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LOI NOI DAY

O nudc ta nhing ndm gan déay da co khd nhiéu sdch vé nén mong cong
trinkh duwgce xudt ban. Tuy nhién, cdc théng tin mdi vé thict ké nén va
mong lai duge trinh bay rdi rde va chua duge ddy di. Cudh sdch nay
tap hop khd ky luing cdc kién thitc mdi vé méng coc, nhu cdc phuong
phdp mdi dy bdo siic chiu tdi cia coc, dic biét la coc nhdi; phiong phdp
tink todn dong thoi coc - nén ddt; cdc phuong phdp thi nghiém coc (thi
nghiém PDA, Osterberg, Statnamic). Hy vong rang cudn sdch nay sé bé
tch cho cde ky sw tw vén ve hoc vién cao hoc & Viét Nam.

Vi trink dg va kinh nghiém c6 han nén khéng tranh khéi thicu sét.
Chung tdi rat mong nhén duge su gop ¥ cia déc gid theo dia chi:

Nha xugt ban khoa hoc va k§ thuat, 70 Tran Hung Bao, Ha NG
Hoac:

B4 mon co hoc dat - nén méng,
Trudng dai hoc xay dung, s6 5 dudng Giai Phong, Ha Nai,
Email: Ctfe@fpt.vn hodc ngthai@ufl.edu.



MONG CQC - PHAN TiCH VA THIET KE

KY HIEV

hé s6 Poisson (nd ngang)
trong lugng riéng tu nhién

................ hé s& tai trong trong thiét ké LRFD
P e géc ma sat trong
D e gac ma sat treng dinh (cuc dai)
ey - eenerrrnrreteiie e eres e ...gbc.ma sat treng du
(3 bién dang ién)

D hé sd slic khang trong LRFD
s SR {mg suat hitu hiéu dimg
< ORI {ing suat hitu hiéu ngang
o.hayp hay o\ ap Iuc tién co két
B{hayd}............... canh {hay dudng kinh) coc
s SO ....d6 chat tuong d6i (t) d5i)
B e hé sé réng
€ et dd chdi (46 lun do dudc
do mét nhat bua déng coc)

E'hayE ... mddun thoat nude, cd nd héng
S mddun vi md cla thdi da/ IGM
B, mddun vi mé cla khoi da/ IGM
B mddun cda thép
B médun cla coc
B vvmemneerieanns nang iugng cua bia déng coc
S ORTRRON sc khang hén cta CPT
f sUc khang bén don vi
(ma sat bén) cla dat 1én coc
B hé s an toan néi chung
Fromrnnnn, hé sd an toan cho stic khang bén
Fo oo hé sé an toan cho sic khang mii
H(m}......... e, chiéu cao roi bua (stroke)
IGM ..o, vat liéu trung gian gitta dat va da
K e e, chi s8 nén ngang DMT
L et e, chiéu dai coc
Ling revemeriemmnie e chiéu dai doan coc
ngam trong dav da tét

M., modun khéng nd hong
N o s6 nhat bua déng coc
N két qua {6 nhat dap thé) SPT
Nggerivre e N chudn hoa theo 60% nang lugng
N'go Bay (Nydsgovovrnnnr N chudn hoa cudi ciing

OCR(R:) oo hé sé qua c6 két (¢’./ o',.)
PR ky hiéu cda bar (1 bar &

ap suat khi quyén =1 kG/ cm?)
Pl v tinh taf truyén tir k&t céu

bén trén (KCBT) xudng coc
P oo hoat tai fruyén tif KCBT xuéng coc

P o téng tai trong doc truc tiy KCBT
P, s tai trong ngang

irén mét dan vi dai coc
Poeeerenre e, .....tai trong ngang cue han

trén mot don vi dai coc
[Pl .covoveveeeee.... 8MIC chiu tai cho phép doc truc

P e sUc chiu tai cuc han doc truc
Geerroireaiionineenen. SUC kKhdng mii thi nghiém CPT
o TR g. hiéu chinh do cé vong da tham
s IR stc khang néndon {g, =2 8,)
s IR sifc khang miii don vi ca @&t ién coc
Qo s tai trong ngang
[Q] i, sUfc chiu tai cho phép ngang truc
Qi sUfc chiu tai cuc han ngang truc
Qhay Q) oo sidc khang bén
Quthay Qe stic khang mdi
Qua(hay P oo, sifc chiu tai huy dong
d mét chuyén vi nao @4

RQD......coieeei, chi 58 chat lugng da/ IGM
Freerreeesenn, 1Y 18 NANG lUong hidu qua clia bua
Ragoeivoereeenn cudng d nén mau tru tron bétang
R.s..ievie cUANg 46 cho phép dong coc thép
Rt eoereeeeiee e cudng do nén cho phép
déng coc bétdng

R i ceeiieas cudng &6 kep cho phép
dong coc bétdng

s (hay z)..ooco...... chuyén vi diing (IGn) cda coc
S,{hay C))............. luc dinh khéng thoat nurdc
toin, sirc khang dat - coc {hoac f, hodc g,)
khi thé hién dueng cong t-z
ST chu vi than coc

Yoo ChUyEn vi ngang cla coc

CAC THU NGUYEN THUONG DUNG

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



CHUONG 1

TONG QUAN VE MONG COC

1.1. GIOI THIEU

Méng coc 1 mot loai méng sidu. thudng dung khi tai trong cdng trinh I6n,
va/hoidc 1dp dAl t6t nam rat sau dudi long dat. Haj loai coc phd bidn nhat 13
coc ché'sdn va coc nhol (coc d6 tai chd).

Coc ch@ sén ¢6 thé lam bing bétdng diic sdn hodc thép.

Con coc dé tai chd. thudng goi 1a coc nhéi, cb dang hinh tron. Pudng kinh coc
nhoi trong khodng 0.6 + 5 m, vdi kich thudc thudng gap J Viét Nam hién nay
1 1+ 2 m. Mot dang coc d6 tai chd khac 1a coc barrette, thuong ¢6 dang hinh
chit nhit va thuong duge dng lim mong ¢dng trinh cé tii trong rat 1dn.

1.2. SUC CHIU TAI DQC TRUC CUA COC

Stic chiu tai doc true cla coe duge phan bigt 1am hai loai:
1) 8de chiu tai theo vat ligu (I);
2} Sudc chiu tai theo dat nén (P,).

Vé phuong dién sic chiu tai thes vat lidu. siie chiu tai cuc han (P} sé duce
tinh toan dya trén cuong do cuc han cha vat Héu. Véi coc thép, cudng db cuc
han cua thép thudng 1ay la gi61 han chiy, da s§ cac loai thép lam coc ¢6
R, = 248 MPa = 2500 kG/em®, V6i coe bétong, cudng dd cuic han thudng 14y la
cudng dd thi nghiém & ngay thit 28 R,y ¢on ky hidu 1a £ trén miu tryu tron'”,
va Ry = 25 + 35 MPa véi coc thudng, R, = 35 + 45 MPa v6i coc (ing sudt trude.

Trong qud trinh coc st dung, thi sc chiu tai cho phép theo vit liéu duge tinh
dua trén cusng dé cho phép theo AASHTO nhu saw

™ Néu thi nghuém trén mau lap phuong. hai mat day khéng béi tron thi thudng thu duge R,. cao
hon. Khi dé can hi¢u chinh vé cudng d6 tudng dudng ctia miu tru tron.
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Coc thép: {R,] = (0.25 + 0.33)R,,, (R,.,, cdn ky hidu la £);

Coc bétdng dng suat trude: [R,] = 0.33Ry - 0.27f,.; (f,. 1a Gng suat kéo

trude hitu hidu sau khi tn that, théng thudng f.> 5 MPa);

Vdi coc bétong khéng ng sudt trude thi f,, = 0.

Trong qua trinh déng coc, thi eudng d6-cho phép khi déng theo AASHTO la:

Coc thép: R,; = 0.9R,; nhu viy R,, = 220 MPa (cac loai thép dic bidt
A-572, AB90 hay GR c6 R,,, = 345 MPa = R, = 330 MPa);

Coc bétdng Gng sudt trudc:

» Cudng d6 chiu nén: R, = 0.85R,, - £

« Cudng d6 chiu kéo: R,y = 0.25(R,, + £, (chc dai higng tinh bang MPa)
Coc bétong thudng:

» Cudng d6 chiu nén: R, = 0.85R,,;

« Cudng d¢ chiu kéo chi tinh trén dién tich thép: R,, = 0.7R..,. Tt dé
tinh ra duge cudng dd chiu kéo tinh cho tiét dién coc: R, = F,R,JA..

V& phuong dién stic chiu tai caa

> . AT Y
coc theo ddt nén, coc dude suU dung Pu
dé truyén tai trong ti¥ két ciu bén 1/
trén xuéng nén theo mét trong hai - Q, | Lop 1
(hoic ca hai) phudng thdc sau |
{(minh hoa trén hinh 1.1 o Lop2
e Sic khing bén Q; (gdm ma
sat bén va lyc dinh, nhung ta Qa | Lepa
da quen goi 1 ma sat bén): 1a '
han lyc gitta dat xun
p fo gida da g ot
quanh coc vdl phan xung f mai cac
k] Qld
quanh cua coc:
) ey
e Sitc khdng mii Q,: 1a phan lye !
Qp

gitia dat ¢ m coc tac dung
1&n dau coc.

Dé danh gia cac sitc khang nay, ta

Hinh 1.1, Sitc chiju tai nén cua coc

phai khao sat nén d4t, tién hanh cac thi nghiém hién truong™ va trong phén
g Ep g

dé xac dinh cac dic trung clia nén dat.

"™ Xin xem sich "Thi nghiém ddt hign truomg va ting dung trong phén tich nén mong™ [1).
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V& d6 16n. ta chia sitc chiu tai Jam hai giéi han:

1) Stc chiu tai cue han (P): 12 tai trong ma tai d6 vat lidu hoic d4t nén bi
pha hoai;

2) Sic chiju tai cho phép ([P}): la tai trong ma tai d6 coc (céng trinh) lam
vige an toan (v8i mét hé s an toan F, thuong 16n hon 2).

"Sic chiu &i cuc han cha coc 1 gia tri nhé nhét giita sic chiu téi theo vat lidu
va theo dit nén: P, = min(®, . P, )"

Phat biéu trén la ding nhung thiéu. Dé tranh hiéu nhiAm cho nhiéu nguoi.
nhat 14 sinh vién. ta cAn lam rd nhu sau:
1) Véi coc nhéi: Ta ¢6 thé thiét ké P, ~ P

U ¢his

2) V61 coc déng/ ép: D€ tranh bi pha hoai coe (nhit 1a ddu hodc miii coc)
trong qua trinh ha coc, thi cAn thiét k& nhu sau:

Pu:Purln (1])
P, >> P, 4, (P, phai I6n han nhiéu so véi P, ) (1.2)
Trong cudn sach nay. ching téi chi dé cap dén sitc chiu tai tinh theo d4t nén.
Vi vay, dé cho gon. ky hiéu P, sé dugc viét tit thanh P,
1.2.1. Phuong trinh téng quat vé sirc chiu tai doc clia coc

Sic chiu tai cyce han ca coc duge chia thanh site khang bén va miii nhu sau:

Pll = Qf + Q]]' . {1 .3)
trong dé: Q; - sitc khéang bén, cdn ky hiéu 14 Q.
Q; = uXfiaz,. (1.4}

¢ day: f, - ma sat bén don vi ciic han ctia cge
(con ky hiéu la r, hoéc q, hoac £);
u - chu vi than coc; _
Az; - chifu dai dogan phan t8 coc ma trén d6 f, dudc coi la hing s6-
u Az, - dién tich xung quanh ctia doan phan t8 coc.
Q, - sttc khéang miii, con ky hiéu 1a Q. ;

Q,=q, A, (1.5)

A, - i€t dién ngang mii coc.

Néu coc chiu kéo, mii coc c6 md rong chan thi A, 13 phan md
réng chan, mit ti€p xic gilfa coc vdi d4t phia bén trén ch
md rfng (hinh 1.2); Néu coc chiu kéo khéng mé réng chan
thi A, = 0.
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Nhiéu nghién cltu thiy rang

(hinh 1.3a): Sttc khang bén dat =T =T
cuc han r&t nhanh (¢ chuyén vi \ F;"/
khoang 3 + 5 mm. Néu coc nhdi

c6 thanh bén rit nham, thi séic ) [ L
khang bén c6 thé dat cyc han
d chuyén vi 16n hon. khoang

o || ] w2

10 = 15 mm (xem thém cudi
phan 3.9.1). Ngude lai. sitc Qs ) | Lép3
khdng mai dat cuc han rit

cham. Duéi tai trong cho phép, ‘
CQu | Lop dfit &

chuvén vi efia coe [s] kha nhd, mii coc

do dé stic khang miii méi chi ' '

L one e oyl U
duge huy déng mot phan nho _
(trong khi dé. stc khang bén
cua coc dd duge huy dong kha  Hinh 1.2. Sirc chiu tai kéo ciia coc mé rdng chan
16mn). '

Sirc khang : Sic khang
Q. : Qo
o Q Sdc khang téng
§ a /
Q
Qi f
s ¥hdngd pen a‘%‘fég
. )
() : 7y
' Q
Cy IFs / Q: [/
Qp ’ pray
ﬁ\;j‘ { ““‘ang
“‘-@\g . 5\55
5“0 Qm {
Qp/Fp
Chuyén vi tudng aai Chuyén vi tuang a4
0 s gilfa coc vi g4t 0 giira coc va a4t
s, (hay z,) s, {hay z,,,}
a) Dit binh thudng - b) Dat gidm yéu khi bién dang 1on

Hinh 1.3, Si hity ddng sitc khang
Ta cdn ddc biét chit ¥ dén loai ddt/d4 "gidm y&u khi bién dang 16n", minh hoa
trén hinh 1.3b. Khi chuyén vi 1a s,, séic khang bén da huy déng duge toan
phédn va dat gia tri cuc dai Q. Tuy nhién khi chuyén vi tang dan lén, trong
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khi stic khang mii van tang dan thi sitc khang bén lai giam di. Nhu vay, tong
sttc khang cuc han khong phai 1a Q, + Q, ma 1A gia tri ldn hon trong hai gia tri
sau QI = Qf+ er'l VE]‘ Q?. = Qf‘i + Qp'

Phan 1.2.4 v 1.2.5 sé trinh bay vdn tit cac ¢ong thilc cd ban xac dinh sie
khang bén va site khang mii caa coc néi chung. Ngoai nhiing coéng thue co
ban trong phan 1.2. phu thude vao loai dat cu thé, ta ¢on ¢6 nhitng cbng thiic
chi tiét khace. chung duge trinh bay trong céc phan 2.4 +2.10, 3.4 + 3.8 va
0.1+ 5.5

1.2.2. Anh hudng ciia qua trinh thi céng coc dén suc chiu i cha coc
1.2.2.1. Coc trong dat sét
Khi thi eéng coce. dit sét bi xao déng. do dé6 sitc khang cit khéng thoat nude
cua dat sét tam thdi giam xuéng con S, (S,, = S—“ trong dé S, 1A d6 nhay cia
1
dat sét). Tuyv nhién, sau mot thoi gian dai {coc nghi), ap lue nude 18 réng du sé
tiéu tin dan. & da 6 dat sét sé c6 hién tugng stc khang et phyc héi mét hoac
toan phan theo thai gian,

V61 coc nhoi. néu ta khong gitt thanh bang dung dich (bentonite hoic pélvme),
¢6 thé ¢6 nhing tang. cuc sét bi 1¢, dic biét néu chiing bj 19 trong qua trinh dé
bétdng thi chit lugng béténg sé kém di. Khi _do bétdng, néu béténg qua udt
{nudc thita trong qua trinh déng két béténg), thi nudc nay sé bi d4t sét xung
quanh hut (dat sét cé tinh hit &m eao), va tam thdi lam giam ste khang cét
cua dat nay.

Con néu khi khoan coc #héi c6 sit dung dung dich, ma d4y 16 khoan lai khong
dugc vé sinh sach s& mun khoan trude khi 48 bétdng, thi stic khang miii sé bi
giam di rit nhiéu.

Tuy nhién, bétdng tudi trong coc nhéi lai ¢6 mdt vu diém khac la: Ximéing sé
c6 phan ing héa hoc vdi dat sét xung quanh (nguoi ta tdn dung phan dng nay
trong viée gia cd dat sét yéu bang x1mang hogc v6i). Hon nia, thanh ciia coc

nhéi thudng sin sti hon so véi coc ché s@n, do d6 stic khang bén duge cai thién
mdt phan.

Véi dit dinh bao hoa nude, ta nén sit dung stic khang cét khéng thoat nudc S,
(titc 12 ¢,) dé dy bao sic chiu tai ca coc vi day 1a truong hgp nguy hiém hon:

» Khi ¢6 tai trong tic dung, toan bd tai trong sé do nude 16 réng du tiép
nhan. V4i dit dinh thoat nude kém, nude 13 rdng du tiéu tan cuc ky
cham (coi nhu khéng tiéu tan). Do d6 & thdi gian ddu, dng sudt hitu hiu
o' khong déi, cho nén sic khang cit khéng déi. Vi vay ta sit dung S, dé
tinh toan.
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+ Sau mdt khoang thdi gian dai, nuée 16 réng sé tidu tan ddn, va do dé tai
trong bén ngoai sé truyén dian 1én hat dit. Ung suit hitu hiéu o' ting
1én, 1am cho stic khéng cat cling ting 1&n. Nhu vay, d6 an toan ctia cong
trinh ciing ting dan Ién.

e Tém lai, thdi diém nguy hiém nhat véi dat dinh chinh 12 khi edng trinh
vita thi eéng xong, nudc chua kip thoat di.

Ngugc lai, v4i mét 58 d4t dinh "qua cd két manh", c6 hién tuong "chiing” hay
"mém" di, the 14 stic khang cit gidm theo thdi gian, nguyén nhan ctia hién
tugng nay la khi chiu tai trong dit "qua ¢ kél manh" ¢6 thé bi nd ngang
(dilate), do dé né hit nudc & cae vitng 1an can. D§ Am ting 1én lam sitc khang
cit cia dit giam di. Trudng hgp ndy, nén danh gia sttc chiu ti theo théng s
thoat nudc. |

1.2.2.2, Coc trong dat cat

Coc ép hodc dong thuong 1am chat dat cat xung quanh coc, ddn dén sy ldn cha
dat quanh coc, hé 86 ap luc ngang K, sé tang lén, déng thoi sttc khang ¢t cda
dat sé tot hon. Tinh chédt ctia dat t6t 1én lam cho stic chiu tai ctia coe (tinh
theo dat nén) cao hon. '

Bt véi coc nhdi, vige khoan 15 s& lam dat cat (¢ 6 thanh hé va day hé) rdi rac
hon. do d6 sdc chiu tai ctia coc giam di. Ngoai ra, cfing nhu & phin 1.2.2.1, néu
khéng vé sinh sach day hé khoan, stic khang mili sé gidm ding ké.

1.2.2.3. Coc trong da

Véi coc bétdng méc 250 + 350 nhu phd bién & nudc ta hién nay, viée déng hay

ép vao dén 16p 44 1a diéu khéng thé. Véi coc nhéi dat mii vao da, o6 hai Iy do

khién stc khang mai khéng dang ké: |

1) Mic du tang dia chat 1a d4, nhung do qua trinh khoan, sy tiép xdc gita
da va coc khéng bao gio hoan hdo (dac biét néu khoan sit dung bentonite
dé giit thanh 18p d&t y&u phia trén).

2) Dudi tai trong cfia cong trinh, d6 Win phai nhé hon dé lin cho phép (2.5 em
theo quy dinh cua nganh ciu dudng M¥). Dusi d6 lin nhé db, stc khang mii
chi duge huy déng mdt phan nhé do duding kinh cia coc nhéi rat 16n.

Nhu vay, coc chéng thudng chi gap vdi coc bétdng mac cao (¢ thé téi #500),
coc thép. Ngoai ra, loal cge hdn hdp ma sat + chéng 14 phd bién nhat.

Khi thi edng coc nhdi trong d4, néu ta lam nham 15 khoan (viéc nay sé lam chi
phi thi cdng tdng cao), ta s8 duge 1gi rit nhiéu v& mit sitc khang bén clia coc
nhdi. Ta xem xét hinh 1.4: do thanh nham tao ra thé cai rang luge gifta coc va
dé; dudi tai trong. coc ¢ chuyén vi va ddy di sang ngang, do d6 sttc khang ¢
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mat bén cta coc khéng nhitng gdm ma sat ma eon gom ca stc khang chéng,
két qud la sdc khang bén gidia d4 va coc nhdi téng cao khi thanh hé duge
lam nham,

Tuy nhién, néu da khéng duge lam nham thi stc khang bén sé nho. Hon niia,
mét s& nha thau ciu tha, khi thi cong khéng bom hit, vé sinh hét nude va
dung dich ban sé lam da mém di. Hinh 1.5 (thi nghiém cua Hassan va O'Neill,
1997 cho coe nhéi trong da ciing) cho thav, mic da thanh nham, nhung vi ha
khoan ban nén stc khang bén cia dudng cong (b) chi nhinh hon dudng cong
(a) (truong hop thanh nhan) mét chat.

0'0 ¥ T L) L} T T T L} T T L}
50 SN
10.0 \\
15.0
‘g I a ."\
£ 200 b - .- (a) thanh nhin
£ tb) thanh nham, bin
= 25.0 —]
8' .......... {c) thanh nham
300 1 1 1 1 1 L 1 1 1 1 A 1 1
0 0.2 04 06 0.8
Sdc khang bén (MPa)
Hinh 1.4. Sy ddy ngang vao d4 Hinh 1.5, Anh hudng cia thanh hé khoan

. trong da

1.2.3. Anh hudng ctia chiéu sau ngam coc dén sic
chiu tai cta coc

*?"g;fffﬁ(_}'?(f

Khi tdi trong dat dén cye han, dat & mii coe sé bi
phé hoai theo mit trugt sdu (hinh 1.6). Mat trugt
sdu nay hinh vong cung bat ddu tit mai coe, di
xudng phia duéi khodng 2 + 3.5 B, sau dé vong lén
trén khoang 2 + 8B. Pham vi clia mat trugt phu
thudc vao logi dat 6 14n can mii coc. N&u la dat ’
dinh thi mat trugt nhd (xudng khoang 2 + 2.5B va _

1én khodng 2 + 2.5 B). cdn véi cat chat thi mat J

trugt dai hon (xuéng khodng 3 - 3.5B va lén
'khoéng 6 + 10B). Né&u cge Iam vige trong nhém, khi
tal trong dat dén cuc han, dat & dudi mai coc sé bi

ha hoai sau ho Hinh 1.6. Mat trugt sau
pha hoa1 sau hdn,
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Déi véi dit dudi miiz coe. han hét cac tiéu chuin déu quy dinh do sdu khao sét
dia chat phai lon hon db sdu miii coe khoang 2 + 3.5 B hoiic hon (dé dam bao
ring trong khodng nay phia dudi mai coc. At di kha nidng chiu ldc).

D61 véi dat trén mii coc. chidu dai mat trugt phat trién 1én trén goi 1a chiéu
sAu ngam can thiét (eritical) - ky hidu 1a D, (bang 1.1). Néu trong pham vi D,
nén ddt gdm nhiéu I6p dat. thi viée dy bdo stic khang mii (q,) phai duge dua
trén tinh chat cla tit cd cac 1dp dat nay (thong thudng thi mii coc kha sau,
nén dat ¢ pham vi bén trén trong viung 1), s8 v&u hon dat 3 bén dusi). HE don
gian héa viéc nay, ta 6 thé du baoc stc khang q, dua trén tinh chit cta 16p dat
miii coc, sau db giam g, di do ton tai 16p véu trong khu vye Di.. Con néu trong
pham vi D¢, dit tuong d6i déng nhat thi ta khéng can hiéu chinh q,. Céach
tinh nay dude Schmertmann st dung trong phin 2.6.3.

Bang 1.1. Chidu sau ngam cin thist

Ky higu | Loai dat D./8

1 Pat sét 2
2 Hon hop sét - bui - cat; Cat rat nhiéu bui; Bui 4
3 Catco: Ny <12 ' ' 6

Ny, =13 = 29 9

Ny, = 30 12
4 Pa véi mém; Cat 1in nhidu v so, hén 6

]

Ghichu: - Trong bang trén, B 1a dudng kinh coc; N, la két qua higu chtnh ti thi nghiém SPT
(xuyén tigu chuin).

1.2.4. Tém tat vé suc khang bén clla coc

Khi mot vat thé chuyén ddng trugt trén vat thé kia, gitta hai vat thé sé xudt
hién stic khang bén (stic khang cat) 1a £ (con ky hidu 1a 1), biéu thie nhu sau:

fi=c + otgd,

trong do: ¢ - lye dinh don vi gitia hai vat thé:
g - ing sufit phap gilia hai vat thé:
& - gbc ma sat ngoai gidia hai vat thé.

Dé1 véi coe, khi coc chiu téc dong cua tai trong nén nd sé 6 xu huéng lan
xubng”. Hudng chuyén vi la thing dimg. do d6 Ung sudt phap gida hai vat
thé (coc va dat) la Ung sudt theo phudng ngang (¢', = K ¢',). Ta phan biét siGc
khang bén lam hai trudng hgp thodt nude va khong thodt nude nhu trinh bay
dud day.

“ Néu sy lén etia coc lai it hon sy lan caa dat xung guanh, ma sat sé 1A &m - xem phan 0
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1.2.4.1. S&c khang bén thoat nude

Céat (hay dAt rdil néi chung) 1a vat lidu tham nude rat tot. Boi vay. ap lue nudce
16 rong du ludn ludn duge coi la tiéu tan ngay lap tdc (thoat nudc). Boi vay,
sitc khang bén gitia dat roi v coc dude goi 14 site khang bén thoat nudc. Luc
dinh ¢ ctia d&t rot gan nhu khéng ¢é (¢ = 0), bdi vay stc khang bén don vi cuc
han thoat nude cua coc ¢6 dang sau:

f = Ko tgd, (1.6}

trong d6: o', - (Ing sudt hitu hidu theo phudng déng tai doan coc (d6 siu l1a z)
dang xét:

K - hé s& ap lde ngang, sau khi coc da thi céng;

K ¢'. - ing suft phap tic dung vudng goe vdi doan coc dang xét;

3 - gbe ma sat ngoai gitta dat véi coc, gbe nay co thé 14y xdp x1 bing .

1a géc ma sat trong gida A4t véi dat.

Vi viée dif bao K rat khé khan (hé 86 ap lue ngang K di thay ddi so voi dat
nguyén dang khi chua cé coc) ta c6 thé dat K tgd bang B. do d6 phuong trinh
(1.6) O dang;

f, = po', (1.7)

Cach tinh trén goi la cach tinh (3 (béta). Hé s6 B dude du bio dua trén thye
nghiém (vi du trong phan 2.5.3.1).

Qua cac phuong trinh trén, ta thiy rang sitc khang bén ctia coc phu thude do
sdu doan coc dang xét (o', = >y.h). Poan coc cang sdu thi o', cang 16n va f,
cang 16n. Phuong phap théng ké (theo CHUM cua Lién Xé cit) ma ta da bidt
cling thé hién difu nay trong cac bang tinh toan.

Hién nay, cach dy bao sic chiu tai triye tiép ti két qua thi nghiém hién truong
(SPT. CPT) ngay cang trd nén phd bién. Trong cac cach tinh ndy (vi du trong
phan 2.6, 2.7), ta khéng true tiép thay f, phu thudc vao db sau, bdi vi két qua
ctia thi nghiém hién trudng (N va q.) da phu thudc vao 4 sau roi (tham chi
vt dat déng nhat, néu cang xudng sau thi N va q. cang tang).

1.2.4.2. Svic khang bén khong thoat nude

Ta b8t ring dat dinh ¢6 tinh tham rat kém. D& voi dat dinh bio hoa nudc,
trudng hop nguy hiém nhat 1a khi ap lye nude 16 réng du chua kip tiéu tan. va
stic khang bén khi dé goi 1a sttic khang bén khoéng thoat nude. Trong diéu kién
khéng thoat nude, dit dinh béo hoa céd goc ma sit trong 12 ¢, = 0 va luc dinh
1a 8, (con ky hiéu la ¢,). Boi vay, ta c6 sic khang bén don vi cuc han khéng
thoat nude cuia coc trong dat dinh bao hoa i

fi = asS,, : (1.8)
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trong do: o - hé s8 chidt giam (a < 1), do lye dinh giita coe va dat 1a nho hon
lyc dinh gita dat va dat. Hé s6 o dugde tim qua thuc nghiém. va
cach tinh nay goi 1a cach tinh « (alpha).

Khi d4t dinh khéong bao hoa, stc khang bén f, sé 16n hon nerng nguci ta van
¢6 xu hudng st dung phuong trinh (1.8) dé thién vé an toan {dé phong coc bi
pha hoai trong nhing tinh huéng b4t ngo nhu mua, bao, lut).

Trong phudng trinh (1.8). ta khong true ti8p nhin thay quan hé giita [, va do
sau. Thuc ra. né da gian tiép ndm trong sic khang cat khéng thoat nude S,.
Theo Jamiolkowsky. Mesri, Ladd va cong su thi véi dat déng nhat, S, sé tang
theo d& sdu nhu sau:

S, = {0.23 £ 0.04) ¢', OCR"® (xem chuong 1, {1}),

trong d6: OCR 14 hé s8 qua cd két.

1.2.5. Tom tét vé sic khang miii cla coc
1.2.5.1. Stc khang mii thoat nuée

Theo 1y thuyét cin bing gidi han (Terzaghi....), khi d&t & mai coc by trudt sdu
ta o stic chiu tai theo phudng trinh quen thude sau:

YNLE, X
Po-g¢= —-—— + q(hq - 1)§q+ CN(‘&N

trong dé: B - canh cia coe:

N N.va& N, - hé s¢ stte chiu tai, phy thude gée ma sat trong ¢;

¢ va ¢ - che thing s§ stc khéng cit cua dat;

&, - hé 86 hiéu chinh cho N,, do d8 sAu dit méng (b), do hinh dang
méng (s) va do gbc nghiéng cua tai trong (i); &, = &, x £, x &

€, hé s0 hiéu chinh cho N,

E.- hé sd hiéu chinh cho N,

q - Ung sudt ban than phia & mic day méng (tlc 1a & mii coc),
nhu vay g chinh la ¢',,.

Trong méng coc. canh ctia coe B rit nhé so véi chidu dai L, do dé phin c6 chita
YN, B/2 thudng nhé so v6i hai phén kia nén duge bs qua. T d6 ta cé sie khang
mi1 don vi cue han eda coc la;

q, = o' (N, - 1), + cN &, (1.9

Tuy nhién, sau khi cge duge thi edng xong, cac déc trung ¢ va @ cia dat da bi
thay déi rit nhiu so véi lic khao sat dia chat, do dé ta phai ¢é cach dé xem
xét nhiing sy thay d6i nay. Phuong phap Nordlund {phin 2.5.3.2) da xu Iy chi
tiét van dé nay, bi€u cdch tinh Iy thuyét trén day thanh mot each tinh tin cav.

Ngodi ra. ngudi ta ¢é thé dy bao stic khang mii q, tryc tiép theo thi nghiém
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dat hién truong (SPT hode CPT, xem phdn 2.6 va 2.7).

Né&u coc dat trén da voi casto (karstic limestone), thi nén bo qua stc khang
mai cua coe. N6i chung, ta nén hd qua ste khang mii cua coc trong da véi, cho
dtt tai thi diém thiét k& c6 hién tugng casto hay khéng.

1.2.5.2. Sivc khang mui khdéng thoat nude

Nhu dé cap & trén, v61 dat dinh ta thudng tinh stc khang mii thong qua stic
khang cat khong thoat nude S,. Do ¢ trong trudng hop khong thoat nuée dudc
ky hiéu la 5, va ¢, = O nén N, - 1 = 0, nén phudng trinh (1.9) ¢6 dang:

q, = N.S,, (1.10)

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

I,= —=—2, 1.12

Sl] 38“ ( )

: G - médun cit; :
E, - médun dan héi khong thoat nudce.
k

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

Bang 1.2. Quan hé giita N, va S,

S, (kPa) i N,
24 50 8.5
48 150 8.0
96 250 8.7
192 300 8.9

Théng thudng, coe duge dat vao 1op dit 6t (S, > 96 kPa), do d6 viée dung
phudng trinh don gian sau 1a chap nhéan duge:

q, =98, ' _ (1.13)
Khi chieu dai doan coc ngam trong 16p dat 6t (hodc tuong ddi tat) qua ngan

(Ling < 3B, v6i B la dudng kinh coc), thi gid tri g, phéi gidm di nhu sau:

2 Lng
= N,S,. 1.14
q,= [3 9B ] | (1.14)

1.2.6. Thiét ké coc theo sitc chiju tai cho phép

Tén ti€ng Anh cta phucng phap nay 13 Allowable Stress Design (ASD).
Phudng phap nay con goi 14 t18t ké coc theo hé s6 an toan. Trong d6, stc chiu
tai cho phép thu duge bang cach chia site chiu tai cye han cho hé s6 an toan.
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Stic chiu tdi nén cho phép ciia coc la:

P
[P] = 'ﬁ_ (W(:ql' - W:I:’ﬂ) = I:g;lj__- W, (115)

'« w i higu s8 gitta khé1 lugng ban than coc va khéi lugng ban than dit do
né chiém chd, cé xét dén lye ddy Acsimet (Archimet) cda phan coc dudi
muc nudc ngam;

Vi du. coc ¢6 tiét dién 0.09 m? dai L = 20.0 m, phan coc ndm trén nude
ngam la 12.0 m. phan coc ndm trong nudc ngam 12 8.0 m. Trén muec
nude ngam. v, - e = 2.5 - 1.8 = 0.7 t/m*. Dudi muc nude ngim. do sul
day néi Acsimét nény.,, - Y~ 1.5 - 1.1 = 0.4 t/m* Ta co
w=009m*x(Bmx04t/m’+12mx0.7t/m") = 1 tan.
» F_1a hé s6 an toan, thuong 14y tit 2 dén 4 (phd bidn nhat 1a F. = 2.5).
Ghi chii: Khi ta tinh siic chiu tai kéo, thi:
» Sdc khang mii chi ¢6 néu miii coe méd réng chén, Luc d6 sie khéng
mii ¢é 6 phén trén cla d& mii; Néu khong md rong chéan thi:
{Q] = Qf fFf + w_l:l;x- (khﬁng Xét dén wd{\'l);
« Hé sd an toan F; phai 14y 16n hon truding hop coc chiu nén.

Tu nhén xét trén hinh 1.3a, ta nén dung hai hé s8 an toan nhu sau:
[P] = % +% - w. : (1.16)
Ff F[:-
Hé s6 an toan cho ma sat bén F, thudng bang khodng 1.5 + 2.5, con hé s6 an
toan cho sGc khang mii F, trong khodng 2.5 + 4.0 (tham chi téi F, = 6 nhu
phuong phap Schmertmann SPT, phén 2.6).

Ta can thiét k& sao cho tai trong tac dung lén coe nhd hon sic chiu tai
(P < {QD), tic la:

P=P,+Py+P; < &+~--- - W, (1.17)

trong dé: P, - tinh tai;
P, - t&i thidt bi:
P, - hoat tai;
P - tong tai trong (tinh tai va hoat tai) tac dung Ién coc.

Nhan xét 1;

* Phuong phap thong ké (Viét Nam, Lién X6 cit) du bao site chiu tai cho
phép la: '
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[P] = Phd’!klc‘:
v01 k., = 1.4 cho coc chiu nén, k., = 2.5 cho coc chiu kéo.

¢ Phuong phap nén tinh theo Quy pham cé dy bao sitc chju tai cho
phép la: '
P
Pl= _Q‘L;
{P] .

HAY
vGi Py 14 tai trong § cdp nén tinh ma 46 lin do duge 14 £[S] va k,, = 1.95.

» Trong céc phuong phap trén, k,. va k,. mac dd mot s§ sach viét 1a hé s&
an toan, nhung thye ra. chiing nén dude goi 1a hé sd hidu chinh chu
khong phai 12 hé s6 an toan. Bdi vi, P,, tinh theo hai cach trén khéng
phai la téi trong cye han (P,, < P,):

. : P . .
Néu ta gol a = —*~ thi hé s6 an toan thye ra la F.=axk, thay o x k,)).
he

Nhdn xét 2:

Khi coc c6 ti€t dién cang 16n, néu mutén sitc khang mai huy déng toan phén
(Q,), thi cang dot hoi d6 lin 16n. D§ hin 1én qua s8 khéng thda man didu kién
st dung (theo d 1dn cho phép cia céng trinh);

Ngay ca vdi stic khang bén, dudng kinh coc cang lén thi f; cde han cang nho
nhu trong thi nghiém caa Baycan (1990) trong ciing mét loai d4 mém (xem
hinh 1.7): Vi vy, dudng kinh coc cang 16n thi cang phai chon hé s an toan
I6n. Vi coc nhdi duong kinh 16n hon 1.3 m. nén chon F. > 2.5 va F, =4 +8,
tham chf ién hon.

0.8
0.7
= d =350 min T —
o8
é 0.6—
5 05—
£ e d =500
-
3 0.4— [———— ¢ =50
) r——
c d = 1500
=] 0.3—
= - -
< . d = 2000
< .
o
5 0.1
e
P 0.0
(& ] .
]
A 0 5 10

chuyén vi (mm)

Hinh 1.7, Stte khang bén cyc han f, trong da mém
clia coc nhéi dudng kinh khic nhau

2-MCPT
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1.2.7. Thiét ké coc theo hé s6 thanh phan
(LRFD - Load and Resistance Factor Design)

Mot 86 nude chiu Au va Canada da ap dung LRFD thay cho phuong phap

thi€t ké theo hé s6 an toan (phan 1.2.6). Nudc My may nam gin day mdi dang

nd lyc chuyén déi tir phuong phap thiét k& theo hé s6 an toan sang phuong
phap thiét ké theo hé s6 thanh phan (viét tdt 1a chuyén tit ASD sang LRFD).

Theo tai liéu cuia FHWA (My). ta cn phai kiém tra 11 gidi han sau:

1)  Cudng dd I: cong trinh lam viéc vdi hoat tai binh thudng. Khdng c6 gié.

2)  Cuong d6 IL: cong trinh lam viéc véi hoat tai die bist. Khéng cé gid.

3)  Cuong 46 III: céng trinh 1am viée khéng ¢6 hoat tdi. Gié 1dn han 90 km/ h.

4)  Cuong 46 IV: cong trinh ¢6 ty s& tinh tai/ hoat tai rat 6n (= 7). Loai nay
thudng xuét hién vdi cdu cé nhip rat I6n (= 75 m) do dam cdu l6n va tinh
tai i6n.

5) Cuong dé V: ¢dng trinh 1am vide vé1 hoat tdi binh thuong. Gié 16n han
90 km/h.

6) Su cd I: c6 dong dat xay ra.

7) Sy cd I ¢6 tai nan nhu xe dAm vao cong trinh, tau bé dam vao ciu.

8)  Si dung I: Kiém tra dé lin trong trudng hgp binh thudne.

9 St dung II: Kiém tra két cau thép va cac méi néi két cdu thép.

10) Si dung IIL Kiém tra khe nit. dic biét 1a két ciiu béténg Gng suit trude
chiu kéo,

11) Kiém tra moi.
Tuy nhién. ddi véi coc ta thudng chi kiém tra hal gi6i han sau:

Cuong do i:
Phuong trinh "cd vé tusng tu" nhu phuong trinh (1.17):
f!'I:rlll.l)l') + ?\VPW + ?I.Pl. = (DTQI + q)pr - oW, (1 183)
trong dé: Py- tinh tai: -
Py~ tai trong cac thiét bi.
Vi cong trinh cAu dudng thi tai trt_mg do 16p mét duge tinh vao
Py (wearing surface) ch khéng tinh vao Py,

P, - hoat tai;
Yin Tw» Yo- D€ 56 tinh tAi (14y bang 1.25), thiét bi (1.5) va hoat tai (1.75):
Oy, @,- hé 53 sitc khang bén va hé s8 sde khang mii.
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D61 khi dé don gidn, ta gdp ci Py vao Py (tie 12 Py 12 tinh t4i va tai thist bi),

do d6 phucng trinh (1.18a) ¢6 dang sau:

nPn + 7P < 9Q; + D.Q, - ypw.

(1.18b)

Theo AASHTO 1994 - 2001 thi cac hé s6 @, &, phu thude vac phuong phap di
bo stte chiu tdi. Bdng 1.3 va bang 1.4 gidi thidu cac hé s& do AASHTO va
FHWA kién nghi cho coc ¢h& sin va coc nhéi (cap nhat dén nam 2001). Tuy
nhién, cac hé s6 nay sé con thay déi dua trén cac nghién citu van dang tién
trién ctia AASHTO. Hé s6 stic khang @ cua coc thép thuong th&p hon eiia coc

bétdng.
Bdng 1.3. Cac hé s§ sirc khang ®, ®, clia coc béténg déng
Loai dat Phuri:m'gr pha:p d,g_rbao &, nén &, nén 3
sire chiu tai {(khdng bén) fkhdng mii)
u - AP! (phén 2.5.1.2) 0.45
« - Tomlinson (phan 2.5.1.1) 0.35
Hat min (dinh) i 0.60 - 0.70
B (phén 2.5.1.3) 0.32
i (phan 2.5.1.4) 0.45
Noralund (phan 2.5.3.2) 0.35
Hat thd (rdi) - 0.40 = 0.60
B {phén 2.5.3.1) 0.45
Schmertmann SPT (phan 2.6) 0.45
_ |Schmertmann CPT (phin 2.7.3) 0.55
Cac loai dat -
Thi nghiém nén tinh {(phan 5.4) 0.80
Phan tich CAPWAP ({ph&n 5.2) 0.70
Bing 1.4. Cac hé s§ stic khing ®,, ®, cla coc nhéi
- T s
Loal dét Phuong phap du bdo ] &nen | @, kdo | @, nén E ¢, kéo
' suc chiu tai (khédng bén) (khdng mai)
Dat dinh « (phdn 3.4.1, 3.5.1) 0.65 0.55 0.55 0.50
Dat roi f}(phan 3.4.2,3.4.3, 352 35.3)
IGM tho Ly thuyét (phan 3.4.4) 0.40 - 0.60
tGM min Phan 3.4.5,3.5.4, 3,55, 3.5.6.
Carter & Kulhawy (phin 3.4 8} 0.55 0.45 / /
pa Horvath &Kenny (phan 3.4.6) 0.65 0.55 / /
CFEM (phan 3.6.3) / / 0.50
Céc loai day | Thi nghiém nén finh (phan 5.4) 0.80
da Phan tich CAPWAP (phan 5.2) 0.70 !
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St dung I:
Kiém tra dé in dudi tai trong sau:
Py + Py + P+ 0.3P,,

trong d6: D - tai trong gid. Dé1 véi cdng trinh cAu dudng, thi P, = Po, + P
Pi P, - tai trong gid 18n két ciu va tai trong gid 1én xe cd van tii.

1.3. HIEN TUQNG MA SAT AM

Khi coe chin tac dong cua tai trong nén. né sé ¢6 xu hudng lun xubhg. Néu
khdng cd nhiing tac nhan dé€ cap dudi day. néi chung d4t xung quanh théan coc
s€ lun it hon d6 lin cia coe. Do dé, stte khang bén giita da't va coc sé ¢6 tac
dung khang lai tai trong ngoai, '

Tuy nhién, khi dat xung quanh thén coc hin nhidu hdn d6 lan caa coe, chuyén
vi lugng dd1 gitia coc va dat 6 e chidu ngude 1ai, do dé sic khang bén giiia
d&t va coc cling cé chidu ngude lai. Site khang bén nay khong khang lai ta:
trong ngoai ma con gép phén day coc xudng, dé gol la sie khang bén 4m (tuy
nhién thuat ngit quen su dung 1a "ma sat Am". mac du stc khang bén bao gém
ca ma sat va lye dinh). '

Cac tac nhan thudng gap lam cho dat quanh coe lin nhiéu hon d6 lun cua
coc la:

¢ C6 mot 16p ddt dinh mdi ddp (hinh 1.8a). ban than 16p d4t dinh nay sé
lin theo tho gian (hién tudng cd két tham).

o (6 mot 1dp dat bat ky mdi ddp gdy ra tai trong vdi nén d4t, hodc cb tai
trong kho bai...(hinh 1.8b). Phia dudi nén ¢6 cac 16p dat dinh. Tai trong
ma1 gay ra do lan theo thoi gian trong 16p dat dinh nay.

» Muyc nuée ngm bi giam, 1am dng suat hitu hiéu ting 1én. N&u trong nén
dat c6 ddt dinh, thi d4t dinh nay sé lin theo thdi gian do sy tang Gng
sufit htiu hidu nay.

D61 véi cac 16p dat vdi trong nén dit quanh coc, khi ¢6 nhiing tic nhin ké
trén, ddt roi cing lan. Tuy nhién, dat roi co tinh tha&m rat 16n, bdi vay sy lin
xay ra gan nhu tie thoi. Do d6 ma sat Am chi xuat hién trong mot thdi gian

cuc ngan, sau dé ma sat lai ddi chiéu thanh ma sat dugng. Bai vay, ta chi

quan tam dén sy lin eda cac 16p dadt dinh ma théi.

Gia tri tuyét dé1 cia ma sat Am cd thé coi biing ma sat duong, do d6 c6 thé ap
dung nhitng cach du bao trinh bay trong chuong 2 va 3. Trong hinh 1.8a thi
vang ¢6 ma sat am la ving dit dap. Con trong hinh 1.8b, khong phai toan bd
viing dat dinh d€u ¢6 ma sat 4m. O phia dudi mat trung hod, dnh hudng ctia
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_téi trong dip gav ra 14 khéng dang ké, do d6 dat & vung nay ¢6 dd lin khéng
dang ké (coc van ¢6 xu hudng lin nhiéu hon dat). do d6 ma sat van 1a duone.
Nhu vay. ehi ¢6 vang dat trén mat trung héa mdi ¢6 ma sat Am. Mat trung
hoa ¢6 thé duge xac dinh mét cach ky ludng qua thuit toan cha Vesic (1977).
BDon gian hon. ta ¢6 thé st dung cong thite sau cua Bowles (1982):

L {
L, = % 0,514“3}—23‘ . (1.19)
PPN Yoy

trong d6: L, - khoang cach dén mat trung haa;
L, - chiéu day 1dp dit dinh:
p - Lai trong mdi gav ra cho nén (vi du do d4t dap):
¥' - trong higng riéng ctia 16p dat dinh. N&u dat nim dudi muc nude
ngAm thi st dung trong lugng riéng day néi.

. ) |

e BN L E LN AR
T A, S N
//fl// a ~ o
s
L '\dl\li‘r Ta
s ar tron
,/// NN g

VD Jat dap

a)

Hinh 1.8. Bat dap gay ra ma sat am
Tuy uhién, khi stc khang mii cang 16n thi do [in caa coc cang nho, va mit
trung hda cang sdu xubng (nghi&i 14 ma sat &m cang 16n).
Véi cge chéng thi L, = L.
Khi ¢6 nhing tic nhan giv ma sat Am ké trén, dé giam ma sat am ta cd thé

quét bitum 1én mat coc. Lép bitum ¢6 thé 1am cho ma sat gAn nhu bi triét tidu

(f, = 0).

1.4. SUC CHIU TAI NGANG CUA COC

Méng goc chiu tai trong ngang thudng la méng coc dai cao. Tuv nhién véi
méng coe dai thap, néu tai trong ngang qua 16n thi dat & trén mie day dai
cing khéng tiép nhan hét tai trong ngang. Khi dé. coe trong mong coc dai
thap ciing chiu tai trong ngang. Tai trong ngang thudng gap 1a: tai trong do
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tang/ giam tdc dd cha xe. tai trong de phanh xe, tai trong gié, séng va dong
chay, tal trong do tiu bé va cham (tai nan), do déng dat, do 14 d4t,...

Khi tinh to4n céng trinh khéng chiu tai trong d4t, ta c6 thé thit k& coc xién
dé chiu tai trong ngang. Tuy nhién, néu cé xét dén yéu t& dbng dat thi coe
xién lai gy hai d&€n ca két ciu bén trén va két cAu méng. Vi vay, cin
phai tranh su dung coc xién khi tinh toan cong trinh trong ving c6 dong dat.

Cach du bao site chiu tai ngang cta cge ché sin va coc nhdi hdu nhu khéng
kbac nhau, bgi vy ching tdi trinh bay chi tigt mdt s6 phuong phap du bao
sc chiu tal ngang cuc B
' g g . (g suat tiép
han trong phan nay.

Mot phudng phap khac - ——

la  phuong phap p-y iy —

ching (61 trinh bay  chidéng—= a <————biddng
trong Chuong 4 - Tinh - I

toan coc lam viée ddng - -

thoi vé nén. ~

Luc ngang va momen ) ing SUét' tigp
tac dung sé dude coc va Hinh 1.9. Dat quanh coc tiép nhan tai trong ngang

d4l ti€p nhan. Véi coe thing ding, coc tiép nhan tii trong bing do cing chéng
uén (EJ) cda tiét dign coe. Con dat tiép nhan tai trong bing ing suft phap &
maét chinh dién (ap lyc chu déng va bi déng) va ling suat tiép & hai mit bén
{hinh 1.9).

Trude day, stic chiu tai trong ngang thuong duge du bao bang cach tra tit mot
bang s6 don gian, vi du nhu bang 1.5. Trong bang nay, sdc chiu tai cho phép
dude tim dudi chuyén vi cho phép la Vae = 1 cm. Néu yéu ciu chuyén vi cho
phép y,, phai'nho hon 1 em thi ta ndi suy giita gia tri 0 va gia tri trong bang.
Han ché cia bang nay 1a chi cé mdt & rat it tiét dién coc ta b thé tra duge
trong baneg.

Bdng 1.5. Sie chiu tai ngang che phép [Q] (tdn)
khi chuyén vi ngang cho phép la Yng = 1 €M

Loai dat trong dg séu Chiéu sdungamkB | Coc vudng, canh: | Coc tron, duong kinh:
nAgam tinh todn kB (B 13
duong kinh/ canh coc) Coc BT | Cocgd | 20x20 | 30x30 | 40x40| 28 30 32

1) Cét chat via; a sét déo 6d 4.5d 60t | 7.0t | 80t | 26t | 28t | 2.8t
cling
2) Dat rdi, cat bui; a cat 7d 5d 25t | 30t ] 35t 141 1.5t | 16t

déo; & sét/sét déo mém -

3) Sét/ 4 sét déo nhao, bun 8d 6d 10t { 1.0t | 20t | 05t | 0.5¢ | 061
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Ngay nay. stic chiu tdi trong ngang c6 thé duge tinh toan dua trén nhidu
phuong phap chinh xédc hon, trong dé hai phuong phap phé bién 1a phuong
phap thé so cia Broms (1964) hodc Meyerhof (1995). va phuong phap "“tinh
toén déng thél" dua Lrén dudng cong p-v cita Reese (1984). Phuong phap clia
Broms va Meyerhof tuong tu nhu phuong phap tra bang trude day. phudng
phap nay don gian nhung khéng thé chit ché va chinh xac nhu phudng phap
duang cong p-y. Bdi vay. vol nhiing bai todn phiic tap (vi du coc trong nén
nhiéu Idp. coc dai...) thi nhAt thiét nén ding phusng phap dudng cong p-v.

1.4.1. Phuong phap du bao sirc chiu tai ngang cla Broms

Trong phuong phap Broms, quan hé gida ap lyc ngang cha dat 1én coe va
chuvén vi ngang cia coc 1a quan hé tuyén tinh (p = K, ), trong d6 K, dudge goi

12 hé 56 nén va 1a hiing s8 theo phuong phap Broms.

Déu tién ta phai xac dinh chifu sdu ngam kB (1i day dai trd xudng). Trong
pham vt kB nay, ta phai xac dinh xem loai dat chung 1a d4at rgdi hay dat dinh.

Sau d6 thue hién cac bude tinh toan nhu sau:

Budc I: Tinh hé s6 nén theo phudng ngang (K,) ctia dit trong pham vi kB, Ta
¢6 thé st dung phuong trinh P-7 ctia Vesic trinh bay trong phu luc 1,

hodc cac gia tri kién nghi bdi Broms nhu sau:
» Né&u dat dinh:

K, = P*“zXBL’Xqu , (1.20)

trong dé: q, - stic khdng nén don mét truc cia dat (kPa); q, =2 8,;
B - canh hodc dudng kinh ¢ia coc;

n,. n, - hé s6 kinh nghiém, 18y theo bang 1.6.

Badng 1.6. Gia tri n, va n,

i | o || v | o
< 48 kPa 0.32 Thép 1.0

48 + 191 kPa 0.36 Betong 1.15
> 191 kPa 0.40 Go 1.3

« Né&u dat roi: 18y gia tri hé $6 nén K, theo Terzaghi d bang 1.7.
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Bang 1.7. Gia tri K, (kN/m®) cho dat rai

Dd chat Trén myr nude ngdm Duoi mye nudc ngém
Rdi rac 1800 1100
Chat vira 8100 5400
| {Theo DAS Ia tir 5500+7000) | (Theo DAS Ia t 3500-4500)
Chat 17600 10800

Budc 2: Hiéu chinh hé 6 nén K, theo didu kién tai trong trong titng loai dat:
- Neéu téi dong dat tic dong trén dat roi:
K, = 0.5 Ky, vdi dat chat vita dén chit;
K, = 0.25 K, véi dit & 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, v4i dét cling dén rat ctng;
« Cac trudng hop khae: K, = K, ,.
Budc 3: Xac dinh mémen cuc ha.m. ma vit lidu coc ¢6 thé chiu dudge:
* M, =CR, W véi coc thép.
trong d6: C, - hé s6 hinh dang coc;
C.= 1.3 véi coc dng;
C, = 1.1 vdi coc chii H, va luc ngang tac dung vudng géc vdi
ban eanh: _
C. = 1.5 véi coc chit H, va lyc ngang tac dung vudng goéc vdi
ban bung;
R.a - euding d gidi han chay elia thép 1am coe (théng thuong
R, = 250 MPa = 2.5 x10° kN/m®~ 2500 kG/em?):
W - mémen chéng udn cda tiét dién coc.
- M, =R,,W véi coc bétbng,
trong d6: Ry, - cudng 8 chiu nén ctia mAu béténg try trén tai 28 ngay.
Bude 4: Xac dinh xem coc 1a coc ngén hay coc dai:
= Trong dat dinh:
- B L > 2.5 thi coc 13 dai;
- B L= 2.0 + 2.5, coc 1a trung binh;
-8y L <2.0. coclangén,
KB
4EJ
L - chiéu dai doan coc trong dat;
B - canh cia coc;
EJ - d§ cing ctia tiét dién coc (biing tich ciia modun dan
héi va mémen quan tinh).

trong dé: B, =¢
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» Trong dilt roi:
- B, > 4.0 thi coc 1a dai:
- B.L=2.0+ 4.0, coc 1a trung binh:

- B.L < 2.0. coe 1a ngén.
——
h

'K
trong dé: B, :'BVII my

Buge 5: St dyng cac d6 thi & hinh 1.11 d&n hinh 1.14 dé tim sfc chiu tii
ngang cyc han Q,. Néu trudng hgp coc trung binh thi ta tra ca d6 thi
cho coc ngin va coc dai. sau dé 14y gia tri Q, nhé nhat. Trong cac db
thi nay. ta ¢an biét céc tham s6 sau:

» Xem xét xem cgc ¢d dau bi ngam hay 13 ty do. Néu dau coc tu do, cin
tim khoang cach e, tit dau coc dén mat dit (hinh 1.10).

= V6i dat dinh, cin tim st@c khang Q Q
cat khong thoat nude trung binh &
o

S (8, = ad 2).

« V& dat roi, can tim gia tri v'K,.

- trong dé v la trong lugng riéng L
trung binh cia dét, 6 tinh dén hidu
ng diy ndi cho phan dal nam dudi
nude ngam: con K = tg?(45 + ¢/2) ] -
chinh 14 hé s§ ap luc ddt bi dong Hinh 1.10. Cac théng $6 dau coc
theo Rankine. '

60— o 0 eiB
1 T 1
' /
. 2
50 uyi A
4 4
4
A
Fi AL VA
40 |- / y p,
f / 8
ALY
. I // y
30
Qu ) ! 7 (/{/{/' 18
SUBZ A 1/4 Ve I’_{
20 A
1/)‘ /|
f1 1 LN A .
X 1A
10 J’/ / A
f i d !
fl/ -,
A LA
o LU 1
0 4 a 12 16 20L/B

a) Biu coc ngam  b) Pau coc ty do

Hinh 1.11. D& thj tim Q, cla coc ngin trong dit dinh
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a) Dau coc ngam b) Bau coc iy do S8

4

Hinh 1.12. D8 thj tim Q, cba coc dai trong dit dinh

e /L
efL
200 0.0
’ )
| 4
! { I
180 ] 4 02
' /
/ {04
. ] !r

120 s / 1/ Jos
4 V4 08
__0;1_ / b) .04 10
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. yRRED ¢4
/ 4'/ /, A20
/ 4//",/ ‘ 30

40 -){ 14/ ’ o
. . "4 s c A )
pay =
0 -‘é I
9 4 . 8 12 16 0 uB

a) Dducoc ngam  b) Pau coc tu do

Hinh 1.13. D& thj tim Q, cda coc ngan trong dat réi
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BY'K;
10000,1 . :1 . . 10 . 100 “1(?'00 . 10500
S =t e
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a) Bau coc hgam  b) Dau coc tu do

Hinh 1.14. D6 thi tim Q, ctia coc dai trong dat réi

Q _Qu

Bude 6: Sic chiu tai ngang cho phép tbi dala Q, = T

2.5

Budc 7: Néu c6 quy dinh vé chuyén vi ngang giéi han Vo thi Q, 1a sde tai
trong ngang cho phép tinh theo chuyén vi Vgt
Q, phai tinh theo eac hinh 1.15 va hinh 1.16.

Ngoai ra. cic hinh nay cling duge sit dung dé xac dinh chuyén vi

a0 . . ., .. yK BL
ngang v {ng véi tai trong ngang Q nao 46 (dya trén gia tri il
EJ)*S K21
hoéc ..Y_(___)—,]l__)
QL

Buedc 8: Siic chiu tai ngang cho phép cia coc don la:
[Q] = min(@,, Q) x k;
k; 12 hé s6 phu thudc vao phuong phap-ha coc;

k, = 0.75 v6i coe ha bang phudng phap x6i nuée: k, =1.0 véi coc ha
béng cic phuong phap khac.
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a) Bau coc ngam  b) Bau coc tif do

Hinh 1.15. D8 thij tim sirc chju tai ngang Q,
theo chuyén vi cho phép Yag trong dat dinh
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a) Dau cocngam b} Pau coc tu do

Hinh 1.16. D& thi tim suc chiu tai ngang Q,
theo chuyén vi cho phép y,, clia coc trong dit rdi
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Buwde 9: D&t véi nhém coc, ta cAn
giam site chiu tai cia mét

coc trong nhém coe bdi hé 7 7

50 nhém n nhu sau:

[Q] = n[Q].
trong d6, ny dude tra d bang 1.8, phu

thude vao khodng cach Z gilta cac
hang coc (theo hudng cha tai trong

ngang Q - xem hinh 1.17). ~———Taingang Q

Bdng 1.8. Hé s& nhom 7

OO OONONC
OO0 O O O Gh
C O O O 00

Khodng cach 7 hé s6 nhom n
88 1.0
68 08
4B 0.5 Hinh 1.17. Nhém coc chiu tai ngang
3B 0.4
L

1.4.2, Phudng phap dy bao strc chiu tai ngang clia Meyerhof
Meyerhof (1995) phan coc lam cac loai coc ngdn va dai theo tidu chi nhu saw:

* K. <0.008 thi coc 1a ngén (titc 14 coe ciing);

* K, 20.012 thi coc 1a dai (tite 13 coc mém);

e K.=0.008 + 0.012 thi coc la trung binh. khi dé, ta cAn tinh ftoan coc theo
ca trudng hop coe ngén va coe dai, sau d6 18y gia tri stic chiu tai nhod
nhat.

) A - El
trong dé: K, - d8 cling tuong déi cta coc; K, = —
Eq4L
EJ - 46 cting ch8ng udn cia tiét dién coc:
K, - mddun bién dang theo phitong ngang ctia ddt trong pham
vingam tinh toén;
L - chiéu dai cha coc.
s Trong dat roi:

«  Vdi coe ngin trong dat rdi thi sie chiu tai ngang cue han la:

Q. =0.12yBL’K,: Q, <0.4p,BL, (1.21)
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trong dé: ¥ - trong lugng riéng cua dat;
B - eanh ho4c dudng kinh coc;
L - chiéu dai coc:
K, - hé s stic chiu tai ngang, tra trén hinh 1.18a.
pr. - ap lde t&i han thu duge tir thi nghiém nén ngang PMT:
N#u khong thi nghiém PMT thi ¢6 thé tam 18y p, nhu sau:
P = 50tg (45 + p/2)e™ " tge (kPa).
= Vi coc dai trong dat rdi thi ta van tinh toan nhu trén, nhung s dung
chiéu dai quv ddi ta L, thay vi chiéu dai thuc L:
L.= 166K "L L. <L, (1.22)
trong d6: K, - d6 citng tuong déi cta coe.
s Trong dat dinh:
» V6i coc ngén trong d4t dinh thi sfte chiu tai ngang cye han la:

Q.= 0.45BLK,; Q, < 0.4p.BL, (1.23)

trong dé: S, - site khang cat khéng thoat nude;
K.. - hé s6 sitc chiu tai ngang, tra trén hinh 1.18b. _
pL. - ap luc t61 han thu duge tir thi nghiém nén ngang PMT;
Né&u khéng thi nghiém PMT thi c6 thé tam 14y p; nhu sau:

pI, = 7 Sn'

« Véi coc dai trong dat dinh thi ta van tinh toian nhu trén, nhung st
dung chidu dai quy déi 1a L, thay vi chiéu dai thue L, trong dé:

L.= 1.50K"“"L; L, £ L,, (1.24)

trong do: K, - d0 ciing tuong d61 cua coce.

40 T T T T

Ko

a)

Hinh 1.18. H& sO K, va K,
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Vidu 1.1

Cho coc dong bétdng cdt thép tidt dién 40 x 40 cm?2, cudng dd chiu nén clia bétdng coc 1a
Ras = 350 kG/em? = 35000 kN/m?2,

Coc dai L = 20 m, dau trén dugc ngam frong dai. Nén dat cho dén mi coc goém hai Idp,
{0p 1 la dat cat chat vira cd ¢ = 32°, day 3m; phia dudi 1a d&t sét cing. Muc nudc ngam
thay déi manh {-15 m trong mua khd va -4 m trong mia mUa) va gia s trong luong riéng
trung binh cda dat Ia y' = 15 kN/m® (co xét dén hidu (ng ddy ndi cho phén coc dudi muc nuac
ngam).

Du bae st chiu tai trong ngang cho phép clia coc nay biét chuyén vi ngang cho phép
cdia cong trinh 1a 8 mm va coc xay dung trong viing cé dong dat.

Theo bang 1.5, v6i I0p dat 1 ia cat chat vira ta c6 chidu sau ngam tinh toan la
kB=6B=2.4m,

do d6 doan coc chinh chiu 1ai trong ngang (t& doan ngam tinh toan) nim tron trong ldp
cat chat vira, Vi vay, ta co thé tinh toan coc véi s6 liéu dat nén 1a cat chat vira, ta khong
can xét dén Jap sét ndm bén duéi.

Ciing theo bang 1.5, ta c6 vdi ¥Yng = 1.cm thi [Q] = 8.0 t. Nhu vay, v&i chuyén vi cho phép
lay,, =0.8emthi[Q]=0.8/1.0x8.0 =6.41tan.

e Theo pﬁubhg phdp cua Broms:

Buoc 1: Du bao Ky, = 8000 kN / m’ (theo bang 1.7, vdi gia tri trung gian gilta g4t
khéng ngap nude va dat ngap nudc).

Bugc 2:  Higu chinh K, do coc xay dyng trong viing déng dat:
| Ky = 0.5 K, =3000kN /m®.
Budc 3: M, = Ry W = 35000 x 0.4 x 0.42/ 6 = 373 kNm.
Bugc4: EJ=25x107x0.4 x0.4°/ 12 ~ 53333.3 kNm2:
nk =11 > 4 nhu vay day la coc dai.
Buoc & v x Kp = 15 x 1g°(45 + 16) = 48.82 kN / m?,

BYK, 0.4%x48.82

Tra & hinh 1.14 vdi coc ngam & dau ta duoc:

_Q 05
K,B%Y

= Q= 105 x B%'K; = 105 x 0.4% x 48.82 = 105 x 3.124 = 328 kN =~ 32.8 tan.

Q, _9—— = 13 tan.
F. 25

)

Buoc 6:Q, =




32

MONG CQC - PHAN TICH VA THIET KE

Budc 7: Vi yéu cau coc phadi cb chuyén vi nhd hon chuyén vi cho phép
Yng = 0.008 m, tra tir hinh 1.16 vdi coc ngam & dau ta cé:
EJ [eX23 KU'4 °
Yo BT
a.L

_YnEN°KRY 0.008x53333.3°° x 3000°*

= 67.5 kN ~B.7 1an.
Q,L 2

= Q;

Budc 8: Vila coc dong, nén k= 1 va [Q] = min (Q,,, Q,) = 6.7 tan.

