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L()INOIDAU 

Ct! h{)c ddt Ia mtmlu1c ce1 sti, Ia tai li~u tlzam khdo cho sinh vien cac Nganh 

Xdy drfng, Cdll dll?lng, Thtiy 1¢ thn~c cac tru?mg d(!i h{Jc kj thu9t. D6ng tlzlli tai 

li~u 1tt:ly gizip cho cac h{Jc vien cao h9c su d(mg Jam tai li~u ngltien cUll chuyen 
sdu, cdc kj slt co them {:d siJ dlthiil kt ph6n nln mong c~ng trinlz. 

Sach gdm:c6 5 cluttmg chfnh ntJtvi bdn cMt v91 Jj clia dtft, phdn b6.tmg 

szuft trtmg 4tP~ biin, lftJng cu4· 441 ~~n, site ch#l tdi CUa Mi va dp li!C ngang CIW 

ddt tat: d(lttg_ll/l.ta~g chdn.·N~i d/pzgctk chtttmg dttf/c trlnh bay stlc tic/z, thiei 
thlfc Ut Jl9f, v~ ~hiiu. hinkJ~h #zinh hf}a, thl hi~n ddy du cdc vdn dl quan 

tn;mg cda linh vvc co h9c dtft. Dq.c bi;t, nluim giup cho d~c gid co thl n&m biit 
vdn dl m(5t each nhanh chong, v~n d(lng hi;" qud vao thl!c tiln, sau lndi ctJng 
th1~c diu c6 vi d~1tinh todn, sau m6i chuung diu co phdn bai t~p mdlt. Toe gid 

hi V{JIJg, thdng qua cutin sach nay, ~c gid se cdm thdy Cu hfic ddt Ia m~tlinh 
V(IC rat thu vj, va dang dllf/c quan tdm nghien CUll. 

Tdc gid xin chan thanh cdm on cdc thdy, c6 trong 89 m~n Dja Cu nln mong,. 

Khoa kj thu9t xdy df!ng, Trlltmg D(li h{Jc Bach khoa TP. H& Chi Minh da c1mg 

Ctlp nhidu tllli;u qui bau, gop j chan tJllznh d/ quyln slzch dttf!C ho/Jn thanh. 

Trong qua trinh SO(!n thdo, tac gid kh~ng thl tranh khoi cac tllitu sot. Rat 
mong nh~n dtrf!c nhilng y kil'n d6ng gop cua d6ng nglli;p va cdc d~c gid. 

M9i y kiln dong gop xin lien~: B~ m"n Dja cu nln mong,_Khoa Kjthu~t 

.xdy dJing, Trlltmg D<!i hpc Bach khoa - D<!i h{Jc Qudc Gia TP.Hd Ch£ Minh. 

f)i;n thof:Zi: 0838636822 

PGS.TS. Vil Phan 

TbS. Phan Luu Minh PbU(fllg 
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nhau bqp thanb. Qic h,t nay ~0 thanh. khung k~t cau c6 nhieu 16 r6ng, trong d6 chua 
mr& va khf. C6 the xem da't gom 3 the (3 pha) t~o thilnh: 

• Pha rin: H~t rin (h•t dat). 

• Pha long: Nuac trong dat: 

• Pha khf: Kh£ trong dat. 

.. : 

BiohOa 
~ph4n 

.. 
;_ ,:' ~· 

Hlnh 1.2. M6 hlnh 4dt ~pha 

~· I 

H{itdSt 

1.3.1. Pba r'n: OJ.i6m ph4n 1&1 th~ tfch CUa d«t va 8nh huang d6n t~ chat Cf!ly cua 
d(t, gdm cac h,t kboang v.t (tu)t dlt) c6 kich thutlc tit vli em d6n v8i phdn trim hay vai 
ph4rl ·ngliin mm. 

Tinh c}}J't cua pba rin phy thu(}c vao: 

+ Thlmh ph4n khoang 
+ Thlnh ph4n b~Jt 

Thtlnh phdn. khodng: Ph\1 thuQc chu y6u vao thlnh ph~ cua da g6c, cling nhu tac 
dl}ng phong boa d6i V~ chfnh ban thAn da d6. TiJ.y thuQc VaQ cac tac d\JDg phong fi6a 
khac nhau rna n6 cac tinh ch4't khac nhau. Oic khoang hQP thftnh dlt c6 th~ chia ra lam 
2lo,i:· ·· 

- Khoang v~t nguyen sinh: chong thuimg g,p. trong th11c t6 du~ dcplg fenfat, ~ch 
anh, mica ... eac lift d4't c6 thanh pM.n khoang nay thuang c6 klch thu{lc 16n. 

- Khoang v3t tht sinh: ··· 

+ Lo~ baa tan trong nu&: .th,ch caQ~ mica tring, canxit, mu6i mo ... 

+ Lo~ khong ~pa tan: ka~'¥t, illit, montmorilonit, set .... 
J9U cac nh6m ~t c6 ldch thuac 1611, th8nh ph~ kboang "khob.g inh. huang Rhi~u de'n 

tfnli,ch~t CO-li cua d~t. Nhung khi' chong c6 kfch thudc nho thl thlmh ph4n Jd.t~~ ,46~~ I 
vai tro chu ye'u quy!t djnh deh·tfhh'that ca-lf cua dllt.·. . . . · ..... ··, . . . .. . . 

. • ' . ,"I ! • ~ . ' , 



Thanh pJuin hf!t: 

Kfch thuctc: Ten h,t dat 4uqc phart theo tilng nh6m ruy thUQC, v~o kich thuoc cua no. 
Theo tic!u chudn cua ccic nuac ·khac nhau thl vi~c phan lo~ da't th~o kfch thu6'c h;;tt c6 thi 
k~ac nhau (xem ph&t 1.6). · · ' . ·1 

• .;. ' 
'· - • t : ; • 

Thanh ph'n cap phoi cua mi)t miu dat dugc xac djnh tl.r dubng cong ca'p phoi h~t. 
Duang c~p phoi ~~ Ia dubn.g bieu dien ti 1~ ph~ tram cac nh6m hi;tt kftiic nhau trong dat. 

C6 3 d~g c~p phoi chfnh: · · 

- D{mg thoai thoii ( 1 ): cap phoi tot 
- D{mg ~6c dlblg (2): ci'p phoi x~u 

. . 
- D'ng b4c th~g·(~): cap ph6i trung blnh 

; .. r·. -~.min h<rl Coray/s6hi~u ray 

.· ·. 
·:.-·: · .. ·. :y 
. :t~ ,. 

' \ .3-, 

-------- : ·.: : .. 

~ 

~\ ' . 
\ ' ' . ....... ~ ... 

Hlnh 1.3. Cdc dt;~IJg dtiOIJg CO,I~g cap phdi ht;~t .. " 

Dubng ~p ph6i cang thoii, dat cang kh6ng d6ng nhat, ta c6 dttlmg cip .. phoi t6t. 

Duang cap phoi cang doc, dat cang d6ng nh~t, ta c6 dll'ang cap ph6i ~au. . . , 
. ; . . . \. ~-' \ . 

. Khi dat .kh6ng d6ng nht!t, trong dat .bao gOm cac h,t 16n va be .khac llbau. NhDng h~t 
be se lap d4y 16 r.Ong giil'a cac h,t IdfiJam cho dat c6 d¢ cJ1j~, ~ao, t!IJh.· ~h«m ~6·; tinh 
nen 16n nho, kbinang chju tai va sue chong cit 16'n. . . . . .. .. . . . .. 

l.4. PHWNG PJ;IAP THf ·NG~M x.Ac DJNH THANH PHAN HAT TRONG 
. . .. 
PHONG THf NGmeM 

. Djnh nghia: ThAnh phh h't cua dat Ia ham lugng cua cac $.6m h't c6 d(> 16n. khac 
nhau a trong ~t, duc;tc bi!u dien bAng tY I~ pMn trim so vai khoi lugng cua miu dat .kht> 
tuy~t d6i di tlY'cte phan tfch. 

Dlt do c8c ~t to nho khac nhau (fo th8nh. ~ tliU~ ti~n, ldch thulic cua mOi nb6m 
h,t quy dinh'trong mQt khoing nh .. t djnh nao day, vi v.y trong m6i nh6m ~t se g6m ta:t 
ca cac h,t to nho khac nhau nlm trong gi6i h~ do. 

Xac dpili'thinb pb4n h~t Ia phAn chia dlt th8nh ti:rng nh6m ·cac co h't gin nhau ve d~ 
16n va }tac dinh ham IUQ'Ilg phdn trim cua chung. . : . ·.· ; . 

-tr. " :'":.,~· . • 

Thanh ph4n lt,t ciia d!'t h~t thO (cat) dugc xac· djnh bAng phu®g phap r~y:sang 
theo 2 each: 
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• RAy kho dt pha.n chia cac h~t c6 kich thuac de'n 2mm (~.10) 

• Ray c6 rli~ nu& de phin chia cac h'-t c6 kich thuac de'n 0,074mm (~.200) 
. Thanh ph4n h'"t cua dilt lo~ set dugc xac djnh bing phucmg phap ty tr~>ng k~ d6i vm 

cac h~t c6 k{ch thu6c nho hem 0,074mm . . .'\'' ; . ' 
.1.4.~r. Phuwg phap rAy sang va riy rlra 

Bing 1.1: S6 hi~u va kfch thuoc m'c riy theo ti~u cbuin ASTM 

Co ray 1 SCi hi~u Duoog ki'nh d (mm) 

4" (c6rAy) 101,6 

2" 50,8 

RAy 
1 ,., 25,4 

3/4 " 19,1 khO 
l/2" 12,7 

3/8" 9,51 
#4(s6hieu) 4,76 

#6 3,36 

# 10 2.00 
#20 0,84 
#40 0,42 

Ray #60 0,25 
. . raa #100 0,149 Hlnh 1.5. Mdy sdng vd ~ rdy 

: ' #200 0,074 

a) Phr.ttmg phGp· .. rtJy itlng 
lol o; 

B11uc ·1: Lfy 1 lucjng dft sfy khO vita du I~y bing phucmg 

phap chia tu d~ ti~n haDb th{ nghi~m. Kh6i luqng dft lfy lAm thi 
nghi~m duqc u"c htQng bing mit theo ham luQng h~t 168 hcm 
2mm (h,t cat) 

% theo kh6i 1ugng cac m,t c6 Kb6J.lU9Dg dA't c4n l&:y ~ 
idch tbu& 16'11. han 2nun thlngbi~(g) 

,. 
0% 100- 20(). ·: 

0%- 10% 300- soo 
10%-~' :1000- 2000 

>30'1 2000- 5000 .. 

· Tach rOi cic hft bAng cbay va c61, ti-aQh Jam Pto ~ hf.t bj va. 
0 '!; .. 

can chi'nh xac kh6i hrqng dft dem-thf ~ghi~m. : . 
Buac ·2.-. Up cac :ray thanh c~ng tbeo th~ tt,t. tA;ng d~ kich 

rhuoc 16, ben dum la day rfty, ben tren Ia nip ray. 

(l 
l· 

. .., .. 



Cho toan b(> dat len aily trcn cung. d~t b¢ ray len amiy ray ·khoang 10 phut (chu y 
kh<>ng li.im re1i dift rei ngoai). 

/Jtrltc 3: Can c~ng d6n khoi luqng cue nh6m hi;tl tll' lon den nhb (din khoi ltrqng cii(t 

trcn rAy Ian, can donticp den rAy nho) ta dugc khoi htqng dat giii' l~ti c(lng d6n. 

Sau khi cAn, kitm tra l~ti luqng that thoat khOng duqc qua I%. 

Blff1c 4: Sau khi ray kh6 Ufy tir duai· day rAy m¢t luqng dat tir 50 - 1 OOg <16 thi 
ngbi¢rn ~ay co ~i'ta_mroc. 

b)Phridng:phap rdf rua 

Ray c6 ·rira lnl'Oc dugc lien hanh tuang llJ, dat WJl tren ray duqc cfm ct)ng dor~ ;sau khi 
say kbo'~ . 

1.4.2. Phuong phap lilng d~ng 
. :· '... .·· '.' 

a) Ct~ttJ-;iJ'thuyltculi:phao-"g phdp tj tr{J"K ke' 
. .. . . I . . 

. Phuong phat) ty tr.Qpg, k~'dl!a vao djnh lu~t Stoke: "V~n toe gicri h~l~ ciia m(>t V()t tht __ ; 
binh c·4u [ql:·trong JTiQf.cblft long, phl} tbUQC vao duang kfnh h~t, ly tr<;>ng hf;ll, ly ll"Qilg_ 
cua dung· djch vll d¢ lili& cua dung djch". 

v=-1-gd2 p-pw = HR 
1800 11 t 

: i! 

trong d6: · 
I< , 

HR (em)- Cl! ly chlm lAng ciia cac h,t, tlnh tub~ m~t chit long cho den trQng tam 
cua b'u ty trQng ke lhlg v~i s6 dQC da hi¢u chinh R trong thai gian t; 

TJ (g/cm.sec)- h~ so nh6t cua nuoc ph\1 thu(>c vao nhi¢t d¢, xac djnh bAo'g each tra 
bang 1.2; 

g (cm/sec2
)- gia toe trQng tntemg, lay bing 980,7 em/sec?; 

p (g/cm3
) - kh6i luqng rieng ciia hi;lt d~t (g/cm3);· 

Pw (glcm3
)- kh6i luqng rieng cua nuoc, l~y bang 1 'g/em3

; 

t (giiy)- thoi.g~an chlm lAng ke tu hk bit dftu thOi k.hua'y htiy~n- phu cho den h1e 
dqc duqc R. 

Ca slr cua phuong phap phin tich bi;lt bAng ty trQng· k€ Ia 1¢ d1:1ng d'c tfnh phful bo 

eae hi;ltdlt trong nuac de xac dinh thlmh ph~ hi;lt cua dit." Nhu da biet, khi cho miu dit 
duqc cbe bi, gQi la huyen phu, vao trong blnh. chlla thl eac hi;lt dft c6 duemg kfu.h .kh&c ' 
nhau se ling chlm v6i v~ t6c khac nhau. Neu gia thiet W:t ca trong dieu ki~n nhu nhau ·. 

thl h't 16n se lAng chlrn nhanh hon h't be, h't c6 cimg duemg kinh se ling chlm cung t6c 

d(J. Nhu v~y, sau mqt thl!i gian t thi t~i m~t dq sdu h; nao d6 chi con lt;zi cdc ht;zt nluJ hem 

durmg kinh d; tuan.g U'ng (cac hi;lt co duang kfnh 1&1 bon di da ling chlrn xu6ng dum hj). 

Luc b«'y gia neu ta tha ty trc;mg ke vao buyen phli de do ty trQng cua no thl se _nh~n duo/C:.,. 
m¢t tr! so v~ch khAc R tuong llng tr~n can ty trQng ke. · · ::-: · .· 
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Bing 1.2. Bang tra dy nhOt don vi ho•c ~oise (dynes.s/cm1
) 

Nhi~t dQ (0 C) ~ohm Nbi~tdQ(0C) DQnh& .. 
18 0,01056 29 ,. 0,00818 

19 0,01050 30 0,00801 

20 0,0~005 31 0,00784 

21 0,00981 32 0,00768 

22 0,00958 33 0,00752 

23 0.00936 34 0,00737 

24 0,00914 35 0,00722 

25 0,00894 36 0,00718 

26 0,00874 37· 00,695 

27 0,00854 38 0,00681 

28 0,00836 39 • 0,00668 
. . 

