (phain A.4). Tuy nhién, thi nghiém nay khéng doi hoi coc neo hay cac khéi
vat liéu lam dé1 trong cho kich thuy lue nhu phucng phap nén tinh théng
thudng (xem chi tiét trong phan 5.5.2). Day 1a phuong phap thi nghiém méi,
lan dau tién duge ap dung vae nam 1984 che coc nhdi bdi gido su Jorj

Osterberg (Pa1l hoe Northwestern, My).

Thi nghiém nay dude 4p dung cho ca coc nhéi va coc ché san (hinh 5.35). Nam
1987. thi nghiém Osterberg lin diu tién trén coc ¢hé san duge thue hién, d6 1a
coc dng thép kin miil. dudng kinh 45 em. Nam 1994, thi nghiém nav lan diu
nén duge thue hién trén coe béténg Ung suit trude kich thude 45 = 45 em®. D1
vdi nhiing coe ¢hé san nay. tiét dién caa hop Osterberg thudng bing tiét dién
coc, v hap Osterberg dude duce san (trong nha mayv) vie trong mii coc. Do

hinh dang ctia hop Osterberg, thi nghiém nay khong pht hdp cho coc chii H

va coc e van thép.,

a) Coc ché sén b) Coc nhéi (ndm phia dudi dam phu)

Hinh 5.35. Quang canh thi nghiém Osterberg




Chuong 5. MOT SO PHUONG PHAP THI NGHIEM COC 201

5.5.2. Thiét bi va nguyén ly thi nghiém Osterberg

Bd phan quan trong nhat trong thi nghiém 1a hép Osterberg hay O-cell ¢hink
5.36). Bay thue chat la mot kich thuy lge. duge dat ¢ mui coe. Sau khi thi
nghiém xong, ta phai bo lai kich nay vi khong ¢6 cach nao 14y lai kich duge.
Véi coc ché sin, hép Osterberg duge dic lién ciing ege, vi vay né phai dude
thiét k& dé khéng bi pha hoai trong qua trinh ha coc, dic biét 1a ha bing
phuong phap déng. Sau khi dac xong coc, phan duy nhat ctia hop Osterberg
ma ta nhin thay duge la tAm thép g day hop. Da1 véi coc nhéi, phia trén va
phia dudi cia kich O-cell I tAm thép day 50 mm, nam via khit va han vao
trong léng thép. Pittong trong kich Osterberg, thay vi chuyén déng 1én trén
(nhu ¢ thi nghiém nén tinh thong thudng), lai chuyén déng xudng dudi. Hanh
trinh l6n nhit ma pitténg di trong xilanh 12 15 em (c6 thé 16n hon néu dat
hang dac biét). Ap luc trong hop Osterberg 1én tdi 69 MPa (nam 2000). Nguoi
ta da tirng thi nghiém Osterberg trén coc ché sin véi hgp luce tit hop Osterberg
1én tdi Q, = 800 tan (stc chiu tai P, = 2Q, = 1600 t&n). Con véi coc nhdi, con s6
d6 1a Q, = 7500 tin. Pay 1a coc nhéi dai 41.3 m, dudng kinh 2.44 m, st chiu
tai P, = 156 000 tdn ¢ Tucson, Arizona (2001)!

Tam thép trén {chua
han Ién trén)
Kich

Méc cau tam

Han kich vdi tadm dudi
tam thep dudi

" a) Hop Osterberg coc déng; b) Mat kich gilra hai tam thép, coc nhdi nhé; c) Hé bén kich, coc nhdi fan
Hinh 5.36. Hop Osterberg
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G nude ta, tinh dén cudi nam 2002 da c6 bdn ebng trinh duge thi nghigm
Osterberg. Tai cAu My Thuén, coc nhéi dai 85.6 m, duong kinh 2.5 + 3 m duge
thi nghiém Osterberg véi tai trong Q, = 2500 + 3000 t&n, va slc chiu tai
P, = 5000 = 6000 tdn. Tai tda nha Vietcombank, coc ¢b siic chiu tai cyc han 1a
P, = 4300 tan. Tai cdu Lac Quan. P, = 2000 tan. Gin diy nhat 14 tai 101 Lang
Ha (khu Nha tiéu chuén cao 27 ting). coc barratte tiét dién 2.8 x 1.5 m? ¢ siic
chiu tdi P, = 4200 tin; thi nghiém dude thuc hién bdi Trung tAm k¥ thuat nén
moéng cong trinh. Tai nhdng cong trinh nay, bom ap luc dé gia tai st dung
nude (chi khéng st dung dau) dé truyén luc vao kich, va ap lue tit bom duge
nhan lén nhiéu 14n bdi 4p lue khi nén (ti may nén khi).

Nguyén 1y ctia thi nghiém Osterberg duge minh hoa trén hinh 5.37. Trén
hinh 5.37a, kich thuy luc (hép Osterberg) dude dit ¢ mii coe, kich nay gay ra
luc nén cd lén trén (do dé can bing véi ma sat bén huy déng Q) va xuong dudi
(do d6 can bang véi sitc khang miii huy déng Q). Tai trong cit téng dan cho
dén khi mét trong hai thanh phan (hoac ma sat bén, hoic sitc khang mai) dat
gia tri cyc han (pha hoai) 12 Q,. Vi du, néu ma sat bén dat gia tri cuc han
trude thi Q. = Q, - w' . Con stc khang mili lic bay gid chua dat gia tri cuc
han vala: Q.= Q< Q,.

Vi tri hgp 1y nhat clia kich sé dige chon tai vi tri cdn bang gitia Iuc ddy 1én va
ddy xudng ™. Néu coc ¢6 tong sitc khang bén nhiéu hon tdéng stc khang mii
thi kich dude dat phia trén muai coc nhu trong hinh 5.37b.

Hinh 5.38 minh hoa céc thiét bi lap dit cta thi nghiém Osterberg cho coc
bétdng ché san. Véi loai coc nay, khéng nhing hdp Osterberg ma ca cac éng
din cling duge dic lién cang coc d nha may. Su gidn nd cia hop Osterberg
trong qua trinh tang tai sé duge do truc tiép bing "thanh truyén chuyén vi nd
hop Osterberg" (cell expansion telltale). Thanh nay duge dit & gita cia 6ng
bao (telltale casing). dam bao rdng cac thanh truyén khéng tiép xidc véi
béténg cia coc va chuyén vi tu do. G phia trén, thanh nay di qua mot gioang
chd dau néi chit T. Khi gia tai, dau coc sé chuyén vi 1én va dude do bang "ddng
hé do chuyén vi dau coc".

D&i vdi coc nhéi, vi béténg d6 tai chd nén so &b va tién trinh 1dp dat cac thiét
bi s& thay déi mét chiit va dude trinh bay trén hinh 5.39.

Dé do chuyén vi lén cia ddu coc (A & B), ngudi ta gédn hai thidt bi do bién
dang tuyén tinh (Linear Variable Displacement Tranceducer - LVDT) vao
dam phu ¢é dinh. Cac LVDT thugng ¢é d6 chinh xac dén 0.025 mm va ¢6 hanh

“ w'la trong lugng ban than coc, cé ké dén sy day ndi véi doan coc dudi mue nude ngam.

" Véi coe nhdi hodc barrette, vi trf cia O-cell con phai & vi tri caAch miii coe it nhat 1+1,5d (néu
dat 6 vi tri nho hon, kich ¢6 thé bi nghiéng do bién dang khéng déu cia dat ¢ mii coc).
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trinh cde dai 13 100 mm. Chuyén vi nay sau khi hiéu chinh do su dao déng
cha 14m phu duge ky hiéu 1a TOS* (top of shaft movement).
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a) 1 | b) | |
) | | o |
2z =
g Hwl! o Hw !
I IL
g | 1 a | |
Qo .
| l o | | Hop O-ceil
& nd ra
0
s
82
O L]
«0 @a
I 6]

l | | |
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a) Kich dat @ mii coc b} Kich dat & phia trén mii coc

Hinh 5.37. Nguyén |y thi nghiém Osterberg

Thanh truyén chuyén
vi né hdp Osterberg

Béng hd chuyén vi 1

chuyén vi 2 '

Bong hd

Ong dan ap Iuc siéu bén
Khung ga Thanh truyén chuyén vi nén cda coc
dau coc

Déng hé chuyén vi dau coc

Déarn phu gén ddng hé

&ﬁ

ch thuy
fue c6 ap k8
Coc
. !
g
[
s o
£
‘}-‘; %
o ;
3 ' Hop
= Osterberg

Sic khang mii Q,

Hinh 5.38. So d& thi nghiém Osterberg cho coc déng
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thudc theo doi

may, tinh
xééy;w tay
' LVDT ——

LVDT nén (so
vdi daucoc) p

LYWODT gan

J_F_dém phu

chét thanh truyén

vao {am day

&— s6 Iié‘:Jl

GHI CHU:

A&B(LVDT):

+ Chia vach dén 0.025 mm

+ Do chuyén vj.lén clia dau coc (TOS)
C & D (LVWDTY:

+ Chia vach dén 0.01 mm 3
+ Do BP (chuyén vi nd clia O-cell khéng
k& dén bién dang nén). !

E&F(LVDT)

+ Chia vach dén 0.025 mm

+ Do bién dang nén phan coc tir1am
thép trén O-cell dén dau coc (COMP).
Thudc theo di/ Ngam dién (.

Pé do chuyén vico

thé ¢d cha dam phu.

4 "thanh truyén" 8P
géan vao tAm dudi

..
=
J‘H‘-_ .,
=4 "“thanh truyén” nén
" COMP gén vao tam trén
2 duong dan ap luc
~" cho mbi kich
| .~
/x
Fr———tam thép trén O-cell
kich
O-cell

ly __tam thép dudi O-cell
(day 50 mm)

Ghi cha: Tét ca cac"thanh truyén” déu dude hao ngoai bang dng bao {casing) ®12 +15.

Hinh 5.39. So dé thi nghiém Osterberg cho coc nhéi

Bén "thanh truyén” (telltale'”) gén véi tdm thép trén cua O-cell cho phép ta do
dudc bién dang nén cua coc ¢ phén phia trén ctia O-cell (E & F). S8 doc (so vdi
dau coc) dude thu truc tiép bing bon LVDT. Cac LVDT thudng ¢6 dé chinh xac
dén 0.025 mm va ¢6 hanh trinh cuc dai 12 25 mm. Bién dang nay ky hiéu ia

COMP (compression).

™ Telltale hinh tron, lam bing thép non, dudng kinh 6.4 mm. mbi doan 0.5 + 1.0m néi v6i nhau
bang ren thanh ciy dii sudt ti hop kich O-cell 1én mat dat.
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DEé do chuyén vi nd ctia O-cell, ngudi ta han bén "thanh truyén” (telltale) vao
tAm thép d day cta O-cell. S& liéu thu duge qua céac thanh truyén nay 1a hidu
s gitia chuyén vi nd clia O-cell va bién dang nén cta coc. Tit dé cho phép ta
biét duge chuyén vi xudng cta coc. S8 doe (so vdi dau coc) duge thu bing bon
thiét bi do bién dang rung tuyén tinh (Linear Vibrating Wire Displacement
Tranceducer - LVWDT). Cac LVWDT thudng ¢6 d6 chinh x4c dén 0.01 mm va
6 hanh trinh cye dai Ia 150 mm. Chuyén vi nay ky hiéu 1a BP (bottom plate).
Sau khi thi nghiém xong, ta bém viia bit qua nhiing &ng lap san (thudng la
hai éng dudng kinh 15 + 20 mm) dé lam kin tit ca nhiing 15 héng trong coc
gau khi thi nghiém.

5.5.3. Quy trinh thi nghiém va dién dich
két qua thi nghiém Osterberg

Cac quy trinh tang tai to & @ n
kich thdy luc Osterberg N

m
cing tuong tu nhu thi
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------ Vi tri coc
sau chuyén vj

-
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l f
) |
| |
nghi¢m nén tinh théng : :
thudng. Tuy nhién. ngudi ta ! !
thuong st dung phuong 'l !

: o A1 } | .
phap gia tai nharth ASTM ! ! e Thanh truyén
D-1143. Cac chuvén vi thu ! : ban dau

3 = = = =Thanh truyén
: | | yen
dudge gom: : :: ',1! : sau chuyén vi
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l f
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dau coc;

+ COMP: Bién dang nén dan
héi clia doan coc phia trén
kich:

+ BP: Chuyén vi xudng cla
tam thép dudi (so véi ddu

3

|
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P
TOS+COMP

coc):

+ BP + COMP: Hanh trinh j
clia O-cell (chuyén vi nd cua Lmm e — 0

——— e

BP-TOS
7
—I e —
L =
g
—

O-cell); Hinh 5.40. Gac chuyén vi

+ g+ = TOS* + COMP: Chuyén vi 1én cua tim trén O-cell:

+ s, = BP - TOS*: Chuyén vi xudng ciia t&m dudi O-cell.

Ta c6 thé xay dung dudng cong tai trong - d6 lin (tuong tu dudng cong thi
nghigm nén tinh thong thudng) nhu trong phan 5.5.4 bang mét trong hai cach
dudi day.
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5.5.3.1. Cach quy dé6i don gian
Tai 16n nhat trong dudng cong nén tinh tucng dudng la:
Pm:\x = le] - Wllv

trong d6: Q, - ta1 trong 1n nhAt trong thi nghiém;
w', - trong ludng cha ban than coc tinh tit O-cell trd 1én (c6 ké dén
su day néi néu dudi mue nude ngdm).