» Theo phuong phap cua Meyerhof:
Gia sit mddun bién dang theo phuong ngang ciia d4t cat chat visa la:
E; = 80 kG/om? = 8000 kPa: '

D cimg tuong ddi clia coc la: K, = EJ _ 533338 — ( g00042:
E.L* 8000x20*

Nhu vay, coc ta coc dai va chiéu dai tuong duong la L, = 1.65 K® 2 L = 10 m;
Vi ta khong thi nghiém nén ngang PMT nén ta 1dy: '

b, = 50 tg%(45 + ¢/2) €"9"tgo = 50 x tg%61 x &9 x tg32 = 724 kPa:

Tra hinh 1.18a ta duge K, = 10;

Q,=0.127B 7K, = 0.12x 15 x 0.4 x 10? x 10 = 720 kN ~ 72 t&n:
VAQ,<0.4p, BL, =04x724x0.4 x 10= 1158 kN: |

Vay Q, = 72 tan va i trong ngang cho phép 14 Q,, = 72/ 2.5 = 29 tan.

Ta thay két qua cla phuong phap Meyerhof 16n hon han hai phuong phap kia, déng thai
no cing khdng xét dén chuyén vi ngang cho phép cda cdng trinh.

1.5. HIEU UNG NHOM

Sy lam viée ctia coc ddn khéc v6i su 1am viée clia nhom coc. Khi khoang céch
gilta cac coc kha 1dn (vi du l6n hon 6d. d 1a dudng kinh coc) thi coc lam
viéc nhu coc don. Trong nhém coc, khodng cach gidta cie coe thudng bé tri 1a
3d + 4d cho coc ché sén, va 2.5d + 3d cho coc nhéi.

Trén hinh 1.19a, gia s coc don chiu t4c dung cla tdi trong lam viéde la
P = 50 t. Gia sti stc chiu tai cyc han clia coc don theo d4t nén 14 P, = 120 ¢t
(néu chat tai 1én coc d&n 120 t thi d&t nén bi phéa hoai). Cac dudng cong trén
hinh nay thé hién cac dudng ddng tng suit do coc don gdy ra. Con d ba coc
trong nhém trén hinh 1.19b, ta thiy dng suit § gida nhém coc sé do tai trong
truyén tit nhiéu coc téi, do d6 ting suit dudi nhém coe 16n hin 1én. Néu méi
coc ciing chiu tai trong lam viée 1a 50 t thi d§ ldn eGa nhém coc nay 16n han
hén do lin cia coc don trén hinh 1.19a. Néu chét tai dén pha hoai, thi cé thé
chi d&n 800 t nhém coc dA bi phé hoai (nhd hon so véi 3 coc x 120 t/coe = 360 t).
Ta goi hé s6 v = 300/ 360 = 0.83 1a hé s6 nhém, tir 46 rit ra biéu thite sau:
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l--:)u nhom — nxnx Pu don » (1 25)
trong dé6: 7 - hé s6 nhém:
n - s6 lugng coc trong nhém:
Paon - stc chiu tai ciia mét coe don.
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Hinh 1.19. Hiéu ing nhém

Khi déng hoic ép coc vao dit hat thé trang thai rdi hodc chat vita, dat sé chit _
1én, do d6 cai thién duge stc chiu tai cha ting coc, khi dé n~ 1.

Con khi déng hodc ép coc vao dat dinh, c&u tric dat bi x40 ddng, stc chiu tai
gidm xudng nhiéu. Sau mot thdi gian coc nghi, stic khang cét sé phuc hdi din
nhung it khi phuc héi 100%. Vi vay, n = 0.8 + 0.9.

Khi thi cong nhém coc nhéi, qua trinh khoan tao 13 sé lam cho dat & lan can
roi rac hon (nh4t 1a véi dat hat the), do dé khéng nhiing lam giam stc khang
cua dat doi véi ban than coc dang khoan ma con 1am giam stc khang cta dat
vGi nhiing coe gn d6. Khi dd bétong, ap luc ctia béténg tuoi phan nao lam
dat chat lai, nhung khéng dang ké. Vi vay, hé s& 1 cua coc nhéi kha thap
(= 0.65 +0.75 véi dat hat tho, = 0.7 + 0.8 véi d4t dinh). Trong cac khoang ké
trén, nhom cang nhiéu coc va khoang cach cang gan nhau thi n cang thap.

Ngoai phudng trinh (1.25), véi dat dinh ta con c6 thé xac dinh P4, bdng cach
gia thiét nhom coc lam viée nhu mét khéi (mot coc rdt 16n - hinh 1.20). Chidu
dai cua coc 16n van 1a L, con tiét dién cia coc 16n nay 1a L, x B, (L, va B, 12 hai |
canh cda hinh chit nhat bao 14y nhém coc, nhu vay L, va By x4p xi bing tiét
dién cua dai). Néu stc chiu tai cia coc (khéi) 16n nay nho hon n x P, thi ta
lay d6 lam stc chiu tai cta nhém.

3-MCPT
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Hinh 1.20. Tinh nhém coc nhu mat coc lén

Khi nhém coc chiu tai trong ngang, do chuyén vi ngang ctia dat tac dong truc

tiép dén coc bén canh, dnh hudng cha mét coe dén cac coc 1an cin con 1én hon,
vi viy hé s6 nhém n khi tinh coc chiu tai trong ngang sé nhé hon (xem

bang 1.8).

Dé du bao d6 lin clia nhém coc, ta c6 thé st dung phuong phip méng khéi
quy uéc ma ching ta dd quen thudc. Ngoai ra con nhiéu phuong phap khace,
nhu phudng phip clia Vesic (duge trinh bay duéi day), ciia Poulos (phuong
phap coc tuong duong), phudng phép s8 véi 16t gidi phi tuyén, cb xét dén tucng
tac coc - dai - ddt (phin mém FLPIER cta Bo giao thong Florida) v.v...

Vesic (1969) kién nghi cach du bao dé hin ctia nhém coc (voc déng, coc ép, coc

nhéi v.v...) dya trén db lan cta coe don nhu sau:

B

[ mépngoal nhdn oge

Shhim

Saon \]' d

trong d6: d - dudng kinh coc;

(1.26)

Sam- 40 liin etla coe don (xem phén 2.12, 3.9):

B ey ugom nhom - €H1€U rong (nhin trén mat bing) tinh gitia hai mép

ngoai cua nhom.
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COC CHE SAN
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2.1. GIOI THIEU VE COC CHE SAN

Coc ché& sin thudng gdém hai loai:

¢ Coc béténg cot thép (BTCT) dde sén, c6 hoac khong dng suit trudc.
Coc thudng ¢6 dang hinh vuong, canh coc 0.1 + 1.0 m: Kich thude thuong
g4p 6 Viét Nam hién nay 12 0.2 = 0.4 m; Vi coc ¢t thép thuong thi mac
bétdng thuong 12 250 + 350. Con véi coc Ung sudt trude, mac bétong
thuong la 350 + 450. Cap thép kéo ung sudt trude thudng cé cuong da
cue han kheang 1800 MPa (18000 kG/em? ). Trong qua trinh d6 béténg,
cap duge kéo trude vit ap luc khoang 900 = 1300 MPa. Coe BTCT vng
sult trudc cé uu diém 1a sic chiu tai ldn, cd thé xuyén qua cac lop cat
chit, s6i cugi. Tuy nhién, loai coc ndy chua phé bién & nude ta.

* Coc thép (thép hinh chit H. hoic thép dng chit 0). Do bé day tam thép
mdng, dé coc dé dang xuyén qua céc 1dp dit tét, ngudi ta thudng gia cd
mii coc nhu trén hinh 2.1 (goi la "shoe” - gidy).

<2 O

Hinh 2.1. Gia ¢é mii coc chitH

O Viét Nam, ta thudng ha coc ché sin xudng bang mét trong hai phuong phap
sau:

1} Ding bia dong coc. Phudng phap nay thudng gay chan dong va tiéng
én 16n. Hon nita, c6 thé khong déng duge coc qua cac 16p dat tot vi coc
(thudng 14 dau coce) bi v3, méo, v.v... DE giam chan va trg gilip qua
trinh déng coc, ta cé thé khoan mdi trude khi déng, hodc x61 nude &
mi coc:
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2)  Ep coc bdng kich thiy luc va hé dél trong (gifng nhu cong tac nén tinh
coc). Dé coe thing dude stie cin cta dat, tién xudng 36 sdu thiét ké, tai
trong ¢ép 8 dAu coc phéi vugt qua hodic bing tai trong cuc han P, cta
d&t nén. Phudng phap nay gy tiéng én khéng dang ké va dang c6
nhing tién bo 16n may ndm gén diy. Néu nhu nhiing nim 1995 + 1997,
ta chi ¢6 thé ép nhitng coc nhé (20 » 20 + 30 » 30 em?), doan ngin {4 + 7 m),
tai trong ép trung binh (20 + 100 t&n), thi nay d& co6 nhiing may ép
duge unhing coc trung binh (30 x 30 + 40 x 40 cm”), doan dai
10 = 12 m. tai trong ép téi 250 + 300 tAn. Mac du vay. néu coc 1én hen
nita (45 x 45 = 70 x 70 cm>dai trén 12 m/ 1 doan coc, sdc chiu tai 16n),
thi chi ¢6 bia 16n méi déng dudge coc xudng dat. Va di nhién, dé coc
khéng bi pha hoai do vat liéu thi coc phai 1a BTCT ving suat trude hoac
coc thép.

2.2. THIET BI BPONG CQC

2.2.1. Gidi thiéu vé thiét bj déng coc

HAu nhu bt ky loai bda roi nao ciing can ¢6 hé tru dan hudng (Lead) ¢ tac
dung hudng cho bua roi ding tAm cda coe (hinh 2.2), do d6 gidm thiéu hu
hong d6i voi coc. Ngodi ra, hé tru din huéng cén giit vi tri cta ecge ding chd
trong qua trinh dong coe.

Hinh 2.3 minh hoa mot hé ddy d& mi coc (phan nam giia baa va coc). Dém
bta (hammer cushion) ¢é tac dung giam xung kich do va cham gita kim loal
(bua) val kim loal (mi). Dém bua thuong lam bang micarta, nhéom, fosterlon,
conbest hosc hammortex (déu & dang phién). Dém coc (pile cushion) cé tac
dung giam e xung kich do va cham giGia mi coc va coc, déc bigt la coc
béténg. Dém coc thudng }am bing nhiéu tdm gd dan. Ca dém bia va dém coc
déu s& rin 16n va bi pha hiy theo thoi gian (d#c bidt nhanh véi gb dan), do dé
chtng phai duge thay méi thuong xuyén.

Bua déng coc duge phén lam hai nhém chinh: baa rung va bia dong lye
xung kich (baa rdi).

. Bita rung

Biia rung 1a loal bua kha da niang. Baa rung cé nguyén Iy lam viée va cac
thanh phan thiét bi khac hén véi bia roi. Gita baa va coc khéng ¢6 mi coc
(helmet), thay vao vi tri 6 14 "cai kep" (clamp). Buia rung thudng co tan s6
rung 16n nhit trong khoang 15 + 30 Hz (800 + 1800 vong/phit), mémen léch
tam trong khoang 0,25 + 1.13 XNm, ning lugng trong khoang 50 + 120 kW.
Thiét bi nay thudng chi phtt hgp v6i coc clf thép (dang tdm), coc thép chit H va
thép 6ng. Cac loai dat dinh, dic biét 1a dit dinh ciing khéng pht hgp véi loai
baa nay.
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coc =¥ gi&ng (co thé co)

Hinh 2.2. Hé tru dan hudng c6 thé quay dudc
de

dém bua néi

dan hudng

dém coc

(coc béténg)

Hinh 2.3. Cac thanh phan cia mi va dém coc

2. Bua dong luc xung kich
Buia déng xung kich lai duge chia 1am bén nhém nho:

* Bua roi: bia roi duge kéo 1én bing ciu, sau dé tha rdi tu do xudng. Loai
bia nay thudng c6 chiéu cao roi bia 16n, do dé van téc lic va cham 1én
(6.7 + 9.5 m/s), vi vay thudng giy pha hoai coc. Loai bia nay hién nay
rét it khi duge dung;

* Bua hoi: bia nay duge day 1én bing ning lugng hai nude; chiéu cao roi
baa H la ¢d dinh:
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e Biia diesel: bda nay duge diy 1én bang nang lugng do diesel chay. Chiéu
cao rdi bua H 14 thay déi phu thuée vao stic khang cta dat.Nhude diém
ctia biia nay 1a: tiéng nd 16n (do diesel phat chay); khéi do diesel chay
gdy & nhiém mé1 trudng;

e Biia thiy lie: day 14 loai bia hién dai, bda duge nang 1&én bang nang
lugng thiy lue: chiéu cao roi bua H la thay déi.

Vi bia hoi, ba diesel va bila thay lye, ta con chia tiép ra biia mot chidu va
hai chiéu. '
Bua mét chiéu ]a bia duge roi xuéng tu do, do d6 ning lugng biéu kién cla
bia 1a E,;, = QH, vdi Q 1a trong Iugng baa, H 12 chiéu cao roi bua (stroke).
Bia hai chiéu li bia rdi xudng nhanh hon 8¢ dé rdi tu do, do trong qua trinh
roi, bua con duge diy nhanh thém bang mot ap luc (dung dich hoic khi). Bua
hdi hodce thiy lye hai chiéu sé cé ning lugng biéu kién la:
E}Jlia = (Q + Apislon x p{id) x H!

V(ji A[]J.‘:l[]“'
12 dién tich hitu hiéa clia d&u piston, con p,, 1a ap luc cia dung dich 1&n bua.
Bua diesel hai chidu 8é c6 nang lugng biéu kién 1a:

Eln'\:l = (Q + ph) x H!
véi py 12 Ap lue budng.
Hinh 2.4 minh hoa bia hoi mét chiéu. Khi van ma théng "ctita vao", ap luc hoi
sé tran vao, day piston va qud bda Ién cao. Pén d6 cao yéu cdu, "clia vao" déng
lai. "cua xa" mo ra, bia roi ty do xudng va dap vao hé mii coc - coc.

ST
..,-‘T\gr—----——&dem bua

! 4

a) Bua xuéng b) Bua lén

e
T

Hinh 2.4. Bia hgi mdt chiéu
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Hinh 2.5 minh hoa biua hoi hai chiéu. Khi bia roi xudng thi ap luc hoi & nia
trén cta xilanh ciing ddy piston xudng, do d6 biia roi nhanh hon. Nhu vay, dé
tao ra cung mot nang lugng, bia hai chiéu sé cAn mot qua ta nho hon, chiéu
cao roi bua thap hon so véi bua mot chiéu.

van trén

Y van duwi
| -iston

a) Bua xudng

Hinh 2.5. Bua hoi hai chiéu

Hinh 2.6 minh hoa bua diesel mét chiéu. Trén hinh ¢, bua rdi xuéng va nén
diesel lai, khi nén dén ty 1& 20 / 1,diesel sé phat né sinh ra ap luc 16n, day bia
1én cao (hinh e va f). Sitc khang cta dét 1én coc cang 16n thi ap luc do diesel
'phat nd cang 16n, lam cho chiéu cao rai bua (stroke) ctia nhat ké tiép sé cang
16n. Chiéu cao roi bita ¢6 quan hé véi tde 6 roi bia nhu sau:

H (m) = 4400/ N,* - 0.09 (N,, 1 s8 nhat biia trong mét phit).

Bua diesel hai chiéu khac v6i bda diesel mot chiéu & chd, nia trén budng
xilanh chita khi kin. Do d6 khi bta ndy 1én cao, s& ép khi nay lai 1am han ché
d6 nay cua bua (va vi vay, téc do bua sé nhanh hon). Khi bua roi xudéng, khi
nén nay sé ho trg day bda roi nhanh hon.

- Hinh 2.7 minh hoa s¢ d6 bua thiy luc. Qua bia duge nang 1én bdi ning ludng
thay luc ngoai, qua bia duge dua 1én cao hay thap tay thude vao siic khang
cta dét la 16n hay nho. Day 1a loai bua hién dai, c6 hop tu kiém soat, cho phép
hién thi van téc lic bia va cham. Bang 2.1 tém tat vai dac diém cua cac loai
bida vua trinh bay.
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bubng gas
. f—"m§
.. .0 khdi T~|——xyianh
c dang i .1_..pislon
.- NONG van
xylanh -~ deém
- —digu chinh NH'vbng keo
dugc ~Gan
-—— iong : piston
b i)
L .. Xylanh
diy —e —blig
,; — gem
bia
] nhidu
g doan
i gidm
xoc
__ ..giam
<O [ N de
- —cf coc )
a) Bua mat chiéu b) Bua hai chiéu hé trg bang khi nitg
Hinh 2.7. Bia thiy luc
Badng 2.1. Tém it dic diém cac loai baa
Loai bua Phit hop loaf cpc Uu diém Nhupe diém

Moi loai coc, dic biét la Luc xung kich ldn,

Bon gian, gia ré

Mot chiéu coc BT 19n va dng thép nang suét thap
Bdia hai kich
Haichiéu | Khéng phu hop coc BT LU? xung kieh Gi& cao hon
nho, nang suat
M5t/ hai Chigu cao roi
Bua dieset chido Moi loai coc bliala hamcia | O nhiém, tiéng 6n

siic khang

Nang lugng thay
Moi loai coc ddi trén mot
khoang I8n

Buaa thdy MGt / hai
Igc chiéu

Phuc tap, chi phi bao
dudng cao

2.2.2, S b chon baa dong coc

V@i bia déng coc, ta can chon bua phit hgp d€ sao cho d& déng ma lai khong
gy hu hai cho coc. Bla nhe nhét ¢6 trong Iugng khodng 0.9 kN va nang lugng
biéu kign 1a 1.4 kNm (vi dy, bia MKT 5). Baa nang nhat cé trong lugng
tdi 1500 kN va ning lugng biéu kién tdi 3000 kNm (bia MENCK MHU 3000
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hoac bia THC Hydh $3000). Dé chon buda that phit hop, ta phai st dung
phuong trinh song (phan 2.10.2). Phan nay chi gidi thiéu cach s0 bd dé chon s8
higu baa hdp ly. Cac bude nhu sau:

» Tai d6 sdu thidt ké mai coc, dd chéi hyp Iy lae = 3.8 + 8 mm. Suy ra s§
nhét dap dé coc di duge 250 mm 1a N, 20 = 280 / e = 31 + 66 nhat; s6 nhat
dap dé coc di dude 1 m 1a N,y = 125 + 260 nhit; Mdt vat tiéu chudn cho
phiép 56 nhat dap cho 1 m 1én t8i 480 nhat (= e = 2.1 mm). Néu s8 nhat
dap cao hon 480 nhat/ 1m, thi doi héi tée dé nang biia phai rat nhanh
(tde d bia chi duge 60 nhat/phuit, buia hai chiu ¢6 thé dat 200 nhat/phat),
hon nita d6 chél e < 3.8 thi stic khang mili clia dat chua huy déng ding
ké, do d6 két qua phan tich khéng chinh xac. Ngugc lai, néu s6 nhat dap
qud it (< 125 nhat/ I m). coc chay qua nhanh thi ting suat kéo thudng
18n, gay dat coe.

» Nang lugng hiu hiéu eua biia nén chon la:
(rEy.) = 3 % P, (e + 2.54 mm), 2.1)
trong do: P, - stic khang cuc han clla dat 1én coc & 46 sau thiét ké.
* Ning ludng (biéu kién) clia biia la:
Ewe = E ) /T

trong d6: r - phén tram néng lugng hitu ich ma déu coe nharn dude,
tam 18y r = 75%.
Vidu 2.1 _
Stz dung taf liéu dia chat, ngudi ta du bao coc co .sd'c chiu tai cuc han ta P, = 1840 kN.
Hay so bé chon bua phi hop.
Mudn dat duge dd chdi e = 8 mm, ta ap dung phuong trinh (2.1) dé tim nang Iugng cia bua:
T Epe = 3 % Ple +2.54) = 3 x 1840(8 + 2.54) = 58181 kN mm = 58 kKNm:
= Eyo= 58/0.75 = 77 kNm; -
Mudn dat d chéi e = 3.8 mm, ta ciing &p dung phuong trinh (2.1); _
I Epa =3 x P(e +2.54) = 3 x 1840(3.8 + 2.54) = 35000 kN mm ~ 35 kNm:
= Epue = 3570.75 = 47 kNm.

Nhu vy, bla phi hgp 1a bua cé nang lugng trong khoang 47 + 77 kNm. Thdng thuding
chiéu cao rgi bla trong khoang 1.0 = 2.5 m, nhu vay trong lugng qua bua sé& khoang 4 tén
{xem 1i€p vi du 2.11).

2.3. THIET Bl EP COC

Nguyén 1y ctia cong tac ép coc tudng ty nhu thi nghiém xuyén tinh (CPT) hay
thi nghiém nén tinh (phén 5.4), trong d6 ngudi ta dung kich dé ép coc di
xudng véi mét t8¢ d6 nao d6. D8I trong trong céng tac ép coc thudng 1a nhiing
khéi béténg. '
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D& ép duge coc xudng db siu thiét k&, luc ép (4 lye ban tink) phdi thang duge
sic khang cuc han cia dit 1én coc, ¢6 nghia la: P, . > P, (P, 1a séc chiu t&i
cue han cua coe, tinh theo dat nén).

Véi coc trong dat dinh. Py, ., c6 thé nhd hon vi qua trinh ép lam xio tron va
giam stte chiu tai cia dat sét (relaxation). Tuy nhién, sau mét khoang thai
glan nao do, coc s€ 1ay lai duge sdc chiu tai (setup). Ngude lai, vdi coc trong
dat cat, Py, ., c6 thé 16n hon nhidu so véi gia tri P, dy béo.

2.4. DY BAO SUC CHIU TAI THEQ PHUONG PHAP THONG KE

Phuong phap thong ké dua trén s6 liéu théng ké tit Lién Xé (cli), trong d6 dua
trén nhidu thi nghiém nén tinh coe. ngudi ta tim tuong quan gitia stic khang
v4i loai cat (dat rdi) hodc véi d¢ sét B (dat dinh). Nhu vay, cach tinh nay ¢
thé r&t phtt hop véi mét vung dat nio d6, nhung ¢6 thé khéng phit hop véi
viung dat khae.

2.5. DU BAO SUC CHIU TAI THEO SUC KHANG CAT CUA PAT

2.5.1. Stre khang bén cua coc trong dit dinh
2.5.1.1. Cach tinh « - Tomlinson

Céach tinh a - Tomlinson (Tomlinson, 1980/ 1995) du béo stic khang bén cia
coc dya trén sic khang cdt khong thoat nude S, nhu sau:

f=axS§,, (2.2)

trong d6: o - hé 6 dinh (hinh 2.8), « phu thude vao chiéu siu ngam cla coc
vao I6p d&t dinh t6t; hé s6 o cua Tomlinson phi hgp véi coc béténg
hon 1a véi coe thép chit H va 6ng réng;
D (hay L,,}- chiéu sau ngam cuia coc;
b (hay d)- dudng kinh, hay canh ctia coc.
Trén hinh 2.8, Tomlinson cho ring;
» Trén hinh (a). 16p cat rdi bén trén sé bi kéo xudng 1ép dudi (trong qua
trinh ha coc}, do d6 hé s8 a ting lén:
* Tuong ty nhu vay, trén hinh (b} 16p sét y&u bi kéo xudng sé lam giam hé

86 .

Trong truong hdgp cac 16p dat xen kep Hn 1on, ta nén diing phién ban cii cia
Tomlinson (1980) trén hinh 2.9. Mic dit thuat toan trén hinh 2.8 kha don
gian. nhung phan mém DRIVEN cta FHWA vin xit ly sai khi é mii coc c6
nhi€u 16p dat sét cing c6 S, khac nhau. N6i chung, dé dd nhim 1an ta nén
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dung phién ban cti cia Tomlinson trén hinh 2.9. Tuy nhién, gian tiép tit hinh
2.8 (bang cach 14y o nhén véi S,) hay truc tiép tif hinh 2.9 déu c6 mot diém
rit ky di 1a: khi S, trong khoang 100 dén 150 kPa, gi4 tri f, = a x S, lai nhd di
khi dit sét cang ciing (t6t) hon. | '

1.00 -
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w0 - ; o /7)//’"7
QL 77 ///
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] 50 100 150 200 250
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Hinh 2.8. Hé sé a (Tomlinson, 1995)
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Hinh 2.9. Gia tri f, = « x S, (Tomlinson, 1980)

2.5.1.2, Cach tinh o - API (1987)

Cach tinh a - APl (American Petrolium Institute) 12 mdt cach tinh st dung ca
tham s8 Ung sudt tong (stic khang cdt khéng thoat nudce S,). ca tham s6 ing
sudt hitu higu (¢',). Ta van st dung phuong trinh (2.2), tuy nhién vdi hé sé «

nhu sau:
a =05y néu y < 1.0, (2.3a)
=05y  néuwy>1.0,va maxa=1.0, (2.3b}
y =8, /o, (2.3c)
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: [ :
L i B !
0.6 ---—-=--Y%-- e SIS N, U T b
. ': ‘:
08— oo N shymmm-n PR I
- i -4 !
1 - - L1
04 = m e e F ________ _{ _____________ ‘1:—____:_____‘_:__
~- 1 ] + 1
. | : ': T
0.3 ~ L El 1 i * L L L 1 J;_ A 1 1 L ! L L i 'l l o 1 1 1.
0 50 100 150 200 250{kPa)

Hinh 2.10. Hé s6 « (API, 1987)
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T phudng trinl (2.4), ta c6 thé vé dugc dé thi trén hinh 2.10 véi ba gia tri
khac nhau cua o' (p') 12 50,100 va 200 kPa. Céach tinh «-API mac di it duge
moi ngudi biét d&n nhu cach tinh a- Tomlinson, nhing «-API lai ¢6 nhiéu vu
viét hon phuong phay «-Tomlinson:

¢ Cach tinh o - API don gidn, dé lap trinh:;

* Qua so sanh vdi thi nghiém nén tinh, k&t qua cho thay o - API ¢6 do tin
cay cao hon a - Tomlinson. Trén hinh 2.11,ta thdy sttc khang bén don vi
cuc han £ = a 5, sé cang 16n khi d4t cang tot.

120 I T T T
L[ ——p =50kPa E ;
- ] . I
T - - -pr=100kPe  [romee- o2 g
E e = 200 kP2 ‘I P
800+ e . 4
- - I
. - |
t=ax§, [ i
30 - .
- |
L. r
- } .
K e P i e
- H ' i
C } ! |
20 o fome e oo T
I q 1 [}
- ; : 5 |
0 1 1 1 ol I i 'l 1 1 I 1 L 1 i ! 1 i 1 L 1 1 1 L
0 50 100 150 200 250 Su (kpa)

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

2.5.1.3. Cach tinh B- Burland (1973)

6

&
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1
1
1
1
i
i
'

-4
i
1
1
i
i
'
!
r
I
1
!
T T—
1
1
:
P
'

OCR
Hinh 2.12. Quan hé [ - OCR

Cach tinh nay dua trén phuong trinh (1.7):
ﬂ = [3(’.Y1
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Trong phuong trinh trén, hé s6 dugc tra tir hinh 2.12 phu thude vao hé &
qué cd két OCR. Trong hinh nay, Esrig and Kirby (1979) kién nghi rang gia
tri B phai khéng vugt qua 2.0.

Ngoai cach tinh B-Burland, cén ¢6 mét vai phién ban 3 khac cho dat dinh,
trong d6 hé sd § phu thude vao géc ma sat trong thoat nuéc cia dat sét,
2.5.1.4. Cach tinh A

Stc khiang bén ctia coc
trong cach tinh A duie du o 61

02 0.3 0.4 05
bdo qua dng sudtl hitu N ! ! ; j
hiéu (o'.) va qua sic i
khing cat khéng thoat Ropee I“"""':;T """"" N N
nuée 8, nhu sau: i ' .
=3 b e
f. = A", + 28,) (2.4) =
Trong cach tinh nay, hé 'E g + ________ _______ N
s6 A duge rit ra qua thi g |
nghiém nén tinh cida coc B - l
ong thép & 15 cdng trinh & ‘fg = T [
My. © o
_ 2 S
Maic di 6 nhing doan coc | :
khéc nhau. gia tri f sé | §
khac nhau (do o', va 8, g [ PR
khac nhau), nhung nhu _ ! | §
trén hinh 2.13,hé 6 X la R : ’ : '

chung cho ca coe. Hinh 2.13. Hé $6 A

2.5.2. Suc khang mii cua coc trong dat dinh

Nhu phdn 1.2.5.2.ta ¢ thé dy bao stic khang mii ctia coc nhu phuong trinh (1.1 3):
q, = 98,.

2.5.3. Sirc khang bén cda coc trong dat rai
2.5.3.1, Cach tinh B - Bushan (1982)
Ta van van dung phudng trinh (1.7) trong cach tinh ctia Bushan:
| f=Ba,,

trong dé: 3 - hé s6 kinh nghiém; B = 0.18 + 0.0065 D,
D, - d6 chat tuong déi.

Nhu vay. ... = 0.83 khi D, = 100%.



48 MONG CQC - PHAN TiCH VA THIET KE

2.5.3.2. Cach tinh Nordlund

Céch tinh cua Nordlund 1a cAch tinh kha k¥ ludng, lién quan dén nhiéu yéu t&
coc - ddt. Cach tinh nay 6 do tin cay tét, vi vay duge sit dung rat rong rai
Bac My.

f, = K; Cyo', Si_n@_tﬂ), (2.5)

CoS®
trong d6: o, - fng suét hitu higu theo phuong ding tai gitia doan coc dang xét;
@ - gbc nghiéng cua tiét dién coc ném. Véi coc tidt dién déu, w = 0:
K; - hé s8 ap lyc ngang 1én doan coc dang xét (hinh 2.14 dén hinh
2.17). Luu y, quan hé gitta K;va V 1a quan hé log chit khéng phai
tuyén tinh;
d - goc ma sat ngoai gilta coc va dit. Vai coc tist dién déu (o = 0) thi
6 thudng nho hon gée ma sat trong o (5 < ¢), con véi coc ném
(@ > 0) thi 6 thé 5> ¢. Ty 8 8 / ¢ dude Nordlund dy bao trén
hinh 2.18:; _
Cy - hé s6 hidu chinh cho K; khi 6 # ¢. Cac gia tri thudng gap la
Cr~ 0.6 + 1.0,cac gia tri ngoii khodng nay it gip hon ¢hinh 2.19).

Trong cac hinh 2.14 dén hinh 2.18,V (mm) 14 thé tich ma coc chodn mat chd
cua dat, tinh cho 1 m dai coc. Vi du: coc déng bétdng 40 x 40 cm ¢ dién tich
tiét dién = 0.4* = 0.16 m*% Né&u déng coc khéng khoan dén thi V = 0.16 m*m:
Néu déng coc ¢6 khoan dan, dudng kinh 16 khoan 1a ®300 (c6 dién tich Ia
nx0.3%4 = 0.07m% = V=0.16 - 0.07 = 0.09 m*m.

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

f,=K; Cy o', sind. (2.6)

2.5.4. Sirc khang miii cGa coc trong dat roi

Thurman kién nghi cach dy bao sic khang miii don vi cia coc trong dit ri
nhu sau: '

QI) = al N‘q cl\‘ H . (2‘7)

trong d6: o, - hé s6 tra trén hinh 2.20. .
Hinh nay duge vé véi ba gia tri D/b khace nhau;

N’, - hé 58 sifc chiu tai tra trén hinh 2.21. Khi géc ¢ 16n, gia tri N,
rat 16n (vi du N', > 250 khi ¢ > 42°). Vi vay, mét vai tac gia
khuyén nghi gidi han géc ¢ nhé hon 36 hodc 40°;

o, - ing suat hitu hiéu tai mii coe. Néu o,’ 16n hon 150 kPa thi 14y
o'. = 150 kPa.

4, cing co gia tri gidi han (q, < q;) trén hinh 2.22,
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==~

1

1

Goéc ma sat trong

{hay L) - Chiéu

ai coc trong dét;

d

D
b

hay d) - Budng kinh {hay canh) coc.

(

(FHWA, 1998)

60.1‘

Hinh 2.20. HE s

F—d—d— A —h k===

A

ik Rt

ttrong ¢

O6c ma sa

G

q (FHWA, 1998)

Hinh 2.21. Hé s sirc chiu tai N
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Hinh 2.22. Sirc khang mii cue han t6i da q, (MPa} {(Meyerhof, 1976/ 1981).
2.5.5. Nhan xét

Phan 2.5 viia trinh bay cach dy bao sic chiu tai cua coc theo céc théng sé sic
khéang cit clia dat. Phuong phap nay con duge goi 12 phuong phap ly thuyvét,

Ton tai mét quan diém la phuong phap 1y thuyét khang dang tin cay va it
duge su dung, Thuc t& thi khdng hoan tean nhu vay, mac du la phudng phap
"Iy thuyét”, nhung cac hé s (nhu «, p. K. C, v.v..) déu duge ki€n nghi dua
trén "thiuc hanh'" (cu thé 1a thi nghiém nén tinh coc). Vi vay, dd tin cav cia
cac phuong phap nay kha tét. Do d6 day la phuong phap thuéng duge sit dung
6 cac nude Tay Au va Béc My.

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

Cach tinh cua Meyerhof (duige trinh bay s¢ luge, véin tit trong mdt s sach nén
mong cang nhu trong Liéu chuin Viét Nam) da dude tap thé nhidu tac 21d
{Schmertmann, Lai, Graham, Mac Veight v.v..) slta d6i bé sung lién tue trong
hon 10 nam qua dé ap dung cho moi loai coe diic san, trong moi loai dat va véi
dd tin cay cao hon. Cach tinh nay ban ddu dude dat tén 13 SPT91, réi SPT94,
o1 SPT97 v.v... Sau dé dé théng nhét. ngudi ta goi 1 cach tinh Schmertmann,

Stc khang bén v stte khéang mii cia coc dude dua bao dua trén két qua thi
nghiém Ny, N,, I 86 nhdt ddp dé 6ng SPT di duoe 30 cm, da hiéu chinh vé
60% niang hugng hiu ich trong thi nghiém SPT (xuyén tiéu chuan):
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Ny = N x Gy,
trong d6: N - s6 nhat dap dém dude dé éng SPT di duge 30 cm;
C. = L,/ 60:
E, - ty 1& phan tram nang lugng hiiu ich ciia thiét bi SPT
(thuong E, = 30 = 60).
DPdu tién. sd doc Ny, tit thi nghiém SPT dudge gidi han nhu sau:
e NéuN,, <5thildy Ny, =0 (bd qua ma sat bén khi dit yéu. Tuy nhién,

sau nay nhiéu tac gia ki€n nghi nén thay tiéu chi qua an todn Ny < 5
bang tidu chi N, < 4 hoic 3);

» Né&u N,z 60 thi N, = 60.

2.6.1. Sirc khang bén

Stte khang bén cuc han don vi duge 14y theo bang 2.2 va dude vé minh hoa
trén hinh 2.23. Ti hinh 2.23 ta thiy ring, sdc khang bén cta coc trong dat sét
(k¥ hiéu 12 1) 12 cao nhat, gia tri dé giam dan vdi dat cat (3) va cudi cling 1a da
vH1 (4). Ta cing thay réng, siic khang bén cta coc béténg 1a 16n hon véi coc thép.

Badng 2,2. Stre khang bén f, {hay q,) (kPa), cach tinh Schmertmann SPT

Ky hiéu Loai dat Béténg Coc thép chirH Coc éng thép
i Dat 5ét 2.0N(110 - N) o 2N(11G - N) .
4184 5572 18.58 + 20.93InN
2 |H3nhop sét-bui-cat; |{2.0N(110-N)| - 2.174 + 316N - 0.044N?
Cat rit nhidu bui; Bui 47.86 +2.36 X 10-* N° 23.27 + 14.08InN
Cat 1.82N 1.11N 5.565 + 14.56InN
4 Da voi mém; Cat an

o e 0.86N 3.73N 1.72 + 12.83InN
nhiéu vo s, hén

Ghi chu: Trong bang trén, dé cho gon khi trinh bay bang, N, dugc viét 1a N.

a} Coc béténg b) Coc theép chir H c) Coc 6ng thép
Hinh 2.23. Suc khang bén, cach tinh Schmertmann SPT
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2.6.2. Sirc khang mi

Ta got dal ¢ miil coc 1a diém A. Khi dé, gia tri sitc khéang mii q,, trung binh ¢
diém A duge tinh nhu sau:

Trung binh trong s6'd 8B trén A + trung binh trong s6 q,; & 3.5B dudi A

q])@f;‘.:
2
Gia tri q, duge tinh toén dya trén bang 2.3. Ta thdy ring, ngudge lai vdi
bang 2.2.stc khang mii cia d4t sét (1) 1a thip nhat, sau 46 tang dan vdi cac
loai dat ky hidu tit s6 2 dén s 4.

Bang 2.3. Sitc khang mii q,(kPa), cich tinh Schmertmann SPT
{

Ky hiéu Loaji dat | Béténg va coc thép chirH Coc dng thép
1 Dat sét 67 N 46 N
” Hog hqp‘set - byi - cat; Cat rat 153 N 92 N
nhiéu bui; Bui
3 Cat 306 N 126 N
4 Pa v6i mém; Cat 1an nhidu vo 345 N 184 N

$6, hén

Sau ki tinh @ va Q, ti phuong trinh (1.4) va (1.5), trong cach tinh cua
Schmertmann. ¢on ¢6 thém khai niém stc chiu tai huy déng, dé la:
V4i coc béténg va coc thép cha H: Q. =Q; 9- (2.8)

Vdi coc 6ng thép: Q.= Q; %— 2.9)

Va site chiu tai cho phép duge coi 1a: [Q] = Q. / 2. Nhu vay. theo cach tinh
nay, hé s6 an toan cho sttc khang bén 1a F, = 2, va hé s6 an toan cho st khang
mui 1a F, =2 x 3 = 6 cho coc bétong va coc thép chit H:

F, =2 x 2= 4 cho coge dng,

2.6.3. Higu chinh sirc khang do chiéu sau ngam

Chiéu sau ngam di (D) 1a chidu siu cho trong bang 1.1 (phan 1.2.3). Néu
chiéu siu ngam thue D, (actual) khac vdi chidu sau ngam du (D,), thi ta cdn
phéi hiéu chinh cac stc khang tinh duge.

Khi 16p dét ¢ miu coc t6t hon 16p dit bén trén va:
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e Néu D, < D¢ (hinh 2.24a), thi phai hiéu chinh nhu sau:

D
quqL('+5":L((I'|""Q|,(r}: (2.10)
¢
f. D
f =1 =2 (g —ar )], 211
S e D, (qp —Que) ( )

trong dé: q, - sttc khang mti hidu chinh:
Q¢ - stc khang mai tinh 6 mit phéan 1ép nhu 6 muc 2.6.2;
qr - stc khdng mii (chua higu chinh) tinh ¢ mili coc nhu & muc 2.6.2;

f, - stc khang bén hiéu chinh ctia phan coc trong 18p dat tot o
doan cudi coc:
f. -sic khang bén (chua hiéu chinh) etia phin coc trong dat tét &

doan cudt coc:
Trong phudng trinh (2.10) va (2.11), ca g, va f, déu nhé hon gia tri chua hiéu |
chinh (q,; va ).
- e« Néu D , > D, (hinh 2.24b), thi phai hiéu chinh nhu sau:

£
fie n= ”'”zllm[q LC +0-5((1(*n Q) (2.12)
D .

trong dé: £, - stc khang bén hidu chinh cho doan coc tit diém LC
(mat phén 16p - layer change) t& diém D;
firc . - sUc khang bén chua hiéu chinh cho doan LC-D;
Geny - ste khang miii tinh (khéng hiéu chinh) tai diém D;
Stic khang mai g, khong cdn hiéu chinh.

a) b}

Hinh 2.24. Higu chinh sic khang
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2.6.4. Vi du dy bao sirc chiu tai cia coc tif thi nghiém SPT

Vidy 2.2

Cho k&t qua thi nghigm SPT nhu hinh 2.25. Gia tri N (cOt 2) 1& két qua thu dugc tr thi
nghiém SPT. Thi nghiém cu thé ndy ¢6 nang iugng hau ich 1a E,=40%
= Cg = E, /60 =2/3. Do db, Ng, = 2/3 N va dugc tinh trong ¢t 3.

z (m}

Nsa { 20 40 bo 80 Nea

0.00

1.52

3.05

4.57

o|lo|lwlo| =

6.10

'y
[y

6.86

15

7.62

21

8.38

24

9.14

33

9.01

30

10.67

35

11.43

27

12.19

63

13.72

33

14.48

38

15.24

60 - - D.9+12B=15.3m

16.00

60! 40 chiéu s&u

16.76

; n
7 18 ngam c&

17.53

114 78

18.29

138| 92

Hinh 2.25, Vi dy v& suc chiu tai clia coc

Cho méng coc dai cao, vai coc bétdng duc sén kich o
thue 45 cm x 45 cm, dat trong nén dét g6m hai lop ‘ SV VT
{hinh 2.25), iop 1 12 bui sdu 9.9m, lop 2 13 cat. Téng
chiéu dai coc 1a 14.4 m, trong d6 11.9 m tiép xtic vai

dét, con 2.6 m (k€ ca 0.4 m sé dap diu coc sau 144
nay) ndm trén mét dst (hinh 2.26). 19

Ta du bao surc chiu tai theo cach tinh Schmertmann:
LAp 1 1a bui ¢é ky hiéu ia dat @ theo Schmertmann, e’ ~ =
I0p 2 1a catl co ky higu Ia dat @ theo Schmertmann

(theo bang 2.2). Hinh 2.26. Vi du coc dai cao
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Sur khdng bén chua hiéu chinh
Sitc khang bén don vi clia coc trong 16p dat bui (f,,) duoc tinh trong bang 2.4,00n sic
khang bén don vi clia coc trong I6p cat (f, ;) dudc tink trong bang 2.5.

Bang 2.4. Suc khang bén f, (kPa) trong I6p bui

% z (m) Nep | £ 2N, (110 Ny /47.86 | 70902 1P Az, (m) f, 4z,
phén té
0.00 0 0 0.00 1.52 0.00
1.52 o . 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 37.04 0.76 28.84
6.86 10 41,79 | 48.98 0.76 37.22
7.62 % . 5616 ' 59.51 0.76 45.23
8.38 16 62.85 71.88 0.76 54.63
9.14 22 80.90 5885 0.76 44 58
9.9 20 36.401 3. = 316.10
f,, = 316.10/9.9 = 31.93 kPa

&V Ngy = 2 nén bé qua ma sat bén;
i Gid tri nay |18y tir bang 2.5

Béng 2.5. Strc khang bén f{kPa) trong Idp cat

f, & gidia Iop
z{m) N, f,= 1.82N,, L Az, (m} f Az,
- phan té
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 46.27 0.47 21.75
11.9 59.77 (ndi suy) . £=80.23
12.19 42 76.44 fy0 = 80.23/(11.9 - 9.9) = 40.12 kPa
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Sire khdng mii chua hidu chinh
Bang 2.6 trinh bay ké* qua tinh Gpr VA G, Trong d6 G, l& gia tri trung binh trong sé & 88
trén mii coc, €on qp; la gia tri trung binh trong s6 ¢ 3.58 dudi mai coc.

Bdng 2.6. Tinh q,; va q,,tai 1an ¢an 11.9m

1
z (m) Ny dat q, q, O'giGa ldp phén t6'| Az, {m) | q,, X Az I 24,4z,
762 | 14 2142 |
L-8B=83m | @ [24158 | (24158+2448)/2 | o0 | o) ce
q, = nodi suy =2431.9
153N, .
838 | 16 | (kPa) | 2448 2907 0.76 | 2209.32
qp1 =
914 | 22 3366 4743 0.77 | 3652.11 | 19448 | 9794 6/8B
= 5402
991 | 20 6120 6579 0.76 | 5000.04 kPa
1067 | 23 7038 6273 0.76 | 4767.48
11.43 | 18 5508 7711.2 0.47 | 3624.26
)
L=11.9m q,= 2;1:3 11383 0.29 | 3301.13 Ay =
306N,, | 1 SW 16525 | 16525/3.58
kP =
1219 | a2 | KFO | ogso 10251 129 | 132238 10459
L +3.58 = 13.48 7650
noi suy
1372 22 | 6732 _ i

I : |
Tl do, ta 6 siic khang mii don vi cyc han chua higu chinh g, a:

Gt = (Qyr + Qo) / 2 = (5402 + 10459) / 2 = 7930.5 kPa.
Hiéu chinh sut khdng
MGi coc nam trong dat cat €6 Neg yung bink gin mo coc = 30. Do d6 chidu sau ngam can thiét 1a
De = 12B = 5.4 m (tir bang 1.1). Nhu vay, d8 huy dong t6i da sirc khang, thi mdi coc ¢an phai
d dd sau 9.9 + 5.4 = 15.3 m. Trong khi do, chidu sau ngam thucldD,=119-99=20m.
Nhu vy, ta can phai hiéu chinh slc khang.
Trudc hét, ta can tinh sltc khang mii don vi tai d6 s&u 9.9 m (mat phan I9p). Qua trinh
tinh thé hién & bang 2.7 tuong tu véi bang 2.6.

= Gy taomat phian o = Guc = (2713.2 + 6404.5) / 2 = 4558.8 kPa:
Do 19p 1 yéu hon 18p 2 nén:

Up = Quo + D/ Dg (Gr- quc) = 4558.8 + 52:{ (7930.5 - 4558.8) = 5807.6
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foat [ D 1

fc:'l iu chinh — -oat, +_"f\_ "Q
4 higu chinh 4 Lqu: 2D, (dy el
40,12 (

= 45588 +— 2 (7930.5 —4558‘8)_| = 26.22 kPa (2.13)
793051 2x5.4 |

= Q, = 5807.6 x 0.457 = 1176 kN = 117.6 tan;
Q=4x045x{f,, x29m+1,,.x2m)
=1.8x(31.93x9.9+26.22 x2) =663.4kN ~66.3 tan.

Bdng 2.7. Tinh q,, va q,, tai lin can 9.9 m

'| T
" » q,; O giia , "
z (m) Ngo dét 9, Ici‘,; phén t6 Az, {m) | q, X Az, | 3 g4z,
6.1 8 1224
9.9-88= 130451 11173 | ose | 7937
6.3m néi suy
) @ |
6.86 10 _ 1530 1836 0.76 1395.4 Qs
159N _ 97948
7.62 14 (kpa§° 2142 2295 0.76 1744.2 [ 9794.6 88
: = 2713.2 kPa
8.38 16 24438 2907 0.76 2209.3
9.14 22 ' 3366 4743 0.77 3652.1
9.91 20 6120 6579 0.76 5000.0
h qD? =
10.67 23 7038 6273 0.76 | 47675 | 10055 | 10055/3.58
@
= 6404.5
11.43 18 0= 5508 5749.6 0.05 2875
p T —
306N
99+358= % 159912
{kPa) =
11.48m noi suy
12.19 42 12852

Nhuvay,  siic chiu tai cuc han 13 P, = 117.6 + 66.3 ~ 184 tan:
sifc chiu tAi huy dong fa: Q,, = 117.6/3+66.3 ~ 105.5 tan (theo p.t. 2.8);
stre chiu tai cho phép la: {Q)] = 105.5/2 = 52.8 tan:
hé sd an toan chung 1a: F, = 184 / 52.8 ~ 3.5.
(Néu khong hiéu chinh theo Dy thi sirc chiu t3i cuc han la:
P, = 7930.5 x 0.45? + 0.45 x 4 x (31.93 x 9.9+ 40.12 x 2) = 2319.3 kN = 232 tén).
Vidu 2.3
Cho 56 liéu nhir vi du trén. Xac dinh sic chiu tai theo phuong phap Nerdiund va Thurman,
Biét muc nude ngam 6 3 m.
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Buoc 1: Dy bdo goc ma sat trong ¢
Theo phén P.2.2.2 ta ¢6 thé du bao gbc ma sat trong ¢ ctta dat rgi nhu sau:

Bdng 2.8. Dy bao goc ¢

R R e r = P P
152 | 2 | 29 27.49 27.49
3056 | 6 | 7.3 29.09 32.62 30
457 6 7.0 28.96 31.84 30
610 | 8 | 88 29.61 33.64 bui 31
]
6.86 | 10 | 10.8 30.27 35.30 réi / 32
762 | 14 | 148 13156 38.05 chat 33
838 | 16 | 165 32.10 38.03 vita 34
914 | 22 | 222 | 33.77 41,58 35
991 | 20 | 197 33.06 40.28 34.5
1067 | 23 | 222 33.78 41.24 cat 35
1143 | 18 | 17.1 32.26 38.55 chat | 34
1219 | 42 | 389 37.98 4631 vita 40
1372 | 22 | 196 33.02 39.38 345
Bédng 2.9, Tinh toan sitc khang bén theo Nordlund
,_z(m) ¢° K, Ce |0, (bar)| f, = K.Cro' 5ins (kPa) f, x 4z,
0 0 0 0

152 | 275 | 1.08 | 0.978 | 0.247 11.05 1105 x 1.52/2 = 8.4
3.05 | 300 | 1.25 [ 0.973 | 0.498 27.89 (11.05 + 27.89) / 2 x 1.53 = 27.79
457 | 300 [1.25|0.973 | 0.599 33.50 46.72
610 | 310 | 1.39 | 0.971 | 0.705 45.20 60.27
6.86 | 32.0 | 1.53 | 0.969 | 0.759 . 5504 38.09
782 | 33.0 | 167 | 0.966] 0.816 66.31 46.11
8.38 | 34.0 | 181 10.964 | 0.875 79.00 55.22
9.14 | 350 | 195 (0962 | 0.939 93.53 65.56
9.91 | 345 | 1.88 {0.963 | 1.002 95.10 72.62
10.67 | 350 | 1950962 | 1067 | 10625 76.51

1143 | 340 | 181 0.964 ! 1128 101.76 79.04
11.90 | 380 | 285 | 0.956 | 1.173 181.77 ({11011_‘97:‘3 1+1 .14831}?:?;(;2;
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Buwc 2: Durbdo sut khdng bén theo Nordiund
Thé tich coc chiém ché: V = 0.45%2 = 0.2025 m% m;
Coc déu = o = 0;

Tir hinh 2.14 dén hinh 2.17 ta lap dugc cac gia tri K;nhu & ¢t 3 trong bang 2.9
Tirhinh 2.18,¢6 8 / ¢ = 0.914 (gia tri cuc dai c6 thé cb cla dudng cong c);

Tir hinh 2.19 véi cac gia tri khac nhau cla o, ta dugc cot 4 (Ci) trong bang 2.9.
Y f Az, = 644,98 KN/ m. Day chinh |14 dién C o (xPa)
tich phan té mau den trén hinh 2.27. 0 50 1

Q,=u X f Az = 4 x 0.45 x 644.98
= 1161 kN ~ 116.1 tan.
Butic 3: Tinh siic khiang mii thee Thurman

e —————— 8
—y
th
=]

Ta tinh géc ma sat trong dé diu bao sirc

khang mii theo kiéu "Schmermann" nhu Rl R R S
sau: ' £

Oy = QPasa TPws (2.14) IR A .

2
trong d6: ;55 - g6 Ma sat trong trung binh I
tinh tir mai coc xuéng dudi mét doan 3.58;
(g - gOC ma sat trong trung binh tinh tU mii
coc 1&n trén mat doan 8B. [l i
Trong vi du nay: .
Prmai = ﬁ%ﬁiﬁj = 35,54°, ' H:‘:fh 2.27. Bigu dé sifc khang bén

Ta co ty s chiu dai coc véi dudng Kinh coc la:
D/b=11.9/045=26.44.
S0 dung hinh 2.20 ta dugc oy = 0.654; S dung hinh 2.21 ta duge N', = 70,152,
Tai d6 sau 11.9 mta cé o, = 117.3 kPa nho hon gia tri gidi han la 150 kPa.
Tl phuong trinh 2.7 ta ¢6:
g, = o, N’y 5,/ = 0.654 x 70.152 x 117.3 =~ 5380 kPa.
Tra trén hinh 2.22 ta dugce sttc khang mi téi da la g, = 6.085 MPa = 6085 kPa;
= q, = 5380 kPa; '
=>Q=Aq, = 0.45% x 5380 = 1089 kN = 108.9 tan.
Nhu vay, sifc chiu tdicuc han la: P, =Q,+ Q, = 116.1 + 108.9 = 225 tdn;
Né&u i3y hé s6 an toan 1a F, = 2,F,= 4 thita cd [Q] = 116.1/ 2 + 108.9/ 4=85.3 tan;
Hé s6 an toan chung la: F, = 225/ 85.3 = 2.64.

Vidu 2.4

Cho s6 liéu nhu vi du trén. Xac.dinh suc chiu tai theo phuong phap B va Thurman.



Chuong 2. COC CHE SAN

63

Theo Gibbs va Holtz (1979) (xem phan 3.3.1.1 [1]), ta c6 thé duf bao do chat tuong déi D,
nhu bang 2.10. Bang nay cing trinh bay s liéu tinh toan sic khang bén f, theo cach tinh
B clia Bushan {phan 2.5.3).

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

z(m) |N, | o, (kPa) | D, (%) ’g;(fs'fot ; ; ﬁa‘)’" £ x Az, |
0 0 0
152 | 2 | 247 16.2 0.29 7.05 705x152/2=536 |
305 | 6 | 498 34.9 0.41 2025 | (7.05+20.25)/2 x 4.53 = 20.88
457 | 6 | 599 336 0.40 23.86 3352
610 { 8 | 705 40.0 0.44 31.01 41,98
686 | 10| 759 45.7 0.48 36.20 25.54
762 | 14| 818 54.5 0.53 43.59 3032
838 (16| 875 57.3 0.55 48.37 34.94
914 | 22| 939 63.5 0.59 55.67 39.54
991 [ 20| 1002 61.3 0.58 58.00 4376
067 | 23| 1067 63.5 0.59 63.26 46.08
1143 {18 | 1.128 58.1 0.56 62.88 47.93
| 11.90 | 42 } 1.203 67.9 0.62 72.88 | (62.88+72.88)/2 x 0.47 = 31.90

3 1,4z, = 401.77 kN/ m. Day chinh |2 dién tich
phan & mau den trén hinh 2.28.

Q=

U2 Az =4x045x401.77 = 723 kN

= 72.3tan.

Van theo cach tinh Thurman (§ vi du 2.3)
ta cé:

Q, = 108.9 tan.
Nhu vay, stic chiu i cuc han 1

P,=Q+Q, =723+ 108.9 = 181.2 tan;
Néu Jay hé s& an toan nhu vi du trén, ta cé:

(@} = 72.3/2 + 108.9/4 = 63.4 tin:
Hé s6 an toan chung 1a: F, = 181.2/63.4 = 2.9.
Két fudn:
Sc chiu tai cyc han duge du bao trong
khoang 181 + 225 tan;
Stic chiu tai cho phép dugc du bao trong
khoang 53 + 85 tan;
Chon [P] = 75 tan;
Heé sG an toan chung trong khodng 2.6 « 3.5.

2 (m)

o
»

o

-9

-1 S

&

m——— S

10

12
Hinh 2.28. Bi€u d6 sirc khang bén
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Nhdn xét 1: Néu 18y goc ¢ i6n nhu trong c6t 5, bang 2.8 thi sitc khang cuc han (theo
Nordiund + Thurman) s& lén téi 464 tan. Con néu 1ay goc ¢ nhu cot 4, bang 2.8 thi sitc
khéng cuc han {theo Nordlund + Thurman) s& can 192 tdn. Nhiéu tac gia nhan xét, géc ¢
d cét 4 (ia gbec ¢ du bao theo Peck, Hanson va Thornburn, sif dung N'g, d3 hiéu chinh
hoan toan) thi ph hgp nhat cho viée du bao sic chiu ti cla coc.
Nhan xét 2: Khi tinh slfc khang miii theo Thurman, néu Iay ludn gbc ¢ = 40° tai mii (gia
tri @ cuc bo) dé tinh thi sitc khang mii s& tang thém dang ké. Tuy nhién, cach nay khdng
pht hgp, vi trong dat cat, mat trugt sau (khi dat & mi coc bi pha hoai) thudng kéo kha
dai, do d6 ta phai tinh ¢, nhu & phuong trinh 2,14, Vi d4t sét thi ta ¢ thé Iy gia tri src
khang cét cuc bd d mii coc @ tinh sitc khang miii.
Vidu 2.5 |
Cho coc nhur cac vi du trén. Tuy nhién, trude khi déng coc, ngudi ta khoan méi dudng kinh
40 cm. Hon nita, ¢ong trinh la mong coc d try cau dan, gén bd séng. Vao mua I, nudc cé
kha nang x6i mon 1.52 m 44t déu tién, va muc nude ngdm dang cao ngang mat dat. Dy
bao sire chiu tai cda coc.
Dirbdo stic khdng bén theo Nordiund
Do viéc khoan mai, thé tich coc chiém chd con la: V = 0.45% - 1 x 0.42/ 4 = 0.0768 m*m:
Coc tiét dién déu déu = o = 0; Gia tri K; s& khac vdi gia tri trong bang 2.9 vi V da nhé di
con 0.0768 m* m; Tir hinh 2.18, ta c6 3 / ¢ = 0.7209 {(dudng cong ¢); Gia tri C; ¢iing khac
vdi gia tri trong bang 2.9 vity s& §/ ¢ 33 nhd di.
Han nira, vi gat bi x6i mon mat 1.52 m nén tai 1.52 m, ta phai ddi gia tri o tir 27.5° thanh
0°. Va (ng sudt hitu hiéu o', tai moi diém déu nhd di do bi mat 1.52 m d4t va muc nudc
ngam dang cao.
Ban doc ty tinh phdn nay va kiém chimg két qua sau:

Néu khéng cb I Q=734 kN;

Néu co I (va x6i mony: Q, =377 kN,
Du bdo st khang mii theo Thurma.n
Vitys6O/bnhédivala: D/b=(119- 1.52)/0.45 = 23.07 nén hé s o, s& thay déi
chut it. Quan trong nhat 1a tng suat hitu hiéu giam di dang ké.
Ban doc tu tinh phan nay va ki€m chiing két qua sau:

NEéu khdng ¢é I Q, = 1089 kN (khdng ddi so véi vi du 2.3):

Néu 6 I (va x6imon):  Q, = 729 kN. .
Nhir vay, dy bao theo Nordlund va Thurman thi véi coc khoan mdi + déng nay:
- Trong mua khd: P, =73.4 + 108.9 = 182.3 t&n (gidm 19% so vdi khéng khoan méi);
-Trong mia lii: P, =37.7 + 72.9 = 110.6 tdn (gidm 51%);

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

Stre chiu tai gidm mét nita so voi cac vi du trude, Vi vay, khi thiét k&, cdn dic biét chu v
dén cdng nghé thi céng, va dén tinh thé x4u nhat xay ra khi sif dung céng trinh (thudng Ia
mua ).
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2.7. DY BAO SUC CHIU TAI CUA CQC THEO THi NGHIEM CPT
2.7.1. Cach tinh LCPC cii (1982) (TCXD 205-1998) cho moi loai coc

Cach tinh LCPC cii cha Bustamante va Gianeselh (Laboratoire Central cles
Ponts et Chaussées - Phap) dude dua ra vao nam 1982 tai héi nghi chdu Au vé
"Thi nghiém xuvén”. Sau dé cach tinh duge hiéu chinh vai 1an. Tuy nhién, chinh
hai tac gia trong héi nghi 1982 da néu ra riang, cach tinh nay c6 d6 tin cay khong
cao ldm. Cach tinh nay 13 cach tinh dugc trinh bay trong quy pham Viét Nam
(TCXD 205 - 1998) cing nhu trong m{t s gido trinh nén méng hién hanh,

2.7.2. Cach tinh LCPC méi (1983 + 1992) cho moi loai coc

Cach tinh LCPC mdi v& cd ban van gidng cach tinh LOPC ci. Tuy nhién cée
bdng 56 dude thay bing cac dd thi. Cach tinh méi nay duge danh gid 13 cé 4o

tin cay cao hon.

2,7.2.1. Ma sat bén (s®c khang bén)
Cac bude tinh toan nhu sau:
Bude 1: Dua vao bang 2.11 dé xac dinh ky hidu nhém ctia coc thiét ke,
Bude 2: Tra bang 2.12 dé tim ky higu dudng cong;

Bude 3: Tra cac hinh 2.29.a, b, va ¢ dé tim ma sat bén don vi f; cua coc. Sau d4,
ap dung phucng trinh (1.4) dé tim tdng ma sat bén.

Bang 2.11. Bdng phan nhém coc

5 MCPT

Nhom Loai cge
1. FS Coc khoan nhéi khang s dung dung dich khoan. Chi phiy hgp v&i nén sét
trén muc nudc ngdm
2. fB Coc khoan nhdi cé st dung dung dich khean {bentonite,...)
3. FT(FTU) | Coc khoan nhéi st dung casing (dng dd thanh) sudt doc coc nhdi. Khi rit
casing thi cing 48 bétdng xudng
4. FTC Coc khean nhéi dudng kinh nhé sir dung khoan guéng xoan {coc augercast).
Vita betong dd sut 16n duge phun qua I8 rong clia can guéng xoén, déng thdi
guéng xodn vifa xoay vita rat 1én
5 FPU Coc khoan nhéi vao 16 dao thii céng
6.FIG - BIGG | Coc khoan nhdi dudng kinh nhé (< 25 cm) ¢é casing {micro pile ioai 1)
7. VMO Coc xo0an vao dat cat trén myc nude ngam hodc vao dat sét
8. BE Coc thép dong cd phi bé mit bang vita ximang
9. BBA Coc bétdng (co thé dng suat trudc) dong hoac rung va déng
10. BM Coc thép dong {khéng phd mét bang vira ximang)
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Nhom Logl coc
11. BPR Coc rong, tron bang béténg. Cac doan coc thudng dai1.5 + 3.0 m, dudng kinh
ngoai 70 = 90 cm, dudng kinh trong 40 = 60 cm. Coc ndi véi nhau bing (mg
sudt trudc.
12. BFR Coc réng: khi rut casing thi 48 vira xlmang dd sut nhd vao va dadm chat lén 48
bétdng d day
13. BMO | Coc réng d8 vira ximang dé sut vifa
14. VBA Coc ép bétdng
15. VME ' Coc ép thép
16. FIP Coc khoan nhéi dudng kinh nhé (£ 25 cm) (coc micro pile loai 1),
17. BIP Coc phun dudi ap suat ldn, dudng kinh coc trén 25 cm
Bdng 2.12. Bdng ky hiéu duéng c.ong
buong | q. Nhom (tir L
cong# | (bar) | béng 2.11) Ghi chy
DAT SET VA/ HOAC BUI
1 <7.3 1+17
73 12 Budng cong 1 c6 ma sat bén thap nhat, do dé thudng dang tho
' ' nhing trudng hop x3u.
Vi coc thép (sd 8,10,15), néy dat cd tinh dinh cao thi nén diing
) 125 458+ dudng cong #1 cho an toan;
> 12. " .
11,13 + 15 | Vi coc déng béténg, néu dat co tinh dinh thap (45t 13n nhidu cat,
cudi), thi ma sat bén c6 thé cao hon, ta c6 thé ding dwing cong #3.
>12.5 7
N&u thi céng coc nhdi dudgc giam sat chat ché, thanh ha khoan
»12.5 1,2 dudc lam sach va nham, béténg d8 ngay, dat cé g, > 47 bar thi c6
thé ding dudng cong #3.
NéEu thi cong coc nhdi dudi muc nude ngam dal hoi bom hit nudc
> 125 3 lién tuc, do d6 phai di chuyén casing thi nén ding dudng cong #1
cha an toan,
12.5
3 +20.8 12
5 >20.9 16,17 Duing néu chat lugng thi cdng tot.
BAT CAT - SO
1 <365| 2+ 4,6+ 15
V@i cat min:
Coc thép: néu ¢6 thi nghiém nén tinh kiém chimg mai diing dudng
2 >365 | 6,79+ 15 | cong #2,néu khdong nén ding dudng cong #1;
Coc bétong: néu g, » 78.3 bar thi diing dudng cong #2; ngucc iai,
ding gié tri gitta dudng #1 va #2.
=522 23 Nef.i coc I"Ihf)l dai hon 30 m trohg cat min, nén ding gia ti gidta
ducng #1 va #2.
>52.2 4
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: Budng - Nhom (tir |
qc H i
. ; f
cong # | (bar) | bang 2.11) | Ghi chu
i 6.7.910,13 | Thudng la véi cat sdi. N8u coc baténg, c6 thé diing gia tri 1dn hon
3 >78.3 .
+ 1517 dudng cong #3.
>78.3 2.3 Cho coc nhéi ngan hen 30 m.
NEu vao cudi s6i ¢6 q, > 42 bar, c6 thé dung dudng #4.
4 >78.3 8,12 Cho cat soi va cudi.
5 >522, 16,17 Dung néu chat lugng thi cong 161
BA PHAN
Dudng g, nhom (tur S
2 h
cong# | (bar) | bdng?2.11) Ghi cha
1 1 <313 1:46:15
! 7 e 11 Dung dudng cong #2 néu: g, < 73 bar, dudi muc nuc ngam, coc
3 >313 1 3‘. ] 5 thép holic béténg thanh nhin;
' Ding gia tri t6n hon dudng cong #3 néu g, > 125 bar.
=47 6,8
Cho coc nhéi frén myc nudc ngdm va bétdng duge dd ngay sau khi
>47 | 1-357 |Khoam - e
Néu q, > 125 bar va tién muc nude ngam thi ¢6 thé dang gid tri lon
! han duang cong #3.
Néu da dudi myc nudc ngam, thanh hd khoan nhan, hay da phan
x40 trén nhiéu & thanh hd khoan thi nén gidm ma sat bén xudng
bang dudng cong #2.
4 > 47 12
> 47 16,17 Bung néu chat lugng thi cong t6t.
A) SET: BUI
___________ e HE R e
P NN S WSO O SN SN NN N 1
s 3| R — S B s N— e — fant s
W 1 i L 1 '
- i ; : : ' i ’ —=3
c ! : e : ' .'
3 ' : i | .' :
T2 fees o e bome e S fosoand - et 2
4 ! : : : , ; ! Lo
£ g% cunn snnn RN S
1V A e o S ood,
: ‘ . i ;
0 20 44 60 80 100 120 140 180 ksf
0 96 182 287 8.3 47.9 575 670 786 bar

8dc khang mili q_(ksf)
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Hinh 2.29. Ma sat bén cla coc trong cac loai dat/ da (LCPC)
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2.7.2.2. Se khang mii
Sde khang mii don vi la: =K q.
SBau dé6 ap dung phudng trinh (1.5) d& tim téng sic khang mai.

trong dé: K, - hé s6 quy d6i to CPT sang coc - tra bang 2.13:
q. - suc khang mii do duge tit CPT, thudng 1a gia tri trung binh
trong khoang 1B t4 mai coc xubng (B 1a ducng kinh coc).