·Do m.t dQ cua cac hf,t d«t trong huy~n phu phAn b6 kh~ng d~u nen tri s6 R dqc dugc 
! ' 

chi pbin 8nh mQt each g~ dung ty trQng cua huy4n phu lf.i trung tam b4u tY trQng kt. 
Trong thf .ngbi.~m nay, ngum ta lqi d\Ulg trj s6 R do duqc cua huy~n phu d~ yen l~g cho 
cac hft c.Ut chlin ling sau twg khoing thbi gian bing tY trQng k~ de tfnh duang ldnh hf,t 
Ian nh«t d cua nh6m hf.t l:J g~ tAm b4u ty trQng kt va ham lugng tich lOy phdn trim cua 
n6 tuang mtg vm s6 d9<= R. 

S6 dQC tr!n ty trQng k~ R c4n ph&i dugc hi~u chinh do nhi~t dQ va do m't cong tren 
blnh ty trQng. · 

Rc=R+CI +Cm 
R - ·s6 dQC t~ ty trQng k!'; 

Rc- s6 dQC sau khi hi~u chinh; 
0,9984 _______ .._ __ _ 

Ct :- h~ s6 hi~u cbinh theo nhi~t dO •. tr~ __ o_,9_9s_s __ 

bing 1.3; 

Cm-:-: h~ s6 hi~u chinh m't cong. 
Hi~u .chinh rn<Jt cong: Ty trQng k~ sin ·xdt duqc chia dQ theo mep dum ;cita mjt . :: 

khUID.! ThOng thuang kbi dQC s6 dQC ngU~ ta thubng dQC theo mep tren cua m~!: ~~·. : .. 
do huy~n p}Ju khOng trong su6t. , , , . . . · .. 

-.. .. . .. . : ·!:It I ~ : · 

~: chi6~-~o ~Jt kh~m·ftr difih s6 dQC dtn m*t di,tloitg ... C6 the Jiy :C~:: 0,0004, . 
cho ty trQng k~ tbubng dung. . . , . ,. 

Hi~u chlnh nhi~t ~: S6 dQC ghi tren can cua tY trQng ke' l~y tY trQng CUa cac cb&:t 

long a 20°C lam chuin. Khi tie'n hanb thi nghi¢m a Iihi~t d~ ~c cdn thie't phai hi~u 
chinh l~i s6, dQC thea bang 1.3. . . ·.·, , ... . 
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Bang 1.3: Bang tra s6 hi~u chinh nhi~t D(» C1 
. ···-- . . --- ··b. 

84 hi~u chinh Nhi~t dQ (°C) SO hi~u chhih 
- .............. -------- ... ·-- ---·-------~--·-· -~---··· ............ ···-·-: .-- ...... - .·., . 

20 0,0000 27 0,0015 -· .. -:-··'"":··--·----·. .. ..... - ......... -·-····-·······--- . ·- ............... . 

. 20,5 0,0001 27.5 0,0016 
.. . ..... . . . .......... ----. . - -.... -- ---·-- ···--· - ·-··· .. ... .... .... . 0-- ..... 0 ... ····· .. -·· ·-. -- . - . 

21 0,0002 28 0,00l8 -- ..... -- ..... -·- ... .. ...... ···-··----- ···-· 

. 2J,5 0,0003 
.. --- ~~- ...... ·-·· ---··-·- 28,5 0,0019 

22 0,0004 29 0,0021 
.. . ... . . .. - ..... ···-·- -·····--· . ·-- ····-· ··-· -- ... --· -- .. . ·• --· ... .. . . . . ...... _____ .. 

22,5 0,0005 29,5 0,0022 
-· -··----- ..... ·---·---·- _____ .,. _____ ---- -·· ·----- ···-····---~- ---· - ... ·-·····~. 

23 0,()()0(; 30 0,0023 .. ·--........ - . . . . - --- .. ···~···· -.. --- ··- .. _- , ____ .. _ -- .. -- ......... -. . ..... ...... ---·-·-·-- ............ . 

23,5 0,0007 31 0,0028 .. 
·-· .... --·---··- t ··········-·- ··- --- ·----.. ··-· ·---·· ........ ·-·--· ............ -----·-·· .. ----·-·· -··- ---· .• -

24 0,0008 32 0,0032 
--- ....... - .. ----- ......... - ·····--·-·-··-·· ··--··--· ..... - .. . .. ·-·--·-· .... . ....................... - ... --- -··· --· .. 

-.... ·-··-~4,5 ____ --------~.~~--· --·- ··- --· ... }~·-····· ·-·- . --- ---- 0,0035 ~-~-.~---
25 0.001 34 0,0039 -... - .... - -· ~---- .. -- ---·-· ------ -------·· 

35 . 0~0042 25,5 0,0011 
·~-----------·-

26 ' 0,0013 36 0,0045 
-·---·----- ------------ ------- ----·-·----r----,---·--
... - --·-~~.5 -·----- . .,.. .. -·-·- _9.()_0_1~ .. ___ , ___ , ________ 37 _____ .: __ , --··--.. -~4!-049 ___ ,_ .. __ ,_ 

b) Cdch tinh 4llbng kinh d ····- .. -.......... . 

Tmh duang kinh d h,t 1&1 nh~t cua nhom h~t t{ch luy nAm g~ min b«u ty trqng k€ 
ll:fOilg ling voi s6 dQC R. 

S6 dQc Rc ( da duqc hi¢u chinh) cua ty trQng k€ bitu thj ty trQng ciia huyfn phu l:J gAil 
tam bau ty trQng k~ sau khi khuS:y d~u va de yen mOt tbbi gian t. N~u gQi d. J~ ~u~g 
kfnh h~t 16n nh~t .. ci.ta nh6m h,t tich lily a g4n tim b&u .ty trQng k~ thllt1c dau .n,gay khi 
ngirng .khu~y cao h.t nay COD nim tren IDfl buy~n phu Va sau thm gian t CBC b~t d ling 
chlm v6i t6c dQ. v d~n dO sau H rna ta do duqc s6 dQC R. Do d6, co th! dung cOng thuc 
Stoke de tfnh duetng k!nh d ci.ta chung. 

. ' 1800 H 
Ta co cOng thll'c duang k.fnh ~t tfnh bing mm: d = ·'11 R 

g(p-pw)l 
,' -1. 

Tu C:Ong thU'c tten ta nh3Jt thS:y n~u xac djnh duqc c\llY ldng chlm. HR till. co the xac 

d!nh duqc duemg k.fnh d cua h,t. 

De tinh HR dtigc th~t chinh xac ta nh*n th~y, do di~n tich ci.ta 6ng do nho nen khi cho 

ty trqng kc vao tlu m~t huyen phu scrdang len mQt d¢ cao nhS:t djnh. 

Neu gQi F.Ia di¢n tfch tiet di¢n ngang 6ng do dl!flg huy~n phu thi nghi¢m, V o Ia the· · 
tfch b&u ty trqng ke (the tfCh phan con I,i phfa tren m~t huy~n phil xem nhu kh<'>ng dang .·.· 
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k~) thl chiCSu cao da.ng len khi co .ty tn;mg kc la v jf. Khi do chat di~m b d¢ sau H 

(tuong ung v6i tfim biu) trong huyen phu 1~ dftng len mQt d<) cao Ia Vi2F. 

GQi h Ia d¢ sftu (em) tu m~t huy~n phu den U\m biu ty trc.mg kc thl: 

L 
h=-(N -M)+a 

N 

vh vh vh 
HI~= h--+-= h--

A 2A 2A. 

1000 

-r----------VJA l 

-- -

---r---~r~-~-___ VJ2A 

h -- 1030 

Hinh 1.6. ~u do nguyen lj tlri nglli~m rj tr{1ng kt 

trong do: 
HR- Chieu cao rai ciaa h~t d~n tam bilu ty trQng ke' (em) 

A - Di~n tfch ngang ciaa blnh d\Mg huy~n phu th{ nghi~m; A= 30cm2 

h- D()'sa.u ttl m*t huy~n phu de'nta.m Mu t:Y trQng kt (em) 
1>6i v6i ty trQng ke su d\mg t~ phong thf nghi~m la ty trqng ke' 151 H, ta c6 cac s6 

. . 
li¢u sau: 

V h - The tich ciia bilu t:Y trQng ke'. V h = 73ml = 73cm3 

a- Khoang each ttl tam Mu den v~h chia thfp nhS:J (1030); a= 9,51lcm 
L- Khoang each ttl v~ch chia th«p nhat (1030) den v~ch chia 1000; L = 8,0cm. 
N - s6 v~ch chia ph4n nghln tren thang ty trQng ke tfnh tu v~ch 1030 den y~c~ chia 

1000; N = 30. 
~ l ' . . 

. M ~ so dQc ciia m~t huyen phu tren thang ty tn;mg ke. M luOn bing s6 dqc tren ty 
trQng ke. ·!. 

De ti~n t.fnh toan, nguoi ta 13p san bang tra HR tu so dQC Rc cua ti trQng ke s~~· khi da 
hi¢u chlnh (bang 1.4). . , 
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Bang 1.4: Ba~ tra gbi trj H~. tit s6 ~~i (t~ bi~u chinh Rc (lo~i lSI H) 
-·-··-·-------·----.:. ........ ___ ... ,_, ____ ·---· - .......... --·- ··----·"':"'"?'"'~·-·---·---·-:-:-·--- ... ··-

Thiiy k6151H 
: 

Rc 14 (em) Rc Hr (em) Rc Hr (em) Rc ~(em) 
-

1,000 . 16,3 1,010 . 13,7 ·1,020 11,0 1,030 8,4 

1,001 16,0 1,011 ·13,4 q>2I 10,7 1,031 8,1 

1,002 15,8 1,012 13,J 1,022 10,5 (,032 7,8 

1,003 15,5 1,013 12,9 1,023 10,2 1,033 7,6 

1,004 15,2 
.. 

1,014 '12,6 1,024 10,0 1~034 7,3 

1,005- 15,0 1,015 12,3 1,025 9,7 ·1,035" ... 7,0 

1,006 14,7 . '1,016 12,1 1,026 9,4 1,036 6,8 

1 .• 007 14,4 1,017 11,8 1,027 9,2 1,037 6,5 

1,008 14,2 1,018 ll,S 1,028 
'· 

8,9 ·'l,o3s 6,2.,: 
... , 

1,009 .13,9 1,019 11,3 1,029 8,6 ·\ .. ... : .. 
c) Tfnh htlm lrt{lng tich lily: Phdn tram cua nh6m h~t nho hand a gltn tam bau ty 

tr<,>ng k6 lbtg v~ s6 dQC R. 

T~i thm diem do duqc tri s6 R, a dQ sAu H (gan tam bau ty trqng k6) chi. con cac h~t 
c6 dubng kinh nho hand v~ m$t dQ phAn b6 cua chung hoan toAff~~i6ng nhtt ban ·dJlu. 
Neu gqi PIa trqng Iugng cua nh6m h~t itho hand trong toan bQ·miu d«'t dung che·bi 

1000 cm3 huy~n phu, thl trqng lugng mQt.dan vj the tich hu~n phu a gan tam bau ty 

tr~mg k6luc ba'y gib se g6m trqng luQilg nh6m h~t nho hem d I~ P/1000. (chi6m mQt the 

tfch Ia P/1000) va trqng luqng phan nu& con l~i Ia (1- P/lOOOp)pw. Do d6, ty trQng cua · 
huy~n phu a dQ sau H c6 th~ tinh theo cOng th~c sau: 

p. ( p ) 
Pbp = 1000 + l--·1000p Pw . 

i.!. 

M~t khac theo s6 dQC cua ty trqng k6 thl tY trQng cua huyen plih ~i tam bau la: 

p~: =1+_&_ 
.. p. 1000 

,• . ' 

p ' 
P=--:--R ''1 · .. c p -:-. . 

~ r • ~ 

·. i 
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GQi m Ia trQng.luqng.m~u Mt kho 4ung lam JOOOcm3:huy~n phu thi·ham luqng ph~ 
trim tich ltiy y:·cila nh6m h't c6 dubng kinh nho ·. · · · ' 

Hay: 

p 
y=-xlOO% 

m 

y = p X Rc X 100% 
(p-1} m 

G R 
y= 11 x-c xlOO% 

(05 -1) m 

Rc -s6 dQC di hi~u chinh tlr tY trQng k~. chi dQC 2 stl cu6i. 

D6i v6i s6 dQc th*t s\f, ta c6 cOng thttc nhu sao: 

y = 0 5 x lOOO(Rc -1) xlOO% 
(05 -1) m 

. Vf d~ 1.1: MQt thi nghi~m ty trQng h't v6i 48g dft. c6 05 Ia 2,65, s6. dQc R~ (di hi~o 
chinh) Ia 1,012.; 

Ham luqng phdn trim tich lily 18: 

. = . 2,'65 X 1000(1,012-1) X 100% = 2,65 X 12 X 100% = 41 2% 
y (2,65-1) 48 (2,65 -1) 48 ' 

d) Trinh tl!lhl nghi#m 
.•. 

BIIIJc ·1: Uj: 1 luqng dS:t khO qua rAy N40 wa du d~ ~~n h8nh thi nghi~m. ph~:~ thuf)c 
vao tUn& IQ;Ji dft: . 

Lbfidft . Kh6i brqng d4'~ c4n l4'y d~ thi nghi~m (g) 
.. S6t 20 

S6tpha ! . 30 

Cltpha 40 

<llo miu dS:t vao trong chen stt va nghi~n bing chay c6 bQc cao so. Dd hOn hqp dl't 
va'nu& ~~t vao trong binh tam·giac va dun trong khoing 5 d~n 10 phut d~ tach rm cac 
~tmjn. . 

De tninh dOng tl} (ka rua) cho them 25cm3 pirOph6tphat natri {I\la4P20 7) c6 ndng ~ 4% 
~c 6,7% d6i pirOph6tpbat natri rlg4m nu& va ngfm dung cijch tren trong khoing 16h. 

Bllilc 2: Cbo bon hqp wa trQn vao trong blnh thuy tinh va th~m nu&: cho vita dung 
1000cm3 (1 lit). . . 

Dimg que de kbufy hoy~n phu trong k.hoang thm.gian 1 phut 20 giAy sao kill thOi 
khuify, ta thi tf f:rQR! k~ vao trong buy~ phil. 
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DQC va ghi nh~ cac sl5 dQC tien ty trQng ke' l:J cac thm difm 30 giAy, i, phut, 2 phu~:~ 
phut, 8 phut (theo nguyen t:Ac nhan dOi). · :; · 

Kifm tra nhi¢t d(> cua huy~n phu, khuly ·~ huy~n phu. 
Ti!p f\lc ghi nh~ cac s6 dQC ~n tj trQng k! sau 15 phut, 30 phut, ... ~.gio. . . . 
Chu j: £>! trcinh hi¢n tuqng bam dlnh cila cac h't da't xung quanh tj tn~ng k!, sau 

m6i 2 phut do, ta pluli ri:ra ty trQng k!' (bAng binh 2). 

C~n S6l ~~ I SILT (H't b\il) Set 
.: . . : . ~ 

100 

90 
, .. 

80 
§ 
0" 70 
:§-

J 60 

I 50 

40 i 30 c 
~ 
0. 20 m 

10 

0 

~ :· " 

SJ . 