5.5.3.2. Cach quy déi chi tiét
e Tai mét chuyén vi bat ky s, luc ddy xudng ma dat phai tiép thu 1a;
Qu=Q+w’, (5.7

trong dé: Qy - luc do O-cell day xudng d chuyén vi la s;
w', - trong lugng cua ban thin coc tinh tit O-cell trd xudng
(c6 ké dén su day ndi néu dudi muc nude ngam).
o Tai ciing chuyén vi s d6, luc diy 1én ma dat tiép thu la:
Qr=(Qr-w')xF (5.8)
trong d6: w'; - trong lugng cua ban than coc tinh tit O-cell trg 1én
(c6 ké dén su diy ndi néu dudi muc nude ngim);
F - hé s8 ké dén su khac nhau vé ma sat bén gidia nén tinh
thong thuong va nén Osterberg;
6 diy F = 1.00 vé1 coc trong da, sét tt;
F = 0.95 vdi coc trong dat roi.
e Tai s, tdng clia luc day 1én va luc dAy xudng sé 1& tai ma dat tiép thu:
P=Q1+Q4=Q; +w', +(Qr-w') x F. (5.9
Tuy nhién trong trudng hdp nén ti trén xudng, thi dit di chiu sin mét
phan 14 trong lugng bdn than coc, do dé tai trong dat tai dinh coc 1a:
P=P-w,-w,=@Q+(@Q-w)xF-w,. (5.10)

e Tai tal trong 14 P, (gia tai t trén xudng) thi d6 lin cha coc 1a s + A
Trong dé s& gla A; 13 dé ké dén bién dang nén dan hdi cha coc (xem tiép
phén 5.5.3.3).

e Lap lai cac budc trén vdi cac vi tri s khac nhau, tor d6 ta vé dude duge
cong nén tinh tuong ducng vdi cac cap s6 ligu (P, s + A;) (xem vi du
trong hinh 5.44).

+ Né&u tai mét vi tri ndo d6, ma s nam ngoai khoang ctia mét dudng cong
(vi du duong cong stic khang bén cua doan coc trén kich, hinh 5.46) thi
ta chon mét trong hai giai phap sau:
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« Hoac 18y luc ddy 1én 1a khong déi (coi 14 gia tri cuc han) va bing stc
khang bén 16n nhit thi nghiém dudge;

« Hode ngoai suy doan tiép theo clia dudng cong stic khang bén. Tuy
nhién, viéc ngoai suy ndy cb sai s6, vi néu than coc rit ghd ghé (15
16m), thi sic khang bén dat cde han chém hon; nguge lai, than coc it
161 16m thi sitc khang bén dat cyc han nhanh han.

5.5.3.3. S6 gia bién dang nén dan héi
‘Bién dang nén dan hdi clia coc khi chat tai tit trén xudng 16n hon so véi bién
dang nén dan héi trong thi nghiém O-cell (xem hinh 5.41).
Trong hinh 5.41, dudng lién nét thé hién dang cla bidu dé luc doc trong
thanh. Trong hinh 5.41a, bién dang dan héi cho doan trén O-cell 1a:
. Q7T
5, = Cy——1L, 5.11
AR (5.11)
trong d6: L, - chidu dai tit tAm thép trén O-cell dén dinh coc;
AE - tich gitia dién tich vA mddun dan héi cia coc;
C, - hé 56 phu thudc dang biéu 48 luc doc trong thanh;

d day: C, = 0.5 khi biéu dd lyc doc c6 dang tam giac (dudng dit nét);
C, < 0.5 khi biéu dé luc doc e6 dang nhu hinh 5.41a;

Thuc té& thi §, da do duge trong thi nghiém O-cell (1a gia tr1 COMP), vi vay tu
phuong trinh trén ta tim duge C;. Sau khi qua diém 8§, cuc dai, néu ta 1&y sdc
khang bén khéng d61 thi cang 14y C, khong=doi.

Ea

Jo

a) T°° Qo b) TQ'"

Thi nghiém Bidu a8 e doc Thute 18 coc Bidu 46 e doc
O-cell trong thanh lam vidc trong thanh

Hinh 5.41. Biéu dé luc doc trong coc
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Trong hinh 5.41b. bién dang dan hai cho doan trén O-cell la:

. P-Q Q L
p={1-0C) —==2 L+ 2L, =[C +(1-C)Pl—=. 5.12
bl ( !) j—\E o /\E 0 [ ]ch ( ) ]AE ( )

Nhu vay. gitia thi nghiém Osterberg (chit tai dudi 1én) va thi nghiém nén
tinh théng thudng (chat tai trén xudng) ta cé syt ting cia bién dang dan hoi l1a
Ay = Oy - 8. Ta sé ké thém s8 gia nay vio trong dudng cong nén tinh tudng dudng.

5.5.4. Vi du thuc t&

Dién tich tiét dién coc:

T’j xx 0.452/4=0.159 m?
Trong lugng riéng bétdng trong ldng
- o coc: y =22 kN/ m? (béténg nhe);
1 3m I || Trong lugng riéng cla coc thép éng (16
i e || — bétdng): v = 22.5 kN/ m?;
] | =
3":'m ' song Pines = trong ludng riéng day nai:
} ....... - ; v = 12,5 KNf m?,
e R Trong lugng coc:
, e cfe ol eloo wW'=(225x3.3+125x 39.7) x 0.159
Cemm |§ oo set nivco = 90 kN;
o A i
1 - {fl - o .
| ’ ‘
h Ma sat bén: Q, = 1910 - 90 = 1820 kN;
i Chuyén vi tai do: 9.4 mm;
) !
43.0m
Sifc khang mdi: Q, = 1910 kN;
21.6m Chuyén vi tai d6: 1.3 mm;
Tai lén nhat trong duding cong tuong
duang:
Poex = 1820 + 1910 kN = 3730 kN.
41m cal

7 da sel angiliile phong hod
Hinh 5.42. Két qua dia chat va thi nghiém Osterberg d séng Pines

Coc ché sn dau tién duge thi nghiém Osterberg 14 & ciu sdng Pines, Saugus,
My (hinh 5.42). Coc 6ng thép bit kin mii, dudng kinh 45 cm, dai 43 m. Tai 49
sAu 36 m so vél mat dat (39.7 m so véi mat nude sdng), dd chél do duge 1a 1.3 mm
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(& 10 nhat bua cudi ciing, coc di duge 13 mm; bda st dung 1a loai Delmag
1) 36-13 ¢6 nang luong 112.7 kNm).

K&t qua thi nghiém ctla coc nay duge trinh bay trén hinh 5.43. Ta thay, trén
dudng cong sttc khang miil, trude khi tdi trong dat 1100 kN, chuyén vi clia
miii coc lai di 1én. D6 13 do anh hudng cha ap suit 18n 6ng § gitia coe, tuy
nhién né c6 anh hudng khéng dang ké dén két qua site chiu tai cda coc.

Hinh 5.44 minh hoa dudng cong nén tinh tuong duong theo cach quy d6i don
gian. Pudng cong nay dude vé dua trén két qua trén hinh 5.43. Cac diém duge
danh s6 trén hinh 5.43 chinh 13 cac diém dude danh s8 tudng ting 6 hinh 5.44
(ching c¢é6 cing mat chuyén vi). Khi xay dung dudng cong trén hinh 5.44, ta
gia thiét 1a khi chuyén vi 16n hon 1.3 mm thi siic khang mi khéng tang nita
va 13 1910 kN (coi 1910 1a gia tri cyc han, thuye t& thi sic khang mii van cé
kha ning tang nia). Gid thiét nay nhu vay thién vé an toan.

15 —— I — " — - ———r
' 10 b b - 9]
A 3
E I ma sat bén /
: 5 PR i )
> 1 ! 15 1
g | 10 ne g
> : ot
30 : SE— ]
% - : e g pen 1 B - _.i .
5 ‘ L ) o j_‘sfn:‘ kl]éf(:.! m61 ‘
| 0 250 500 750 1000 1250 1500 1750 2000

Tai tir hép Osterberg (kN)

Hinh 5.43. K&t qua thi nghiém Osterberg (séng Pines)

‘I

<

chuyén vi (mm)
L
o [#a}

T | 1
10 %
15

1

: Co
1 ; | . |19
500 1000 1500 2000 2500 3000 3500 400C
Tai trong nén finh tuong dudng P, (kN)

|
|
|

Hinh 5.44. Pudng cong tai trong - dé lun cua thi nghiém nén tinh tueng dudng (séng Pines)

Thi nghiém vé1 coc déng thuong cho ta chuyén vi 18n nhiéu hon chuyén vi &
mii. Nguge lai, thi nghiém véi coc nhéi thudng cho ta chuyén vi & mai nhidu
hon chuyén vi lén. Vi du, két qua thi nghiém ¢ Lang Ha duge trinh bay trén
hinh 5.46. Khi xay dung dudng cong trén hinh 5.47 (theo cach quy d6i chi
tiét), ta gid thiét 1a khi chuyén vi 16n hon 6.7 mm thi sic khang bén khong
ting nida va la 21.24 MN = 2165 tdn (coi 2165 tdn 1a gia tri cuc han, thuc té
thi stic khang bén vin c6 kha nang tiang thém khoang 50 + 200 tin nita).
14 MCPT-A
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0 0 N 100 459 Coc barrette ti€t dién 1.5 x 2.8 = 4.2 m?%,
0 Chiéu dai coc: 38 m (tr 5.5 dén 43.5 m);
5 O-cell dat tai 40.5 m {cach day 3 m);
| Trong lugng coc {ddy ndi) cila doan phia trén kich: 211 tan;
10
15 Ma sat bén: Q, = (2165 - 211) x 0.95 = 1856 tan;
Chuyén vi tai d6: 6.7 mm;
=20
E
N 25 Sitc khang miii: Q, = 2165 tn;
Chuyén vi tai d6: 80.4 mm;
30 N
35 \ Téi 18n nhat trong dudng cong tuong ducng:
T ~{{  Prs= 1856 + 2165 211 = 3810 t4n = 37.4 MN.
40 e
]
45
Hinh 5.45. K&t qua dia chat va thi nghiém Osterberg d Lang Ha, Ha ndi
10
—_ i - -
E ol —_ —— ~—T—'_'*'A/
£ °F o~
— b = < 2 . ™
w10 & mm thép trén O-cell I
20 |
30 T Tam thép dusi O-cell™]
w0l
50 |
60 e s -
0 4 8 12 14 20
Tai tir hdop Osterberg (MN)
Hinh 5.46. K&t qua thi nghiém Osterberg (Lang Ha)
tai tugng duang Pe (MN)
0 5 10 15 20 25 a0 35
0 E = et — . T —r—r
-10 1
20 |
E.z0 ;
—.40
50 f
-60
-70 *©

Hinh 5.47. Budng cong tai trong - dd lun cua thi nghiém nén tinh tuong duong (Lang Ha)

14 MCPT-B
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5.5.5. Uu diém va nhugc diém cla thi nghiém Osterberg

Thi nghiém Osterberg co nhiéu vu diém sau:

Thi nghiém Osterberg la mdt thi nghiém hiéu qua, don gian va tiét
kiém. Mic di ta bo lat hop Osterberg trong long dat, nhung do khéng
phdi dung hé d61 trong cong kénh nén thi nghiém nay van tiét kiém ca
vé thai gian lan tién bac so véi thi nghi@m nén tinh théng thudng.

Thi nghiém Osterberg khdéng nhiing du bao dude stc chiu tdi, ma con
cung c¢Ap hai thanh phan tach biét: siic khang bén va site khang mii.

Tranh duge anh hudng cta déi trong hay coc neo t6i mdi quan hé giia
dat va coc thi nghiém nhu trong phudng phap thi tinh.

Vi dav theo hai chiéu, kich chi cAn ¢6 kha nang 14 Q, ~ 0.5 P,.

Véi coc xién: thi nghiém Osterberg dé dang thuc hién hon so véi thi
nghiém nén tinh thong thudng.

Vi khéng st dung nhitng khéi vat liéu 1n 1am dé1 trong, nén thi nghiém
Osterberg an toan hon, thi nghiém cé thé ti#n hanh trong ving dit chat
hep hon, cling nhut chiing dé dang hon khi thi nghiém trén séng, bién.

Vi coe déng, trong qué trinh déng & nhitng d6 sau khéc nhau, ta c6 thé
tién hanh thi nghiém Osterberg nhiéu lan, sau médi 14n thi nghiém xong
lai déng tiép. Nhu vay, ta sé xac dinh duge phin bd sic khang theo

chiéu sau.

Tuy nhién, thi nghiém Osterberg ciing cé vai nhuoe diém sau:

Vdi coc ném. ta khong thé thi nghiém Osterberg duge vi khi coc ném bi
day 1&n, né khdng cb siic khang bén. -

Thi nghiém chi hiéu qua khi coc 1 hon hgp ma sat + chéng, va thanh
phan ma sat phai tudng duong véi thanh phan chéng. Néu khéng thoa
man nhu vay, thi tai thi nghidm sé nhé va ta khong xdc dinh dugc stc
chiu tai cuc han. Vi du, coc hdn hgp ma sat + chdng, nhung ty 1& chéng
rat 1om
. P, =5000kN: Q, = 4000 kN = 80% P,; Q, = 1000 kN.