Bidng 2.13. Hé s6 K, cho sire khdng miii

| .

[ Loai dit Sét - bui Cit - s0i D3 phén

| Cocnhéi 0.375 0.150 0.200 ‘
Cocdéng |  0.600 0.375 0.400 1

[ [ —— I j

2.7.3. Cach tinh cia Schmertmann CPT
2.7.3.1. Ma sat bén (sttc khang bén)

Trong dat cat, ste khang bén dan vi f, 1a g1a 'tri tét thidu trong ba gia tri sau:
. 1 - .
o [=Kxf »mm{. — ); (2.15)
i SB ;

¢ [, =0.12MPa=12bar~ 2.4 ksf:
o fi=cxy. : (2.16)

trong do: g, va £ - két qua thi nghiém CIP'T:
K - gid trf tra trong hinh 2 .30; c la gia tr] trong bing 2.14;
L - chiéu dai coc;
I- d6 siu tit mat dat dén didm tinh f,:
B - dudng kinh coc.

Néu f, 12 gia tri t81 thidu, dya trén phuong trinh (2.15) va (1.4), ta cé thé viét
lat tdng ma sat bén eta coc trong dat cat theo phusng trinh don gian sau:

Hid i
Q-—u‘[_fw\z—u{ ZKxf_xA? +2Kxf x Az, (217
[T E ¢ v=hE3

Bdng 2.14. Hé sé ¢ cho sirc kha’n'g bén trong dat cat (Schmertmann}

Loai s - Bétong mag Coc R Thép (ong Thép (H, hodc —‘
Bétong . . Go - - L
coc rong mili rung mi kin) ong mii ho)
c [ 0012 | o009 0.018 0.012 0.008

Trong d&t dinh. sGc khang bén ddn vi [ la gid tri t8i thiéu trong hai g1a w1
saw
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. 1
f, = £, 1, —MN 2.18
(= fyxmindl, o) (218)

LT xS, (2.19)

trong d6: « - gia tri trong hinh 2 31;
S, - stic khang cit khong thoat nude (néu biét S,).

2.7.3.2. Stc khang mii

Theo Schmertmann. stic khang miii cua coc 14y theo cach tinh ctia De Ruiter
va Beringen (muc 2.7.4).

K K
1 2
0] T o 1 % 3
10~ 10
@ m
- 20— 3 20
gl =
ol &
30— = W 30_'&
oy
[ %]
| It
Coc batdng Coc theép
40 )

Hinh 2.30. H& s K tinh todn ma sat bén cda coc trong dat cat {Schmertmann)

R N
- ;—\w_--1--|rv-:'---;--J.—-«IA—Ir—-r-~:-—-lv~-!——f——r—%——w'——é—-:
. _..__}.._JI.__I_-.J..___,..}__L_____A.I _+_._I__,I _____ ;
| i ] 1 1
N Lo oL ; i
\ I J--l‘-___“l_“ - --nJI__ T
10 peNgt - bopdd
HER R R T S S Y S S N - }
: NIRERE R T
0.8 -1 :\\“"Tr'i Coe bidng |~ T B T
g [ I i e T S o i O
0 ~ ' b ' 1 ) N
1 Il NG ; ]
- : H .J‘ :-“ *'—-i--.._l i
0.4 |1 Cocthdp 1T LI
R I N R O e s N
02 ottt bbb T
P S S N N S LI M- . -k
00 LT ]
0 50 100 150 200

Sirc khang bén f (kPa) {tr CPT)

Hinh 2.31. Ma sat bén cia coc trong dit dinh {Schmertmann)
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2.7.4. Cach tinh ctia De Ruiter va Beringen
2.74.1. Ma sat bén (stic khang bén)

Hoi khae mét chudt so vdi cach tinh Schmertmann, ma sat bén etia coc theo De
Ruiter va Beringen dugc 18y nhut sau:

.Trong dét cat, sttc khang bén don vi f, 1a gi4 tri t8i thidu trong ba gia tri sau:
o f, =f cua thi nghiém CPT;
e f,=0.12 MPa = 1.2 bar ~ 2.4 ksf:
* fi=cxaq,
= D& tinh sitc chiu tii nén; ¢ = 1/ 300:
= D& tinh stic chiu ti kéo: ¢ = 1/ 400.
Trong ddt sét, f,=a S,
¢ Trong dit sét c6 két thusng (NC): « = 1.0:

» Trong dit sét qua cd két (OC): o =10.5.

2.74.2. Siic khang mui

Sttc khang mui don vi chinh bing q.

gia tri trung binh cia siic khang
mui do duge tit CPT. Tuy nhién, qua
trinh tinh “trung binh" rat dac biét
va hol phic tap:

= Qo *Qer
Y2

trong dé: q,, - gia tri nhé nhat trong
cac gia tri q.;
G la g1a tri trung binh g, (stic
khang mui CPT) to L dén L. + xB
{gia tri thye), réi tir L + xB nguge
1én L (gia tri nhé nhat). Vi du trén
hinh 2.32,ta sé tinh q_ trung binh
trén quiang dudnga-b-c-d-c-e.
Doan a - b - ¢ - d1a doan gia tri thuc
ti xuyén CPT. Doand - ¢ - e (di l&n)
18 doan dudng theo gia tri nhé nhat:
G - £1a trl trung binh tit L ngugde
lén L - 8B (gia tri nhd nhat). Trong
hinh 2.32ta cin tim q., theo doan
duonge-f-g-h-i

, (2.20)

Chigu s8u

AEEARERR R RN R NS

Hink 2.32. Vi dy tim q,
L - chiéu dai cge, B - dudng kinh coc,
X = 0,7 + 3,75 (doi khi x |&y tir 0.7 dén 4)
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Trong dat sét. sie khiang miti don vi cé thé con dude tinh nhu phudng trinh
{1.13} (muc 1.2.5.2):
q, = 98,.
Tuy nhién, g, phdi nhd hon gia tri giéi han Q.
G, = 150 kG/ cm® (15 MPa) véi dat rai chit, rat chat:

dp, = 100 kG/ em? (10 MPa) véi cac loai dat khac.

2.7.5. Vi dy tinh sic chiu tai cua coc tir thi nghiém CPT

Vidu 2.6

Cho s8 ligu xuyén tinh nhit hinh 2. 33,9ia trf trung binh ctia ting doan 1 m duge tom tat
trén hinh 2.34. Ngoai ra, con c6 cac 6 liéu sau: coc thep trén (dai cao) bit kin mii duéng
kinh ©45 c¢m, c6 chiéu dai L = 9.5 m. Dy béo suc chiu i theo céch tinh De Ruiter va

Beringen.
C.3 §.2 910080 2 & & 3 10 . o . cétbui
c T i 1 " 4 ki fl 1 1 L F| -y . O
! hat
f MP che
_I fs (MPa) qc (MPa) vita
. 1 =TT T T e i
. 2‘ g
—————————— —:ﬁ-—-—m-—---iuw-—-— 5 |
'_j - ST T T T e s - 19 sét yeu
E "} { g&
INe Rl el it i L L D L R TR R R T~ = bin sét
N :
3
|
g 4
| g o m BT e e e e — . e . | & = o Catchat
.I T f TR " a L
h Y] ! : ?
1 ot b
d
| L+4B
S g
1 ; ' © catrat
BooE . chat

Hinh 2.33. K&t quad thi nghiém xuyén CPT
Sut khdng mi
Qcz la gid tri trung binh g, tr L di nguoc tén L - 8B (88 = 3.6 m) theo con dudng cé g, nhd
nhét, tire 12 dudng e - f - g - i trén hinh 2.33:
I Boan e-f _ f-g g-i

2 0.6
qcixi\Z,' 3'2“*-'& X05=75 8){2:16 '8:2— X1.1 _4.73

> =28.23

= q.,=28.23/3.6 =784 MPa.
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f, (MPa) q. (MPa)
0.3 .2 6.10.06¢ 2 & 6 a 10
YR MU N S W SO M SOV N N U SO W R S O S
- o.t3 6.2 {
G.as I_ I 7.8 cat bui
2 I T e e F = - — =~ chat
-[ s.ogr; ;| o. vifa
o ¢.03] 0.5 5
4 -~ e e : =
. 7Y adee sét yéu
; 0.04 v.e Q Y
. i
: 0.035] |0 L-8B=59m |
§ o — o _ee— R e A b 3t
o s . un sé
z {m) . o.ul 1.8
©. 992 9.3
- ; B b et cat
SRR i - I‘—I 20.0 chat
10 —
a.2) | 24
2 i L+4B=11.3m
0.16[ lu.o
0.20 23.6 _
14 X cat rat
- chat
4

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

Qeq 12 gid tri trung binh g, tir L xuéng L + 4B (4B = 1.8 m) theo con duong thuc a - b - d
trén hinh 2.33:

‘ Doan a-b b-d
.
23.2+28 28+ 22
Lqu xaz, | o f‘“‘ x05 =128 —; x1.3=325 |y=453
!

= Qo = 45.3/1.8 =2517 MPa.
Gerz (4 Gid tri trung binh g, tir L + 4B 1&n L theo con dudng c6 g, nhé nhat d - ¢ - a trén hinh
2.33. Ta co ngay q,,, = 22.0 MPa;

= Qo = (Gert * Qg / 2 = (25.17 + 22.0) = 23.58 MPa.
Tu hinh 2.33.ta thay rang, tir 0.7B dén 4B dudi mii coc, gia tri q., vifa tinh 1 nhd nhat {vi
khi xB < 4B thi ca q.,, va g, d&u 16n han). Do d6, q,, = g, = 23.58 MPa.

=G, = (O + Q) /2= {2358 + 7.84)/2 = 1571 MPa:
Tuy nhién, g, phai nhé hon g, do d6 g, = 15 MPa.
= Sifc khang mii Q, = q, x A, = 15 x [1 / 4 x 0.457 = 2.45 MN = 245 t3n,
St khang bén | |
Chia coc thanh cac doan ¢6 Az, = 1 m, riéng & mii coc thi Az, = 0.5 m. K&t qua tinh toan
dugc lap thanh bang 2.15:
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Badng 2.15. Sifc khing bén - De Ruiter va Beringen

T
4
Séumy | % (0P2) f=1, f, f(kPa)= | f (kPaj= | f x4z,
hinh 2.34 | (kPa) (kPa} | q./300 min {kN/ m)
0+ 1 6200 30 20.67 20.67 20.67
122 7500 50 25.00 25.00 25.00
CAT 67 3100 40 120 10.33 10,33 10.33
7-8 11900 110 39.67 39.67 39.67
8+9 9500 92 31.67 31.67 31.67
9+9.5 20000 180 66.67 66.67 33.33
sau (m) | I (kPa) kPa) S,= e fi(kPa)= | x4z
hink 2,34 | O (kPa 1115 axS, | (kN/m)
: (p.1. P-15)
2.3 700 45 55 55 55
SET!/ 3-4 500 64.5 35 36 36
BUN | : |
45 600 85.5 34 34 34
5:6 500 106.5 26 26 26

2 fix Az = 31167 kN/ m; .
T phuong trinh (1.4) ta co: Q=

UE f x AZ = 1 x 0.45] x 311.67 = 440.6 kN = 44 tan:

245 + 44 = 289 tan.

Coc chil yéu lam viéc nhd sifc khang mii {coc chéng), ma stre khang mai thudng chi huy

ddng hét khi chuyén vi clta coc 1on. Do @6, stic chiu tai cho phép la:
[Q=Q,/4+Q/2-w=24514+44/2-3=8014n;

& day: w - khdi lugng ban than coc thép (w = 3 tan irong vi du nay).

Vay sifc chiu tai cuic han la; P, = Q,+ Q=

Vidu27

Vi s6 lidu 8 trén, du bao sifc chiu t3i theo cach tinh Schmenmahn.
Sur khdng mii Q, = 245 tan (theo De Ruiter va Beringen). .
Sur khidng bén

Tuong tu cach tinh DeRuiter va Beringen, ta lap dugc bang 2.16:

Trong bang, f, dugc tinh dua trén hé s6 K = 0.78 (tra tir hinh 2.30,coc thép, L/ B = 21.1,
xuy&n con do bang dién ECPT); can {, duge tinh dura vao ¢ = 0.012 tir bang 2.14.

Tubang 2.16: ¥ f x Az = 355.8 KN/ m:
Q =u 1 x Az = [1 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=83t3n.

Bdng 2.16. Stc khang bén - Schmertmann

. I - T
Sau (m) h‘::‘f}k:;) ¢ | fi(kPa} | f,(kPa) ;’ ikf f;l i(g:) ;;;; //::)
0«1 6200 32 74.4 3.2 22 |
122 7500 _. 16.2. 90.0 162 16.2
CAT 6-+7 3100 3.2 - 120 [ 372 31.2 31.2 |
78 11900 858 142.8 85.8 85.8
m;+9 9500 718 114.0 718 71.8
9-9.5 20000 140.4 _ﬂ. 2400 120 60
s | 0O SO ey | w | MR ra
) 2-3 ?06-- 27 55 0.92 17.25 17.25
SET¢/ 3 _ 4 500 23 | 36 0.94 21.02 2-1 .02
BUN 45 | 600 40 34 0.80 27.2 27.2
| 5+86 500 | ! 35 26 0.85 22.1 22.1
-Vi du 2.8

Vi 88 liéu G trén, du bao st chiu t3i theo cach tinh LCPC mdi.
Sue khdng mui
Tir bang 2.13,d4t tai mai coc 14 cét, coc déng = K_ = 0.375;
G, trung binh trong khoang 1B tir mili coc xudng 1a 23.4 MPa (hinh 2.33);
=q,=K; g, = 8.8 MPa;
= Q,=88x1/4x045= 1,44 MN = 144 tan,
St khang bén
T bang 2.11,coc nay thuée loai nhém 10 {coc BM);
Tlrbang 2.12;
- Dat set/ bln (tU 2 dén 6 m): Vi q. < 7.3 bar va coc nhém 10 nén ta st dung dudng
cong 1 {(hinh 2.29a);
- Daét cat: Khi q, > 78.3 bar (chat), ta ding dudng cong 3: néu 36.5 < q_< 78.3 bar (chit
vira) ta dung dudng cong 2 (hinh 2.29b),
Gia tri tinh toan slc khang bén duge lap thanh bang 2.17.
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Bang 2.17. Strc khang bén - LCPC
l T
. - Budng f. x Az,
Sau (m) q. (MPa) q. (ksf) cong f; (ksf) f, (kPa) (kN7 m)
0+1 6.2 124 1.30 65 65
2;
122 7.5 150 hinh 1.38 69 69
i 2.26b —
CAT 6+7 31 62 1.14 57 ' 57
7-8 11.9 238 | 2.24 112 112
B | 3 hinh o
] 8-9 9.5 180 5 200 2.10 105 105 |
9:95 20.0 400 2.40 120 60
2+3 0.7 14 0.48 24 24
| SET/ 3:4 0.5 10 1 0.38 19 19
hinh
BUIN 4.5 086 12 2.29a 0.42 21 21
5+6 05 10 038 19 19

Y f x Az, = 551 kN/ m;

Q= U X f x Az = [1 x 0.45] x 551 = 779 kN = 77.9 tén:
P,=Q,+Q =144 + 77.9 ~ 222 t4n;
[Qf=Q,/4+Q/2-w=14414+779/2 -3~ 72 4n.

Nhédn xét: Trong vi du cy thé nay, phuang phap LCPC danh gia stic chéng mai thap hon
rét nhiéu so voi hai phuong phap kia. Tuy nhién, ma sat bén tinh theo LCPC tai nhinh hon
mdt chut.

Viduy 2.9

VGi 6 ligu 3 trén, du bao suc chiu tai theo cach tinh céch tinh a - API, Nordiund va
Thurman, st dung cac thong s6 sic khang cdt dif bao tr thi nghiém CPT,

Stic khdng bén

Tir 0 dén 2 m va tir 6 dén 9.5 m (dat cat), ta s& du bao sirc khang bén theo cach tinh
Nordlund. Con lai {tir 2 dén 6 m}, ta s& si dung cach tinh o - API.

Trudc hét, ta can du bao sirc khang cit nhu sau:

@ (cha dat di): ¢ = arctg[0.1 + 0.38 x log(q, / «',)] {Robertson va Campanella, phan

P.2.2.2). Riéng & d6 sau nhd han 2 m, ta sit dung bang P-3 clia Meyerhof, K&t qua

dugc 1ap trong bang 2.18.

Theo va S, (clia dat dinh): S, = E‘lN'i (phan P.2.1.2). K&t qua ¢4 tinh trong bang
. .

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
0.159 m* m; Vi coc c¢6 tiét dién déu nén
© = 0. Tt hinh 2.14 dén hinh 2.17 ta lap duoc cac gia tri Ks.nhu & cot 5 trong bang 2.18.
Tur hinh 2.18,c6 5 / ¢ = 0.7773 (gia trj trén dudng cong a). Tir hinh 2.19 Vvéi cac gia tri
khac nhau clia ¢, ta dugc cot 6 (C;) trong bang 2.18.

sau: Thé tich coc chiém chd: V = 1 x 0.452/ 4 =

Bédng 2.18. Sitc khang bén - Nordlund (dat réi)

1
?;;J 9 (bar) (:;:) o | Ko} G (bsaur) suu/, ; ® = [ (kPa) (fk:/ﬁi
0 0 0
0+1 | 62 0.09 40 | 3.30 | 0.859 13.18 | 13.18
12 | 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
3+4 0.595 0.36 | 0.605 | 0.643 | 23.14 | 23.14
4:5 0.705 0.34 | 0.482 | 0.720 | 24.48 | 24.48
5:6 0.815 0.26 | 0.319 | 0.885 | 23.02 | 23.02
6-7 | 31 | 0.925 | 3420 | 1.78 | 0.899 64.95 | 64.95
7-8 | 119 | 1.035 | 40© | 3.30 | 0.859 148.73 | 148.73
8+9 | 95 | 1.145 | 3967 | 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 - API ciing dugc trinh bay trong s
bang 2.18. Cugi ciing, gia tri sic khang bén i 150
cue han la: it ops
Trong datroi: f, = Ki Ce o', sing; 1 Eepie- I
Trong datdinh: f=os,. _ EESSE . S _____
Tirbang 2.18 ta co: : 5
Trong dat dinh: ¥ f x Az, = 96.8 kN/ m: e A [
Trong datroi. Y xAz=5163kN/m; 4 Tae{-i—m N ey
Trong toan b chiéu daicoc: L - G ;.__________E _____
Y fix Az, =613.1kN/ m: - WO 0 i
Q= uXfi x Az, = [ x 0.45] x 613.1 = 866.7 kN | ,'
~ 86.7 tan. A W : : +
Sut khang mii theo cdch tinh Thurman 8 516.3 kN/m L
Tuong tu vi du 2.3,ta coé: . B s
P = ipj-'582+ ©en _ 40 +§8'13 = 39.07¢; o ! , ) :
Hinh 2.35. Biéu dé sirc khang bén

“ Gée ma sat trong tinh duge tai cic vi tri nay 1a 41.45 va 43.13",

ma sat trong dudi 40",

Tuy nhién, nén giéi han gbe
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D/b=957045=21.11. S& dung hinh 2.20 ta dudc oy =~ 0.718, con s dung hinh 2.21
ta duge N, ~ 132.49; Tai d0 sau 9.5 m ta cd o', = 125.5 kPa nho hon gia tri gidi han la
150 kPa. Tir phuang trinh (2.7) ta ¢é:
G, = 0y N’y o, = 0.718 x 132.49 x 125.6 = 11 939 kPa;
Tra trén hinh 2.22 ta duge sic khang mii téi da la g, ~ 16.411 MPa = 16411 kPa;
= q,= 11939 kPa;
= Q,=A,q,=[n0.457/4]x 11939 = 1899 kN = 189.9 tan;
P,=Q,+Q=189.9 + 86.7 = 276.6 {an; '
[Q=Q,/4+Q/2-w=183.9/4+86.7/2-3~88 tan.
Tém lai, c6 thé du bao rang:
- SUc chiu tai cuc han cla coc trong khoang 222 dén 295 tan;
- 8(fc chiu tai cho phép clia coc trong khodng 72 dén 88 tan.

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

DAT SET THEO THi NGHIEM DMT
Powell va cong su dé xuit phuong phap nay dua trén s6 liéu thye nghiém cua
60 coc déng va ép vao dit sét d Anh, Nauy, Phap va Dan Mach.
Cac k&t qua thu duge ti thi nghiém nén ngang mii xuyén phing (DMT) la:
papi: 86 doc hiéu chinh tu s6 doc tryc tiép A, B, AA va AB;

I: chisd dat: [, = Pi7Pe Ip:

po - ut}
E,: médun DMT: B, = 34.7(p, - py).

Stte khang bén dan vi f; cho truong hdp coc chiu kéo la:

v 0.5(p, - py} néul, <01,
« (0.575-0.730771)(p, - pyy  néu 0.1 <1, <0.65;
= 0.1p, - po) néu 0.65 <1, <0.8.

Ste khang bén don vi f; cho trudng hgp coc chiu nén a:

o (0.775- 1111110 (b, - po) néu 1, < 0.6;
« 0.11¢p, - pu) néu 0.8 > I, > 0.6.

Néu coc qua dai (L > 50]3, L 13 chidu dai, B 1a duong kinh coc), thi sttc khang
bén f, d doan coc gan miit dat (dai L. - 50B) s& phai gidm di 15% so véi cac gia
tr1 trén.

Sdc khang mii don vila: g, = k; py;
vil:  k, = 1.3 néu E; > 2 MPa;
k= 0.7 néu E; < 2 MPa.

Néu coc ng rong khéng bit mili thi q, gidm di 50%.
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2.9. PHAN MEM DU BAO SUC CHIU TAI THEO PHUONG PHAP TiNH

Céc phuong phap du bao stc chiu ti
la phuong phap tinh. Trén

bao stc chiu tai.

trinh bay trong muc 2.4 dén 2.8 dugec goi

thi truong hién nay c6 kha nhiéu phian mém du

[O Concrete Pile 2 - Situ test #: 1 —=2—
Case# ————e— —
('H Steel Pile Lab test#: 1 _& |
@ Pipe Steel Pile fdatam 4 Sl Unit ¥
Name: (Vi dn tink Pl S
Project #:| M6ng coc
Note: -
shape/ end condi [Closed End ™ ¢ o o
modulus E[2 0E+08 kPa
Width or dia. | 45.00
Thickness|

™ SPT (otherwise CPT)
Station # : 0 Distance to pile:
T e
ground surface elevation: 0.0 waler table elev; 3.6
Deph o bearing layer: -~ Tomlinson case#
EE:nau0I1De£1h [k:’sa) Qc (kPa)
00 05 30.0.6200
00 15 ' 5007500
00! 25 27.0:700
00 3§ 2308500
.00 45 | 400 600 :
00: 55 35.0 1500
00: 65 40.0 3100
00 75 110011900
00 $5 | 9209500
0.0: 95 120.0 20000
0.0 105 230.0 24000
0.0: 115 1%0.0:21900
00! 125 180.0 22000

Hinh 2.37. S& ligu dia chat (két qua thi nghiém CPT)
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6t chuong trinh cu thé,

én cua m

dié

~

éu vé gqao

-~

&t thi

trong dé st dung cic s6 ligu 6 vi du 2.6 d

-

tér gi

-

, ching

rong muc nay

T

s

~

50 liéu nay duge thé

ac

du29c

-

€n vi

4

dudc thé hién trén hinh

hién trén hinh 2.36 d&n hinh 2.38. Két qua tinh toan

2.39 va hinh 2.40.
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Hinh 2.38. D6 thi s& lidu dia chat (d8 thi thi nghiém CPT va d8 thj sirc khang cit)
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PILE CAPACITY case # r i
' Page 4
ID# : 4
Calculation with data from:
r | Depth of top soil that "
v Insitu test 1 ide resist. is neglecied
Limit ¢ under: 40 &
Correlations: With ¢ > 36, Thurman tip increases v
. bk b o ~ dramatically. Therefore, limit ¢
r by Kulhawy&Mayne (otherwise Robertson & below 36 or 38 is recommended
Lampaneila) "
r o .
r Thurman tip resistance use Janbu's N {other
" DensityDris comected by Kg wise- Thurman)
¥ MWeyerhof Side tesiclance: strict unit conversion? I~ Meyerhof: Side resist use corrected N
' LengthL= 24.1B
35m=7.88B
Effective weight of Pile+plugged soil (KN) = 41.2
Ultimate side resistance | ‘Ultimate Tip resistance
Soil  |Method KN kips Soil  |Method KN kips
c. AP (all clay) 154 346 COHE 98 Average 2B below -
e e e U
lonly sbove tip stiff clay) - - SIVE 8B above, 3 5B below - -
COHE |o Tomlinson NA # ASSHTO provision -
svel g 224 504| |cokE < Meyernor . .
A 223 50.1 SION- q_\“‘f CORPS of Engineer - -
{COHE  |Meyerhof - - LESS Bowles's Fd Ana & Dsd - -
SION- f 330 742 Thur. Average 2B below 2,345 5272
LESS |Norlund 719 1615 man  88.358; o '<150kpa 1,839 4269
Schimertmann SPT (corrected) =p i - # Schmertmann SPT {corrected) - -
. f Properbes @ bp: aversge | Properties @ tip: average
Total Capacity 88 8358 2B below tip Comparab
le to:
Method KN | kips KN kips
arfa APIrevised  and  Nordlund, Thurman 2771 | 6231 3218 | 7284
- . - - | oRweN
B and Thurman 2453 | 5515 2,699 651.%
fLamda and Nordlund 2840 | 6385 2,568 5773
{Ultimate Schrerrmann SPT (corrected) - SPT 97
{Mobilized Schmenmann SPT (corrected) - SPT 97
; Schmertmann CPT 2950] 6632 PL-AID
1

6- MCPT

Hinh 2.39. Két qua tinh toan
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Ultimate Total Capacityy (KH)

100 1100 _ 2100 3100 4100
o . ; : o

———glpha Tom linson and/for:

: _ Nordlund .
— —alpha AP | and/or Nordlund
—t——heta

'Ir ~ ~ « ~|lamda and Nordluﬁd

- - --5chmertmann uncorrected

Hinh 2.40. B8 thj sitc chiju tai theo chidu dai coc

Vi s6 lidu dia ting trong vi du nay tudng déi don gian, nén dé thi trén hinh
2.40 r&t don gidn. Tit hinh nay, ta ¢ thé nhén xét la:

+ Néu thiét k& coc ngén, thi khong nén lam coc dai 7 m, vi sdc chiu tii cha
coc 7 m tham chi con nhd hon cla coc dai 6m;

* T 7 mdén 11 m, coc cang dai thi sde chiu tai cang eao.

Khi coc ndm trong nén cé dia ting phitc tap, thi dé thi stc chiu tai theo chiéu
dai coc rat hiiu ich cho viée lua chon chiéu dai coc hgp 1.

2.10. DY BAO SUC CHIU TAi CUOA COC THEO PHUONG PHAP DONG

"Phudng phap déng" (dynamic method) 1a phudng phap du béo sfic chiu tai
cta egc va/ hode phan tich ing suat, bidh dang trong coe khi déng coc. Trong
nhom phuong phap déng, ta chia ra lam bdn phucng phap nhd (6 db tin cay
theo thi tu tidng dan):
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1) Cong thite dong (Dynamic formulas hay Driving formulas): Sic chiu tai
duge dy bdo bdi cac cdng thic nhu Gerxévanov. ENR, Gates, v.v... Cac
cdng thic nay ¢6 d¢ tin cay rat kém, vi vay hoan toan khéng nén ding.

2) Phan tich déng bang phuong trinh séng (Dynamic analysis by wave
equation): St dung phuong trinh truyén séng (vi du cha Smith) dé du bao
stc ghiu tai cua coc hodc phan tich Ung sufit/ bién dang trong coc. Théng
thuong, ta ding mot phan mém GRL-WEAP © d& ha trd qua trinh phan
tich. Phuong phap nay c6 dd tin cAy du tét, va ré tién han phudng phap
PDA va CAPWAP duéi day.

3) Phuong phdap CASE: Thi nghiém thi déng bign dang 1én (PDA - Pile
Dynamic Analysis): Khac véi phuong phap trén, ta phdi gdn nhidu diu do
bi€n dang (strain trancducer) dé do bién dang va dau do gia téc
(accelerometer) dé do gia tdc séng truyén trong cac.

4) Phuong phap CAPWAP: Day chinh la su két hop gita WEAP va CASE, s§
liéu thi vAn dung cia thi nghiém PDA & phén 3 ké trén, CAPWAP ¢6 dd
tin cay cao hon CASE, vi vay khi da tién hanh thi nghiém PDA thi ta chi
ti€n hanh phan tich CAPWAP chu khéng can dung k&t qua phén tich
CASE nia. Thong thudng, ta dung mdt phan mém duy nhat 1a CAPWAP®
dé hb trg qua trinh phén tich. Phuong phép nay ¢ dd tin cay rit cao, chi
kém phudng phap thi nghiém nén tinh coc.

T6m lai trong phuong phip déng, ta nén tién hanh mot trong hai hodc ca hai
phuong phap sau: GRL-WEAP hoiic CAPWAP. Ul diém ciia phudng phap nay
la nhuge diém caa phuong phép kia: WEAP thi don gidn (chi cin do d6 chéi do
mét nhat bia giy ra dé xit 1y két qua). nhung db tin ciy khéng cao bing
CAPWAP. CAPWAP thi qua phic tap (can doc két qua thi nghiém trén cac
dau do va xit Iy két qua). Theo Coduto thi, tdi nam 1994 ¢ thé€ gisi chi c6
khoang 20 nguoi ¢6 dt trinh d6 va kinh nghiém dé chay va xit ty CAPWAP.
Vay ma, hién nay (2003), s6 nguoi sit dung CAPWAP & Viét Nam co 18 nhidu
hon con 56 nay.

2.10.1. Cong thirc dong {Dynamic formulas)

Cong thic dong con duge goi la “cong thic déng coc" (Pile Driving Formulas).
Cé rat nhiéu cong thite dong khac nhau, sém nhat (VA cang toi nhat) 12 céng
thitc ENR (Engineering News Record) ra d3i vao nam 1885 = 1893. Hang loat

' Cé kha nhiéu phin mém tuong ty khac. Tuy nhién GRL-WEAP va CAPWAP kh4 hoan hao va
day uu viét. vi vay hai phin mém nay chiém déc quyén trong linh vue phin mém giai quvét
hai bai toan trén. GRL - WEAP ban diu chi ¢6 tén 12 WEAP, sau niy gin thém tén hiang GRL
vae (Goble Rausche Liking)
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cac cong thie khac dang duge st dung la: ENR hiéu chinh, Michigan, Ban
Mach (Olson va Flaate), Tiéu chuan xay dung Thai Binh Duong (Pacific
Coast), Janbu, Gates, Navy - McKay, Gerxévanov, Ha Lan v... Hau hét cac
eong thic nay déu b do tin cAy cye ky kém, vi vay khéng nén dung. Cé nhiing
cong thiic, dé b lai cho d6 tin cay qua kém. ngudi sit dung phai 4p dung hé s8 an
toan cao (F, = 5.5 + 6.0) nhu: ENR, Michigan, Pacific Coast, Navy - McKay,
Ha Lan.

J Viét Nam. cong thic thudng dude st dung 1a cua Gerxévanov. Con d Béc
My, cong thitc Gates thudng dude st dung nhigu nhat. Theo Gates (1957), silc
chiu tai cuc han la:
P, = atE,, (b-loge), » (2.21)
trong dé: E,,. - ning lugng xung kich (biéu kién) ciia biia, kNm hodc kipft;
¥ - ty 18 ndng lugng hiéu qua vio dau coc (thudng r = 65 + 85%);
r B, - néng lugng xung kich thye sif truyén vao diu coc;
e- dd chéi (mm hoac inch); e 14 d6 lin khi ddng mét nhat bda vao
coc ¢ db sau thiét ké. Théng thudng thi ngudi ta khéng do e, ma
d&m s6 nhat bia dé coc di duge 10 in (250 mm), do d6
e {in) = 10/ N hay e(mm) = 250 /' N;
Khi stt dung hé metric (SI) thi: a =104, 5 b 2.4,
Khi sit dung hé Anh - My (English) thi: a=27b=1;
Stte chiu tai cho phép la: {P] = P,/ (3.0 dén 3.5).
Nhu vay, st dung cong thite ddng thi ta sé giai duge mot trong hai bai toan sau:
1) Hoac do dd chdi e lic déng coc, tim P, vi du nhu theo phudng trinh (2.21).
2} Hoac cho trude P, (dy bao theo trinh bay trong muc 2.4 dén 2.8), chon loai
bia (titc 1a chon E,;), va du bio §6 nhat bia can thiét dé déng coc (N).

Ciing ¢6 thé cho trude so ' nhat blia can thiét (N), va tim E,;. (um 13 tim loai
bda déng coc pha hgp).

2.10.2. Phan tich dong b&ng phuong trinh séng
(Dynamic analysis by wave equatlon)

Ly thuyét séng va sy mo hinh thidt bi dong coc va coc rat phlIC tap va kha
dai®. Vi vay, ching t3i chi néu rat vdn tdt mé hinh (sao cho ddc gia thiy dé
hiéu nhat) va néu két qua gidi bai todn déng st dung GRL-WEAP, mét phin
mém ng dung 1y thuyét séng truyén trong coc.

™ Dé sit dung diigc GRL - WEAP, ban doc khéng cin hiéu ré vé& sy md hinh hoéa hé bia - coc - dit
eling nhu 1y thuvét séng.
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Hinh 2.41. Cac thanh phan clia thiét bi déng coc
Diesel
F

blia — .-

— — ddubua

dém bia - 17
[

[- 51
T e q;‘t;’: 1051
la,,
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Tty 10
Q

R 2]

Hinh 2.42. Md phong hé ba - coc - dat
Céc thanh phén cda thiét bi déng coc (hinh 2.41) duge Smith md hinh héa
trén hinh 2.42. Ta thdy sie khang tinh cha dat 1én coe s8 dude mé hinh héa
bang mét day 16 xo phi tuyén c6 hé s6 dac trung 1a quake g. D4t cang ¢d tinh
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dan hdi cao thi g cang 16n. Stc khang déng ctia dit 1én coc duge mé hinh héa

bang pitténg c6 hé s6 dic trung 1a damping J (cAn nhét). Dat cang nhiéu hat sét

thiJ cang 16n.

Trong mdé hinh Smith, cdc gid iri quake q v damping J cita cac loai dit

thudng ¢6 gia tri tiéu biéu sau:

* Quake: xung quanh coc: @ = 2.54 mm (phu hgp cho moi loat dat);
miii cge: g=b/120 mm (phu hgp cho moi loai d&t, véi dat cé
tinh dan héi cao thi c6 thé 14y q 16n hon: b 1a dudng kinh coc
theo mm);

Véi coc chéng thi quake & mii coc c6 thé 1dn hon b/ 120. Trong trudng
hgp nay, {ng suit trong coc thudng kha 16n. D& giam (ing suit trong coc,
viéc tang bE day dém coc (pile cushion) thudng it tac dung. Gidi phap
hiéu qua thudng la: ting trong lwgng qua bia va giam chiéu cao
roi baa (stroke).

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

dat cat: J=0.16s/ m;
mili coe:  moi loai dat:  J = 0.49 s/ m;
DAt cang tét thi damping cang nhd. Va hviu ¥, khi coc nghi mét thoi gian
mdi déng lai (restrike) thi gia tri damping lai thuong 16n lén.

Nhu da néu, WEAP 1a phidn mém théng tri trong phuong phip phén tich

ddéng. D& chay WEAP. ta cAn nhiing thong s8 sau:

+ 356 hidu bia. Tt s hidu bua, ta sé c6: hAng sin xuét bia, tén bia, ning
lugng to1 da, trong lugng bia, chiu cao roi tdi da, ¢d cdu bang diezel, hoi
hay quay:

e 88 lidu vé coc;

¢ S8 liéu v€ mi coc (helmet), dém biia (hammer cushion) va dém coc (pile
cushion) ¢hinh 2.41);

* 56 liéu vé nén dat.

Tudng ty muc 2.10.1,ta & giai duge mét trong hai bai toan ndi trén:

1) Hoac do dd chél e lac déng coc, tim P, bing GRL-WEAP:

2) Hodc cho trude P, (dy béo theo cac phuong phap trinh bay trong phan 2.4
dén 2.8), dy bio s& nhat bia can thiét dé déng coc (N) hodic tim loai bia
phu hap.

Ngoai ra con ¢6 thém nhitng két qua hitu ich khée, d6 14 dng suit (kéo hodc

nén) phat sinh khi déng coc. tit d6 phat hién xem coc c6 kha ning bi vd hay

khong.
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Vi du 2.10.

Tiép tuc vi dy 2.2 dén vi du 2. 4. Tim loai biya pht hgp 98 déng coc nay trong mia kho
(muc nudc ngdm & -3 m). Biét rdng coc chi gém mot doan (14.4 m).

1) Dy bdo sut chju tal theo phuong phap bat ky. Trong vi du nay, ta du bao theo
Schmertmann SPT

Ta ldy k&t qua tir vi du 2.2: Theo bang 2.4 d&n bang 2.7,va su hiéu chinh sifc khang &
phuong trinh (2.13), ta chép lai sitc khang clia coc nay vao bang 2.19. Chu y réng, khi
dong coc chigu dai coc 1a 14.4 m chif khéng phai 11.9 m nhy ftc du bao sic chiu tai & vi
dy 2.2. Trong bang 2.19 dd sau z tinh tr dinh coc.

Bdng 2.19. Sirc khang [én coc

z(m) | 1 (kPa) q, (kPa) Q, (kN)
0.00 0 0 0
4.02 0.00 0 0
5.55 26.08 . ot 186.9 N
7.07 26.08 918 185.9 |

' r
86 3410 1224 | 2479 L f . \_/_ ‘ /_"2,5
9.36 4179 1530 300 8
10.12 56.16 2142 4338 144

112
10.88 62.85 2448 4957
. b N,

11.64 80.90 3366 681.6

124 | 36.40x26.22/ | 6120 x 5807.6/

40.12=2379 |70305=44817] 295
18.17 | 41.86 X 26,22/ | 7038 X 58076/ | ..

4012=27.36 | 7930.5 = 5154 :
13.93 | 3276 x 26.22( | 5508 X 5807.6/ | o

40.12=21.41 |7930.5 = 4033.6 :
144 | 5977 x 26.22/ c807.6 11760

40.12 = 38.06

Stre chiu tai cyc han: P, = 1840 kN

2) Chen bua

Tit k&t qua vi du 2.1,ta can tim loai blia ¢6 nang lugng biéu kién tir 47 dén 77 kNm. Gia sl
ta lam sai va chon bla ¢ nang hugng thdp hon 47 kNm (v& cudi cling, boa nay sé& khong
phit hop). Ta dung GRL-WEAP d& search (tim kiém) loai bia ¢é nang lugng biéu kién
trong khodng 33 kNm dén 37 kNm, k&t qua tim dugc 22 loai blia dudi day.
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Badng 2.20. Cac loai bua ¢é niing luong tir 33 = 37 kNm

Hammer Hammear Max. Ram Egq 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 2.59 OED

84 LINKBELT LB 520 35.69 , 22.56 1.8 CED

101 KOBE K 13 34.49 12.77 2.70 OED

173 CONMACO C 550 33.91 22.25 - 1.52 ECH fchon]
175 CONMACO C 80 35.27 35.80 .99 ECH

201 VULCAN VUL V12 36.77 . 12.286 3.00 QED

207 VULCAN VUL 08 35.27 35.60 .99 ECH

224 VULCAN VUL BOC 33.20 35.60 .93 ECH

225 VULCAN VUL B85C 35.25 37.91 .93 ECH

235 VULCAN VUL 505 33.81 22,25 1.52 ECH

255 RAYMOND R Q 33.06 33.38 .99 ECH

256 RAYMOND R 80C 33.20 35.60 .93. ECH

257 RAYMOND R BOCH 33.20 35.60 .93 ECH

310 MKT CB26 Stm 33.10 35.60 .93 ECH

312 MKT 5 -8 35.27 35.60 .99 ECH

320 IHC Hydh s 35 35.01 32.35 1.08 ECH

350 HERA 1250 34.38 12,50 2.75 OED

381 BSP HH 3 35.29 29,42 1.20 ECH

449 MENCK MHF 3 -3 33.59 31.3% 1.07 ECH
481 JUNTTAN HHK 3 36.01 29.46 1.22 ECH

515 UDDCCME H3H 33.75 29.37 1.15 ECH

Hit any key to continue... < ESC > te Return

—r

Cac ky hiéu trong bang trén nhu sau:

D $6 higu bua:

Hammer Mfgr: Hang san xuét bua;

Hammer name:  Tén bla; _

Max energy: Nang lugng bidu ki€n I6n nhat ma bla dat dugc - Epua (kNm)
Ram weight: Trong luogng bia - Q (kN); ' -

Max stroke: Chiéu cao rai bita 16n nhat ma bia dat dudgc - H(m);

Hammer type: Loai bita {(OED la bua diesel mét chigéu - Open End Diesel, tic 1a
Single Acting; CED 12 baa diesel hai chiéu - Closed End Diesel,
tirc 13 Double Acting; ECH [ bta hoi - External Combustion
Hammer). '

Tir bang 2.20.gia sf ta chon bia CONMACO C 550 (s& higu 173) co néng Iuong Xung
kich biéu ki€n (hay danh dinh) la E... = 33.91 kNm, chiéu cao roi M = 1.52 m.
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3) Cédc sé ligu ddu vao khdc cho GRL-WEAP

Vi coc kich thudc 45 x 45 cm, ta chon céc thdng s vé bua nhu sau do GRL-WEAP dua
ra cho bua CONMACQO C550:

Helmet Weight (trong ltrong mi coc): 8.87 kN,

Hammer Cushion {dém bua);

Vat liéu: aluminum / micarta Dién tich: 699.40 cm?;

Modun dan hoi;  2275.35 MPa Bé day:  469.90 mm;

Hé s& phuc héi cla aluminum / micarta (coeff. of restitution): 0.80;

Dém coc {pile cushion) ¢ cac théng sd nhu sau:

Dién tich = tiét dién coc = 2025 cm?;

Vat liéu: sir dung 8 tam gb dan. M&i tdm gb dan day 17 mm {coi nhu da bi ép

chat, khéng thé mdng han nifa) = Téng chiéu day cla dém coc [a 8 x17 = 136 mm;

Madun dan héi E = 207 MPa. Hé s6 phuc héi cha gé dan: 0.50;

Caoc béténg mac 320,c6t thép 8d25 = 39.27 cm?. Ta ¢b:

Madun dan hdi: 36000 MPa;  Hé sd phuc hdi cla bétong: 1.0

Cudng dd chiu nén cho phép dang: R, = 0.85 x 300 = 270 kG/ cm? = 27 MPa;

Cudng dd chiu kéo cho phép déng, tinh riéng cho phan thép:

R.q = 0.7 x 2800 ~ 1960 KG/ cm? = F, R,, = 39.27 x 1960 = 76 930 kg;

= Cuong d& chiu kéo tinh trung binh cho tiét dién coc:

R = 76 930 / 45% = 38 kG/cm? = 3.8 MPa.

B4t nén theo md hinh Smith:

quake: xung quanh coc: q=2.54mm  (phd hgp cho moi loai Gat);

mii coc: q=b/120 = 3.75 mm (phi hop cho moi loai dat);

damping {can nhét): xung quanh coc: datbui(iép 1): J=020s/m;

datcat(lop 2y J=0.16s/m;

mli coc: moi loai d&t.  J=0.49 s/ m.

4) Chay GRL-WEAP, 54 liéu dau vao (input) 12 toan bd cac s6 lidu tir muc 1 dén 3 & trén.
Két qua tém tat nhu sau:

Ung sudt kéo trong coc do qua trinh déng coc 13 3.4 dén 5.5 MPa > R,y = coc
sé bi nit/ dit do keo. Nhu vay, bia CONMACO C550 va dém coc (pile cushion)
khong phl hop. Mudn coc khdng bi pha hoai, ta ¢6 thé thay bua va dém, cling
cé thé tam coc BTCT (mg sudt trude dé tang R,.. Néu BTCT Ung sudt trudc
mac 380, (ng sudt kéo hitu hiéu sau khi ton that ia f,, = 5.2 MPa. Ta cé:

Cudng do chiu nén cho phép dong: R,y = 0.85 Ry - f,, = 27 MPa;

Cudng d6 chiu kéo cho phep dong: R, =0.25 JRyy +f,.= 6.7 MPa,
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» Tat d6 sdu cudi cling (11.9'm so vai mat d4t), s6 nhat bia y&u cau ta 567 nhat/m

- = d6 chéila e = 1000 / 567 = 1.764 mm. Cac thdng s& nay khong dat yéu cau

dé ra (cu thé 1a dd chéi hoi nhd). Ta can chon lai bta khic ¢ nang lugng idn
han,

Vidu 2.11

Chen lai bua déng coc cho vi dy trén,

1) Sue chiju tai: nhu vi du trén.

2) Chon bua '

Tir két qua vi du 2.1 ta tim kiém {search) lai trén GRL-WEAP vdi khoang ning lugng biduy

kién tir 47 dén 77 kNm thi dugc t6i 89 loai blua khac nhau. D8 thu hep danh sach, ta tim
kiém bla ¢6 khoang nang lugng tir 65 dén 70 kNm, két qua dugc 18 ioai bia nhu sau:

Bdng 2.21. Cac bua cé ning lugng bigu kién tir 65 + 70 kNm.

Hammer - Hammer =  Max. Ram Egq Max Hammer

ID Mfgr Name Energy Weight Stroke Type

7 DELMAG D 22 - 02 65.78 21.58 3.05 OED

8 DELMAG D 22 - 13 65.78 21.58 3.05 OED
DELMAG D 22 - 23 69.53 21.58 3.22 OED [chon]

43 FEC FEC 2500  67.81 24.47 2.77 OED

104 KOBE K 25 ' 69.88 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 100ES 67.82 44.50 1.52 ECH [chon]

183 CONMACO C 160 66.12 72.31 .81 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 /. 0 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 1.1% ECH

Hit

any key to continue... < ESC > to Return

Ta chon bia CONMACO C 100ES (s6 hiéu 179) ¢6 E,, = 67.82 kNm, H = 1.52 m.

3) Cdc s6 liéu déu véo khéc cho GRL-WEAP

Vi coc kich thudc 45 x 45 cm, ta chon cac théng so vé bta nhv sau do GRL-WEAP dua
ra cho bita CONMACO C100E5:
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Heimet Weight (trong lutang mit coc): 16.54 kN;
Hammer Cushion (dém bua): Dién tich:  1029.10 cm? i

Pile cushion (dém coc) cé cac théng s§ nhu sau: St dung 14 tam g6 dan. Méi
tdm gd dan day 17 mm (coi nhu da bj ép cht, khong thé maéng hdn nira). Nhu
vay ting chiéu day clia dém coc 1a 14 x 17 = 238 mm. S& di ta phdi tang chidu
day dém coc Ién vi ta mudn gidm g suat kéo phat sinh trong coc xudng;

Tat ¢4 cac thang s khac nhu vi du trén.

4) Chay GRL-WEAP dugc k&t qua trong bang 2.22 va hinh 2.43 dién giai két qua nhu

sau:

Ty 18 nang lugng hitu ich thuc 1ar = 67%. Tac dd nang bua 1a 60 nhat/ phit.

Trong bang 2.22,c6t 5 (BI Ct - viét tit cda Blow Count) 13 56 nhat bua trén 1 m.
Nhu vy, & do sau cudi cing s6 nhat bia can dap 1a 186 nhat/ m = dé chéi

= 1000/ 186 = 5.38 mm. Nhuf vay két quéa nay dat yéu cau dé ra. S& liéu trong
et 5 dugce vE trén @6 thi (a) cla hinh 2.43 (dudng tién nét, véi truc hoanh nim
phia dugi db thi). Va theo phan tich cla GRL-WEAP thi sitc chiu tai cuc han P,
14 177.2 14n (cdt 2,bang 2.22,Rut - viét tit clia R uitimate), khac véi 184 4n nhy
khi ta input. . '

Cot 6 (Com Sir - viét tit clla Compression stress) la (ng suat nén cyc dai phat
sinh treng qua trinh déng coc.

Nhu vay, (ng suat nén cuc dai 1a 12.132 MPa < R, = 27 MPa, do d6 COC an
toan vé mét chiu nén. img suat nén nay dudc tinh toan vai gia thiét coc tuyét déi
thdng dimg. Néu coc nghiéng di mdt chat, hoac bua roi lech tam sé& xuat hién
momen trong coc va s& fam tang iing suét nén. Cot 6 duge vé trén db thi (b) cla
hinh 2.43 (dudng dit nét, truc hoanh nim phia trén dé thi).

Cot 7 (Ten Str - viét tat clia Tension stress) 1a img sust kéo cuc dai phat sinh
trong qua trinh dong coc. Coét 7 duge vE trén a6 thi (b) cla hinh 2.43 {dudng lién
net, vai truc hodnh nam phia dudi do thi). Nhu vay, khi coc di tir 8.6 dén hét
(14.4 m), (mg sust kéo cuc dai 1a 2.844 MPa < R,, = 3.8 MPa. Tuy nhién, tif khi
bét dau déng coc dén o sau 7.1 m (Ic 1a 7.1 - 2.5 = 4.6 m s0 Vi mat dat), ing
sudt kéo cuc dai ta 3.826 + 4,306 MPa > R,,. Nhu vy, mudn cho coc khéng bi
NGV din khi dén do sau 7.1 m (tic ta 4.6 m so véi mat dab), ta phai giam luc
xung kich ctta buia di vao coc biing it nhat mét cach sau:

1) Giam dd cao rgi bua;

2) Tang chiéu day d&m coc {pile cushion). Hoac, nhu da dé cap ta c6 thé thay
coc bang coc (ng suat trudc dé tang Ry,
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Béng 2.22. Két qua dy bao dong coc vdi bia s& 179

Depth Rut Frictn End Bg Bl Ct Com Str Ten $tr Bl Rte ENTHRU

4.0 .0 .0 .D .0 .000 .0Q00 .0 .0

5.6 121.3 19.6 101.7 14.8 11.842 - 4.306 60.90 20.6

7.1 197.9 72.4 125.5 17.3 11.B45 - 3.826 60.0  21.4

8.6 353.2 153.3 159.9% 25.6 11.852 - 2.844 60.0 21.6

9.4 472.2 207.1 265.1 35.3 11.856 - 2.156 &0.0 21.3

10.1 663.2 275.9 3B7.3 45.7 11.867 - 1.233 60.0 21.2

160.9 811.7 357.6 454.1 61.1 11.878 - 1.456 60,0 21.0

11.6 1101.,1 459.9 641.3 86.5 11.899 - 2.616 6C.0 20.2

12.4 1403.9 535.9 BG7.9 118.6 11.940 - 2.000 60.0 1%.1

13.2 1575.5 572.6 1002.% 144.8 11.988 - 1.391 60.0 ig.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 5579
Ui du bua CTOMACD 173 . 2082 @7 a1
Hammer CONMATO € 1BEES

Shaft/Toe G-L  1.092/ 1.00@ CRLUERPCTI ) Uersion 1997-2

a g@ 336 T1Z W68 1424 (TER @ 4.8 2.0 12,0 15.0 20,0 @ ©.0 12.8 18, 24,6 36.8 B S8 198

4.8
Yo T3 =—
| - BT s
".
I 5.9 %“ ’ﬁ % ! I
'E\ s &\l\ X d 5 -] 1
- o, bt q t 2 $
s h\ u Wh/ 1 ’ p [}
+ = N J r 4 ¢
o e b £ p ?
~ 12,8 “g>“o\ < f h t
» * 4 o
“"__—'E:—tr [ l ! q * : }
6.0

m — — — - Lapacity (kY on —a— wlomuStress (MPa)  a- — — a o — ENTHRU (kY Friction €D

@ 48 88 120 (B 0@ B 2.6 4.9 5. 5.0 10,8 & 12 24 3E 48 6B

o —aBlow Count (EFM3 ——s—aTen.Stress (MFa) ge. o —&B. Rts, (Brhind

(&) {b) ' {c) (d)
Hinh 2.43. BS thj két qua dy bao dong coc véi bia sé 179

Nhan xét:

N&u chon bita CONMACO C160 (s& 183), la bGa ning hon va rgi thip hon: S5 nhat
bua theo WEAP chi con 160 nhat/ m = e = 6,25 mm. N&u chon blia VULCAN 016
(s6 211), 58 nhat bua can thiét 1a 140 = e = 7.14 mm. Ta thdy ca hai bua nay déu hiéu
gua hon bua s8 179 vi ¢6 s6 nhat bia it han, d6 la do biia naing rdi thap. Mic du bua s6
183 va s8 211 ¢6 cung trong lugng bua (7231 kN), cing chiu cao roi
(0.91 m), dém coc van la 14 tdm gb dan day 238 mm, nhung két qua déng coc lai khac
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nhau. Ly do la: hai bita ndy sir dung mi coc va dém bua (hammer cushion) khac nhau:
+ Bua 183: M coc nédng 24.83 kN. B&m blia cé dd cimg & 795 kN/ mm:
+ Baa 211: M coc nang 17.69 kN. B&m bua ¢6 dd cimg 1a 1316 KN/ mm,

Vidu 2.12

Sau khi chon bua 179 (CONMACQO C100E5) cho coc nhut vi du 2.11 {du béo e = 5.38 mm).
Dem di dong coc thuc té, tai d6 sau theo thist k& (11.9m so voi mt dat), do chdi thue do
dugce la e = 6.8 mm. HGI, suc chiu tdi thue cla coc 13 bao nhiéu?

Néu dd chéi thife e = 6.8 mm thi s6 nhat d&p yéu cdu 1a N = 1000 / e = 147 nhat. Ciing
chay GRL_WEAP, ta dugc do thi Bearing Graph nhut hinh 2.44. Tt biéu d6 nay, xem truc
hoanh & phia dudi cling (Blows/ m), ta thdy tuong img véi N = 147 thi sitc chiu ai tuong
(mg 1a khoang 1600 kN =~ 160 tén (truc tung. nlra dudi). Nhu vay, siftc chiu t3i clia coc t
160 tan, khong dat yéu cdu thiét k& (184 tan),

Déng tiép len dudng dint nét & gilra, ta thdy (ng suat kéo phat sinh trong coc s& khoang
1.3 MPa (Tens Str, truc tung, nlra trén bén phai). Con (mg suat nén sé khoang 12 MPa
(dudng lién nét trén cling - Comp Str, truc tung, ndta trén bén trai).

% . CONMACO © 1BBES

Efficiency a.8%a
Comp St Tens Str
HMPz MPa He lmet 16.54 kN
_— N T B D
12.6 - 3.2 H Cushion 438 KN/ mm
’,n—- # Cushion 176 KH-tmi
- o
.6 F 2.8 Q gkin = 2.54¢ om
. 1 Q@ Toe = 3.758 mm
P2
o J SKin = 9.168 s
4.8 1.8 J Toe = 8.430 s/m
Piie Langth 14.48 m
- P-Top Area 202%.00 cn?
. e 0.0
Uit Cap _— Strake
KM o B FPILE MODEL | SKIN FR DISTRIE
13552 o B.93
i184 0,89 ,
TTE b.og
358 €.08
9 oé&-6-8-8—8ia—a .80 (
9 e 158 234 Blowsm €6 = 64X

Hinh 2.44. Bidu dé suc chiu tai (Bearing Graph)

Vidy2.13

Sau khi chon bua 179 (CONMACO C100E5) cho coc nhu vi dy 2.11 (du béo e = 5.38 mm
3 d¢ sau 11.9 m). Pem di déng coc thue t8, moi tai 6 s4u 9.9 m (con 2 m nita madi tdi do
séu thiét ké), dé chéi thuc da do duoc 13 e = 5.38 mm (s6 nhat bua 1a 186 nhat/ m). Héi,
st chiu tai thuc cda coc tai d6 sau nay da di chua?

Sitc khang bén s& dudc chép lai tir bang 2.19 vao bang 2.23. Tuy nhién, vi coc mdi dong
dén dé sau 9.9 m, oot d6 sau z (m) tinh tir dinh coc 58 duoc cong thém 2 m (= 11.9 - 9.9).
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Bliéu nay co nghia 1a, tit 0 dén 4.5 m coc.sé nim trong khéng khi, con 6.02 - 450 =152 m
coc tiép theo van cb f; = 0 vi G4t yéu (xem lai bang 2.4).

Két qué dugc trinh bay trong hinh 2.45. Xem tryc hoanh & phia dudi cing (Blows/ m), ta
thdy tuong (g véi N = 186 thi sifc chiu tdi la khodng 7770 kN, nhu vay xap xi vdi g:a tri
thiét k&, do d6 co thé ngimg déng coc tai déy

CONMACO C 160ES
: Efficiency B.679
Conp Str Tens 5tr
MFa ' MEa Helmet 18.54 KN
12,8 . soopooge—ad 3.0 H Cushion 498 KN/mm
o P.Cushien 176 Kh/mm
' r-
&.e . K 2.8 g sKin = 2.548 wn
= . nm
_ 5] _ Ead )
J Bkin = 2,180 sm
4.8 t.@ J Toe = 8.490 s/m
: : Fiie Length 14,48 w»
a.e po s IR P-Top Aréa 202%.80° cal
Jlt Cap © | Stroke '
o . PILE MODEL | SKIN-FR DISTRIH
1552 = 8,69
1184 9.08
L) .60
388 0.08
=] £8-8-a-a-a-ka-n—a B.3a
] 75 156 234 Blows-m  EB= 8B X

Hinh 2.45. Biéu dé sic chiu taj (Bearing Graph)

Bidng 2.23. Sltc khang bén

z({mj f, (kPa)
0.00 0
6.02 ' 0.00
7.55 - 26.08
9.07 ' 26.08
0.6 | 3410
1.36 . 41.79
12.12 '56.16
12.88 : 652.85
13.64 ' 80.90
14.4 23.79
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Vidy 2.14

Lam lai vi dy 2.11, tuy nhién trong budc 1 ta du bao sirc chiu t3i theo Nordiund va
Thurman (xem vi dy 2.3),

Ta chép lai két qua & bang 2.9 vao ¢6t 2 clia bang 2.24. Luu y réing trong cot-1,z{m) la 46
sau tinh tir dinh coc (khac véi bang 2.9 z{m) 1a d6 sau tinh tit mat déat). Theo cach du bao
nay, tai d sau tﬁiét k€ sttc chiu tai cue han (P, = 2250 KN} I6n hon so v6i vi du 2.11. Vai
dau vao thay d8i nhu vay, ta chay lai WEAP vai biia CONMACO C 100E5. Két qua trinh
bay trong béng 2.25.

Tai dd sau thiét k&, s nhat dap can thiét 12 335 nhat/ m = e = 1000 / 335 = 3 mm. Cac
6 nay hoi ndm ngoai yéu cdu dé ra (e = 3.8 = 8.0 mm), uy nhién néu khdng c6 kha ning
thay bia khac thi van cé th8 tam diing CONMACO C 100ES5,

Bang 2.24. Sitc khang theo Nordiund va Thurman

-
Z(m) [6P8)| 0 |G o wairion@a| D/ | a | Ny ot kpa) N M o ey
(kPa)
0.00 0 0 0 0
4.02 11.05 [ 275 26.00 3.38 0,;39 14653 24.70 A77 359
5.5;5 2789 | 300 27.90 6.78 | 9.529 21.644 | 4980 570 115.5
7.07 33.860 | 30.0 28.00 1016 | 0.531 21‘91:3 59.90 697 141.1
8.6 4520 | 31.0 29.00 13.56 | 0.551 {25,306 70.50 986 1997
9.36 5504 {320 30.00 15.24 | 0.570 {29.676| 75.90 1297 2626
10.12 | 66.31 | 33.0 31.00 16.93 | 0.588 | 35316 | 8160 1695 3433
10.88 | 79.00 | 34.0 32.00 18.62 | 0.606 41.280} 87.50 2190 443.4
1164 | 93.53 | 350 33.00 20.31 [ 0623 147.929] 93.90 2802 567.5
12.4 l95‘10 345 32.50 22.00 | 0.609 144507 100.20 2716 5499
13.17 1 106.25 | 35.0 33.3¢ 2371 | 0619 |50.081] 106.70 3307 669.6
1393 1101.76 | 34.0 32.00 2540 | 0,589 [41.2B0} 112.80 2742 8552
144 |181.77 | 38.0 3554 . 26.44 | 0.654 |70.152| 117.30 5380 10894
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Béng 2.25. K&t qua GRL-WEAP néu P, = 2250 kN

Depth Rut Frictn End Bg Bl Ct Com Str Ten Str Bl Rte ENTHRU
4.0 .Q .0 .0 .G .000 .000 .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 11.849 - 3.858 60.0 21.5
8.8 401.0 236.2 164.8 28.3 11.8B61 - 2,866 60.0 21.5
9.4 537.7 309.0 228.7 38.6 11.869 - 2.153 60.0 21.2
10.1 701.4 3%3.1 308.3 50.3 11.888 ~ 1.554 60.0 21.2
10.9 906.1 496.4 409.7 67.7 11.915 - 1.620 60.0 20.9
11.6 1153.4 618.1 535.4 B7.6 11.966 - 2.976 60.0 20.1
12.4 1270.1 746.6 523.5 96.1 12.014 - 3.147 60.0 18.7
13.2 152%.3 886.6 642.7 125.0 12.066 - 1.850 60.0 18.8
12.9 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 - 3.8B14 &D.0 15.9
Total Driving Time 9.68 min, for 60.0 bl / min; Total No. of Blows 580

Vidu 2.15

Vi coc nhu vi du 2.11, tuy nhién 1op ¢at 1 1a dat sét chir khong phéi bui, va két qua thi
nghiém SPT ciing thay déi nhu trong bang 2.26. Chon bua va ki€m tra xem btia c6 phu

hagp khdng.
Bang 2.26. 56 lidu 16p dat 1
z(m) N N, | bat
0 0 0.00
152 0 0.00
3.05 8 5.33
4.57 8 5.33 sét
6.1 10 6.67 o)
6.86 13 8.67
7.62 18 12,00
8.38 20 13,33
9.14 28 18.67
9.9d6n 1828 | Nhucd (vi du 2.2 dén vi du 2.8)
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1) S chiu tdi
Du béo lai sitc khang bén theo cach tinh Schmertmann SPT nhu bang 2.27.

Bédng 2.27. Sirc khang bén f. (kPa) cia lép sét

| wo S| g [
0.00 0 0.00 0.00 152 0.00
1.52 0 6.00 13.34 163 20.41
305 | 533 26.68 26 68 1.52 40.56
457 | 533 26.68 29.81 153 45.60
6.10 | 6.67 32.93 37.45 0.76 28.47
686 | 867 41.98 49.10 0.76 37.31

762 | 1200 5621 58.91 0.76 44.77
838 | 1333 61.61 71.55 0.76 5438
9.14 | 1867 81.50 58.95 0.76 44.80
9.9 20 36.40 56t ) < =316.31

B | fou = 316.31 /9.9 = 31.95 kP2 |

T-MCPT

So sanh v&i két qua cla vidu 2.2, ta thdy stic khang bén trong IGp dat thir nhat gan nhu
khéng thay déi. Sc khang mai sé thay d6i chut it (do sur hidy chinh strc khéng theo chiéy
sau ngam thuc Dy), tuy nhién d€ cho don gian ta giad thidt s(rc khang bén va sirc khang
mdi cb gia tri gidng hét vi du 2.2 va vi du 2.11. Do 46, sifc chiu tai cuc han (lau dai) la
P, = 1840 kN.

Z) Chon bda: Chon bua CONMACO C 100E5 (s& 179),

3) Cédc s6 lidu khdc: Co mot vai s6 lidu khac voi vi dy 2.11 1a: 10p a4t dau tien 1a dat sét

€6 hé s6 damping J = 0.65 s/ m.
4) Chay GRL-WEAP: Vihe s& J ciia I3p 1 thay d8i, nén ta co két qua nhy sau:
= Néu coi dat sét khong bj giam sic khéng do xao ddng, thi két qua chay WEAP
la: 46 chéie = 10007222 = 4.5 mm.
* Tuy nhién, khi déng coc, d4t sét s& bi x&o déng lam gidm sgc khang
(relaxation). Gid sif sitc khang bén trong dat nay gidm di 2.5 l3an hic dong coc
(tic 1a giam cdn 1.0 /25 = 0.4 = 40% so vdi slc khang 14y dai). Két qua chay
GRL-WEAP la: d6 chéie = 1000/ 145 = 6.9 mm.
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Vi du 2.18. Bua Diesel.