I 1\ 
f' 
~ 

" ·1 • 

It ""'"' -............ 
I"' 

· .. , 

100 50 10 5 1,0 0,5 0,1 0,01 0,0(!1. ,: 

Hinh 1.7. Bilu dd thanh phdn h{lt cho 1 mlu ddt 
cac h¢ sl5 dung dci dinh gia c~p phl5i h,t: 

- H~ s6 dOng nhi't (The coefficient of unifonnity): 

c =060 
u Dto 

- H~ s6 ci'p ph6i hay h¢ s6 h,ng ci'p (The coefficient of curvature): 

C (C ) ~ (D30)2 
g c DIOxD60 

fluting kinh D 

V Oi D60 ; D30 ; D10 Ia duang klnh oo h\lt rna nhiing h\lt c6 dumtg kfnh nh6 han ho'c 
bing n6 chl6m 60%; 30%, 10%. 

MQt miu tUt c6 cip phl5i t6't c&t phii thoa min di~u ki¢n: 

{
Cu >4 

chosoi~ 
1 < c8 <3 

' . . 

• Hinh d~g h\lt dkt: 

{

Cu>6 
cho cat 

I <C8 <3 .. 

._,: 

C6 nhieu d~g: c:tan, cau, hlnh g6c qmh, hinh phi!n, Ia, que, kim . . . . . .. 

.! 
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/ 
I. 

H(lt tho.~ d{lng phitn, /a H r;~t mjn: d{lng kim, que 
. . 

1.5. PHA L6NG 

La nu6'c trong cac 10 rOng c~a dat, bao g6m: 

a) Nuac trong hfl khoang v~t: Ia lo,i mrac trong mfng tinh the cua d~t tdn tC;ti a d4:1ng 

ptuln tit H20 h~c d"'g ion. Nu6'c nay chi c6 the tach rC1i h,t khoang v~t l1 nhi~t dq cao 
ho~c ap su~t 1611. 

Lofi nu6'c nay khOng 8nh hul1ng nhi~u d~n ti'nh dn ~inh va bie'n da;mg cua dift nen. 

b) Nu6'c lien ke't m't ngoai: g6in 2Io,i 

• Nu6'c hut bam: Ia lo~i mrac bam rit chij.t vao m~t ngoai h't dit. Lo,i nuac nay 
khong c6 kha nang boa tan trong· niu6i, khOng c6 kha nang ·d!ch chuyen tir h't nay sang 
he;tt khac, khong truyen ap ll!c thuy tinh .. 

• Nuac mang mong: g6m nu~.li!n k~t m,nh va nu6c li!n k~t y6u. 

+ Nuac lien ktt ·m'"h: b~ tuang d6i chij.t vao cac h't khoang v•t; khOng c6 kha 
nang boa tan trong mu6i, khOng truyen ap h,rc thuy finh nhung c6 kha nang dich chuyen 
tlr h,t nay sang ~t .khac. 

+ Nuac lien Jc& ylu: lA 16p nude ngoai cung cua. h't d4't c6 tfuh chit gi6ng nhu nuac .. b 
the long thong thuoog. 

.. · 

-=/ 

Nu~tl/dD 
{trong 16 rong) 

: - : · _NIWc lien k't ~u } 

NWc mang mllng 
Nu0c lien kft manh 

Blnh 1.8. Cac d{lng mtuc trong lu;lt khoang v~t 

c) Nuac 1\1 do: bao g6m mrac mao din va nuac trqng lqc 

:·· 

• Nuoc mao din: phat sinh do trong dit c6 10 r6rig, dum li!C cf.ng mij.t ngoai rna 
chung t6n t~i trong cac 10 r&ng ch~ng ch!t d6. ., '· · 

··.'· 
.f_. 
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• Ntt& trQng l1Jc: t6n tfi do qua trlnh c~enh l~ch d)t ap. 

NuCic nay c6 tfnh chit nhu nu6c lJ th~ long t~g thai thuimg. Dum ~c d~ng cia~ tai 
trqng ngoai, nude nay se thoat ra ngoai gay nen d¢ lun dang ke cua·n~n cOng trinh. 

Qic c6ng ngh~ xir ly nen hi¢n nay nhu gie'ng cat, bic thim ... ke't hgp v,~ gia tai ti;~6'c 
voi ffi\JC d.ich Jam cho nude tl! do thoat ra truOc khi xAy dlJilg c6ng trlnh nhim giam d(> 
lun cua nen. 

.• . : ;,· 

1.6. PHAKH1 

T6n ~i ben trong 16 r6ng, c6 the boa tan trong nuac ho~c khOngh;~·a tan, gom: 

• Khf kfn: khang thOng v6i khf quyen ben ngoai. N6 8nh hll'lJng ro r¢t de'n tfuh bi!'n 

d,ng cua d«t nen, "0 nen tfnh nen va tang tinh dan h6i cua dat. 

• Khl bo: thOng v6i khi quy!n, khi chju tii trQng khi nay se thoat ra ngoai gay nen dQ .. 
ltin cila dlt n~n. 

1. 7. cAc cHi mru TfNH CHAT v A TR~No THAI cuA DAT 

1.7.1. Cac chi ti~u tfnh chft ciia dft 

Q=CJa+Qw+~ 

V=V8 +Vw+V11 

Vv=V.+Vw 

1.7.l.l.Tr,ng llt{lllg .riing '(dung.· 0 

tr9ng): dcm vi kN/m3
, T/m3

, G/cm3
• 

Trqng luqng rieng (dung trQng) Ia m¢t 
chi tieu quan trQng phin 8nh dQ ch't cua 
dat, duqc sir d1;1ng nhi~u trong tfnh toan. 

. .• 

0 .. 
-I-

-'--

d' 

TrQng lugng rieng (dung trQng) 111 nhien : Ia trQng lUQllg 
m¢t dan vi the tic~ ~~t lJ tJlng tlW. 111 nhien (dit u6't): 

Dit t6t: 

Trung ·blob: 

Ye'u: 

BUn ye"u: 

Qich xac dinh y : 

Q 
r=v 

y> 19 kN/in3 

y = 17 + 19 kN/m3 

y < 17 kN/m3 

r= 14 + 16kN/m3 

KhOng khl 

> 

>"' 

-. • • I • 

* fJb1 vm.dtft dinh, lu;zt mjn: dung dao vong da biet ihe tich v de tiy miu, can trQng 

hr<,1Dg miu, tu d6 xac d!nh dugc y. . ' 
li :.'' 
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* fJi'J/viti dcft dfnh, co h{ll soi srpz: miu dllt, sau khi can tn~ng lUQng miu, dllqc nhiing 

vao parafin n6ng chay dt bQc kin r6i nhung vao nuac xac d!nh the tfch V. 

Kh6i luc;mg pardfin M1w • .-.~r.~ = M2 - M ,. 

· · · ,z , · · M pclra(in .--+ the ltch parafin: vpclralin = ___..._ __ 

p rr.arufin 

Nhung mau (daft+ pamtin) VilO blnh ch(ra 

mroc d4y ---+- V Mt + parafin 

---+- V = V d4't = V dift + purJiin - V par<~ lin 

M. 
y=-· v 

Doi voi cac lo~i da't h~t th6, vi tri · thi 
nghi¢m glin mtt da't: qlma cac thf nghi¢m 
n6n Cat, tui DUOC ho3c.tlllong XC1- de Xac diflh 

Dao dl}ng D, II, V 
Khoi lu{ln.~ M, · 

.kh6i hi'10g rieng · t\1 nhien~. thuemg duqc sit Khdi lll(ln.~ dd't M
1 

dl}ng de ki!m · tra cOgg._v~~ dlim ch3t ~i 
hi~n tru~~· 

Vf dl} ,.2: Xic dj~dftrqng luQng rieng bang phuang phap dao vong. 

Dao l!ong + dcil 
Khoi l&t(mg M~ 

Kh,i lll{lng ddt + 
ParajinM2 

Thi nghie.m xi.c djnh trc;mg .lu(1Dg rieng cua m()t miu. da't cat bAng phuctng phap dao 
vong c6 qac thbng. s6 nhll sau: Dao vong su dl}llg c6. chi6u eao h = 2cm, dulmg kfuh 
trong d = 6,ltnJ. ~6i lUQng cua dao vong va d{t (di dUQ'C clt va gQt pbAng): 209,2g. 
Kh6i lUQng cua dao vong: 95g. 

Thi/ , h • A d, V 7td2 h 3,14x6,22 2 6o·· ~51 (cm3) -. ctlc CU8.ffii1U it: =- = X = ,.:J. 
.. 4 . 4 ·: 

Kh ,. 1 . • - d, Q 209,5-95 1 892 (;,l 3) - 61 uang neng cua ma.u a:t: p =-= . = , 51 em 
·. .:. v 60,351 

- ~rQng luqng ri!ng t11 nhi!n cua miu da't: 1 = p.g = l, 892 X 10 = 18,92 (kN I m3
) 

·- - -- ·-·--·····---· --- -·· ----- .. 

Thi nghi~m n6n cat: 

. Qi* dnng thi nghi~ phii la cat chuftn, kich thu(Jc h'l-t deu nbau, phai khO, SC1-Ch va 

dugc xac dpm t.l'll® kh6i lUC}Dg rieng Peat 

18 
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+ ft hdn 3% lqt san ~60 (0,025mm). 

+ H¢ so d6ng nhft C0 = 060 ~ 2 
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Van •· 

Binh chtia 
./ catchuin 

··.Non 
// 

PHliONG PHAP NON CAT 

. - Khi nen 

PHliONG PHAP TOI NliOc . 

. ' .. 

Hlnh 1.9. D11ng c~ va .sd dO t/Jf nghi~m non cat va tui mt{Jc 
. ·: . :. 

Trinh ·tl{ thf nghifm: 
. . : 

. i.)tl i !! . .: 

.. ' rr. 

- Urn phing m~t vi trf can do, daQ h6 thi nghi~m. an miu Mt dao len M1• · u; .:· :. · 

- Ma van cho cat chay tu blob vao h6. Dt!a vao the tfch· cat con l'i trong bfuh d~ 
xac djnh: 

V cat sau khi rot = V ctt tnr6c khi rot- (V cat 1rong h6 + V. ~ trong nan> 
,.. Bi!t the tich phain non (do nha sin xuS:t cung c«p): 

~ V cit trongh6 = V d!t = V 

' . 

M. 
~y=-1 

v 
Nguyen ly.dugc tlwc hi¢n tuong 1\f vm thi fi'ghi¢m tui nuoc. 
Vf dl;ll.3: Thi nghi¢m rot cat (sand cone) 

( \ 

• : • 1 ~ • ' i ~ 
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Trc;mg luqng rieng khO ~i m()t diem thi nghl~m ngoai hi¢n tnrimg d11Qc xac d!nh bang 
phuang.pbap r6t cat ($811d ~one) c6 cac soli~u nhu sau: 

TrQng luqng .. rie~g ~~-c~~~At thi nghi~m: Ydcat = 14,5 kN/m3
• 

• • ' • I •• 

• Kh6t luQDg· cat ch:dll ~ng phan non : 1620g 

• Kh6i lu~~bbth~-bibi.c4~'+ non+ cat truoc khi rot: 5324g 

• Kh6i -luqng b~ chll'a-;citt" + non +cat sau khi r6t: 3065g 

• Kh6i lttqng dli Am-~~~ ien ti'r n~n dat: 864 g 
. . 

Xac djnh trQng luqng ri~ng tlf nhien cua da't da d'm ch't t~i hi~n truang. 

- Kh6i luqng cat trong i&: Qcal = 5324 - 3065 - 1620 = 639 (g) 
.; ... · 

• :' l .... - .... 

- The deb lo dao = Th! tfch d~t = v = _g_ = 639 = 440, 69 ( cm3) 
Yd,cat 14,5/10 

- Trong. lurrng rieng dm cila cUt: y = Q = 
864 

= 1. 96(g I em 3) = 19, 6(kN I m2) 
• yu . . . .' · V 440,69 . 

TrQng luQng ri~ng (dung trQng) kho: Ia trQng b.rqng mQt dan vi the tich d!t b tr~ng 
thai hoan to8n kho~ ngh~ la trQng lugng h,t rin trong mQt dan vi the tfch d!t. 

Qs 
Yd=

V 

Clch Xac dinb "(~: ~6. jJte XllC dinh lrlfC ti6p nhll dung. ti'Qng t\1 nhi~D Vdi ·Q. la kh6i 

luqng h't d«t :~i s«y ~o b~ toan (105°C, trong 24h) hate gian ti6p qua c8c c6n$::ih.tc 
tfuh d6i. . ·-· .. 

Trqng luqng ri~ng (dung trQng) h't: la trqng luqng mQt dan vi th! tfch d~t l:J ~g thai 
holm toan ch*t khO, nghia Ia trqng luqng h't rin trong mQt dan vi the tich h,t. 

Qs 
Ys = V 

.s 

Trqng lugng rieng (dung trQng) no nu{Jc: la trqng luqng mQt d<111 vj th! dch d~t C1 

~g thai no nu<k (bao hoa, cac 16 r6ng cua d't chlla "'Y nuoo). 

'Y 
= Qs +Qw 

sat V 

vm Qw Ia kh6i luQng cila nu& kbi nu& l«p d4y cac 10 r6ng. 

Trqng luqng rieng (dung trQng) dAy n6i: Ia trqng luqng·rieng cita·d4't DAm duO.i m1,lc 
nu6c ng-1m c6 xet d6n l\fc ddy J\rchimede. 

y' = Qs -·Qw = Qs- Vs Yw 
v v 

' . ; 
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N6u mAu Mt hoan toan bio boa thl y' = y sat - y w . . . 

Vai 'Yw Ia trQng lu~g ri!ng (d~g trQng) cua nuac- thuang l~y Yw ~ 10 ~/m3 . .";,: , . , 
.. 

1. 7.1.2. Tj tr{Jng h{lt: La ty s6 gitla trQng Iuqng rieng h~t va trQng luqng rieng =mr6t.- · · · · 

G = Ys 
!i 

Yw 

Ti tn;mg 0 11 ph\1 thuc)c vao ttrng lo~i d~t: 

Git 

Git pha b\li (silt) 

set 
D~t chtta nhi~u mica va si\t 

Dlthituco 

Trl11h t\l xac dinb ty trQng ~t: 

G11 = 2,65 + 2,67 

G11 = 2,67 + 2,70 

0 11 = 2,70 + 2,80 

0 11 = 2,65 + 2,67 

I! 

·, . 

Ta dung 1 d~;~ng C\1 d~c bi¢t Ia blnh do ty trQng (pycnometre) 500 cm3 va may bam 
chAnkh~ng 

C6 2 phuong pluip d~ do tY trQng ~t J.a phuang - Mi$ng blnh 

plu.tp dun sOi va phUC1J1g pbap bam hut chan khOng. Vl 
. ' ' '.. . 

ph~ong phap dun sOi g'p ohi~u kh6 khan nen phttqng 

phip born hUt chan kbOng thOng chptg han ca. _ v,ch chia 500cm3 

PhU(Jng phap bom hut chan kh~ng.: 

Dung bam hlit chan khOng de hut ~t ca bQt khi 
c6 trong d«"t d~ the tfch cua nu® bj chi~m cho trong 
blnh hoan toan Ia th~ tfch cua cac h~t dlt. 