Trong lugng ban than coc w' = 70 kN;

» Khi thi nghiém, ta chi thi nghiém dén duge Q, = Q, + w' = 1070 kN (vi
liic d6, d4t & thanh bén coc d¢a pha hoai rdi). Nhu vay, téng stc khang
¢6 thé thi nghiém téi 1a 2000 kN, con xa méi dén gia tr sitc chiu tai
cuc han P,. Mudn dat P, ta phai ch&t thém d6i tai ¢ trén mat dat [a
5000 - 2000 = 3000 kN, va kinh phi thi nghiém sé& tén kém nhiéu.
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N&u thao tac thidu kinh nghiém, thi nghiém c¢6 thé c6 nhing rii ro nhu;

» Qua trinh cdu lap lam cac thanh truyén (telitale) bi gay;

6ng bao bén ngoai thanh truyén (telltale casing) bi hd, nude béténg

(trong qua trinh dd béténg) lot vao trong va lam thanh truyén khong
cdn tu do nita. PE giam rii ro trong trudng hop nay, ta c¢6 thé dé day
nuée vao trong cac dng bao trude khi d6 héténg, Néu ci tam thanh
truyén déu hong, thi ¢6 thé dit thanh truyén mdéi vao cac éng phun
viia. Néu éng phun viia ciing héng thi thi nghiém bi hong va ta lang
phi vai tram tridu & day. Tuy nhién, xac sudt dé ca tdm thanh truyén
va hai dudng éng déu bi hong 14 cuc ky thap;

» Qua trinh cau 1ap, han va bude 1am dudng din ap hue bi rach, hd.

Tuy nhién, ciing ¢in nél thém ring, chua cé thi nghiém nio bi héng trong
tong s8 trén 600 thi nghiém Osterberg da tién hanh trén thé gisi.

5.6. THi NGHIEM STATNAMIC

5.6.1. Gidi thiéu vé thi nghiém Statnamic

Thi nghiém Statnamic (hinh 5.48) 1a
mdét thi nghiém déng (dynamic),
nhung dién dich két qua lai tuong tu
thi nghiém nén tinh coc (static). Bai
vay, STATNAMIC duoge gor la thi
nghiém lai  gida STATic va

dyNAMIC. Ta biét rang, trong thi .

nghiém nén tinh (static), thoi gian
luu tai (¢t O dén P, thudng la vai
gid dén val ngdy; cén thi nghiém
ddong (dynamic, vi du nhu PDA}, thi
thdi gian luu tai chi tit 5 dén 20 ms
(miligidy}. Trong thi nghiém
Statnamic, lyc tac dung la dong, thai
gian luu tai khoang 100ms - thdi
gian nay ciing ngin, nhung da dai dé

truyén Iie cho toan bd cay coc.

Thi nghiém Statnamic thim chi eon
mdi hon thi nghiém Osterberg, va
hién nay nhiing nghién ctu vé thi
nghiém Statnamic vin con dang tién

Hinh 5.48. Thi nghiém Statnamic
: nen doc truc
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trién. Thi nghiém Statnamic duge Bermingham va Janes (Canada) thd
nghiém 14n dau vao nidm 1988, vdi sdc chiu tai cta coc chi ¢ 10 tan. Pén nam
1992, con sb d6 1a 1600 tan; nam 1994 1a 3000 t&n. Thi nghiém Statnamic cho
coc ¢6 sic chiu tai 1on nhat 1a 3400 tédn, d6 1a coc nhoi cho cdu USY0 Florida, My
vao nam 1999.

5.6.2. Thiét bi va nguyén ly thi nghiém Statnamic

Khi ta theo d&i thi nghiém Statnamic, ta ¢6 cam tudng nhu dang xem mét

budi phéng tén lita hay vé tinh: mot tiéng nd 16n, ap lye didy cia khi chay day

mot vat thé (481 trong) phong lén nhu tén lia, tuy nhién khoang cich ma vat

thé nay bay dude rat ngin.

Thi nghiém Statnamic duge dya trén cic nguyén ly chuyén dong cua Newton:

1) Mot vat thé sé 6 trang thai tinh hoic chuyén déng déu mai mai ndu khéng
¢é luce tac dung 1am thay déi trang thai ctia né.

2) Khi chiu lyc tac dung, vat thé khal lugng m, sé chuyén déng theo chidu
cta lyc vdi gia tde a, va ta ¢d mdl lién hé: F=m, a,.

3) Néu cé mét luc tac dung, thi sé ¢d mot phan lue ¢é chiéu ngude lai.

gié bat holic két .., B& chinh tam / gidm thanh
cdu gty goi trong "{centralizer / silencer)

dai trong BT hoic thé
budng é;;qc\~ . | °Ng : P

e 2oL .
. do da rdi (loese-gratunar fill
tbi do Iuc (loose:g )
A --""‘" duding ga / cifa xa chinh
té‘m da&i gan\% N clia xa ga cla vit liéu t° cao
vao mong - '

thiét bi phong (propeillant)
xylanh phdéng

-, d& piston
thiét bi do chuyén vi

Hinh 5.49. Sa dé thiét bi gia tai cGa thi nghiém Stathamic
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Trong thi nghiém Statnamic (hinh 5.49), mét d6i trong (c6 khéi lugng
m, = 0.05 = 0.10 tai trong 16n nhat ma coc sé& chiu trong qua trinh thi nghiém)
duge dat trén dinh coc. Trong budng ap luc (pressure chamber), ta dét nhién
lidu rén. Ap luc F do nhién liéu chay day d6i trong phéng vot 1én véi gia téc a,
1én t61 200 m/ s* (trong khi gia tdc trong trudng chi 1a 10 m/ s%. Nhu vay,
F = m,a, va mét phan lyc cling c6 cudng do 1a F s tac dung ngudge 1ai vao ddu
coc. Sau khoang 100 ms, ta sé dd tai bing cich x4 khi chay qua céc "cita xa".
Céac thiét bi do luc (load cell), ddu do gia téc (accelerometer) va thiét bi ¢Am
tng laser (laser sensor) sé do duge luc F, gia tdc 2, va chuyén vi s clia coc, sau
dé ta s& dude két qua nhu trén hinh 5.51, tit d6 vé duge d6 thi {ue - d6 lin nhu

trén hinh 5.53.

= i Budng ray cho xylanh thay luc

Bé chinh tAm / giam thanh
(centralizer / silencer)

Dai trong
Thiét bi xylanh / piston /
buéng ap uc
Clra s8 cam fing tur -
laser sensor WINGCOW — Chan ngoai

Hinh 5.50. Gia bat thay luc (hydraulic catch mechanism)

Hinh 5.49 trinh bay cic thanh phan thiét bi cha thi nghiém Statnamic. Cac
ddu do nhu do luc (load cell), dau do gia tdc, cam (ing laser dude gin phia trén
"tAm day”. Xylanh phéng duge dit phia trén ctia dé piston, do d6 khép kin
budng ap hic va vat lidu phéng. D& trong m, sé dugde dit bén trén xylanh
phéng. va dé1 trong sé dude bao bdi "két cau gid déi trong” ¢é khia ranh/ muii.
Cudi cling, d4 rdi (loose gralunar fill) sé duce d6 bao quanh d6i trong. Sau khi
nhién liéu da chay va déi trong duge phéng 18n, da rdi s& roi xudng chd tréng
va lam thanh mdt tham dém dé ddi trong roi xudng. Dé theo ddi chuyén vi clia
d4au coc, ta dat mdt ngudn laser didu khién tit xa (reference laser source) cach
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vi tri coc khoang 20 m, sau dé chuyén vi cta coc sé dude do bang thiét bi cidm
Ung laser (photo voltaic laser sensor). '
Cuong d6, thoi gian va toe dd gia tai phu thude vao kich ¢d ctia piston, xylanh;

phu thude vao nhién liéu chay, dét trong va k¥ thuat xa khi chay.

Hién nay, thiét bi Statnamic hién dai da c6 gia bat (hinh 5.50) tién lgi, thay
cho "két cau gia" bang da rdi (hinh 5.49).

an //\‘\] 5
gz 0 ;-g< = |
=t "
5
\ 7

. \/
£ E g

B 1) [ S o— + 4 ; 4 ' — - _,!

0 20 40 60 80 100 120 140 160
Thai gian (ms)

Hinh 5.51. Tin hiéu Statnamic do dudgc (sé ligu thé)

5.6.3. Dién dich két qua thi nghiém Statnamic theo phuong phap UPM

Cé mbt vai cach dién dich k&t qua khac nhau nhu:
| F

N statnamic

« Phuong phap d6 cling ban dau;

»  Phuong phap do cling ban diu siia doi;

« Phucng phap diém can bing; £

« Phuong phép diém dé tai. Fa .E

-3

Trong phan nay, ching téi trinh bay cach dién dich
cua Middendorp va cong su (1992) - goi 1a phuong
phap "Diém dd tai" -- “Unloading point method" -- FT TF
UPM ‘ a

) tinh dong

Trong thi nghiém Statnamic, hinh thic gia tai la dong,
do dé sttc khang ctia dat 18n coc sé gdm ca stc khang
tinh (F) va stc khang dong (F,) nhu trén hinh 5.52.
Nhu vay, dé tim stic chiu tai, ta cdn tim thanh phan
stic khang tinh cua dat 1én coc:

Hinh 5.52. Can bing
cac luc l1en moét phan
té coc
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Ft = Fstntnmmc - F:l - I?(h (513)

trong d6: F,- luc quan tinh ctia phan td coc;
F,- sitc khang dong chia d4t 1én coe, bao gdm ca siic khang do ap luc
nudc 16 rong.
Dudng cong tai trong - do lin trén hinh 5.53 ¢6 thé duge chia 1am nam giai
doan (#1 dén #5, mdi giai dean nam gida hai nit trén):

* Giai doan #1: giai doan lap rap thiét bi, coc chiu tai trong ban than cha
piston va déi1 trong. Nhu vay, giai doan nay la gia tai tinh.

» Giai doan #2: doi trong mdi dude phéng 1én va gy ra tai trong dong nho.
Gia tée va van téc chuyén déng con nhd, do dé luc quéan tinh va luc can
dong cing nho. Siic can cta dat ¢6 thé coi 1a tuyén tinh.

e Giai doan #3: gia t6c va van tdc chuyén dong cta coc va dit ting manh,
dan dén sitc khang déng va tinh tang manh. Téng tai trong Statnamic
dat cue dai (F,,,,) d cudi gial doan nay.

» Giai doan #4: 4p luc trong budng chay dude xa bdt. D&i trong (ciing nhu
coc) van t18p tuc chuyén déng, nhung cham dan. Tai vi tri S,., (chuyén
vi cue dai § cudi giai doan #4), van tdc chuvén déng bing 0, do do
stic khang dong Fu(t,) tai thoi diém nay cang la 0. Nhu vay, gia tri trén
dé thi chinh 13 sdc khang tinh lén nhit trong qua trinh thi nghiém
(F, (ty) = F.(t), vi vy con duge ky hidu la Fy,,.,.

o Giai doan #5: tai trong giam vé 0. D&t phuc héi mét phan, nhung vin
¢on bién dang du.

Pé tinh duge thanh phén sitc khang tinh trong téng tai trang trén hinh 5.53,

ta cé hai gia thiét sau:
1) Stic khang déng ty 1 thuan véi van t8z chuyén dding xudng cda coe nhu sau:
Fa(t) = C, < v(t) (5.14)

trong do: v(t) - vAn tic cla coc tai thoi diém t, van toc nay b duge bang
cach dao ham ham chuyén vi (d6 hin) do duge § déu coc;
C, - hing s8 can nhét (damping constant).

2) Trong giai doan #4, sttc khang tinh khéng d6i va 12 F(t,) = F(t) = Foum =
F..(t) (hinh 5.54); Nhu vay, tai dau giai doan #4 (théi diém t,), phuong
trinh (5,13} diuge viét thanh:

F (ty) = F.t,) - ma, () - C,v(ty), (5.15a)
= Gy = [Fuults) - may(ts) - F(t)] / vity) =
= [Famlts) - ma,(t,) - Fea (tq)] /vity), (5.15b)
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trong d6: m - khéi lugng coc;
a, - gia tée chuyén déng cia coc;

F.. (1) - gia tri tong tat trong STATNAMIC tai cac thoi diém t,.

Nhu vav. hiang s8 C, sé dude tinh qua phuong trinh (5.15b), trong d6 F..(t,)
chinh 1a F, .., con F..(t) = F,,.. 14 gia tri tai trong 6 cud giai doan #4; a,(t,)
va v(t,) 1a nhitng gia tri do duge. St dung phudng trinh (5.13) va (5.14), ta sé
xay dung duge dudng tai trong tinh - dé lun (dudng dit nét trén hinh 5.54).
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5.6.4. Uu diém va nhugc diém cGa thi nghiém Statnamic

Thi nghiém Statnamic cé nhiéu wu diém sau:

Thi nghiém c6 thé thuc hién trén cac loai coc, trén ca coc didtng va coc
xién. Khoéng nhiing thi nghidm duy bio sie chiu tai nén doc truec,
Statnamic con ¢6 thé du bdo stic chiu tdi ngang bang cach cho ddi trong
m, bay ngang. Thi nghiém Statnamic ngang da bat ddu duge thi
nghiém vao nam 1994; dén nay, tai trong ngang 16n nhit thi nghiém
duge 1a 732 tén.

Thi nghiém Statnamic ¢6 thdi gian ngin, kha ning van chuyén dé dang.
Vi khéng cén c6 nhiing khéi vat liéu 16n dé 1am d6i trong, nén thi
nghiém Statnamic ciing ¢6 nhiing vu diém tuong tu nhu thi nghiém
Osterberg,

Chuyén vi duge do bang thidt bi cam (ng laser c6 dd chinh xac cao. Cac
86 lidu déu dude ty ddng hoa, va thiét bi ¢d6 kha nang thu 4000 sb liéu
(vé tai, gia tdc, chuyén vi) trong 1 giay.