Kiém tra kha nang dang coc trong vi dy 2.11 voi biia Diesel DELMAG D22-23 (s6 9} {luu
v voi bua Diesel, chiéu cao roi bua khdng ¢& dinh nhu cac vi du trudc).

Chay WEAP, ta dugc két qua trén hinh 2.46 (hinh vé nay tuong tu hinh 2.44). Déng trén
hinh v& nay, tiong ing vai sifc chiu tai 1840 kN (Ut Cap = 1840 kN) thi s6 nhét bua cén
dap la 272 nhat/ m = e = 3.66 mm. Két qua nay hdi ndm ngoai yéu cau dé ra (260 nhat,
hay 3.8 mm), tuy nhién chap nhan dugc. Nguyén nhan chl yéu 1a do qua bia nhe hon,
rgi & 36 cac cao hdn, do 36 khong hidu qua bing biia ning rai thap.

Hai duong cong trén cling cGa hinh 2.46 thi ta da biét, d6 ta (mg sudt nén cuc dai {Comp
Str MPa, dudng lién nét), va (ng suat kéo cuc dai trong cec (Tens Str MPa, dudng dit
nét).

Didm khac biét véi hinh 2.44 1&: trén hinh 2.46,ta con co dudng cong thir tu - dudng cong
thé hién chidu cao rdi clia bla diesel § nhimg slc chiu tai khac nhau - dudng nay la
dudng ddt nét & nlra dudi cla hinh v& (Stroke, m). Trén hinh nay ta thay. tuong Gng voi
sitc chiu tai 1840 kN thi chiéu cao roi bla duoc dif bdo 1a 2.08 m.

Ngoai ra, ta con c6 két qua d hinh 2.47 (chay WEAP vdi stroke option = 2). Trong hinh
2.47,s0c chiu tai khong ddi va ta 1840 kN. Duodng cong dudi cing (dudng stroke) mang y
nghfa nhu sau: néu cong tac dong coc thyc 1€ cho thay chiéu cao roi bua (stroke) khac
v6i dy bao, nhung néu s6 nhat bua {blows) dong coc thda man diém cb toa 46 (blows,
stroke) nim trén dudng cong nay, thi coc van d stc chiu tai. Vi du (272, 2.08) nam trén
dudng nay, nghia 1a chiéu cao roi bia 1a 2.08 m, sG nhat dap la 272 nhat/m thi coc sé co
stc chiu tai 1840 kN. Tuang tu nhu vay voi diém (245, 2.18).

TECTHG o 7I=2T
ST Efficienty 2,500
Comp St o e o Tens Str
MPa ? ‘-1/-/“ HPa He lmet 16.82 kH
11.32 *_r__,,__-" - y 2.05 H Cushicn 13262 EN-mm
/:f b P Cushion 176 KHemm
g N
1.3 —F 155 2 $Kin = 2.540 m
= o R Toe = Z.798  mn
1]
10,173 -"J{ S 1.23 J Skin = 0.188 =/m
Sl '-!' f i J Toe = 8,430 s/m
a Pile Length _ 14.48 n
9,50 i @ a0 P-Top Area 2025.99 om2
it Cap _/ Stroke )
kM - o PILE MOBEL | SKIR FR BI
1383 - s —-=d 2.190 :
L
-4 A
15781 g ?.00
_,,.:r" _J';
1 S L
53 - nd - 1.
! W
i .‘_//
e ,- A
gan 1.29 _
o B
Sag t,7a
AF 157 273 296 Rlrus.m . FE = ER_

Hinh 2.46. Biéu d8 suc chiu tai {Bearing Graph)
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- — DELHAG D 23-23 ]
Capacityd  184Q, kM !
= Efficiency  0.500 [
Comip St L) —[ Tensz S i
HE 2 “, MFa He | me+ 16,62 ki |
\‘. ---------
13.55 2.53 H Cushion 19262 KMt
JoB. P Cushion 176 KM<mm
. a’ ‘“._ | [
12,69 7 RS 1 2.%5@ @ Skin = 2,548 om
N gy @ Toe = 3750 |
d N
- o J skin = G180 s
11,55 o Py 2,47 I Toe = @.433 =
B R\___ Pile Length 14,48 n
19,78 = B 2.8 P-Tep Ares  2025.08 o2
Stroke L}
" Y PILE MODEL | SKIN FR DI
| =z.82 % ]
I .
.74 ‘hu
\h‘\
- N,
Z.45 -
) 1
.18 \\
; -~
T L 1 g _,_jb
150 el 254 3EE Blowsem £8 = 65

Hinh 2.47. Bigdu d5 chiéu cao roi bua

Gia sif cong tac déng coc thue té cho thay tai do sau thiét k& ta thy dude két qua 1a:

Né&u chiéu cao roi bia do dugc [a 2.18 m, s6 nhat bua 1a 228, nhy vay diém nay
(228, 2.18) ndm duéi dudng cong stroke = coc chua dat dudc sirc chiu tai 1840 kN.

Néu chiéu cao rgila 2.18 m, s6 nhat bla 1a 270, nhy vay diém (270, 2.18) nam
trén dudng cong stroke = sirc chiu tai cha coc s& idn han 1840 kN.

Nhing fuu y khi phén tich déng bang phuong trinh song

Nhu trén

ré tién. Tuy tin cay hon rat nhidu so véi cdng thite dong,
WEAP ¢6 d6 chinh Xac chua cao dudc nhu CAPWAP {v
bang thi nghiém nén tinh), Nhiing sai s& do phan tich WE

* Diéu nay c6 thé do viéc khao sat dia chat khan

da dé cap, phuong phap phan tich dong (s&r dung GRL-WEAP) rat don gidn va
nhting sirc chiu tai thu duoge i
a CAPWAP lai chua chinh xac
AP ¢4 thé do:

Gia tri quake va damping khéng chinh xac.

Cu bao sirc chiu tai (buac 1 trong vi du 2,10 va vi du 2.11) khéng chinh xac.
g chinh xac ho3c do phugng
phap du bao, _
T I& nang iugng hiéu qua clia bua (r %) khéng chinh xac. Sai s6 nay dugce giam
thidu véi nhimg bua hien dai ¢o hop diéu khién (control panel} hién rd ning
long thire clia méi nhat bua.

Bua khéng bac duang t6t, nhat Ja bua diesel, Ta biét ring v6i bua diesel, chidy
cao roi bla thay déi phy thudc vao sitc khang clia dat véi coc. Khi siic khang
lan, diesel chay nhidu sé ddy bua cao hon. Tuy nhién néu bao dudng baa diesel
kém, cé the cé hién tugng danh Ifta sGm. va chi mét phan nhé nang iugng (caa



100

MONG COC - PHAN TiCH VA THIET KE

diesei chay) s& vao coc, phan 16n nang luong con lai sé ddy bia lén cao hon
mdc dy doan.
« Céac gia tri vé d&m, nhat 1a dém coc (pile cushion) sai. Bém coc thudng lam
bang g6 dan. Vi du ban dau méi tdm g8 dan day 19 mm, modun E = 207 MPa.
Tuy nhién, sau vai chuc nhat bia, g6 dan thudng bi nén lai v8i hé day con
15 + 17 mm/ tdm, médun dan hdi tang én, & dd sau thidt k&, sau vai tram nhat
bua, gb dan chi con khoang 11 + 13 mm/ tam, modun dan héi cb khi tdi 400
MPa, déng thoi hé s6 phuc hdi s& gidm xubng (nhé hon 0.5). Sau 1500 nhét
_ dap, nén thay dém coc mdi.
Vi GRL-WEAP khong 16n kém, do 86 ta c6 thé sif dung GRL-WEAP dé theo doi dong cla
ting coc mot. Nhu vay, ta ¢o thé coi WEAP la preprocessor, con CAPWAP la
postprocessor (WEAP va CAPWAP [am hai nhiém vu hoan toan khac nhau ch( khong
phdi 14 hai phan mém tuang t nhau). Tai cong trudng, néu cé thi nghiém vai coc véi PDA
va phan tich CAPWAP, nén so sanh k&t qua gilta GRL-WEAP vai CAPWAP dé diéu
chinh cac thong sé dau vao clla WEAP cho phu hgp.

2.10.3. Thi nghiém th( déng bién dang lén (PDA - Pile Dynamic Analysis)

2.11.

Vi thi nghiém PDA tién hanh duge trén ¢d coc nhdi, nén chiing toi dé ¢ap thi
nghiém ndy trong phan 5.1 va 5.2,

ANH HUGNG VA CAC BIEN PHAP GIAM ANH HUGNG DO BONG COC
DEN CONG TRINH LAN CAN

Khi déng coc. séng ch&n déng s& lan truyén trong long dit dén cac céng trinh
l4n cAn. gay nhiing tac hai nhat dinh. Dé tai 021901 - TC 922 dé ra gia tri téi
han ctia vén toc dao dong trong bang 2.28. Trong dé, cdng trinh dude phén cap
tdt 1 dén 8 trong bang 2.30 (thi ty ti cdng trinh chiu chén dong t&t dén khéng
chiu duge chén déng), voi ¢cdp 8 12 cdng trinh dac biét quan trong, hodc cong
trinh rat dé hu hong do chin dong; Dang méng duge phan loai tit A dén C
trong bang 2.29 (thd ty ti mong t6t dén yéu); Dat duge phan loai tit a dén f
trong bang 2.31 (thit tu tir d4t chiu chin dong t6t d&n kém). Ngoai van tdc cla
séng chan dong. con nhidu yéu t6 khac lién quan dén khé ning hu hai cha
cdng trinh do déng coc, nhu trang thai lam viéc cta k&t ciu, tdn s6 dao déng,
v.v.. (vi du, néu tin s riéng clia két ciu trung véi tan s6 cua dao ddng kich
ddng thi sé xav ra cong hudng, va ¢ thé gay ra su pha huv cong trmh)

Van toc dao dong tai vi tri cac cong trinh lan cdn cd the duge dy bao bing
nhiing phdn mém thudng mai. hoac thé thién hon bing mét trong cac céng
thidc kinh nghiém sau:

V =k, B,/ R" (2.222)
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V=k, Q" H**/R, (2.22b)
trong d6: R - khoang cach tit coc dang déng dén cbng trinh dang xét;
k,=0.4+1.8:
a = 0.5 vé B=1 (b thé gidm xudng t6i 0.7 véi nhing bia nang):
k, =10+ 32

Q - trong Iugng bia:

H - chiéu cao voi bua:

Ky, - nang lugng ctia bia.
Nhu vay, sau khi du bao dude V, ta cdn so sanh V vdi gia tri gidi han dé ra
trong béng 2.28 dé két luin vé mitc d6 an todn ctia cdng trinh l4n can.

Badng 2.28. Gidi han vin tdc dao déng d&i vai céng trinh

Van téc Phén tdp Cap cong trinh
giol han cbng trinh 1 2 I 3 1 4 [ 5 [ 6 J 7 l 8
1 Aa Dang mong (chit hoa) va loai dat (chir thudng)
Ab Az Az Aa
36 + 50 3 Ab Ab Ab Aa
(mm/ s) Ba | Ba | Ba | Ab
4 Ac ‘Bb Ac Ac
Bb Ba
Bb
B Bc Ac . Bc Ba |
Af Ad Bd Bb Ba
Ca
22 + 36 7 Af Ae Be Bc Bk
Ch Ca
8 Be Be
Cc Cb
9 Bf Cd Bd Aa
Cc
12+ 22 10 Bf Ce Be Ab
Cd
11 Cf Ct Ce | Ba
12 : : cf Bc
Ca
b0A2 +12 13 (:.If Ba
Ch
Cc
14 Cd
Ce
Cf ]
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Bang 2.29. Cac dang méng
0 . —-
Dang mong Mé ta
A ! Mong coc BTCT va coc thép ¢ giing méng
Méng bé BTCT c6 sudn, méng bang giao nhau
_ Tudng chan treng e
B i Mong don cé cge BTCT
I Méng co tudng méng md rong cho cac nha cé tang ham
Méng coc tre hodc coc g& va méng c6 bé gb gia cudng nén
c Tudgng cu
Mang gach, da hoac vién duc san
Khang c6 méng, Iudng xay truc tiép ién dat
Bang 2.30. Phan cdp cdng trinh theo kh& ning chéng dd dao déng do déng coc
Capc Nhom nha
éng
trinh 1 2
Nha cong nghiép niing nhiéu tang, | Nha cong nghigp 2 = 3 tAng, nha c6 két cau khung
duge thiét ké chdng dong dat. Cac | BTCT hoac khung thép, bac che biang pane! rong,
céng trinh nang nhu cau, thanh béng khoi xay gach hoac cac vien duc sdn; san
1 fuy... thép hoac BT duc san.
Nha céng nghiép nang cb két cdu thep va BTCT |
hoac két hgp nhiéu loai vat liéu
|'Nha khung gé, nha cang cong dudc | Nha tdm idn 5 = 9 1ang ding 1dm nha &, tru sd...,
thiét k& chdng déng dat nha cbng nghiép cé két cau khung nhe bang
2 BTCT hoac thép, bao che bang panel rong hodc
khoi xay. Cac nha nay khéng dugc thiét ké chong
dbng dat
Nha khung gb ding doc lap, hodc | Nha 1 ting ding dac 1ap, nha céng nghiép dang
ditng lién nhau khdng bao che hoac | hd c6 khung nhe dudc giang bdi cac tudng trong
3 bao che bing gd; Budc thidt k& | bang thép / nhdm / g6, hodc khung bétdng nhe,
chéng dong dat bao che bing tén, panel réng; thiét ké chéng dong
dat
Nha nhidu ting lam kho, cao > & | Nha 2 ting ding ddc lap, hoac diing fién cd két
4 tang. cdu chiu luc 12 khéi xay; san bang BTCT hodc
tuang tu; thiét k& chéng dong dat.
Nha 4 = 6 tang xay bang gach, | Nha d 4 - 10 tang dugc xay bing khdi xay nhe,
5 fudng chiu fuc ¢b cdu tric nang né; | phan 16n duge gidng bang gidng trong. San BTCT
nha kiéu biét thu it nhat la cach tang
Nha 2 tang tuding khoi xay, san g& | Nha &, tru sd,... tudng khdi xay, san gé hoac t&m
6 hoac tam nhoé. Thap da / gach dudc | nhd
thiét k& chéng ddng dat
Nha thd, cong thu bang da / gach | Nha 2 tang, két cdu nhe,
ki€u vom hozc d8l. Nha thd két ciu
7 khung khéng gidng ngang. Nha thé |
s0, nha dé xe, nha cang nghiép
thap, dén midu; nha tugng tu cd
5an nang
Nha trong tinh trang dé hu héng do
g chan déng.
Cac e¢dng trich ¢é tam quan trong
L lich st thudc c&p 7. |
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Bang 2.31. Phan loai dit theo chin dong

Loai dit | Mo t3
- a Dé chua phong hoat ph.ong hoa yéu; dat da hatlén, chat, it 3m o
B b Ba chua phong héa manh; cat séi hat Ién/ trung binh, chat, 4m/ it m N
- c Cat hat nho; bui; chat - chit vira, it 4m ]
d : Mai ddc g thé truot ]
i e Cudi, s6i, cat réi va sét cd két ngam nudc
f i pat ddp _

E giam tac hai x&u dén eéng trinh lan can, ta c6 hal gia: phap sau:
1} Gidm chdn dong tai nguon
a) Chon bia ¢6 trong lugng 1én va gidm chidu cao roi baa (tang Q, giam H).

b) Khoan méi trude khi déng coc. Tuy nhién, bién phap khoan méi lai lam
giam suc chiu tai cia coc.

2) Gidm chan dgng tai viing (cong trinh) edn bdo vé

4) Dao hao giam chin ndm gida ngudn chan dong (chinh la cor dang
dong) va chng trinh. Hae nay thudng sau vai mét. rong cb thé tdi 2 « 3 m.
Hao nay o tic dung cAt mal mét phan moi trudng truvén song, do dé
phia sau hao, séng chan dong giam di dang ké. Hao cang gin cong
trinh cdn bao vé& thi séng chin ddng téi céng trinh niy cang nhd. Tuy
nhién. khi dé cin quan tim dén 6n dinh mai dée @n dinh héd dao).

by Bit phu tai (vi dy dal dap) nfim gita ngudn chian déng va cong trinh.
Phy tai nay cGng ¢6 tdc dung tuong tu hao gidm chén: phia sau phu
tai. séng chin dong giam di dang ké.

2.12. BQ LUN CUA COC BON

Ngoai phuong phap méng khéi quy ude. trong phén nay chdng t61 xin g16
thigu vér ban doc each du bao dé lun cla coc don dua trén quan hé dng suat
bién dang. Cach tinh nay khéng nhing ap dung cho coc ché g&n ma con ap
dung duge cho coe nhai. Pa lan ¢ia nhém coe da duge trinh bay trong phan 1.5.

D6 lan cna coe don gém ba thanh phin nhu sau:

Sa= AL+ s, + s, (2.23)
trong d6: A, - bién dang dan héi ciia ban than coc;

L4}

3, - d0 lin cua coc do tai trong truyén 1én 4t dudi mai coc {Q, i)
s, - d Tun cua coe do Lai trong truyén 1én dit doe than coce (f) hrie)
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Bién dang dan héi cita ban than coc (tinh toAn nhu thanh chiu nén) dude xac
dinh mdt cach d& dang nhu sau:
A= Q,
AcE;

trong dé: A, - dién tich tiét dién coc:

L, ' (2.24)

E - mdodun dan hdi cda ban théan coc:
L - chiéu dai cog;
Q@ - Iue nén trung binh tac dung 1&n coc;

6 déy' Qﬂl = Qpih:_{r + Q(N - Q]s Ilu_n-) = thlu_l:' + é thhl_[r. (225)
trong cbng thitc trén:

N - tai tyong lam viée truyén tit edng trinh xubng coc;

Q, 1 - tong sttc khang mii & tai trong 1am viée;

Q¢ - tONg sic khang bén 6 tai trong lam viée:

§ - hé s8 phy thude vao phan b6 ma sat bén (stic khang bén f,,.,.);
Néu £ phan b3 déu (hinh 2.48a) thi £ = 0.5; N&u £, e Ph&n bo
tam gidc (hinh 2.48b - cang xudng siu thi stc khang bén cang 16n)
thi £ = 0.67; Trong thyc t& phan bd ma sat bén cé dang trung gian,
do d6 & = 0.5 + 0.67,

iN N | J,_N N

7
A L) /!
-
¥ L !‘
/
T r / L] L3
!
r L ‘{ L ¥
/
L} * f L] *
/
L ' / ¥ ¥ |
: /
¥ v ,r ; v L ]
l_ /
r L M ’( L L '
TQplv Qopiv TQplv Qplv
s do phan bé bidu 36 fuc sd dé " phan bd biéu 46 hyc
truyén fuc ma sat  doc trong thanh truyén i ma sat doc trong thank
a) Surc khang bén déu _ b} Stic khang bén tam giac

Hinh 2.48. Tinh tean bién dang nén dan hai ctia coc

Do Min cua coc do tai trong truyén 1én da't dudi mii coc duge xéc dinh theo
biéu thic tuong tu nhu cach xac dinh dé lin eiia méng néng dat trén nén dan
héi nhu sau:



Chuong 2. COC CHE SAN . 105

_ Qe XBa(l-p*)

- i

trong d6: ., - sttc khang mii don vi 6 tai trong 1am viée: q, gy x A, = Q
B - duong kinh coc hay eanh coc;

, {2.26)

m

pthares

{1 - hé s6 nd hong (Poisson) ctia dat ¢ dudi mii coc:

Eq - mbdun bién dang clia dat d dusi mii coc;

© - hé s& phu thude hinh dang coc: néu coc trén thi @ = 0.79 cdn coc
vudng thi @ = 0.88. Né1 chung, ¢6 thé luén luén 1y © = 0.85 ma sai
s0 khong dang ké. '

Ngoai ra. Vesic (1977) con kién nghi cong thitc sau:
q winge XA ‘.C ] .
= Jptbye 70 (2.27)
Bq, '

trong dé: ¢, - sif¢c khang mii don vi cyc han;
C, - hé s6 theo cic thi nghiém cta Vesic, 14y theo bang 2.32. Tit cac
gia tri nay ta thay, néu ciing loai d4t va cing kich thude thi coc
nhéi Win nhidu hon 2 dén 4 14n.

1l

Béng 2.32. Bang cac gia tri C,

Loai dat Coc ché 54n Coc nhoi
Cat (chatl dén rdi rac) 0.02 - 0.04 0.09=0.18
Sét (ciing dén mém) 0.02 + 0.03 ‘0.03 + 0.06
Bui (chat dén rdi rac) 0.03 -0.05 0.09 +0.12

DP§ Iin cua coc do tai trong truyén 1én dit doc than coc duge xac dinh nhu sau:

_ q prhee x B(O{l i ’ )

2.28
B, ( )

Sll

trong d6: . - sttc khang bén don vi 6 tai trong lam viée, tinh trung binh cho
toan bd coc;
fp thye X U X L= Ql'tln_u-;.
g day: L - chidu dai coc;
u - chu vi coc;
o, - hé 8 phu thude d6 manh cia coc,

o, = 2+0.35 \/g : (2.29)

Ngoai ra, Vesic (1977) con kié€n nghi céng thice sau:
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5 = Qf'thl‘iv sz (9 30)
Th T TSI T T s
I‘JXQF

trong do: C, - 1é s8 theo cac thi nghiém cda Vesic, dude tinh todn nhu sau:

C,=(0.93+0.16 J; )C, . (2.31)

Tay nhién, khé khan 16n nhit cla cach du bao dé lan nay 1a viée xéc dinh

Qptinge VA Lee- BOL vaY, v6i cge nhdi thi ta c6 thé ap dung céch tinh riéng trinh

bay trong phan 3.9, Véi coc ch& sfin, mudn tim cie dai lugng nay ta cé thé tinh
lap nhu sau:

Gia su fi,. = o §, v8i f, 1a sie khang bén don vi cigc han, ¢on o; ban dau
lay khoang 0.5 + 0.8;
Tinh dd lin caa coc S, theo cac phuong trinh trén;

L. K . U s A
Tai gida coc. chuvén vi tuong dét gida coe va dat xap x1 1a 8, - _.)[; ;
Vai dat cat. s@e khang bén dat cuc han (f) & chuyén vi tdi han la
7. =~ 2.5 mm, con vdi dat sét thi =, = 0.01B. Nhu vay, ta ¢6 thé 1&v

Ay
Sa- 5

0= ———

2y

So sanh o, nay véi gia tri chon ban dau, néu khac xa nhau thi chon
lal @,
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COC NHOI

e i

3.1. GIOI THIEU VE COC NHO!

Coc nhdi 14 mot loai méng siu duge thi cong bing cach d8 béténg tuoi vao mot

hé (18) khoan truée do.

So vdi cac loal coc khéc, coc nhéi co mét lich sd tuong d6i méi. Nam 1908 dén
nam 1920. cée 16 khoan coe nhéi 8 nhé (dudng kinh 0.3 m, dai 6 + 12 m) dudge
thi ¢dng bang cac may khoan 13 chay bing hoi nude, tham chi bing ngua. Cudi
nhiing thap ky 407 va dau thap ky 50, cong nghé khoan coc nhdi di kha
phat trién. Ngudi ta da c6 thé lam coc md réng chéh, va khoan phi da, ciing
nhu da biét cach st dung dung dich (bentonite) d& gi thanh hé khoan. Coc
nhéi hién dai duge gi6i thidu vao Viet Nam dau thap ky 90, Kich thude phé
bién cua coe nhdi & Viet Nam la: dudng kinh 1 +2 m, chifu dai 40 + 70 m.

Mic du c6ng nghd thi cong da phat trién, nhung 1y thuyét / phan tich thiét k&
{(du bao sic chiu tai va df lin) lai cham chan hon. Mai dén thap ky 607 = 701,
nhiing chuong trinh nén tinh quy mé lén méi gitp ngudi ta hidu rd hon sy lam
viéc ctia coc nhéi. trong d6 c6 mét diém ma dén nay nhidu ky su nude ta van
chita nhan ra, 46 1& coc nhéi it khi tam ¥iée nhu coc chdng (da @&t & mai coc
rdt t6t). Qua trinh nghién ciu, tim hiu vé st 1am vide ciia coc nhéi tidp tuc ti
d6, xuyén sudt sang thap ky 80% va 90°. FHWA (Federal Highway
Administration - Cyc Quan Iy Dudng bo Lién bang M§), mdt trong hai t6 chitc
16n nhat vé xay dung ¢ My da xuit ban téng cong ba l4n Tuyén tap vé Thi
edng va Thiét k€ coe nhidi (vao caec nam 1977, 1988 va 1999). Tuyén tap nam
1999 12 1an t4) ban cha hai 1an trudc, trong d6 c6 rat nhiéu hiéu chinh va bé
sung. Tap nay day téi 790 trang (ké ca phy luc). Chuong nay sé trinh bay ¢b

dong céc kién thice trong tuyén tap nam 1999,

“' (3 day hidu 1a nhung thap ky cua the ky XX
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3.2. TOM TAT VE CONG TAC THI CONG COC NHOI

Qua trinh thi ¢6ng coc nhéi duge chia lam cac giai doan sau:

a) Khoan tao 1.
b) Ha l6ng thép xudng 16.
¢) D6 bétdng.

Qua trinh khoan tao 16 (a)
thuong duge tién hanh bdi
may cau khoan (hinh 3.1).
Can khoan (kelly bar) cé

cdu tao gidng nhu dngten

rdu cua dai, tivi (c6 thé

1 (e A -

rat ra, rat vao dé thay déi H § % g E
R .. & -

chiéu dai can khoan). }gr . %

s % R P HE eT

Ngoai vi du trén hinh 3.1, S A 8

fAvi X

con ¢6 nhiéu phuong phap
khoan tao 16 khac niia.

Néu dat nén c6 nhiéu da

tang, s6i cudi thi dudng
kinh coc nhéi cang 16n
cang tot, nhu vay sé giam
b6t khé khan khi khoan
tao 16. D& thanh hé khoan
khéng bi sip trong qua -
trinh khoan, ta c6 thé su
dung ong vach (6ng gid
thanh - casing) va/ hodc
dung dung dich bentonite.

Hinh 3.2 minh hoa qué Hinh 3.1. May cau khoan tao

trinh thi céng st dung dung dich bentonite. Trén hinh (c), khi béténg duge do
xubng. dung dich bentonite sé bj dang 1én, né sé dude bom hut di (c6 thé loc va

tai su dung).

Dé c6 thé thi cong dugc. bétdng dung cho coc nhéi thudng c¢6 do sut 16n

(160 + 200 mm), va khéng c6 cot liéu qua 16n.



Chrong 3. COC NHOI

109

1k
L) R o~
) — 1)

Hinh 3.2. Qua trinh thi cong coc nhdi ¢6 diing dung dich bentonite
a) Khoan 16 diing dung dich khoan; b) Dt 18ng thép:
c) B3 bétdng; d) Coc nhéi hoan thién

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

Dé dy bao ste chiu tai clia coc nhéi, trude hét ta phai phan loai cac 16p dat.
Theo FHWA (My). thi nén chia dat/da thanh bén nhém sau:

e “Nhém 1": D&t hat min. yéu dén cliing: gbm dat sét va dat bui ¢é tinh
déo; S, £ 250 kPa;

» "Nhém 2"; D4t hat thé, trang thai roi dén chit: gom cat, séi, dam va bui
khéng déo; N, < 50;

o “Nhém 3" Dat - Da IGM. Day la tén d&t méi, nhdm phuc vu cho viée dy
bao sitc chiu tai cua coc nhdi. IGM wviét tit cta Intermediate
GeoMaterial, titc 13 "vat liéu dia ky thuat trung gian". Cudng do cia
IGM thuong 1a: 250 kPa < 8, < 2500 kPa, hoac 50 < N,

Y nghia cla ti "trung gian" 1a: IGM t6t hon dat nhém 1 va 2 ké trén.
nhung lai véu hon d4 (nhém 4 dudi day). IGM thudng 14 cac 16p dat xen

~kep gitta d4 g6c va d&t. Tham chi, mét s& loai d&t/ d4 c6 S, nim ngoai
khoang cia IGM (8, > 2500 kPa) nhung néu ching dé dang bi vd ra khi
nghién bing tay; ching dé bi phan héa khi ngam (t61) nude thi ta van
coi 1a JGM. Ly do la: qué trinh khoan 15 (thudng ¢6 dung dung dich) va
qua trinh dé béténg (trong béténg c6 nudc) sé lam cuong 46 d&t/ da nay
giam di-

IGM duge chia tiép lam ba nhom nhé:

= IGM1: IGM hat min: d4t sét rat qué cd két, da sét mém, da phidn sét,
da ban.

= [GM2: IGM vé1i: d4 voi. Tinh chat ctia IGM2 tuong tu véi IGM1. do d6
trong cac phin 3.4 dén 3.9, néu khéng c6 nhitng phucng trinh riéng
cho IGMZ ta c6 thé ap dung céc phudng trinh ctia IGM1 cho IGM2.

« IGM3: IGM hat thé: dat rai rit chat &4 cat mem da gdc bi phong hoa.
. "Nhom 4 Da {(gde) le Sl, > 2. 5 MPa (ticla q, > 5. 0 MPa).

So sanh gida IGM hat thd (thube nhom 3) va cat soi (thuoc nhém 2) (cde phan
3.4.3, 3.4.4, 3.52, 3.5.3), ta thédy ring, néu st dyng cung ‘mdt gia tri SPT N,
thi cat soi thIIdng cd sdc khang bén nhé hon IGM3 nhlmg lai ¢6 siic khang
mii 1dn han IGMS3. :

Tai Ha Nbi, ¢ df_‘) séu hdn 40 m, ta bt gap cat’sdi cudi, ¢d to nhé khac nhau
dudng kinh tit 2 dén hon 100 mm, két qué thi nghiém SPT kha cao (N, = 50
dén hon 100). Tuy nhién, cac s6i cudi nay thudng trdn tria, khong goc canh, vi
vy stic khang bén thudng khéng cao. Kiém nghiém tai mot vai cong trinh ¢
Ha Nbi cho thdy, mdc di théa man diéu kién IGM3 (tite la Ny, > 50), nhung
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sot cufi ¢ dia chdt Ha Noi vén nén coi la thuéc "Nhém 2" khi dy bdo sic
khdng bén (phian 3.4.3). Con vé sie khdng mii, néu ta muén hé s6 an toan cao
thi I8y sic khdng mui thép cia IGM 3 (phdn 3.5.3).

Cac ky hiéu dude s dung & trén 1a:
8,: sde khang cat khong thoat nude cta dat dinh.
N, 80 nhat ddp thu duge tit thi nghiém SPT (xuyén tiéu chuin), duge

hiéu chinh vé 60% nang lugng hitu ich (xem (ih.

Tinh chAt cua vat lidqu nhom 3 (IGM) va nhém 4 (d4) con phu thude vao d6 niit
né cua da. Vi vAy ngudi ta con chia ra thanh: da IGM va da g8c nguyén khét
(it mit ne): da IGM va da géc niit né.

Nhiing khe nit trong d4 déi khi rat nhd, bang méit thudng khéng thay vét niit
ma chi biét rang da thudng c6 dang phién xép 18p 1én nhau, day dudc goi Ia
"khe niit kin". Dai khi cac khe niit kha 16n, va chita nhﬁng dit bun y&u, mim
hiu co...., ching duge goi 1a "khe ntt hd".

Tinh chat cia vat ligu IGM1, IGM2 va d4 (nhém 4) thuong duge danh gia béi
cAac gia tri thi nghiém saw:
* N, 58 nhat dap dé 8ng SPT di duge 30 em, da hiéu chinh v€ 60% nang
lugng hitu ich trong thi nghiém SPT (xuyén tiéu chuin):

Nuw=NxC,
trong d6: N - s8 nhat dap dém duge dé 6ng SPT di dude 30 em:
Cy= By )
60

oday: E, - ty 1& phAn tram ning lugng hiu ich cla thiét bi SPT
(théng thudng E, = 30 = 60).
Q.- suc khang nén mét true nd héng, thudng duge xac dmh trén
thoi d4 nguyén dang; q, = 28, '

Ngoai ra, cach tinh cha Mac Veight cén doi héi sie khang kéo tach q,
(sphit tensile strength). Theo Mac Veight, cac loal d4 va IGM, dic biét 1a
dé v6i c6 sy thay ddi rat manh vé céc déc trung cd hoc. Vi vay trong mét
i6p dat, g, khong phai la gid tri trung binh g, ,, ma 14y nhu saw:

2.58%0,

qu:CIllln‘ T =TT s
" n

trang d6: 1 - 6 mau thi nghiém dé do Quit
Qu, - G14 tri trung binh ctia n mau thi nghiém;
O, - 40 1éch chuin clia chudi cae gia tri q, thi nghiém.
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¢ E; moédun dan héi vi md cha théi d&/IGM. E, thudng dude xéc dinh

thong qua thi nghiém trong phéng trén ting théi ¢4/IGM nguyén dang.

Vi tinh chit cta cac théi IGM rat khac nhau ngay cé khi chdng & lan

can nhau, do d6 E, thuong duge 14y 1a con s6 ndm giita cdc day s6 thi
nghiém (median value), chit khéng phai iy gia tri trung binh (average
value) nhu ta lam vdi d4t.

E,: médun dan hoi vi mé cta khdi da/IGM. Médun dan héi khong thé
xac dinh bng thi nghiém trong phong dude vi khdng thé 18y méu ldn (vi
mé) dé xét duge ca khai da IGM 16n ciing ca cac vét niit gilta céc thoi
daHGM. Vi vay, E, thudng duge xic dinh théng qua thi nghiém hién
truong. E, ciing c6 thé ude lugng thong qua E, va bang 3.1 clia Carter va
Kulhawy (1988). Tuy nhién, luu ¥ ring khi RQD cang nhé (RQD < 50%)
thi quan hé E,/ E, cho trong bang cing ¢6 46 tin cay kém.

Néu tinh todn so b, trong trudng hgp IGM nguyén khéi, ho#c khe niit
kin, khéng 16 réng thi c6 thé tam 14y E_ = (150 + 250) q, véi IGM1, va
E,, = (75 + 115) q, vdi IGM2. Con néu c6 khe nitt hé thi E,, sé nhd di.

Badng 3.1. Du biao E ./ E, dya trén RQD (Carter va Kulhawy, 1988)

. E,/E,
RQD (%)
Khe niit kin Khe nit 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 s§ chét lugng d4):

RQD =Y

chiéu dai cide méu 161 {core)2100 mm
todn bd chidu dai 14y 16i

(3.1)

Stic khang don vi clia coc nhéi trong IGM1 hoge d4 con phu thude vao dd
rap nham cta thanh hd khoan, thanh hd khoan cing nham thi siic
khang cang cao. Dinh nghia clia thanh nham va thianh nhin nhu sau:

- Thanh (rdp) nhdm: trén thanh hé khoan ¢6 nhing vét cit sau hon 5
cm, céc vét cdt (ranh cit) phi kin 360° tron xung quanh hd khoan,
khoang cach gilia céc vét cit theo chidu ding phai nhd hdn 0.46 m,
trén thanh hd khoan khéng con s6t lai nhiing vun d4t y&u (hinh 3.4).
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Thanh nhan: néu thainh hd khoan khéng thoa mén diu kién trén thi
thanh 14 nhan. Néi chung, khi khoan s dung dung dich sét
{bentonite} thi thanh coi 1a nhin.

2r

L": Chiéu dai doan gap khuc

AL} 'k
Hinh 3.4. Thanh nham Hinh 3.5. Cac tham s Ar, r, L
Ngoai ra, ta con c6 thé danh gid dinh lugng d6 nham cda thanh hé khoan
nhu sau:
Arl)

RF= " 3.2
1 (3.2)

trong do: Ar, r, L' va L - tham s& dinh nghia trén hinh 3.5;
Néu RF < 0.025 thi thanh dudc eoi 1a nhin;
N&u RF > 0.08 thi thanh duge coi 1a nham;
Néu 0.025 < RF < 0.08 thi ta phii danh gia theo ca hai truong hop
thanh nhin va nham, sau 46 dua ra két qua trung gian.

3.4. SUC KHANG BEN CUA CQC NHOI THEO FHWA 1999 (REESE VA O'N EILL)

3.4.1. Strc khang bén cua coc nhdi trong dat dinh (nhém 1)
Stte khang bén don vi cuc han khéng thoat nude cia coc trong dat dinh néi
chung theo cich o dudi day:
fi=aS, . (3.3)

Néu coc nhdi ¢4 dudng kinh d = 0.7 + 1.8 m; d&t khéng qua y&u (S, = 50 kPa)
thi Chen va Kuthawy cho rang:

= 1.5 {m) doan coc ddu tién: a =0 (3.4a)
« 1d {m) coc cudi cling: a=0 (3.4b)
= Boan coe ¢ gita: a=0.556néuS,<15bar (3.4¢)

a=055-0.1(8,-1.5)=07-0.1x8,néu15<8,<25bar  (3.4d)
& MCPT
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Quan hé trén duge thé hién trén hinh 3.6, trong dé hé s6 a tim duge dua trén
dudng hdil quy tir k&t qua céc thi nghiém nén tinh coc nhdi. Giai thich vé
phudng trinh 3.4a. Chen va Kulhawy cho rdng: 6 1.5 m coc diu tién
(hinh 3.7), dat va coc thudng khéng ¢é sy tiép xic tét (nhu d coc ép va dong).
Tham chi, ¢ doan 1.5 m nay cén thay mdt khe niit rd rét néu ving nay nim
trén muc nude ngAm. khi kho @it sét sé co lai. Trong trudng hgp tinh coe chiu
tai trong ngang. do chuyén vi ngang ctia cge, doan coc khéng tiép xdc véi dat
6 thé con 16n hon 1.5 m, khi dé hé s6 o 14y bang 0 cho doan coc ma chuyén vi
ngang 16n hon 0.01d. Con § 1d coc cudi cing (phudng trinh 3.4b). Chen va
Kulhawy cho ring, khi tinh toan stc khang mii cuc han da bao gém ca sic
khang cia doan 1d nay rdi. Ngoai ra, doan mii coc thudng khéng sach bing
cAc doan trén. do c6 thé con sét lai dat biin, bentonite.

Con néu ké tat cd moi loai dat dinh (ké ca d4t dinh yéu véi S, < 50 kPa); va
néu khéng bd qua ma sat bén & hai doan coc k& trén (phudng trinh 3.4a
va 3.4b) thi van hai téc gia trén cho rang:

o =0.29 +0.19 S, trudng hdp coc chiu nén. (3.5a)
a =031 +0.17 8, trudng hap coc chiu kéo. (3.5h)
" i | as dl'nl';a—{ ndt
YY) N— L_. ! ; ------ . ------- H— N_ﬂ 4
" e & | I——*EIGMhatrTiin N |
oo e Mpp N7
d q"_‘ . I ? ; \ /
0.4 :v— -------- $ -"“---;:-~~--1"-’-‘£'-.'*-'.t:.-."f::.:::::-.!." ‘}Du\ é
I N
SRR N R 7
° 0 1.0 l 15 20 'I' 25 30 ; 40 l ]5'.0 \ /
8, (bar) ' - N
Hinh 3.6. He s& « (Chen & Kulhawy) Hinh 3.7, Cac doan ma « = 0

3.4.2. Sitc khang bén cua coc nhdi trong dat cat (nhém 2)
3.4.2.1. Theo ly thuyét
Ta c6 thé sii dung phuong trinh 1.6 (phan 1.2.4.1) nhu saﬁ:
f, = Ko',tgd.

trong dé: K - hé s6 nén ngang ctia dat 1én coe,
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* K = 0.83K; néu ta thi céng khoan coc nhdi sit dung éng vach
(casing). va khdng dang dung dich bentonite;

» K = 0.67K, néu ta thi céng khoan coc nhéi st dung dung dich
bentonite;

» Ko - dp lyc ngang tinh, thuong duge xac dinh théng qua thi
nghiém hién trudng trong giai doan khio sat dia chat;
5 - gbc ma sat ngoal gitta dat va coc: 3 thutng bing 0. 14 gbc ma sat

trong dudi bién dang rat 16n. Hau hét cac loai cat ¢ @, = 31 = 33°

(mac di. ¢', ¢6 the 1a 40%. V& ¢... ban doc tham khao phén P.2.2.1.
Tuy nhién. theo cach nay cac gia tr1 K va 3 d6i khi khéng chinh xac vi anh
hudng cia qua trinh khoan, dnh hudng ciia dung dich khoan, anh huong ca

logi dat va thanh phan hat rt phic tap. khong dé dang xae dinh bang s6 duge.

3.4.2.2. Cach don gian héa (cach p)

Site khang bén don vi eye han cda doan coc nhoi trong dat cat 1a gia tri nho
han trong hai gia trj sau:

fi =o', (3.6a)
f < 2 kG/ em? ~ 200 kPa. (3.6b)
trong do: p= MinNg,15) [1.5- 0.2445 V7 ] (3.6¢)

15
va B phai ndm trong khoang 0.25 dén 1.2;

d day: Ny, - két qud thi nghiém SPT, duge chuéin héa theo 60% nang luang
hiiu ich:
min{Ng,, 15) - gia tri nhd nhit gita hai gia tri: Ny, va 15.

T phudng trinh (3.6¢) ta thav: néu z = 96 m thi B = 0.25. Nhu vay, néu coc
nhéi dai hon 26 m, thi theo cach tinh nay ta cb:

» Tir 26 m dén khoang 50 + 70 m, gia tri p 1a hang s8 (0.25), tdc 1a ste
khang bén don vi f ting tuyén tinh theo d6 sau: f, = 0.25 o',;

« Tu khoang 30 + 70 m trd xuéng nita (khi o, 2 8 bar), f; 1dy gia tri han
ché 1a 2 bar (phudng trinh 3.6b). Nhu vay, tif d§ sau nay trd xudéng f,
13 hing 56 - d6 1a gigi han trén ctia sic khang bén.

- Theo O'Neill thi cach tinh nay thudng an toan (tdc 14 cho siic chiu tdi thap
han gia tri thue ¢6). Cha ¥ ring, theo phuong trinh (3.6) thi f, khéng phu
thudc géc ¢. Théng s6 duy nhat caAn biét dé tinh sitc khang bén 14 khéi lugng
riéng y' cua cac 16p dat. Giai thich vé didu nay Reese va O'Neill cho rang: " Do
qua trinh khoan va giam ng suit. tai thanh hd khoan, cAt ¢6 bién dang 1én.
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Do d6 da ban ddu ¢ trang thai chat hay rdi, cat déu ¢d gbec ma sat trong tién
v& ciing mol gia tri 1a @... Tém lai, hé sd § déi vdi ege nhdi khdng phu thuge
gbc ma sat trong ban dau (9). Cac thi nghiém nén hién trudng da kiém ching
d1iéu nay". '

3.4.3. Stic khang bén f, trong céat s6i hodc séicd N > 15

Cach tinh sttc khang bén f, trong cat s6i/ s61 hodn toan tudng tu trén. Chi cé
khac mét chit 14 hé sd B 1én han theo biéu thie duéi day:

B=(2.0-0.152" ] (3.6d)
va 3 phéi nim trong khoang 0.25 dén 1.8.

3.4.4. Sttc khang bén f, cda coc nhdi trong IGM hat thdé (nhém 3, IGM3)

Theo Mayne va Harris. ta ¢6 thé tam st dung phuong trinh (1.6) (phan 1.2.4.1):
f = Ko',tgd,

trong dé: o', - Ung suat hiu hidu do ban than g4t gdy ra tai doan coe dang
xét. tinh bang bar (1 bar = 1 kGfem?®;

§ - gbc ma sal ngodi: 8 = 0.75¢ néu qua trinh khoan st dung dung
dich bentonite dudi sy kiém' soat chat lugng 16t. Néu sy kiém
s04t chét lugng khéng t6t 1am, nén gidm & xudng;

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

thi ¢6 thé udc tinh ¢ cia dit hat thé qua thi nghiém SPT nhu saw
¢ = arctgl{N/(12.2 + 20.30")1°*, (8.7

N - két qua thi nghiém SPT, di hiéu chinh theo 60% ning lugng
hitu ich, Néu N, 2 100 thi 14y N, = 100;

K - hé s6 nén ngang cua dit vaoe coc; K ¢6 thé coi 1a K, (tde 14, sau
khi khoan 15 trong 1GM-hat thé, qua trinh d6 béténg ngay sau

d6 sé& dua 4p lue ngang tinh trong dat vé gia tri cd). K, tam ude
tinh qua phuong trinh sau (xem phén 1.2.3, sach [1]):

K, = (1 - sing)OCR™", (3.8)

8 dAy hé s6 qua c6 k&t OCR 6 thé tam udc tinh qua thi nghiém
SPT nhu sauw:

OCR = O_ZNJ ) (3.9)

1
F

Nhu vay, hé s6 ap ldc ngang 1én coc nhéi 1a;

. N ) SHT
K=(1- sinzp){wi“”} , (3.10)
1_ o

r
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3.4.5. Suc khang bén f, clia coc nhéi trong IGM hat min {(nhém 3, IGM1)
Stc khang bén ddn vi cue han cta coc nhéi chiu nén trong da IGM 1
f = 2aK,8 o v6l thanh nhin. (3.71a)
fi=S,q;  véithanh rap (nham). i)

Diéu kién s dung phuong trinh trén 1a ty s& E,/q, phdi nam trong khoang
115 + 500 (vai IGM 1. K, thudng khoang 250 q,, con véi 1GM2. E.= 115g,).

L

Cac thong s6 can thiét cho phuong trinh trén 1a:

* - hes6 khéng thi nguyén tra trén hinh 3.8

¢ O, 20cma sit ngodd gitia da TGM va bétdng (re 1a viét tat etia rock - concrete):
* K, - hé s6 phu thude gée ma sat ngodi theo bidu thite dudi day:

{0

= = L.73tgo,, (3.12)
tg3

b

* E. - médun dan héi vi mé ctia thot IGM1 (xem phan 3.3);
¢ K, -médun dan hdi vi mé eta khéi IGM1 (xem phan 3.3);
* q,-sue khang nén don ctia IGM. q, =2 8,

* 0, - ap lye ngang tie déng vao thanh hé khoan do viia bétdng tuol lae do
coc. Néu t6e dé d6 bétong 16n hon 12 m/ h thi e6 thé ude tinh o, nhu saq

((INeill, Bernal. Recse va cong su):
Gy ™ i\({"f;,“Z, | (:} 1 3)

trong do: y,, - trong lugng riéng clia vida bétényg tugl. Théng thudng. khi trén

mue nude ngam. v, = 2.3 + 2.4 t/m”®, con dudi muc nude ngam.
ta su dung trong luong riéng diy néi la T = 1.3 + 1.4 t/ m™;

z - chiéu sdu cia doan coc dang xét;

M - he s6 khong tha nguyén phu thude vao dé sut cua vita béténg

tuot (hinh 3.9) va d¢ su 2 (m) cia doan coc dang xot:

* ay - hé s6 phu thude vao ty =6 moédun vi mé (K, ) va vi mo (I5). Nhu vay, vé
da va IGM nguyén khéi (khong ¢o su nit ne. B, = E) thi a. = 1. V& da va
IGM ndt né. a; duge 18y trong bang 3.2. Tir s8 lidu trong bang nav, ¢é thé

1ay xap xi:

’ S WLEATH SeiT
ay ~ 0.9762] E—J Cx B (3.1
\‘ B_:] \| PJ]

¢ o clng ¢é thé tra i bang 3.3 (thue chit duge suy ra tit bang 3.1 va
bang 3.2).
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™ T 1T

= 30°
04

0.3

0.2

01

|
§ T P T NS SN T N I S T I |

oo I S W | I |
0 T 2 3 4 5 q,(MPa}
Hinh 3.8. Hé s& « cho IGM (O'Neill va cong su, 1996 - 1999)
M
1.1 L3 T L] T
o4

08

0.8

o7

08

05

04

0.3 1 L L 1 1 L . 4 5 - 1 . L } L A L =
125 150 175 . 200 225 d6 syt {mm)
Hinh 3.9. Quan hé gilra h& s M va d6 syt cla béténg coc nhai
(O'Neill va cong su, 1996 - 1999)

Bdng 3.2. Danh gi& hé s& o tir médun bién dang
{O'Neiil va ¢éng suf 1996/ 1999)

E,/E, 1 0.5 0.3 0.1 0.05 0.02

€2 1 0.8 0.7 0.55 0.45 .30

Bang 3.3. Danh gia hé s8 a tir chi tidéu RQD cda da

RQD (%) 100 70 - 50 30 20
Khe niit kin 1.0 .| 085 0.60 0.50 0.45
[ ——
Khe nit ho 0.85 0.55 0.55 0.50 0.45
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Tu

v nhién. gia tri cye han f; cla coc nhdi trong da tinh & phuong trinh (3.11)

duge huy dong dudi chuvén vi kha 16n, dac biét vdi trudng hop thanh nham.
Trong khi dé. quy pham My chi cho phép d lén cho phép la [S] = 2.5 em. Do

da,

FHWA khuyén nghi st dung hé s§ K; lam gidm f, di nhim han ch& ds lun:

fi [8] = 25 em = Iif'fi: (3 ] 5)
_ }{| “"nz - - ~ .
K= -—— — <1 (khong thit nguyén): (3.16)
H; ~2n+1
E.Q . . . . . -
H, = T".‘..I__i._ {S] vél [S] = 0.025 m: (khéng thd nguyén): (3.17)
T gt
n=g,/qy, vél thanh nham : (3.18)

n tra trén hinh 3.10 v4i thanh nhin:

4

L., L., :
Q= 1.14\,?-.5-:—0.05“—;&- --1}1og;L -0.04 (khéng thd nguyén);  (3.19)
- C i

T

i

L X
['=0.37 \'}—(]ii —0,15|‘\||' 3 —lhllogEFf-- +0.13 (khéng thd nguyén): (3.20)

! m
)

téng chiéu dai doan coc ngdm trong IGM. ké ca da goc néu co;
dudng kinh doan coc ngam trong IGM:
mddun dan héi cla tiét dién coc, ¢ ké i thép;

médun dan hdi vi mé ctia IGM, tinh trung binh cho toan bo IGM niam
trong pham vi L,,;

dé lin cho phép, theo cic tidu chuan ¢ My thi [S] thudng 1a 2.5 em;
05

I VS T N B S Y I

E L
=}
0.
o

G, (bar} B
Hinh 3.10. Gia tri n trudng hdp thanh nhan
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Nhu vay, trong hai trudng hgp thanh nham va nhén, gia tri Q va I la gidng
nhau; con cac gia tri n, H; va K, 1a khac nhau. Véi thanh nham, K, thudng kha
bé. Con vdi thanh nhin, K, c6 thé sat véi 1.

Vi du 3.1 |
Coc nhéi co dudng kinh d = 1 m. Coc dai L = 7 m, trong d6 2 m dau 1a dat; 5 m tiép theo

14 d4 sét 16 thién (loai IGM1). Muc nitdc ngdm rét sau;

RQD = 50%. Cac khe nitt hd vé cé chira nhitng vun dat yéu;
q. = 2.5 MPa = 25 bar = 2500 kPa= S, = 1.25 MPa; E, = 500 MPa;

Vira bétong tuoi c6 dé sut = 175 mm, trong l/ong riéng y, = 23.55 kN/ m®: Téc dé dé
béténg 12 m/h; Modun cda coc 1a £, = 30 GPa = 3 x 107 kPa (c0 tinh dén c3 thép); Du
béo strc khédng bén cla doan coc ndm trong da sét cho cd hai khd nang thanh nhén
va nham.

1) Thanh nhéan
a) Xacdinh o
Tai do sdu z = 4.5 m (gia ctla ¥3p IGM), d6 sut = 175, tra hinh 3.9taco6 M = 0.95;
G, = My, 2 = 0.95 x 23.55 x 4.5 = 100.7 kPa =~ 1 bar;
Tra trén hinh 3.8 v6i o, 1 bar (hay 6./p, = 1) va q, = 2.5 MPa ta ¢d & = 0.09.
b) Xac dinh a;
Véi RQD = 50%, tebang 3.1ta c6 E/E, = 0.1;
Sau dé, tr bang 3.2 hoac phuang trinh (3.14) ta ¢6 o = 0.55.
Tagast ¢.,=30">K, =1,
20K, S, 0:=2x009%x1%x125x055=0.124 MPa = 124 kPa.
¢} Xac dinh K
E./E=0.1=E,=0.1x500 =50 MPg;,
o, = 100.7 kPa = E,/ o, = 500;
n = 0.42 (hinh 3.10};

Lfd=5/1=5
Lng L.
I =0.37 - 0.15 1/—- ~1|1ogEe +0.13
¥ d d Een
= 03775 - 0.15]J5 - 1]log X000 +0.43 =0.442
-
Q=114 !_— - 0.05 'ﬂ -1 logE— -0.04 = 1,837,
V d Vd En

[S] = 0.025 m:
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Entd (g 50x1937 o012

il If; nxbx0442 x 0,124

Hi -n? 2812 -0.1764

K. = " i
" Hy-2n+1 2812 -084 + 1

= 0.887.

d) Trong doan iGM, Q= u 2 x Az, =1 x 1 x 124 x5 ~ 1950 kN = 195 'téinl;
f = 250m = Ky x T, = 0.887 x 124 = 110 kPa;
Qupg-s5em = Ko x Q= 0.887 x 195 = 172.7 tan:
[Q) = Qupyzzsend Fr= 172,712 = 86.4 tan.,
2) Thanh rdp (nham)
ag = 0.55 nhutrén; f = S, o = 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.=50MPa; L /d=5;
I'=0.442; O =1937;

Enf 50 x 1.937
S 0.025 = 0.507;
ALogM, ) x5 0442 » 0,688

K= Hi- n’ _ 0.507 - 0.0016

= ~ =0.354,
H —2n+1 0507 - 0.08 + 1

f"[S]=2_5 em = K{ b3 fi = 0354 x 688 = 243 kPa
Trong doan IGM, Q,=uXfxAz=nx1x688x5= 10799 kN ~ 1080 tin:
Qf{slz 25 cm = K[ x Qf = 0<354 x 10799 = 3820 kN = 382 tén,
{Qd=Q,/F,=382/2= 191 tan.
Gia tn fi ) - 25 cm = 243 kPa 10n hon hai lan so véi trudng hop thanh hd khoan 1a nhan
{110 kPa) {trong khi d6, thuc ra gia tri cuc han la 688 kPa I&n gap t6i 5.5 lan}). Do d6 khi
thiét ké coc nhéi nén can nhdc y&u 8 chi phi nhu sau: néu thi cong thanh nham (doi héi
thiét bi dac biét) thi chi phi thi céng cao, nhung sé tiing siic chiu tai clia coc, do dé giam
s0 lugng coc va nguoc fai.

3.4.6. Suc khang bén f, cua coc nhdi trong da (nhém 4)
Tuong ty phan 3.4.5 (IGM hat min), ta phan biét-hai trudng hop: thanh nhdn
va thanh nhdm nhu trinh bay duéi day,

3.4.6.1. Thanh nhin

Horvath va Kenney (1979) tién hanh thi nghiém nén tinh coc trong da & nam
Ontario (Canada) va kién nghi du béo stc khang bén don vi cuc han nhu sau:

f, = 0.65/q, oy =0.92,/8, a. (3.21)
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Néu sitc khang nén q, cia dé 16n hon clia béténg (q, > Ry thi 1y q, = Ryq
Ry 12 cudng do chiu nén trung binh etia miu bétdng binh try trén & 28 ngay.
Vi du, bétdng mac #300 thi R, ~ 300 kGfem®; g, va Ry, déu tink biing bar
(1 bar = 1 kG/ecm?.

3.4.6.2. Thanh nham

» Theo Horvath va Kenney (1979 + 1983), phuong trinh dudi day ap dung
cho ca 44 va IGML1:

fi =08 RP‘G-:IG Qulyz. : ’ (3:22)
Néu q, > 0.75 Ry, thi 18y q, = 0.75R,
RF xem dinh nghia 8 cusi phén 3.3.

o (Con Carter, Kulhawy (1988), Rowe va Armitage (1984) ciing tién hanh
~ thi nghiém nén tinh trén 25 coc nhdi trong da va kién nghi stic khang
bén don vi cuc han cila coc nhéi trong 18 khoan d4 thanh nham nhu sau:

f,=1.9/q, oy =2.69.,S, o ' (3.23)
N&u q, > Ry, thi 14y £, = 0.05 Ry,

Trong céc cong thite trén, «; 12 hé s6 gidm site khang bén do sy niit né
cua da. V6t da nguyén khéi, ay; = 1; Véi da niit né, oy tinh nhu & phin
3.4.5. ' :

3.5. SUC KHANG MUI CUA COC NHOI THEO FHWA 1999 (REESE VA O'NEILL)
3.5.1. Sitc khang miii clia coc nhdi trong dat dinh (nhém 1) khéng thoat nudc
Ta 4p dung hoan toan kién thiic 6 phén 1.2.5.2:
q, = N.S,. _ (3.24)
Théng thudng N, = 9 va vdi dat cang yéu thi N, cang nha.

Néu chiéu dai doan coc ngdm trong 18p dat tuong ddi tot qua ngin (L,, < 3B),
thi sitc khang mii gidm di nhy trong phuong trinh sau: '

~(2, Ln N,S, (3.25)
L 9B '

3.5.2, Sifc khang miii cGia coc nhéi trong dat cat (nhom 2) thoat nude

Stc khang mii don vi cla coc nhoi trong d4t cat duge dy bao dya trén két qua
thi nghiém SPT nhu phuong trinh dudi ddy. Trong d6, gia tri q, nhd hon rat
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nhiéu so véi gia tri ma chang ta thuong s dung 1a 120 N. Cac thi nghiém nén
tinh da ching t6 rang thira 88 57.5 14 pha hgp nhat:

q, = 0.575 N, (bar) = 57.5 N, (kPa). (3.26)

3.5.3. Suc khang miii cua coc nhéi trong IGM hat thé (nhém 3, IGM3)

Mayne va Harris (1993) du bio stic khang mii don vi clia coc nhéi dua trén
két qua thi nghiém SPT nhu sau: '

T 1%
q, = 0.59 P,\“ J &' i (bar), (3.27)
v i

trong do: o' - (ng suit hitu hiéu do ban than dat tai mii cge, tinh bang bar;
N - két qua SPT (hiéu chinh theo ning higng). Néu N, 2 100 thi
14y N, = 100:

Gia sit ¢',,5 = 4 bar (tdc 12 § d6 sdu khoang 40 m, muc nude ngdm tai mat
dat), v6i IGMS3 ¢6 Ny, = 90 sé cho ta q, = 28.5 bar = 2850 kPa. Ta thdy ring
dat cat c6 Ny, = 50 ciing s& cho mdt gia tri q, nhu vay (phuong trinh 3.26). R6
rang qua trinh khoan tac 16 da 1am giam stte khang bén cua céc loat d4t nav.

3.5.4. Surc khang miii ciia coc nhdi trong IGM hat min (IGM1) va da (nhom 4)
nguyén khéi (it nat né) khéng thoat nudc

Phuong trinh du béo stic khang miii don vi cia Rowe va Armitage (1987)
thuong duge st dung cho da IGM va da nguyén khoi:
q,=25q,=508,khiL, >154, (3.28)
trong dé: L., - chiéu dai doan coc ngam trong 16p da IGM hodc da.
Néu L,, < 1.5d va bén trén 1ép da IGM hogc da la d4t yéu, thi siic khang miii
don vi sé nho hon:
a4, <2.0q, (3.29)

Williams va cong sy (1980) cho ring, véi ¢4 ban (thude nhém IGM1), gia tri g,
nén lay nhd hon niia;

q,=05q, =8, (3.30)

Maic du gia tri 0.5q, khéng phai 1a ste khang cuc han, nhung Williams cho
ring cAn ap dyng bidu thic nay dé han ché dd ldn cla coc trong da bun.

V6i da IGM va da gdc c6 mét chiit niit né (RQD = 70 + 100%), cic khe nit déu
kin va gén ndm ngang, ta nén st dung phudng trinh sau day cia Zhang va
Einstain (1998):

q, (MP&) = 4.83 [q, (MPa)]**", (3.31)
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3.5.5. Sitc khang miii ¢la coc nhéi trong IGM hat min (IGM1) va da (nhém 4)
nirt né khéng thoat nudc

Theo Carter, Kulhawy (1988), Hoek (1983) thi ta c¢é thé dy bao "an toan” nhu
sau:

q, = {Jg +ymVs + s] o (3.32)

trong dé: q, - stc khang nén don clia théi da nguyén ven;
s, m - hé 8 cho trong bang 3.4. Trong d6, m phu thude vao loai da
(tit A dén E, dugc dinh nghia & bang 3.5).

Bdng 3.4. Gia tri cia s va m (Carter va Kulhawy, 1988)

Chat M6 td it né: s m
. . . . T T
fuong da Khoang cdch khe nut loai dd A 8 c D £
tuyét voi | khe rat nhd (kin); khodng cach > 3 m} 1 -7 10 15 17 25
1
réttét | gdankin; khodngcach 1+« 3 m 0.1 35 5 75 { 85 | 128
i
» phong héa nhe; ‘
! kl - . . . - .5
ot khoang cach 1.+3m 0.04 Or v P s T2

h hda tr binh;
trung phong ung bi

binh 104 014 | 0.2 0.3 | 0.34 0.5
ok khoang cach 0.3 + 1 m '

phong hoa, cé muin:
Kém _ 10-%

004 |005| 008 | 0.09 | 0.13
khoadng cach 0.03+0.3m

phong hda manh;
rat kém : 0

0.607 | 0.01 | 0.015 [ 0.017 | 0.025
khodng cdch £ 0.05 m

Béng 3.5. Loai da d& tim m (Hoek, 1983)

Logidd | Chétiupng M6 ta

A kem Ba c6 chita cacbonat.

Ba cé chira set: da blin, da bui, da phidn sét.

C B4 cé chita cat: da cat, da cat thach anh.
D | Da hoa thanh (da nham thach) hat min: andesite (da nui Ita c6 chita
feldspar}, doferite, da diaba, da rioiit.
YE 161

Ba hda thanh hat théd, da tinh thé bién chat: granit, da gabro, da gonai.
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Vidy 3.2

Mdi coc nhéi dugc thiét k€ dat trong lop dé phién sét, khdo sat cho thay co rat nhidu mnt
né, khodng cach giita cac khe nit khoang 0.3 m, va vat liéu nam trong cac khe nay bj
phong hoa trung binh. Ba phién sét co q, = 6 MPa. Hay du bao strc khang miii ctia coc.

Tubang 3.5, ta c6 da thuéc loai B;
Tirbang 3.4, ta thdy chét luong cla da 1a trung binh;
Dodd.tacos=10"*vam=0.2;

Sdc khang mai dan vi ia:

={0.01 + J0.0201 ] q,
= 0.066 g, = 335 kPa.

Ta thdy rang q, chi bang 5.6% cla q,, cho thdy anh hudng 1an cla su nit né t6i stc
khang miii cla coc nhéi. Tuy nhién, nhu da néi day la dir bao "an toan", do dé trén thuc té
g, 6 thé Idn hon,

3.5.6. Strc khang mili cta coc nhai trong da (nhom 4) cé nat nghiéng,
thoat nudc

Khi mii coc nhéi nam trong da ma cac khe nit ndm nghiéng (va thudng cac
khe nut song song nhau). ta c6 thé coi nude 16 réng tidu tan tit khi b tai
trong. Davis, Carter va Kulhawy kién nghi cach di bao sttc khang miii thoat
nude nhu saw:

QD = Nn‘s[ct + O‘Vlnﬂi th(@t)]; (3.33)

trong dé: ¢, va g, - lyc dinh va gée ma sat trong cha théi da (nguyén khéi):
' - UNng sudt hitu hidu do ban than d4t tai mii coc;
N.. - h¢ 8 st chiu tai tra ti hinh 3.11; trén hinh nay,
e = Ck + lemﬁi tg(Pk

r 4

1
C, +0C vini tg{Pl

G day: ¢, vit @, - luic dinh va géc ma sat trong chia vat liéu 13p trong khe nit;
Théng thudng ¢, rdt nho, do dé ta cé thé bd qua. Néu coi p, = 0, = 35" thi ta cd;
07¢', .

G = e W (3.34)
"oe, + 070

vanii

Da1 véi da, ngudi ta thudng chi lam thi nghiém xac dinh q, va q, (sitc khang
nén va sitc khang kéo), con rat hi€m khi lam thi nghiém xac dinh ¢, Mac
Veight (1992) chitng minh rang, ¢6 thé udc lugng ¢, qua q, va q, nhu sau:

¢, =0.5/q,q, . (3.35)
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Tir hinh 3.11. ta thdy rang N, rat nhd khi gbc nghiéng cua khe niit o = ¢, = ¢, = 35°
Va khe ntt 1a nguy hiém nhat khi c6 dé nghiéng o ~ 35°.

Heé 58 sic chiu i Nes

0 ' 20 40 60 80
Gde nghigng cda khe nit {w)

Hinh 3.11. Quan h¢ giita N, v8i géc nghiéng o va sirc khang cit

Vidu 3.3

MOt coc nhéi dai 26 m c6 mii d&t vao mot Iop da, khe nut ciia da nghiéng goc w = 45°
Mure nuse ngém tai 5 m, trong Itong ridng ctia cac Iop dat da trén muc nudc ngam la
7 = 174 kN / m°, dudi mye nude ngdm 1d y,,., = 20.43 kN/ m°. Sirc khang nén don cia da
la q,= 9000 kPa, strc khang kéo don Ia q,= 500 kPa. Yéu cdu dut bao sic khang mii qp

Ung sudt ban than hitu hiéu tai mdi coc la:
O'ymai = 8 x 17.4 + 21 x (20.43 - 10) = 306 kPa.
Theo Mac Veight thic,~ 0.5 [/q,q, =~ 1060 kPa.