BI/Oc 1: DUng trQng Iuqng 111o ~ 100 g di du~c· 

s~y khO hoan toan va lQt qua rAy N0 .10 bote rAy 2 
mrn ngam trong c6c nu& cho dlt hoan tQan blo boa. 

BIIOc 2: DUng pheu va bam xjt nu& d~ d6 d{t vao trong blnh do ty trQng, them nu6c 
de du khoing -113 blnh. . ·· = 

Bllilc 3: Uc blnb blng each xoay .tron de bQt khf n6i len tren m"t thoang mt6'c. 

BI/Oc 4: Om len may bmn hut I~ thlt l tr~g 1 gib. 

Blll!c 5: Dem ra va cho them mr6'c tm khoang 2/3 blnh, (khi do them nu6c vao phai 
d6 nu& men theo thlnh blnh, tra.nb s\f xao tr¢n d~t trong nu&:) va cho len hut trong 

\ vong ·~ 'gia., 

Bulle 6: Dem ra va cho them mtoc de hut tr<mg 1 gio .. ·. 

21 
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..... , 
v Oi ba liin hut gQi khi trong ba tie'ng nhu v~y' cac bQt khi hoan toan duqc rut khoi dat, 

ta cho nuac vao dJty mi~ng b1nh,_ lie nh~ d! bQt kh£ trao ra ngoai. De yen binh trong 

vong 12 d~n 24 gib de toan be) cac h,t bl;li lAng xu6ng, sau d6 nlt h~t mr&: de'n v,ch chia 

500 cm3
, lau s~h -va dung gHiy thfm lau khO nu{fc trong mi~ng blnh. Dem cAn va do 

nhi~td() m2• 

Bubc 7: D6 dft va rira s~ch blnh, cho nu& vao d'y blnh, cAn kh6i lugng binh ty trQng 

chlla dily nuac m3. 

Phlldng phdp d1m soi 

COng thuc: 

Ty ~9ng h,t phii duqc xac djnb lJ nhi~t dQ tieu chub Ia 20°C, nen .khi xac djnh m3 a 
cac nhi~t d() khac, ta phai ti~n hanb hi~u chinh tbeo bang 1.5. 

lJ. 

Binh tY IR}ng 

Binh tY trQng 

Cttorm:vao 
c!Aybinh 

laukhO 

G . 
A = s(T=200C) 

eun-3hd& 
~bOkhi 

G 
II(Tl0 C) 

.... NltOc .. ,. .. 

KL binh + mrac Ma 

Cho ntilc vio 
d4yblnh 

LaukhO 

Hlnh 1.10. Sd d6 phlflfllg phap thi nghi~m tj trpng h{zl bang each dun s6i 



. . ' 
Bingl.S: H~ s6 hi~u chinb nhi~t dq trong thf nghi~m xac djnh tj tri;»~g -..~t 

-·····-·--------- -----····- . ····-····--'---------
Nhi~td()(0C) S6 hi~u chinh A Nhi~t dq (°C) SO hi~u· chinh A 

f-- ~--·- r--·--·-·· --· ----- --··--· ···- ------
16 1,0007 24 0,9991 

··----- ·-·- !----.. --. 

17 1,0006 25 0,9998 
----- ----1-----··- - ~------· ----······-

18 1,0004 26 0,9986 
--·-- .. --------- --··-· --·--- ·--- -----------·-- 1-· -·-·· 

19 1,0002 27 0,9983 ' 
----------- -------- -· ·--·- -·----· 

20 1,0000 28 0,998 
_;;· ., ' 

~- --- --- --- ··: 
-;.;.........,..:..:._ 

21 0,9998 29 0,9')77 
-------· ·--- --· - , ., 

22 0,9996 30 0,9974 
-

23 0,9993 

Vf dl} 1~4: Th1 nghi~m xac djnh ty trQng lu}.t. 

MQt miu da:t kho hoan toan qua ray lmm c6_ kh6i luQng lOg duqc cho va? ·blnh ty 
trqng c6 dung tich lOOml va cho th!m nu~c ca't vao. Dem blnh c6 chli'a da't va nu6'c tren 
dun sOi tr!n ~p cat d~ duOi toan .b() bQt khf ·ra lchoi da't. 

Sau d6 chAm them nu6'c c4't vao blnh d~ (fo bOn hgp nu6'c va d4't c6 dung deb Ia 

lOOml r6i dem can l:J 20°C duc;tc khcSi IUQ'Ilg Ia 138,73g. Cho kh6i Iiiqng blnh ty trQng 

chtta d'y n!Wc cJ:t l:J 20°C Ia 132,5g va ~6i Iuqng rieng cua nu6c la 1 g/cm3
. 

Jac. dinh ty trQng ~t cua miu da't teen. 

Kh6i luQ'Dg da't khO: m1 =lOg 

Kh6i iuqng blnh + nu& + dA't: m2 = 138, 73g • 

KhtSi luc;tng blnh + nu&:: m3 = 132,5g 

TY trQng hft l:J nhi~t dQ 20°C. (A = 1) 

G = mo = 10 =2.653 
5 m0 + m3 - m2 10 + 132,5 -138, 73 

1.7.1.3. B9 tim (49 chfra nu6'c): Ia tY s6 gitm trQng lUQng nuoc trong 10 r6ng Ow va 
trQng luqng h,t ~ , dan vi tinh %: 

W = Qw xlOO (%) 
Qs 

• Dat cang yeu thl c6 d<) Am cang ldn. 

• D«t tu<1ng d6i t6t co W < 30%, d~t bll.n c6 W > 50%. 

Cdch xac djnh d~ tim b&ng 10 say: 
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D9 dm duqc:xac Etinh theo bieu thd'c sau~ ... 

· · · W= A-BxlOO% 
B-C 

trong d6: 

A - kh6'i luqng d~t u6t + Ion; 
B- kh6'i luqng d{t khO +Ion (s<y a l05°C ± 2°C); 
C - kh6i brqng Ion. 

Uy mil.\ ~t blo sl.y ra nen d! nguQi rdi mm dem can. Th~i gian s<y thliang duqc 
chia lam it nh«t 2 14n va toy thuQc vao ~~ d«t: 

2.4 

+ S«'y I~ d4u trong khoang then gian: 

• 5 giC1- d6'i v6i d«'t set va set pha. 

• 3 giC1- d6'i v6i Mt. cat va cat pha. 

• 8 giC1- d6'i v6i dlt chlta thfeh cao va chU'a ham luqng hii'u ca 16n han 5%. 

+ ~y 1~ trong .khoing thai gian: 

• 2 gib- ~~i v6i Mt set, set pha va dlt chtla fh4ch cao h~c lfp chKt hihl ca. 
• 1 giC1- d6i v6i d{t cat va cat jma . 

. ~Y dtn khi kh6t ~uqng chenh l~h giita 2ldn khOng qua 0,02g thl nginlg. 

Vf d1;1l.S: Thf nghi~m xac djnb d~ ~ cua mlu 44't. 

. ;· 

.-------------r------------~ ·' 
--------'Khl -------------------------:-: NWc :-:-: 

:-:· Nt* :-:--... . --

Hlnh 1.11. Mo hinh ba pha CUa dOt ~big vUi cac tr{lng thtii khtic nhau 
·'· 



Th£ nghi¢m xac djnh dQ 4m cua m<}t miu da't set co cac thong s6 nhu sau: 

Kh6i Iugng da't dm va Ion: 24,92 g 

Kh6i btgng d~t khO va Ion (sl:y lJ nhi¢t d¢ 105°C, 24h): 17,53g 

Kh~i Iugng If:·m: 4,~8 g _ 

DO dm cua m'au da't: W = 24
• 92 -l

7
•
53·x 100% =57 l% 

. . 17,53..;.4,58 ·' 
[· ' 0 I ~ : 1 

1 ~7.1.4. IJ~ b6o hoa ( 4~ no nllttc): Ia ty I~ nu& chua trong 16 r6ng cua d(t, du~ d!qh 

ngbia Ia ty s6 giil'a tb! t1cb nttltc V w va the tich 16 r6ng'V v• dan vi tinh %: -· 

v 
S =_.!!.xlOO (%) 

r V 
v 

D6i v6i d{t cat: 

sr ~ 50% : cUt {t am 
50% < S.. ~ 80% : da't hoi dm 
S.. > 80% : Mt bao boa. 

.. ;· 

1.7.1.5. lJ~ r4ng: Ia tY,s6 giila the deb 16 r6ng Vv va the tich mAu.d«t y, dun vi tfnh 

. tbeo % bo~c s6 th•p pban. 

v 
n=.....!... v 

1.7.1.6. HI sd r6ng: la ty s6 giaa the ticb 16 r6ng Vv va the tich h~t=V5,:don vi tinh 
theo s6 th•p pban. . , 

v 
e;::.....!... v· s 

Da't cAng y~u thl h~ s6 rOng cang 16n. 

e < 1 ctl:t kha chtt. .. 
e > 1 d{t rm, x6p. 

1.7.1.7._1Jp chita lh6ng kht A.,: la t:Y s6 
:···'~ •, 

giiia the tich khOng khi trong 16 rOng V a va 
the tich ric!ng ·c6a 44't v : 

::::) A =.v. 
v v 

DUng mo hlnh the ticb rin dan v~ 

(Vs = 1), ta c6: 

a 

c! - :-

a .. - r-

c! 

KhMgkhl 
- - --- -- -- - -- - - - --- Nliiki --.-- - - - -

- - - - - - - -

:;J' 
> 

;;! 

> 

>"' 
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v = l+e; 

==> V = V - V = e- S e = e(l-S ) a v . w r r 
=::).A·= Va = e(l-Sr) =n(l-S) .. 

v v l+e r 

Nh~n xet: trong cac chi ti!u v.t ly cua dlt, chi c6 3 dfi luqng Ia dung trQng t\l nhi!n, 

dQ im VB tf lfQDg h,t (bo~c dung !b'QDg hft) dUf1C xac djlih. lfVC tie'p tlr thl nghi~m. cac 
dfi ht«]Dg con lfi se duqc xic dinh bing cac c6ng thllc trrlh ddi. ' 

aic ·cOng thti'c quy dOi: dlfcl vao SCI d6 3 pha va y nghia. V~t ly cua C;ic chi ~_i~u, mO 
hlnh the tich rin dan vj, ta chUn.g minh duqc cac cOng thd'c sau: 

1) y =y.(l-n) = 'Y . 
d s l+W 

2) e= Gs·'Yw·(l+W) -1 =~; 
. y n-1 

3) S = Gs 'Y W 
r Gs 'Yw (1 + W)-y 

4) 'Ys =Gs 'Yw =~ 
1-n 

.
5
) G -1-e(l-S ) y' = s r 

l+e 

1.7 .2. :C6c chi ti~u t~,ng th8i cua d't 

n 
e=---1; 

n-1 
. -

S = W.Gs 
r e 

e 
n=-(%) 

l+e 

1.7.2.1. Cdc chi tiiu tr{lng thdi cua 44t dinh (set, set pha, edt pha) 

Tuy theo dQ ~m rna dft hfl min 
co the {1 nhiing lJl.Dg thai khac nhau. Th&v tfch eo"' b! nhten w 
Ta c6 the bieu dien cac lrfng thai 
cua Mt theo quan h~ W- V 
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Gim h'" co: wco = ws 
Gf6il~upt deo: wd= wp 
Gi6i h'" ohio: W nh = WL 

Xac 'dinh chi s6 d~: 

Xac djnh chi s6 nhao (dQ s~t): 

T.thAI 
.............. T.thAI dio 
T.thii nh r4n 

rAn 
W00 Wp 

T.NI 
nhlo 

Hinh 1J2. Tr{lng thai cua ddt theo quan h~ W- V 

W-Wp 
TL=B= ---

Ip 



Cdc phlldlig pluJp ·x4c. di'llz giifi ht,m nluio : 
.... .·· ··. . . . ,. '. ; . 

DUilg chom c4u Casagrantb;:·_ :: 
,..}.: __ .. . ' 

- DUng ~~~ .~~~.JI!~ duqc s!y kho, nghitn nho cho .. qua rAy N0 .40. Trc)n d!t 

v .. m· .;:~.· ~cX ..... vb~:d4'.#.i~.-:;~i\U·kfnh phing {ho~c trong COc sit) va u da't t6i thieu trong 
ldtoan thbi ·an Ia 2 · 'li. . .... ~·. g ·.·. gt . . .. ·. '" .. .. . . ·, ··.· . . . -·l·~~f· ·"';· ·. . 

. - Cho dft vao .khQtiig '),/3-4"18. khum, tranh ~0 bqt khi trong d~t, de mc)t khoang tr6ng 
a ph~ tren c:h6 titp ~Uc. ~6;. m6c treo chang li3' duemg kinh dia, dam bio Ct¢ day cua 16p 
dru khong nllo hem 10 mm. , ... . 

-DUng dao cit rinh chia dt:~,r~.lam 2 ph4n theo phuang vuOng g6c vm ti'l}c quay. 
. ·.· . . ·d < ;•. 

- Quay d~u c4n quay vm V$n t6c .khoing 2 vong/s~, d~m s6 14n rm N cho d~n khi 
. . f '· . . 

·cUt trong ata khep I~ mOt dOfll dai 12, 7mm (1/2 inch). · 
. . . I 

- Uy khoing lOg- 20g .dft a vung xung qu3nll :tinh khep de xac djnb d~ ·im. 

- Oicim dQ im cua miu dit va th\tc bi~n I~ till ~ghi¢m nhu tren khoing 3 14n sao cho ' 

s6 14n rdi cua 14n thi nghi~m. thtf nhift khoing 1 0+ 20; 14n hai khoing 20+ 30; 14n ba : ., . 
khoang 30+40. 

Tret Mt vao ch6m ciu DUng dao cit rlnh 

,. · ... 
~- J, • 

~-1·dwng ' 

ait Jam thi nghifm 
(eM bj) 

Chi&u cao 
+ roi cUB chOm 

----1~0~ 
=--=-- :..._ -·- -. -· -=-=--=---=----.:,-·..=:_ --- __ ::____ -
- -- -· - - --
~:- ~----=---~-- -- -~ 
--- ----:. - :: 
-- -- --
-=-~ --~- -~:-~~~-=;-===-~~ :-_~;ii~ ~:- -~~~~-~ 

,:·' 

Hin/J 1.13. M~t c&t ngang va thdng stf czia chom cdu C~agrand~ 

• :ll 

.·: .. 
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: ·i 

!··: 

LogN . 

itiriia 1.14. flfli.ril'i;Ar djnh gim ~n nluio bdng phl!Ong phdp Casagrande 

• Gi6i biJfbh~ Ia··. . . mlu da:t ttng vm' ~~I~ quay ll25 . 
. ·;:~~~~;-_'· ... · .. ·~· .· -··'' ;:·. .. . 

~~ xuy~ con ·· ·" · 

-· MJt con th6p khOrt~ ~' · c6. g6c dlnh 30°, ~ 35inm, trQng llf9Jlg cOn la 80g, dugc 
lip ti'en gi4 gill. Qlo • di che' bi (Dhu phu~g .phip Casagrande) vao lon chd'a min sao 

. . ' . 
cho khOng lin bQt. . ·. 

- Dtt Ion vao vi tri d~m·cOn roi, chinh cho miii cOn rai tie'p xuc vm m*l dift trong lon, 
chinh d6ng h6 do chuy~n djch dltng cOn. 