Tuy nhién, thi nghiém Statnamic ciing ¢6 vai nhuoe diém sau:

»

Day la thi nghiém qua mdi, hién thdi van cAn c¢6 thém nhiéu thi nghiém
nén tinh coc nita dé kiém chimg k&t qua dién dich cda thi nghiém
Statnamic,

Thiét bi tuong doi phiic tap.

Phudng phép dién dich UPM ciia Middendorp va cong su (phan 5.6.3)
chi pht hgp khi 4p luc nude 16 rbng nhd. Khi ap luc nude 16 réng 1én, sic
chiu tai tinh sé giam xudng so véi phudng phap clia Middendorp. Cac
nha khoa hoc hién nay dang nd luc tim mét phuong phap dién dich mdi,
trong do6 cac thanh phin luc quan tinh (ma,), sitec khang déng (F,) va ap
luc nudc 16 réng duge phan tich day da va chinh xic hon.

Thi nghidm Statnamic chi phi hgp khi bién dang du la dang ké. va thi
nghiém Statnamic phai pha hoai d&t (tic 13, tdi trong Statnamic phai
16n hon téng sic khang tinh cuc han va dong cyce han). N&u khéng théa
mén cic didu kién trén, stc chiu tai tinh du bao duge ¢6 nhiéu kha ning
sé 16n hon thyce t& (xem thém hinh 5.56, phan 5.6.5). Vi vay, truéc khi
thi nghiém Statnamic, ta phai lap k& hoach ky ludng dé du tinh khéi
lugng m, va gia t6c a, hap 19.

5.6.5. Vi du thyc t&

Phéan nay trinh bay mét coe thue té J Sanfrancisco, My. Coc nay 13 coc 6ng
thép, bit kin miii, dudng kinh 40 c¢m, dai 32.2 m. Ngudi ta tién hanh ca thi




Chuong 5. MOT 56 PHUONG PHAP THi NGHIEM COC 219

nghiém nén tinh coc va thi nghiém Statnamic dé so sanh két qua. Thi nghiém
cho thdy, tai trong nén tinh coc dat gia tri cye dai 1a 1.3 MN = 130 t4n (hinh
5.55); thi nghiém Statnamic dén tai trqng F,.. = 3.3 MN. Theo phuong phap
"Diém db tai - UPM", ta xay dung duge duong sitc khang tinh (dudng dit nét).
Ta thay ring, dudng sic khang tinh nay kha gin véi két qua cta thi nghiém
nén tinh ecoc, va tai trong cuc dai F,,. = 1.5 MN cling gin véi gia tri 1.3 MN
ctiia thi nghiém nén tinh coc. Qua két qua thi nghiém Statnamic nay, ta ciing
thay thanh phén stc khang déng (F,) cta coc nay kha ldn. )

Néu thi nghiém Statnamic chi dén F,,,. = 2.5 MN nhu trén hinh 5.56, thi theo
phuong phap UPM, ta sé duy bao sai stic khang tinh F,... (Fiu. 1&n t6i 2.1 MN
nhu trong hinh nay).
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LUA CHON GIAl PHAP MONG COC

Khi tai trong cdng trinh khéng nhd, va cac 1dp dat gan bé mat khéng tot, thi
giai phap méng ndng sé c6 do lan léch 16n. hon nita 46 dam bao diu kién an
toan vé stc chiu tai thi kich thuéec méng phdi rat 16n. Khi gidi phap méng
ndng trén nén thién nhién té ra khéng hiéu qua, thi ta c6 thé gia c6 nén. Tuy
nhién, khi giai phap gia ¢d nén van chua hidu qua, hodc qua ton kém, thi giai
phap méng coc ché& sin 1a mot lya chon d& dang.

Khi tai trong 18n hon nita (vi du cic nha khoang 8 dén 15 tang 6 Ha Nbi), viéc
lya chon gilia gidi phap coc ché sin va coc nhéi d6i khi 1a mot eéng viée khé
khan. Nhiéu ngudi cho ring nén lam coc nhdi, nhidu ngudi khac lai cho réng
coc ché sdn 13 théa mén, lai tiét kiém duge nhiéu tién.

Chuong nay sé phén tich cac wu khuyét diém cta cac loai coc, tit d6 gidp ta
cdn nhéc lua chon giai phép coc hgp ly.

6.1. COC CHE SAN

O nudc ta, coc ché sin da phan 13 coc béténg cdt thép thudng, mac coc thudng
la #250 dén #350. Véi loai coc nay, tiét dién coc chli y&éu nam trong loai "eoc
nho", 1a loai coc nhd hon 45 x 45 em®. Site chiu tai cla coc theo vat ligu vi vay
cang khong 1dn, va dé tranh coc bi vd, niit hay gay khi ha coc (ép, hodc déng)
thi chiéu dai coc ciing han ché (thudng nhé hon 356 m). Ciing vi vay, sic chiu
tai ctia coc theo dit nén thudng khéng 1dn (Iuc déng hode ép coc phai thing
dudc stic can cua dat thi coc mdi xuyén xudng dat duge).

Nhu vay, coc nho thudng 1a giai phap t81 uu cho cong trinh c6 tai trong khong
16n. Khi tai trong chan cdt 16n, doi hol nhiéu coc trong mot nhém coe, do d6
dai coc rit 16n va viée bd tri cac dai coe (cing c¢éng trinh ngdm) trong cong
trinh rat khé khan.

Coc nhé con c¢6 han ch& 1a stic chiu tai ngang giam dang ké, du ta st dung
nhiéu coc nhé. Mét nhém n coc nho s€ c6 sdc chiu tai ngang la P, = nnP,,
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trong d6 1 12 hé sd hiéu Ung nhém, thuong chi c¢é gia tri 0.5 + 0.9. Néi chung,
khi thiét ké coc chiu tai trong ngang thi tiét dién coc cing 16n cang t6t.

Mét han ché khac cia coc nhé 1a s8 lugng coc nhiéu, bdi vay chi phi vé thai
gian thi cong lén hon. Tuy nhién vi coc nhé, nén yéu cau vé thiét bi khong 16n
(ti6t kiém dude chi phi d4u tu vé thiét bi).

Khi chiu tai ding, nhidu coc nhé thi c¢6 wu didm 1a tist kidm duge vat lidu
(bétdng), tuy nhién viée tift kidm bétdng khong thé bu lai dude so véi nhiing
chi phi khac.

Vi du so sanh gita coc nho va coc lon:

Nén dat ¢6 ma sat bén don vi trung binh 1a f; = 40 kPa, stc khang mii don vi
12 10000 kPa. Tai trong chén ¢6t 14 6100 kN.

Né&u st dung coc dai 20 m, tiét dién 20 x 20 cm® (c6 u= 0.8 m va A, = 0.04 m?
thi stic khang bén cuyc han 1a Q; = 0.8 x 20 x 40 = 640 kN, stc khidng miii cuc
han 1a Q, = 0.04x10000 = 400 kN. Sttc chiu tai cho phép 13 [P] = 640/2 + 400/4
= 420 kN, nhu vay cin phai st dung 15 + 16 cge. N&u bé tri khodng cach gilta
cac coc 1a 0.65 m, thi kich thude dai coc khodng 3 x 3 m® Thé tich bétdng cin
dic 16 coc la: V=16 x 20 x 0.04 = 12.8 m*.

N&u st dung coc dai 40 m, tiét dién 65 x 65 em?, réng rudt 300 (c6u=2.6 m
va A, = 0.4225 m?) thi sitc khang bén cuc han 13 Q; = 2.6 x 40 x 40 = 4160 kN,
suc khang miii cye han 14 Q, = 0.4225 x 10000 = 4225 kN (thuc ra, cang xuéng
sdu thi sic khang don vi cang ting; va coc tiét dién lén theo cach tinh
Nordlund cting ¢é stc khang 16n hon. Nhung dé don gian, ta gi@ nguyén suc
khang don vi). Stic chiu tai cho phép 12 [P] = 4160/ 2 + 4225/ 4 = 3136 kN,
nhu viy cdn phai su dung hai coc. Néu bd tri khoang cach gita cic coc 13 2.1 m,
thi kich thudc dai coc khoang 3 x 0.8 m® Thé tich béténg cdn duc hai coc 1a:
V =2 x40 x (0.4225 - 1 x 0.3%/ 4) = 28.15 m*,

('oc nho thi c6 thé thi cong bing phuong phap déng hodc ép. Coc I6n, do sic
chiu tai cing réit 16n nén thudng chi c6 thé déng duge. Hién nay, trong noi
thanh mét s6 thanh phéd 16n, chinh quyén thanh phd cAm déng coc vi tiéng on
va rung déng do déng coc. Tuy nhién, véi cac bién phap giam chan (phén 2.11)
thi quy dinh ctia thanh phd nén thay d8i, thay vi cAm déng coc ta c6 quy dinh
v8 han ché tiéng én (theo don vi déxiben) va han ch& rung dong (theo van tdc
dao d6ng gidi han - bang 2.28).

0 nude ta, coc BTCT 18n (ti6t dién tit 50 x 50 car® dén 90 x 90 em?) rit hiém

gap 7. Vdi coc 18n. thong thudng ngudi ta diic coc réng d gita sao cho bé day

™ Tai cdu Luling, My, dudng kinh coc BTCT tham chi 13 140 em, dudng kinh réng 110 cm.
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ch® moéng nhat cia vé coc phai 16n hon 15 em. Tuy nhién hai doan dau cta
mébi doan coc van dic, doan dic ¢6 chidu dai di 16n dé coc khong bi pha hoai
khi déng. Do sic chiu tai theo d4t nén cta céc coc nay kha 1dn, nén ste chiu
tai theo vat liéu ciing phai rat 16n, doi hoi mac béténg ti 350 dén 450 va cot
thép dude kéo Gng suat trudc. '

Ngoai coc BTCT tng sut trudc, ta cling c6 thé st dung coc thép dé xuyén coc

dén nhiing 16p dat tét ma coc BTCT thudng khéng xuyén téi duge. Tuy nhién,
day la nhiing loai thép dac biét, do dé cling chua phd bién d nude ta.

Uu diém cia coc ch& s&n néi chung so véi coc nhdi 14 vige quan 1y chat luong
dudgc tét hon. Coc dugde dic sdn va bao quan tai nha may tride khi van chuyén
dén ebng truong. va chi coc dat yéu cau chit luong mdi duge phép chén xushg
dat. Tuy nhién ciing lién quan dén chat lugng ca cay coc, thi didu dang buén
14 chiéu dai médt doan coc & nude ta qua ngén (thudng tir 4 dén 8 m, ddi khi
dén 10, 12 m), din dén s6 lugng mdi né1 qua nhiéu, do d6 nhiéu céng trinh cbd
coc di theo hinh sin ma khéng biét”. Nguy hiém hon nita 14 chat lugng méi
ndi d nudc ta rat tol dan dén sy pha hoai tai méi néi. Piéu can lam la nhap
kh&u nhiing thiét bi déng coc hién dai. c¢6 thé déng nhitng doan coc dai dén
20+ 30 m.

6.2. COC NHOI

Coc nhéi cé tiét dién va dd sdu mii coc 16n hon nhiéu so véi coc ché sén, nén
mic du stc khang don vi 1a nho di, nhung sdc chiu tai van 16n. Do d6, s&
lugng coc trong mot dal coc it, va viée bd tri cac dai coe (ching céc cong trinh
ngim) trong céng trinh duge dé dang hon. Vi vay, khi tai trong céng trinh rat
16n (vi du nha cao hon 15 tdng trong diéu kién dia chat Ha N6i) thi duong nhu
coc nhéi 1a giai phap duy nhit ¢ nudc ta hién nay. Hy vong ring loai coc
BTCT tng sudt trude tiét dién 16n (t6i 90 x 90 cm?, tham chi hon nita) sé xuit
hién & Viét Nam, va ching ta sé cé6 thém mét gidi phap dé lua chon (tuy
nhién, giai phap nay lai ¢6 nhude diém: tiéng 6n va rung déng do thi cong 16n
hon thi céng coc nhéi).

Uu diém ciia coc nhdi 1a coc ¢6 thé duge dat vao nhiing 1dp d4t rat cing, tham
chi t6i da ma coc ddng khong thé ti duge (coc déng BTCT titng suét trude hodc
coc thép doi hoi viée chon bia phu hop va nha thdu ¢6 kinh nghiém mdi déng

tdi cac 18p cudi s0i).

™ Gan day & mdt s5 cdng trinh, do thay ddi quy mb dau tu (tit cdng trinh nho thanh cdng trinh
16n) nén cin phai kéo nhitng coc BTCT da thi edng 1én. Sau khi kéo, hoac dao 1én, thdy ring
eac coe bi giy khue tai vi tri cic mdi néi.
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Cac uu diém khac cia coc nhdi 1a: sitc chiu tai ngang rat 16n; viée thi cong coc
nhdt c6 chan rung nhoé hon nhiéu so véi coc déng: thi céng coc nhéi khéng gay
hién tugng trdi dat & xung quanh, khéng diy cac coc sin cé xung quanh sang
ngang. Tuy nhién, néu nén dat co6 1dp cat roi rat day, viée gitt thanh ha khoan
khé khin hon va viée cat chay 6 thé Iam cac coc xung quanh giam sic chiu

tai, tham chi gay pha hoai céc edng trinh 1an can.

Nhu da dé cap. coe nhdi eé nhude diém 13 stc khang don vi giam di nhiéu so
vt coc déng/ ép. D6 1a do qua trinh khoan lam dat roi ra, déng thdi cing lam
x40 déng dat. Thanh cha coc nhdi cang rap nham (16i 16m), thi sie khiang bén
don vi cua coc nhdi cang duge cai thién, tuy nhién né van nho hon site khang
bén don vi clia coc déng. Véi cing mét chiéu dai, coc déng 90 x 90 cm? sé 6
siic chiu tai x4p xi bang mdt coc nhéi duong kinh 2 m.