0-?°Ivmﬁi_n___ i 0.? X 306
¢ + 0.7y 1060 + 0.7 x 306

Néu gia thiét ¢, = ¢, = 35% tacé. ¢, = = 0.168.

Tuhinh 3.11, v0i @ = 45 va ¢, = 0.168, ta ndi suy ra duge N, = 22;
= Gp = N [6 + &orai x tg(00)] = 22[1060 + 306 x 0.7] = 28000 kPa = 28 MPa = 3.1q,.

bay la g, diéu kién thoat nubc. Ta biét ring, dudi diéu kién khéng thoat nudc, q, = 2.5 q,
(phan 3.5.4). Do do khi thist k&, ta phai 8y gia tri nhé hon, tirc 1 q, = 2.5q, = 22.5 MPa.



Churong 3. COC NHO 127

3.6. CAC CACH TiNH KHAC DUA TREN CAC DAC TRUNG CO LY

3.6.1. Sure khang bén cla coc nhéi trong IGM hat min va da
Ngoai cach tinh § phan 3.4.5 va 3.4.6, ta c6 thé con dung céac cach tinh sau:
e Vé1 da va IGM nguyén khéi: |
Theo Williams (1980):
fi = 1.842 q,"* (bar). ¢ (3.36)
Theo Reynolds va Kaderabek (1980):
£ =(0.15 + 0.30) q. (3.37)

Theo Mac Veight (1992, FDOT va FHWA, cach tinh nay duge danh gia
1a phi hdp cho loai IGM2 va cAc loai d4 tuong tu rén hon):

f,=0.5Jq,q, . (3.38)

Theo Rowe va Armitage (1987):

f=1-tat| D AJa, . 5.39
2 dy
trong do: = (08 chiéu dsy_ cac khe nit

ng

fy - siic khang cyc han ctia dat / muin nim trong khe nat;
6 thé 18y f, = 0.25q, = 0.58,; va q,, f; va £ tinh bing MPa;

% = 0.60 v6i hd khoan sach, thanh nham; A = 0.45 vdi cac
trudng hop khac:

Trong trutng hgp nén bién dong manh, nén gidm f, di tit 30 + 50% so véi
g1a tri tinh dugc trong phuong trinh trén.

* V6i da va IGM nit né, ta céng gidm stc khang bén di mot dai lugng 1a
o nhu trinh bay d phéan 3.4.5.

3.6.2. Surc khang miii cua coc nhéi trong IGM hat min (nhom 3, IGM1)
va da (nhom 4) '

Ngoat cach tinh ¢ phan 3.5.4 va 3.5.5, ta ¢6 thé sit dung cach tinh duét day
(O'Neill va cong sy. 1995) cho c& IGM1 va dd, du 13 nguyén khéi (hosic khe
nit kin) hay nit né (xin xem thém trong phan 3.9.2).

* Tinh Q va T (phuong trinh (3.19) va (3.20) phin 3.4.5);

e Néu day hd khoan sach thi & mét d6 hin s, nio do, stic khang miii la:
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q, = A -Sﬁu.ms ' ' (3.40)

r ~10.67

1.
L 200[‘] ne QJ(I + Ling J
d d

trong d6: A = 0.0134E,, - d
L nl, I

d

(3.41)

» Néu ddy hd khoan bdn ta nén gidm g, di, tham chi gidm q, vé 0.

3.6.3. Sutc khang miii clia coc nhéi trong IGM hat min (nhém 3, IGM1)
va da (nhém 4) nit né khong thoat nuéc

Ngoai cach tinh ¢ phan 3.5.5, ta ¢6 thé con ding cach tinh clia Canada (1985)
dugce trinh bay trong Canadian Foundation Engineering Manual (CFEM) nhu
sau:

q, =K, 8q, o (3.42)
trong dé: 0 - hé s6d6 sAu, 6= 1+ 0.4L,/d néu I, <6d;6=3.4néul,>6d:
L chiéu dai doan coe ngam trong da hosic IGM;
d - dudng kinh coc nhéi;
K., hé s8 sttc chiu tai, phu thudc vio sy niit né cia da hodic IGM;

s
3+ ci’
Ko = r— (3.43)
10\/1 +300 ¢

8.
d day: s, - khoang céch gitta cac khe nit;
t, - bé rong khe niit;
Cong thiic trén 4p dyng khi 0.06 <s,/d<2.0va0<t,/s, < 0.02
= K, = 0.115 + 0.50; _ |

Cong thic cia CFEM phu higp nhat cho IGM hodc da & nhém B trong bang 3.5.
Vidu 3.4

Ngoai cac thong s6 cho & vi du 3.2 (phén 3.5.5), ta biét thém véi théng s6 sau: coc nhoi
duong kinh d = 1 m, chiéu dai coc-ngam trong 04 13 0.5 m. Khe nit co bé réng 2 mm. Du
bao suc khang mai q,.

8=1+04L, /d=12;

3+ Sc; 3+ 0:13 _
K = = = (.19,
’ , ty 0.002
10 11 + 300 10 W + 300
¥ Sy 0.3

q, = Ky 0 g, = 0.228 g, = 1370 kPa.
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3.7. CAC CACH TINH KHAC DUA TREN KET QUA THi NGHIEM CPT
3.7.1. Cach tinh cta LCPC dya trén thi nghiém CPT

Cach tinh cua L.CPC (Laboratoire Central des Ponts et Chaussées - Phap). xin
tham khao ph&n méng coc ché sin (phin 2.7.2).

3.7.2. Cach tinh clia Alsamman (1995) dua trén thi nghiém CPT
Cach tinh nayv dya trén két qua q (thi nghiém CPT) tal tlmg doan coc
dang xét.
3.7.2.1. Sidc khang bén (ma sat bén) don vi
Trong dit dinh:
f; = 0.0225 q. néu g, < 37.8 bar;
f, = 0.85 bar néu q, > 37.8 bar.
Trong dAat cat, eit 1an but:
£,=0.015q, néu q. < 47.2 bar;
£,=0.71 4 0.00167[q, - 47.2] néu 47.2 < q, < 189 bar:
f. = 0.945 bar néu q, > 189 bhar.
Trong da dam. dat cat 1n soi:
f.=0.02q néu q. < 47.2 bar;
fi=0.945+0.0025 [q, - 47.2] néu 47.2 < q, <189 bar;
f,= 1.3 bar néu q, > 189 bar.
3.7.2.2. Sttc khang mii don vi
Trong dat dinh: g, = 0.27(q., - G-
Trong dat r6i:  q, = 0.15q,, néu q, < 94.5 bar:
G, = 14.2+ 0.075[q,, - 94.5]  néu 94.5 < q, < 283.4 bar:

q, = 28.3 bar néu q, > 283.4 bar.
trong do: q,, - g14 tri trung binh cta q, (thi nghiém CPT) trong khoang 1B ké
tir mQ1 coc; ’
O - UDg SUAL ban than clia dat (5 @6 sau tai mii coc).

Ghi chii: Trong céc cong thic trén, Alsamman ap dung véi két qua xuyén do
bing e hoe (MCPT). Néu sii dung xuyén do bing dién, ta cin sit
' dung cong thitc chuyén déi enia Kulhawy va Mayne (xem [1]):
9- MCPT
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Gr e ® 04T Qupgorm ™ => Qe uern = 1.886 gy rECl'r:O'ﬁ"l- (3.44)

T4t ca cac thit nguyén déu 1a bar.

3.8. SUC CHIU TAI KEO DOC TRUC CUA COC NHOI
3.8.1. Strc khang bén cta coc nhai chiu kéo

Véi coc nhdi chiu kéo thi sitc khang bén don vi cuc han gidm di so véi coc chiu
nén nhu sau:

-

fikén =y fim."n . (345)
» Trong d4t dinh, = 0.9 + 1.0.
« Trong IGM hat min (nhém 3, IGM1) hoic da:

Y

. i, s e aant aan
Ww=0.9+1.0néuz F—‘ ;—1 2 4 (coc ciing hon nhiéu so vdi dat/ da):

g < 4 {coc khdng ciing hon nhiéu so vdi dat/ da).

4

Ww=0.7+0.8néu < E,
Elu
d day: L - chiéu dai coe, khong ké cac phan coc ndm trong dat yéu
(nhu bun. dat nhiéu hitu cd....);
I, - médun dan héi cia vat liéu coe (tinh ¢a phin thép):
E, - médun bién dang vi mé ctia khéi IGM hoac da.

¢ Trong dat hat thd va IGM hat thé (nhém 3, IGM3): y = 0.75.

3.8.2. Suc khang mii cua coc nhdi chiu kéo

Coc nhéi chiu kéo chi ¢6 stic khang miii néu mii coe duge md rong chan (ngoai
ra, cdn ¢6 thé c6 luc hit bam rat nho gitta mét mii coc va dat/ da). Viée mé
réng chan chi thue hién duge trong dat dinh (A4t rdi thi rat dé sup 16, con da
thi kho6 co kha nang pha ngang réng dé md chén). Trong d4t dinh, phin mé
réng chin. stc khang mii don vi etia coc nhdi chiu kéo 1a:

q,= N, S, (3.46)

trong do: S, - sic khang cat khéng thoat nude ciia dat dinh, tinh trung binh ¢
khoang 2d tif phdn md réng chin 1én trén;
N, - hé s& stc chiu tai kéo;
oday: N,=3.5L,/dva<9véi dit sét khong ndt né; -
N, =0.7L,,/d va <9 véi dit sét niit né:
L., - chiéu dai doan coc ngam trong ldp dat t6t;d 1a duong
kinh coe.
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3.9. DU BAO DO LUN CUA COC NHSI DON

Ngoai phuong phap méng khéi quy udc. trong phan nay ching {4i xin gidi
thidu vdi ban doc cach du bao d¢ Iin c_‘}'_’la coc don dua trén quan hé ting suat
bién dang. D4 ldn ctia nhém coe da duide trinh bay trong phan 1.5.

3.9.1. Dy bao d5 iin cta coc nhéi trong dat

Duya vao nhiéu thi nghi¢m nén tinh. FHWA dua ra cach du bao dd hin (S,) cila

coe nhdi trong dit nhu sau:

1) Du6i tai trong doc truc N cia céng trinh truyén xudng coc, du bio dé lin
8, ban dau nao d6 ¢ du tran coc nhéi.

2) Tinh toan bién dang dan hai ctia ban than coc nhai:

N
A=k =2
L. EA

[ 1

(3.47)

trong d6: E. va A, - modun dan héi va dién tich tidt didn cia coc nhdi;
L - chiéu dai ctia coc nhéi;
k - hé 58 phu thudc vao sy lam viéc caa coc: k = 1 véi coc chéng

hoan toan (hinh 3.12a); k = 0.5 véi coc treo (hinh 3.12b);
théng thuong, k ~ 0.67. '

N N

i 'l

1t
LS
tn to
a) Coc chéng b) Coc ma sat

Hinh 3.12. Coc chéng va coc ma sat
3) Dolun 6 miicocla: S, = Sy - A,
4) D0 lin trung binh cllacoc 1a: $=8,-A, /2.
5) Véi mdildp dat (lap 1):
a) Tinh 8/ d (%):
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b)  Dung hinb-3.13 hoac hinh 3.15 dé tim ty sd

- suc khang bén
stic khang bén cye han f,

(")i =

Khi st dung cde hinh nay, ngudi k¥ su phai xem xét nén sit dung gia
tri naoe trong khoang gia tri cho trong d6 thi.
¢) Nhu vay, stc khang bén ¢ Idp 1 dudi tai trong thuc cla céng trinh 1a:
f w, £

Pinie TR L.

d) Téng site khang bén huy déng la:

(Qf'lhl[\' =u Z filhm- x Azj =u Z UJ:fi x Azi‘

sifc khang ben
s khang bén cuc han f;

H i
b
| i i Khodng gia tri
| 1
| i | .
041 i : ! — — .— Giatrtrung binh
u A
: o
! | |
0.2 ! ! |
P i
S
| : :
; i i
0.0 i i I i L i . L i 1

00 02 04 08 08 10 12 14 16 18 20
dd lun coc (8} 5
. dutng kinh coc nhdi {d) )
Hinh 3.13. Phan tram huy déng sirc khang bén trong dat dinh

6) Tinh S,/ d (%).

Su dung gia tri S, / d (%), tra dd thi trén hinh 3.14 hoac hinh 3.16 dé tim
- sic khang mat
ty sbw,, = — . — SRRt
suc khang ma cue han qa,

Sidc khang mai huy ddng (dudi tai trong thue cta edng trinh) 1i:

Qp g = qplhl_h' ‘Ar = (ﬂm ql: ‘A‘i"
7) Téng sic khang 1én coc la: Q. = Q e Q

1 Lhrees.

8) So sanh Q. v61 N. Néu hai gia tri nay khac xa.nhau thi chon lai 8, va lap
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sifc khang bén

lai cac budc tit 1 dén 9. Gia tri S, cudi cung la do ldn (tai dau trén coc) ma
ta cAn tim. V6i vong lap sau, st dung Q. va Qe ta 6 thé xac dinh A
theo phudng trinh (2.24) (dé tang muc dé chinh xac lén mét chat so véi

phuong trinh (3.47)).
10,

o9L

08¢

1
1
i
et
s 07 i i
c 1 H
g L
5 ) H H
g|g 08 P
o5 i 1 } i
. o
3 g - | I 1 o g oas
g|s A ek
Lol I ¥ 1
§ 0.4 :r i . — — — Giatritrung binh
' t 1 [}
0 i i i 1
E 03 i i i i
3 i i i i
| H H i
o2yl v i
H H H i
pm gl gue @)
0.1 | i ' |
] 1 ] 1
] ] ] ]
| | i i
0.0 | | Il i i L L i 1 ]
0 1 2 3 4 5 8 9 10
do lun coc (S)

duting kinh coc nhai (d)

Hinh 3.14. Phan trim huy déng stc khang miii trong dat dinh

10 ¢

0.8

&

i =

S 06

$ Khoang gia tr

@ cho dét da gidm yéu
g khi bién dang fan

g 04 Khoang gia tri

a cho dat/ da thudng
'é — — Giatritrung binh

02

00 02 04 06 08 10 12 14 16 18

dudng kinh coc nhdi (d)

Ghi cht: Khoang gia tri
cho si ciing phu hop
cho mét sd loai IGM1
va IGM3.

Hinh 3.15. Phan tram huy déng sic khang bén trong dat rai
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Khoéng gia tri

sife khang mii
sifc khang mii ¢ue han qp

06

a— — — Giatntrung binh

g

04

02

00

L L L A L i

R S,

| .
4 5 8 7 8 g 1 1

48 I6n coc {S)
. duding kinh coc nhdi (d) _
Hinh 3.16. Phan trim huy dong suc khang mii trong dat roi

Nhan xét: Nhu da dé cap trong phan 1.2.1, sttc khang bén clla coc dat cue han
rat phanh (& chuyén vi khoang 3 = 5 mm, xem hinh 3.13). Véi Coc
nhéi. do thanh coe nham hon (dac biét trong d4t rdi, khi khoan tao
16 c6 hign tugng chdy cat/séi xudng day hd khoan nén tiét dién coc
¢6 thé phinh ra), nén stc khang bén cia coc nhdi dat cyc han cham
hon: 6 chuyén vi khodng 3 + 6 mm véi coc trong dat dinh, 4 + 8 mm
vl coc trong dAt roi, va tham chi 10 + 20 mm véi coc trong da soi
(hinh 3.15). Cén tit hinh 3.14 v& hinh 3.16 ta thiy rdng, stc khang
miit dat cuc han & khodng 30 +~ 60 mm véi dat dinh, va 40 = 100 mm
vai dat roi.

3.9.2. Dy bao dé lun cua coc nhéi trong da va IGM1
3.9.2.1. Truong hgp chi ¢6 mot 16p da / IGM1

V61 cac loai da mém va IGM, ta vén cén phéi kiém tra d6 lun ctia coc nhdi, dac
biét khi d¢ hin cho phép nhé (vi dy, [S] = 2.5 cm theo quy pham Mgy). Cach
tinh do FHWA (O'Neill va cdng sy, 1995) kién nghi duge trinh bay theo ting
bude dudi day. Cach tinh nay phit hgp véi IGM1 hoac da c¢6 tinh dan héi.
khéng gion:

1) Thié tap dudng cong tai trong - 46 lan (P - s) véi nhidu cap tai trong khac
nhau (vi du trén hinh 3.17). Dudng cong nay ¢6 dang nhu dudng cong
trong thi nghiém nén tinh (ta c6 thé goi day 1a dudng cong nén tinh zo.
Néu ¢6 thi nghiém nén tinh that thi ta c6 thé so sanh véi dudng cong nay
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dé xem xét loai d&/ IGM ciia ta ¢ phit hgp dé st dung cac coéng thic da
trinh bay hay khéng, néu khéng phit hgp thi cin hiéu chinh cac cong thie
thé ndo dé phit hop). Cach thiét lap nhu sau:

a). Cho trudec mét do Win s, (tai dau trén caa coc).
b) Xac dinh H; theo (3.17b):
L.O

m

Hi= —2-"g (biénsdlas).
[ nl, I, (

¢) Xac dinh K, theo (3.16):
H, - n*

[

H; - 2n 1

d} Xac dinh sic khang bén huy déng khi d6 lun 14 s;:
f=Hf, .« néuH <n; (3.48)
£ = K £, néu H, > n. {(3.49)
fimax 18 stte khang bén cuc han, xac dinh theo phudng trinh (3.11).
e) Xac dinh ste khang mii huy dong khi d6 lin i s, (xem phan 3.6.9):
Theo (3.40) ta cé:
q, = A s"%

Theo (3.41) ta c6:

.. Y L
Lng 200[V|| e —Q} I i+ }
5

A=0.0134F,, -~ d | N TN
L. r

D Tinh tai trong tac dung 1én coc dé ¢6 dudge do ldn s;
P=@Q+Q,=ulaz xf+ A, q,
u va A, la chu vi va dign tich tiét dién coc.

g) Cho mft A6 lin s; khac. lap lai cac bude a dén [ Cudi cang, ta vé dugce
dudng cong tdi trong - ¢5 lin P, - s, tuong tu nhu trén hinh 3.17.

2) Tu dudng cong trén, tra tai trong P da cho ta 8 duge d6 1dn cAn dy béo s
(tai dau trén coc).
3.9.2.2, Trudng hgp cé nhiéu 16p da / IGM1

Néu ta c6 N l¢p d&/ IGML. trudc tién ta can tinh trung binh trgng s6 cac dai
lugng E s, fimase VA 0, nhy sau:
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_ 1
Eunl; -

foo= L

imaxtls

(f.mavi 18 stic khang bén eyc han cda 1p i, tinh bing phuong trinh (3.11)).

Thav g1a tri B, vao cac perOng trinh (3.19), (3.20} va (3.17) ta tim dugc €y,
H
1l] il

Xac dinh n; etia mdi 18p i (phuong trinh (3.18) hozc binh 3.10). Sau d6 tinh n,,
nhu sau:

ZH L

ZL

Thay Hy, va ny, vao phuong trinh 3.16 ta tinh duge K.

Tinh £, (trung binh cho toan b§ céc 16p d&/ IGM) bing phudng trinh (3.48)
hosic (3.49).

Tinh ti€p cac buée e, f, g nhu § phan trén.

Vidu 3.5

Cho cac s& liéu nhutvidy 3.1, d6 la: d = 1m, L =7 m (5 m cudi 1a da sét 16 thién - 1GMT);
. = 2.5 MPa = 2500 kPa = 25 bar = §, = 1.25 MPa; £, = 500 MPa; E, = 50 MPa;
E. =30 GPa = 3 x 107 kPa. Dy bdo d¢ lin cha coc don dudi t3i trong P = 1250 kN néy giad
thiét thanh nhin,

Tuvidu3.1,tacén =042, =0.442; 2= 1937;f,_ = 124 kPa;

Ny =

Hf: E Q $= — 20 1,937 s=1125s;
!f nx5x0.442 % 0.124

k= _Hi-n® 1125xs-0.1764

" H,-2n+1 1125xs+0.16 '

f, xac dinh theo phuong trinh (3.48) va (3.49). Sau do Qf =uf i, duge tinh va tap

trong bang 3.6;

L

A=00134E, —%—

ng
d

ng

r -10.867

200{ o -Q {1+ ng)

L =

I
+1 RL

ntxbh x0.442

67
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Két qua tinh toan dugc lap thanh bang 3.6 va minh hoa trén hinh 3.17: Dong trén hinh
3.17, tudng img véi P = 1250 kN, 1a ¢6 dé Itn clia coc nhéi [a 0.5 cm. Ta théy riing. tai vi
tri nay thi sitc khang bén da huy déng dugc 1040 KN (khodng 55% s(ic khang bén cuc
han), trong khi sirc khang mii méi huy dong duge 210 KN,

Badng 3.6. K&t qua tinh toan quan hé i trong - d& lin

H,= « = 112.55-0.1764 "
= = = 047 | p —
) L 112.5s " 112554016 | Q= Uxfixbky 1Q, = AxAxs™T P = Q+ Q,
0 0.000 0.0 0.0 0.0
0.0010 | 0.113 219.1 72.3 291.4
0.0037 | 0420 0.420 818.1 174.8 992.8
0.0050 | 0.563 0.534 1040.9 212.5 1253 .4
0.0100 1.125 0.738 1437.9 338.2 1776.1
0.0200 | 2.250 0.860 1675.9 538.1 22140
0.0250 [ 2813 0.887 1727.4 624.8 23522
0.0300 | 3.375 0.905 1762.4 706.0 2468 5
0.0400 | 4500 0.928 1807.2 856.1 2663.3
0.0500 | 5625 0.942 18345 594.2 2828.7
500 1000 1500 2000 2500(KN)
S N 0 O O A I B
0 N | | |
e N A
. v |
! v « | ]
s ___J,r ______________________ ’. ________ ' __________________
- A : § |
E 2 U 1 N
« i ! i
25 [ - A | ! I
----- Khang ben Qf ; \i
3 roooRRang mmgp i [ u -
35 |l U U S—
R
4 [T e LT
: N :
T Pt IR I E—
5 : ¥ ! :

Hinh 3.17. Biéu dé dy bao tai trong - d&.lan
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3.9.3. Dy bao do 14n cla coc nhéi trong IGM3

Phudng phap cuaa FHWA (Mayne va

Harris, 1993) kién nghi cho IGM3

cing la phuong phép xiy dung §
dudng quan hé tdi trong - dé lin (c6

thé goi 1a dudng nén tinh coc do.cho S1+ASL
dé hinh dung). Tuy nhién, dudng tdi
trong - dé lin cua coc nhdi trong
IGM3 (IGM hat rdi) khéng cong ma
14 duong gap khic ba dean nhu trén §r 8
hinh 3.18.

Hinh 3.18. Buéng tai trong - dé IGn cho IGM3
Cach xay dung dudng gap khic nhu sau:

a) Ubc luong, danh gia modun bién dang ctia IGM3. Néu khong cé thi nghiém
nao khac ngoai SPT. thi Mayne va Harris ki€n nghi phuong trinh dy béo
sau: '

E. ~ 22 N, "% (bar). o (3.50)

Phuong trinh nay chi dua trén mot loai IGM3 ¢ My, do d6 khi ing dung d
céc vang d4t/ da khac thi phai kiém ching cho pha hgp.

by Tai trong P, (6 cudi doan 1) 13 tai trong ma tai d6, sic khang bén 43 huy
déng duge 100% (Qp), con sttc khang mii mdi huy déng duge mét phan rat
nhd:

fim: e
P] - . e — . = Jan . (351)

- r‘;cos(nL“g)(lmvz) é’;cos(nLng)(l.—vz)

Do lun tai ta: trong P, 1a:
Pl

8= At (3.52
R4 )
trong do: f,,,m stic khang bén cyc han. dy bio theo phan 3..4.4 (Mavne va
Harris);
Btg (nL, L,
A1 L.)d
I=41+v) — E"n ( EV)(H ) : (3.53)
an _ " tg(nL )L
4 Eﬂ{_ g(n ng) ng

1-v) | gLyd

v - Hé 8 nd hong Poisson. 461 véi IGM3, v=0.3+ 0.4 (c6 thé 18y v = 0.4):
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¢)

L. _
nL,, = \E—: —(;11; (3.54)

=1 {r-2 5 E’“
¢=In L . gﬁ---

2L,
(1-v)+0.25 - 0.254—&3'—}:
i

sl

%= 2(1 + VBB - (3.56)
£ = 2.5 véi IGM3;
E.- madun dan héi cla vat lidu coc;
E.- médun bién dang cia IGMS3 tinh trung binh cho doan coe dang xét:
B, - médun bién dang cia IGMS tai phin ngay trén mii coc;
tg(x) = sin{x}cos(x);
cos(x) = (e* + e )/2.
Tai trong P, (4 cudi doan 2) chinh 13 tai trong cuc han:
=@+ Q,=f,.mdL,, + Qx4

fimay dU bao theo phén 3.4.4, con Qpmax ¥ béo theo phan 3.5.3 Mayne va
Harris);

Phéin lin thém As 13 do phan tai thém (P, - P)). Phan téi thém nav hoan
toan truyén xudhg mii, do dé ta ¢6 cong thite dan héi sau (tudng tu cong
thie tinh l4n cia ban nén tron):

‘)

As=(P,-P) ——. 3.567

( t) o) d (3.57)

k- mddun bién dang cia IGM3 & phia dudi mai (khac véi E). Do qua

trinh khoan, médun bi€n dang ciia IGM3 & phia dudi mii coc sé bl giam di.

Theo Mayne va Harris. thi médun bi gidm di & lén (véi IGMS3, £ = 2.5),
tue la:

E. = 2278 N,,"* (bar). ' (3.58)

Va1 N, 1a két qud SPT (da hidu chinh theo 60% nang lugng hitu ich) cia
IGM3 ¢ phia dudi mii coc.

Vidu 3.6

Cho coc nhii nhu trén hinh 3.19. Khoan tao 16 cO ding dung dich bentonite, ki6m soat
chét lugng 6t (5 = 0.75¢). Pubng kinh coc d = 1 m, chidu dai L = 50 m. 40 m d3u tién
trong dat yéu (b3 qua sic chiu tai). 10 m cudi cing ndm frong IGM hat rii (!GM.’J‘) nhis
trong hinh v&,

Muc nude ngam tai 20 m.
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Két qua cia thi nghiém SPT duoc tink trung binh la:

Lép 2: Ngy=75;

40

Lép 3: Ny = 90;
Dudi midi coc: Ny = 100 (vi Ngg > 100 nén idy N., = 100).

Béténg coc ¢6 £, = 24 GPa = 2.4 x 107 kPa; Thép
coc O dién tich 1a F, = 120 cm?, vdi E, = 200 GPa.

Xac dinh dd lun khi P = 5000 kN va P = 9000 kN. -

1} Trude tién, ta tinh cac modun: N=75

- M&dun dan haéi cua coc: I i
Ec= {Ep x Fy ¥ EF)F N=90 |
= 124 x (0.785 - 0.012) + 200 x 0.012] / 0.785
= 26.7 GPa = 267000 bar,

N=110

Hinh 3.19. Vi du 3-8

trong do: F - dién tich tiét dién coc; F = = x 12/ 4 = 0.785 m?;
F,, - dién tich phan bétbng coc:
F, - dién tich ¢4t thép coc.

- Médun bién dang cac [p dat (theo phuong trinh (3.50) va (3.58)):
E., = 22 x 75%% = 758 5 bar:
E., = E, = 22 x 90°% = 880.8 bar;
£, = (6.5 x 758.5 + 3.5 x 880.8) / (6.5 + 3.5) = 801.3 bar;
E,=22/& x 100°% = 384.1 bar.

2) Tinh stc khang don vi theo cac phudgng trinh trong phan 3.4.4, két qua 1ap trong
bang 3.7. Tir dé ta cé tdng sic khang bén cia coc a:

Q=ufil=nx1x{2.24 x6.5+2.61x3.5) » 100 = 7444 kN.

Bang 3.7. Dy bdo sirc khang bén dan vi

2 | N o, |OCR=02N/J, ! p K,=(1- Is:'n o | =Ko, tg0.75¢
(bar) (Pt (3.9) | (Pt (3.7) OCR*" {bar)
4325 | 75 | 6.158 244 39.2 0.647 2.24
4825 | 90 | 6.708 2.68 40.2 0.671 2.61
50 {100 | 69 2.90 409 |

Theo phuong trinh (3.27) thi:

Ngo

qp=0.59(
a

L

0.8 08
} Some = 0.59 x {160—8} 6.9 = 34.56 bar;

VM

Q,=A, Q=7 x 1274 x 3456 = 2714 kN,
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3} Cac hé s6:
L fd=1071=10; v=04,;

[ Eu 2L, |
g=in {{6.2522(1 v) - 0.375; 2
S fa
=in 625 8013 1 0.4)-0375(22101 = 441,
|1 7" 880.8 1
) =2(1+\)E./E, = 2.8 x 267000 / 880.8 = 847.77;
e L I'__'_____
Nl = 2 !}_2_ e T . 10 = 0.479:
T d V4.11 % 847.77

. 3.21g(nk,, )L g
(1= V(1L )

L= 4(1+v)

E
4x " 1g(nL, )L
16 E, g(nl,g)ln,

+
1-v C(r}tng)d

3.21g(0.47%)10
nx B47.77 < 0.6 x 0,479

=56 x - =02.
2667 + 47 x 0.91 x 1g(0.479) x 10
4.11 x 0.479
4) Xac dinh doan 1:
Q i 2000 4000 6000 8000 10000KN
P] = 1 I L _\:' r g- T i L3 :: L3
2.5c0s{nL, ){l - v*) T S R, 5= S H—
R 0 N O B . W
L 0.2 z =.
2 5¢08({0.479)(1 - 0.16) I O B [EeITe CIE B 8
= 8138 kN; a b S S I
Pl 8138 x0.2 ': : :
8y = = Y S - I SR
Eg d 88080 x 1 i i ; 5
= 0.0185 m = 1.85 cm. R T B
5y Xac dinh doan 2: som \J Z £ 5
P,=Q +Q,= 7444 + 2714
= 10158 kN; Hinh 3.20. Vi duy 3.6
' 2
As={P,-P) -V 2020 x 084 0.0442m = 4.42 cm;
E.d 38410 x 4

5,=1.85+442=6.27cm.
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Tir két qua cha 4) va 5) ta vé duge dudng gép khac trén hinh 3.20. Tra trén hinh nay
ta oo

KNP =5000kN =5 = 1.14 cm;
Khi P = 9000 kN => s =3.74 cm.

3.9.4. Dy bao d6 lun cua coc nhdi trong da gion

Ngodi cich duy bio d6 lGn theo phén 3.9.2, Kulhawy va Carter (1992) con kién
nghi cich dy bae dd lin riéng cho trudng hop coe nhéi trong da gion. Cach
tinh nay kha tudng tu phan 3.9.3 (dwdng tai trong - d¢ lin ciing 14 dudng gip
khie ba doan nhu tvén hinh 3.18). Cach xay dyng duong g4p khiic nhu sau:

a)

b)

)

Uée lugng. danh gia moédun bign dang cta da (tham khéo phan 3.3). Khac
v phan 39 3. médun bién dang cua da dudi miii coc (E,) khéng bi giam di
2.5 1an. vi hé s3& = 1 v6i da (phudng trinh (3. 51) + (3.58)).

'T'zu trung I, va do hm s; (6 cudi doan 1) xéc dinh gidng nhu phan 3.9.3. Chi
¢6 hai diém luy ¥ la:

‘

f; max Pha1 dut bdo theo phin 3.4.6;

+ H& s6 nd héng Poisson ctia da thudng nhé hon va trong khoang
0.25 = 0.35.

Tuy nhién, tai trong P, (6 cuéi doan 2) nhé hon (Q, + Q,) vi day 1a da gion.
Khi stc khang mai dat gia tri euc han la Q, thi stic khang bén lai bi giam di
nhé hon Q; (d4 giam y&u khi bién dang 16n, tham khao hinh 1.3b, phan 1.2.1);
Dg hin s, = s, + As (8 cudi doan 2) [a:

&, = F.‘i PU N }?-|d; . (3-59)
rtEgd
F.". = aI (?u]dc;; - kgdC;) - 433: (360)
A
Fi={l-ad'—% s ¢l Eg 3.61
{ : Dti —D:i:f ( )
a, = 1.15In{d(1 - viL,, /d] + ay; (3.62)
85K /E. 1
a,= OO, IB +1xv ( (3.63)
- 2tgotgy
py = ZPHVBT e (3.64)
2a
— — 2 i}
hy= ——B—ﬁf *ia : (3.65)
o

B=a,dE./E; : (3.66)
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5 E
= 9_97) (3.67)
Lgwy 1
a=a,(E./E)d*/ 4 (3.68)
D.
Com i 3.69
D, -D, (3.69)
. D
C,= " 3.70
' D,-D, (370
D.=[r(1-v)E,/E +4a, +a, A,d] e™*, (3.71)
D =[x (1-v)E,/E +4a,+a, Ad] e (3.72)

d - duang kinh coc;
¢ - gbc ma sat ngoai gita da va béldng;
y - goe day ngang ctia da (dilation) khi chiu luc, c6 thé gia thist 1a y=5"
Theo O'Neill va edng sy, ta ¢é thé du b4o nhu sau:
tge tgy = 0.001 q,° véi q, tinh bang bar. (3.73)
¢ - lue dinh du trong dé sau khi-d4 da bi pha hoai. Clang theo O'Neill thi:
e=0.1 q,*" (bar) v6i q, tinh bing bar. (3.74)

Trén d6 thi hinh 3.18, doc theo doan 2, néu téng sitc khang 1a P thi st
khang miai duge huy déng la: :

¥ .
Qp huveling = P x |iP:{ + I),| T[_(::J_C} \ (3.75)
vol Py =a, (k) - &) de" ™ - : (3.76)

ol _ o ik

Pl oy az — -
D=| - D,

(3.7
Dé hiéu r6 hon vé cich du bao d6 lin cta coc nhéi trong d4, xem vi du 3.7.

3.10. MOT SO Vi DU THIET KE COC NHOI

Vidu3.7

Coc nhéi dai thap dugc thiét k€ trong nén dat/ da nhu & hinh 3.21, muc nudc ngdm ngay
tai mat dat.

Sét tuong doi yéu;
S, = 30 - 60 kPa.

Da cal, ximang hda rat cing; g, = 8800 kPa;
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RQDmJng hink = 50%; E; = 26 GPE;

Khe nut rong 2.5 mm, chua cac man yéu;

Khodng cach gitta cac khe s, = 0.67 m; _ | \ )

D& cat nay kha gion, vi khi thi nghiém cat,

thdy khi mau bi phé hoai, luc cét gidm rat manh. ]

» Tham khao cac cdng ty xay dimg trong viing,
bén thiét k& nhan thdy cé nhimg nha thau o
dit ndng lre va kinh nghiém khoan da d do sau
ln. Bén thiét ké quyét dinh thidt ké coc nhdi
ngam vao trong 16p da 4 m, thanh hé khoan
khong lam nham, Budéng kinh coc duge chon fa
1 m, médun cda coc E .~ 23.6 GPa,

Hinh 3.21. Coc nhéi ngam trong da
= Nha thdu thi cdng bang phuong phép khoan 16 ¢é st dung 8ng véch (casing) sudt ca
chiéu day 16p dat sét & trén. Viéc yéu clu 8ng vach dai cling doi hdi nha thau phai co
nang lyc thi cong tét. Khong nén sir dung dung dich khoan (bentonite), vi c6 thé gay
tic cac duang 16 rdng trong da cét, do d6 lién két gilta bétdng tuoi va da cat sau nay
bi giam di.
= Ky su két cdu bén trén cung cap tai trong nhu sau:
Tinh tai, tai thiét bi, va |6p mat: Py = 2300 kN;
Hoat tai stt dung: P. = 15500 kN;
Tai trong gié (phan gay ra lc nén xudng mong): Py = 666.7 kN;
5Po *+ 1P, = 30000 kN (cuting db |, theo LRFD, phan 1.2.7);
Py + Py + 0.3 P = 18000 kN (s dung |, theo LRFD, phan 1.2.7).

1) Sirc khang cda I6p dat (1op 1) khong dang ké so véi [8p da (16p 2), do d6 ta bd qua
strc khang trong 10p dat nay.

2) Dw bao sic khang bén:
Theo bang 3.3, vdi RQD = 50% va khe nift hd, ta ¢6 «p = 0.55:
Theo cach tinh ctia Horvath va Kenney {phén 3.4.6), ta ¢6:

§,=0.65q, ac=065x 88bar x0.55 ~ 3.37 bar = 337 kPa;

Theo phuong trinh (1.4)ta c6: Q= uf, L, = x 337 x 4 = 4235 kN,
3) Du bao sirc khang mii:
Theo cach tinh CFEM (Canada - phan 3.6.3):
3+ Sv
Ksp = —_—--d — = —

10 [1+300 ¢ 10 1+ 300
v s

W
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4)

5)

8)

7)

a)

b)

10- MCPT

lg=456d =0=1+041, /d=26;

9, = 3K, 6q,=1.872q, ~ 16470 kPa;

Theo phuang trinh (1.5) ta cé: Q,=q, A = 16470 x n / 4 =~ 12940 kN.
N&u thiét ké theo ASD, ta c6:

Khao sat cho thdy da nay kha gidn ("da gidm yéu khi bién dang 16n"). Vi vay, s(c
khang sé& huy dong theo dang trén hinh 1.3b. Nhu vay, slic chiu tat cuc han cla coc 13
P,< Qi+ Q, =17 175 kN (xem thém budc 8 dudi day). Sirc chiu tai cho phép clha coc
{néu chon hé sé an toan fa F, = 2 v F,=5):

[PI<Q/2+Q,/5=4235/2 + 12940 /5 = 4615 kN

P, +P_+0.3P;, 18000

$6 coc can thigt la: n = - = 3.9 coc
‘ P ” 4615

Ta chon n = 4 coc.
Néu thiét ké theo LRFD, ta co:

Theo béng 1.4, ta c6 hé s§ sifc chiu t3i cho Q, la &, = 0.65 (hang Horvath &Kenny),
con Q, fa &, = 0.50 (hang CFEM) (trudng hop cac s6 liéu vé nén dat khong co dé tin
céy cao 1am, ta co thé giam ®; va @, xubng). Cing tr hinh 1.3b, mdt coc sé ¢ s
khang huy déng (theo LRFD) Ia:

PQ <D, Q, + b, Q, = 0.65 x 4235 + 0.5 x 12040
= ®Q <9 223 kN;

;‘DPD + ;'LLPL > 30000

Nhu vay, s6 coc nhdi can thiétla: n =
Y, 80 C¢ >Q 9223

> 3.25 coc;

Ta cling chon n = 4 coc.
Nhu véy, t&i trong theo didu kién sl dung | [én méi coc la:

Pea = Po +PLn+O 3P -@%9[-}- = 4500 kN (day coi & i trong tiéu chudn);

Tai trong theo diéu kign cudng d6 | 18n médi coc la:

P, = AoPo AP 30000 _ 7500 kN.
Q 4

Dy bao d6 lin cda coc don dudi ti sl dung la P, = 4500 kN (phan 3.9.4)

Tinh cac modun:

Médun dan hdi cha coc: £, = 23.6 GPa:

Mddun dan héi cla da: E.~E.= 0.1 E,=0.26 GPa (tfra bang 3.1 véi RQD = 50%).
Céc hé sd (xem phan 3.9.3):

L./d=4/1=4; v=0.2; §&£=1;

[ E 2L
¢=ln “2,55_ -E-?g-u -v)+025-0.258 |- 1 =In{f2.5 x 0.8) x 2 x4} = 2.773; -

sL 7 dJ
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WE2 05T L S 45 0,460,
; Yor d V2773 x 218
8tg (1l g )L,

|41+ vy o vbg)d

4 E“gt (nL, )L
. 4 :TESL__g n ng .r‘rg

-9 ke

81g(0.480) x 4

1
voe 218 < 0.8 x 0.46

=4 8% . o TILLZZ LT (.23,

* 5 . 4 x19(0.460) x 4

2773~ 0.480

Xac dinh doan 1.
po= L A5 sagokn:
A | . 0231

: iCOS(I]L,,q‘)(T ~v?) €05 (0.46) x 0.96
s,= 12409 <0231 55481 m = 0.481 om.

E.,d 260000 x 3
Tai diém nay, stic khang bén 1a cuc dai (Q, = 4235 kN). Con sic khang mii mai huy
dong duac la: 5409 - 4235 = 1174 kN.
Tir hinh 3.22 ta thay, dudi tai trong P, = 4500 kN thi @6 iun 1a s~ 0.4 cm.
Xac dinh doan 2;
Thuc ra, ta khéng cén xac dinh doan 2 (vi P, , < P, = 5409 kN, do d6 ta 43 biét dap sé
s,= 0.4 cm). Tuy rhién, d€ hiéu rd hon vé su lam viée cQa da gién, ta 1am thém phan
nay. '
tgp tqw = 0.001 g,°% = 0.001 x 885 = (0.02;
¢=0.1q, % « 2.01 bar = 0,201 MPa;

o OBE. /B clvy 085-0261236+12 4,
0.04

2tgotgys

a,= 115 I[5(1 - )L,/ d] + a, = 1.15 In16 + 30.2 = 33.4;

ng

E
_0075&, 0075026 0.0095:
tgy £, 0.0875x23.6

p=a,dE./E;=00095x236/0.26~0.862m;
a=a(E./E}d*/4=334x236/026/4=758m"

| Br b oo 0862, V08627 - 44758

iy IR LI =0.0358m
2w 2= 758 :
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5, = BB “4 0862 - 0862 + 4758 =-0.0369 m "
20 2 x 758

Dy =[x (1-v)E,JE +4a; +a, 1,d] e"’?

={0.96 7+ 4 x 0.0005 - 33.4 x 0.0369) &* *°0%9 . { 57.
Dy =[x {1-v)E,/E, +4a,+a, i,d] e

=(0.96 7 + 4 x 0.0095 + 33.4 x 0.0358) 0799 4 gg.

C,= . D3 S, B-14 -—=0471:

Fy=a, (,,dC, - 1,dC,) - 4a,
= 33.4(0.0358 x 0.471 + 0.0369 x 1.471) - 4 x 0.0095 ~ 2.338:

1. - a, ¢/ E,

JL 4‘03} ’

(1 400358 +0.0369) ., 0.201/ 260 = 0.00632:
[ 49157

Dudi tai trong P, ., = 7500 kN, thi 86 fan la-

Pid 7500
=F, lied A S Y =0 =1 ‘
Sieqa = Fa TIE | F.d=22338 % 560006 0.00632=0.0181m=1.51cm

D& xem sirc khang miii da duoc huy dong dugc bao nhiéu, ta tinh tiép theo phuang
trinh (3.76), (3.77) va (3.75):

Pyl L (.0358 -0.0369 -4
Py=a,(h - )de® ™ ™ =33.4(0.0358 + 0.0369)e 4915 ' L0728

e"'ZLn( _ e“"]"—ng -0.0368 -4 _ 80.0358’4

P4 =a, - —_—— e =302 T ez - 2,64

= 0.504 x 7500 = 3780 kN.

Nhu vay, slic khang bén tai thai diém nay la; 7500 - 3780 = 3720 kN. Ta thay, tai thoi
di€m nay sitc khang mii méi huy déng dugc 3780 f 12940 = 29%. Con sifc khang bén
lai giam 0 Q, = 4235 kN xudng 3720 kN {mat G 12%).

Véi cac s6 liéu trén, ta vé duge do thi tai trong - dé jun trén hinh 3.22.
8) Kiém tra lai didu kién vé sirc chiu tai (gia sif coi siic khang bén chi gidm dén 3720 kN):

= NE&u tinh theo ASD:
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Sdrc chiu tai cuc han 1a P, = 3720 + 12940 = 16660 kN;
Hé s& an toan tng thé F, = P,/ P = 16660/ 4500 ~ 3.7;
= An loan vé mét sic chiu 1ai.
= Néu tinh theo LRFD:
Sifc khang huy dong la: ©P = @ x 3720 + O, x 12940 = 8888 kN:
Tai trong theo diéu kién cudng dd | 1én mai coc la 7500 kN < 8888 kN;

— An toan vé& mat sdc chiu tai.

0 1000 2000 3000 4000 5000 6000 7000 8000
0 .

Téng
Khang bén
= = = =Khéang mii

0.2

0.4 M
0.6 x

0.8 »

1.2

1.4 N \

1.8

Hirnh 3.22. Dudng tai trong - dé lin trong Vi duy 3-7

9) Du bao do IGn cla nhém bén coc nhdi dudi tai trong st dung. Biét rdng coc dugc bd
tri theo Iudi 2 x 2, va khoang cach gitfa tam hai coc la 3 m. Nhu vay, khoang cach
gilra hai mép ngoai cda nhém coc 1a 4 m.

Theo phuang trinh (1.26) clia Vesic, d6 lGn cla nham coc nhoi fa:

B "
Suvom = Saan 4| TEILAMIMCE 6 4 [4 _os cm:
¥ d V1

6 Win nay nho han 6 1Un giGi han, nhu vay cong trinh an toan.
Vidu 3.8

Coc nhéi dai cao duoc thiét k& trong nén dat/ da nhur & hinh 3.23. Thi nghiém SPT co két
qua ta N ghi trong hinh vé. Nang lugng htu ich ctia thiét bi SPT nay la 60%, nhu vay N = Ng;
Chiéu dai doan coc tinh toan ndm trong dat 1a 23 m, dudng kinh ia 1 m,

Khi khdo sat dia chat, muc nudc ngdm ndm 0 d5 sau 4 m. Tuy nhién, cong trinh nay @

ngay b& séng c6 muc nude 1én xudng that thudng. Vi vay, d€ an toan ta thiét ké voi gia
thigt muc nude ngam ngay tai mat dat
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Trong hrgng riéng no nudc clia hai Iop dat 1a: b ma3t sau x6i mén
y =190 kN/ ' va 5, = 21.4 kN/ . N=17

24

HG khoan dugc thi cong c6 sit dung dung dich Cat, I&n 71
bentonite. Bétong toi c6 do sut la 200 mm, d6 bui, it s6i; 30
i gat. a L Chat vim, 30
vdi toc do nhanh hon 12nv b, sau 28 ngay béténg 36
dat cudng dg nén tiéu chudn I R,s = 275.6 bar: 40
38

KY su két cau bén trén cung cap tai trong nht —14.3m 62
sau. 63

IGM hat tho 107 23m
Tdi nén theo t6 hap sir dung I: : 80
' 105
P..=P,+P +0 = -
et 5 . + 0.3 Py = 4090 kN:; 17m 77

Téi kéo theo t8 hap sir dung I: day hd khoan khéo sat

Puy=Pp+ P+ 0.3P; = 1820 kN. Hinh 3.23. Mat cit dia chat

1) Du béo sifc khang bén:
Mac du i6p 1 co N > 15 nhung vi day Ia cat chir khéng phai cat séi, nén ta ap dung
phan 3.4.2. Sttc khang bén ctia coc trong I6p 1 dugc tinh toan trong bang 3.8,

Bidng 3.8. Sire khiang bén trong 16p 1

Lop phdnté | z(m) | o', (kPa) B(Pt3.6.c) f, (kPa) U x Az, u x Az, xl:
0+2m 1 9 1.2 10.80 6.28 58
2-4 m. 3 _2? 1.077 29'0_7. 6.28 183 N
4-6m 5 45 0,953 42.§0 528 270
6+8m 7 63 0.853 53.75 6.28 338 -
B=10m 9 81 0.767 62.09 6.28 BQO_N_“

10+-12m i1 g9 0.689 68.22 6.28 42% ]
12+-143m 13.15 ‘ 118.35 0613 72.59 7.23 525 -

Q. =YQ,= 2201 kN
Suc khang bén trong 18p 2 dugc tinh toan theo phan 3.4.4:
Gia tri N, trung binh trong 16p 2 1a: Ny, = (62 + 63 + 100)} 3=75,
Ung suat hitu higu & gilta 16p (d6 sau 18.65m) la;
o', = 14.3m x (19- 10) KN / m? + (18.65 - 14.3)m = (21.4 - 10) KN/ m®
= 178.3 kPa = 1.783 bar;
Theo phuong trinh (3.7): ¢ = arctg{{Ng, / {12.2 + 20.3 o'} '3

= arctg{[75 / (12.2 + 20.3 x 1.783)1°*} ~ 49°,
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3)

4)

2N,
Theo phuong trinh (3.9):OCR = 0 2'-1-'--‘!‘-'- = 841,
9]

Theo phuong trinh (3.8): K, = (1 - sing) OCR®™" = 0.245 x 8.41%7% = 1.23.

Vi bétong dd nhanh, nén ta co thé gia thiét hé s& ap ltc ngang clia dat 1én ctjc khéng
ddi va la K,. Clng gid thiét § = ¢, 4p dung phuong trinh {(1.6) ta cé:

i =Ko\ 1g3=1.23 x 1.783 x 1g49 = 2.52 bar;
- Qu=uAzfi=nx 8.7 x 252 ~ 6887 kN.
Nhts vay, tdng sirc khang bén ia: Q. = 2201 + 6887 = 9088 kN.
Du bao sirc khang mii:
Ung suét hitu hiéu & mii coc:
Oy = 14.3M x (19 - 10) KN/ m? + (23 - 14.3)m x (21.4 - 10) kN/ m®
~ 228 kPa = 2.28 bar;

Dudi mdai coé‘ gia trj Ny trung binh (a: (100 + 80) / 2 = 90 (gia tri 107 16n hon 100, vi
vay bi cat con 100);

+0.8 0.8
g, = 0.59 [—NGO—] o' = 0,59 {;S_BJ % 2.28 = 25.66 bar:

S ymit

Theo phuong trinh (1.5) ta co:
Q, =q, A, = 2566 x n /4 =~ 2020 kN,
S{c chiu tai nén cyc han clla coc |4
P., = Q, + Q, = 9088 + 2020 = 11 108 kN.
Stc chiu tai nén cho phép la:
[Pl,= Q,/F,+ QJF, = 9088 / 2 + 2020/5 = 4948 kN (hé sG an toan 1a 2 va 5).
Siec chiy tai kéo cuc han cla coc |a:
Pu=wQ,=0.75x 98088 kN = 6816 kN (y = 0.75 theo phan 3.8.1).
Sirc chiu tai kéo cho phép la:
[Pl =P, /F,=6816/25 = 2726 kN (hé s6 an toan kéo chon la 2.5).

Néu thiét ké theo ASD, ta chen s coc 1a 1 {n = 1). Nhu vay, ca hai dieu kién vé kéo
va nén déu thda man:

P.sa = 4090 < [P], va Py = 1820 < [P},.
Ta thay rang, ty & stc chiu ti do (dp 1 cung cap chi 1a: 2201 / 11108 = 20%, con ip
2 cung cép tdi 80% sirc chiu tai. Do doé khi tinh lin, ta sé tinh lan cho coc trong dat

IGM hat thd {16p 2). Ban doc tu tinh va kiém ching véi dap sd 14 0.94 cm khi tai trong
la P, = 4090 kN.
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TINH TOAN COC LAM VIEC DONG THG! VSI NEN
—_— e

4.1, GIGI THIEU

V61 sy phal trién caa miv tinh ¢d nhén va phuong phap phin (U hiu han.
hién nay ¢ cae nude Tav Au - Bic My. ngudi ta thuong tinh toan coc lam vide

dong thoi véi nén (nhit 12 bii toan coe chiu tai ngang - méng coe dai cao).

Trong do. duéi tai trong ding (kéo hoac nén). nén dat sé tugng tac véi coc qua
nhiing g6t dan hdi theo phuing ding (cac goi z; trén hinh 4.1). Quan hé A
phan luce (ky hiéu 1a 1) va chuvén vi ditng cta cac goi dan héi (ky higu la z) Ia
t=k,z vé k, 1a d¢ cling cta g dan hét theo phudng ditng. Quan hé gita t vé
z goi la "duong cong t-2"

Dudi tai trong ngang. nén dat sé tuong tic véi coc qua nhitng 61 dan hai theo
phuong ngang (ede gdi v,, vy, trén hinh 4.1). Quan hé gia phan lic (ky higu
14 p) va chuvén vi ngang cia cac g0i dan héi (ky hidu layy lap = k, v. véi k, 14
dd cltng cuia g8 dan hdl theo phudng ngang. Quan hé gitta p va y goi Ia
“duong cong p-y".
Nhu viy, phudng phap nay st dung phan t hitu han két hop véi mo hinh nén s
Winkler (tic la mé hinh nén bang cac goi dan héi lam viée dae 1ap) phi tuyén,
Tom tat cia phuong phap nhu sau:
» Chia coc thanh nhidu phan tit (dean) nhd nhu minh hoa trén hinh 4.1a:
» Trén mdi doan. tuong Lac gifia coe vi dat duge md hinh béi cde g6i dan héi:
» Thong thudng. ta ¢iin phai st dung may tinh (PC) dé gidi bai loan trén
(do khéi lugng tinh tean rat 16n). Hién nay ¢6 rit nhiéu phin mém si
dung phudng phiap nay nhu; COM624.P™. LATPILE.UBC. LTBASE.
BMCOL76. FL-PIER (hay DEEPF). Két qua 1a biév dé chuyén vi ngang,
Iue ciit. mdmen trong coc. phan Iuc dAt 16n coe nhu & hinh 4.1b.

“' Download mién phi tai dia chi "lttp:fiww fhwa.dot.govibridge/geosofl ht m#tcomG24p”



152

MONG COC - PHAN TiCH VA THIET KE

Trong cac dé muc ti€p theo, chiing téi chi trinh bay dudng cong p-y va t-z cho
coc don, truong hgp nén dat nim ngang va nén déng nhat. Truong hdp nhém
coc, hodc nén dit doc, hodic nén nhiéu ldp, ching téi hy vong sé duge dé cap
dén trong l4n t4i ban ti€p theo clia cush sach nay.

i

-’?.‘H 1

.

ﬁ%‘w\m lg'm

L

Hinh 4.1. Mé hinh coc-dat va két qua bat toan

4.2. DPUONG CONG P-Y

[y —

—————

b)

e e

R —

e

e ——

Ta biét rang, dat khéng phai la vat liéu dan hdi tuyén tinh, vi vay d6 ciing cua
g6i dan héi ngang (k, = p/ y) khong phai 14 hing s6 nhu quan hé tuyén tinh
trén hinh 4.2a ma giam dan nhu trong quan hé phi tuyén trén hinh hinh 4.9b
(chuyén vi ¢lia coc - y - cang 16n thi goi dan héi ciAng mém). Trong hinh 4.2b.
duong cong A 1 dang iing xt hay giip nhit d6i véi nhidu loai d&t; dudng cong
B dudc goi la cho dét gion (brittle soil), éng xit dang nay chi gap vl mot sd it
dat sét eing dudi tac dong cha tai trong déng. Hinh dang v& d9 déc cia dudng
cong khéng nhiing phuy thudc vao tinh chat clia d4t, ma con phu thuéce vao dd
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sau doan coc dang xét. kich thude coc, mye nude ngam va dang tai trong (tinh
hay dong). Phin 4.2.1 dén phén 4.2.9 sé trinh bay chi tiét cac dudng cong p-y
cho cac loai dat khac nhau, cac dudng cong nay duge FHWA (Hiép hoi dudng
lién bang My). API (Vién nghién ctu diu My) va nhiéu té chite khac kién nghj
su dung.

Thoat nhin qua, ta thay phuong trinh mé td dudng cong p-y trinh bay trong
cac phan dust day kha phie tap. Tuy nhién, khi st dung cdc phan mém sin c6
(nhu COM624P._...), thi cac phdn mém da sin o6 cae thu vién dudng cong p-y
(ma ching 81 trinh bay dudi day). Béi vay, nguol dung chi eAn nhap mét vai
théng 88 rit don gidn, nhu B (duong kinh coo), ¥' {trong lugng riéng clla eac
Iop d&t), &, va S, (dat sét), ¢ (d4t cat), Ngoai ra, hdu nhu ta khéng can nhap
thém théng tin nao khac.

P P
B, A
/ \\
05p| / B e
. o —
y Ye 8y, ¥
a) Goi dan héi tuyén tinh b) Géi dan héi phi tuyén

Hinh 4.2. Quan heé giira tai trong ngang p vi chuyén vingang y (P.y)

4.2.1. Budng cong p-y clia dit sét yéu/ déo dudi myc nudc ngam chiu tai tinh

Matlock (1970) da tién hanh thi nghiém nén tinh ngang déi vdi cac coe trong
vung dit sét y€u dén déo c6 stic khang cit khong thodt nude S, (tic ¢, tir 15
dén 40 kPa va riit ra quan hé tai trong - bién dang ngang nhu sau:

v ]U..’}fl [
=0.5p,} ~— , 4.1) 4
p=0.5 [y) ( o

L

Ve :
trong dé: p - phan lic clia d4t 1én mot
ddn vi chiéu dai (doan) coc (vi i
du N/ecm hay t/m); 05p -
¥ - chuyén vi ngang ctia doan

3 r
1 r
] 1
] 1
' :
|

I I
L) l
i 1
] 1

coc (cm): «

P - phan lye eue han cia dat e By, v
1én doan coc & d6 sau da _ . .

& : 8 ng Hinh 4.3. Dat sét yéu chiu tai tinh
xét: :

¥. - chuyén vi ngang ctia coc khi p = 0.5p,; y. con goila y,,
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Theo phudng trinh 4.1. p dat duge gia tri cuc han p, khi chuyén vi v 1a Ry
sau khi y > 8y, thi 1dv p = p,. D4 thi cia phuong trinh nay duge vé trén
hinh 4.3.

Theo Matlock. p, dude tinh nhu sau:
P = N]J Su B: : (‘42)

trong dé: S, - stic khang cit khéng thoat nude clla dat ¢ 1an can dean coc
dang xét;
B - duong kinh, hay canh coc:
N, - ldy gia tri nho nhit trong hai gia tri sau:
o' H

J—: 4 3¢
s "'g (4.3a)

u

N,=3+

N,=9, . {4.3b)
a day: o - hé s6 phu thudc loai sét:
Jd = 0.5 véi sét véu; J = 0.25 véi sét trung binh (déo):
H - d% séu tal phan doan coc dang xét;
a',, - Ung suit ding hiu hidéu tar dé sau H.
(3ia tri v, {con ky hidu 1& v;,) thi cé nhiéu cach tinh nhu sau:
¢« Theo Matlock (1970):
y. = 2.5, B, (4.4)

trong d6: &, - bién dang ctia dit trong thi nghiém nén ba truc khi dng
suit bang 50% cua (ng sudt pha hoai. Néu khéng tién hanh
thi nghiém ba true thi cé thé tam 14y €, nhu trong bang 4.1.

Bidng 4.1. Gia trj e, cho dat sét

Trang thdi dét sét| Nh3o | Déo mém/déo | Déo ciing Cung/ rit cung | Rét ran

Gid tri S, (kPa) | 12+ 24 24 - 48 48 - 95 95 + 190 > 190

Gid tri o5, 0.02 0.01 0.007 0.005 0.004

e Theo Stevens va Audibert (1979) (véi v, va B déu phai st dung don vi cm):
y.= 14.2 g, B™. (1.5)

Robertson va cong su ap dung phudng trinh 4.5, va ude luong e, theo thi
nghiém DMT nhu sau:

& = 1.67 5,710 Ky, {4.6)
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thay vio phuong trinh (4.5) ta ¢6 (véi v, va B déu phai s dung don vi cm):

9
_ 23678, VB | @

“ 10E,,

trong do: E; - médun DMT x4c dinh tit thi nghiém nén ngang DMT ™
(E;)y chua phai 14 médun bién dang):

4.2.2. Budng cong p-y clia dit sét yéu/ déo dudi muc nudc ngam chiju tai [3p

Khi cge chiu tai trong l4p tuan hoan (cyelic loading) thi g&i dan héi p-v mém hon
trudng hop trén (v ciing gid tri chuyén vi v, thi cgc chiu duge tai ngang p nhé
hen). Xem xét phuong trinh (4.3). khi do sdu H nho thi 3 + ES¥ + J% <9, eon khi

u

T

d6 sau H I6n thi 3+ S 4 J% >0 Giatridosau H, ma 3+ Oy J—g =9 duge

M u

goi & d¢ sau chuyén ti€p (lun ¥ rang 6., cing phu thuge dé sdu doan coc dang
xét H). Cac nghién cdu thiy rang d tai trong cyc han p,, néu H < H, thi dat ¢
xung quanh coc bi phé heai trugt theo dang khéi ném (hinh 4.4a}, con khi H >

H, thi dat ¢ xung quanh coc bi pha hoai theo dang chay ngang quanh than coc
' 6S,B

(hinh 4.4b). Néu nén d4t ddng nhat thi o', = v'H va H, =

¥B+dS,

a) Trugt khdi ném, H < H, b} M6 hinh cac phan 6 dat chay
quanh than coc tron, H > H,

Hinh 4.4. Sy pha hoai ciia dat khi tai trong ngang dat cuc han p,

Qua trinh xay dung duong cong p-y cho dat sét yéu/ déo chiu tai trong lap nhu
sau: '

» Xay dung doan dudng cong nhu & phén trén cho dén gia tri y bing 3y,
thay y=3v, vao phudng trinh (4.1) ta duge p bang 0.72 p. (hinh 4.5);

™ Xem "Thi nghiém dat hién trudng va Gng dung trong phén tich nén méng"
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e Sau 0.72 p,. v6i doan coc c6 H > H, thi p khéng déi va la 0.72 p.
vdi doan coc ¢6 H < H, thi gia tri ela p giam tit 0.72 p, xudng con
H .. . - k] - . & [ -3 -

0.72 p“f' gia {r1 nay cua p tudng Ung vé chuvén vi ngang cua coc tit

3v. dén 15 y,; sau 46 thi p khéng déi.

P
0.72p - Knik 2> Hr
}r n
m‘r\
0.5Py / ~
- = y0.72 p, HH,
0 Y. 3y, : 15y,

Hinh 4.5. Bat sét yéu chiu tai l3p tudn hoan

4.2.3. Pudng cong p-y cha dit sét cimg dudi mue nude ngdm chiu tai tinh

Reese. Cox va Koop (1975) tién hanh thi nghiém nén tinh ngang 461 vé1 cac

coc trong viing dat sét ciing c¢b stic khang cit khdng thoat nude S, (tic ¢,) ti

100 dén 290 kPa, cdc tac gia nay cho réng quan hé tai trong - bién dang

ngang (P.y) clia dit nay géom nam doan nhu minh hoa trén hinh 4.6. Cach xay

dung dudng cong nhu saw:

Poan @: Doan nay c¢6 quan hé tuyén tinh thé hién qua phudng trinh (4.8):
p=k.Hy. ' (4.8)

trong d6: k, - hé s6 tra trong bang 4.2;
H - d6 sau cia doan coc dang xét.

Badng 4.2. Gia tri k cla dat sét

8, (kPa) 12 + 24 24 - 48 48 + 95 95 ~ 190 > 190
k, cho tai tinh (static) Nfiem’® 8.14 27.15 136 271 543
k. cho tdi Idp (cyciic) Niem® | . 54.3 108.5 217

Poan @: PDoan nay ¢6 quan hé parabol theo phuong trinh (4.9}, doan @ kéo dai
tif giao diém cua phuong trinh (4.8) véi phudng trinh (4.9) dén diém c6 chuyén
vila Av.:
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trong do:

d day:

p= 0.5pu\/_?_’ (4.9)
Ve _

Ve = €50 B, (4.10)

€. da dé cap dén trong phan 4.2.1 va bang 4.1 (cac ¢bt cudi cung):
A, - hé sOtra trén hinh 4.7. T trén hinh nay, ta cé thé 1y xap i
nhu sau:

H/B

A =02+ ,
2.0544H/B + 2.1948

£l

(4.11)

o diay:  H- d§ sdu cha dogn coc dang xét;
B - duong kinh hay canh coc.
P. - stc chiu tai eye han:p, = N8, B va N, 1a gi4 tri nhé nhit trong
hai g4 tri sau:
N,=2+ v, pgsH (4.12a)
S, B
N, =11. (4.12b)
Ghichii:  Néu phuong trinh (4.8) va (4.9) khéng giao nhau, thi dudng cong p-
¥ duge dinh nghia bdi cdc doan @ dén ®. trong dé doan @ sé kéo
dai ti gic toa dd.
0 02 04 06
¢ ! | A
Py ; |
S 2 | .:
s> A : :
\5,\9 A sy 1.25 | I i
N T /A N S L SRR .
< 4 : . I! 1
2 .
0.5p, A N R I S— y
6 | i '
4 o
2 DU o]
8 ! ! :
5 A |
R e, R
L U A |
0 Ay ¥ BAY. BAY. Yyl b ;

Hinh 4.6. Bat sét cimg dudi muc nude ngdm chiu tai tinh

Hinh 4.7. Gia tri A, va A_

Doan @: Doan nay ciing ¢6 quan hé parabol, nhung theo phuodng trinh (4.13),
doan @ keéo dai tir di€m cé chuyén vi 1a Ay, d6n 6Ay,:

lr_' _ 1.25
p=0.5p, |- - 0.055p, {3’ AA*&J (4.13)

V.
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Pogn @: LA doan thing theo phuong trinh (4.14), doan @ ¢6 d6 ddc 1a

-z P, ] va kéo dai ti diém cd chuvén vi 12 6A.y, dén 18A.y.:

p = 0.5p, /64, - 0.411p, - 0062 pu (¥ - 6AY. (4.14)
Y.