28 

- Nbi kh6p gill c(m "~cOn xuy~n vao dlt trong 5 giay. 

- Kh6a kh6p gilt y6n cOn, dQC de) ~uy~n cOn vao dlt. 

- Uy qtc)t mlu cUt Dlib .~ong Ion x4c c.1jnh de) diD.· 
- Titn hlnh ~u '4n :~m cac dO Am CUa miu Jdlac ;nhau. . ·>· 

- Ve k~t q~i thf nghi~m dQ xuyen (tl1}c tung) theo dQ im (tl'\)c.hoanh). 

f)Qhln 
c:Uaeon 
(mm) 

20mm 

. ~ r 
eolniw% ·-; -: 

Hinh 1 ~5. Bilu dt1 xdc 4jnh gim h(m nhao bdng plultmg pluip xuy~n con 

Gim h~ nhao lade) am CUa miu tUt tmg vm de) x~yen cOn ll 2cm. 

DUng chuy xuY.fn. V axiliev 



1-~ g6; 4· D\119 cy hrnh n6n; 

2· Khucln; 5- QuA du thing bing 
3- MAu d!t; 6- Tay cdm; 1· v,ch d&l 

Hlnh 1.16. Chuy xuy~n llaxil~v va ki&hth.i4r aJii,iiJu ~n · 

~ngmiinhim 
450x350x6 

say khO - -•GH dio 

BU.h 1.11. Trlnh II/ thl nghi~m x4c djnh gibi hf!n dio· 

. i 

.. , ; , .. 

,. 
:::,. 

- M¢t cOn thep khOng gi c6 g6c dinh 30° dai 35mm, trQng luqng cOn Ia 76g, dugc lAp 

~~- ' 

.· ··~ Miu da:t th1 nghi~m lQt qua ray O,lmm. .. . 

• ·.•r . ! 

- C8c bu(lc tie'n hanb tuong l\f nhu phttang phap x_uyen cOn, nhung th<rl. gian cOn 
xuyen vao d!t la 15 giay. 
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~ Gioi ~n ohio Ia dQ ~ cua miu da't ling voi d~ xuyen con Ia lcm. .. 

Plru~g phap xdc djnh gibi ~; deo Wp: 

- Lay ·ph~ d«t dll b thi n!Ju~m xac djnh gi6'i h~ nhao, dt khO cho gitn den gi6'i h~n 
deo (c'm.nlm khOng dfnh tay nhung vin con tinh deo). 

-Dung 4 ~dll ng6fi ·ray .. di I.iri dlt -tren kinh mo cho den .kbi 'tteii than cac day dfft co 

: D ~ 3mm · xu«t lii~n de vc!t nih rna kholmg each giiia cac vet nih khoing 1 Omm. 
: ... +.fil\i:;x&fet~~)~fnti d6~ QUC dat Vftn chtrd nUt tht dem ve thanh bon Va tiep tl}C Jan 

; : ' derf~bilftg:lia~-cJ~td~ lett qui nhu tren. 

. . . . ·• + N(u-::tf$rdlylflrc6 D > 3mm ma di xuat hi¢n vet nlit thi ta them nuac vao, xe l~i. 
.. ' ·. l.fy:~~~·.4Ay dtt· .d.t :dt1qc ·di~u ki~n nhu tren dem xac dinh dQ am. DQ tim nay 

chffflt ·~·st6i~~ dtO -~ua da't. 

·- . . · 8irigl.6: Xac dfnh tr~mg th~i ciia d4t dfnh dlfcl vao· d~ ~t 
.. , _____ ----· . ----------·------·--- -··-- -

Ten dlt va lrfllg thai ~s~tiL ·---·--- ·-:-- -------. -------- . ····-·-- ·--- ··--- ·-----·- ·-. Rin IL <0 --.-.. --- ··----~·-·--· ... ---- ····- ·-
Oit pha oeo OSILS 1 .--·--... ~--·-·---r------- -

Nhio IL> J ... ·-· -·----·· --~ 
___ ; -----·-· 

RiD Ivc:O - ----·-·· - ·---
Nrta rAn --·--··-------·----------

t pha, set 
, __ __Qeo ctbig __________ .. ___ ·-- ---1--·--

Deoni~m -· 
neonhio 

Nhio 

1.7.2.2. Cdc chi tieu ·trt}ng thdi cda rhi (edt, d4J hon Ibn): 

Ta xac dj.nh ~g thai d«t roi dl}a vao h~ s6 rong: e = y s -1 
Yd 

0 s·IL ~.0.25 

0,25 < IL S 0,5 

0,5 <It s 0,75 

0,75<1t s 1 

It> 1 

Bang ·1. 7: Xac ·dinh tr,ng thai cia d«! rbi d~ !.~~ t.at s6_r6ng 
. . - . 

Lo,i da't Ch.t Chttvim 
Git sci, tho, vua e <0,55 0,55SeS0,7 

x6p 

e>0,7 

Gitnho e<0,6 0,6SeS0,75 e> 0,75 
C8t~t e<0,6 0,6SeS0,8 e>0,8 

Ngoai h~ s6 rong, ta con xac dpm ~g thai dtft rm bing d¢ cb4t tirang d6i: 

h~c Dr= 'Yd -Yd,inin x 'Yd,max xlOO% 
'Y d,max - 'Y d,min 'Y d 
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vm: 
e - M s6 rOng cua dirt i:J tr~g thai tl}' nhien; 

emut.:. It¢ 86 rObs cua dft a t~ng thai rm n,tc nh{t; 

emin ;.. h~- s&~~~ cua di(t a tr~g thai ch~t nhlft. 

Cach xdc dinh~·h: ~· · 
r . -:. _: :._ ·. ':::t.· :'· ~-~·r·.: -~ . 

· • einux .::SJ:y;Jilia'ntiu d~t roi cho dO nh~ nhang· vao blnh 
c6 khlc v;;tch .do the tich vai khoang each Ia 50cm. Dem 
can blnb . tat .·dugc kb6i h.rgng dllt a tr~ng thcii r<ri nhllt U'ng 

vdl mQt t4~ t(chJ!f.~f djnh. se tlm duqc dung trQng khO nho 
. . . 

nhfft y d,min· Tit d6 xac djnh dtRJC emax· 

· Ys 1 emux = · · -
'Yd,min 

• emin : Dung chilo d()ng de nen ch~t miu dllt den mgt 
the t£ch .khOng dOi trong blnh c6 khAc d(). Dem cAn blnh ta 
duqc kh6i ~ugng dft l:J tr~g thai ch't nh«t ling vdi m()t the 

ti'ch xac {tjfib dugc dung trc;mg khO 16n nhft Yd.max· Tit d6 

xac dinb duqc ~min· 

e . = Ys -1 mm 
Yd,max 

Phuong pbap nay con h~ che vl do 8nh huang CUa each thJ!c hi~n xac dpm emax ' emin 

chua th\l'c S\f chlnh xac. 

Bang 1.8: Xac djnh tr,ng thai cua dan rCri d\fa vao d(t chJt tuong d6i 

Dr 

0 ~ D,.<0,33 

0,33 s D, < 0,67 

0,67 s D, s 1,0 

1.8.11NH DAM C~T CUA DAT 

1.8.1. Bjnh nghia v' dAm ch4t 

Tr~g thii cua c:Ut 

X6p 

Ch;t vira 

Ch't 

D4m c~t da:t 18 cho tlU tr~mg d9ng l~p di l~p I,i nhi~u 1~ de lam cho n~n dtft dugc 
d~c ch~c nh~t, sau do c6 th~ xAy d\fllg cOng trlnh len '!en. 

·Qua trlnh d~ ch~t lam tang dung tn;mg cua dft Ia do the ti'ch 16 rong giam, ntc la 
nuac va khf se nhanh chong thoat ra ngoai. 
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Dam ch't thuang dugc thqc hi~n bing each co hQC 
nhu dan lin, ddm n~n ho4c rung d~t. 

1.8.2. Muc tieu cua viec dim chAt 
!J • • • : • 

Giim ~ s6 rOng din dtn vi~ giim ~ s6 tMm ciia ~t. 

'fang d() b&t ch6ng cit, do d6, ling SUe cbiu W cua dat 

Urn giim dO lun clia cOng trlnh. 

Urn giim sq thAin nu6c qua cOng trlnh. 

1.8.3. Tbi nghltm _.,m ch•t . ., 
* DJ!,ng CJ!. thl nghilm: 

- KhuOn d4m Proctor tieu chuAn, c6 the tich V = 944cm3
, tr~>ng luQng khuOn va day 

khuon Q =-4250g ( c16i vbi thilt bj t'i ~ mon). 

- BUa d4m c6 trQng luqng 2,5kg ; chi~u cao rei 30,48 em 

* Trilih tlj thl nghi~m: 

-·Dung khbing 3 + 5 kg d~t di s~y h~c phcri khO; dung chay lam tC1i d~t va cho qua 

rAy N0 .4 (4,76mm).. } 
: Y-:tl•'. ~~ .~ .• : ,--) 

-Them nu& vao CUt kho M ta,o dQ 4m ban ct4u cho miu d~t. trQn d~u. . . 
Ntu .kh6i luqng dft bj ~ cht cho phep sir d\lllg I~ d~t sau 14n lam thi nghi~m d{iu 

tien M che' bi mlu cho ldn llm thi nghi~m tie'p theo. 

DQ 4m yeu c4u cho 1411 thi ngbi~m d4u tien d6i v6i cat Ia khoAng 5%; d6i vlfi dft set 
Ia khoinglO%. NbOng l4n titp thea dQ im se tang len 2-3%. 

- Cho d~t. vao khUOn va ti6n hanb. ddm lam 3 ldp.· Tuy theo moi lo~ dft rna s6 btla 
d'm t~n moi ldp nhu sau: 

I,.ol)i d4't S6bt1ad&n 
D«t cat va 4 cat zs·' 
D(t a set vlt d(t set co lp < 30 30+40 

D«t set c6 Ip > 30 40+50 

Khi cUm 16p th\t 3 c6 glng sao cho sau khi d4m thi dft nho cao han m't khuOn mc)t 
lap khOng Ibn han 2 - 5mm. 

- Thao c6 khuOn va dUilg dao P,t bing m~t. 

- C4n dft u& va khuOn de xac diJili kh6i luqng riertg df{ Am. Dlmg m~t it Mt t!ong 
khuon sau khi can de xac dinh dQ dm. . . 

-4~ ·l~i tbi nghi¢~ vm d() am tang d4n .kholmg 4 ·+ 6 14n cho d~n khi kh6i luqng tht 
t.i~h~. :'i' . 

':"l'j . ,,_ 

* Tfuh toan ke't qua thi nghi¢m 



Buuc ! : Xac. dinfl kh6i brqng the tich 4~t Ain: y = ~ :·. ·: 

; ::· .. 
. . 

v m P (g):- .klle1f~uqng d2lt im ; . . 

v (cm3
) .:_ t¥ tf(fh d~t =·the. t~cb khuon ~am. 

I 

Blli!c 2: X'cAiJili;.kb6i hiqng the tich d~t kh6: y d = -· 'Y_ 
·•· •. ; . . 1+ w 

f·' 

Bulle J: Qua~e~:diem nay ve bic!u do quan h¢ W- 'Yd ( duang cong dam ch~t). Xac 

djnh cac gia trj dung trQng .khO 16n nhAt 'Yd max va·d¢ Am t6t nhAt Wopt· 

Bztoc 4: Dubng bio hoa duqc thi~t l~p theo cOng thU'c: Sr = 
0

s 'Y d W (%) 
· Gs 'Yw -y 

UDg v6i mQt dQ blo boa xac djnh, .khi cho truac I gia tr.i W se tinh dugc gia tri y d 

tuang ling: ve quy tfch cac c'p diem (W. 'Yd) vqoi d¢ bao hoa bAng 80% va 100%. 

1.8.4. Quan ht giita dung trqng kh6 va d() aim 
., 

Wopt 

Hinh ].18~ Bilu d6 thi nghi~m ddm ch9t 

DQ dm ci"Ja d~t: cOng d4m ·ss d{lt duqc hl~u qui cao nh!t khi miu d!t d\lt d~n mQt d¢ 

Am thlch hQp nhit ~~i v<i lo{li d~t d6 dQ dm d6 gqi Ia ~Q im teSt ~t (W ~· 

DQ dm t6t nh~t (t6i th09n) (W orJ la lu.qng ng•m nu6c thfch hqp de d't duqc kh6i 
lugng th! tlch imo 16ri nh4't thlg v6i mQt cOng d4m tieu chudn na~ d6. 

Gidi thich hi~n tU(lng tr~n: . 

- Khi d<) Am cua miu d(t con nho rna sat giiia cac hl[lt rAt Ian lam cho cac h~t .kh6 di 
chuyen dudi tac d\Ulg cua cOng tUm do d6 dung trQng khl> cua dat ciing chua Ian. 
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- Khi d~ im cila miu tUt "'t d&l d~ im th£ch bqp nhift (W opt) thl xung .. quanh cac h't 
dilt xdt hi~ nu& lien k~t mJt ngoli lam cho cac ~t d~t de dang djch chuy~n dWi tac 
d~;~ng cua cOng c:14m, tu d6 cac h,t sip x~p ch't I,i, dung trQng kho cua d~t d't dUQC 
dung trQng khO lao nbilt. 

- Khi dO im cua miu dlt tAng len nita thl dung trQng kh<> ciia d~~ se giim xu6ng 
· do cOng d4m chi truy~n ten ph4n ap l\fc nu6'c 10 r6ng trong d~t lam cJto ti'ng sult c6 
hi~u giim. · 

34 

1.8.4. H~ s6 d4m ddt . . . 

eo 6n tM lhutn 
Ma lit sjla cic btl cSi giim 

.flO dltt tQ da 

£)91mcao 
Ma ait giCla cic htt dMiiln 

Ap file nu6t ldn 
94 dltt chi'p 

~.. . . .· ; 

. • 
1 

Htnh 1.19." Sd tM thi nghi~mphong Xfllhe(l 2 nguyen ly 



H¢ s6 d4m ch;t k dtrqc xac djnh theo cOng thuc: 

k = 'Y d(§i!C) 

. y d.~·~(l~b) 
jt 

· vOi: 

' . •• ' : ... J 

. ~ .. •' i. . , • 

... : ·. i 

y d,max - dung trQng khO Ian nMt, xac dinb blng phtrang ph~p thf nghi¢m Proctor 
trong phong thf nghi¢m. 

Yd,(site)- dung _trQng khO xac djnh t~i hi¢n· truang, bing phtrang phap dao vong, non 
cat, tlii nu& ... 

cac phtrong phatp ke tr~n d~u theo m~t nguy~n ly chung: xac djnh duc:;tc dung trQng tl! 
nhien ~i hi~n trubng, saQ d6 dem miu d«t ve phong thf.nghi~m s4'y khO, tirrt ·(t~ · 4m de 
xatc dinh dung. trQng kho. Cac phuang phatp tren kha m4't thbi gian. Taco th~ xi~ djnh 
dugc ttvc tie'p gia tri·dung trQng khO ~ hi~n tnrbng nhb vao phuong phatp ph6ng .X~, c6 

th~ do lJ diem catc m't d4't kho~g 30cl)l. . .. . 