Mbt nhude diém niia cia coc nhéi 1a vide quan 1y chat lugng khé khan hon d8i
véi coc ¢hé& sin. Do qua trinh d6 béténg khéng thé quan sat dude bing mit
thudng, tiét dién coc cé khi ¢6 chd that lai (do dat & thanh hd khoan 16 vao),
hodc chdt lugng bétdong ¢ miii coc khong duge tot. Véi coc barrette (coc chit
nhat), do hinh dang nén thanh ha dé 16 hon so v8i coc trom, va ciing do hinh
dang coc nén viée thdi riia day hé khoan khé khan hon! do d6 siic khang mai
don vi cia coc barrette thudng thap hon niia. Mic di ¢6 nhing thi nghiém dé
kiém tra chat lugng coc (nhu thi nghiém siéu am SONIC, thi nghiém bign
dang nhé kiém tra tinh toan ven cta coc PIT, thi nghiém khoan 18y 15i,...),
nhung chat lugng ciia 100% s6 ludng coc khé 6 thé kiém soat duge hoan toan.
Khi mét coc nhdi bi hong, thi kha nang thay thé coc 12 rat khé.

Vi coc nhdi ¢6 chi phi thi céng rit 16n (thiét bi chng kénh, dit tién), nén véi
mot eong trinh ¢6 tai trung binh (vi du nha tir 8 dén 12 tdng d diéu kién dia
chat Ha Néi), thi viée lua chon giita coc ché sin va coc nhéi nhidu khi rit khé
khan. Néu viéc thi cong coc BTCT tiét dién 45 x 45 em?, dai khoang 30 « 35 m
(chia lam hai dén ba doan coc) ¢6 thé thuc hién duge, thi ba coc BTCT
chéc chan sé ¢é stic chiu tai 16n hon mét coc nhéi dudng kinh 1 m, dai khoang
40 + 45 m.

Mot yéu t& can can nhic khi thiét k& coc ¢é siic chiu tai 16n 1a cong tac thi
nghiém nén tinh sé phiic tap hon. Néu mét coc nhoi dudng kinh 2.5 m, sic
khang bén cuc han 12 Q, = n x 2.5 x 3356 = 2630 tan, Sﬁc-khéng mai cyc han 1a
Q, = n x 2.5%4 x 540 = 2650 tan, P, = 5280 t&n. Tai trong lam viée cua coc 1a
2100 tan. Ta can thi nghiém nén tinh dén, vi du 1a 4200 tan (vi du d day la
hai 14n tai lam viée, va bang 0.8 cda sic chiu tai cye han P,). Néu nén bang
d6i tai thi rit céng kénh va nguy hiém, cén néu nén bing hop Osterberg
(phén 5.5) thi c6 rat it don vi ¢6 du nang lye dé thi nghiém. Chi phi cho mét
thi nghiém 4200 tan la khoang 0.7 + 1.0 ty (nam 2003).
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Theo tiéu chuin hién hanh. mdt céng trinh ¢6 trén 50 coc, cin tién hanh thi
nghiém nén tinh trén ba coc, nhu vay tén khoang 2.4 + 2.6 ty dé thi nghiém.
Vi vay. chang tdi kién nghi mot giai phap sau: thay vi thi nghiém trén ba coc
that, ta thi nghiém trén ba coc mé hinh, vi du duding kinh 0.8 m va ¢o cung do
sdu. Ste khang bén cuc han la Qf: mx 0.8 x 335 = 842 tin, sttc khang mii cuce
han 1a Q, = n x 0.8%4 x 540 = 271 tin. mdi coc ta tién hanh thi nghiém dén
940 tan (0.8 cua P.). hodc tham cht thi nghiém t6 pha hoai (P, = 1110 tan).
Néu thi nghiém ba cge nhu vay thi chi tdn 0.5 + 0.7 ty. cdng thém chi phi lam
ba coc mé hinh thi ta van tiét kiémm duge 1.5 t¥ tién thi nghiém. Tuy nhién véi
tién tiét kiém nav ta sé dung cho viée thiét k& méng an toan hon (bing cach
tang chiéu dai, hoic tang tiét dién, hoac tang s ludng coc). Nhu vay, thay vi
thiét k& vo1 hé s& an toan 14 2.5, ta s& thiét ké v4i hé s6 an toan la 3.0, tham
chi cao hon. Néi tém lai. chi phi bo ra 14 can bang, nhung ta sé thigt k& dude

moéng vail hé s an toan cao hon.

Viéc thi nghiém trén coc md hinh sé dude tién hanh sau kht thiét ké so bo, va
trude khi thiét ké thi cong. Coc mo hinh ed thé duge thi cong bdi mét nha thiu
doc lap trude gial doan thiét ké thi cong. va di nhién la trude khi md thau thi
cdng mong that. Nhu vay. vide thay d6i thigt k& do didu kién dia chat 1a hau
nhu khéng cé. do d6 ta con giam duge chi phi phat sinh do thay déi thiét ké

(ma hién nay la kha pho bién).

Gita coc that va coc md hinh, céng nghé khoan 16 1a khac nhau, cong nghé
théi rua la khac nhau (vi tri dat bom so véi mép caa coc chic chdn khac
nhau). Vi vay. stte khang don vi cla coc that ¢é thé théy déi chit it so véi coc
mé hinh. Tuy nhién. su thay déi nay 1a khéng dang ké. Hon nia. ta di dé

danh tién tiét kiém thi nghiém dé thiét k& méng an toan hon réi.

Giai phap kién nghi trén day chua ¢6 trong tiéu chuan, nhung rit mong ring
tiéu chuan sé sém kién nghi giai phap nay (ciing véi viée quy dinh hé sd an

toan cao hadn).

6.3. SU LAM VIEC CUA CcOC

D1 véi coc ché sdn, do & nude ta loai coc BTCT Gng suit trude va coe thép hau
nhu chua cé. do dé viéc ha coc ché sdn xudng cac 1dp dat rat tot khong thuc
hién dude. Bdi vay véi coc ché sin, d nudce ta gan nhu khong ton tai coc chong.

Con d61 v6i coe nhdi, do sy xdo dong cua dit trong qua trinh khoan, do anh
hudng cda mun khoan,.. nén sttc khing mai cta dat dudi coc nhéi thudng
giam di nhiéu. Phan 3.5.2 cho thay. siec khadng miii don vi cta coc nhéi trong
cit bi gidm khodng 5 + 8 14n so véi coe ché sdn (57.5 N, so v&i 300 + 400 N,,).
Trong so61 cudi va IGM hat thd thi stc khang mai don vi cia coc nhdi con giam

15.MCPT-A
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hon niia (phéin 3.5.3). Chi ¢6 coc nhdi dat trong da nguyén khoi thi stc khang
mili méi dang ké. Nhu vay, & trén toan thé gidi chit khong riéng gi nudc ta, coc
nhdi chong ciing rat hiém gap.

Con coc ma sat thi c6 mot rii vo 16n 1a d6 lin rét 16n (do lin sé dot ngdt khi
siic khang bén da huy déng hét - xem hinh 1.3a).

N6i tom lai, & nude ta cic coc hau hét d8u 1am viée hén hop (ma sat + chéng).
Vi vav vél nhiing céng trinh quan trong, viéc kiém tra @6 hin cta mong coc

van cAn thiét.

15.MCPT-B
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Phu luc1
TiNH NEN LUN VA SUC CHONG CAT CUA DAT

P.1. TINH NEN LUN

D6 lin cia nén gbm ba phéan: lun tic thoi (S,), lin ¢é két tham (S,) va lin tie
bien (S, -

5=5,+8.+8. . (P.1)
P9 lan tite thoi la khi nuée chua kip thoat di, dat bién dang nhu vat thé
dan hét: '
P56 lin ¢d két (thdm) 1a do su giam thé tich 1 rng, do nude thoat dan
ra ngoai;
D6 lin tir bién do bién dang cua ban than khung c6t cua dat.
Véi ddt sét, ba @6 lin trén 12 r6 rang va ¢o thé tach biét-du’(jc. Nhiing nghién
ctu mdéi nhat cho thay:

e Do lin tite thdi nhd. tuy nhién cé khi khéng phai 13 nhd qué dé c6 thé bo
qua. Trong mot s6 trudng hop ching e6 thé chiém tdi 10% dd lin tong.
D¢ lan tice thot duge tinh qua mddun dan héi khéng thoat nude, hay con
goi 12 médun dan héi tie thai, ky hidula E,;

o D& lun cb két (thim) 12 phan chu yéu, thuong chiém trén 90% dj lun
tong. Tuy nhién, trong mét s6 it trudng hgp né chi chiém khoang 50% dd
lun téng.

e D6 hin ti bién khéng nhd, nhat 14 véi cac dat sét yéuw/ rat yéu. Déi khi,
ching ¢6 thé chidm tdi 40 + 50% d6 hin tong;

Véi dét cdt, tinh thAim qua nhanh, do d6 khéng thé tach rdi lin tie thdi va lin
¢ két duge. Ta co thé viét lai phuong trinh (P.1) nhu sau:

S5=8,..+8 (P.2)
S, .. 12 d6 lun tic thdi va ¢ két (thudng vidt 1a S, va cing thudng hiéu 1a lin
c8 két, vi lin tite thdi ctia cat qua nho). dude tinh qua médun bién dang E, ., ,
thudng ciing chi ky hiéu la E.
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P.1.1. D& lun ¢& két (tham) &n dinh

T thi nghiém nén mét true (con goi 1a thi nghiém ocedometre), ta thu duge
quan hé gitia ing suit nén (ap lyc nén) p (coHn viét 1a o) va do rong e. Quan hé
p-¢ nay dugdc biéu dién & dd thi thudng hinh P.1a hoac biéu dién & db thi ban
log trén hinh P.1b.
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Hinh P.1. Quanhép-e
Ghi chu: Trong hinh P.1b, v8i dat sét qua cd két, doan nén thir cap (C) khong phai la tiép tuyén
véi doan dau cha dudng @. Vé nguyén nhan tai sao dudng @ nam thap hon dudng @,
ban doc ¢ thé tham khao thém hinh 10.27, & trang 235, 236 - Tap 2 - Co hoc Dat -
Whitlow.
Phu luc 4 trinh bay cach higéu chinh dudng cong ®© dé dugc dudng cong @. Tuy nhién, vi
cach hiéu chinh kha dai nén tam théi ta cd thé lay doan nén thir cdp 1a dudng tiép tuyén
clla doan dau duang cong @. Vi dat sét 6 két thudng, ta khéng higu chinh.

Tir hinh P.1a ta cé: trong doan e, - e, nho nao doé:

e H¢ s6 nén lun tuong 461 (hay hé s6 nén thé tich) a, (hay m,} 1a:

_ e-l _E)
a, =
(ps - p)(1+e, )
. e Loy . N [5 B Zuz
e Mbddun bién dang (co ndhéng) laE= —vaip=1- - :
a() M

Médun nav ap dung cho nén dat dudi méng don, do dién chiu tal bé nén
d&t bi nén chat theo chiéu ding va nd theo chiéu ngang (c6 nd héng);
11 |

¢ Médun bién dang khéng nd héngla M = — = —
m,

o

Modun nav ap dung cho nén dat dudi méng bé, do dién chiu tai 16n nén
ta coi nén dat dudi méng khéng nd hdng;

Néu vidt chinh xac theo "ngdn ngi" iing suit hitu hiéu thi:
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Méodun thoat nude:

'

E =M(l + W1 - 21 - ) = [ - f-“;) M' = BM";
-

trong dé: p' - hé s& Polsson trong diéu kién thoat nude (n' = 0,2 + 0.3 cho cat;
u' = 0,3+ 0,4 cho sét).

o D6 hin khéng no hong caa ldp dat day h, 1a:

= f17€ : © (P.3a)
I+e,
S,=a,ph= -]"phr :Eph.. (P.3b)
M© Y E
e DJ lin ¢ nd héng cua 16p d4t nhu trén la:
1 .
S, = E ph;. (P.3¢}

Lan khong nd hdng ap dung cho truong hgp méng bé (tai rat rong), con lin nd
héng 4p dung cho toan bd cac trudng hop khac. Tuy nhién, ¢ Viét Nam, ta déu
ding phuong trinh (P.3b) (khoéng nd héng) cho moi trudng hop (cé thé chap
nhan duge vi = 0.8 xap x1 vdi 1.0).

Trong hinh P.Ib, duong cong @ thu duge tir thi nghiém oedometre. con ducng
cong @ 1a duong hidu chinh tir dudng cong @. 86 di, ta phai hiéu chinh dudsng
cong ® vi nd (va dudng cong ¢ hinh P.1a) khéng phan anh dung thue t& lam
viée cua dit. Nguyén nhan chinh 14 trong thi nghiém oedometre, viée thu
duge mau dat 100% nguyén dang la cuc ky khé khan. Vi du, miu dit dang &
dd sdu 20 m, chiu ap ldc ban than 1a 300 kPa, nay dude dem lén mat dat dé
lam thi nghiém. Viée duy tri ap lue khong dé6i la 300 kPa d&i véi mau dat
nguvén dang la rat kho. Do dé, mau dit "nguyén dang” nay van bi xdo déng
mdt phan nio (ngoai ra con rat nhiéu nguyén nhan khac lam xdo dong mau
ma ta khoéng thé tranh khdi). Néi tém lai, miu d4t ma ta goi 1a miu "nguyén
dang" thi su nguyén dang chi duge gan 100% ma théi.