[t

Pogn @& La dogn thing nidm ngang kéo daj tit diém cé chuvén vi la 18Ay, ra
ngoii. Gia tri p 12 hiang 56 nhu sau:

p=(1.225/A_ -0.75A, - 0.411) p,. (4.15)

4.2.4. Budng cong p-y cua dat sét cimg dudi muc nudc ngam chiu tai lap
Cang tuong tu nhu phan 4.2.3, dudng cong p-y (hinh 4.8) kht ta? 1a tuén hoan
lap gom ndm doan nhu trén. Trong d6 cé mdt vai sy khéc nhau sau:

e Ta dung gia tri k, (bang 4.2)va A, (hinh 4.7) thay vi k,va A_;

e Doan @ va @ gdp lar va theo phudng trinh (4.16), doan nay kéo dai tu
giao diém ¢la phuong trinh (4.8) vé1 phudng trinh (4.16) dén diém cb
chuyén vi la 0.6y,

y~0.45§-‘_‘;2'” .
p=Ap,|l-|——F— ) (4.16)
.45y, ‘
trong dé: v, =4 1A v. (4.17)

» Doan ® theo phucng trinh (4.18) va kéo dai tur diém c6 chuyén vi la
0.6y, dén 1.8y,

L

p=0936 Ap,- 95—85- p, (v - 0.6y,). (4.18)
}
T @ @ .
0 0.4Lyc o.séyp 1.fisyp "y

Hinh 4.8. Dt sét cimg dudi myc nudc ngdm chiu tai lip
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¢ Doan ® ciing 14 doan thing tiép theo. nhung c6 gia tr la:

p=0936Ap, . 2102 P, (4.19)

o

4.2.5. Budng cong p-y cua dat sét cimg trén muyc nudc ngam chiju tai tinh

Reese. Welch (1975) tién hanh thi nghiém nén tinh ngang déi véi cac coc
trong vung dat sét cling ¢6 stic khang cit khéng theat nuée S, (tic ¢,) tit 100
dén 200 kPa, cac tac gia nay cho ring quan hé tai trong - bién dang ngang
(P.¥) cua dal nay (hinh 4.9) nhu sau:

.25
p= o.spl,[-?-- . (4.20)
Y.
Theo Matlock, p, dude tinh nhu p
sau: N P
pi oy -
p. =N, S,B. 3 %C logN
N, 1a gia trl nhé nhal trong hai O'SDU
gia trl sau:
. 3
N, =3+ AR TI [).5-—-1— D (4.223)
Su B e —
[ Yi 16yc
N, =9, (4.22b) Y _

s . Hinh 4.9. D3t sét trén myc nudc ngam
(x14 tr1 v, dude tinh nhu sau: ; gt

v.= 258, B (4.23)

4.2.6. Dudng cong p-y cua dat sét ciing trén muc nudc ngdm chiu tai lap

Buong cong p-y khi tai trong lap gin tuong tu nhu trén, cdch xay dung nhu
sau: V6i mdi gia tri tai trong ngang p,. ta cé chuyén vi khi tii tinh 1A Yi
chuyén vi khi t4i lap 12 v nhu sau (minh hoa trén hinh 4.9):

v=v,+v.Clog N, (4.24)

trong dé: € - hé s6 do anh hudng cia tai trong lap: & day C = 9.6 (p/ pJ:
N - 36 14n liap clia tai trong.

4.2.7. budng cong p-y ctla dat cat theo Reese

Reesc, Cox va Grubbs (1974) tién hanh thi nghiém nén tinh ngang d61 vdi cac
coc trong vang dit cat (ca trén va dudi muc nude ngim, ca véi tai tinh va tai
lip). voi gia thidt hé s8 4p Iye ngang tinh 13 K, = 0.4, cac tde gia cho rang

{4.21,
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quan hé tal trong - bién dang ngang (P.y) ctia dit nay (hinh 4.10) gdm bon
doan nhu sau:

Doan @ Doan nay c6 quan hé tuyén tinh nhu sau:
p = kHy, (4.25)
trong d6: k - hé s& tra trong bang 4.3;

H- d§ séu ctia doan coc dang xét.

Bdng 4.3. Gia tri k (N/cm®) cla dat cat

Cat rof | Cit chdtvia | Cdt chdt

Dudi muc nudc ngam 5.4 16.3 339

Trén myc nudc ngam 6.8 24.43 61

Pogn @ Doan nay c¢6 quan hé parabol theo phuong trinh (4.26):

p= G (4.26)
t N ~ Pm o
rong do: n= - : (4.97)
myll!
C= e (4.28)
-YI'II
g day: m= P =P |
-VU - y’m
.‘.‘ITI = BIGO:
.Vu = 3Bf80:
pln = Bi p;;

B, tra trén hinh 4.11;
p. 1a gia tri nho nhat trong hai gia tri sau:

_ { K Htgotep  tep
tg(

ol (B+Htg(p/2)tgB +
P9 B-olcos(p/2) tg(B-9o) &
+ KUHngtg[g] sinf - tg[g] ~K.B ]; (4.29)
p.=K,Bo', (tgB- ) + K, B, tgo tg'B: : (4.30)

@ - gbc ma sat trong cua dat cat;

B=45+ 0 /2;
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K, - hé s ap lye chu déng: K, = tg%(45 - ¢/2):
Puas = A P v81 A, tra trén hinh 4.19.

(fizo diém cia doan @ va doan @ 14 nghiém cta phudng trinh can bing giia

n
o

4 . . FERES . A . (, \ln—]
(4.25) va (4.26) d6 1a tai chuvén vi v, = (— L

. Nhu vay doan @ kéo dai tir

VkH
diém c6 chuvén vila v, dén v,
' pd
MAX |- mmmm oo [ - .
Pl } ® @
! i
)] : ;
i : :
| : ;
ey, v B60  y= 3L;30 -

Hinh 4.10. Quan hé p-y cta dit cat

Doan @ Doan niv eé quan hé tuvén tinh, va dé doc cha doan nay 1a m. Poan

nay kéo dax t diém 6 chuvén vi v, dén diém ¢6 ch uvén vi v,.

Bogn @ Doan nay ¢6 quan hé Luyén tinh, va dé déc cia doan nayv 1 § (nam

ngang).
™ T
Y
1.0 Tai }éq‘ 1.0
- ai 1 — , -1
Tai tinh ‘-
® Tai finh
20 L4 = 20 i
’
.,
3.0+ 4 8ot T
4.0 - 40+ -
50 -1 50 B
6ol - L 5 B 60 L L . A,
HJFB EX:E 11 HI{B G o 1
Hinh 4.11. Gia tri B, Hinh 4.12.Gia tri A,

11- MCPT
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4.2.8. Budng cong p-y cua dat cat theo Robertson

Robertson va cong su (1989) dua trén két qua cha thi nghiém nén ngang
xuyén DMT va kién nghi quarn hé p-y nhu sau:

[
p= 0‘591.[L] . {4.31)

[

trong dé: p, - site chiu tai cde han trén mdt don vi chidu dai coc, bang gia tri
nho nhat trong hai gia tri saw:

Py = 0 IB(K, - K.y + H K, tgo tgBl]: (4.32a)
p, = o BIK®+2KK tgo + tgo - K], (4.32b)
3 day: H - 46 sdu doan coc dang xét:

B - duong kinh hay canh coc;
¢ - gbc ma sat trong hiu hidy;
K.- hé sd ap luc ngang chu déng, theo Rankine

_ l-sing

WE o = g4 - ¢/2)
1l+sineg

K, - hé s6 ap lue ngang bi déng, theo Rankine: K, =1/K,

K, - hé s6 ap lye ngang tinh; '

B-gocdb’ +¢/2;

v, - chuyén vi ngang ciia coc khi p = 0.5p,; v, ¢on goi 12 y;, va x4c
dinh nhu sau:

v = 4-1?3111‘9)_(0'\-:13 ’ (4.33).
2E (1 -sinq)

3 day: B;, - moédun DMT xéc dinh ti thi nghiém nén ngang DMT®
(Ep, chua phai 13 médun bién dang).

4.2.9. DPudng cong p-y cla cat theo Gabr va Borden

Gabr va Borden (1988) cling dua trén két qua cua thi nghiém nén ngang
xuvén DMT, déng thoi s dung quan hé cia Murchison va O'neil (1984)

nhu sau:
-

| k.H
P=nAp,tg|—=—vy]|, 4.34
nAp Q{AHP J (4.34)

u

trong dé: n - hé s0 tiét dién, n = 1.5 v4i coc tiét dién déu; n = 1.0 véi coc ném tron;
A - hé s6 tai trong, A = 0.9 v6i tai trong dong;

* Xem "Thi nghiém dit hién tvudng vi ing dung trong phin tich nén mdng"
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A=min(0.9; 3 - 0.8 x H/ D) véi tai trong tinh;

p. - 1&y nhu phudng phap Robertson (tc 1a dung phuong trinh 4.32):
tg(x) = sin(x)/cos(x); cos(x) = (e* + &™) / 2

ki --hé 86 nén ban ddu. dude Gabr vi Borden dé nghi tinh nhu sau:

)1, — G
k{) = I_.__._l.]_ !

G day: p, - Ap hie do dude ban dau (khi chua ¢b chuyén vi) efia thi nghiém
DMT (tuong Gng véi s6 doe A);
o', - @p lde ngang hiju hiéu, o', = Ko,
h - nua bé day miii xuyén DMT, h=7 = 7.5 mm.

4.2.10. Budng cong p-y clia da véi

Tai Florida Kevs (Hoa ky). Reese va Nyman (1978) tién hanh mot thi nghiém
nén ngang trén coc nhéi dudng kinh 1.2 m, dai 16.5 m, trong d6 doan 13.3 m
phia duéi coc duge ngam vao da véi 16 thién c6 stiec khang nén don q, {4, = 25}
khoang 3500 kPa. Sau d6, cac tac gia nay kién nghi dudng cong p-y cho da voi
nhu trén hinh 4.13. Tuy nhién, céc tac gia cling nhan manh, vi 86 ludng thi
nghiém qua it, khi st dung dudng cong p-y ndy can than trong, nhat 1a tinh
chit eta da thi thay déi rat manh (do vét nut, do hién tugng rong cicts....).

4.3, PUONG CONG T-Z

Tuong ty nhu dudng cong p-v. dé cing cua goi dan héi ding (k, =t/ 2) khéng
phdi 13 hang s6, va gquan hé giia tai trong diing (t) va chuyén vi ding (z) 1a
phi tuyén, va ¢é thé gdm nhiéu doan.

Hinh 4.14 minh hoa vi du mét dudng cong t-z dién hinh. Trong d6 c6 cic ky

hiéu sau:

b - stic khéng eue han clia dat. Néu géi dan hdi dang xét nim trén than
coc thi t,,. 1a stc khang bén f, con néu g6i dan hdi dé nim & mis coc
thi t,,, 1& stic khing mui q,- Viée du bao f; va q, da duge trinh bay ky
trong cdc phan 2.5 + 2.8 va 3.4 + 3.8;

tws - stic khang du (residual - stic khang 6 bign dang déo);

E, - ty‘ Sé‘ gﬁa t'l".‘.‘ “fé' tJl‘I.‘lX (& S 1);

.- chuyén vi dding tudng tng véi t,,,;

Z,. - chuyén vi diing & trang thai bién dang déo;

- ty sd giGa z,,. va z, (n>1).
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tmad

tres / \

: - o
0 0.00048 ¥ 0 Z. 2. T2, z

Hinh 4.13. Dudng cong p-y cho da vbi " Hinh 4.14. Quan he t-z

4.3.1. Budng cong t-z vdi sire khang bén

Pudng cong t-z ctia coe ch& san trong dit dinh gém ba doan duge thé hién trén
hinh 4.15a, trong d6 doan cong diu tién duge xay dung qua nhitng diém
thé hién trong bang 4.4. Con gid tri & = t,., / t,. thi bién thién trong khoang
0.7 + 0.9 tuong iing v4i sét mém - sét cing. D61 véi coc nhébi thi dudng cong t-z
eling tuong ty nhit vdi coe ché san. dudng cong nay da dude thé hién trén hinh
3.13, trong dé z,, = 0.004B +0.006B.

Pudng cong t-z cita coc ché san trong dat rdi thi gdm hai doan rat don gidn
nhu trén hinh 4.15b. trong dé z,, thuong khéng phu thudce vao duong kinh coc
ma ¢d gia tri khoang 2.5 mm. Con duding cong t-z cta coc nhdi thi da thé hién
trén hinh 3.15, trong d6 7., = 0.004B =+ 0.008B. riéng 461 véi soi thi z,, kha lon.

t ll t
tmax| . tmax
tres )

e e e — - -
0 z,=001B 0.028 z 0 2.5 mm z

a) B4t dinh b} DAt roi

Hinh 4.15. Budng cong t-z cho ma sat bén cia coc cné sdn

Bdng 4.4. Cac diém trén doan cong thit nhit - Budng cong t-z coc ch& sin

z 0 0.00168 0.0031B 0.00578B 0.0088 o.01B

t G 0.3t 051 0751

max

max 0' g tmax tmax

max
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4.3.2. Budng cong t-z véi sitc khang mai

P& véi coc ché san. dudng t
i

cong t-z dude thé hién wén
tmax

hinh 4.16. Doan cong dau
Lién o6 phudng trinh nhu
BAU

I h

t=t

|
i
Nty
1

kY zl:t' /l

B&1 véi coe nhéi. dudng cong
t-z di duge thé hién trén
hinh 3.14 va hinh 3.16. 0 z.=0.1B z

Hinh 4.16. Pudng cong t-z cho sic khang
mii cla coc ché san



CHUONG 5

MOT SO PHUONG PHAP THi NGHIEM COC

5.1. THI NGHIEM THU DONG BIEN DANG LON
(PDA - PILE DYNAMIC ANALYSIS)

5.1.1. Gigi thigu

Thi nghiém thi dong bién dang 16n (PDA - hinh 5.1) dugc bist diu tién vao
ndm 1958 bdi Luan an Thac sy clia Eiber dugi sy hudng dan ctia gido su Nara
tal Vién céng nghé Case (va do dé, phuong phdp dudc goi 1a phudang phap
CASE). Nam 1964 luan 4n nay duge phat trién thanh mot dy an quy mé do
gido su Scanlan va gido su Goble dan dat, véi sy ho trg vé tai chinh ti B gigo
thdng bang Ohio. t& FHWA va nhiéu cong ty tu nhan khac. Tit nam 1964 dén
nam 1976, du an duge tién hanh theo hén
hudng khae nhau, va tat ca cac thi nghiém

Bia
déu duge kiém nghiém bang thi nghiém nén
tinh coc. Nam 1972, PDA méi bit ddu duge st I |
dung vao muc dich thusng mai cang vél sy ra

. Thigt bi PDA
doi caa phan mém phan tich CAPWAPD. Mac thdo L
ot . 2 - » i
du ¢é nhiing thiét bi va phin mém tuong iy g

chéu Au (FPDS va TNOWAVE ), nhung PDA
vad CAPWAP van duge dung nhiéu.

Trong thi nghiém PDA, ngudi ta gén cac diu
do gia tdc va bién dang & dau coc. Tai méi nhat
baa dbng coc, gia tdc va bién dang trong coc
duge ghi lai va xu Iy bang thiét bi PDA (Pile
Driving Analyser). Két qua nay cling ¢6 thé

dude xi 1y tiép bang phan mém CAPWAP.
Hinh 5.1. Thi nghiém PDA

© Cac phan mém & Chau Au thudng quy udc ddu nguge véi phan mém § Béc My#: & chau Au.
song dudng duge thé hién xudng dusi (bén dudi truc hoanh).
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5.1.2. Ung dung cua PDA va CAPWAP

PDA vi CAPWAP c6 r&t nhiéu ing dung sau:

Danh gia sie chiu tai ctia coc

b

2)

Danh gia duge ste chiu tai clia coc tai thoi diém thi nghiém PDA. Néu lam
thi nghiém PDA ldc coc vira ha xong (goi 1a EOD - End of driving) va lam
thi nghiédm PDA sau mét thai gian coc nghi (goi 1a BOR - beginning of
restrike). ta sé danh gia duge sy tang (soil setup) hay sy giam siic chiu tai
(relaxation) theo thoi glan.

Thi nghi¢m tir hie diu déng (ha) coc dén Iic ha coc xong. ta sé danh gia
duge stic chiu tai cGia coc ¢ nhiing chiéu dai coc khac nhau. Tu dé, gidp
diéu chinh chiéu dai coe thiét ké theo thuc té dit nén.

St dung CAPWAP ¢6 thé danh gis sy phan b sitc khang (bén va mii).

danh gia hé s6 quake va can nhdt (damping) cia dat (bang viée tinh 1ap).

Panh gia sy lam viéc cua bha déng coc

1)

2)

3)

Danh gida phan tram ning lugng hiéu qua cda byia. Danh gia anh hudng
cua dém bia (hammer cushion) va dém coe (pile cushion) dén s6 nhat bua.
Xac dinh nhing su ¢6 cua baa, vi du nhu danh lia qua sém (bua diesel).
hoace etia rd r1 haoi (baa hai).

N&u s8 nhat baa thue déng khac véi s6 nhat bda dy doan. xac dinh duge

nguyvén nhin 1a do didu kién dia chit hay do sy 1am vige ctia bua.

Danh gia ing suit phat sinh trong coe va sy toan ven ctaa coc

1)

Du b#o ung suit kéo va nén phat sinh trong toan bd coc khi déng. ti d6
kiém tra kha nang coc bi pha hong.
Khi coc da déng xong réi, ¢6 thé ding PDA dé kiém tra sy toan ven cha |

coc. néu ¢b coc hu hong ta sé kip thdi dé ra bién phap dé thém coc hoac

giam tai.

5.1.3. Thiét bj thi nghiém

Théng thudng. thi nghiém PDA doi héi phai gin t&i thiéu hai dau do bién

dang (strain transducer) va hai dau do gia tde (accelerometer) dé1 dién nhau

qua tiét dién ege. va cich dau coe khoang 2d + 3d (d 14 dudng kinh ege).

Trong hinh 5.2, ngudi thi nghiém dang khoan 16 va bat cac neo béténg, chufin

bi cho viéc gan cac thiét bi thi nghiém lén 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 bit buléng khi coc da ha xong nén khéng
cin tréo. Hinh 5.4 chup can canh sau khi lap cac diu do bién dang va gia

toc xong. -

Quy trinh thi nghiém PDA nhu sau: st dung phudng trinh (2.1) hodc chay
phan mém GRL-WEAP (phan 2.10.2) dé chon bua phu hgp. Sau d6, st dung
bia déng coc dé dong coc. VGi coc nhdi, sau khi coc nhoi thi cong xong va

béténg da du cuong do, ta sé dung bua dé déng vai nhat thi nghiém ma théi.

Thiét bi PDA trén hinh 5.5 sé chuyén déi cac tin hiéu bién dang va gia téc do

dude sang luc va van tée (tai thoi diém t) nhu sau:
F(t) = EA g(t) (theo dinh luat Hook): (5.1)
Vo = [a(t)dt, (5.2)

trong do: F(t) - luc tac dong vao phan t6 coc (vi tri dat dau do) tai thoi diém t:
V(t) - van toc chuyén dong cta phén.té’coc (vi tri dat ddu do) tai
thoi diém t:
E - médun dan héi cua coc;
A - tiét dién coc;
e(t) - bién dang do dude & thai diém t:

a(t) - gia téc chuyén dong ctia phan té coc do dude tai thoi diém t.

Hinh 5.2. Chudn bj gan cac thiét bj thi nghiém 1&n coc
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Hinh 5.4. Bit buldng vao dau do bién dang va gia téc



Chuong 5. MOT SO PHUONG PHAP THI NGHIEM COC _ : m

Hinh 5.5. Thiét bj thu va xir Iy PDA

5.1.4. Gidi thiéu vé co hoc séng (Wave Mechanics)

Khi déng mot nhat bua xuéng diu coc, dau coc chiu mot Iue nén 1a F (do do,
ing suit nén la o = F/ A), déng thoi ddu coc chuyén dong xuéng véi vdn toc V.
Tuy nhién, ¢ thoi diém t = 0 thi mai coc van chua chiu luc, cling chua chuyén
'déng xudng. Sau mot thai gian 1a t = L/ ¢ (L 1a chiéu dai coc, ¢ la vdn toc lan
truyén cua séng luc F va séng van toc V), thi tac dong & dau coc mdi lan truyén
va anh hudng dén mii coc.

Can lwu y rang, ¢ 1a hing s6 phu thudc ban chat vat liéu, trong khi V 1a dai
- lugng thay d6i phu thuée vio do 16n cua nhat bia déng coc va phu thude vao
stic khang cua dat; ¢ thudng 16n gdp vai nghin 1an V.

T cac gia tri F va V & cac thoi diém khéac nhau, ta sé du bao dugc stic chiu tai
cua coc. Trude tién, ta xét hai truong hdp ly tudng hoa: coc khong cé stic
khang cta dét tac dung (phén 5.1.4.1) va coc chdng (ngam cling & mii - phan
5.1.4.2). Sau khi da hiéu r5 hai md hinh nay, ta sé xem xét mét coc trong dat
thye t& (phan 5.1.4.3). Trong cac phan nay ta cin biét mdt tham s6 trung gian
quan trong la trd khang ctia coc, ky hiéu 1a Z. bdi vi cac dé thi thudng thé hién
gia tri F va VZ, cht khong thé hién gia tri F va V (vi F va VZ ¢6 cung thua
nguyén):
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= L T (5.3)

trong dé: E - médun dan héi clia coc;
A. L - dién tich ti¢t dién ngang va chiéu dai coc;
M - khéi lugng coc:
¢ - van téc truyén séng.

Vi du coe bétdng tiét dién 0.4 x 0.4 m*
Van tdc truvén séng trong bétong 13 ¢ = 3464 m/s

= 7 = EAlc = 30 000 000(kPa) x 0.16(m?/ 3464 (m/ s) = 1385.7 kN s/ m: hodc
Z=Mc/L=(2.5x0.16) (t/ m) x 3464 (m/ s) = 1385.7 t/ s = 1385.7 kN s/ m.

5.1.4.1. Coc khong co6 siic khang

Ta xét m6t mo hinh cgc khdng ¢6 siic khang bén ciing nhu sitc khang miii trén
hinh 5.6a. Trén hinh nay,-dé tién thé hién cac d6 thi sau nay, coc dugde vé theo
phusng ngang, dau coc 4 bé_n trdi, miii coc 6 bén phai. Khi bia déng vao coc.
$€ tao ra song lde (nén) va séng van tdc hat. Hai séng nay truyén véi van téc
12 ¢. Co nghia la. néu tal thdi diém t, = 0, séng bat dau tir dau coc, thi tai
t, = L/c, s6ng truvén duge t6i mitt coc (hinh 5.6a. véi L 1a chidu dai coc).

Tait, =0, F, >0

Tai t, = L./ c. vi mii coc khéng ¢6 sttc khéng miii, nén ta can bang luc sé dugc
F,=0. F, =0 1a do c6 mét séng (ng suit kéo (ddu Am) truyén nguge tit mii

coc lén (hinh 5.6b).

Nhu vay, coc khéng ¢6 stc khing (hoic siic khang nhé - tic 1a dat yéu) thi dé
bi phé hoai do ing suit kéo. Séng dng suit kéo truyén nguge 18n sé lam van
tde V., duge gap d6i 1én (hinh 5.6h). Tuy nhién, 6 mﬁi'cqc ta khéng gan cic dau
do bién dang va gia tde, ma ta chi gin cac du do & gin dau coc (xem phan
5.1.3). Hinh 5.6¢ thé hién két qua do dugc d cac ddu do nay. L 14 khodng cach
£l vi tri dAdu do d&n mii coc (xAp xi bang chiéu dai coe, vi cac dau do chi dat
cach dau coc mat doan 2d = 3d). Trén hinh nay, ta cb:

e Diém A la diém bt ddu xuét hién cac séng tai cac ddu do. Tuy nhién, ta
khéng quan tim nhiéu dén diém nay:

o Diém B la diém xuit hién séng cuc tri. Tai day, F, = 2050 kN va
V,=2050/1385.7~ 1.48 m/ s (gia su trd khang Z = 1385.7 kN s/ m};

*
b

E=pc’ M =p AL (pla khoi lugng riéng)

dodd EA/e=Me/ L. Lau§: N=kGm /s v kN = tin m/s*
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Bua

» Taithai diem t = L/ c. cdc séng méi truyén dén miii coe, tuy nhién chua -
di nguge lai dén vi tri cac dau do. Cac sdng ndy cAn mét thdi gian1a L/ ¢

nita dé di ngude dén cac diu do;

¢ Diém Cla diém dau do bat diu nhan dude cae séng phan hdi (théi gian
ing véi doan AC bang 2L/c). Bit dAu it diém C. lge F giam dan di, trong
khi van tdc V tang dén lén. T A tdi C. dé thi lye F va d6 thi V x 7 trung
nhau. sau diém C. hai d6 thi nav tach xa dan ra:

e Diém D 1a diém cach diém B mdt doan thal glan 2L/c. Tai day. lue F, = 0
conV, =2V, =148 % 2= 2.96 m/ s.

» Sau diém D). ¢6 rat nhiéu song 1én va xudng 14n 16n nhau, do do rit khé
phéin tich. Ngugi ta thuong khéng xem xét dd thi sau diém D.

¢) Két qua do

1+
coc, 1=0 | tng sust nén [chuydn déng do
':‘ tir trén xuldng (lac dan? tir tién
1 coc; =le F2=0
e - ing suslt kéo [chuydn dang do
______ vjn e r;“. tir mii coc fénjtac dong tir duai
S P gy
i+ )
[ coc; i=J¢ V2=2V1| F2=0 V2=2V4
a) Mé hinh coc b) Luc va van t8c & miii coc tai t
— L F A '
mm——— Y2 X A
Y i\ N\
I i ' I
J 1 [ J
! ! f !
i P, ‘ [ H
' il Py !
; ", “. :'J ‘\t M ;, “\ f"‘\ .l: .
- [y s e -
20 ] ms
bl /*’._ N
4 (] 8L
C

Hinh §.6. Két qua do dugc tir PDA véi coc khéng st khang
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5.1.4.2, Miii coc ngam ciing

Ta xét m6t md hinh coc khéng ¢6 stic khang bén nhung ¢é stic khang mii 1a v
cang 1dn trén hinh 5.7a (xem nhu miii coc chéng 1én d4).

Tai t = L/ ¢, mitl coe duge ngdm nén khéng c6 chuyén dong, vi vay V, = 0
(hinh 5.7b). D& V, = 0 thi cdn ¢6 mdt séng ting suit nén phan hdi lai, va song
nén nay lam cho Gng sufdt § miii coc g&p dai 1én (F, = 2F,, hinh 5.7b). Nhu
vay, coc chong thi dé bi pha hoai 8 miii coc (v do iing sudt nén qua én).

Xét hinh 5.7c ghi lai k&t qud & cac ddu do.

Tai diém C, cac dau do bat ddu nhan duge séng phan héi ti mii coc. do dé hai
dd thi bit diu tach ra xa nhau;

Tai diém D (t, = 2L/ ¢ so véi diém B), V, = 0, F, = 2F,.

— |+
E“E coc; i=0 E
chuyé&n dédng do| (Mg sull nén
: tic ddng tir trén | 1& trén xudng
luic
------ e e >
+
| coc, t=L/c F2=2F1 chuyén déng doj g sust nén
|+ l F
| coc; t=L/c V2-0 é'| |e
i_”_"_: Vo=0 Fa =2F4
a} Mé hinh coc b) Lyc va van tdc & mili coc tai t
e LtfG F
—————VZ

c) K&l qua do

Hinh 5.7. K&t qua do dudc tir PDA vdi coc ngam tai miji
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5.14.3. Coc thue t&
Tt cdc phan trén, ta ¢6 nhan xét:

» Néu coc tidt dién déu, khj £4p sute khang clia dat thi lye F téng 1én, con
van tée V giam di ¢hinh 5.70):;

+ Nguge lai. néu tiét dién bj thu nhé lai (vi du, coc hu héng heic hét chidu
dai coc} thi lye ¥ gidam di, con van'tée V tang }én (hinh 5.6c);

Ta xét mét vi du don gian dé minh hoa cho nhan xét nay: trén hinh 5.8, coc
chi tiép xiic vdi dat & didm A (cdch dau coc mdt doan 14 A) va B (cach dau coc
mot doan 1a B).

* Tai thoi diém A/ ¢, song di dén didm A, bi phén héi lai;

o Tai thai diém t = 9A / ¢, s6ng phan héi gap lai cac ddu do, do d6 Iyjc F s&
tang 1én chiit it, trong khi van téc V s6 gidm di chut 1. Hai dé thi bt
dau tach ra va di song song mdt doan;

* Tuong tiy, tai thi diém t = 2B/ ¢, s6ng phan hoi do siic khang ctia dat &
diém B cling gap cac diu do, do dé hai d3 thi tiép tue tach ra xa hon va
d1 song song mot doan dén didm C:

» Diém C la diém céch diém bit dau dé thi mét doan 1a 2L/ C. Sau diém
C, lye F gidm di va van t6c V tang 1én do gap song kéo phan héi tit miii
coc (tiét dién coc bi thu nhé bing 0 tal miii coc).

B f—t

ry R 4

Iy

I3

Iy

Py

S AN
A (4 b
cl 1 £ [l I: I 1 |I_u':;1 '1 .‘vh 1] l\'\l ] 1
CIL 2A/C 2B/C 2yc N
) 2L /c —]
i 2L/c [

Hinh 3.8, K&t qud do dugc tir PDA véi <oc ¢b siic khang tai A va B
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Ta xét t1ép ba vi du khéc nhu sau:

e Trén hinh 5.9 ta thiv. trong khodng thdi gian 2L/ ¢ ban dau. hai dé thi
nay tach din nhau ra nhiung rat it. nhu vay sitc khing bén 14 nho. Tai
gan diém 2L/ c. e F lai giam, va van t¢ V tang (do xuit hién séng dng
sufit kéo), nhu vay stte khang mii ciing gAn nhu khdng ¢6 (tuong tu hinh
5.6). Tém lai. coc ndy nam trong dat véu:

o Trén hinh 5.10, stc khang bén ia nhd. Tuy nhién, sitc khang mai 14 lén
vi tai lan can diém 2L / ¢. lue F tang manh va van téc V gidm manh
(tudng tu hinh 5.7):

+ Trén hinh 5.11. hai d4 thi tach ra rdt nhanh. chiing to siic khang bén la
16n. Tuy nhién, coc nayv ¢d sie khang mii rat nho.

=
v o
2L/C

Hinh 5.9. K&t qua do dugc tir PDA vdi coc cé sitc khang bén va mii nho

Hinh 5.11. K&t qua do dude tir PDA vdi coc co sire khang bén ldn
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3.1.5. Xac dinh hu héng trong coc

Coc duge dat trong dat. vi vay coc Iudn ¢d sitc khing bén doc sudt than coc.
- Theo nhu phan tich § phdn 5.1.4.3. néu coc khdng thay 461 tiét dién, thi hai dé
thi tuobn ludn phai tach dan nhau ra (trong doan 2L /¢ dau tién).

Neéu coe bi hu héng, tiét disn coc bi thu hep lai, thi hai dé thi (F va V x Zy &
gan nhau lai. Mdc d6 gin nhau cta haj dé thi nay goi 12 BTA (hay #). Theo
Rauche va Goble, 6 thé danh g14 mie dé hu héng clia coc dya trén 214 trl cila
BTA nhu trong bang 5.1. Khi thi nghiém PDA, muc do hu hong (BTA) cia coc
s& duge hién 1én thidt bi PDA luén (xem phan 5.1.8).

Bang 5.1, Mire d6 hu héng cia coc
I
1.0 6.8+10 06+0.8 < 0.6

[ BTA

€L

|
‘ Mic dg hu hong J khéng nhe vifa gay ndng J

3.1.6. Phuong phap CASE

Ngay tai hién trudng. hé “Phan tich déng coc” ("Pile Driving Analvser™) st
dung phuong phap CASE da c6 thé du bao stic chiu tai cta coc. du bao ung
suat trong coc. Phuang phip CASE chuin (Standard CASE method - R&P)
duge Goble va eong su kign nghj vio nam 1975 dé dy béo sitc chiu tai cuc han
cua cee nhu sau: '

Pox(t-gg it gy BBV, (5.4

=

[y

trong dé: Z - tr6 khang cua coc (phudng trinh 5.3): )

FyvaV,-luc va van tde do ™ duge tai cac diu do & thai diém t,: t, 13
thoi diém ma hai sdng nay dat eye tri diu tién:

F, va V,- luc va van tée do™ dudgc tal cac dau do & thoi diém t,:
t,=t, + 2L /¢

J¢- hé 58 can nhét (hay can déng) Case. R4t luu ¥ rang, hé s6J,.

nay la khéng thﬁ!‘nguyén va khéc véil hé s8'J clla Smith trinh bay

cudi phan 2.10.2. Hé s4 J,. ban dAu duge Goble kién nghi nhu § cot 2

trong bang 5.2. tuy nhién nam 1996 cac tac gia di cap nhit va kién

nghi lai nhu 6 ¢t 3 trong bang nay;

Hinh 5.12 trinh bay mét vi du du béo P, theo phudng phap CASE chuin. v
nghia cua phuong phap CASE chuin nhy sau: ste chiu tai cua coc cang l6n

“* Thuc rva. cic dau do do duge bign dang e(t) va gia téc a(t), sau dé si dung phudng trinh (4.1) va
(1.2} ta s& thu chige lye F va van toe V.

12- MCPT
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khi: (i) diem F, cang cao; (ii) diém F, cang xa diem V, (hai séng cang tdch xa nhau tai t,).
Tuv nhién. vai coc chdng hoiic coc nén chit dat nhiéu thi ta nén s dung
phuong phap CASE max (Maximum CASE method, RMX). Phudng phap
CASE max khac phuang phap CASE chuén 6 hai diém:

« Ta phdi tim thai diém t, dé sao cho sde chiu tai P, 14 16n nhAt. Hinh 5.13
trinh bav maét vi du du bao P, theo phusng phap CASE max:
e Hé s6Je phai b gia tri 81 thiéu 1a 0.4 (véi séi. cudi thi 61 thiéu 1a 0.3),
vi thudng 16n hon hé s J.. ctia phuong phap CASE chuin i 0.2 dén 0.3
{(¢cOt 4. bang 5.2).
Negodl hat phuong phap CASE trén. con ¢d hal phuong phap nia la phuong
phap CASE ty déng RAU va RA2. Tuy nhién. hai phuong phap nay it dung

hon.
Bang 5.2. Gia tri J; s dung trong thi nghiém bién dang 16n PDA
S e e
oiamuese | Wmes | Wagna | ae
Cat sach t 0.05-0.20 0,1-.0 - 0.1“5“”” (.40 - 0.50
i Ccatian by, Bui chira cat : 0.15-0.30 0.15-0.25
Bui 0.20-0.45 0.25 - 0.40 0.50-070C
| setnbulBulBisst | 040-070 | 040-070
Sét 0.60 -1.0 =0.70 0.70-1.0
v— Liic F
mmem=— VL

Trd khang cha coc: Z = 380.5 kN s/ m;

Dat d mgi coc 1a bui, ¢é 1n mot it sét va hé s damping 1a: J; = 0.4;
F,= 1487 kN; V, = 3.91 m/s;

F,= 819 kN; V, = 1.07 m/ s.

F, +2V _7v, _
L= 0 -é----‘- vanb = 061—4?-7—;-]4—87 148..’.9-2...‘7'9? = 1181 kN = 118 tan.

Hinh 5.12. Phudng phap CASE chuin (Standard, RSP)
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J. =067,
Fi=818kN; V, = 1.92 m/ s:
F,= 1487 kN; V, = 0.0 m/ s,
Pty BB ) B0 BI9LT08 0 _ g e

Hinh 5.13. Phuong phap CASE max {Maximum, RMX}

5.1.7. Xac dinh ty 1& ning lugng tiép thu

Ty 1& nang lugng tigp thu (E.%) 13 mot théng s6 quan trong ciia thist bi déng

coc. K&t qua cia thi nghiém PDA cho phép ta ddnh gia duge ty 18 E, nhu sau:

. - . (5.ba)

trong d6: E,,, - nang lugng danh dinh ctia bia:
E,(t) - ning lugng thuc truyén vio coc:

) = [F(t) x V(vde. (5.5b)

Vidu cua d6 thi K, (1) duge thé hién trén hinh 5.14b,

- 0 2l /¢ t
0 2l

4 b} B&'thi nang ludgng thue E
ADEthiFvazZxv . ) f nang luang thue E,

Hinh 5.14. Ning lugng truyén vao coc

Tién hanh do dac nhiéu bua (sit dung phuodng trinh (5.5)). ngudi ta théng ké
duge ty 1& nang ludng ti€p thu trén hinh 5.15. Ta thay bua diesel déng coc
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bétong co ty 1& tiép thu nang lugng trung binh khodng 25% (dong ti 86 50%
trén truc tung sang). trong kbi bia hoi'mét chiéu déng coc thép c6 ty 18 tiép
thu khoang 30%. :

100 %
T T b 1
! ! i ; i
E 1 ] ] 1
GO% |omrogoom b o4 SO AT U GO
¢ Diesel Adng :‘— 4: T
che nég .
B0% [ BT
i : : : ' 1 ¢hifu, ¢oc BT
SO0 T NI A A AR L
1 I 1 t 1 | I
" : | i : ' : i i
BO % f-——-t-—mmkesaman SR Y S S S H—
Diesel déng i el |
coc be 16ng ! 1 chiéu, cot thép
3 §0% |- b B L
& : i i | 0
[N 1 - 2 1 : i 1
— | i i | |
' 1 1 1 ]
0% Lo i oo SN SR SO NP S
i ; \ i ;
' ; ! i i : H
0% -t R B il falaii
R A
D R 7 A M B RS S e
1 I | 1
B ] 1
0% e : I I I

0% 10% 20%30% 40% 50% 60% 70% B0 % 90% 100%
Ty 1& nang lugng tiép thu

Hinh 5.15. Ty 1& nang lugng tiép thu clia mét 53 bia

5.1.8. Trinh bay két qua tir bd x(r Iy PDA

Sau méi nhat baa tai hién truong, thiét bi PDA (Pile Driving Analyser) s€
hién thi ngayv 1ap tic nhiéu théng tin hiiu ich, vi du nhu trong cac hirh 5.16
dén hinh 5.18.

Trong nhitng hinh nay, cac ky hiéu la:

» Nhém "Dau vao™
LE: ¢hidu dai coc tinh tir ddu do dén mii coc:
AR: dién tich tiét dién coc;
EM: madun dan hdi cha coc:
SP: trong lugng riéng cua vat liéu coc:
WS: van téc séng truyén trong coc:’
JC: Gia tri damping J. (14y theo bang 5.2).
¢ Nhém "Tha nguyén™
Luu y rang, thd nguyén thudng 12 kN x 10, hay chinh 1 tén. Co nghia

14, sdc chiu tai sé tinh bing tin, con ning lugng sé 1a tdn x m,
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Thir nguyén

Piu vao D6 thj két qua

__ O 8 Assocletes, Inc. o per
PJ: !‘!n‘fﬁ’ ROUTE

40 - R
_I“l‘i W"Y“I’P  EMD OF DRIVE Iz3
- g

G 1993~ FAR0
el o
AN
Iy \ _} -
Gy TR .
Py e -
VARSI A DRASE ASy¥an
-
\f“,"\‘__/‘ . -
rs 100 - DEL D-30-32, 355mn coNC EEETRETIRCY i,
r{ Az 1224 TB 0.0 11 21.6 2isc o s ‘Oa 200 UE 1024 L= i
i C3x: 20.0 AIF= 47 = Z.10
TSH= G.6 RMM= 162 BFH: 43.3
SQ-OFFRFL-orEpeR-oerg PTR: 100 il e il it
i PILE IwFPuT oAl DISPLAY(DP) SAUVE - RAEPLAY I\F!ll
LE Ta AL..4 F3 FL X Te Gr..9
an AT FlL..4 DS un IF - BF P
En or or EX uE i - R PN
P Le AVL..4 YL Ut e RO LS
contact Pilea Dynamics USA | M3 BR AFL..4 TB FF v Al PagUp e
wilh wour ousstions a0 Qu ALl Ol Home s RA PabDn W9 :
tel USA - 216 - 021- 6131 j
1 r.x USA - 216 - 831- 0916 | COMMAND 1MNDEX: for more HELP use [F11 function !ul-u }
(A1 I PIEZORESISTIVE oP: ATV !
Théng sé dau do Két qua

Hinh 5.16. Coc béténg dic sin itng suat trude 35x35 cm?
e Nhém "D6 thi két qua™ :
Dudng thing ding thi nhat: thdi diém t,, 1a lic hai séng dat cuc tri dau
tién:
Dudng thang ding tha hai: thoi diém t,=t,+2L/¢;
Trén hinh 5.17. néu coc bi hu héng thi con c6 mot duong dit nét § gitia
(dudng D-D). Khi dé, trén man hinh sé xuat hién mot ctta s6 nho, trong
d6 ghi gia tri BTA. Trén hinh 5.17, tai vi tri duong D-D ta thay hai dé
thi F va ZV xich lai gin nhau ching t6 coc ¢6 hu héng. Trong hinh nay,
BTA = 89%, tlIC la coc bi hu hong nhe, vi tri hu hong trong hinh nay 1a
LTD = 14.9 m tinh tir vi tri dau do.
e Nhom "Két qua™ _
» CSXva TSX (MPa): ting suét nén va ing suat kéo tai vi tri dau do:
CSB (MPa): ing suit nén du bao tuong déi ¢ mai coc;
*  Trén hinh 5.16 (coc bétong), CSX = 20 MPa. Nhu vay, néu méc
bétong cua coc thip thi coc c6 kha ning bi pha hoai do nén:
Trén hinh 5.18 (coc thép), CSX = 211.5 MPa < R.. = 220 MPa
cua thép lam coc 8ng va coc thép hinh chii H.
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Tuy nhién, CSB (mii coc) = 232.3 MPa sé 16n hon cuong d¢ chiu nén
cho phép khi déng R,, ctia thép lam coc, vi vay khi déng coc nay dén
d5 sau thiét ké. nén gidm nang lugng cla bua (bang cach gidm chiéu
cao roi bua) dé giam CSB;

Luu ¥ rang, CSX, TSX (tai vi tri dau do) va CSB (tai mii coc) chua
phai 1a gia tri Ging suéit cuc dai phat sinh trong coc. Ung sudt co thé
xuat hién & vi tri khac hai vi tri trén, do d6 phai dung CAPWAP (hodc
WEAP) dé du bao ting sudt cuc dai.

« BTA (%): gia tri danh gia mjic dd hu hong cua coc.

« RSP va RMX (t&n): stic chiu tai cuc han P, cua coc du bao theo
phudng phap CASE chuén va CASE max, st dung gia tri damping J
kién nghi trong bang 5.2.

. RX7 (t&n): siic chiu tai cuc han P, du bao theo CASE max, st dung
J(- =0.7:

« Trén hinh 5.16, tit dd thi ta thiy ring coc c6 stic khang bén nho (hai
dé thi F va ZV tach nhau rat it), sic khang mii 16n nén coc dugc
coi 1a coc chéng. Nhu vay, theo phan 5.1.6, ta nén st dung gia tri
P, = RX7 = 156 tan.

« EMX (tm): niang lugng do coc tiép thu. Trén hinh 5.16, EMX = 2.1 tm
= 91 kNm. Biét ring bia déng coc la bua diesel DELMAG D-30-32 c6
nang lugng bidu kién E,, = 89.6 kNm = E, =21/ 89.6 = 23%.

» BPM: s6 nhat bua déng trong mot phut.
« STK (m): chiéu cao roi bua, tinh toan cho bia diesel.

Fs — [ (1] PJ: EAST RIVER BRIDGE TG UD i
4000 GO TaR L il JIPN: PRO®G END OF DRIVE ki FH 622
LE 29.4i n ] D i

AR 136.80 cm2 1 H
En 210000 nea i

SP 78.500 WHSn3 |
HS $122 w's
WO 5103 ns

DEMDING? HE? LE? DQHME‘?
BTA=BY LTD=1 L)
UIEW FaaFar SF‘LICE? FF?

1 ’ : : i = ]

P 1 TH-PFAK : : Y _

) 1 o -
iF3 93 i - o i

: Ce3 wa % L3nn CEP
imra_ 313 lTe-16.0 Ti 20.6 2L/C u.q' UR 200 _ UE mqm
! ] ©s¥="303.a RSP= 130 ENK= 3.13 '
CS1= 213.6 RMK= 230 BPM= 47.3

Wm-oﬁi ore 198 v Lo lltebbuted

Hinh 5.17. Coc 8ng thép d = 406 mm, day 13 mm, bit kin mdi
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183 ann: Ts so T e T
A1 1a2R1 D K DE—'H:BHP 14 89 ! t..PJ.Ju
Az 1002 178 _12.0 T4 21.3 aL-c 6. vAa 200 :IE L1 0 I-&Jr
j CSKX= Z11.3 RSP= 302 EHK- 2.63 )
| i CSI=- 221.0 AMS= 431 BPM= 43.7
(S0 5 0- 0FF BFL - OFE§PR- OFFYL CSE- 222.3 FN7= 440 STK= 2.200

Hinh 5.18. Coc chir H 360 x 132, chéng lén da

5.1.9. Biéu dién biing PDAPIot

Sau moi nhat bua. ta thu dugde két qua nhu biéu dién trén hinh 5.16.

Vi coc

dong, thu thap cac s6 liéu riéng 1é nhu trén trong suét qua trinh déng coc va

vé 1én dé thi. ta sé biéu dién dude trén hinh 5.19.

GRL & ASSOC, INC.
PDAPLOT EXAMPLE, PRESTRESSED CONCRETE, DIESEL HAMMER

CSX (MPa) RMX (kN) EMX (kN -

6.0 m) .
Max Measured C - Stress Capacity - RMX Max Transferred Energy
14.00 . 1? 30 0 ) 1400 2800 20 50 80

a0 l® ; | , |
0 15 30 0 150 300 0.0 1.5 3.0
TSX (MPa) BLC (bl / m) STK (m) |

Max Computed T - Stress Driving Resistance Hammer Stroke |

Hinh 5.19. D3 thi PDAPIlot
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Trén hinh 5.19. truc tung 14 d6 séu déng coc (penetration), cc truc hoanh bén
trén 14 danh cho dudng lién nét, cac truc hoanh bén dudi 1a danh cho dudng

dit nét.

Trong hinh nav. ¢é cae duong cong sau duge thé hién:

« (SX. TSX - (ing suit nén va kéo trong coc:

+ RMX - siie chiu tai cyc han ctia coe theo phudng phéap CASE max:

+ BLC - 56 nhat bua trén 1 m. Tir BLC. ta tinh duge do chdl 1a
e = 1000 / BL.C (mm);

« EMX - ning lugng do coc tiép thu:

STK - chiéu cao rdi cia bua diesel.

5.2. PHUONG PHAP PHAN TICH CAPWAP

5.2.1. Tim hiéu thuat toan bén trong CAPWAP

Phéan mém CAPWAP van st dung cac két qua do duge trong thi nghiém PDA,
tuy nhién, qua trinh phén tich caa CAPWAP chit ché hon, chinh x&c hon va

dua lai nhiéu két qua hon so véi phuong phap CASE ¢ trén.

Nhu di dé cap. CAPWAP 1a sy két hgp giita WEAP va CASE. Trong d6 tucng

ti WEAP. bua. coc va d4t:sé dude mo hinh héa nhu hinh 2.42.

5 Ina
'Qp

Hinh 2.42 (v& lai)

- O | Qgn

Do a1}, €(t)
= Fn & Vi (phuong trinh 4-1, 4-2)

b
»

Gia S_fI qi, Ji, Qs, Qp

CAPWAP dy bio Fe dua trén Vm, Qs, Qp

A

12

Xudt két qua Qs, Qp

Hinh 5.20. So d8 thuat toan cla CAPWAP
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Trong CAPWAP. cic hé s§ quake q va damping J s& duge tinh lip nhu trén -
hinh 5.20. D61 v6i coc. tif cde dau do ching ta do duge gia toe alt) va bidn dang
e(t), do dé tinh duge van tée V,, va lue F, (m 1a viét tét ciia measured) tuong
ling tai vi tri diém do. P81 véi dat, ban diu ta gia s cde gia tri quake ¢, va
damping J; (md hinh cha Smith, xem cac gia tri thuong gip 6 cudi phin
2.10.2} va phén b6 stc khang bén Q,; va sic khang mai Q,. Dua vao' cac thong
s6 nay, CAPWAP tinh toan gia tri kic tai dau coc F. (¢ la viét tét cla
computed).

So sanh F. vdi F,, thong thudng thi & nhing véng lip diu, hai gid tri nay
thuong kha xa nhau, do d6 ta phai chon lai cac gia tri dAu vao va lap dén khi
F. = F,,. Trong CAPWAP, viéc so sanh F.va F,, thuc ra théng qua viéc xem xét
chi s& MQ (match quality). Néu MQ cang nho thi F, cAng gén véi F

{11

5.2.2. Két qua ctia CAPWAP

* Bang 5.3 minh hoa mét vi du vé két qua tém tit cia CAPWAP cho coc ¢
tiét dién 168.4 cm® trong nén sét 1an it bui. Trong bang nay ta cé:

» Doéng 6 chi ra ring, stic chiu tai cyc han la: P, = 2187 kN, trong dé
ma sat bén la Q. = 612.1 kN va stc khéng mai [a Q, = 1575 kN;

» Trong cdc dong tiép theo. ¢6t 2 1a d6 sdu tinh ti cac didu do, cht 3 1A
d9 sau tinh tit mat dat thidn nhién, cét 9 va 10 1a gid tri damping (J)
va quake (q) trong mé hinh Smith trinh bay cudi phén 2.10.2. Dong
19 va 20 la gi4 tri trung binh, tuong ing cho than coc va miii coc.
Trong bang 5.3. véi than coc thi J = 0.55 s/ m, q = 2.3 mm: véi mili coc
thiJ =0.29s/ m, q = 3.6 mm;

= Dong 22 la gia tri damping (J.) trong phudng phap cia CASE (phan
5.1.6). Cac gi tri J va J.. (theo cd Smith va CASE) va q déu da duge
tim ra theo cich tinh lip nhu thuat toan trinh bay trong hinh 5.20.

* Bing 5.4 minh hoa mét vi du vé sit phan bé Ung suét trong coc theo cach
tinh CAPWAP, Trong béng nay, tit dong 22 ta thay, Gng suét nén cue
dai phat sinh trong coc 13 § 16.3 m va CSX = 20,065 kN/ cm®= 200.6 MPa,
Tu dong 23 ta thay, Gng sudt kéo cuc da1 phat sinh trong coc 14 6 14.3 m
va TSX = 0.832 kN/ ¢m? = 8.3 MPa.

* Hinh 5.21 minh hoa 44 thi két qua CAPWAP clia mét vi du khac. Trong
hinh nay. Iue ¢6 thit nguven 1a kip (1 kip = 4.45 kN = 0.45 tan); trong d6
ta cd;

» Goc dau tién minh hoa hai d¢ thi: d8 thi F, (For Cpt - viét tit cQa
force computed. 12 luc tinh toan theo CAPWAP - xem thuat toan &
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hirh 5.20); va db thi F,, (For Msd - viét tat clia force measured, 1a lyc
do dude (gian ti€p qua bién dang &);

« Géc thit hai minh hoa hai do thi do dude: F,, (For Msd) va V,; (Vel
Msd - viét tat cta velocity measured). Cac @6 thi nay di quen thude
v6i dde gid & phéan 5.1 -

- Gée thit ba minh hoa d6 thi lyc - d6 lin trong qué trinh gia tai (ta c6
thé goi 1a dudng nén tinh 40). Trong vi du nay, ta doc thdy sic chiu
tai cdc han theo CAPWAP 13 P, (hay R,) = 3056.4 kips = 1360 tidn.
Trong dé. stc khang bén 1a Q; (hay R,) = 1920.6 kips, con sdc khang
mii 1a Q, (hay R,) = 1135.8 kips. Chuyén vi 16n nhat trong dé thi la
20.9 mm:

« (6c cudi cliing: nila trén thé hién phin b8 siic khing bén () theo
chiéu sau (shaft resistance distribution), trong dé dau coc J bén trai,
mii coc & bén phai: nita dudi thé hién phéan b lyc trong coc khi tai
trong 1a P, ¢(hay R,). Ta thay. lyc ¢ diu coe chinh 13 P, (trong hinh
nay la 3066.4 kips), lyc ¢ miii coc chinh 14 Q, (trong hinh nay la
11356.8 kips).

Bang 5.3. Vi du tém tit k&t qua CAPWAP
1 | Geble Rausche Likins & Associates, Inc. as_ﬁ'&ss |
2 PEACH FREEWAY BRIOGE )
3 | Pile; PIER-ZL Blow: 528
4 Callected: (Q1-Oct.g2 CAPWAP{R) Ver, 1.804.1
5 CAPWAP FINAL RESULTS
§ | Total CaPWAP Capacity: 2187.0; aleng Shatt £12.1; at Tos 1575.0 kN
? P e T e T T A A i S s + F e S 3 NI T T T -
8 Snil Depth Darth Ry  Force Sum  Unit HResist. Smith Quake
g | Sgmnt Beidw Below in Piie of Au w. Respect to Damping
Mo, Gages Grade at Ry Depth Area Factor

10 : m m kN KN kN Nim kN/s2 s/m am |
1 2187.0
12 1 10.2 2.3 44.0 2143.¢ 44_0 21.58 15.20 920 2,300
13 2 12.2 4.3 28.0 2115.0 72.0 13.7t - 5.6%5 L8580 2.300

3 14,3 6.4 21.Q0 2094.0 93.0 10.29 1.25 L8550 2.300
14 4 16.3 g.4 119.0 1875.0 212.0 5435 41.09 950 2.30

5 148.4 1.5 202.@ 1773.0 414.0 99.03 69,74 L5580 2,300
15 Lo 26.4 12.5 198.0 1575.0 §12.1 97.08 68 .36 L5500 2,300
' ! aversge Skim values  102.0 : 48.96  35.2%  .550 2.300
17
15 Toe 1875.C 17488 .63  .2%0 J3.600
1% i
20 501l Model Paremeters/Extentiars Skin Toe
24 | Case Dampling Factoc . 488 .682
22
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Bang 5.4. Vi du phin bé g suit du bao bing CAPWAP

; Goble Rausche Likins & Associates, Inc, 09-Kov-95

k] PEACH FREEWAY BRICGE

4 Pile: PIER-2L Blow: 528

5 Collected: 01.0ct-32 CAPWAP{R) ver. 1.954-1

[ EXTREMA TABLE

7

8 Pile  Depth max. min. max . ®ax. max. max. REX,

Sgmat  Below Forre Force Comgr. Tension Trnstd. Veloe, Displ.

9 No Gages - Stress  Stress Enargy

10 " kM kN kM/em2  kN/cm2 kN-m m/s cm

" 1 1.0 3174.8 -72,5 18,848 - A30 32,31 4.8 1.737

12 2 2.0 3195.0 LG 18.873 . GOg 3t.13 4.3 1.680

13 4 4.1 az214.2 L0 13.086 000 29.383 4.3 1.580

g 6.1 3235.5 A 19,0213 GO0 28.49 4.2 1. .44p

14 8 B.2 3273.7 Ny 19,440 GO0 27.20 4.2 1.320

45 10 10,2 3342.5  .60.9 19.848 - .282  25.§2 4.1 1,200

16 12 12,2 3257 .1 «82.8 19,342 - . 497 23.56 4.0 1.0B0

14 14.3 3252.0 - 140, 1 16.311 - 832 21.75 3.9 . 880

17 186 16.3  3375.0 .1286.5  20.08% - . 751 20.1% 3.8 L850

18 18 18.4 3182.0 -49.7 18.855 -, 285 17,113 3.4 .30

19 19 13.4 2718.8 A4 16.145 000 14.02 3.3 .68D

20 20 20.4 3065.1 0 17.845 OGO 11.87 3.0 640

21 |Absolute 16,3 20.065 {T= 24.7 ms)

22 14.3 - . B3z ({T= 41.2 ms5}

23 ]
CRPUAP EXAMFLE 5, @7-Naw-1297
Ir. 1P, Zeidel CAFUAF(R ) Versicon 1997-1

3080, For Med 3000, _ For Msd
Kips o ___ For Cpt Kips Hel Hzd
1509, | 1580, |
46\\..3{‘_‘ ns 1 A_Eﬂf; s
@, ela gl a. N L ey b
1 1 v
3 4 Lee 4 Lee
-1586 . | ~1588, |
load in Kips
a.p 1000 2008 3600 4000 Pile Tap 088 _ Shaft Resistance
S T Botiom Kipssm Distribution
N natl]
> Ru = 3656.4 Kips
28.8 2 R: = 1928.5 Kips 1 )
Rb = 1135.8 Kips Pile Forces
38.4 Dy = 26,9 mm 4960 | o Ror
D = 28,9  mm Kips
44,4

displacement in mm

Hinh §.21. B% thj két qua CAPWAP
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{m >

188
e Hinh 5.22 minh hoa cac dé thi vé theo chiéu sdu z (m), trong hinh nay,
chc d6 thi sau duge thé hién: lye ma coc tidp thu (Max. Force), nang
lugng ma coc tiép thu (Max. Transfd. Energy), #ng suit nén (Max.
Comp. Stress) va kéo (Max. Tension Stress) 16n nhét trong coc, van tdc
I6n nhat (Max. Velocity) va chuyén vi 1dn nhit ela coc (Max.
Displacement).
_____ Hax. Force -—==- Max. Comp. Stress we==- Max, Velocity
(kKips 3 : Ckips somzd (Hes )
200 1600 2406 3200 4009 0.80 1.50 2.48 2.20 4,09 0.08 1.62 2.40 3.20 4.00
| \ I
\ ; ' ff‘
- . ' /
&.0 > £ 4/
T
Depth ' h /
Betou f’/{ ‘F !
Bages / {' ; .'/
12.8 h ; ;
. L,
El

74,6 s o -
,
] ! ;
1« f. a
Fl 1;
S ; :

/ '

2.8 16.8 24,9 32.5 4B8.9@ B,3¢ 1.6@ 2,40 3.29 4.90 4.8 8.8 12.0 15.5 20,6
Hax. Trangfd. Energy ~a— Max. Tension Stress Hax. Dizplacement
L tkips -m fKips som2) Cmmd

Hinh 5.22. Biéu 43 phan bd theo chiéu sau tir CAPWAP

5.3. THi NGHIEM BIEN DANG NHO KIEM TRA CHAT LUONG COC (PIT)

5.3.1. Giéi thidu

Phuong phap thi nghiém bién dang nhd cé tén tiéng Anh 12 Pile Integrity Test
(PIT - Thi nghiém danh gia dd toan ven cua coc). Thi nghiém PIT danh gia
khuyét tat 16n trong coc, danh gia chiéu dai coc. Tuy nhién, thi nghiém nay
khéng dy bao stc chiu tai cia eoc, va né chi phi hop cho coc ¢6 tré khang 1dn.
Vi vay, PIT khong dang duge cho coe €6 tra khang nhoé nhu coe chii H, coc éng
thép khéng nhéi 161 bing béténg. Nhiing khuyét tat nhé nhu v8t nit nhd, chat
lugng béténg kém ciing khong thé duge phat hién béi thi nghiém PIT.

Thi nghiém PIT cling st dung nguyén ly truyén séng trong coe, tuy nhién
thiét bi ciia thi nghiém nay don gian, gon nhe hdn rat nhidu so véi thi nghiém
PDA. Ta chi cin gin mot ddu do gia téc (accelerometer) ¢ gin ddu coc, ding
mgt bia cAm tay (nang tit 0.5 dén 4 kg) dé gé vao ddu coc (hinh 5.23). Tin
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hiu s6ng thu dugc sé duge hién thi ngay tai hién trudng qua thiét bi hién
truong (goi 1a IT - system, hodc Integrity Tester), s& liéu s6ng ciing c¢6 thé luu
lai dé xu ly bang nhiing phan mém cho may tinh c4 nhan. Néu coc ¢6 khuyét
tat, trd khang ctia coc sé thay déi, do dé c6 séng phan héi va dé thi song sé co
thay doi dot ngot. 1

Thiét bi PIT hién dai ngay nay thuong duge trang bi hai ddu do (goi 1a thiét bj
Stereo), do dé cho phép do duge van toc tai nhiéu diém trén than coc. Loai
thiét bi v6i mot dau do gia t6e hdu nhu khéng c6 kha ning do séng & cac vi tri
cach vi tri go bia qua 20 em. Khi thi nghiém, bé mit coc phai duge chuan bi
phing, sach (c6 thé dung mav mai dé tao bé mat), vi tri dat ddu do thudng
cach vi tri go bia duéi 30 ecm. Ta thuong thuc hién nhiéu nhat bda va luu tin
hiéu cua cic nhat bua nay.

Hinh 5.23. Thi nghiém PIT

Hién nay, viéc phan tich va dién gidi két qua do séng dudge thuc hién theo mot
trong ba phudng phap sau:

1) Pulse echo method: phén tich theo thoi gian (phuong phap phan héi xung);

2) Transient response method: ing xu nhanh (hay phén tich theo tin s& dao
dong);

3) Signal matching method: phan tich bing tin hiéu pha hop.

Cac phuong phap nay dugc trinh bay & cac phin dusi day.
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5.3.2. Phudng phap phan hdi xung (Pulse Echo Method - PEM)

Véi cing mét coc, ta g6 nhiéu nhat bia va séng phan héi xung cla tirng nhat
biia sé& duge ghi lai bing ddu do gia tée. Hop didu khién (display panel) sé
hién thi séng trung binh ctia nhiing nhat bta nay va trinh bay trén dé thi
tutong tu nhu hinh 5.24. Hinh nay duge vé theo quy udc déu cia chéu Au (van
téec dusng ¢ phia dudi). Vi xung luc cha bia cam tay kha nhd, nén néu khéng
phéng dai séng (hinh 5.24a), thi sé rat khé phan tich s6ng & mui coc. Vi vay,
nguoi ta thuong phéng dai doan sau cia séng-lén, vi dy trong hinh 5.24b, séng
& cudi dé thi da dude phéng dai 16n 20 lén (goi 12 Amplification, hay Maximum
magnification); diém déu cta séng khong duge phéng dai, con gitta diém diu
va diém cudl. séng dude phong dai dan 1én theo quy luat mia.

droke n 1B 3% tHoke =13 3%
e =Xdm e =M4Am
wel = 2B mly vel = JBIh s
w3 s 040 ms 1305 <045me
y e N »
N . , , . X . , TN
i) T 13 - T T | O S WI ) ¥ T ¥ L
n\ /r i
| |
e T
I o AL18 15 20 L L1 10, 18 A

a) S6ng khong phong dai b} S6ng phong dai 20 I4n (& cudi dd thi)
Hinh 5.24. Vin t8c phan hi xung (toa d theo Chau Au)

song thay a8

co slic khang
ctia dét tai 5m tai mii coc,
° 3 i 9 12 15 g 21 24 m
H -

| N ?
I I A g i |
A
Ghichu:  Toe: vi tri mili coc; Wave Speed: van 18c truyén song

Maximum magnification: 40 phéng dai 1dn nhét (& cudi dé thi).

U

Toe 18.30 m
Wavaspesd 4000 m/s
Maximum Magnification 12

———

——

20%

Hinh 5.25. Van t&c phan hdi xung cliia coc nguyén ven {toa 45 theo Bic My)

Tai mili coc. s& cé séng phan hdi di vé phia dau coc. V& coc nguyén ven vi céc
16p @it khong b sy thay d6i dot ngot, séng sé chi c¢o nhitng thay ddi dgt ngot
tal mii coe. Vi du trén hinh 5.25, coc béténg dai cao 30 x 30 em?, d&i 16.3 m,
phin coe ndm trén mat d4t 14 5 m. Ta thdy tai 16.3 m, séng tang lén ro rét.
Sau 5 m, bat ddu da cé séng phan hdi tir dat tiép xie quanh coc. T doan 5 m
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dén 16.3 m. khéng ¢ nhitng thay déi dot ngét, vi vay ¢6 thé k&t luan coc
khong 6 nhiing hu héng lén.

Néu trude vi tri mii coc. séng cd sy thay d6i dot ngot, vér hudng thay doi
trang vé hudng xung ban dau. thi ¢ haj nguyén nhan:

* Hodc eoc c6 khuyét tat (trd khéang clia coc giam):
* Hodac dia chilt thay d6i dot ngdt (ttr dat rit t6t sang dat y6u, mit phan

13p r&l ré rang).

hu hdng mif coc khéng danh gia duge
c 3 8 9 12 15 | 18 21 24 m

oy |
: IJ' ! E:J‘\I !I

'—_.__’_,_ él‘“‘;—-: _."’i _.it‘l — 1 _=_..._ ___, T o v _,——‘,?':I:_—,,/:_\-\._;{_::__:

i
‘h‘/'”;"/%//dff/é%a’%w//// 774 Toe 16.30 m
“““““ e Wavespeed 4000 m/s
20% T~ Maximum Magniticaiion &

¥
H
§

Hinh 5.26. Van téc phan héi xung cla coc hur hgng (toa dé theo Bic My}
R Cao " R.Cao R: Cac
R e e s D

(A) /\ (8) /\ © /\
— o

| — e o T—
amp o] e ] R

o | o/l_n el
AN\ ® ARG A

A Thip A T.hinh A: Cao E

ol N owll N el i

Ghi chir R: sic khang cla dat; A; moc d6 khuyét tat clia coc

Hink 5.27. Chin biéu d8 séng miuy
Hinh 5.26 minh hoa dé thi séng phan héi xung cla mot coc bi hu hdng 6 vi tri
4 m. Ta thay & vi trf nay, séng cé sy thay déi dot ngdt, mac da dia chit (theo
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khio sat) khéng thay d8i manh. Sau vi tri nay cac séng di va vé dan xen
nhau, vi vay tai 16.3 m (miit coc), ta khdng phat hién duge sy thay ddi dang
ké ciia séng.