Nguyen Ide xdc djnh dung tr9ng 111 nhien: 

Pbuang phap d.,a tren stJ y6'u d4n cila tia gamma xuft phati til ngudn de"n ddu thu tin 
hi~u. Cubng dQ _tia gammJl ~ tdi dliu thu se tY 1~ thu$11 vm mtt tfO di~n tit. Tuang tac 
gitla -tia gamma va- nguyen tit v3f li~u c:ang mfllb- thi v•t li~u bi chie'u - d«'t, cang d~ 
chic do d6 xatc dinh d1t(IC dung trQng til nbien clia 
d4't thOng qua-cubng dO cua tia gamma .khi wy~n 
trong dit ·tren Ca sa so satnh. vm mQt bieu gia tq 
chudn, phii hqp v"i titng 1~ may. 

Co 2 phudng ph4p do vOi nguyen lj khQc nhau: 

• -Phuong pluip do ph6ng Xf truy~n tiVc tie'p: 
Ngudn tia gamma dttqc ~~ b d4u do di dQng va -S060 

dugc dua xu6ng slu de'n vi- tri clin do. Tia gamma 
dugc ddu thu ghi nh3n sau khi di di qua moi trUbng 
v(lt li~u c4n do. 

• Phuong phip do ph6ng Xf truy~n giain tie'p: 
Ngudn tia gamma duc:;tc giin lJ ddu do dugc giin a 
bin day cWi maty. Tia. gamma duc:;tc ddu thu $hi 

nh~ sau khi di di qua vtt li~u va tan x~ nguqc 'rlt 
i~ ~ m.t ti6p :xuc gitla _mOi tnr<mg c4n do va m~y. 

N guyin t&c xac dinh d~ dm: 

Phuang phap dl/8 tren s11 gi.im t6c cita n<1tron xutt phat tit mQt ngudn notron nhanh 
do va ch~ chu y~u vm cac h~t nhAn hidro. Bing each do s6 natron bi lim chJm trong 
qua trlnh tudng tate teen kill di qua moi trubng v(lt li~u cdn do, ta c6 th~ xac dinh s6 
luqng nguyen ti:t hidro c6 trong v~t li~u. tir do, xac djnli luqng nu& co trong dft. '· · 
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1.9. PHAN LO~I DAT • 

1.9.1. Theo ti~u chuin ASTM 

Bang 1.9: Pha\n lo,i c1ft theo kfch thuac hft -
theo American Society for Testing and Materials (ASTM) 

T!n~td«t Kfch thu(lc b~ d (mm) 

H,t soi, s~. 76;1. +4,75 
: 

~cat 
C4tbft tQ 4,75 + 2 

cat lift trung 2 +0,425 
C&tbft . . mJil 0,425 + 0,075 

: .·. : 

~tbtJi, set <0,0075 

Blmg i.10: PhAn lo\li dft the0 idch thu& h\lt .. 

theo US Department of Agriculture 
... 

T~n hatd~t 
. .... 

Kfch thooc ~ d(mm) .. 

Da 11n ' >100 
HatCuoi 100+ 10 
Hatsoi 10+2 
at ·lift r4't to 2+1 

C&thftto 1 +0,5 
t " 

Cit 11ft trung 0,5+0,25 
Cithftmjn 0,25 +0,1 
Cit bat ri't min 0,1+0,05 

Hat bill 0,05 +0,002 

Httset <0,002 

Bing 1.11: Ky hi~u Tiing Anh Un dft va lnJng thai 

· .. . .J..oa.LcU't. 
··-· Kf~~u Phan Iotti . :. : ·---· ··---········ 

Da lin (Boulfer) ··· B C<p ph6i t6t (Well-gr8cied) 

CuOi (OJbble) Co ap pb6i x~u (Poor-graded) 

SOi, 8fn (Qravel) .. 0 Pliibyi 
CAt(Sand) 

. , 
s Pbaset r .. 

. ... 

B\1i (Silt) M Tfnli deo tMp (tow -Plasticity) 

SCt (Clay) c ~ deo cao <High Plasticity) 

Htiu ca (Organic) 0 
· 'Luqng h~t min (Fine) lQt qua rAy 

200 (0,074 mrn) 

BUn, tbau biin (Pr,at) ____ L _ _!L 
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Dft h~t thO: khi c6 ~50% h~t tren ray #200 (0,074 mm) 

D&:t h~t mjn: khi c6 ~ 50% h~t dum ray #200 

SOi, s~ (G) :.~50% la h\lt th6 (tr!n rAy #200; 0,074 mm) va >50%. tr!n ray #4 

(4,76 mm). 

-w {~~11) khi Cu ~ 4 va 1 ~ cg ~ 3 => ow 
- P (poor) nguqc 1~ => OP 

C8t {S): ~ 50% Ia hft th6 (tr!n rAy #200) va > 50% tr!n ray #4: 

- w (well) khi Cu ~ 6 va 1 ~ cg ~ 3 . => sw 
- P (po~r) ngllgc ·I,i => SP 

- Khi C hayM cblia tren 12% Ia dM h\lt mjn va can ctt vao dltC1ng A~ OC hay OM 

- Khi C hay M chtta khoang 5 % - 12% dilng ld hi~u k6p: GW-GC, GP-GC 

SCt (C):> 50% Ia ~t mjn {IQt qua ray# 200) va tr!n du<mg A (gian d6 Casagrande)·. 
' ·: • •• 1 • . . 

Bt.,ti (M): > SO % ll hft mj.n (lQt qua rAy# 200) ·va dtmi dirbng· A: , · 

- H khi WL. ~ 50% 

- L khi WL < 50% 

Ddtdinh 

Chla6dio lp 

60 

50 

40 . ·;, 

30 

20 

.. 
10 

Q.·ML / 

-+CHhayMH 

-+CI...hayML 

eft hOU ca r8t c100 
CL / 

/ 
I"' .. v 

/. 
/ 

EWbyiML 
vacJfthou 
cattdAo 

I I 

,.,4 

I I I 
e~t hou ca rft deo v 

CH ./ 
Ip = 0,73 (W(·20) 

v . . ' ~ 

/ 

/ 
/ 

v 
k:: 

.. ·= 

_ eft hO'U ca rft d40 ... 
MH 

ilft hOU ca rft cliO 
OH 

:' 

.. 

0 10 20 30 40 50 60 70 80 90 ;r ; ... ,00 
G!Oi hfn c:hiY w~ 

. ··: l;':; 

Hinh 1.20. Gidn do Casagrande d! xac djnh ten va tr{lng thdi CUa Mt dinh 
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QUI TRINH PHAN LO~ DAT • 

,..- flit s6i oou ~ lhO tren ray N•4 
.. (4,75mrn) >50% 

- HCJ150% ~t tren ray 
N• 200 {0,074nvn) thi 
aft~ nh6m hft thO 

Raymlu.-i i aft cAt nfu ~~ thO tran n\y N•4 
1--

..___ 
(4.75nun) chifm s 50% 

bing "* hell SO% hfl tren 
"-- n\y N• 200 (O,Q74mm) thl dft T ra giin d6 Casagrande 

thuOC nh6m hfl min . 

Theo tMu ch~ Yilt Nam 

Bing 1.12: Phln lo•i d't theo kfcb thu& b•t • theo Ti~u chuin Vi~t Nam 

Tenbttdft Kfch thu6c ~ d (mm) 

I>Alln . >300 

f4t cuQi, dam 150+ 300 

IB.t SOi, Sfll . 150+2 

Hate6t. . 2+0,06 
" .. 

" 

Hat b\t'. • 1 0,06+0,02 I 

f4ts6t <0,002 

Ten d«t Phln ph6i ~t tfnh bing % 

Dfthbnl&l 

Da dim, cuQi. KL ~ lcm-tren lOrtun tren 50% 

SOi, SIJil KL h~.t loo tren 2mm tren 50% 

Dftcat 

cat sbi KL ~ 1&1 tren 2mm tren 25% 

CAt thO KL hat 16n tren O,Smm tren SO% 

cat vita KL hft 16'11 tren 0,25mm tren 50% 

catnho KL hat 16'11 tren O,lmm tren 75% . -··.'·· 

cat b¢t KL h't 16n tren O,lmrn dum 75% 
' 
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Chi s6 deo .Ip Tend{t 

Ip > 17 set 
7~Ip~l7 set pha 

. Ip<7 · ... C&tpha 

· "LtfU, j: 11'!C9 tC\fN, gi6i h~ ohio W L se dtrqc xac djnh tir th1 nghi~m chuy xu yen 
Vaxiliev, v~ri cho gia tr! sai l¢ch dOi chut vm phudllg phap thi nghi~m dung chom c~u 
Casagrande~ Ne'u dung dyng cy Casagrande de xac dinh gioi h1;1n nhao, mu6n phin loi;ii 
d~t theo TCVN, ~ c6 th~ chuyfn d6i: 

w~axi =a wpsa -b 

WLvaxi ' WLOula Ia cac gioi h~ chay theo. Vaxiliev va Casagrande; voi a = 0, 73 va 
b = 6,47% ttng vm d~t co gioi h'" chay til 20% + 100% 

Dft bun: 

BUns~t IL:> 1 WL>W e> 1,5 Ip> 17 

Bi'inas~t IL> 1 WL>W e> 1,1 7~1p~17 

Biin a cat IL> 1 WL>W e>0,9 Ip<7 

BAIT~ CHU.'jNG 1 

Bai 1.1: Cbo mQt miu dS:t set, tri;lng thai deo cU:ng, bio boa hoan toan, c6 c~u cao 4 

em va dulrng kfuh d = 6,4cm, can n~g 235g. Kh6'i luqng h1;1t sau khi. s'y .khO .Ia 175g. 

Ty trQ.ng hft 0 1 = ~ .• 68. L~y trQng luqng rieng cua mroc ~ 'Yw = 10kN/m3~ Xac djnh cac 
~c tiUng sau cua miu dS:t tren: 

a) Tr9ng luqng rieng tq nhien 'Y (kN/rn3
• 

b)DQimW%. 

c) fi~ s6 rO~g e. 

d)Trc;mgluqng rieng khO 'Yd (kN/rn3
). 

Giii: 

a) TrQng lugng rieng w nhien 'Y (kN/m3
) 

, _ 1td2 3 14x 6 42 3 
- Thf llch cua mlu dSi: V = -h = ' ' X 4 = 128,6144(cm ) 

4 4 

- Kh6i luang rieng cila rnAu d&t: p = Q = 
235 

= 1,827(g/ cm3
) . v 128,6144 

- TrQng hrqng rieng tg nhien cua m!u da't: 'Y = p.g =·1,827x 10 = 18,27(kN I m3
) 
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b)~irn W% 

DQ im cl\a miu d~t: W = Qw = 
235 -

175 
x 100% = 34, 28~ 

Qd 175 

c) H~ s~ rOng e 

- D«t bio boa hoan toan ~ Sr = 100% = l 
.. . ' . 

H
A 6l A . .. Q.._,W 2,68x34. ,28 

0 92 - ~ su rung: e = ,.. = = . . s 100 ' 
r 

d) TrQng l~qng rieng khO 'Yd (kN/m3
) 

- Trong luang rieng khO cua rniu dJ:t: y d = _Y- = 
18

• 
27 

= 13, 606(kN I m3
) 

. . . . . 1 + w 1+0,3428 
. . 

. Bai 2.1: Xac dpm ·c4c gim ~ Atterberg cila mQt miu d«t c6 d~ im tl! nhien la 
49,5%, cic s61ieu th( nghiem duqc the hien trong bing sau: 
r-· -

Gi6i hiJI1 ohio 
S6hi~u Ion Dan vj 

N30 N19 N70 
r---· 

'4.0 

S6 14n rai (N) 14n 22 30 39 

Kh6i luqng tUt ~ + lon g 24,92 17,99 16,06 

Kh6i lUQila dlt khO + Ion g 17,53 14,16 .13,43 

Kb6i luqog lon g 4,58 4,46 4,43 

Giii: 
' . 

Ta co bing tfnh va d6 thi W -log (N) nhu sau: 

Danvj Gim hfll nhlo 
S6hi~u Ion 

N30 N19 N7o 

S614n rai (N) ·14n 22 30 39 

Kh6i luqng d4't b1 + lon g 24,97. 17,99 16,06 
. - - . - -

.. 

Kh6i luvng dft khO + Ion g 17,53 14,16 . 13,43 

Kh6i luqng lon g 4,58 4,46 4.43 

~im % 57,()66 _39,485 29,222 

Oim h.n Atterberg % w~.=-52-,t-·-· -· ·-·--

Chl s6deo: 

au s6nbio: . . 

lp (%) = 52,1-23,4 = 28,7 (%) 

IL = W-Wp = 49,5-23,4 =0, 91 
. Ip 28,7 . 

Gimh~deo 

N2S N62 

28,55 27,82 

25,41 24,81 

11,96 11,96 

Oi6i h"' nhio 

N25 N62 

28,55 27,82 
--- - -

2~,41 24,81 ., 

. :~·A·~-· 1.1,96 
•• o I 

23,346 23,424 

-- --W-,= 23,4 



70 

60 
.. 

50 
-'#. 
~ 40 
~Ji 
0· 
Gl 30 

\ 
1\ y = -48,875Ln(x) + 207,38 

~ 
- ....._ 

' 

• 
~ . ! . :'· .. 

20 

J. 

10 ·~ 

10 25 S614n raiN 100 

Ket lu~n: 

Theo ti!u chuan AS1M, dt,ta vao hinh 1.20: ~ D«t set ra't deo (CH).:i L 4=~n} .. 
WL =52,15 

Theo.·TCVN 5747:1993, ·cac gim h911 chiy va deo duqc xac djnh theo .P~Udllg phap 
. Vaxilieve nen d! xac difih ten vA tllng.thai cua d«t, ta phii tie'n hAnh cbuy~n d6i: . 

WVax L = aW~- b = 0, 73 x 52,1-6,47 = 31,6(%) 

w:ax =W?' =23,4(%) 

I~ax = 8,2(%) 

1Vax_49,5-23,4_ 32 l 
L - - I > 

8,2 

--+ J>.«'t set pha, tr~g thai nbio. ..·. . . 
JIM 1..3: M¢t mAu d«t a t~g thai tl! nhi!n co duemg kfnh 6,3cm va cbi~u cao 10,2cm, 
. ·. . . I 

cAn nQng 590g. L«y 14,64g d4't tren dem say khO bo~ toan, dem ciiJ.lfi duqc 12,2g. 

Gi6fh{Ul nhio WL = 25,0%, gim b~ deo W P = 15,0%. Ty trQng b't 0 5 ~ 2,67. Uy trQng ~ 
lug}tg 'rieng cua nuac Ia 'Yw = 10kN/m3

• Xac dj.nh cac d~c trung sau cua miu.d4't tren: 

a) H~ s6 rOng e a tllllg thai tt;r nhi~ CUa m!u d«t. 

b) DQ bio hoa Sr. 

c) DQ r6ng n (%). 

d) T~Qng_lugng ri!ng dAy n6i r' (kN/m3
) 

e) Xac dinh ttn va tr~;IDg thcii cua d~t theo TCVN, ASTM 
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0 an th~m vao miu dl't m(lt luqng mt& bao nhi~u (ml) dt miu di't bao boa hoan toan? 
g) Xac djnh trQng lU9J1g rieng bio boa khi Sr = 1? 

Giai: 

a) H~ s6 rOng e a tr\\ng thai t~,t nhien cua miu da:t. 