Trong kinh P.1D ta cé6:

p, (tc 12 ',,) - ting suét ban thin (dia tinh) tai hién trudng;

p, - ap luc tién cb két;

C, (compression) va C, (recompression index) - chi s6 nén so cip va thi cap;

Bo lin caa lép dat day h, la:

s, =|C, log - +C, logR-‘l hi (P.4)

[ ])fl

Néeup>p.z2p:C,=C.vaC,=C,

Néup.>p>p,;C =C,=C,
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Néu p > p,=p,: C, =, = C.(d4t cd két thuong).

Véi ddt dinh. ta ¢6 thé 14y mAu vé dé thi nghiém oedometer. Tuy nhién, § cac
nude Tay Au - Béc M. phuong trinh (P.3) rat it khi duge st dung, thay vao
d6, ho st dung phuong trinh (P.4) dé tinh Min (vi dudng cong & hinh P.1a va
dudng cong @ ¢ hinh P.1b 14 chua ding thuc t&. cidn dude hidu chinh dé dugc
dudng cong @).

Véi ddt rof, ta phai st dung phuong trinh (P.3b) hoac (P.3¢) dé tinh lan. Tuy
nhién, ta khong thé 14y miu nguyén dang dé thi nghiém oedometer duge. Do
dé, E (hoac M) bat bude phai dudc suy ra tir két qua thi nghiém hién trudng.

Tt hinh P.1 ta cling ¢d: hé 6 qua cd két 14 OCR (tic 1a Ry = p. / p,; va:
e D&t qua ¢b két manh (heavily over - consolidated - HOC) ¢6 OCR = 4;

e D4t qua ¢o két nhe (lightly over - consolidated - LOC) ¢6 OCR t1 2 + 3
hoidc 4,

s Dat ¢ két binh thugng (Normally consolidated - NC) ¢6 OCR = 1, tham
chi té1 2 do nhiing sai s6 khi tinh toan;

o DAt dudi 6 két (Under consolidated) ¢6d OQCR < 1.

P.1.2. D6 lin cd két tham theo thai gian

V&1 ddt c6 tinh tham kém. lin xay ra rat cham theo thdi gian. Tai thdi diém ¢,
46 un1a 8 = U, x S;
trong d6: S - d6 1an ¢d két toan phan (phudng trinh (P.3) va (P.4) é phan P.1.1);
U, - @0 ¢6 két, c6 gia tri 0 + 1. tdc 12 0% + 100%, duge xac dinh nhu
sau:
Budc 1: Xac dinh hé 88 cd két C, (Taylor, Casagrande,...):
Buéc 2: T, = C, x t/h*

Bﬁéc 3: Tra biéu dé quan hé T, - U dé tim U, (hoac dung cong thie
tinh U).

d day: C, - hang s6 ¢ két: C, phu thude nhiéu vao hé s6 tham k.
k = v /1 (Dinh luat Darcy);
Dat cat ¢6 k tudng d6t 16n (k > 10 * cm/ 8). Con dat sét co k
rit nho (k < 10°7 em/ s), do d6 véi dat sét, thai gian lin kha 1au.

P.1.3. B lun tirc thi

Ta stt dung phuong trinh (P.3b) va (P.3¢) dé tinh d ldn tdc thdi, tuy nhién, ta
dung médun khéng theat nude. Mddun khéng thoat nuée thu dude bang cach
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thi nghiém oedometer (nén mét truc) hodc triaxial (nén ba truc) trong diéu
kign khéng thoat nudce; hodc thu duge bing nhiing tuong quan véi thi nghiém
hién trudng {1].
Modun khéng thoat nudc (cho dat sét, gia tai khong thoat nudc) va médun
bién dang khong nd héng M ¢6 quan hé sau:
E=sMOQ+pu)@-21)/(-w)
1 — L]
=15 M T2
1-p
trong dé: - hé s6 Poisson trong diéu kién khéng thoat nudc;
i, = 0.5 (bang cta nudce);
u' - hé s6 Poisson trong diéu kién thoat nude.

P.1.4. B6 lan tir bién

B9 ldn tir bidt toi nam thi t, dude tinh theo cong thite 1§ thuyét sau:

. t.)

St = Cuﬁlog tu hL* (P.E))
1

trong d6: C,, - chi s0 nén tir bién cai bién (1a chi s8 nén tinh tit dd thi thoi gian -

bién dang). C,. = — = ) .
l+ve, log(t,/t)(1+e,)

e

d dy: C,, - chi s6 nén tit bién tinh tir dd thi thai gian - hé s6 réng:
thong thuong, C,. = (0.015 + 0.032) x C, va trong khoang tir 0.025
dén 0.1; Vi dat than bun va dat hitu co thi C,, 16n hon (= 0.065C),
tham chi ¢én 16n hon nia;
t, - thi diém két thic cb két tham (tie 1a diém t,,, trén bidu dé
e-log(t) cua Casagrande).
Véi dat cat, Schmertmann cho ring:
S, =8,.:x0.2 x log(10t,), (P.6)
trong do: S,.. - tong cia d6 lin téce thdi va lan 6 két, thuong chi ki hidu 1 S.
Duya vao phuong trinh (P.6) thi ngay ca véi cat 46 ldn tit bién cing khéng thé
bo qua (vi du, sau 30 nam thi 0.2 x log(300) = 0.5, tic 1a ldn tif bign bang 50%
cua lin ¢§ két, hay bang 33% clia lin téng).

P.1.5. Hé s6 nén

Trong mé hinh nén Winkler, hé s& nén theo phuong ding (k, hay C, thudng
dugc stt dung dé tinh todn mong bang (tic 1a diAm trén nén dan héi), méng bé;
con hé s6 nén theo phucng ngang-(k,.) dé tinh toan coc chiu tai trong ngang.
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Hé s6 nén khong nhiing phu thudc vio c4p tai trong, ma con phu thude vao

kich thude méng. Vesic (1961) cho riang. ¢ thé ude lugng k. (hay ¢,) nhu sau:
P

_ 065 w“l ExB* E

> B Gevrm), (P.7)

k.
B VErXJf l-u

trong do: B - chiéu rdng méng (m);
E (kN/ m?%, 1t - mdédun bién dang va hé s6 Poisson cua dat;
B (KN/ m?)., J; () - mddun dan héi va mémen qudan tinh clia méng;

Theo phudng ngang, ta ¢6 thé tam 1ay: k.. = K k.. véi K, 12 h¢ s8 nén ngang.

P.1.6. Dy bao médun bién dang bang thi nghiém hién trudng

Médun bién dang nén dude du bao dua trén két qud thi nghiém dat hién
truong, nhu thi aghiém SPT (phén P.1.6.1), CPT (phan P.1.6.2), hoac thi
nghiém DMT (phan P.1.6.3). Ching toi chi trinh bay van tit nhiing cong thic
hay dang. Chi tiét vé cdc ing dung cua thi nghiém dat hién trudng, xin tham
khsao [1].

P.1.6.1. Theo thi nghiém SPT
Theo Kulhawy va Mayne (1990);
Ec':‘ll = k NG{‘I (1)511‘)\ (PS)

trong d6: k = 5 vdi dat cat 1an bui, sét;
k = 10 v4i dat cat sach ¢& két thudng;
k = 15 vdi dit cat sach qua ed két.

Theo Ohva va cong sy (1982):

B, = 9.08 N,"* (bar). (P.9)

Theo Stroud (1974):
M. = 4.1 Ny, néu chi s6 déo A (hay I, P1) = 30; (P.10a)
M., ={86-0.15 A)N,, néu A <30. (P.10b)

N, 14 s6 nhat dap dé dng SPT di duge 30 ¢m, da hidu chinh vé& 60% ning
lugng hitu ich trong thi nghiém SPT (xuyén tiéu chuin):
_ N = N x €,

L Ay A o .
Cg= 6_8 . E, la ty 1é phan tram ning lugng hiu ich (thuong E, = 30 + 60).

P.1.6.2. Theo thi nghiém CPT

Moadun bién dang cha dat, néu du bao theo thi nghiém CPT thi thudng cé

dang sau:




PHU LUC 233

M=aq, P.11)

trong do: q. - stic khang xuyén mai cua thi nghiém CPT (xuyén tinh);
o - hé sd tra tit bang P.1.

Bdng P.1. Hé s6 a dy bao mddun bigén dang khéng nd héng M

q. (bar) bat a {Sanglerat) | « (Vi Céng Ngii)
<7 3-8
] 5+8
7 =20 Sét cd do déo thap (CL) 2+5
3+6
> 20 1+25
> 20 ) 3-6
Bui cb dd déo thidp (ML) 3+5
< 20 1+3
<20 B34t dinh db déo cao (MH, CH) 2:6 4575
<12 Bui chifa hitu co (OL) 2:8
——

Bun va sét chita hinu cg (P, OH)

<7 50 <w< 100 15+4
3+:6
100 <w < 200 1+15
2-4
w > 200 04-+1
| paphan | 2.4 ]
20 = 30 a phan +
Badiad P
< 50 2
Cat 4 1.5+3
> 100 1.5

Luy y: Hé 56 « cha Sanglerat d3 bao ham ca y&u t& lién quan dén do Ian tU bién.

P.1.6.3. Theo thi nghiém DMT

Theo Marchettl, mddun bién dang khéng no hong cua dat dude du bao

nhu sau:
M = R,E,, (P.12)
trong d6: Ry, - hé s8 quy do1, Ry phai ldn hon 0.85. Gia tri Ry, dude Jdy nhu sau:
Néu Iy < 0.6; Ry = 0.14 + 2.38logKy,;
Néu I,> 3: Ry = 0.5+ 2 logKp,
Néu 0.6<I;<3: Ry = Ryt (2.5 - RyologK,
Vi Ry = 0.14+ 0.15(I, - 0.6):
Néu K, > 10: Ry =0.32 + 2.18 logKy;

Ep, Ky, Iy - cac mddun DMT, cht s6 nén ngang DMT va chi s§ dat tir thi nghiém
DMT (nén ngang mai xuyén phang).



234

MONG COC - PHAN TiCH VA THIET KE

P.2. SUC CHONG CAT CUA PAT

P.2.1. Sirc chdng cat cua dat sét

P.2.1.1. Vai nét vé sttc chong cit khéng thoat nuée S, [1]

Khi dude gia tai nhanh va dit hoan toan khéng
thoat nude (UU). thi dat sét bdo hoa khong ¢6 ma
sat trong (p, = 0). stc khang cit hoan toan do luc
dinh sinh ra, ta goi d6 1a suc khang cit khong thoat

nu{jc Sll(TIILIN =

S, =q,/ 2, xem hinh P.2).

Khi gia tai cham (CD), vé1 dat cd két thuong. sdc
khang cat hoan toan do ma sat trong, con lue dinh

c'=0.

T

A

h

Ya

Qu

Hinh P.2. Sirc khang

cat khong thodat nudc

Tém lai. ta ¢6 ba loal siic chéng cat tucng ng vdi ba s d6 sau:

e UU: gia tai nhanh, tdce thai, khéng thoat nude: o, = 0; S, > 0 (con goi la c);

e CU: gia tai ¢ két cham, cat nhanh:

p>0,c>0;

e CD: gia tai va cit cham. thoat nude hoan toan: ¢ > 0; ¢' = 0 (véi dat qua
cd két. ta van ¢ ¢' > 0. nhung ¢’ tuong dé1 nhd).

Khi dat sét bi xao tron (remolded) (vi du do tac dung déng coe,...), sitc khang
cat khéng thoat nuéc ctia nd giam xudng con S, (ste khang cit xéo déng). Do
nhay cam (hay tinh nhay) ctia dat sét duge danh gia 1a: 8, = 8,/ S,,.. Dit sét ¢
dd nhay cam cao rit dé bi pha hoai va sat 16. Bang P.2 sau diy phén loai muic
dd nhay cam (Michell. 1976).

Bing P.2. Phan loai dd nhay cam cla dat sét

S

1+2

24

4:8

> 8

& nhay cam

khéng

vUa

cao

rat cao

P.2.1.2. Dy bio S, dya trén thi nghiém dat hién truong

Theo thi nghiém SPT
Theo Hara (1974):

B..a = 0.29 Nr;nm2 {bar)

Theo Terzaghi va Peck (1967): S, ., = 0.06 N, (bar)

trong d6: N, 36 doc SPT da hiéu chinh theo nang luong hitu ich

(xem phén P.1.6.1).

(P.13)
(P.14)
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Theo thi nghiém CPT
Theo Kulhawy va Mayne (1990):

8, = 513;&;:5, (q; v o, do bing bar): (P.15)
k

Ny =257+ 1.33 [In(G/8) + 1], (P.16)

trong dé: N, - hé s6 kinh nghiém, théng thuong 1ay N, = 11 + 15;
G - mddun cit cla dat;
gy - k€t qua CPT hiéu chinh:
qr = q. v6i thi nghiém CPT khéng do ap luc nude 16 réng;
Qr=d, T uy (1 - a) vai thi nghiém CPT ¢6 do ap huc nude 15
rong (CPTU, hay piezocone);
o, (hay o,,)- (ing suat tdng do ban than dat gay ra tai diém dang xét.

P.2.2. Sitc chéng cat cla dat cat

P.2.2.1. Vai nét vé géc ma sat trong ¢

DAt cat thi khong cé luc dinh (¢ = 0), do dé site khéng cit clia dét cat duge
biéu hién qua g6e ma st trong ¢ nhu sau: 1., = ¢',, x tgo.