Hang GRL ¢6 dua ra chin biéu d8 séng phan hdi xung miu (hinh 5.27), dua
vao cac dd thi nay, ngudi st dung PIT ¢6 thé phén tich d6 thi séng mét cach
dé dang hon.

Nhy vay, phuéng phap PEM chi phat hién vi tri khuyét tat, chd khong phat
hién dudge mic d6 khuyét tat. Phuong phap nay ciing khong phat hién duge
khuyét tat ¢ qua gan dinh coc.

5.3.3. Phuong phap (mg x{ nhanh (hay phan tich theo tin s& dao dong -
Transient Response Method - TRM)

Phuong phép phan tich nay d6i hoi bda thi nghiém phai duge trang bi thém
bé phan do Iyc. K&t qué ctia phuong phap nay duge vé trén d0 thi tudng tu
hinh 5.28. Trong dé. truc hoanh 1a tin s6 séng, truc tung 12 mt dai lugng 6
tén 13 din nap (mobility), day 1a ty sd gifta bién d6 van tdc va bién dd lyc.

Hiéu s gitta hai hoanh d3 clia hai cuc tri cia d6 thj goi 1a AT = z= 5%? ;

Trong d6. néu coc ¢é khuy8t tat thi z chinh 1a khoang cach tir dau coc dén vi
tri khuyét tat, néu khong thi z chinh bang chiéu dai coc. Vi du trén hinh 5.28,
b1t coc cd chifu dai L = 10.3 m, van t8ec séng ¢ = 3400m/ s, Af ~ 165 Hz =

3400 . R . . N en
z= ————=10.3 m. Vi z = L nén coc khdéng cé khuyét tat.
2 x 165
450
L ‘»af
350
E
250 |- ¢
D&n rap |
150 -
— Eg= 2.06
MN/mm
500
i ;
150
Tan 8 (Hz)

Hinh 5.28. Phan tich theo tin so dao ddng
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Mot cach danh gia khac la dya vao d6 cing dong E,. E, 1a d6 déc ctia doan dau
dé thi. So sanh nhiéu gia tri E; cho nhiéu coc ¢6 kich thudc giéng nhau va ¢
cung mot khu vue (duge coi 13 6 chung diéu kién dia chit), néu céc coc déu
nguyén ven thi cac gia tri E, sé tuong tu nhau. Nhu vay, néu c6 gia tri E, nho
hon thi coc d6 c¢6 kha ning cé khuyét tat.

5.3.4. Phuong phap tin hiéu phu hgp (Signal Matching Method - SMM)

Phudng phap nay dude cac phdn mém nhu TNOWAVE hay PITWAP st dung
Trong dé, ngudi ta danh gia khuyét tat cua coc nhu sau:

* Coi coc khong c6 khuyét tat va cé tiét dién khéng d6i. Tién hanh thi
nghiém PIT trén nhiéu coc va do xung lye. Xac dinh biéu dé "séng cta
coc dac trung";

* Xac dinh cac thong s6 cia mé hinh nén bing phuong phap tinh lap cho
dén khi xung luc tinh duge gan gidng nhu xung luc do dugc;

e Nhan biét coc c6 khuyét tat: 13 coc ¢6 séng phan hoi khac véi "séng dic
trung";

e Duya vao cac théng s mé hinh nén vita tinh & trén. danh gia khuyét tat
cua coc: vi trf khuyét tat, mite d6 khuyét tat.

Hinh 5.29 minh hoa két qua phan tich khuyét tat bang phan méfn PITWAP.

Moo

a) Biéu dé van téc do dugc

¢) Két qua tinh trd khang Z theo PITWAP
NS : 10.4m

d) Hinh dang cay coc thuc (mat 50% tiét dién)

Hinh 5.29. K&t qua phan tich khuyét tat bing PITWAP
13- MCPT
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Cac phuong phap ké trén déu coi coc lam viée nhu mét thanh dan hoi, tiét
dién thanh luén phang. D8i véi coc nhéi, vi tiét dién coc rat 16n nén viéc phan
tich nhu ba phuong phép trén 14 khong phu hdp, ta nén phén tich song truyén
trong coc theo phudng phap phén ti hiu han. O nuéc ta Trinh Viét Cudng co
phét trién phdn mém PIT-BP st dung phudng phap nay, tuy nhién méi ap
dung cho bai toan déi xing truc (coc tron).

5.4. THi NGHIEM NEN TINH COC

5.4.1. Nguyen ly

‘ZIQ

. '2“'*\&

Thi nghiém nén tinh coc nham xac dinh, kiém tra stc chiu tai cua coc. Quy
trinh nén tinh coc da duge trinh bay chi tiét trong nhiéu gido trinh va tiéu
chuan & Viét Nam. Do d6 chiing t6i chi trinh bay van tit ¢ day.

St dung kich thiy luc (s6 4, hinh 5.30, hinh 5.31) dé gia tai vao dau coc. O
Viét Nam, ta thudng tang ldc vao kich nay qua m¢t bom diu (s6 2). Pé lam
dé1 trong cho kich thay lue, ta ¢6 cac cach sau:

e Sii dung coc neo, thudng 1 4, 6 hoic 8 coc (hinh 5.30). Nhu vay, néu ta
thi nghiém nén coc, thi cac coc neo nay sé chiu nhd, vi vay, ta phai kiém
tra xem stc chiu tai kéo chia cac coc ndy cé thoa man khong. Theo
ASTM, khoang cach giiia coc thi nghiém va coc neo phai 16n hon 5d (d 1a
duong kinh coc); diéu kién nay dat ra nhim giam anh hudng do tudng
tac gitia cac coc;

e Si dung nhiéu khdi vat liéu (thudng 1a cuc bétong 16n, mdi cuc tit mot

dén vai tan). Vi cac khai vat lieu nay rat dé so, nén viée di chuyén rat
t6n kém va nguy hiém (hinh 5.31).

T A
‘f f g \5/

AR
‘\(\Z’\KQ 4 ¥
S

1 - Coc thi nghiém:; 2 - Bom dau; 3 - Péng hé do bién dang;
4 - Kich thay luc; 5 - Dam thép; 6 - Coc neo.

Hinh 5.30. Thi nghiém nén tinh coc st dung coc neo
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1 - Coc thi nghiém,;
2 - Bom dau;

3 - Béng hé do bién dang;
4 - Kich thhy luc;
5 - Dam thép;

T 6 - Gi da.
D _

Hinh 5.31. Thi nghiém nén tinh coc si dung khéi vat liéu Ion

Theo quy pham Viét Nam, quy trinh tang tai trong nhu sau:

Du tinh tai nén téi da 1a P, 1a tai trong ma coc sé lan khoang 40 mm.
Co thé 1y P, 1a stic chiu tai cyc han P,; P, du béo theo cac phudng
phap khac (vi du nhu théng ké, xuyén tinh - Schmertmann hay
LCPC,...). Cng c6 thé 14y P, = 2.0 + 2.5 [P], véi [P] 1a tai trong du bao
ma coc s& lam viéc trong giai doan su dung cong trinh;

Moi cdp taiséla 1/ 15+ 1/ 10 P, (nhu vay s& ¢6 10 + 15 cap tai). Ghi lai
dd lun tai cac théi diém: 0', 15', 30!, 45', 1h, 1.5h, 2h, 3h, 4h...;

Chi téng tai dén cap tiép theo néu do lun cta coc di 6n dinh (d6 lin caa
coc bing hodc nhé hon 0.1 mm trong vong 30 phit véi cat, 60 phuit
vG1 sét); '

K&t qua tai trong - do lan (& cudi ting cp) duge vé 1én dé thi nhu dudng
lién nét trén hinh 5.33.
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Theo quy pham ASTM D-1143 thi ¢6 bay cach gia tai khae nhau.

Tuy nhién. quy trinh gia tai nhanh (QL - Quick Load) thudng duge sit dung
nh&it. Quy trinh nay nhu sau; '

e Dy tinh tai nén téi da 1a P,,,. Théng thuong, P,.. = 2 + 3[P], véi [P] la
stte chiu ta1 thiét k&; ’

» MG&icip tii sé 1a 1/20P,,,. (nhu vAy 86 c6 20 cdp tat, c6 thé cb tai 30 cip tai);
o Mo cap tai chi giif 3 + 8 phit. Tean bd thai gian thi nghiém chi la 3 + 5 gid.

Khi nén dat sét yéu, cdn quan tim dén dé Ian t bién thi quy trinh gia tai
cham (Maintained Load) s¢ dugc sit dung. Quy trinh nay nhu sau:

o Du tinh tai nén tét da la P,,,.. Théng thuang, P,.. = 2 [P];
o Mbicap taiséla 1/ 8 P, (nhu vay sé c6 8 cip tai);

¢ M5i cap tai giit dén khi tde d6 liin nhd hon 0.25 mm/ h, nhung khong gitt
qua 2h. Riéng tai cap P, thi giit 24 h. Toan bd thoi gian thi nghiém 13
hai ngay. '

5.4.2. Dién dich két qua theo s6 doc cudi clng

Tit bidu db tdi trong - d6 Lin (tai s6 doc cudi cing) cha thi nghidm nén tinh
coc, ¢6 rét nhidu phudng phap dién dich két qua khac nhau dé du bao sdc chiu
tai ctia coc. Ching tdi chi trinh bay hai phuong phap dién dich (tic ta phuong
phap xac dinh stic chiu tdi) cha coe duge ding rit phd bién d cac nudc
phéat trién.

Hinh 5.32 minh hoa phudng phap De Beer: Ta vé két qua nén tinh trén do6 thi
log - log. Né&u trén d thi c6 hai doan gin thing rd rang nhu hinh vé, thi giao
cta hai doan tudng itng véi sdc chiu tdi huy déng Py,. '

Trong vi du trén hinh 5.32, P, ~ 190 tdn, tai d6 A ~ 8.5 mm.

Phuong phap De Beer ¢é6 nhuge diém la: khéng phai bao gid ta cing cé hai
doan thing rd rang nhu hinh 5.32, do d6 khé x4c dinh Py,

Hinh 5.33 minh hoa phudng phap Davisson. Cac budce xac dinh P,y nhu sau:

» V& két qua nén tinh trén d6 thi thuong;
EA

s Dudng "dan héi" 1a dudng cé phuong trinh saw: P = A;
trong d6: A, - tiét dién coc (m?);

E - médun dan héi ca coe (kKN/ m?);

L, A - chidu dai coc va chuyén vi etia coe (ciing don vi).
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TH thi nghiém (kN)
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Hinh 5.32. Phudng phap De Beer
Tai thi nghidm (kN) .
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———~4&t qua nén tinh .

20 ~~—-Buéng dan hai Y

- - 1 -Puang Davisson v

26 |

Hinh 5.33. Phudng phap Davisson

* DBudng Davisson 12 dudng song song véi dugng "dan héi", khodng cach

gitta hai duong la: 3.8 + 1_}56 (mm) néu dudng kinh coe B < 600 mm:

30

B (mm) néu B > 600 mm (Kyfor va cong sy kién nghi bd sung).
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s Giao diém cia duong Davisson véi dudng két qua nén tinh 13 sic chiu
tai huy déng Py, Trén hinh vé, P,, ~ 201 tdn, tai dé A = 23 mm.
Phuong phap Davisson dé& ding. pht hop véi ed quy trinh nén tinh nhanh va
ch&ém. Mot han ch& nhd ciia phusng phap nay 1& né khong phi hgp véi coc
chdng (coc c6 ma sat bén nho).

Trong ca hai phuong phéap trén, sitc chiu tai cho phép sé 1a:

[P] = 0.5 P,,. (5.6)

Phdn tich wn diém cia phwong phdp Davisson

Véi cac 86 lidu cho trong hinh 5.33, ngodi ra ta con biét thém 1a: coc dai 30 m,
tiét dién 0.40 x 0.40 = 0.16 m®. Than coc dat vao dat t6t. Mii coc dat vao 16p
dat cat. thi nghiém SPT cho thay N, =~ 40. Theo cach tinh Schmertmann SPT
(phan 2.8) thi

q, = 306 x Ny, = 12240 kPa
= Q,=q,xA =12240 x 0.16 = 1960 kN = 196 tan.

Trong thi nghiém nén tinh, khi lge ép tir kich xudng 13 150 tin, ngudi ta do
duge d6 lin (6n dinh tai cdp tai nay) 1a 8 mm @.

Gia st coc 14 hon hgp ma sit + chdng, va bign dang dan héi clia coc tai cap tai
trong nay la:
P 1500kN

Az =067 —-- L = 0.67 - - — x 30000 mm =8 mm @
EA, 2.4 x 10°kN/m? x 0.16m* _

Theo cich tinh pho bién & Viét Nam hién nay:
Stic chiu tai cho phép 1a [P} =P/ 1.25;

trong d6: P 1a tai trgng nén tinh ma tai dé dé lin 1a & [S];
£ thudng bang 0.1 d&n 0.2;
[S] thuong bang 80 mm (d6 lin cho phép cla céng trinh):

Nhu vay. theo cach tinh Viét Nam 6 vi dg nay thi tat £[S] = 0.8 mm ta c6
P = 150 t&n. Tuy nhién, dya vao con $8 8 mm™, ta thdy rang miil coc gin nhu
chua chuyén vi. Do d6 150 t&n nay chi bao gdm sitc khang bén, cdn siic khang
miii chua thé huy déng (trong khi d6. stic khang mii cue han Q, du bac theo
thi nghiém SPT & trén 14 196 tan). Tém lal, theo cach tinh nay ta sé khong
biét cu thé hé s& an toan vé cudng d6 1a bao nhidu.

" Tiéu chuin Viét Nam dga vao tiéu chudn cua Lién X6 (i) véi & = 0,1; £1S] = 8mm; véi
& = 0.2 (theo tiéu chuin mdi hon cda Lién X8) £1S| = 16 inm. Vi £ = 0.2 phan lugng tai trong
¢ miti coc ¢ ting Ién, '
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Theo cdach tink Davisson:

Khi tai trong thi nghiém 1a P, = 201 tan thi chuyén vi do duge (6 dan trén
coc) 1a;

2010 400

—P“—"L + 3.8 + —Ei— mm = x 36000 + 3.8 + %0 =23 mm;

EA. 120 2.4 %107 x 0.16

Bién dang dan héi ctia ban than coe dit bao 1a:

P
0.67- . 1,=10.5 mm.
- EA

.
Nhu vay. chuyén vi & miii coe (ddu dudi caa coc) 12 23 - 10.5=12.5 mm.

Dudi chuyén vi nhu vay (tham khéo hinh 1.3, phan 1.2.1), c4 sitc khang mii
va sdc khang bén déu da duge huy déng. Nhu vay, cach tinh nay rit hgp ly.

5.4.3. Dién djch theo tdc dd bign dang

Dua vio téc dd bién dang, ta cé thé danh gia duge sic chiu tai cla coc. Ta gol
tdi trong gifdi han chay (creep limit - P.) cta coc 13 tai trong ma ké tit d6 t6c db
kin ¢6 sy thay dai dét ngdt. DE xac dinh tai trong gidi han chay ta lam nhu sau:

* Tai tiing clp tai trong, ta l4y hidu s8 giita 40 lin tai thdi didm cusi ciing
va d6 lin tai thoi diém doc trude d6. Vi du trong thi nghidm gia tai
nhanh (QL). ta &y d6 lin ghi ltc 8 phit trit di dd lan ghi hac 4 phit; con
trong thi nghiém gia tai cham (ML), ta 14y dd Lin ghi lac 2h trd di 46
lin ghi lac 1.5h (hodc 1h). Hidu s6 nay thé hién téc do bién dang.

» Sau d6 vé bitu dé quan hé gitia hiu s8 trén va cac cdp tai trong (hinh
5.34). Trén bitu d ta sé thdy 6 sy thay déi dot ngdt vé tée d6 bién
dang. T4 trong tudng ng vdi diém nay 14 tai trong gidi han chay (vi du
585 tédn trén hinh 5.34).

0.2

. *

. i L
h(’i":;o : ' [Taichiyses |
gitta s§ 91 !
doc tai 4'

va '
0 . . MY ST SRS et
0 100 200 300 400 500 700

Tai trong (tadn)
Hinh 5.34. Xac dinh tai trong gidi han chay (creep limit)
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Sau tai trong giéi han chay, téc do bién dang ngay cang phat trién manh. Tuy
nhién, véi tai trong nho hon tai trong chay thi dé lin theo thoi gian l1a khong
dang ké&. Tt tai trong chay, ta c6 thé 14y stc chiu tai cho phép cia coc la
[P]=0.6 +0.8P..

5.5. THi NGHIEM OSTERBERG

5.5.1. Gigi thiéu vé thi nghiém Osterberg

Thi nghiém Osterberg (con goi 1a O-cell) vé thuc chat 1a thi nghiém nén tinh
coc (phan 5.4). Tuy nhién, thi nghiém nay khong doi hoi coc neo hay cac khéi
vat liéu lam d6i trong cho kich thuy ldc nhu phuong phap nén tinh théng
thudng (xem chi tiét trong phan 5.5.2). DAy 1a phuong phap thi nghiém méi,
lan ddu tién dude 4p dung vio niam 1984 cho coc nhdi bdi giéo su dJorj
Osterberg (PDai hoc Northwestern, My).

Thi nghiém nay dude Ap dung cho ca coc nhéi va coc ché san (hinh 5.35). Nam
1987, thi nghiém Osterberg 14n diu tién trén coc ché sin duge thuc hién, dé 1a
coc 6ng thép kin mii, duong kinh 45 em. Nam 1994, thi nghiém nay lan diu
tién dugde thuyc hién trén coc béténg ng suit trude kich thude 45 x 45 cm”. Dé1
v6i nhiing coc ché sian nay, tiét dién ctia hop Osterberg thudng bing tiét dién
coc, va hop Osterberg duge dic sin (trong nha may) vao trong miii coc. Do
hinh dang cua hdp Osterberg, thi nghiém nay khéng phu hgp cho coc chit H
va coc cu van thép.

a) Coc ché san b) Coc nhdi (nam phia dudi ddm phu)

Hinh 5.35. Quang canh thi nghiém Osterberg
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5.5.2. Thiét bj va nguyén ly thi nghiém Osterberg

Bo phan quan trong nhat trong thi nghiém 1a hop Osterberg hay O-cell (hinh
5.36). Day thuyc chat la mét kich thiy luc, duge dat & mai coc. Sau khi thi
nghiém xong, ta phai bé lai kich nay vi khong c¢6 cach nao 14y lai kich dude.
Véi coc ché san, hop Osterberg duge diic lién cung coc, vi vy né phai duge
thiét ké dé khong bi pha hoai trong qua trinh ha coc, dic biét 13 ha bing
phuong phap déng. Sau khi dic xong coc, phan duy nhat cta hop Osterberg
ma ta nhin thay dugc 1a tdm thép & day hop. Péi véi coc nhdi, phia trén va
phia duéi cua kich O-cell 1a tdm thép day 50 mm, nim vita khit va han vao
trong 1ong thép. Pitténg trong kich Osterberg, thay vi chuyén (i-@ng lén trén
(nhu § thi nghiém nén tinh théng thuong), lai chuyén dong xuéng dudi. Hanh

trinh 16n nhat ma pittdng di trong xilanh 1a 15 em (c6 thé 16n hon néu dat
hang dic bidt). Ap luc trong hép Osterberg 1én téi 69 MPa (nam 2000). Ngusi
ta da tung thi nghiém Osterberg trén coc ché sin véi hgp hic tit hop Osterberg
1én t6i Q, = 800 tan (stc chiu tai P,x 2Q, = 1600 t&n). Con véi coc nhdi, con s6
do6 1a Q, = 7500 tan. Day la coc nhoi dai 41.3 m; dudng kinh 2.44 m, stc chiu
tai P, ~ 15 000 t&n & Tueson, Arizona (2001)!

€) Tam thép trén (chua

han lén trén)
Kich

Méc cau tam

Han kich véi tam dudi
tam thep dudi

a) Hop Osterberg coc dong; b) Mét kich giifa hai tdm thép, coc nhéi nhé; c) Hé bon kich, coc nhéi 16n
Hinh 5.36. Hop Osterberg
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3 nude ta, tinh dén cudi nam 2002 di c6 bdn coéng trinh dude thi nghiém
Osterberg. Tai cdu My Thuén, coc nhéi dai 85.6 m, duong kinh 2.5 + 3 m dugc
thi nghiém Osterberg v6i tai trong Q, = 2500 + 3000 t&n, va sic chiu tai
Pu ~ 5000 = 6000 t&n. Tai tda nha Vietcombank, coc €6 sitc chiu tai cde han la

~ 4300 tan. Tai cAu Lac Quan, P, ~ 2000 tdn. Gin day nhat la tai 101 Lang
Ha (khu Nha tiéu chuén cao 27 ting), coc barratte tiét dién 2.8 x 1.5 m* c6 sdic
chiu tai P, = 4200 tin; thi nghiém dugc thuc hién bdi Trung tdm k¥ thuat nén
méng cong trinh. Tai nhiing cdng trinh nay, bom ap lue dé gia tai st dung
nude (chit khéng sit dung ddu) dé truyén luc vao kich, va ap lyc tit bom durge
nhén lén nhiéu 1an bdi ap luc khi nén (tt may nén khi).

Nguyén 1y cla thi nghiém Osterberg duge minh hoa trén hinh 5.37. Trén
hinh 5.37a, kich thuy luc (hép Osterberg) duge dat ¢ mili coe, kich nay gay ra
lyc nén cd lén trén (do d6 cin bang v6i ma sat bén huy dong Q,) vé xudng dudi
(do db cAn bing véi sitc khang miil huy dong Q,). Tai treng c tang dén cho
d&n khi modt trong hai thanh phin (hodc ma sat bén, hodc sic khang mui) dat
gia tri cuc han (pha hoai) 1a Q. Vi dy, néu ma sit bén dat ga tri cyge han
tyuée thi Q, = Q, - w' . Con stic khang mii lie bay giv chua dat gia tri eye
han va la: Qe = Qp < Q,.

Vi tri hgp 1y nhat cha kich sé dude chon tai vi tri cAn biing gitta luc day lén va
d&y xubng ™. Néu coc c6 tong stic khang bén nhiéu hon téng sic khang miii
thi kich duge dit phia trén mii coc nhu trong hinh 5.37b.

Hinh 5.88 minh hoa céc thiét bi 1dp dat cda thi nghiém Osterberg cho coc
bétong ché sén. Voi loai coc nay, khong nhitng hop Osterberg ma ca cic ong
dén ciing duge dic lién cdng coc ¢ nha may. Sy gidn nd cia hop Osterberg
trong qua trinh ting tai sé duge do tryc tiep bang "thanh truyén chuyén vi nd
hop Osterberg” (cell expansion telltale). Thanh nay duge dit 6 gida cua ong
bao (telltale casing), ddm bdo ring cac thanh truyén khéng tiép xic véi
bétdng cia coc va chuy’én vi tu do. O phia trén, thanh nay di qua mdt giodng
¢hé d4u néi chii T. Khi gia tai, ddu coc sé chuyén vi 1én va duge do bing "ddng
hé do chuyén vi diu coe".

D6t v6i coc nhdi, vi bétong dé tai chd nén o d6 va tién trinh lip dit cac thiét
bi sé thay d6i mot chiit v dudge trinh bay trén hinh 5.39.

Pé do chuyén vi 1én clia ddu coc (A & B), ngudi ta gin hai thi€t bi do bién
dang tuyén tinh (Lineai':' Variable Displacement Tranceducer - LVDT) vao
d&m phu ¢ dinh. Cac LVDT thudng cé d§ chinh x4c dén 0.025 mm v c6 hanh

“ w' 1A trong lugng ban théan coc, cb k& dén sy day ndi véi dean coc dudi muc nuéc ngam.
“"' Vi coe nhdi hoge barvette, vi tri cia O-cell con phai d vi tri cach mai coc it nhét 1+1,5d (néu
dét ¢ vi txi nho hon, kich cé thé bi nghiéng do 118n dang khdng déu cha dat ¢ mii coc).



Chuong 5. MOT SO PHUONG PHAP THI NGHIEM COC 203

trinh cye dai 14 100 mm. Chuyén vi nay sau khi hidu Lhmh do sy dao déng .
cua dam phuy duge ky hiéu 1a TOS* (top of shaft movement).

a) | | b} | |

={]
=
=Qo'w‘;
k3

s
Qs!

} | Hép O -cell

[ ndra
i } ' |
' !
Q,. | Lwz {
me =QD

o

Hdp Osterberg
nét ra

Qsz

1

Qp

a} Kich dat & mii coc ' b) Kich dat & phia trén mai coc
Hinh 5.37. Nguyén ly thi nghiém Osterberg

Thanh truyén chuyén -,
vi n& hop Osterberg

—=  Bdng hd chuyén vi 1
Dong hd '
chuyén vi 2 Ong dan ap ic sidu bén
Khung ga Thanh truyén chuyén vi nén cfia coc
ddu coc

Bong hé chuyén v ddu coc

Dam phy gén ddng hd

=]

"I—|'r

Bdm thuy §§
e co ap k& .

Ma sat bén Qg

. Hop
Osterberg

Sttc khang mai Q,

Hinh 5.38. So dé thi nghiém Osterberg cho coc déng
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thudc theo dbi
méy, tinh 2
d h
xééyf’} tay [ ~(am phy
p LVOT e .
LVDT nén (so i~ ~——————chdt thanh truyén
véi dau coc) o D
LVWDT gén O
<8 ligu vao tAm day = _ O
L R A ]
. NSRS

468 LVDTE J,‘:E-"’:E‘F‘::ﬁ' ddng hé ap lue
+ Chia vach dén 0.025 m(11 &i{:{ va bom thily luc
+ Bo chuyén vi 1&n clia d3u coc (TOS) ;.,7;\.,\’;.,
C & D {LYWDT): U '
+ Chia vach d&n 0.01 mm
+ Do BP (chuyén vi nd clia O-cell khong
ké dén bidn dang nén). ; ~ :
E&F (LVDT): '::\Q

+ Chia vach d&n 0.025 mm

+ Do bigén dang nén phan coc tif tdm
thép trén O-cell dén dau coc (COMP).
Thudc theo dbif Noam dién .

Pé do chuyén vi co

thé ¢6 cha dam phu.

4 "thanh truyén" BP
gin vao tam dudi

-----

S b R P————1am thép trén O-celi

~4 “thanh truyén” nén
COMP gan vao tdm trén

2 dudng dan ap Iy
cho mdi kich

| BL..  tam thep dudi O-cell
(day 50 mm)

Ghi chi: T&t ca cac"thanh truyén” déu dudc bao ngoai biing dng bao (casing) ®12 «15.

Hinh 5.39. So d6 thi nghiém Osterberg cho coc nhéi

Bén "thanh truyén” (telltale®™) gin véi t&m thép trén cia O-cell cho phép ta do
dudc bién dang nén cla cec & phan phia trén ciia O-cell (E & F). S8 doc (0 vdi
dau coc} dude thu tryce ti€p bang bon LVDT. Cac LVDT thudng ¢6 dé chinh xac
dén 0.025 mm va ¢6 hanh trinh cyc dai 13 25 mm. Bién dang nay ky hiéu la

COMP (compression).

" Telltale hinh tron. lam béng thép non, dudng kinh 6.4 mm. méi doan 0.5 + 1.0m ndi véi nhau
bang ren thanh cay dai sudt tit hdp kich O-cell 1én mat dat.
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Dé do chuyén vi nd ciia O- cell, ngudi ta han bén "thanh truyén” (telltale) vio -
tdm thép ¢ day ctza O-cell. S liéu thu duge qua cac thanh truyén nay la hiéu
80 gitia chuyén vi nd cta O-cell va bién dang nén cia coc. Tit 46 cho phép ta
biét duge chuyén vi xudng cla coc. S6 doc (so vdi dau coc) duge thu bing bhdn
thiét bi do bién dang rung tuyén tinh (Linear Vibrating Wire Displacement
Tranceducer - LVWDT). Cac LVWDT thudng 6 46 chinh xdc dén 0.01 mm va
c6 hanh trinh eye dai 14 150 mm. Chuyén vi nay ky hiéu 12 BP (bottom plate).

Sau khi thi nghiém xong, ta bom viia bit qua nh!.ing 6ng ldp san (thudng 1a
hai 6ng duong kinh 15 + 20 mm) dé 1am kin tit ci nhiing 16 héng trong coc
sau khi thi nghiém.

5.5.3. Quy trinh thi nghiém va dién djch
két qua thi nghiém Osterberg

Cac quy trinh tang tai t a

TOS
1
[
!
t
[
=
4
s

\
kich thay Iuc Osterberg \a
cang tudng tu nhu thi
nghiém nén tinh théng
thuong. Tuy nhién, ngudi ta
thugng st dung phuong
phap gia tai nhanh ASTM
D-1143. Cac chuyén vi thu
dudge gom:

TOS compP

e Vi tri coc

ban dau

------ Vi tri coc
sau chuyén vi

[
F
|
{
!
[
[
!
]
|
|
[
! ban dau
: = = = =Thanh truyén
t Il sau chuyén vi
5] . ~ P i B
+ TOS*: Chuyén vi 1én caa #
dau coc: [
[
al La 4 > !
+ COMP: Bién dang nén dan )
r
|
i
|
[
[
)

héi cua doan coc phia trén
kich:

+ BP: Chuyén vi xudng cua
tAm thép dudi (so vdi diu

coc);

T

TOS+COMP

BP-TOS

7,/
.
L
r
i
|
|
)
=

+ BP + COMP: Hanh trinh | i
ciua O-cell (chuyén vi nd clia [ —— -

O-cell):

Hinh 5.40. Cac chuyén vi
+ 81 = TOS* + COMP: Chuyén vi lén cua t&m trén O-cell;
+ s = BP - TOS*: Chuyén vi xuéng cla tam dudi O-cell.

Ta 6 thé xay dung dudng cong tai trong - dé lin (tuong ty dudng cong thi
nghiém nén tinh théng thudng) nhu trong phan 5.5.4 béang mét trong hai cach
dudi day.
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5.5.3.1. Cach quy d6i don gian
Tai 16n nhit trong duong cong nén tinh tudng duong la:
Pn:ax & ZQ[} h W‘].!

trong d6: Q, - tai trong 1én nhat trong thi nghiém;
w', - trong lugng clia ban than coe tinh tit O-cell trd 1én (c6 ké dén
sy diy ndi néu dudi mye nude ngdm).

5.5.3.2. Cach quy déi chi tiét
o Tai mét chuyén vi bat ky s, Iuc diy xudng ma dat phai tiép thu la:

Qu=Q+w'y, (6.7

trong dé: Qu - luc do O-cell ddy xudng & chuyén vi 12 s;
w', - trong lugng clia ban than cgc tinh tit O-cell trd xudng
(c6 ké dén su day ndi néu dudi muc nude ngim).

e Tai ciing chuyén vi s d6, luc ddy 1én ma dat tiép thu la:
Q+=(Q1-w')xF, (5.8)

trong d6: W', - trong lugng ciia ban than coc tinh tit O-cell trd 1én
{c6 ké d&n su day ndi néu dwdi muc nude ngam);
F - hé s& ké dén su khac nhau vé ma sat bén giita nén tinh
théng thuong va nén Osterberg;
g day F = 1.00 véi coc trong da, sét tot;
F = 0.95 vdi coc trong dat roi.

e Tais, tong clia lue diy 1én va luc diy xudng sé 12 tai ma d&t tiép thu:
P=Qu+Qr=Q+w,+{Qr-w)xF (5.9
Tuy nhién trong trudng hgp nén ti trén xudng, thi dat da chiu sdn mot
phén 1a trong lugng ban théan ege, do dé tai trong dat tai dinh coc la:
P.=P-w, -w,=Q+{Q+-w)xF-w, (5.10)
e Tai tai trong 12 P, (gia tai tr tl‘él‘.l xudng) thi dé lun cla coc la s + A,

Trong dé s8 gia A; 12 dé ké dén bién dang nén dan héi caa coe (xem tiép
phén 5.5.3.8),

» Lap lai cac budc trén vdi cac vi tri s khéce nhau, tiy d6 ta v8 dude duge
cong nén tinh tuong dudng vdi cac cap s lidu (P,. s + Ag) (xem vi du
trong hinh 5.44).

» Néu tai mdt vi tri nao d6, ma s ndm ngoai khodng cia mot dudng cong
(vi du dudng cong sitc khéng bén cla doan coc trén kich, hinh 5.46) thi
ta chon mét trong hai gial phap sau:
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* Hoac lay huc ddy 16n 1a khong déi (coi 1a gia tri eye han) va bang stc-
khang bén 16n nhat thi nghiém dudge;

* Hodc ngoai suy doan tiép theo cia duong cong stc khang bén. Tuy
nhién, viéc ngoai suy nay cé sai s8, vi néy than coc rat ghd ghé (15
18m), thi site khang bén dat cye han cham hon: ngude lai, thén coc it
161 16m thi sitc khang bén dat cue han nhanh hon.

5.5.3.3. S6 gia bién dang nén dan héj

Bién dang nén dan hdi ciia ¢oc khi chat tai tir trén xuéhg 19n hon so vé; bién
dang nén dan héi trong thi nghiém O-cell (xem hinh 5.41).

Trong hinh 5.41, dudng lién nét thé hién dang cua bidu dé hye doc trong
thanh. Trong hinh 5.41a, bign dang dan héi cho doan trén O-cell 1a:

3, = CIQ—t L, (5.11)
AE

trong dé: L, - chiéu dai tit t&m thép trén O-cell dén dinh coc;
AE - tich gitia dién tich vA médun dan hé; cua coc:
C, - hé s6 phu thudc dang bidu @8 lyc doc trong thanh;

d ddy: C, = 0.5 khi biéu d6 luc doc c6 dang tam gide (dudng dat nét);
C, < 0.5 khi biéu d4 Iyc doc c6 dang nhu hinh 5.41a;

Thue t& thi §, da do duge trong thi nghidm O-cell (12 gia tri COMP). vi vay tir
phudng trinh trén ta tim duge C,. Sau khi qua diém g etic dai, néu ta 148y sitc
khang bén khong d8j thi ciing 14y C, khong déi.

}-Pe
P

1=

@ fo Qo b) ?JQ"‘

Thi nghiém Biéu d3 Iuc doc Thyc t6 coc Bidu 48 Iye doc
O-cell trong thanh lam vige trong thanh

Hink 5.41. Biéu d8 Ivc doc trong coc
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Trong hinh 5.41b, bién dang dan héi cho doan trén O-cell la:

P-Q Q L
=(1- L+ =B L =6, Q.+ -C) Pl =
ST (] Cl) AE 0. AE o [ IQ ( }) 1AE

(5.12)

Nhu vay, giita thi nghiém Osterberg (ch&t tai dudi 1én) va thi nghiém nén
tinh thong thudng (chét tai trén xudng) ta c6 su ting cla bién dang dan héi 1a
As= 87 - 8. Ta s6 ké thém s6 gia nay vao trong dudng cong nén tinh tucng duong.

5.5.4. Vi du thic t&

Dién tich tiét dién coc:

xx 0.45%° 74 20159 m?%;
Trong lugng riéng bétdng trong ldng
coc: v =22 KN/ m? (bétdng nhe);
Trong ludng riéng cla coc thép dng (16
bétdng): v = 22.5 kN/ m?,;

=» trong ludng ridng day néi:
Y = 12.5 kNf m%;

= Trong lugng coc.

w = (22.5x3.3+125x 39.7) % 0.159
= G0 kN;

Ma sat bén: Q, = 1910 - 90 = 1820 kN;
Chuyén vi tai d6: 9.4 mm;

Sitc khang mii: Q, = 1910 kN;
Chuyén vi tai d6: 1.3 mm;

Téi I¢n nhat trong dudng cong tuong
dudng:
Poax > 1820 + 1810 kKN = 3730 kN.

™= da set argilite phang hoa.

Hinh 5.42. Két qua dia chat va thi nghidm Osterberg & séng Pines

Coc ¢h& san dAu tién dude thi nghiém Osterberg 1a d cAu séng Pines, Saugus,
My (hinh 5.42). Coc 6ng thép bit kin miii, dudng kinh 45 cm, dai 43 m. Tai 49
s&u 36 m so vdi mit dal (39.7 m so v&i mit nude sdng), 46 chdi do duge 12 1.3 mm
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(0 10 nhat bda cudi cing, coc di duge 13 mm; bia st dung la loar Delmag’
D 36-13 ¢6 nang higng 112.7 kNm).

Két qua thi nghiém ctia coc nay duge trinh bay trén hinh 5.43. Ta thay, trén
dudng cong stic khang mii. trude khi tii trong dat 1100 kN, chuyén vi cta
mii coc lai di 1én. D6 1a do 4nh hudng ctia ap suat 1én ong ¢ gifia coc, tuy
nhién né cé dnh hudng khéng dang ké dén két qua stc chiu tai ctia coc.

Hinh 5.44 minh hoa duong cong nén tinh tuong dudng theo cach quy déi don
gian. Pudng cong nay dude vé dya trén két qua trén hinh 5.43. Cac diém duge
danh sé trén hinh 5.43 chinh 13 cac diém duge danh sd tuong ing ¢ hinh 5.44
(ching ¢6 cung mét chuyén vi). Khi xdy dung duong cong trén hinh 5.44. ta
gia thiét 1a khi chuyén vi 16n hon 1.3 mm thi stic khang mai khéng tang nia
va la 1910 kN (coi 1910 1a gia tri cde han, thuc t& thi ste khang mii van cé
kha nang tang nia). Gi thiét nay nhu vay thién vé an toan.

o

[ [ I_.,__,W.._,_g__,&,_,_.,_?__ - r S [ ? . _‘
.
AIO ______:__.- — ! —:f——'h‘ll" e ! _____ y 9-—
£ N | i o]
IS ; J ma sat bén /
.:’. 5 {_ ,___.i_,_- ......... S S -_1___.__{___*_ ] ! |
> | l 15 /.-.b
20 . :.:::ﬁ::;.;'_'.;.,;’,'_,___;nr:;:___ ...... ]
% f '___.____: _____ il :_ _____ .“_5_\_ M N _T_ : -—%l—' - p;_.:la-l :
C 250 500 750 1000 1250 1500 1750 2000

Tai tir hop Osterberg (kN)

Hinh 5.43. K&t qua thi nghiém Osterberg (song Pines)

‘i_.____‘ — ‘ — ._,___gl._,.._,._.._ -
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1 ¢
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o

500 1000 1500 2000 2500 3000 3500 400
Tai trong nén tinh tuong duaong P, (kN)

L

Hinh 5.44. Budng cong tai trong - dé lan cda thi nghiém nén tinh tuong duong (séng Pines)

Thi nghiém véi coc déng thudng cho ta chuyén vi 1én nhidu hon chuyén vi §
mu1. Nguge lai. thi nghiém véi coc nhoi thudng cho ta chuyén vi & mii nhiéu
hon chuvén 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 déi chi
ti€t). ta gia thiét 1a khi chuyén vi 16n hon 6.7 mm thi stec khang bén khong
tang nta va 1a 21.24 MN =~ 2165 tan (coi 2165 tin 12 gia tri cuc han, thuc t&
thi stic khang bén vin c6 kha nang tang thém khoang 50 + 200 t4n nita).

14- MCPT
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o 56 N 100 4sp  Coc barrette tiét dién 1.5 x 2.8 = 4.2 m%;
0 Chidu dai coc: 38 m (tir 5.5 dén 43.5 m};
p \‘ O-cell dat tai 40.5 m (cach day 3 m);
B Trong luong coc (ddy ndi) clia doan phia trén kich: 211 tan;
\
10 T
15 * Ma sat bén: Q, = (2165 - 211) x 0.95 = 1856 tan,
+
/ Chuyén vi tai 46 6.7 mm;
R A -
g
N o5 b Stfc khang mili: Q, = 2165 tan;
t-—..,ﬁh. Chuyén vi tai d6: 63.4 mm;
0 N
»
35 \‘ Tai Ién nhat trong dudng cong tuong duong:
o VA Pooc= 1856+ 2165 - 211 = 3810 tin = 374 MN.
40 o
o
as =
Hinh 5.45. K&t qua dia chit va thi nghiém Osterberg 6 Lang Ha, Ha ndi
10 -
- A
[ ) = - - - . ™
A0 E \l\ [Tam thép trén Q-cell l
20 |
a0 | [Tam thép dugi O-ceti ™|
-40 |
¥ "
50 . . —— PP pp— . L S
[ 4 8 12 16 20
Tai tir hop Osterberg {(MN)
Hinh 5.46. K&t qua thi nghiém Osterberg (Lang Ha)
tai tuong ducng Pe (MN)
0] 5 10 15 20 25 30 35
0 . . .
10 |
_20 0k
£€.30
E
—.40 |
-50 F
-60
70 ¢

Hinh 5.47. Pudng cong tai trong - d& lun cia thi nghiém nén tinh tucng duang (Lang Ha)
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5.5.5. Uu diém va nhuge diém cia thi nghiém Osterberg

Thi nghiém Osterberg c6 nhiéu wu diém san-

Thi nghiém Osterbers 1a mot thi nghiém hleu qua. don gidn va tiét
kiém. Mac du ta bé lai hop Osterberg trong long dat, nhung do khong
phai dung hé déi trong cdng kénh nén thi nghiém nay van tiét kiém ca
vé thoi gian lan tién bac so vdi thi nghiém nén tinh théng thudng.

Thi nghiém Osterberg khéng nhing du béo dude siic chiu tai. ma con
cung cip hai thanh phan tach hét: stte khang bén va side khang mi.

Tranh dude anh hudng caa dai trong hay coc neo t6i méi quan hé giia
dalt va coc thi nghi¢m nhu trong phuong phép thu tinh.

Vi déy theo hai chiéu, kich chi cdn ¢6 kha ning laQ,~0.5P,,

Vi coe xién: thi nghiém Osterberg dé dang thyc hién hon so véi thi
nghiém nén tinh théng thudng.

Vi khong su dung nhing khai vat higu I6n lam déi trong, nén thi nghiém
Osterberg an toin hon, thi nghiém c6 thé tién hanh lrong ving dat chat
hep hon. cang nhu ching dé dang hon khi thi nghiém trén sdng. bién.

Vi coc dong, trong qua trinh déng o nhiing dé sau khace nhau, ta cé thé
ti€n hanh thi nghiém Oqterberg nhiéu 1an, sau médi 1an thi nghiém xong
a1 déng tiép. Nhu vay, ta s& xic dinh duge phan bd sfic khang theo
chiéu siu.

Tuy nhién, thi nghiém Osterberg ciing c6 vai nhuge diem sau:

Vi coe ném. ta khdng thé thi nghiém Osterberg duge vi khi coc ném bj
dav 1&n. né khéng ¢6 siic khang bén.

Thi nghiém chj hiéu qua khi coc 1a hdn hop ma sat + chdng, va thanh
phan ma sat phai tudng duong vdi thanh phén chéng. Néu khéng thoa
man nhu vy, thi tai thi nghiém sé nhd va ta khéng xac dinh dude sic
chiu tai cue han. Vi du. coc hon hop ma sat + chdng. nhung ty 16 chong
rat 16n:

- P, =5000 kN: Q, = 4000 kN = 80% P,: Q. = 1000 kN
Trong lugng ban than coc w' = 70 kN:

« Khi thi nghi¢m, ta chi thi nghiém dén duge Q, = Q. + w' = 1070 kN (v:
lae d6. dat & thanh bén coc di pha hoai réi). Nhu vay, téng sic khiang
¢ thé thi nghiém (i 1a 2000 kN. con xa méi dén gia tri site chiju tai
cdc han P,. Mudn dat P,, ta phai chat thém déi tai d trén mét dat 1a
5000 - 2000 = 3000 kN, va kinh phi thi nghiém sé tdn kém nhiéu.
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e Né&u thao tac thiéu kinh nghiém, thi nghiém c6 thé ¢6 nhiing rui ro nhu:
« Qua trinh cAu lip lam cic thanh truyén (telltale) bi gay;

. Ong bao bén ngoai thanh truyén (telltale casing) bi hd, nude béténg
(trong qua trinh do béténg) lot vao trong va lam thanh truyén khong
con tu do.ntia. Dé giam rui ro trong truong hgp nay, ta co thé d6 day
nude vao trong cac ong bao trude khi dé bétong. Néu ca tam thanh
truyén déu hong, thi ¢6 thé dat thanh truyén méi vao cac ong phun
viia. N&u éng phun viia ciing hong thi thi nghiém bi hong va ta lang
phi vai tram tri¢u d day. Tuy nhién. xac suat dé ca tam thanh truyén
va hai duong 6ng déu bi hong 1a cyc ky thép;

+ Qua trinh ciu ldp, han va bude 1am dudng dan 4p lyc bi rach, hd.

Tuy nhién, cling ciAn néi thém ring, chua ¢6 thi nghiém nao bi hong trong
téng so trén 600 thi nghiém Osterberg da tién hanh trén thé gidi.

5.6. THi NGHIEM STATNAMIC

5.6.1. Gidi thiéu vé thi nghiém Statnamic

Thi nghiém Statnamic (hinh 5.48) 1a
moét thi nghiém dong (dynamic),
nhung dién dich két qua lai tuong tu
thi nghiém nén tinh coc (static). Boi
vay, STATNAMIC dudc goi la thi
nghiém lai gita STATic va
dyNAMIC. Ta biét rang, trong thi
nghiém nén tinh (static), thoi gian
luu tai (tu 0 dén P, thuong la vai
gio dén vai ngay; con thi nghiém
dong (dynamic. vi du nhu PDA), thi
thoi gian luu tai chi ti 5 dén 20 ms
(miligiay). Trong thi nghiém
Statnamic. luc tac dung 1a dong. thai
gian luu tai khoang 100ms - thoi
gian nay ciing ngan, nhung du dai dé

truyén lue cho toan b cay coc.

Thi nghiém Statnamic tham chi con

méi hon thi nghiém Osterberg, va
hién nay nhiing nghién cdu vé thi

Hinh 5.48. Thi nghiém Statnamic
nén doc truc

nghiém Statnamic van con dang tién
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trién. Thi nghi¢m Statnamic duge Bermingham va Janes (Canada) thy
nghiém lan diu vio nam 1988, vdi sc chiu tai clia coe ¢hi c6 10 t&n. Dén nam
1992, con s6 do 1a 1600 t&n: nam 1994 1 3000 tan. Thi nghiém Statnamic cho
coc c6 ste chiu tai 16n nhat 1a 3400 tan, 46 1a coc nhoi cho cdn US90 Florida, My
Va0 nam 1999.

5.6.2. Thiét bi va nguyén Iy thi nghiém Statnamic

Khi1 ta theo d&i thi nghiém Statnamic. ta ¢6 cdm tudng nhu dang xem mét
buéi phéng tén lia hay vé tinh: mét tiéng nd 16n, ap luc day cia khi chay day
mot vat thé (dei trong) phong Ién nhu tén lida, tuy nhién khoang cach ma vat
thé nav bay dude ral ngin.

Thi nghiém Statnamie duge dua trén cac nguvén Iy chuyén déng eia Newton:
1) Mét vat thé sé ¢ trang thai tinh hoac chuvén déng ddu mai mi; néu khong

cd fue tae dung lam thay déi trang thai cia né.
2) Khi chiu lye tae dung. vat thé khoi lugng m, sé chuvén déng theo chidu

cua lyge véi gia toc a, va ta c6 méi lién hg: F = m, a,.

3) Néu e mét Iue tace dung. thi sé ¢6 mét phan Iuc ¢6 chidu nguoe lai.

) ' ot . . s
gia b?t hoac két Bé chinh tam / giam thanh
cdu gix doi trong {centralizer / silencer)
” . ddi trong BT ho#c thep
bubng ap Iuc .
tbi do e "da da rai (loose gralunar fill)
. A dudng ga / clta x& chinh
tAm day gan .. 2
. P Cua Xa ga cua vat liéu t¥ cao
vao mong

thiét bi phéng (propellant)
xylanh phéng

dé piston

thiét bi do chuyén vi

coc

Hinh 5.49. So d8 thiét bj gia tai cua thi nghiém Statnamic
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Ctra s& cam ung tir -

Trong thi nghiém Statnamic (hinh 5.49), mot doi trong (co khé1 lugng
m, ~ 0.05 + 0.10 tai trong 16n nhit ma coc sé chiu trong qué trinh thi nghiém)
dude dit trén dinh coc. Trong budng ap luc (pressure chamber), ta dét nhién
liéu ran. Ap luc F do nhién liéu chay day d6i trong phéng vot 1én véi gia toc a,
lén t6i 200 m/ s? (trong khi gia tdc trong trudng chi 1a 10 m/ s%. Nhu vay,
F = m,a, vd mot phén luc cang c6 cudng do 1a F sé tac dung nguge lai vao dau
coc. Sau khoang 100 ms, ta sé dd tai bing cach xa khi chay qua cice "cda xa'.
Céac thiét bi do luc (load cell), dau do gia toc (accelerometer) va thiét bi cam
{ing laser (laser sensor) sé do duge lye F. gia téc a, va chuyén vi s ctia coc, sau
d6 ta sé duge k6t qua nhu trén hinh 5.51, tit d6 vé duge do thi luc - d6 lin nhu
trén hinh 5.53.

_~~— { Duang ray cho xylanh thiy luc

,— B0 chinh tam / giam thanh
v (centralizer / silencer)

—

~—— D8itrong

Bt
e
N,

et

Thiét bi xylanh / piston /
budng ap luc

Pa—

% 8 e
-

-

laser sensor window — 1
ey Chan ngoai

Hinh 5.50. Gia bat thiy luc (hydraulic catch mechanism)

Hinh 5.49 trinh bay cac thanh phan thiét bi cta thi nghiém Statnamic. Céc
dau do nhu do lue (load cell), ddu do gia téc, cam tng laser duge gin phia trén
“tam day". Xvlanh phéng duge dit phia trén cua dé piston, do d6 khép kin
budng ap luc va vat liéu phong. Dai trong m, sé dude dat bén trén xylanh
phéng. va d6i trong sé dude bao bdi "két ciu gitt dd1 trong" ¢ khia ranh/ mui.
Cuéi ciing, da rdi (loose gralunar fill) sé duge dd bao quanh déi trong. Sau khi
nhién liéu da chay va d6i trong dude phéng 1én. da rdi sé roi xudng ché trong
va lam thanh mét tham dém dé déi trong roi xudng. Dé theo dbi chuyén vi cia

dau coc, ta dit mot ngudn laser diéu khién ti xa (reference laser source) cach
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v1 tri coc khoang 20 m, sau dé chuyén vi cta coc s& duge do bing thiél bi cam
ting laser (photo voltaic laser Sensor).

Cutng dg. thén gian va tée do gia tai phu thude vao kich ¢d cda piston, xvianh;
phu thude vio nhién liéu chay. doi trong va ky thuat xa khi chiy.

Hién nay. thiét bi Statnamic hién dai di ¢6 gia bat (hinh 5.80) tién Igi. thay
cho "két eflu git" biang d4 rdi (hinh 5.49).

Tai (MN),

B6 tan {mm)

0 20 40 60 80 100 120 140 160
Théi gian (ms)

Hinh 5.51. Tin hiéu Statnamic do dugc (58 lidu thd)

5.6.3. Dién dich két qua thi nghiém Statnamic theo phuong phap UPM

Coé mot via cach dién dich két qua khde nhau nhu:

i ) N Fshlnamic
« Phuong phap d6 ciing ban dau:
= Phuong phap d¢ ctng ban déu sia déi:
» Phuong phap diém cin bang: =
» Phusng phap diém dd tii Fa .§
(=3
Trong phén nay. chéng i trinh bay cach dién dich
cua. Middendorp va cong su (1992} - goi 13 phuong
phap "Diém dd taiv - "Unloading point method" -- FT TF
t d
UPM. tinh déng

Trong thi nghiém Statnamic, hinh thie gia tai 13 dong,

do d6 site khang cta dit 1én coc sé gdm c4 sitc khang  Hinh 5.52. Can bing
- - .. . R . . - cac luc len mdt phan
tinh (F} va stc khang déng (F,) nhu t¥én hinh 5.52. t5 coc
Nhu vay. dé tim siie chiu tdi. ta cAn tim thanh phan

sic khang tinh cua dat lén coc:
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Ft = Fﬁlutn:unic h Fn __FLI! (‘313)

trong do: F,- luc quan tinh cua phén t& coc;
F,- site khang dong clia d4t 1én coc, bao gom ca stc khang do ap lye
nudc 16 rong.

Dudng cong tai trong - dé lun trén hinh 5.563 et thé duge chia lam nam gia
doan (#1 dén #5, mdi gial doan nam gitda hai nit tron):

+ Giai doan #1: giai doan ldp rap thiét bi, coc chiu tai trong ban thin cua
piston va ddi trong. Nhu vay, giai doan nay la gia tai tinh.

e (iai doan #2: 461 trong méi duge phéng 1én va gay ra tai trong dong nho.
Gia tée va van t8¢ chuyén déng con nhd, do dé lye quan tinh vé e can
déng cang nho, Ste can cua dét ¢d thé coi )a tuyén tinh.

e (iai doan #3: gia tic va van téc chuyén dong cua coc va dit tang manh,
din dén siic khang dong va tinh tang manh. Tong tai trong Statnamic
dat cue dai (F,,.) 0 cudi gial doan nay.

o (iial doan #4: ap luc trong budng chay duge xa bét. DE1 trong (cling nhu
coe) van tép tuc chuyén dong, nhung cham dan. Tai vi tri 8. (chuvén
vi cue dat ¢ cud giai doan #4), vén toe chuyén dong bang 0, do dé
sic khang déng F(t) tal thoi diédm nay cng 1a 0. Nhu vay, gia tri trén
dé thi chinh 12 stc khéng tinh 1dn nhat trong qua trinh thi nghigm
(F, (t) = F (), vi vay cdn duge ky hiéu 1& Fip.

e Giai doan #5: tail trong giam vé 0. Dat phuc héi mdt phin, nhung van
con bién dang du.
D& tinh dudge thanh phan stc khang tinh trong téng téi trong trén hinh 5.53,
ta ¢6 hal gia thiél saw:
1) Sitc khang dong ty 18 thuan véi van toe chuvén dong xudng cua coe nhu sau:
F, (ty = C, = v{t) (5.14)

trong d6: v(t) - van toc cua coc tai tho diém t, van tc nay c6 duge biang
cach dao ham ham chuyén vi (46 hin) do duge 3 dau coc;
(', - hiing 56 can nhét (damping constant).

2) Trong giai doan #4. stic khang tinh khdng doiva la Pty = F(t) = =

1m ax

F..{t) (hinh 5.54); Nhu vay, tai dau giai doan #4 (thoi diém t,), phuong
trinh (5.13) dudge viét thanh:

F[(t-;;) = FHI;ll{tii) - 1'1132 (tiﬁ) h C-lv(t‘.‘!}v (5153)
Cy = [Faulty) - mayt,) - Fu)] fo(ty) =
= [Faulty - mayty - B, (t)] /7 vity), (5.15b)
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trong da:

m - khé1 hugng coc;
a - gia tdc chuyén déng ciia coc:

Feo (t) - g14 tri tong tai trong STATNAMIC tai cae thai diém t,.

Nhu vay. héng s6 C, 58 duge tinh qua phudng trinh (5.15b), trong dé I, (t,;)
chinh 1a I, con F.(t) = Fi.. 12 gia tri tai trong ¢ cudi giai doan #4: a,(t,)
va v(t;) 1a nhiing gia tri do duge. St dung phucng trinh (5.13) va (5.14), ta s&
xay dung dude dudng (di trong tinh - dé lin (dudng dut nét trén hinh 5.54).

8% lan {mm)

86 1an {mm)

-5 {
; i
6 ‘ ! Srr:lx
0 1 2 3 4
Téng tai trong F,,., (MN) |
Hinh 5.53. Tai trong (t8ng) - d6 lan cda coc
¢ J
-1 h e e ., - ) ___ Fstatna mlic
1 o ] ] o
Py | phdn st kndng dgng _
-3 _—
max
-4 4
_5 S T S 3 ]
-6
4] 1 2 3 5

Tai trong {MN)

Hinh 5.54. Tai trong (tinh} - d6 i0n clia coc
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5.6.4. Uu diém va nhugc diém cla thi nghiém Statnamic

Thi nghiém Statnamic ¢6 nhiéu yu diém sau:

Thi nghiém ¢6 thé thuc hién trén cac loal coe, trén ¢a coc ding va coc
xién. Khéng nhitng thi nghiém du bao sdc chiu tai nén doc truc,
Statnamic con 6 thé du bao siic chiu tai ngang bing cach cho déi trong
m, bav ngang. Thi nghiém Statnamic ngang da bat dau duge thu

nghiém vio nam 1994: dén nay, tai trong ngang 16n nhdt thi nghiém

dugc ]a 732 tan.

Thi nghidm Statnamic 6 thdi gian ngin, kha ning van chuvén dé dang.
Vi khéng cin ¢6 nhing khoi vat ligu ldn dé lam déi trong, nén thi
nghiém Statnamic cang cd nhling uu diém tuong tu nhu thi nghiém
Osterberg.

(‘huvén vi duge do bang thist bi cam dng laser c6 do chinh xac cao. Cac

6 litu déu dude tu dong hod, va thiét bi c6 kha niang thu 4000 sd liéu
(v t&i, gia tdc. chuyén vi) trong 1 gidy.

Tuy nhién, thi nghi¢m Statnamic cing c6 vai nhude diém sau:

Day 14 thi nghiém qua méi, hidn thdi vAn can ¢d thém nhiéu thi nghiém
nén tinh coc nita dé kiém ching két qua didn dich cua thi nghiém
Statnamic.

Thiét bi tuong dé1 phite tap,

Phudng phap dién dich UPM ctia Middendorp va cong su {(phén 5.6.3)
chi phtt hop khi ap luc nude 16 rong nho. Khi ap luc nuée 13 rong 1én., stic
chiu tai tinh s& gidm xudng so véi phuong phap cua Middendorp. Cac
nhi khoa hoc hién nay dang nb hic tim mét phuong phap dién dich mdi,
trong d6 cac thanh phan lic quéan tinh (may), stc khang dong (F,) va ap
lue nudic 18 rdng duge phan tich day di va chinh xac hon.

Thi nghiém Statnamic chi phii hdp khi bién dang du la dang ké, va thi
nehiém Statnamic phai pha hoai dat (tde 14, tai trong Statnamic phai
16n hon téng stc khang tinh cyc han va dong cuc han). Néu khéng thoa
man céc didu kién trén, sdc chiu tai tinh dy bao duge ¢6 nhiéu kha nang
s& 18n hon thige t& (xem thém hinh 5.56. phan 5.6.5). Vi vay. trudc khi
thi nghiém Statnamic. ta phai 1ap k& hoach k¥ ludng dé duy tinh khdi
lugng m, va gia tdc a; hgp 1y.

5.6.5. Vi du thuc t&

Phéin nay trinh bav mot coe thue t& ¢ Sanfrancisco, My. Coc nay 1a coc dng
thép, bit kin mii. dudng kinh 40 em. dai 32.2 m. Ngudi ta tién hanh ca thi
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nghiém nén tinh cge va thi nghiém Statnamic dé so sinh két qua. Thi nghiém -
cho thay. tai trong nén tinh coc dat gia tr1 eue dai la 1.3 MN = 130 tdn (hinh
5.55). thi nghiém Statnamic dén tai trong F... = 3.3 MN. Theo phuong phap
"Diém d6 tai - UPM”, ta xay dung dudge duiong sttc khang tinh (dudng dit nét).
Ta thdy rang, dudng sitc khang tinh nay kha gan vl két qua cia thi nghiém
nén tinh coe, va tai trong cuc dai F, ~ 1.5 MN cling gan véi gia tri 1.3 MN
cua thi nghiém nén tinh coc. Qua két qua thi nghiém Statnamic nay, ta cing
thay thanh phén stc khang déng (F) ctia coc nay kha l6n.

Néu thi nghiém Statnamic chi dén F,__ = 2.5 MN nhu trén hinh 5.56, thi theo
phuong phap UPM. ta sé du bio sai siic khang tinh ¥, (F... 16n t&i 2.1 MN
nhu trong hinh nav).

~=—a—-Nén tinh coc

Statnamic

| mmmm e sitc khang finh

i thi nghiém Statnamic
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Kht tai trong cong trinh khéng nhé. va cac ldp dat gin bé mat khong tot. thi
gial phap méng ndng sé cd d6 lin léch 16n, hon niza dé dam bao didu kién an
todn vé sttc chiu tai thi kich thude mong phii rat 16n. Khi gial phap méng
néng trén nén thién nhién té ra khéng hisu qua, thi ta e6 thé gia ¢8 nén. Tuy
nhién, khi giai phap gia ¢§ nén van chua hidu qua, hodc qua t&n kém, thi @iai
phdp méng coc ché sén 13 mdt lya chon dé dang.

Khi tdi trong 16n hon nita (vi du cdc nha khoang 8 dén 15 ting & Ha Néi), viée
lya chon gilia giai phéap coc ché s&n va coe nhdi déi khi 14 mét cong viée khé
khan. Nhiéu nguoi cho rang nén lam coc nhéi, nhiéu ngudi khac lai cho ring
coc ché sdn 13 théa man, lai tiét kiém duge nhidu tién.

Chuong nay sé phan tich cdc uu khuyét diém cia céc loai coc, tir €6 gidp ta
cAn nhic lua chon gidi phap coe hap 13.

6.1. COC CHE SAN

O nudc ta. coc ché sdn da phin 1a coc béténg cot thép thudng, mac coc thuong
1 #250 dén #350. V4i loai coc nay, tiét dién coc chit y&u nim trong loai "eoc
nho", 1a foai coc nhd hon 45 x 45 cm® Site chiu tai cla coc theo vat liéu vi vay
cung khéng lén, va dé tranh coe bi v, nitt hay gay khi ha coc (ép, hoidc déng)
thi chiéu dai coc ciing han ché (thudng nhé hon 35 m). Ciing vi vay, sitc chiu
tai ctia coe theo dat nén thudng khéng 1dn (luc déng hodc ép coc phai théng
dudc sitc can cua dét thi ege méi xuyén xudng dat duge).

Nhu vay. coc nhé thudng 1a gidi phap t81 vu cho céng trinh c6 tai trong khéng
16n. Khi tai trong chan ¢t 16n. doi héi nhiéu cge trong mdt nhém coe, do'dd
dai coc rat 16n va viée bd tri cac dai coe (cing cdng trinh ngdm) trong cong
trinh rat khé khan.

Coc nho con c6 han ché 1 stce chiu tdi ngang gidm dang ké. du ta s dung
nhi¢u egc nhé. Mdt nhém n coe nhd sé ¢6 sic chiu tai ngang la P, = nnl,,
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trong dd m 12 hé s hiéu ting nhom, thudng chi cé gia tri 0.5 + 0.9. Néi chung,
khi thiét k& coc chiu tai trong ngang thi tiét dién coc cang 16n cang tot.

M6t han ché khae cua coc nho 1a s6 lugng coe nhidu, bdi vav chi phi vé thai
gian thi edng 16n hon. Tuy nhién vi coe nhd, nén yéu cau vé thiét bi khong 16n
(ti8t kidm dugce chi phi dau tu vé thiét bi).

Khi chiu tdi ding, nhiéu coc nhé thi ¢6 vu diém la tiét kiém duge vat hiéu
(béténg), tuy nhién viée tiét kiém bétdng khéng thé b lai duge so véi nhiing
¢hi phi khac.

Vi du so sanh gita coc nho va coc lon:

Nén dat ¢6 ma sat bén don vi trung binh 14 f; = 40 kPa, stic khang mii don vi
14 10000 kPa. Tai trong chan cot 1a 6100 kN,

Néu sii dung coc dai 20 m., tiét dién 20 x 20 em® (6 u = 0.8 m va A, = 0.04 m?)
thi stic khang bén cuc han 1a Q, = 0.8 x 20 x 40 = 640 kN, sic khang miii cyc
han 14 Q, = 0,04x10000 = 400 kN. Stic chiu tai cho phép 1a [P) = 640/2 + 400/4
= 420 kN, nhu vay can phai st dung 15 + 16 coc. NEu b tri khodng cach giita
cac coc 1a 0.65 m, thi kich thude dai coc khoang 3 x 3 m* Thé tich béténg cin
dic16cocla: V=16 x 20 % 0.04 = 12.8 m*

Néu sti dung coc dai 40 m, ti8t dign 65 x 65 em?, réng rudt 300 (c6 u = 2.6 m
va A, = 0.4225 m") thi stic khang bén cyce han 1a Q; = 2.6 x 40 x 40 = 4160 kN,
sic khang mai cye han 1a Q, = 0.4225 x 10000 = 4225 kN (thuc ra, cAng xuéng
sau thi sic khang don vi cang tang, va coc tiét dién 1dn theo cach tinh
Nordlund ciing c¢é sitc khang 1dn hen. Nhung dé don gian. ta gili nguyén siic
khang don vi). Sitc chiu tai cho phép 1a [P] = 4160/ 2 + 4225/ 4 = 3136 kN,
nhu vay can phat sit dung hai coe. N&u bd tri khodng cach giita cac coc 13 2.1 m,
thi kich thude dai coc khoang 3 x 0.8 m” Thé tich béténg cin diic hai coe 1A
V=2x40x{04225-nx0.3°/4)=28.15 m>

Cge nhé thi ¢d thé thi cong bang phuong phap déng hodc ép. Coc 16n. do sic
chiu tai ctng r&t 16n nén thudng chi cé thé déng duge. Hién nayv. trong ndi
thanh mét s6 thanh phd 16n, chinh quyén thanh phé cAm déng coc vi tiéng én
va rung dong do déng coc. Tuy nhién. véi cdc bién phéap giam chan (phan 2.11)
thi quy dinh ctia thanh phé nén thay déi. thay vi cAm déng coc ta ¢6 quy dinh
v€ han ché tiéng on (theo don vi déxiben) va han ch& rung dong (theo van téc
dao déng gidi han - bang 2.28).