. 2 2 
-The tfchcua miu dft: V = 1td h = 3.J4 x

6
•
3 

x l0,2=317,8(cm3) 
4 4 

- TrQng luqng rieng t~,t nhien ciia mlu d«t: y = p.g = 3~~~ x 10 = l8,56(kN I m3
) 

-DO!mcuamiud«t: W= Qw =
14

•
64

-
12

•
29

xt00%=19,12% . . ~ ~~~ . . 

- TrQng luqng rieng h~t: 'Y 11 = 0 8 ."f w = 2, 67 x 10 = 26, 7(kN I m 3) 

- Kh6Huang-rieng khO ((mg vai toan miu): Q., = 
590 

X 
12

•
29 

= 495, 3(g) . . ,, 14,64 . :-

-The ti~h~h,t: V
5 

= Q~~ = 49~3-(g) 
3 

= l85,5(cm3) 
· Ps 2,67(g/ em·) 

-The tich ph'n rOng: Vv = V- V.'i = 317,8-185,5 = 132,3(cm3
) 

H I{ - vv 132,3 - e Su rong: e = - = = 0, 71 . v." 185,5 

b) D(l bao boa Sr 

- Kh6i luqng nuCic (ling vai toan miu): 

Qw =590-495,3=94,7(g)~Vw =94,7(cm3)· 
;·: .. . . 

.· ..; . . ; ,, . v 94,7 
-l)Qbaohoa: sr :::--YL=-xl00%=71,58% 

· Vv_., l3Z,3 

c)DQrOngn 

D - e 0,71 % - o rf>ng n: n = -- =-= xlOO = 41,52% 
· 1 + e 1 + 0, 71 · 

d) TrQng htqng ritng d~y n6i y' (kN/m3
) 

1, . .;~' •. ·y' --- (Gs -1)- e(1-Sr_2.Yw --· 0,859(g I cm3) - n;mg hrqng m!ng uay Ii.CH: · ·- , 
- - l+e 



e) Xac djnh t~n va tr~g thai cua d~t theo TCVN, ASI'M 

: : .. ·. :~ f 

Theo T~VN .5747:1993,7 < {., <17 ;0,25<11~ <0,5~ d{t set pha, tr~ng thai deo. 

Theo ASTM: WL =15% ; IL =41,2% ~ CL (d{t set pha, tr~~g tluii deo t~ng. blob). 

. l 

f) an them vao ndu d«l m()t brqng nuCic bao nhi~u (ml) de mAu d{t bio hoa hoan toan? 

Khi th~m nucrc, miu da't bao lioa hoan toan, Sr= 100%, d() am h1c do cua ·iniu d{t Ja: 

W= Sr.e = 100x0,71 =26,6% (e= Vv khOngddi) 
OS 2,67 v.'i 

· .. :";f' ··' 

- Kh6i lugng nu6'c t~:ong miu da't h1c sau: Qw = Qs.W = 495,3x 0,266 = 131, 75(g) 
:!• I : .. 

- Kh6i ltiqng fiUOC c4n them vao: Q I W = 131,7.5- 94,7 = 35, 05(g) ~ v~ = 35, 05ml 
. . . ~ : . 

g) Xac djnh trqng luC1Jlg rieng khi bao hoa 

- Kh6i htQng mlu d{t khi biio boa: Q ~ Qw + Qs = 131.75 + 495,3 = ~27, 05(g) 

- TrQng IUC1Jlg ri!ng bao boa cua miu d!ft: Ysat = p.g = 
6:17;~ X 10 = 19, 73(kN I m3

) 

• 0 : 

Bai 1.4: Thf nghi~m Proctor tieu chuin cua I miu cat b~t trung c6 k~t qua nh~. trorig 

bang. Xac dinh dung trqng khO lan nh{t va d() Am t6i thu.n cua miu cat tr!n. 

Bang k~t qui thf nghi~m daim ch•t PROCTOR ti~u chuAn 

cac chi tieu thi nghl~m . Dcm vj 
S6 thll' llf lin ddm 

1 2 3 4 5 

· A .. Kh6'i Iuc;mg d(t Am + khuOn g 3264 3396 3509 3644 3638 

B - Kh6'i luc;mg khuOn g 1954 1954 1954 1954 1954 

c - the tich khuon cm3 944 944 944 944 944 

Ky hi~u Ion chtla 11 4 3 8 18 
,, 

A - Kh6'i luqng dft am + Ion g 83,57 71,57 60,90 60,83 65,06 

, B - Kh6'i Iuqng d4't kho + lob' .. g 75,0? 61,91 51,89 49,60 50,33 

C - Kh6i luqng lon g 13,41 12,77 13,80 11,86 11,96 
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. '. : .. 

Giii: 

Ta c6 bang tinh va d6 th! y d - W nhu sau: 

Bing ketqui thi nghi~m dam ch*t PROCTOR ti~u chuin 

Oic chi tieu thf nghi~m 

. A-

B - luqng khuon 

C ~ 1M tich khuon 

A-B 
Dung trqng 4m: y = C 

Kt hi~1rlon chta 

A -trQng d«t4m+ Ion 

B- dft lebO + Ion 

C- .I on 

DOdm: W=A-B 
. · B-C 

Dung trong lcho: y d = 1.w . . 1+ 

1,40 

-

S6 thll' tl! l4n ddm 
Don vi do 

1 2 3 4 5 

3264 3396 3509 3644 3638 

g 1954 1954 1954 1954 1954 

cm
3 944 944 944 944 944 

glcm3 1,387 1,527 1,647 1,790 1,783 

13,41 12,77 13,80 11,86 11,96 

% 13,8 19,7 23,7 29,8 38,4 

M! 1,30 4---J---f-1--f-----f----f-~---f 
>-

1,20 +----1---+---+----+----11-------t 

10 15 20 25· 30 35 40 
~4mW(%) 



Kltqud 
·'. 

1- Dung trQng kho 1011 nM't: y dmax lc = 1,380 g/cm3 

2-~D¢ im t6t nh«t: W opt= 29,5% ·' ·· · ... 

Bai 1.5: vt ~ l«p n~n clio 1 khu dan cu, ngubi ta chQn 1~ v~t li¢u rm. c6 d(> am 
. ~ . . . . . 

la 11%. D~m.miu d«t san 14'p nay v~ lam thi nghi¢m tieu chuin Proctor tieu, ta duqc 
bclng lett qui sau: , . . . 

. . .. , -. 
·. . L· 

S6 thl1 tql4n cUm ' 
l>fi liiqng Danvj i 

1 2 j· ,. 
4 

Dung tr9ng im kN/m3 1.8.2 18,9 19.8 20~2 
.. .. 

DQim :.%. 7 10,2 13,_3 15,8 .. 

a) Xac dinh trQng luqn~:rieng ldtO Ian nhlt rna l~i Mt nay khi,4~:~6 U,.e dff duqc. 
b) :l~h6i lUQng dA't di dU(tC sly khO hoan toan de ddm ch't .1~ ;3.k&,:;Xi~.dpm luqng 

· nu8c them vlo (nil) de miu Mt tAng d() im tit 7% de'n 10,2%. · 

· c)Ne'u dtmg 100m3 dA't tren de san n~n t~ phai them vao bao npi~u lit t:IU~ .. ~.~ khi Iu 
len dft dQ ch~t tren, ~ho bie't dung trQng t~ nhien ciia dA't dip Ia 15 kN/m3• · · · . · · 

Glii: 

a).Xic dpmtrQng luqng rieng khO 16n nha't 

S6 thtl' tii lin ddm .. . ·.: 1 r ,.~ • . .. ; 

Dfi brqng ~anvj 
l 2 .. 3 4 

Dung trQng im kN/m3 
"'· 18,2 18,9. .. l9.~:l .20.2 ; . .... : '• 

DQirn % 7 10,2 13,3 15,8 

Dung trQng kbO kN/m3 17,01 17,15 
.. 

. 17,48 17,44 
.... 

TrQng luqng iieng khO ldn nMt 'Yd max = 17,48 kN/m3 

b) Kh6i luqng Mt di dugc sa'y khO hoan tolm de ddm c~t Ia 3kg, xac djnh lugng 
nuac them vao (ml) de miu da't tarig d() im tir 7% de'n 10,2%. 

~ im tang len: 10,2 -7 = 3,2% 

Luqng nuac them vao: w = Qw -+ Q~ = W.Qs = 0, 032 X 3000 = 96(g) = 96(ml) 
Qs 

. . q·,=t 

c) Ne'u dimg 100m3 dtt tren de san n~n thl phcli them vao bao nhieu Ht nu&: de khi lu 

len dft d() chJt tren, cho bi!t dung trQng ~ nhien ctia dit dAp Ia 15 kN/m3
. 

De} c~t tren l'rng vm de} am la 13,3%. 

DO Am c_«n tang len: 13,3-11 = 2,3% 

Kh6i hrqng d~t d~ ch~t: 100~15 = 1500 kN·= 150000 (kg) 
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Kh6i luqng da:t khO hoan toan: Qd = _g_ = 
150000 

135135, 135(kg) 
. l+W 1+0.11 

Luqng nu& them vao: 

W = Qw ~Qw = W.Q
5 

::;;Q,023xl35135411=3108(kg)=3108(11t) 
Qs . 

Bli 1.6: MOt ~P c6 kich ~u& 30m x J ,5m chf.y dai lam tir cUt d4m ch't. ~t dugc 
v3Jt chuyen tO' bi d{t cat g&t d6. D(l diD cua dft ~i bii Ia 15% va h~ s<S rOng 0,69. Dung 

41>· . ~CUt dlfi1C ~. cJ4t cdn tbi6t ~~ kN/m3
• XAc djnb, cho I km chii!u dii ~p, cic: 

y6u t<S sau: f ~ 4J-) a > ;. .( \ 1'-- r-
. ' ' ") 

a) 'Ib~ tfch dft cat lfy tit bii cdn thi~t de xly dlplg. 

b) S6l~Qiig .xe tii \1.n chuy~ dft c6 slh: ebb thyc t610m3 /xe dn thi~t. 
c) Luqng nu& ehU'a trong dft lltn moi xe tii ebb d4y d{t. 

d)I>Q bio hoa·clia dftcat i1 hi~n trUOng. 

Glii: 
Dung trQng khO cua dft til bii: 

y = 0 5 xyw = 2, 7x9,81 = 15, ?{k.N I m3) 
d l+e 1+0,69 

TIJe tich cua d.p tren Hem chi~u dai: 

V = 30x1,5x103= 45x103 (m3
) 

The tich d{t I«y tit bii c4n thi~t: "i (Q t !!- ~J c lJ.c, ::. ~l. y j.--:/ Yd 2--· V 2-

vc, =__It_ V =_!!_x45xl0~ =51,6x103 {m3) 
y dbai 15,7 " 

S6 luQng xe c4n thi~t: 

51,6xl<Y 110= 5160 (xe) 

1 . 'ITQng hf\mg dftkh6duta 'trong.~Qt xe: 

wd =l0xl5,7=157(k.N) 
•' 

TrQng luQng nu& chUa. trong mQt xe: 

wd = o,isxt57 = 23,6 <kNh. 
D¢ baohoa: 

S = wG8 == 0,15x2,7 =O 59 =59% 
r e 0,69 ' 
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Bai 1.7: M()t ~P Mt dip c~ 1 tri~u m3 d~t len ch~~ d~n h~ s~ r6ng -~~8: Trong ~u~g 
tan.~~ 4l1 d~ ;XAy dl;lllg dtp. co 3 bii dft dugc xac djnh Ia phil hgp'di'dip. da't. Gia 

thanti mua da't ctlng nhu dao dft nhu ·ilhau d6i vai 3 bii, sa.r khac nhiui 1 duf nhit-Ia· :g1~ 
thlmb vf.n chuyc!n. H~ s6 r~ng va gi~ thanh v~ chuyc!n ciia mOi bii drt· dUQt ·cho trong 
bangCfti'&. Sitdyng 'd{t ti'J bii DftO sC kinh t6 nh~t'l . !I . 

Pijd4't H~s6rOng Obi thanh v~ chuy~n (USD/m3') 
":' .. 

i 1,8 0,60 

2 0,9 
.... .. 

1,00 .. 

3 1,5 .. 0,75 

Giii: 

0Qi V0 , eo lath~ tlch ri~ngva h~ s6 rOng c~a da't dim ch't cua <1tp·va Vi,'ei Ia tke· .. , 
tfch rieng va h~ s6r6ng ciia 4tu~ cac bii (i = 1,2,3). 

Tac6: . \j <!., 

v. l+e· _ j 
v;=l+e~ ~ \! ~ VJ -1 +e)_ 

Suy ra: 

v. = V. '1 +ei ~ 1x10
6 

(l.+e·) 
1 0 1+e 1+08 1 

0 .t 

Tir do suy ra the t(c)l d«t .c~ ~fy tiY cac bii va gia thlnh v~ chuyen ttrang 6ng. K6t 
qua cho trong bing: : . 

Biidft The tfch (m3
) Gg thlnh v$11 chuyen (USD) 

1 ·1,555,555 AI I 933,333 

2 1055 555 . t t 1,055,555 

3 1,388,888 1,041,667 
' . . 

D{t lfy tik bii dit 1 se kinh t6 nh{t. 

Bai 1.8: Cho.mQt miu dtt cp ~ubng kfuh 7cm, ~ao Scm. Khi dem cAn c6 trQng llrqng 
365g. Sau khi sfy khO, miu dit cAn ~ing 300g. Dem miu d{t lAm thi ngiii~m ilhio - d~o 
ta dUQC gidi hQ.D nhiio la 27% va giOi h;.ut deo }a 13%. '11Jfilghi~m ti trQiig ~t ta·dUQ'C 
2,66. Hay xac cfinh: ) . ~. . .J 

a) TrQng luqng rieng (dung trQng) t\l nhien cila,miu dft. : ' 

b)D()Am. .·i. ,, 
.. ; 

c) Trc~mg lugng rieng ,(dung tr~mg) khO ciia m!u dft. 

d) H~ so rOng ~ . 
e) D() n~Jlg n (%). 

f) D~ bao haa Sr. 
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g) Ten d«t. .. 

h) Tllf1J ,tluii c~ --~ft theo ~· ASIM. _ 

Bai 1.9: Olo-k.h6.i luqng th~ tich t1J nhien mc)t miu dft lap= 1860 kg/m3
, Iq16i luqng 

th~ tich ~til p,-= 2650 kg/m3, va d~ iin w F 15%. Hay tfuh: : . . .. !" 

a) H~ st5 rOng e . 
b)£>~ rOng n (%) •. 

· c)~ bio hoa S... 
Bli 1.10: Ktt qui cua t1U ngbi~m d~ ch.t mau dft trong phong nhu hinh ve. 

l)~ac dinh wng d~ dm U'Jlg vm h~ s6 d4m c~t K ~ 0,98. 

2) TrQng luqng rieng khO ~ mc)t diem thi nghi~m ngoai hi~n tnrbng du<;~e xac d!nh 
bing:phuang phap r6t cat (sand con~) c6 cac st5li~u nhu sau: 

• ;i'. • .I 

Bilu c16 thl nghltm cUm ~t 

10 15 20 . 25 30 
DOinW(%) 

• Kht5i luqng d't lfy len w n~n d«'t cAn n~g 1181g sau d6 dem sfy khO va can 1~ 
dU\lC 963g. . . 