Tuy nhién. gbc ma sat trong ¢ lai phu thude vao ‘1)‘
mue do bién dang & cha dat. Mot loai dat cat 9

(cung cap phoi thanh phan hat) nhung dé § cél chat

hai mau ¢ trang thai khac nhau, mot méu cat b
chdt, mét mau cat réi. sau d6 dem thi nghiém
nén ba truec ta sé xac dinh duge géc ¢ nhu -

hinh P.3. Hinh P.3. Quan hé géc ma sat
trong - bién dang

cat rdi

V@i cat chat, ban diu, goc o dat gia tri cuc dai
{peak) la ¢, (va n6 thudng 1a gia tri bao cao tit thi nghiém nén ba truc, do d6
ky hiéu 1a ¢, v6i te 14 vidt tat cla triaxial compression). Tuy nhién, ca cat
chat va cat rét (cing loai cat, chi khac vé do chit) sé cung dat gia tri géc ma
sat trong ¢, (constant volume) 6 mét bién dang €, kha 1dn.

P.2.2.2. Dy bao ¢ dya trén thi nghiém dat hién truong [1]

Theo thi nghiém SPT
Theo Peck, Hanson va Thornburn thi ¢ ctia dat cat duge du bao nhu sau:
Pec > 54 - 27.6034 ¢ 01N (P.17)

trong dé: N'- s6 doc SPT d4 hiéu chinh theo ci nang lugng va do sau:
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N'go = Ngg x Cx = Ny x 2/ (1 + ¢"0);

o', (bar)- ing suét hitu hiéu do ban than dit gay ra tai diém dang xét;
N.» - 86 doc SPT hiéu chinh theo ning iugng (xem phan P.1.6.1).

Theo Schmertmann thi ¢ cia dat cat ¢ dd sau I6n (= 3 m) duge du bao

nhu sau:

P = arctg { Ny / (12.2 + 20.3 ' )", . (P.18)
o', (bar)- iing suit hitu hiéu do ban than d4t gay ra tai diém dang xét.
Theo thi nghiém CPT
Theo Robertson and Campanella (1983):

P = arctg[0.1 + 0.38 x log(qy / ©'.,)]. (P.19)
Theo Kulhawy va Mayne (1990):

P = 17.6+ 11 x log(q.,), (P.20)

trong dé: q., = qr/ Oy : Qp- xem phan P.2.1.2.

Tuy nhién, hai phuong trinh trén khong dung ¢ d6 sdu z nho. Khi z < 2 (hoic
3 m). thi ding bang P.3 sau ciia Meyerhof:

Badng P.3. Bang udc tinh ¢ clila Meyerhof (1956)

q. (bar) <20 20 - 40 T 40 - 120 ( 120 = 200 > 200
Trang thai rat rdi rdi chat vira chat rat chit
M < 30 30 <35 35+ 40 40 = 45 > 45

P.3. Hiéu chinh dudng cong e-log(p)

Trong phan P.1.1, dé x4y dung duong cong @, ta cin tién hanh dd tai va gia
tal (doan cong ZY va YZ 6 hinh P.4) & mét cip 16n hon p, (ap hie tién cd két)
udc doan ban diu. Thi nghiém & nude ta thudng khang hoan chinh, vi du nhu
khong tang tai tiép ti Z dén S, khéng gia tai dén hé sé réng nho hon 0.42 e,
do d6 viéc higu chinh sé gip nhiéu khé khan hon. Luu y rdng qué trinh hiéu
chinh dé cap 6 day c6 thé lam p, thay d6i khéng dang ké so véi cach lam don
gian hién nav. nhung gia tri C, va C, thay d6i nhiéu, do dé anh hudng dén két

qua dy bao hin. Cac budc higu chinh nhu sav.

Buoc 1: Xdc dinh dp luc tién co két p, (Casagrande)

e Diém P la di€m cong nhat trén dudng cong thi nghiém (dudng @);
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* Tu P vé doan PT tiép tuyén véi doan ddu chia dudng @ (doan thit cip):
* Tu P vé doan PQ nam ngang:
* V& doan PR 1a phan gidc cda géc TPQ;

Ve doan SU la tiép tuyén (hay doan kéo dai) ctia doan cudi dudng thi
nghiém @;
Giao diém ctia doan SU va doan PR 13 diém U. Hoanh dé cia diém U 1a

ap luc tién cd két (ling suat ¢d két trude) p, (hay o).

Budc 2: Xdy dung duong cong @ (Schmertmann)

Diém X la diém 6 toa dé (p,, e,). Trong dé, pe (hay ¢',) 1a 4p luc ban
than hitu hiu cha phan t6 d&t dang xét tai hién trudng; e, 1a hé s réng
tai hién trudng. '

Vé doan UV thang ding.

Vé doan XV song song vdi doan YZ (1 doan nim gitia duong do tai va
gia tai). '

Poan UV cat doan XV & diém V.

N61 diém V véi diém S. Didm S nim trén dudng cong @ va ¢ tung dé la
0.42e.

Doan XV 1a doan nén thir cdp, db déc cia né 1a C, (chi s6 nén tha cip).

Doan VS la doan nén so cép. dé déc ctia n6 1a C. (chi s& nén so cap).
e

X 1

dV'eang cong
hidu s&
Ae

e e e e

0.42¢,

P — e e L

'
1 Lil i {410 L lll!ll i L1 ddbl
o

Po Pe
Hinh P.4. Cach xay dung dudng cong e - log(p)
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Butéc 3: Chinh xdc thém cdc thong s6 (Schmertmann)

V& dudng cong hiéu 6 giita dudng @ va dudng . Néu dudng cong nay khong
6 dang déi xiing qua p, thi ta can xé dich p,. qua phai hodc trai mat chut. Nhu
vay, C, sé giil nguyén gia tri, con C, sé khae di (do doan SV khac di). Puong
cong c¢6 dang d6i x(ng qua p, nay con goi la duong hinh chudng (bell shape).
Bude 3 nay co thé khang cn thiét vi két qua ctia bude 1 va budc 2 ké trén da
kha t1 mi va chinh xac.

Gia tri p. tim (idqjc trong phin P.3 nay cd thé khong khac nhiéu so véi cach
tim don gian (giao diém clia hai doan tiép tuyén), tuy nhién gia tri C, va C, sé
thay d8i dang ké, do d6 anh hudng dén két qua du bao dg Iin.
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Phu luc 2

MOT SO YEU TO ANH HUGNG
PEN SUC CHIU TAI cUA COC

Phan 1.2.2 va 1.2.3 da trinh bay mét s& yéu t6 dnh hudng dén sic chiu tai caa
coc. Phu luc nay sé trinh bay mot s6 yéu t6 khac lién quan. T d6, gitp cho ta
hiéu duge tai sao sitc chiu tai du bao duge 1a mdt con s6 khong thé chinh xac
duge. Nhu vay, tot nhit 1a ta nén dy bao siic chiu tai (theo dat nén) dua trén
it nhAt 1 hai cach tinh khac nhau, so sanh ching va can nhic dé rat ra ste
chiu tai thiét ké cuél cung. Tt hon hét 14 st dung phuong phap du bao siic
chiu tai dua trén thi nghiém nén tinh (nhung lai dat tién). thi nghiém déng
thit hoae PDA. Con cac phuong phap du bao ¢ giai doan thiét k& so bs la: du
bio theo thi nghiém dat hién trudng (CPT, SPT), du béo theo stc khang cat
cua dat (phuong phap ly thuyét).

CAC YEU TO DAT NEN
Goéc ma sat trong

Trong qua trinh déng coc, ing suit cuc bd rat 16n ¢ mai coc s& nghién nat
nhing hat dit réi xung quanh mii coc. Pham vi va mic d6 nghién nat 12 mot
an sd. Vesic (1967) cho nhé mdt s6 coc thép déng xubng nén cat, lau sach bé
mat thép va xem xét mét clia thép. Vesic thdy rang, mot s6 hat cat (nghién)
tham chi ¢on chui vao trong bé mét thép. Nhu vay, cip phéi hat, dd chat caa
dat v.v... da bi thay d6i, do d6 géc ma sat trong ¢ da khac so voi khi khao sat
dia k¥ thuat.

D61 véi coc Sng rong, viée du bao sic chiu tai ciia phan mit trong coc cing khé
chinh xdc: chidu siu méa dat chi€m cho trong long éng khong xac dinh dude chinh
x4c, gbc ma st trong cia dat chiém chd trong 1ong khac véi géc ma sét trong clia
chinh dit dé bén ngoii coc (Kishida va cdng su, 1977), trang thai ing suit bén
trong dng va su truyén luc (sttc khang bén) khong xac dinh duge v.v...

Ung suét hiry hiéu theo phuong dimg

Ung suit o ', sau khi ha coc sé 1dn hon dng suét o', khi chua ha coc (= Xyh,).
Su tang Ung sudt 14 do qua trinh déng hodc ép coc, sau d6 1a do sy truyén luc
gitta coc va dit.
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Tinh nén 1Gn cua dat

Tai miit coc. dat $8 bi nén chat va ldn xuéng. Tuy nhién, d phan coe ngayv phia
trén mai. néu dayv 1a d&t hat tho thi dat sé bi roi ra (kiéu nhu bi mat diém tua
¢ dudi), tinh nén hin ctia dit cing anh hudng dén sc chiu tai cda coc.

CAC YEUTO cUA €OC

Mi coc

D61 vol coc thép. ngudi ta thudng lam mit coc (cd tidt
dién 1én hon tiét dién coc) dé gia cudng cho mi coc
khéng bi hu hai khi déng. Tuy nhién, mi coc phai mé
réng tiét dién vao trong. Néu md ra ngoai thi chi mo
that it. néu khong sé lam giam dang ké ma sit bén
(sttc khang bén) cua coc (hinh P.5).

Thé tich phin coc thé dat

D&i véi coc déng hodc ép, thé tich phan coc thé dat
dong val tro kha quan trong. Nhu cach tinh
Nordlund da chi ra. thé tich phan thé& d4t 1dn thi coc
5@ ¢6 ste khang don vi 16n hon. Coc chi H, coc 6ng hé
miii, coc khoan méi sé c¢6 thé tich phin coc thé dat
rat bé. va do dé. sttc khang don vi kha nhé.

h&, khing o6 ma sit bén

Hinh P.5. Mi coc lam sai

CAC YEU TO LIEN QUAN DEN PHUONG THUC HA COC

Nauroy va LeTirant (1983) tién hanh thi nghiém va thay rang, trong cung
mot loal dat, coc dong cb siic chiu tai cao hon coc ép. Vi coc ché sin, ngoai hai
phuong thie déng va €p, con c¢é nhing phudng thie khdc nhu:

Coc ha bang baa rung

T thi nghiém 6 nhiéu dia diém khic nhau, Mosher (1987), O'Neill va
Vipulanandan (1989) rat ra rang, sie chiu tai ca coc trong d4t hat thé, rai
dén chat vira ha bang phuong phap bia rung sé thap hon so véi cach ha bang
phuong phap bia déng. Nguge lai, khi trang thai caa dat 14 rat chat, thi

phuong phap baa rung lai cho ste chiu tai cao hon.

Coc ha bing phudng phap xdi nudc

Dé1 khi, dé qua trinh déng coc dude ém thuan, ngudi ta vita x61 nude (tal mii
coc) viia déng coe. Tuy nhién, qué trinh x8i nudc s& 1am giam déng ké sdc chiu

tai cta coc, tham chi té1 90% (McClelland, 1974).
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Phu luc 3
MOT SO PHUONG TRINH XAP Xi

Ban doc ¢6 thé si dung nhiing phan mem sén c6 dé du bao stic chiu tai cua
¢oe. Tuy nhién, néu ban doc mudn tu lap trinh 14y thi ¢6 thé tham khao
nhing phudng trinh xap xi trong phu luc nay. Cac phudng trinh nay duge tac
gia tu lap xdp x1 dua trén cac hinh vé duge da trinh bay.

P.3.1. PHAN LOAI DAT THEO THi NGHIEM CPT

qr = q, néu thi nghiém CPT khéng do ap lue nuée 15 réng;

dr = ¢, + uy (1 - a) néu thi nghiém CPT ¢6 do ap lue nude 16 véng (CPTU, hay

piezocone);

Qui trinh kiém tra loai dal theo trinh tu nhu sau:
1) Kiém tra xem cd phai dat s6 2 khong,
2) Neéu khong phai, kiém tra xem c6 phai s§ 1 khong,
3) Néu khéng phai, kiém tra xem c6 phai s8 11 vi/ hoac 12 khéng,
4) Néu khong phai, kiém tra theo thit ty tir d&t 53 dén 9,
5) N&u khéng phai, day 1a dat s& 10.
Cac phudng trinh kiém tra 1iét ké dudi day:

Dudi 2m: sir dung Robertson - 1986:

DAt 58 1 (dét dinh nhay): qr £ - 0.5127 x R - 2.2428 x R, + 10.244
Dit 6 2 (ddt hitu co): Gr < 05597 x 02654 K

I VT o0 3194 = R
Bat s6' 3 (dat sét): gy <10 4

BTh A Kp o P S . (0,485 x 28197 Rf)
DAat s8 4 (dat sét, sét 1an it bui): g <10

16 MCPT
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- e 3 N 2 -
A PR 3 A7 . = - 173 S 12 = 3 NE
P&t s6 5 (dat sét 1an bu): <10 ¢ 0372 RE”- G1H2RET + 04338 RE+0.7304)

- ’ e 15 . PR . . ;08 * Ri* 31 = R 7
DAt s6 6 (dat sét 1an buyi, bui 1an it cat): qr=10 00698  RI™ + 0.1153 » RE+ 1174

Dat s§ 7 (dat cat bui): qr < 10 (0.1278 = REZ + 01349 » RE+ 1.4772)

0.2724 RE - 01216 REZ + 03318 RE+ 184581
0

Dt s6 8 (dat cat bui, cab): ar< 1
Dt s6 9 (dAt cat): qr < 10 {0.2814 Rf* + 0.0826 x Rf + 2.2666)

D4t qua cd két manh:

Néu Rf > 5, dr > 55,
Néu Ry< 5 gr > 10 ( 0.0278 BI® + 05435 R - 41288 RfY + 15 239 RiZ . 27.600 Rl + 22 212)
- 3 ) ’I‘
y At J PP ] 04004 5 RE
Dit s6 11 (d4t dinh qua ed két manh):  qp <10 4481 > ).