G nude ta, coc BTCT lén (tiét dién tir 50 x 50 cm* dén 90 x 90 cm?) rat hiém -
gap . V6i coc dn. théng thudng ngusi ta dic coc rbng & gidia sao cho bé day

* Tai edu Luling. My. dudng kinh coc BTCT tham chi 1a 140 em. dudng kinh 18ng 110 cm.
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-chd mong nhit etia vo coc phat 16n han 15 em. Tuy nhién hai doan ddu cia
méi doan coc vin dic, doan déc ¢6 chiéu dai da 16n dé coc khéng bi phéa hoai
khi dong. Do ste chiu tai theo dit nén clia cac coc nay kha 18n, nén sic chiu
tai theo vat lidu ciing phai rat }n. doi héi méc betong tit 350 dén 450 va cot
thép dude kéo ing suat trude.

Ngoai coc BTCT ng sudt trude, ta ciing co thé s dang coc thép dé xuyén coc
dén nhitng 16p dat L6t ma coc BTCT thudng khéng xuyén téi duge. Tuy nhién,
dayv la nhiing loai thép dac biét, do d6 caing chua phé bién ¢ nude ta.

Cu diém cta coe ché san néi chung so v6i coc nhéi 1a viée quan 1y ch&t higng
dude tdt hon. Coc duge die sin va bao quan tai nha mav trude khi van chuyén
dén eéng tridng, va chi coc dat yéu ciu chit luong mdi dude phép chén xudng

dit. Tuy nhién cong lién quan dén chat ludng cd cav coe. thi didu dang budn
la chiéu dai mét doan coc ¢ nudc ta quA ngin {thudng ti 41 dén 8 m. déi khi
dén 10. 12 m). din dén s6 lugng mdi ndi qua nhidy, do dé nhidu cdng trinh co
coc di theo hinh sin ma khéng bigt™, Neuy hiém hon nida 13 chat lugng mé:
noi ¢ nude ta rat tdi dan dén su pha hoai tai méi néi. Didu can 1am la nhép
khau nhiing thiét bi déng coc hién dai. ¢6 thé dong nhing doan caoe dai dén
20 + 30 m.

6.2. COC NHOI

Coc nhodi ¢ ti6t dién va do sdu mili coc 16n hon nhidu so véi coc ché sdn, nén
mac du sde khang don vi 1a nhé di, nhung st chiu tai vin idn. Do dé, so
lugng coc trong mot dai coc it. va viée be tri cac dai coc {cung cac cong trinh
ngam) trong cong trinh duge dé dang hon. Vi vay, khi tal trong céng trinh rat
I6n (vi du nha cao hon 15 tang trong didu kién dia chat Ha Ng1) thi dudng nhu
coc nhoi 13 gidi phap duv nhat & nude ta hién nay. Hy vong ring loai coc
BTCT ing suat trude tiét dién lén (£6i 90 x 90 em?, tham chi hon nita) sé xuit
hién ¢ Viét Nam. va ching ta sé c6 thém mét giai phap dé lda chon (tuy
nhién, giai phap pay lai ¢6 nhuge diém: tiéng 6n va rung dong do thi cong 1dn

hon thi céng coc nhéi).

Uu diém ctia coc nhéi 1a coc c6 thé duge dat vao nhiing 16p dat rat cing, tham
chi tdi dd ma coc déng khong thé téi duge (coc déng BTCT 1ing suat trudc hosc
coc thép doi hoi viée chon bua phit hop va nha thiu ¢6 kinh nghiém mdéi déng

tG1 cac 18p cudi sai1).

“ Gan dax d mbt 8 cong trinh. do thay d8i quv mé diu tu {ti ¢bng trinh nho thanh cdng tunh
Idn) nén can phai kéo nhiing coe BTCT da thi cong lén. Sau khi kéo, hode dio lén, thay ring
ede coc bi gy khiie tai vi tif cac mbi noi.
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Cac vu diém khéce clia coc nhdi la: site chiu tai ngang rat 16n; viée thi cdng coc
nhéi ¢6 chdn vrung nho hon nhiéu so véi coc déng; thi cong coe nhdi khdng gy
hién tugng tré: dit & xung quanh, khéng day cac coc san c6 xung quanh sang
ngang. Tuy nhién, néu nén dat c6 i6p cat rdi rat day, viée gilt thanh hd khoan
khé khan hon va viéc cit chdy ¢6 thé lam cic coc xung quanh giam st chiu
tai, tham chi gy pha hoai céc edng trinh lan can.

Nhut da dé cap. coc nhéi ¢é nhuge diém 13 site khang don vi giam di nhidu so
vdl coc déng/ ép. Do 1a do qua trinh khoan lam d4t rdi ra, déng théi ciing lam
xéo ddng d&t. Thanh cla ecge nhdi cang rap nham (16i 16m), thi sic khang bén
don vi cha coc nhdi cang dude cai thién, tuy nhién né vin nhé hon siic khang
bén don vi cua eoc déng. Vdi cling mét chidu dai, coc déng 90 x 90 em?® 6 6
sitc chin tai x4p xi bing mét coc nhdi dudng kinh 2 m.

M5t nhuge diém nda clia cge nhéi 1a viée quan 1y chit lugng khé khan hon déi
vdl coc ché sdn. Do qua trinh d6 bétdng khong thé quan sat dude bang mit
thuong, tiét dién coc eé khi ¢6 chéd that lai (do dat & thanh hd khoan 13 vio),
hoac chat lugng bétdng ¢ mii coc khdng dude tét. Vai coc barrette (coc chit
nhat), do hinh déng nén thanh hd dé 14 hon so véi coe tron, va eting do hinh
dang coc nén viée théi rita day hd khoan khé khin hon, do d6 sttc khang mii
don vi cua coc barrette thudng th&p hon nita. Mae di ¢6 nhitng thi nghién} dé
kiém tra chat hugng coc (nhu thi nghiém siéu am SONIC, thi nghiém bién
dang nhd kiém tra tinh toan ven ctia coc PIT, thi nghiém khoan lay 18i,..),
nhung chit lugng cta 100% s6 lugng coc khé cé thé kiém soat duge hoan toan.
Khi mdt coc nhoi bi hong, thi kha nang thay thé€ coc 1a r&t kho.

Vi coe nhéi ¢6 chi phi thi ¢dng rat 16n (thiét bi edng kénh, dit tién), nén véi
mot cdng trinh co tai trung binh (vi du nha tit 8 dén 12 tang & diéu kién dia
chat Ha Ngi), thi viée lya chon gida coc ché sdn va coc nhdi nhiu khi rat kho
khan. N&u vige thi ¢ong coc BTCT tiét dién 45 x 45 cm?, dai khodng 30 + 35 m
(chia 1am hai dén ba doan coc) ¢6 thé thue hién duge, thi ba coc BTCT
chiic chin s8 ¢6 sic chiu tai 16n hon mdt coc nhdi dudng kinh 1 m, dai khoang
40 + 45 m.

Mbt y&u td cin cAn nhéc khi thiét ké coc c6 stic chiu tai 16n 1a cong téc thi
nghiém nén tinh sé phitc tap hon. Néu mét coc nhéi dudng kinh 2.5 m, stc
khang bén cuc han 1a Q; = 1 x 2.5 x 335 = 2630 t4n, siic khang mii cye han la
Q, = 1 x 2.5%4 x 540 = 2650 tén, P, = 5280 tdn. Tai trong lam viéc cla coe 1a
2100 t&n. Ta can thi nghiém nén tinh dén, vi du 1a 4200 tdn (vi dy & day 1a
hai 1an tai lam viéc, v bang 0.8 clia sic chiu tai cuc han P,). Néu nén bing
d61 tai thi rat cong kénh va nguy hiém, cén néu nén bang hdp Osterberg
(phan 5.5) thi c6 rat it don vi ¢6 di nang luc dé thi nghiém. Chi phi cho mét
thi nghiém 4200 t4n 12 khoang 0.7 =+ 1.0 ty (nam 2003).
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Theo tiéu chuin hién hanh. mot céng trinh ¢ trén 50 coe, cAn tién hanh thi-
nghiém nén tinh trén ba coc, nhu vay tén khodng 2.4 + 2.6 ty d& thi nghiém.
Vi vay. ching té1 kién nghi mét giai phap sau: thay vi thi nghiém trén ba coc
that. ta thi nghiém trén ba coc md hinh, vi du dudng kinh 0.8 m va ¢6 cung df
sdu. Sdc khang bén cie han 1a Qr=nx 0.8 x 335 = 842 tdn, stic khang mii cue
han ja Q, = n x 0.8%4 x 540 = 271 t&n. mé&i coc ta tién hanh thi nghiém dén
940 tan (0.8 caa P). hoae tham chi thi nghiém téi pha hoai (P, = 1110 tan).
Néu thi nghiém ba coc nhu vay thi chi tén 0.5 = 0.7 ty, cdng thédm chi phi lam

ba coc mo hinh thi ta van tist kiém duge 1.5 ty tién thi nghiém. Tuy nhién véi
tién tiét kiém nav ta sé ding cho viée thiét ké mong an toan han (bang cich
tAng chidu da:, hoac tang tiel dién. hoic tang s6 lugng coc). Nhu vy, thay vi
thiét k& véi hé s8 an toan 1a 2. 5. ta s& thiét ké véi hé 86 an toan 1a 3.0, tham
chi cao han. Néi tém lai. chi phi b6 ra 14 can bang. nhung ta sé thidt ké dugc
moéng vdi hé s6 an toan cao hon,

Vige thi nghi¢m trén coc mé hinh sé duge tién hanh sau khi thiét ké so bd. va
trude khi thiét ké thi cdng. Coc mé hinh c6 thé duge thi cdng bdi mét nha thiu
doc lap trude giai doan thiét ké thi céng. va di nhién 1a trude khi md thau thi
cong méng that. Nhu vay. vide thav déi thist ké do didu kién dia chat la hau
nhu khéng cé. do d6 ta con giam dudge chi phi phat sinh do thay dot thiét ké
(ma hién nay la kha phd bién).

Gilia coc that va coc mé hinh. cong nghé khoan 16 13 khae nhau, cdng nghd
théi ria 1a khac nhau {vi tri d&t bom so vdi mép cla coc chiic chén khae
nhaw). Vi viy. stic khang don vi cua coe thiat e thé thay déi chiit it so véi coe
moé hinh. Tuy rhién, sy thay déi nay 1a khéng dang ké. Hon nita, ta da dé
danh lién ti8t kigm thi nghiém dé thigt k& mong an toan hon roi.

Giai phap ki€n nghi trén day chua co trong tidu chuan. nhung rit mong rang
tiéu chudn sé sém kién nghi giai phap nay (cang véi viée quy dinh hé s6 an
toan cao hon).

6.3. SU LAM VIEC CUA COC

Déi vi coe ché san, do & nude ta loai coe BTOT Ung sudt trude va coc thép hiu
nhu chua cé. do dé vige ha coc ché sdn xudng cac ldp dat ral tét khéng thuc
hign duge. Boi vay véi coe ché sdn, d nudce ta gdn nhu khong tén tai coc chong.

Con déi véi coe nhéi, do sy x40 dong cta dat trong qua trink khoan, do anh
hudng cia mun khouan... nén sic khang muai cta dat dudi coc nhdi thuong
giam di nhiéu. Phan 3.5.2 cho thay. site khang miii don vi ctia epe nhdi trong
cat bi giam khodng 5 + 8 14n so véi eoe ché sdn (57.5 Ny, so véi 300 = 400 N
Trong soi cudi v [GM hat thé thi sue khang mui don vi cila coc nhéi con giam

15 MCPT
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hon nita (phn 3.5.3). Chi c6 coc nhéi dat trong da nguyén khéi thi sdc khang

miii mdi dang ké. Nhu vay, & trén toan thé gi6i chit khong riéng gi nude ta, coc

nhéi chéng cing rit hiém gap.

Con coc ma sat thi e6 mot rii ro 16n 14 ¢4 hin rdt 16n (d6 lin sé dot ngdt khi

suc khang bén da huy déng hét - xem hinh 1.3a).

Né1 tém lai, 8 nude ta cac coc hiu hét déu lam viéc hén hgp (ma satl + chéng).

Vi vay vdi nhing cong trinh quan trong, viée kidm tra d6 lin ctia méng coc

van can thiét. ' '



PHU LUC
%

Phu luc 1
TiNH NEN LUN VA SUC CHONG CAT cUA DAT

P.1. TINH NEN LUN

D6 ltin cta nén gém ba phin: lin tic thoi (S,), liin ¢ két tham (S,) va lin tw
bién (SJ

§5=8,+8 +8§,. _ (r.1)

D$ lun t@e thai 1a khi nude chua kip thoat di. d4t bién dang nhu vat thé
dan hai:

Do lun cé két (tham) la do sy gidm thé tich 16 réng, do nude thoat din
ra ngoai:

D6 lin tir bién do bién dang clia ban thin khung 6t ctia dat.

Véi dét sét, ba d6 lan trén 13 15 ring va cé thé tach biét duge. Nhiing nghién
cltu md1 nhéit cho thiy:

e D¢ lin tde thoi nhd. tuy nhién c6 khi khéng phai 14 nho qua dé ¢6 thé ho
qua. Trong mot s8 trudng hop ching c6 thé chidm téi 10% d¢ Lin tong.
b6 hin tie thoi duge tinh qua médun dan héi khéng thoat nude, hav con
goi la médun dan héi tize thoi, ky hidu 1a E,;

e D0 Iin c8 két (thim) 1a phin chu véu, thudng chiém trén 90% d6 ldn
tong. Tuy nhién, trong mét s it truong hap né chi chiém khoang 50% do
lin téng.

¢ D0 lin tir bién khéng nhd, nhat 14 véi cac dit sét yéu/ rat yéu. Dai khi,
ching cd thé chifm téi 40 + 50% d6 lan tong,

Vé6i ddt cdt, tinh tham qua nhanh, do d6 khéng thé tach rdi lan tite thdi va lin
¢ két dudge. Ta ¢6 thé vidt lai phudng trinh (P.1) nhu sau:

S=8,,.+8, (P.2)

S... 14 @6 lan tdc thoi va o két (thudng viét 1a S, va ciing thudng hidu 1a lin
¢ két, vi ldn tite thdi cha cat qua nho), duge tinh qua médun bién dang E,, ,
thuong ciing chi ky hiéu 1a E.
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P.1.1. P& lin c& két (tham) én djnh

Tu thi nghiém nén mdt truc (con goi 1a thi nghiém oedometre), la thu duge

quan hé gitta Ung sudt nén (2p hic nén) p (con viét 1a o) va d6 rng e. Quan hé

p-e nay duge bidu dién ¢ 48 thi thuing hinh P.1a hose bidu dién & dd thi ban
" log trén hinh P.ib. ST ' T

a) k)
=N @
e,
62 ----- J: ___________ :: ______ 1
p 5 i1 logp
- Po PP P: p

Hinrh P.1. Quanhép-e

Ghi cha: Trong hinh P.1b, vdi dat sét qua co két, doan nén thir cap (C,) khéng phai |a tiép tuyén
vdi doan dau cla dudng ©. V& nguyén nhan tai saoc dudng @ nam thdp hon dudng @,
ban doc ¢é thé tham khao thém hinh 10.27, & trang 235, 236 - Tap 2 - Co hoc Dt -
Whitlow. .

Phu tuc 4 trinh bay cach hiéu chiph dudng cong @ dé dudc dudng cong @. Tuy nhién, vi
cach higu chinh kha dai nén tam thdi ta c6 thé 18y doan nén thir cap ja duding tidp tuyén
clia doan dau dudng cong . Vi dat sét ¢f k&t thudng, ta khong hiéu chinh.

T hinh P.la ta cé: trong doan e, - e, nho nao ds:

¢ Hé s8 nén Win tudng d6i (hay hé s6 nén thé tich) a, (hay m,) la:

a = €; — 8y )
T oy pre)
. , _ on
e Modun bién dang (c6 nd hong) 1a E= £ vip=1- 1—-‘5_ :
a,, -U

Médun nay ap dung cho nén d4dt duéi méng don, do dién chiu tai bé nén
dat bi nén chijt theo chidu ding va nd theo chiéu ngang (¢é nd héng);

+ Mbdun bién dang khéng nd hong la M= L = L.
a m

L) v

Modun nay ap dung cho nén dat dudi méng bé, do dién chiu tai lén nén
ta coi nén dit dudi méng khéng nd hong;

Né&u viét chinh xic theo "ngdn ngil" ding sudt hitu hidu thi:
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Maodun thoat nudc:
[ Q— L] t L 1 : LR — ( 2]‘]‘T2 ) i r
E'=MO+p-20%(1 -1 = Ll___...__.: IM' = pM"
1- H J
trong dé: ' - hé sd Poisson trong diéu kién thoat nude (' =0,2 + 0.3 cho cal;
' = 0.3+ 0,4 cho sét).

* D¢ lun khong no héng ciia 16p dat dav b, 1a:

5, = 17 (I”.3a)
1+e
S,=a,ph= ~ph, = 2ph,. (P.3b)
M 1 E 1
* D6 lin ¢6 nd héng cta 1dp dat nhu trén la;
| .
S = Eph,, {(P.3¢)

Lin khong nd hing ap dung cho trudng hgp méng bé (tai vat réng). con lan nd
héng ap dung cho Loan bd cac trudng hgp khac. Tuy nhién. & Viét Nam. ta déu
dung phudng trinh (P.3b) (khéng nd hong) cho mei trudng hop (c6 thé chap
nhan dude vi § = 0.8 xAp xi vdi 1.0).

Trong hinh P.Ib, dusng cong @ thu duge tit thi nghiém vedometre. con duong
cong @ la dudng higu chinh tit dusng cong @. Sd di, ta phai hiéu chinh dudng
cong O vi né (va duong cong ¢ hinh P.1a) khéng phan anh ding thuc t& lam
viée ena ddt. Nguvén nhan chinh 14 trong thi nghiém oedometre. viéc thu
duge mu dit 100% nguyén dang 14 cuc ky khé khan. Vi du. mau dat dang §
dd sau 20 m, chiu ap lye ban than 1a 300 kPa, nay duge dem 1én mat dat dé
lam thi nghigm. Viéc duy tri ap lue khéng d6i 1a 300 kPa d6i véi mau dat
nguvén dang 1A rat khé. Do d6, miu d4it "nguyén dang” nidy van bi x40 dong
mot phan nao (ngodi ra cdn rat nhién nguyén nhin khac lan xdo ddong mau
ma ta khéng thé tranh khé). Noi tém lai, mau dat ma ta got 1a mau "guyén
dang” thi su nguyén dang chi duge gan 100% ma thoi.

Trong hinh P16 ta co:

p, (tde la ¢',) - Gng sult ban than (dia tinh) tai hién trudong:

p. - 4p lyge tién b két:

C. {compression) va C, {recompression index) - chi s8 nén sg c&p va thi cap:
b lan caa 16p dat dz‘z_\_; h; la:

S, =1C, log—-?-- + C.., log Pe —hl {P.4)
P. - p, [1+e,

Neup>p,2p.C,=C.vaC,=C,.

Né‘u pr > p = pn: CI -~ C‘_’ = Cl';
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Néup>p,=p.: C, =C,=C,(dat ¢6 két thudng). .

Véi d4t dinh. ta co thé 1dy miu vé dé thi nghiém oedometer. Tuy nhién, & cac
nudc Tay Au - Béc My, phuong trinh (P.3) rdt it khi duge sit dung, thay vao
d6. ho st dung phudng trinh (P.4) @& tinh lun (vi dudng cong & hinh P.la va
dudng cong ® & hinh P.1b 14 chua ding thyc t&, cin duge hiéu chinh dé dugc
duong cong @),

Vi dat roi, ta phai st dung phudng trinh (P.8b) hoic (P.3¢c) dé tinh kin. Tuy
nhién, ta khéng thé 14y miu nguyén dang dé thi nghiém oedometer duge. Do
d6, E (hoac M) bat budce phai dude suy ra tit két qus thi nghiém hién trudng.

Tit hinh P.1 ta cling ¢6: hé 56 qua cd két 1a OCR (titc 1a Re) = p. / p,; v
e D&t qua b két manh (heavily over - consolidated - HOC) ¢ OCR 2 4;

e D4t qua cd két nhe (lightly over - consohdated - LOC) ¢ OCR ti1 2 = 3
hoac 4:

» Dt cd két binh thudng (Normally consolidated - NC) ¢6 OCR = 1, tham
chi t61 2 do nhiing sal s6 khi tinh toan:

+ Dt dudi cd két (Under consohidated) ¢6 QCR < 1.

P.1.2. Db lun c6 két tham theo thdi gian
Véi dat c6 tinh tham kém, lan xay ra rat cham theo thdi gian. Tai thoi diém t,
délunia §, = U, x §;

trong d6: S - d6 hin ¢8 két toan phédn (phuong trinh (P.3) va (P.4) & phan P.1.1);
U, - dd ¢ két, ¢6 gid trj 0 + 1. tdc 1a 0% + 100%, duge xac dinh nhu

s5au.;
Budce 1: Xéc dinh hé s8 cd két C, (Taylor, Casagrande,...);
Budce 2: T, = C, x t/h%

Budc 3: Tra biéu d6 quan hé T, - U dé tim U, ¢(hoéc dung céng thic
tinh U)).

g day: C, - hing s8 c6 két: C, phu thude nhiéu vao hé s6 tham k.
k=v /I (Dinh luat Darcy); '
Pat cat ¢6 k tuong do116n (k> 10 ' cm/ s). Con @4t sét co6 k
rat nhé (k < 10°7 e/ 8), do dé véi dat sét, thdt gian lin kha lau.

P.1.3. B lun tirc thai

Ta st dung phudng trinh (P.3b) va (P.3c) dé tinh d§ hin tdc thdi, tuy nhién. ta
dung médun khéng thoat nudc. Médun khoéng thoat nude thu duge bing cach
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thi nghiém cedometer (nén mot truc) hedc triaxial (nén ba true) trong diéu
kién khéng thoat nuée; hodc thu duge bang nhitng tudng quan véi thi nghiém
hién truong [1].

Mddun khéng thoat nuée (cho dat sét. gia tai khéng thoat nudce) va moédun
bién dang khong nd héng M ¢6 quan hé sau:

E=M0+ ) (-20)7(1 - )
-2

=15 M
1-p
trong d6: p,- hé s Poisson trong diéu kién khéng thoat nudc;
i, = 0.5 (biing ¢ia nuée);
K’ - hé 83 Poisson trong didu kién thoat mide.

P.1.4. o lan tir bién
D8 lun ti bién tai nam thi t, duge tinh theo edng thic 1y thuyét sau:

t, -
St = Clu‘.log - hln (}-)0)
t}
trong dé: C,,, - chi 56 nén tit bién cai bidn (12 chi s6 nén tinh tir d8 thi thdi gian -
C. e, —e,

1+e, log(t,/t,)(1+e)’

bién dang). C,. =

6 ddy: C,. - chi s6 nén tit bién tinh tit dé thj thoi gian - hé s6 réng:

thong thudng, C.. = (0.015 + 0.032) x C, va trong khoang tit 0.025
dén 0.1: V4t dét than bun va dat hitu o6 thi Ce 160 hon (= 0.0650,),
tham chi c¢on 16n hon nia;

t, - thoi diém két thic c8 két tham (tde 13 diém tio trén biéu dé
e-log(t) cua Casagrande).

Véi dat cat, Schmertmann cho rang:
S =8, % 0.2 x log(10t,), (P.6)
trong d6: 8., - tdng ctia d6 lan tie thdi va lun o8 két, thudng chi k¥ hidu 1a 8.

Duya vao phuong trinh (P.6) thi ngay ca vdi cat dd lan t bién ciing khong thé
b6 qua (vi du. sau 30 nam thi 0.2 x log(300) = 0.5, tic 1a lin tit bifn bing 50%
clia lan ¢6 két, hay bing 33% cla lin téng).

P.1.5. Hé sé nén

Trong mé hinh nén Winkler, hé s8 nén theo phuong ding (k, hay C,) thudng
duge sit dung @€ tinh todn méng bang (titc 13 dim trén nén dan héi), méng be:
con hé s6 nén theo phuong ngang (k,.) dé tinh toan coc chiu tai trong ngang.
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Hé sé nén khong nhing phu thudc vao cidp tai trong, ma con phu thude vio
kich thudc méng. Vesic (1961) cho ring. ¢6 thé ude lugng k. (hay ¢,) nhu sau:

_ 065 [ExB* E
k,; - e 12|| o
-~ B VE;xd; 1-p

5 (kN/ m”*), P.7)

trong d6: B - chiéu rong méng (m);
E (kN/ m?), 1t - m6dun bién dang va hé sé Poisson cila dat;
E; (kN/ m%, J; (m") - médun dan héi vd mdmen quan tinh clia méng;

Theo phudng ngang. ta c6 thé tam 14y: k,, = K.k, véi K, 1a hé s6 nén ngang.

P.1.6. Du bao mddun bién dang bing thi nghiém hién trudng

Madun bién dang nén duge dy bio dya trén két qua thi nghiém dat hién
trudng, nhu thi nghiém SPT (phan P.1.6.1), CPT (phan P.1.6.2), hoic thi
nghiém DMT (phan P.1.6.3). Chung t4i chi trinh bay van t4t nhiing céng thic
hay dung. Chi tiét vé cdc ing dung ctia thi nghidm d4t hién trudng, xin tham
khao [1].

P.1.6.1. Theo thi nghiém SPT
Theo Kulhawy va Mayne (1990):
E('.:'lt = k Nl"p[) (bar}| (P'S)

trong d6: k = 5 vl dat eat 1an buyi, sét;
k = 10 véi dat cat sach c6 két thudng;
k = 15 v4i dat cat sach qua cf két,

Theo Ohva va chng su (1982):

E. = 9.08 N, (bar). (P.9)

Theo Stroud (1974):
M. = 4.1 Ny, néu chi s6 déo A (hay I, PI) = 30; (P.10a)
M., =(86-0.15 A)N,, néu A < 30. (P.10b)

Ny la $6 nhat dap dé ong SPT di duge 30 ecm, di hidu chinh vé 60% nang
lugng hiiu ich trong thi nghiém SPT (xuyén tidu chudn):
Ny = N x Cy,
Eh

Cy =
60

: E,; la ty & phan tram ning lugng hitu ich (thuong E, = 30 + 60).

P.1.6.2. Theo thi nghiém CPT

Mbdun bién dang cia dat, néu du bao theo thi nghiém CPT thi thudng cé
dang sau
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M=aq,, (P.11)

trong dé: g, - sttc khang xuyén mii ctia thi nghiém CPT (xuyén tinh);
o - hé 88 tra tit bang P.1.

Bdng P.1, Hé s8 « du bao médun bién dang khéng nd hong M

q. (bar) « (Sanglerat} | « (Vi Céng Ngd}
<7 3-8
. 5+8
7«20 Sét ¢6 db déo thap (CL) 2+5
3:+8
> 20 1+25
> 20 ) 3+86
Bui c6 @6 déo thap (ML) 3+5
< 20 1+3
< 20 Bat dinh a6 déo cao (MH, CH) 2+6 45+75
<12 Bui chifa hiru co (OL) 2+8
Bin va sét chita hitu co (P, CH}
<7 50 < w < 100 15+4
3+6
100 < w < 200 1+15
) 2+-4
w > 200 04+1
20 =30 Pa phan 2:-4
<50 2
- 158+3
> 100 1.5 :
| S

Luy y: Hé s6 « cha Sanglerat d3 bao ham ca y8u 5 lién quan dén dé lan tir bign.

P.1.6.3. Theo thi nghiém DMT

Theo Marchetti, médun bién dang khéng né héng cha dit duge dy bao

nhu sau:

M =R,E,, (P.12)

trong dé: Ry, - hé s6 quy d6, Ry, phai 16n hon 0.85. Gia tri Ry dude 14y nhu sau:

Néu I, < 0.6:;

Néu I, 2> 3:

Neéu 0.6<I[;, < 3:

Néuw K, > 10

Ry'=0.14 + 2,36logK,;

Ry = 0.5 + 2 logKy,

Ri = Ry + (2.5 - Ryy)logK,
VOl Ry = 0.14+ 0.15(1, - 0.6);

Ry = 0.32 + 2.18 logKy,;

Ep. Ky, Iy - céc médun DMT, ¢hi s6 nén ngang DMT va chi s& dat ti thi nghiém
DMT (nén ngang mii Xuyén phing).



234 MONG COC - PHAN TICH VA THIET KE

P.2. SUC CHONG CAT CUA DAT
P.2.1. Sitc chdng cit cua dat sét
P.2.1.1. Vai nét vé sttc chdng cit khong thoat nude S, [1]

Khi duge gia tai nhanh va d4at hoin toan khong A
thoat nude (UU), thi dit sét hdo hoa khong c6 ma
sat trong (¢, = 0), sitc khang cat hoan toan do luc
dinh sinh ra, ta goi d6 1a sttc khang cit khéng thoat
nude S, (1., =5, = q, /2, xem hinh P.2).

s

u

Yo

Khi gia tai cham (CD), véi dat c6 két thuong, stc 4
khang cat hoan toan do ma sat trong, con luc dinh Hinh P.2. Sitc khang
¢'=0. cét khéng thoat nudc

Tém lai, ta cd ba loai siic chéng cit tuong dng vdi ba so dd sau:
e UU: gia tai nhanh, tic thdi, khéng thoat nudc: g, = 0; 8> 0 (con goi la ¢);
o CU: gia tai 6 két cham, cdt nhanh: o> Mhe>Q;
s CD: gia tai va cit cham, thoat nude hoan toan: o' > 0; ¢' = 0 (vdi dat qua
cd két, ta van eé ¢' > 0, nhung ¢ tudng déi nha).

Khi dat sét bi xao trén (remolded) (vi du do téc dung déng coc....), sitc khang
cdt khong thoat nude cha né gidm xudng con S, (sttc khang cit xdo d6ng). Db
nhay cam (hay tinh nhay) caa dat sét duge danh giala: 8, =8,/ 8,,. Dt sét 6

d6 nhay cdm cao riat dé bi pha hoai va sat 1d. Bang P.2 sau day phan loail mite
d6 nhay cam (Michell, 1978).

Bang P.2. Phan loai dé nhay cam cla dat sét

S, 1 §+2 24 4:8 > §

£4 nhay cam khéng it vifa cao rét cao

P.2.1.2. Dy bao S, dua trén thi nghiém dat hién trudng

Theo thi nghiém SPT
Theo Hara (1974} S, . = 0.29 N, ™ (bar) (P.13)
Theo Terzaghi va Peck (1967): 8, .. = 0.06 N, (bar) (P.14)

trong d6: Ny~ s8 doc SPT da hiéu chinh theo ning lugng hitu ich
(xem phin P.1.6.1).
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Theo thi nghiém CPT
Theo Kulhawy va Mayne (1990):

8, = dr — 9% (av va o, do bang bar): (P.15)

N,

Ny =257+ 1.33(In(G /S + 1], (P.18)

trong dé: Ny - h¢ 6 kinh nghiém, théng thudng 1Ay N, =11+ 15;
G - médun cit cha dit;
Ir - k&t qua CPT hiéu chinh:
Qr = q. vdi thi nghiém CPT khéng do ap lyc nuée 16 véng;
Qr=q. + uy (1 - a) v81 thi nghiém CPT c6 do ap lue nude 1§
réng (CPTU, hay piezocone);
o, (hay o,)- ling suit tdng do ban than dat gdy ra tai diém dang xét.

P.2.2. Sirc chéng cat cla dat cat
P.2.2.1. Vai nét vé géc ma sat trong o

D4t cat thi khéng co lue dinh (c = 0), do dé siic khang cAt cla dat cat duge
biéu hién qua géc ma sat trong o nhu sau: Tmax = Oy X LEO.

Tuy nhién, gée ma sat trong @ lai phu thuée vio ¢
mite d6 bién dang e cha dat. Mot loai dat cat

(cung cap phéi thanh phin hat) nhung d€ § cat chat

Cox T n o E ¢w
hai mau ¢6 trang thai khac nhau, mét miu cat
chat, mét mau cit rii, sau d6 dem thi nghiém cat

nén ba truc ta sé xac dinh duge gbée ¢ nhu . -

hinh P.3. Hinh P.3. Quan hé géc ma sat

o . » . S ) trong - bién dan
V6i cat chat, ban diu, goe ¢ dat gia tri cyc dai g g

(peak) 14 ¢, (v4 né thudng 1a gia tri bdo cio t thi nghiém nén ba true, do do

ky hiéu la ¢, vdi tc 12 viét tit cta triaxial compression). Tuy nhién, ca cat

chat va cat rdi (cung loai cat, chi khac vé dd chat) sé cang dat gia tri g6c ma
sdt trong ¢,, (constant volume) & mdt bién dang €, kha lan.

P.2.2.2. Dy bao ¢ dya trén thi nghiém dat hién trudng [1]

Theo thi nghiém SPT
Theo Peck. Hanson va Thornburn thi p cua ddt cat duge du bao nhu sau:
Pese ~ 54 - 27.6034 g V0N P.17)

trong dé: N',,- s6 doc SPT d4 hiéu chinh theo ci ning lugng va d6 sau:
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N = Ny x Oy = N x 2/ (1 + o' 0k

o', (bar)- ing suiit hitu hiéu de ban than dat giy ra tai diém dang xéi;
Nao - 86 doc SPT hiéu chinh theo ning lugng (xem phan P.1.6.1).

Theo Schmertmann thi ¢ cua dat cat d @6 sau lén & 3 m) duge du bao

nhu sau:

Qo = aretg [ Ny / (12.2 + 20.3 o' 1, (P.18)
', (bar)- ing suat hitu hidu do ban than dat giy ra tai diém dang xét. '
Theo thi nghiem CPT
Theo Robertson and Campanelia (1983):

.., = arctgf0.1 + 0,38 x log(qy / '] (P.19)
Theo Kulhawy va Mayne (1990):

P = 17.6 + 11 x log{q,,), - (P.20)

trong do: q., = q / \“0:\_0_ . qy- xem phan P.2.1.2.
Tuy nhién, hai phuong trinh trén khong dung & d6 sdu z nho. Khi z < 2 (hoac

3 m). thi ding bang P.3 sau cia Meyerhof;

Bang P.3. Bang udc tinh ¢ cda Meyerhof (1956)

!
q. (bar) <20 | 20:40 | 40120 | 120200 | > 200
]
Trang thai dtrsi | s chat vira chat rét chat
o | < | 3035 | 35:40 | 40-45 > 45
: : 1 b

P.3. Hiéu chinh dudng cong e-log(p)

Trong phan P.1.1. dé x4y dung dudng cong @, ta can tién hanh d6 tai va gia
tai (doan cong ZY va YZ & hinh P.4) ¢ mdt cép 16n hon p. (ap luc tién cd két)
uée dodn ban ddu. Thi nghiém & nude ta thudng khéng hoan chinh, vi du nhu
khoéng tang tai tiép tit Z dén 8, khoéng gia tai dén hé s6 réng nhé hon 0.42 e,
do dé viée hidu chinh $é gap nhiéu khié khan hon. Luu ¥ rdng qua trinh hiédu
chinh dé cap ¢ day c6 thé lam p. thay d6i khong dang ké so vdi cach lam don
gian hién nay. nhung gia tri C, va C, thay ddi nhidu, do 46 anh hudng dén két
qua dy bao lin. Cac budc hiéu chinh nhu sau:

Budc 1: Xdac dinh dp luc tién cé két p,_ (Casagrande)

o Piém P 1a diém cong nhit trén dudng cong thi nghiém (dudng ©);
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T P vé doan PT tiép tuyén véi doan dau ctia dudng ® (doan thit cap);
T P vé doan PQ nidm ngang;

Vé doan PR 1a phan giac ctia goc TPQ;

Ve doan SU la tiép tuyén (hay doan kéo dai) cia doan cudi dudng thi
nghiém ©;

Giao diém ctia doan SU vi doan PR 1a diém U. Hoanh dd cta diém U 1a
ap Iyc tién ¢ két (Ing sust o6 két trudc) p, (hay o').

Buéc 2: Xdy dung duong cong @ (Schmertmann )

Diém X la diém ¢6 toa do (p, e,). Trong d6, p, (hay o'.)) 1 4p Iyc ban
than hitu hidu ctia phan t& dat dang xét tal hién trudng; e, 12 hé s8 réng
tai hién truong.

Vé doan UV thé“’mg ding.

Vé doan XV song song vl doan YZ (14 doan nim giita dudng 46 tai va
gia tai).

Boan UV ¢t doan XV & diém V.

N&i di€m V véi diém S. Didm S ndm trén dudng cong © va c6 tung 46 1a
(.42¢,,.

Boan XV 1a doan nén thit cap, 46 déc ciia né la C, {chi s6 nén thi cap).

Boan V8 1a doan nén so cap. d¢ dée cia né 14 C, (chi 88 nén so cap).
e

0,42e0

Lo 13 ] :il|||ni e Ly,

Po Pe ’
Hinh P.4. Cach xay dung dudng cong e - log(p)
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Bude 3: Chinh xdc thém cdc théng s6 (Schmertmann)

V& dudng cong hiéu s6 gita dudng @ va dudng ©. Néu duong cong nay khong
¢6 dang d61 xiing qua p, thi ta can x8& dich p, qua phai hodc trai mét chiit. Nhu
vay, C, sé gill nguyén gia tri, ¢dn C, s8 khac di (do doan SV khac di). Dudng
cong cb dang déi xiing qua p, ndy con goi 1a dudng hinh chudng (bell shape).
Buéc 3 nay ¢6 thé khong cin thist vi két qua cla bude 1 va bude 2 ké trén da
kha ti mi va chinh xaec.

Gia tri p, tim dude trong phin P.3 nay c6 thé khong khac nhiéu so vdi cach

tim don gian (giao difm cta hai doan ti€p tuyén), tuy nhién gia tri C, va C, sé
thay d6i dang k&, do d6 Anh hudng dén két qué du bao dd hin.
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Phu huc 2

MOT SO YEU TG ANH HUGNG
DEN SUC CHIU TAI cUA coc

Phén 1.2.2 va 1.2.3 da trinh by mét s6 yéu t§ anh hudng dén s chiu tai cha
coc. Phu lue nay sé trinh bay met s0 y€u t& khéc lién quan. T d6, giap cho ta
hiéu duge tai sao st chiu tai dy bao duge 12 mét con s6 khéng thé chinh xac
duge. Nhut vay. t6t nhat Ia ta nén du bao sitc chiu tai (theo d4t nén) dua trén
it nhét 13 hai cach tinh khac nhau, so sanh ching va can nhdc 48 nmit ra sic
chiu tai thiét k& cudi ciing. Tt hon hét 13 sd dung phuong phap du bao siic
chiu tai dua trén thi nghiém nén tinh {(nhung lai dat tién), thi nghiém déng
thd hoac PDA. (on céc phuong phép du bao & giai doan thidt k& sg bé 14: duy
bao theo thi nghiém d4t hien trudng (CPT, SPT), du bao theo sic khang cit
cua dat (phudng phap ly thuyét).

CAC YEU TO DAT NEN

Goc ma sét trong

-

Trong qua trinh dong coc, Gng sudt cuc b6 rat }n & miii coc s& nghién nat
nhitng hat dat rét xung quanh mii coc. Pham vi va mitc d nghién nat 1a mét
an s6. Vesic (1967) cho nhé mot s coe thép déng xudng nén cat, Jlau sach bé
mét thép va xem xét mit ciia thép. Vesic thdy réng, mét 6 hat cat (nghién)
thdm chi con chui vao trong bé mit thép. Nhu vay, cdp phéi hat, dd chat cta
dat v.v... da bi thay d8i, do d6 géc ma sét trong ¢ da khac so véi khi khao sat
dia ky thuat.

Dé1 véi coc dng rdng, vise du bao stic chiu tai cia phan mit trong coc cang khé
chinh xac: chifu sdu ma dat chiém chi trong long éng khéng xac dinh dude chinh
Xac, gbc ma sat trong cla dat chiém chd trong long khéc v6i géc ma sat trong ctia
chinh dat d6 bén ngoai coe (Kishida va cdng sy, 1977), trang thai iing sust bén
trong ng va su truyén luc (site khang bén) khéng x4c dinh duge v.v...

Ung suét hiru hiéu theo phuong dimng

Ung suit o ', sau khi ha coc sé 16n hon tng suit o', khi chua ha coc (= Tyh).
Su ting ting suit 1a do qua trinh déng hodc ép coc, sau d6 13 do sy truyén luc
gifia coc va dat,
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Tinh nén lan cua dat

Tai mii coe, d4t s& bi nén chit va lin xudng. Tuy nhién, & phdn coc ngay phia
trén mili, ndu day 1a dat hat tho thi dat sé bi rdi ra (kifu nhu bi mat diém tya
4 duéi), tinh nén lin chia dit cing anh hudng dén sic chiu tai elia coc.

CAC YEU TO cUA cOC |

Mi coc

P51 véi coe thép, ngudi ta thudng 1am mil coc (co tiét
dién 16n hon ti8t dién coc) dé gia cudng cho mit coc
khéng bi hu hai khi déng. Tuy nhién, mii coc phai mg
réng tiét dién vio trong. Néu md ra ngoai thi chi md
that it, néu khong sé lam giam dang ké ma sat bén
(stic khang bén) cua coc (hinh P.5).

Thé tich phan coc thé dat

~ \\\\\\i \\

,/ Khe S, khing o6 ma sbt bén

D61 v6i coc dong ho#ce ép, thé tich phin coc thé dat
déng vai trdo kha quan trong. Nhu cach tinh
Nordlund dA chi ra, thé tich phin th& dat 6n thi coc
sé ¢6 sue khang don vi 16n hon. Coe chii H, coe dng hd  */
mili, coc khoan méi sé c6 thé tich phén coc thé dit /
rit bé, va do dé. stc khang don vi kha nho. 7, )‘

DR

X

N
AN\

Hinh P.5. Mi coc lam sai

CAC YEU TO LIEN QUAN BEN PHUONG THUC HA COC

Nauroy va LeTirant {(1983) tién hanh thi nghiém va thiy rang, trong ciing
mot loai dat, coe dong eb sic chiu tai cao hon coc ép. Vdi coe ¢hé sin, ngodi hai
phuong thiic déng va ép, con ¢d nhing phudng thic khac nhu:

Coc ha béing bua rung

T¥ thi nghiém & nhiéu dia diém khac nhau, Mosher (1987), O'Neill va
Vipulanandan (1989) rit ra réng, stic chiu tai cta coe trong dat hat thd, roi
dén chit vita ha bing phuong phéap bua rung sé thap hon so véi cach ha bing
phuong phap bta déng. Nguge lai, khi trang thai coa dat 1a rit chat, thi
phuong phap bda rung lai cho siic chju tai cao hon.

Coc ha biing phuong phap xdi nudc

D51 khi, dé qua trinh déng coc dude ém thuén, ngudi ta vita x8i nudc (tai min
coc) vixa déng coc. Tuy nhién, qua trinh x& nude s& 1am giam dang ké sice chiu
tai cua coc, tham chi t&1 90% (McClelland, 1974).
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Phu luc 3
MOT SO PHUONG TRINH XAP Xi

Ban doc ¢6 thé sit dung nhing phan mém sén c6 dé du bdo sitc chju ta: cla
coc. Tuy nhién, n&u ban doc mudh ti lap trinh 14y thi ¢6 thé tham khao
nhitng phuong trinh xdp x1 trong phu luc nay. Cac phuong trinh nay dugc tac
gia tu lap x4p xi dua trén céc hinh vé duge da trinh bay.

P.3.1. PHAN LOAI DAT THEO THi NGHIEM CPT

dr = q, néu thi nghiém CPT khéng do ap lye nudc 16 réng:

dr = G. + ug (1 - ) néu thi nghiém CPT ¢6 do ap lye nudc 16 réng (CPTU, hay
piezocone};

R =1,/ qrp (%);

F= b (%).

A1 — Oy
Qua trinh kiém tra loai d&t theo trinh tu nhu sau:
1) Kiém tra xem cé phai d4t s 2 khong, ‘
2) Néu khong phai, kiém tra xem c6 phai 6 1 khéng,
3) Néu khong phai, kiém tra xem ¢6 phai s6 11 va/ hosic 12 khéng,
4) Né&u khdng phai, kiém tra theo tha ty tu dat s6 3 dén 9,
5) Néu khéng phai, day 14 d4t s§ 10.
Cac phudng trinh kiém tra liét ké dusi day:

Duéi 2m: sit dung Robertson - 1986:

DAt s8 1 (dat dinh nhay): ar < - 0.5127 x R? - 2.2428 x R, + 10.244
Délt 8612 (dﬁ,t hﬁ‘u CU)? dr < 05597 x 80_2684 = Rl
Dé‘t Sﬁl 3 (dé’t Sét)f Cr <10 (0.3277 x g0-3194 Rf)

e - coae . a5 1 02816 % R
Dét 28 4 (d4t sét, sét 14n it bui):  gq <10 @00 x 02197,

16- MCPT
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e s 1E . 72 RFF . 2 : :
Dét ab 5 (dat Set lan blll): qTS].O (00372 BF - 01621 Rt + {14338 Bf + 0.7304)

Dt s 6 (A4t sét 1an bui, bui 14n it cat): qp < 10 OO xR OTIBXRM LT

Dt 37 (@4t cat bui): _ qp < 10 ©1278 REZ + 01248 % RE+ 1.4772)

Dét s6 8 (@4t cat bui, cat): ' qp € 10 0274 RE . 0.3216 REZ & 0,33414 BE + 1.8451)
Pt} = -

DAt s8 9 (dat cat): qp < 10 0381 REZ + 0.0826 x RE + 2.2666)

Dit qua ¢d két manh:
NéuR; > 5, qr > 55;
Néu Ri< 5 qr > 10 (- 0.0278 R® + 0.5435 R - 11288 REF + 15.230 RET - 27,608 RE+ 92.219)
. .

0.400.4 = Rf)

[l

P4t s6 11 (ddt dinh qua cd k&t manh): gy <10 ®4e

DAt s6 12 (d4t cat qua ¢d k&t manh, cat von cuc ximéng hod): néu théa mén
loai dat qué 8 két manh, nhung khéng thdéa min dit sd 11.

Tir 2m trg xuﬁ’ng: s dung Robertson - 1990:

Dat s6 1 (d4t dinh nhay): Q< 3.2039 x min(2; F)* - 11.485 x min(2; F) + 11.28;

v

Dat 36 2 (dat hitu co): Qr< 07219 x 251 F.
DAt s6 3 (ddt sét): Qr< 2.8 x 697 F,

DAt 57 4 (A4t sét, sét 1an it bui): Qs 4 x e F,

Dat 56 5 (A4t sét 1an bui): Qr< 2.4136 x F* - 7.4995 x F* + 17.349 x F
+ 3.2373;

D&t s6 6 (dat sét 1An bui, bui lAn it cat): Qr< 15x ™™™ F;

DAt s8 7 (dat cat bui): Qr< 33 x e F;
Dat 6 8 (d4at cat bui, cat): Qr< 70 x e F;

D4t s8 9 (d4t cat): Qrs 150 x e217F,

D4t qua c§ két manh: Q< 1000/ (30,65 x g 048X 107Ky,

Dit s8 11 (d4t dinh qué ¢6 két manh): Qp< 0.0135 x 22" T,

Dit s6 12 (dat cat qua 8 két manh, cat vén cuc ximing hod): néu théa man
loai d4t qua c& k&t manh, nhung khong théa man dat s6 11,

P.3.2. DU BAO SUC CHIU TAI THEO CAC THONG sO SUC KHANG CAT

Cach tinh o - Tomlinson

Hinh vé(a):
D<10b: o= 1.
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D = 20b: & = min(1: max (0.75; - 0.0048, + 1.304)
D2 40b: oo = min(1; 3.1 x 10°78.7 - 9« 107°8,% + 0.002528,, + 0.99);
S, phdi ldy trong khodng 27 - 150 kPa.
Hinh vé (b): |
D = 10b: o = max(0.17; min(0.53; - 0.15159 x In(5,) + 0.99)
D > 20b: & = min(0.84; 9.95x 10 95,1 . 5.636x10 7S, * +
+0.000111 8% - 0.01 S, + 1.025);
8, phii nhé hon 230 kPa.
Hinh vé(c): .
D = 10b: 0 = min(0.97; 5.32 x 107 S * - 0.0001635,” + 0.0086 S, + 0.85):
S, phai nho hon 180 kPa.
D > 40b: o0 = min(1; 6.765 x 107 S,* - 0.000255 S,F+0.0237 8, + 0.37);
S, phai trong khodng 74 + 190 kPa.

Cdch tinh - Burtand
B=0122x0CR+02vap<2

Cach tinh A
A= 2252636 x 10 " xL°- 2908« 10" x L* + 1492 « 10 % x L*
-3954 x 1077 x L'+ 0.00603 x L2 - 0.0593x L + 0507

Theo Avmy Corp (M¥) : A = max(0.14; 1 / (L + 0.5)"% + 0.02).

Cach tinh Nordlund

Ky =0.0651 = In(V/0.093) + 0.85  néu ¢ = 25" (véi V tinh bang m¥ m):
=0.13029 < In(V/ 0.093) + 1.15 néu ¢ = 30"
= 0.26058 x In(V/ 0.093) + 1.75 néu ¢ = 35°;
=0.5646 x In(V/0.093) + 3 néu ¢ = 40%

C; = max(0.5; - 0.000218 x ¢* - 0.0000754 x o + 0.931)néu &/ ¢ = 0.466;

= - (.0001954 x ¢” + 0.0058 x ¢ + 0.899 néu 8 /¢ = 0.7331;
= - 0.00016847 x 9 + 0.00513 x ¢ + 0.916 néud /o= 0.767;
=-0.002046 x ¢ + 1.033991 néud/o=0914;

17- MCPT
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8lp = 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)) vdi coc thép chi H:
= 0.000832 x V + 0.67 véi coc thép dng.

Cdck tinh Thurman

o, =0.563 x In[min(45: ¢)] - 1.345 néu D /b =20 (Néu ¢ > 45°, |y ¢ = 46%;
=0.7 x Infmin(45: )] - 1.852 néu D / b = 30;
= 0,788 x In[min(45: ¢)} - 2.19néu D /b = 40.

q. =6.4 néu o <30.15%

q. = min(353.1; -0.012886x¢* + 1.7796x¢” - 93.415¢> + 2141.4832¢ -18181.8).

Theo Thurman:

', = min(475; 0.008287¢" - 1.03391¢" + 48.67416¢p” - 1018.88894¢ + 7993)
néu ¢ = 27%
N', = min(475: 0.147 x 7" néu ¢ < 27°

Theo Janbu:

anl_ - mm(475, [tg(p + (1 + tg2(p)13.5]2 " e:: ‘.I].Ta.fBLgtp)
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Phu luc 4
FILE SO LIEU CAC Vi DU GRL-WEAP

Phu luc nay trinh bay nhing file s8 ligu cua phan mém WEAP cho cac vi du
trong phan 2.10.2.

Vidu2.1l:
Title: Vi du bua COMACO 179 Page: 1
8T Units
HAMMER INPUT AND ANALYSIS QPTIONS
Hammer Stroke Fuel
ID Number Option Setting
179, 1. .
PILE INPUT AND ANALYSIS OPTIONS
Humber of Number of MNon -~ uniform Pile

Pile Segments Splices Pile Option Damping
. . . 3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS OPTICN
% Shaft Shaft Resistance

Resisgtance Distribution

HELMET AND HAMMER CUSHION INFORMATION

Helmet P e e Hammer Cushion----w—e—oomme L L +

Waight Area ElasMod Thic kNass C.o.R. RouhdCut Stiffness

16.54 1029.10 2275.4  469.900 .B00 3.0000 .0
Title: Vi du bua COMACO 17% Page: 2

85I Units
PILE CUSHION INFORMATTON
Elastic Coeff of Round
Area Modulus Thic kNess Restitution Cut Stiffness
2025.00 207.0 238.000 . 500 3.0000 .0

PILE INFORMATION
Total X - Sectn Elastic Specific Circum - Strength / Coeff.of Round
Lerigth Area Modulus Weight ference Yield Raestitutn Out

14.40 2025.00 36000.0 2%.000 1.800 26.000 11,0000 3.0000

HAMMER OVERRIDE VALUES HAMMER TYPES 1 to 3
Reaction ComDelay Comb Exp Stroke
Stroke Effoy Pressure HWeight Ign Vol Coeff Conv Crit
.00 000 .0 000 000 .oc .00 .00
SOIL PARAMETERS

to---Quaké~---+ +---Damping---+ m-———————eoe ToeND . 2--—- e +
Skin Toe Skin Toe Quake Damping Fraction Depth
2.540 3.750  .160 .490 _0C0 .000 .000 .00 L
Title: Vi du bua COMACO 179 Page: 3
SI Units

FOR DRIVABILITY ANALYSIS: Shaft Resistance Gain / Loss Factors
Give up to 10 Shaft Resistance Gain / Loss Factors
1.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
FOR DRIVABILITY ANALYSIS: Toe Resistance Gain / Loss Factors
Give up to 10 Toe Resistance Gain / Loss Factors
1.00 .00 .00 .00 .oo .00 .00 .00 .00 .QO
Tig‘a’pdtljeo 1a hai trang dd hoa nhap suc chju tai cua coc, cac gid tri quake va damping cua
nén dat.
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Vidu2.12:
Title: COMACO 179 - Bearing graph Page: 1
SI Units
HAMMER INPUT AND ANALYSIS QPTIONS
Hammer sStroke Fuel
ID Number Option Satting
179.
PILE INPUT AND ANALYSIS OPTIONS
Number of Number of Hon - uniform Pile

Pila Segments Splices Pile Option  Damping

3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS OPTION
% Shaft Shaft Resistance
Resistance Distribution

34.

HELMET AND HAMMER CUSHION INFORMATION
Halmet  +----=--—--—-———ooo—one- Hammar Cushion-—-—e--w-—-——————— oo +
Weight Area ElasMod Thic kNess C.o.R. RoundCut Stiffness

16.54 1028.10 2275.4 46%.800 .800O 3.0000Q .0

Title: COMACO 179 - Bearing graph - Page: 3
51 Units
ULTIMATE CAPACITIES
Give up to 10 Capacities

1500.0 1550.0 1600.0 1650.¢ 170C.0 1750.0 1800.0 1840.0 1900.0 1940.0

Tiép theo 1a mét trang d8 hoa nhip sirc khang bén cla 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
SI Units '
PILE CUSHION INFORMATION
Elastiec Coeff . of Round

Area Modulus Thic kNess Restityution out Stiffness
2025.00 207.0 238.000 .500 3.0000 .0

PILE INFORMATICN
Total X - Sectn Elastic Specific Circum - Strength / Coeff.of Round
Length Area Modulus Weight ference Yield Restitutn Ot

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 L0600 .0 000 000 .00 .00 .00

SOIL PARAMETERS
t----Quake--—--+ +---Damping---+ H=-o—e———e . ToeNQ . 2————w~w—mmmme +
8kin Toe Skin Toa Quake Damping Fraction Cepth
2.540  3.750 .160 .490 ,00C0 .000 .000 .00

Title: Vi du bua COMACO 179, Clay relaxaticn Page: 3
51 Units

FOR DRIVABILITY ANALYSIS: Shaft Resistance Gain / Loss Factors
Give up to 10 Shaft Resistance Gain / Loss Factors
.40 1.00 .g0 .00 .00 .Q0 .00 .00 .00 .00

FOR DRIVABILITY ANALYSIS: Toe Resistance Gain / Loss Factors
Give up to 10 Toe Resistance Gain / Loss Facters
1.00 1.00 .00 .00 .00 .G0 .00 .00 .00 00

Tiép theo ia hai trang dé hoa nhap sic chiu tal cla coc, cac gia tri quake va
damping cua nén dat. Ngoai ra, can phai nhap hé sd gidm suc chiu tai (setup
factor).

Céc 8 1iéu khac nhu ci.
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Vidu 2.16: S6 li¢u &€ chay ra hinh 2.46.

Title: COMACO 178 - Bearing graph Page: 1
: ST Units
HAMMER INPUT AND ANALYSIS OPTIONS
Hammer Stroke Fuel
ID Number Option Saetting
4. - .
PILE INPUT AND ANAILYSIS OPTIONS
Number of Number of MNon - uniform Pile
Pile Segments Splices Pile Option Damping
. . 3.

SHAFT RESISTANCE INPUT AND DRIVABILITY ANALYSIS OPTION
% Shaft Shaft Resistance
Resistance Distribution
34.

HELMET AND HAMMER CUSHION INFORMATICN

Helmet B b b b T Hammer Cushion-~-m=-—-————v e +

Weight Area ElasMod Thic kNess C.o.R. RoundCut Stiffness

l1e.02 2677.60 3654 .4 50.800 . 800 3.0000 .0
Title: COMACO 179 - Bearing graph Page: 2

SI Units
FILE CUSHICH INFORMATION
Elastic Coeff.of Round
Area Modulus Thic kNess Restitution Out S5tiffness
2025.00 207.0 238.000 . 500 3,0000 .0

PILE INFORMATION
Total X ~ Sectn Elastic Specific Circtm - Strength / Coeff.of Round
Length Area Modulus Weight ference Yield Restitutn OQut

14.40 2025.00 36000.0 25.000 1.800 26.000 1.0000 3.0000

HAMMER COVERRIDE VALUES HAMMER TYPES 1 to 3
Reaction ComDelay Comb Exp Stroke
Stroke Effcy Pressure Waight Ign Vel Coeff Conv Crit
.00 000 .0 L0000 .o00 .00 - .00 .0

SCOIL PARAMETERS

+-~-—Quaka----+ +---Damping---+ +---———-e-no- ToeNQ . Z2~—-———= = mm———— +
Skin Toe Skin Toe Quake Damping Fraction Depth
2.540 3.75C 160 .490 .000 .Q00 .0Q0 .00
Title: COMACO 179 -~ Bearing graph Paga: 3
S5I Units

ULTIMATE CAPACITIES
Give up to 10 Capacities
500.0 700.0 300.0 1100.C 1300.G6 1500.0 1700.0 1640.0 2000.0 2200.0

Tigp theo 1a mét trang d6 hoa nhap sifc khang bén cla coc.

S¢ liéu dé chay ra hinh 2.47:

Hammer Stroke Fual
ID Numbar Cption Setting
9. 2.
Give up to 10 Capacities
1840.0

Cac 58 li8u khac nhu phin trén.



TAI LIEU THAM KHAO

M

1. VO CONG NGU, NGUYEN THAL
Thi nghiém dat hién trucn g va ing dung trong phin tich nén mong.
Nha xuit ban Khoa hoc va Ky thuat, Ha Nai, 2003.

2. MW.ONEILL, F.C TOWNSEND, K.M HASSAN, A. BUTLLER, P.S. CHAN.
Load Transfer for Drilled Shafts in Intermediate Geomaterial.
FHWA - USA, 1995

3. M.WONEILL, L.C REESE.
Drilled Shafts: Construction Procedures and Design Methods.
FHWA - USA, 1999

4. P.J.HANNIGAN, G.G. GOBLE. G. THENDEAN, G.E. LIKINS, F. RAUSCHE.
Design and Construction of Driven Pile Foundations.
FHWA - USA, 1998,

5. TRAN DINH NGOC.
Song bé mdt cia nén ddt do dong coc va dnh hudng dén cong trinh ldn cdn.
Luan an tién si ky thuat, Vién khoa hoc cong nghé x8y dung, Ha Noi, 2002.



250 MONG COC - PHAN TiCH VA THIET KE
MUC LUC
| Trang
LOTNOIDAU oot se s ses e oo 3
DKEHIBU  ooooeoeoeoeeeeeee oot 4
Chuong I.  TONG QUAN VE MONG COC .......ooorovioireraiisimisnineccesosreconsssssssese e 5
100 QIO IBU v oo 5
1.2, SUIc chiu 1Al dOC tUC CUA COC ...ocvemrriiies et 5
1.3, Hientuong ma SAt Mt ... 20
1.4, SUrc chiu tAi NGANG CUA COC.....coeceireimrmiss e s 21
1.5, HiBU BNG NROM Lo 32
Chuong2. COC CHE SAN .o et 35
2.1. Gidi thiéu v& coc Ch 8N ....c.cocviiiiiiericeirmi s 35
2.2, ThiBt B @ONQ COC ...eviireieiir et b 36
2.3, THIBE DI &P COC ovuiteiiririeereers st se s e 42
2.4. Dy bao sic chiu tai theo phuong phap thEng ke, 43
2.5, Du bao sic chiu tai theo sic khang cat clia dat........c..coooviinnns 43
2.6. Du bao sifc chiu tai clia coc theo thi nghiém SPT..........cooeeiie, 53
2.7. Du bao sUc chiu tai clia coc theo thi nghiém CPT............es 65
2.8. Du béo s(c chiu tai nén doc truc cta coc ché s&n trong dat sét
theo thi nghiém DMT ..., [ESTUTTRON 78
2.9. Phan mém du bao slfc chiu tai theo phuong phap tinh ................. 79
2.10. Dy bao s{ic chiu tai clia coc theo phuong phap dong .................. 82
2.11. Anh hudng va cac bién phap gidm anh hudng
do dong coc d&n cONgG Irinh AN CaNL..i 100 ¢
242, D8 1N €@ COC G0Nt 103
Chuong 3. COC NHOI.....oo.oovvvocs et s 107
3.1, Gidi thiBU V8 COC NNGH ..evvvieiereieemrmeeieitiesnses s s 107
3.2. Tém tét vé cong tac thi cong CoC NISH ..o 108
3.3, CAC SO iEU V& FALNEN ..o s 110

3.4. Slc khang bén clia coc nhoi theo FHWA 1999 (Reese va O'Neill) ... 113
3.5. Sic khang mii clia coc nhdi theo FHWA 1999 (Reese va O'Neill) ... 122
3.6. Cac cach tinh khac dua trén cac dactrung ca Y. 127
3.7. Cac cach tinh khac dua trén két qua thi nghiém CPT ... 129



MUCLYC 251

3.8. Sic chiu t3i kéo doc truc clia coc NhGi........ovoveeee 130

3.9. Dubao do 1in cha coc nhéi don ........cooeee 131

3.10. M6t s6 vi du thiét ké COC NG .oiee o 143

Chuong 4. TINH TOAN COC LAM VIEC DONG THGSI VO NEN ..o 151

410 GIGHNIBU oo 151

4.2, BUGNG CONG P =Yoo 152

4.3. BUBNG CONG b= Z.voiiieeeeeoo 163

Chuong 5. MOT SO PHUONG PHAP THi NGHIEM COC ..o 167
5.1, Thi nghiém thir ddng bién dang ién

(PDA - Pile'Dynamic Analysis) ..o e s 167

3.2. Phuang phap phan tich CapPWaD.....oooeeeiee e 184

5.3. Thinghiém bi€n dang nhé kiém tra ch4t lugng coc (PIT)............. 188

5.4. Thinghiém nén tinh B0 i e 194

5.5. Thinghiém Osterberg........o.oo. oo 200

5.6. Thinghiém Statnamic.............coeoo 212

Chuong 6. LUA CHON GIAI PHAP MONG COC ..o 221

6.1 COCChE SAN ..o 221

6.2. Cacnhdi.............. e U 223

6.3. Sulamvieccla coc ....ooovooooooo 225

Phu fyc 1. TINH NEN LUN VA SUC CHONG CAT CUADAT oo 227

P Tinh nen 1N oo 227

P.2. Sic chéng cat cla dat............ocooovovvoooooe 234

Phuluc 2.  MOT SO YEU T8 ANH HUGNG BEN SUC CHIU TAICUA COC........ 239

Cac YEU S @At NEN........oeivev oo 239

CaC YU B €U COC ..o 240

Cac yéu t8 lien quan dén phuong thic ha 6oc..........ovveveoeo 240

Phu luc 3. MOT SO PHUONG TRINHXAP Xi ... 241

P.3.1. Phan ioai dat theo thi nghiém CPT......o.ooooovoo 241

P.3.2. Du bao sic chiu tai theo cac thng sé sic khang cat................. 242

Phuluc4. FILE SO LIEU CAC Vi DU GRL-WEAP........ oo 245

TAILIEU THAM KHAO ...oooooooooooo o 249



Gs, Ts. VU CONG NGU - Ths. NGUYEN THAI

MONG COC
PHAN TICH VA THIET KE

Chiu trach nhiém xudt bdn Pgs, Ts. TO DANG HAIL
Bién tap . THANH DINH, THANH NGA
Ky my thudt ' . - pOPHU
Swa ban in : THANH NGA
Trinh bay bia : HUGNG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
70 TRAN HUNG DAO - HA NOI

in 1000 ban, khd 19 x 27cm, tai Nha in Ha Noi thuge Cong ty Phat hanh
séch Ha Néi. Gidy phép xudt ban s& : 469-122 cdp ngay 19/4/ 2004. In xong
va ndp Iuu chiéu thang 12 nam 2004.



206130

g "?3504872461308

Gia: 43.000d




	MÓNG CỌC PHÂN TÍCH VÀ THIẾT KẾ
	MỤC LỤC
	1. TỔNG QUAN VỀ MÓNG CỌC
	2. CỌC CHẾ SẴN
	3. CỌC NHỒI
	4. TÍNH TOÁN CỌC LÀM VIỆC ĐỒNG THỜI VỚI NỀN
	5. MỘT SỐ PHƯƠNG PHÁP THÍ NGHIỆM CỌC
	6. LỰA CHỌN GIẢI PHÁP MÓNG CỌC
	PHỤ LỤC
	TÀI LIỆU THAM KHẢO