Dit 38 12 (d&t cat qué cb k&t manh, cal vén cuc ximang hod): néu thoa man
loai dit qua cd két manh, nhung khong théa man dit s6 11.

Tir 2m trd xuong: sit dung Robertson - 1990:

Dat s6 1 (dat dinh nhay): Qr< 3.2039 = min(Z; F)?- 11.485 x min(2; ) + 11.28;

DAt s6 2 (dat hdu co): Q< 0.7219 x &™0 Y
Pat s6 3 (dat sét): Q< 28xe™ "

0.53 =17,

DAt s6 4 (d4t sét, sét 1an it bui):  Qr<dxe

Dat s8 5 (d4t sét 1an bui): Qp< 2.4136 » ¥ - 7.4995 « F?2 + 17349 x F
+ 3.2373;

DAL s6 6 (A4t sét 1an byi, bui lan it cat): Qr< 15~ el

P&t s6 7 (dat cat bui): Q< 33 xe? T

Dat s6 8 (dat cat bui, cat): Qr<70xe'™F;

P4t s8 9 (dat cat): Q= 150 <e*'"F;

D4t qua cd k&t manh: Qp < 1000 / (30,65 x e~ 11~ 107F);

24634~ F,

Dat s6 11 (dat dinh qua c6 két manh): Q< 0.0135 x e ;

Dit s6 12 (d&t cat qua cb k&t manh, cat von cue ximéng hed): néu thoa man
loai dit qua cd két manh, nhung khong théa man dat s6 11,

p.3.2. DU BAO SUC CHIU TAl THEO CAC THONG SO SUC KHANG CAT

Cach tinh o - Tomlinson

Hinh vé (a):
D<10b: a=1.
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D = 20b: & = min(1; max (0.75; - 0.0048, + 1.304))
D2z 40b: o = min(1; 3.1 x 10778 7. 9 x 10782 + 0.00252S, + 0.99);
S, phdi ldy trong khodng 27 + 150 kPa.
Hinh vé (b):
D =10b: & = max(0.17; min{0.53; - 0.15159 In(S,) + 0.99)
D > 20b: o = min(0.84; 9.95x 10 1° S* - 5.636 x 10 S+
+0.000111 8,7 - 0.01 S, + 1.025);
S, phai nho hon 230 kPa.
Hinh vé(c):
D =10b: & = min(0.97; 5.32 x 107 8" - 0.0001638S, + 0.0086 S, + 0.85):
S, phai nho hon 180 kPa.
D > 40b: @ = min(1; 6.765 x 10°78, - 0.000255 S,2 + 0.0237 S, + 0.37);
S, phai trong khodng 74 + 190 kPa.

Cdch tinh f- Burland
B=0122x0OCR+02vapB<2.

Cdch tinh A
A =2252636x10 " x LY. 2908 x 10 "« 17 + 1492 x 10 * x L}
- 3954 x 107"« L'+ 0.00603 x L* . 0.0593xL + 0.507

Theo Army Corp (M) : 1 = max(0.14; 1/ (L + 0.5)" + 0.02).

Cach tinh Nordlund

Ks; =0.0651x1In(V/0.093) + 0.85 néu ® = 25° (v61 V tinh bing m* m):
=0.13029 x In(V/0.093) + 1.15 néu ¢ = 30°%
=0.26058 < In(V/0.093) + 1.75 néu ¢ = 35%

= 0.5646 x In(V/0.093) + 3 néu ¢ = 40%

Cr = max(0.5; - 0.000218 x ¢? - 0.0000754 x ®+0.93)néud/ ¢ = 0.466:
=-0.0001954 x p* + 0.0058 x ¢ + 0.899 néud/o=10.7331;
= - 0.00016847 x ¢* + 0.00513 x ¢ + 0.916 néud/o=0.767;
= - 0.002046 x ¢ + 1.033991 néud/¢=0.914;

17.MCPT.
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d/p = min{0.914: max(0.466; 0.2381 x In(V) - 0.861)) véi coc bétong;
= min(0.81: max(0.35: 0.2526 x In(V) - 1.0848)) véi coc thép chi H:

= 0.000832 x V + 0.67 véi coc thép dng.

Cdch tinh Thurman
a, = 0.563 x In[min(45; )] - 1.345 néuD/b=20 (N&ug> 45 1ay ¢ = 45",
=0.7 xIn[min(45: ¢)] - 1.852 néuD/b=30;
= ().788 x In[min(45; ¢)] - 2.19 néu D/ b =40.
q. =6.4néue<30.15%
@ = min(353.1; -0.012386x¢’ + 1.7796x¢" - 93.415¢° + 2141.4832¢ -18181.8).
Theo Thurman:

N'q = mn{475: 0.008287(|)4 - 1.03391({)3 + 48.67416(;’)2 - 1018.88894¢ + 7993)
néu ¢ = 27%
N', = min(475: 0.147 x b 17r néu ¢ < 27°%

i

Theo Janbu:

N', = min(475; [tgo + (1 + tg’o) ") x o™ 12
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Phu luc 4
FILE SO LIEU CAC Vi DU GRL-WEAP

Phu luc nay trinh bay nhiing file s& liéu cua phan mém WEAP cho cac vi du
trong phan 2.10.2.

Vidu2.ll:
Title: Vi du bua COMACO 178 Page: 1
SI Units

HapER INPUT AND ANALYSIS OPTIONS

Hammer Stroke Fuel

ID Number Opticn Setting

179. 1. .

PILE INPUT AND ANALYSIS OPTIONS

Number of Number of Non - uniform Pile

Pile Segments Splices Pile Option Damping
. . ; 3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS OPTION
% Shaft Shaft Resistance

Resistance Distribution

HELMET AND HAMMER CUSHION INFORMATION

Helmet Fmm s m o - Hammer Cushion--=—---—=—se——me—r—r— e +
Weight Area ElasMod Thic kNess C.o.R. RoundOut Stiffness
l6.54 1029.10C 2275.4 469.900 .800 3.0000 .0
Title: Vi du bua COMACO 179 Page: 2
SI Units
PILE CUSHION INFORMATION
Elastic Coeff.of Round
Area Modulus Thic kNess Restitution Qut Stiffness
2025.00 207.0 238.000 .500 3.0000 .0

PILE INFORMATION
Total X - Sectn Elastic Specific Circum - Strength / Coeff.of Round

Length Area Modulus Weight ference Yield Restitutn Out
14.40 2025.00 36000.0 25.000 1.800 26.000 1.0000 3.0000

HAMMER OVERRIDE VALUES HAMMER TYPES 1 to 3
Reaction ComDelay Comb Exp Stroke
Stroke Effcy Pressure Weight Ign Vol Coeff Conv Crit
.00 .o000 .0 .000 .000 .00 .00 .00
S50IL PARAMETERS

+-~--Quake----+ +-—-Damping---+ 4---~——-=—-=-m ToeNQ ., 2-—===——~=—mm——m= +
Skin Toe Skin Toe Quake Damping Fraction Depth
2.540 3,750 .160 .490 .000 .000 .00O .00
Title: Vi du bua COMACO 179 Page: 3
5I Units

FCOR DRIVABILITY AMNALYSIS: Shaft Resistance Gain / Loss Factors
Give up to 10 Shaft Resistance Gain / Loss Factors
1.00 .00 .00 .00 .00 .0C .00 .00 .0O .00
FOR DRIVABILITY ANALYSIS: Toe Resistance Gain / Loss Factors
Give up to 10 Toe Resistance Gain / Loss Factors
1,00 .00 .00 .Q0 .00 .00 .00 .00 .00 .00
Tié’pdﬂ!eo Ia hai trang do hoa nhap suc chju t3i cta coc, cac gia tri quake va damping cua
nén dat.
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Vidu2l2:

Title: CCMACO 179 - Bearing graph Page:
ST Units

HAMMER INPUT AND ANALYSIS OPTIONS

Hammer sStroke Fuel
ID Number Opticn Setting
179,

PILE INPUT AND ANALYSIS COPTIONS
Number of Number of Non - uniform Pile
Pile Segments Splices Pile Option Damping

3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS CPTION
% Shaft Shaft Resistance
Resistance Distribution

34,

HELMET AND HAMMER CUSHION INFORMATION

Helmet e Hammer Cushion-------

Weight Araa ElasMod Thic kNess C.o.R. Roundout sStiffness

16.54 1029.10 2275.4 469,800 .B0OO 3.0000

Title: COMACO 179 - Bearing graph Page:
SI Units
ULTIMATE CAPACITIES

Give up to 10 Capacities

1500.0 1550.0 1600.0 1650.0 1700.0 1750.0 1800.0 1840.0 1900.0 1940.0

1

Tiép theo 1a mét trang d hoa nhap suc khang bén cda coc.

CAc s6 liéu khae nhu vi du trén.
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Vidu 2.15:
Title: Vi du bua COMACO 179. Clay relaxation Page: 2
8I Units
PILE CUSHION INFORMATION
Elastic Coeff.of Round
Area Modulus Thic kNess Restitution Out Stiffness
2025.00 207.0 238,000 .500 3.0000 .0

PILE INFORMATION
Total X - Sectn Elastic Specific Circum -~ Strength / Coeff.of Round
Length Area  Modulus Weight ference Yield Restitutn Out

14.40 2025.00 36000.0 25.000 1.800 26.000 1.0000 3.0000

HAMMER OVERRIDE VALUES HAMMER TYPES 1 to 3
Reaction ComDelay Comb Exp Stroke
Stroke Effcy Pressure Weight Ign vol Coeff Conv Crit
.00 .0Q0 .0 .000 .GO0O .0¢ ] ld]

S50IL PARAMETERS
+--~-Quake--~-+ +---Damping---+ t--—-=—~e-=—— ToeNo . 2~——=—~——==————— +
Skin Toea Skin Toe puake Damping Fraction Depth
2.540 3.750 .160 .4%0 .000 .000 .00QO .o

Title: Vi du bua COMACO 179, Clay relaxation Page: 3
ST Units

FOR DRIVABILITY ANALYSIS: Shaft Resistance Gain / Loss Factors
Give up to 10 Shaft Resistance Gain / Loss Factors
.40 1.00 .00 .00 .00 .00 .00 .00 .00 .00

FPOR DRIVARILITY ANALYSIS: Toe Resistance Gain / Loss Factors
Give up to 10 Toe Resistance Gain / Loss Factors
1.0 1.00 .00 .00 .00 .00 .00 .00 .00 .00

Tiép theo 13 hai trang dé hoa nhap sirc chiu tai ciia coc, .cac gia tri quake va
damping ca nén dat. Ngoai ra, con phai nhap hé sé giam sirc chiu tai (setup
factor).

Cac sb lidu khéac nhu ci.
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Vidu 2.16: 56 liéu dé chay ra hinh 2.46.

Title: COMACO 179 - Bearing graph Page: 1
S$I Units
HAMMER INPUT AND ANALYSIS ORTIONS
Hammer Stroke Fuel
ID Number Option Setting
9.
PILE INPUT AND ANALYSIS OPTIONS
Number of Number of MNon - uniform Pile
Pile Segments Splices Pile Opticn Damping
3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS OPTION
% Shaft Shaft Resistance
Resistance Dastributicn
34.

HELMET AND HAMMER CUSHION INFORMATION

Helmet o Hammer Cushion-----—--=--——=-————emmm +

Weight Area ElasMod Thic kNess C.o0.R. RoundOut Stiffness
~16.02 2677.60 3654 .4 50.800 .B0O 3.0000 .0
Title: COMACC 179 - Bearing graph Page: 2

31 Units
PILE CUSHION INFORMATION
Elastic Coeff.of Round
Area Modulus Thic kNess Restitution Out Stiffness
2025.00 207.0 238.000 .500 3.0000 .0

PILE INFORMATION
Total X - Sectn Elastic 8pecific Circum - Strength / Coeff.of Round
Length Area Modulus Weight ference Yield Restitutn Out

14.40 2025.00 36000.C0 25.000 1.800 26.000 1.0000 3.0000

HAMMER OVERRIDE VALUES HAMMER TYPES 1 to 3
Reaction ComDelay Comb Exp Stroke
Stroke Effcy Pressure Weight Ign Vol Coeff Conv Crit
.00 .000 .¢ .000 .000 .00 .00 .00

5011 PARAMETERS

+-—--Quake----+ +---Damping---+ 4--——-~-——=—- ToeNo.2-————~=-—————-~~ +
Skin Tce Skin Toe Quake Damping Fraction Depth
2.540 3.750 ,160 .4%0 .Q00 .000 .000Q .00
Title: COMACO 179 - Bearing graph Page: 3
SI Units

ULTIMATE CAPACITIES
Give up to 10 Capacities
500.0 700.0 900.0 11¢Q.0 1300.0 1500.0 1700.0 1840.0 2000.0 2200.0

Tiép theo 1a mdt trang dd hoa nhap sirc khang bén cla coc.

S6 lidu dé chay ra hinh 2.47:

Hammer - Stroke Fuel
ID Number Option Setting
9. 2.
Give up to 10 Capacitiaes
1840.0

Céac s6 liéu khac nhu phan trén.
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