~ ~ ltiqjlg eua- b1Dh ~-~ khi rot can ~g-5-l8lg·va sau khi rot can 1~ ~ 3~g. 
' '; I 

• 'fh6 tich cua.cOOe ~:~6n ~ 248 cm3• ·. . . _
1 

. .. 

• Kht5i lU{1Dg rieng cua cat thf nghi~m la 1,423 g/cm3
• 

Xac dinb h~ st5 d4m ch~t K tfi diem tlU ngbi~m. . 

Bat 1.11: Ktt qui thi ngbi~m xac dinb gim h~ nhio WL (%) bAng pbu<1ng phap 

chom c4u Casagrande va gim h~n deo Wp (%) cua m~t m~u .dft dinh nhu trong bing xac 

dpm gia tq trong bang s6 li~u gi6i ~ nhio va bi~u dien diem nay len d6 thi quan h~ 
W{%)vldogN. -,( 

. ' .. d ·': 
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a) Xac djnh gi~ h~ nhio WL (%) va gim deo Wp (%) ctia miu dA't. 

. Bic!t miu d~t dfnh tren c6 ham luqng hi)t set Ia 80% va d(> am tq nhien cua miu d~t 
khi nAm duoi n6n dlt_la W (%) = 60%. Xac djnh ten cua miu d~t. 

... 
n . ; : 

·oHrihao ' : 

~i 
GHdeo 

Kyhi~ulon Ml M2 M3 Vl V2 

Kh6i tuqng d«t jro+too <g> 24,76 29,72 27,45 23,68 24,46 

Kh6i luv;tng d$ khO+lon (g) 20,58 25,07 22,69 22,97 23,43 
. : 

Kh6i lllQng Ion (g) 12,85 16,07 13,21 . . 19,74 .. 18,71 

l)QAmW(~) .. • •. t ~ . 

861411 rai ch cblnn c4u N 11 24 39 ___,.-~ 
Kttqui 1N (%) 

Bai 1:12: · MQt mlu dlt set bao hoa nuac c6 hinh. di)fig k.hOng xac dpm. '1~ $)g 

605,2g. Kbi mlu dtt duqc bqc kfn bing paraffin can (trong kh®g =khf>..pt,pg ,(l14,2g va 
chi«m mQt th~ trch·3llml khi nh«n chbn vao trong ~u&. $lu~_.b6c ~ vo ~.~n, 
mlu da't dUe;~(: sa'y khO va can n~g ·479,2g. Cho tY trQng cua paraffin i:J t~ng tiiafi cthlg Ia. 
0,90. xac dirih·dQ im W(%), tY trQng hf.t rin o., trQDg luqng rieng khO 'Yd va h~ s6 rOng 
e cua miu da't. Uy trQng luqng rieng cua nu~ Ia y~ =9,81 kN/m

3
. 

8811.13: ·IJI thi olympic co hf)c loan qubc nlim 2002 
. . 

MQt 16p cat day 8,9m c6 h~ s6 r6ng e = 0,5, tY trQng 
0

5 
= 2,67. Mvc nuoc ng4m l:J d() sau 3,9m. Tren mJ!c nu& 

ngdm Ia dai ·bio boa mao din vm dQ bio boa Sr = 1. Tren 
dm bio boa mao din da't a trf.Dg thai khO. <lto phep dUng 

'Yw = 10 k.N/m3
• 

Hiy tinh va ve bi~u do phan b6 ling soot tOng cr, ang 
suift trung hqa u va UI.lg su.ift ~~u qua a' theo chi6u sau. 

· qua cic di~m ABCri .. · . . . : · . 
. . .. . 

881 1.14: Dl thi olympic Cd hf)c loan qu6c nam 2005 

h3=5m 

Tfnh luq.ng nullc s.,ch c4n d! dieu ch~ vita set bentOnite t~ m~t dn bQt set c6 dQ Am 
W = 10% ty trQng hi)t 0

8 
= 2, 75. Gii ~~t trQng luqng rieng c~ vita set y =11,5 KN/m

3
• 
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· ....... . 

Chuang2 

PHAN 86 UNG SUAT TRONG I>AT 

2.1 KHAI NroM vE DNo suAT 
Djnh · nghiil : tJng sua't Ia cubng d(> cua n(>i ltJc tren m(>t dan v! di~n tfch. 

- r AP p= lffi AF 

Xet I diem M thu(>c da't n~n <t .. d(> sAu z, cbiu tic dl}ng blti I tii trQng p tren m~t dA't. 
Di~m M chju m(>t ap Ivc·tac dl}ng:len-n6, gQi Ia llng sua't t'i diem M. 

Dan vj ·cu.a dng sua't: kN/m2 
, Pa, kPa, MPa, kG/cm2

• 

z 
M 

Hinh 2.1. Mo hlnh 1 dilm trong neiJ Mt dum tac dl}ng cua l"fc p 

M ~c dich nghiin cflu 

Khi nghien cw bi6'n d,ng, dn dinh va cuang d(> chju tii cua n~n da't, ciirig nhu tlnh . 
to an m6ng vl cac. cOng triD.h xiy dtplg trong dit, chung ta ~ phai bi~t dlf\1C t$g thai 
lhlg su4't cila dit. 
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Nghien c~ ling su(t tac dl}ng len diem bit ky nam trong n~n nh8m ffii}C dfch: 

• Tinh to4n dn djnb' va site chju tii cua n~n, m6ng cOng trlnh. 

• Xic dinb ph,m vi cbju mSn CUa dt:t n~n nhAm phl}C 'V cho vi~ tinh lun. 

D'-c diem cua ling suit: 

• Phi} thu(>c trj SO cua l\TC tac d1;1ng . 

• Phi} thu¢c to, d(> cua diem dang xet. 

G Phi} thU(>c t6i 0 !~.t phfulg Xet Ung SUAt. 



Cdc gid thilt vi mo hinh nln - mo hinh 4tln hoi 

• D«t n~n duqc xem Ia ml)t ban khOng gian vo h~~ 

• Xem dtlt n~n Ia m¢t moi truemg ddng 'nhft va ding huang. 

• Quan h~ giUa ling ~u(t va bi~n d~g la tuye'n tfnh .(tuan theo H thuyet dan h<ii, ung 
vai tii cOng trinh tmo h<1n 4 k0Jcm2 , tUdng duab~ nba 40 tjng). 

• Ap di}ng nguyen ll cQrtg ta.c dl}ng: tai trQng. ·· .i' 

Qic l~i ling suft trong dtlt 

T~ng thai ling sutlt cua ml)t phan t6 d~c tnmg bAng cac ung suat: 

• lJitg SUtlt phap: O'xx , Oyy , Ozz (viet dt Ia CJx , Oy , O'z) 

• 'Ong SUtlttie'p: txy• 'txz , 'tyx , 'tyz , 'tzx • 'tzy 

y 

X 

y 

(Jyy 
'tyx 

0 

CJxx 

'txy 

X 

Hinh 2.2. clng suai trong m(Jt mo hinh phdrz ttf ddt ung v{Ji hf LlJa d9 3 tr~c va 2 tqtc 

Trong thl}'c t6 cfing trlnh ta phan bi¢t h~i lo~ ling sutlt trong n~n dtlt: 

• Uhg su~t do trQng luqng bin than d~t n~n. 

• UDg sutlt do tAi trQng ngoai 

2.2. p~ B6.UNG SUAT po TRONG LlQNG.BAN THAN . . . . 

2.2.1. Ung soft t6ng - Trulmg hqp m11.c nuO'c ng4m. nAm, rft sAn, ~n duOi 
diim dang xet 

Uhg su«t tOng d9 trQng luQng ·bin thAn dft theo phuang thing dU'Jlg ~ mQt diem btlt 

ky each m~t dtlt mQt d¢ sAu z , duqc IcY hi~u Ia azbt ho~c avbt , c6 the tfuh nhu la trQng 
lugng cua c()t d~t ~n tr!n truy~n xu6ng: -;~ : 

z . 

a~t = Jr<zl .~z 
0 

.. -. 
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trong do: 

'Y(z> - trQrtg tuqng titng t11 nhitn cua tUt, thay dOi theo chieu sau. 

+ N~u nen dong nhft, co trQng luqng rieng l\f nhitn Ia y: 

u~ =y.z 

+ Ne'u nen gom nhieu lap co be day hi va trQng luqng rieng llJ nhien yi: 

7 
Me TN 

· zl z2 zn 

cr~ = fr·za dz + J'r z2 dz + ... + J Ym·dz = :t y i. zi 
0 zl z(n-1) i=l 

I 
I 
I 
I 
I 
I 

Gv I 
I 

LirpctatA 

z 

I ! Don vj dltn tich ... . 
LirpclitC 

Hlnh 2.3. (/ng sutft do trpng lll{lnQ bdn thdn t{li ~~ dilm 
11'0118 ddt lblg vm nln d&tJg tJhd't va nln nhilu 111p · .. ;·,. 

ME> TN 

Ya 

UDg su«t tOng do trQng luqng ban than dit theo phuCIIlg ngang ~ m(}t diem bft ky 
'· 

each m;t tUt m(}t dQ sau z, duqc ky hi~u Ia crx bt ho'-c crh br, c6 ~he _tfuh bing each nhan 
Ung soft. tdng do trQng luqng ban than Mt theo phuang thing dUng v~ h~ s6. ap llJC 

ngang' it ~g tliai tinh Ko· 
z 

cr~ = cr~ = K0.cr~ = K0• Jy(?:) .dz 
0 

trongd6: 
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'Y(z)- trQng luqng rieng t\( nhien cua d~t, thay d6i theo chieu sllu; 

K0 - h~ s6 nen hOng, ph\.1 thu¢c vao tirng lo~ d~t. 



LliU :j: Gia tr! Ko phi} thu¢c vao d~c tinh ciia tilng lo~i dat va dugc .x.a~ ~jnh t~i· lap da't 
• f• ' •• 

chua diem dang xet, 

C6 klui nhi~u each xac djnh gia trj Ko 
+ Theo ly thuy!t dan bdi, h~ s6 ap IVC ngang Kodugc ky hi¢u Ia=~ <! 

-,, 

~ = l ~ v , :vm v Ia: h¢. s6 no bOng hay h~ s6 Poisson. 

Bang 2.1. Bang tra h~ sli nen hlJng ~ va h~ s6 Poisson v 

Lo'i dl't 
~ -

H~ s6 nen hOng ~ H~ s6 Poi~son v 

Dtrt cat 0,33 + 0,43 0,25 +.0,3: : 

Dlt cit pha set 0,28 + 0,4 0,2 + 0,3 

Dl't set pha cat 0,49+0,59 0,33 + 0,37 

Dl'tset 0,61 + 0,82 0,38+0~45 
0 •• ·: 

+ Theo k~t qua th\l'C nghi~m CUa Jacky, thfch hqp VOi dat roi, dat cat. 

K0 = 1-sin<p' .·: 

+ Theo k~t qua thVC nghi~m cua Alpan, thich he]p vai dat d.inh, dat lo~i set. 

K0 = 0,19+0,233logiP 

V1 n~n dat Ia m()t ban khOng gian dan h6i ·vo h~n, n!n mQt m~t phing thing dUng nao 
c£ing Ia ~t phing d6i xllng. Do do, cac tl'ng suat ti~p d~u bAng khOng. 

I 

2.2.2. U'ng su.tt co hi~u va ap l\fc .n.Wc 16 r6ng • Trulmg :h~ ~6 sa.r xu•U hi~n IDI!C 

nuttc ng4m trong lttp dilt dang xet. 

l1ng suft tcing tac d\1119 a . . ..•. :I. 

.. f l1ng. ~~ tru~n 
·. ..16fr htt dlt 

t' 
1

(/ng ·~~ tru~ . 
t l!n nWc trong 16 r&tg 
I 

Hl11h 2.4. Moi qua11 I~ giiia u?Jg sum tdng, zmg sudt co hi~u va ap life mtac·M rJng 

• D&:t duqc c!u thilllh bC1i 2 thanh pMn chfnh: h~t dat ~a nuoc trong 16 r6ng. Vi th~, ling 

suat tic dl)ng ten mQt diem trong dat se g6m 2 thanh ph4n: 
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• UDg sua't . truy~n 'l~n mr<k"trong 10 r6ng, gQi Ja ap ll!C nuac 10 r6ng, ky hi~u Ia u ... 

• Ohg ~uat truy~n ltn ket ca'u h~t dat, gQi Ia dng suat c6 hi~u (hii'u hi~u • effective 
stress), ky hi¢u Ia cr'. Do Ut dng suat truyen cho k6't cS:u dJ:t thOng qua vi tri tiep xucgili'a 
cac h~t. Chinh thMih ~n Un.g suat nay da gay nen cac bie'n d~g. thay ddi the t£ch va 
SUe ch6ng cat CU8 dift. 

cr=cr'+u 

Ong stdt c6 hi~u do trQng luqng ban than dat theo phuong thing dUilg t~i 1 diem bat 

ky each m~t dA't m'c)t dQ sao z •· dugc ky hi~u Ia cr' '1. b6;~ a' y bt. D~ di!m dang xet nAm 
dttOi mt_rc nu6c ng4m, bi 'dily ndi, nen khi tinh toan phai dung trQng luqng rieng dliy ndi 
y' khi tfilh toan ling su&:t bin than. 

z 
obl J I d a z = Y (z) • Z 

0 

Ap b,rc nu& 10 rOng (fi l diem bat ky each m*t da't mQt dQ sau Zw: 

U=Yw·Zw 

V m Yw Ia trQng hrqng rieng cua nu&: . 

... 

u 
z I 

Hinh 2.5. Biiu d6 Ullg sudt hiiu hifu va ap lvc nltllc 16 rtfng dbi viti lbp ddt ddng nluft, 
1111/C nuiJc ngdm Q ngay t{li ln9t ~II! nhien 

TrQng lugng rieng d4y ndi y' = y sat - y w 
' ··. 

+ Neu nen d6ng nh{t, c6 tr9rig luc;mg. rieng di~ n6i ·Ia y',. my~ rluac ngdffl lJ ngay 
t~ m•t da't ti,rnhien (hlnh 2.5): · 

a~ =y.z; u=rw.z; a·:•:=y'.z 

+ Neu nen d6ng nMt, c6 trQng .UQng rieng dAy nOi .Ia y' I ID\fC nuUc ng4m a~ vj tri Zw < z 
·1· 

bt 
az = y.z; u = Yw·Zw. 

cr·~t = ~~ -u = y(z-zw) +y' .Zw 



" 

MBTN 

7 I I 
MDTN I LOp datA Za Ya 

--~-- I I MNN 
I ----MNN .. I I I z I I 

.J I 
I LO'p dat B zb ·Yb . 
I Zw . I Oy I I 

I ll I I I I LOJ> ttat c z ' Yc J; I I c 

Dal vj di~n ti . 

Hi11h 2.6. (f..:g sudt ht1u hifu do tr{Jng luqng bdn tluin t{li m9t dilm 

trong ddt ung viti neil ddng nhti't va nln nhiiu 111p 

-

+ Ne'u n~ gom nhi~u lap c6 M day hi va tr~mg hrgng rieng day n6i 1'1 ml!c' nu6'c 

ngam o t~i vi trf Zw < z, (hlnh 2.6). 

n 
,...bt ""'v Z • U z ,....zbt = ,..zbt- U 
vz =£...J1i· i' =Yw· w; v v 

i=l . ,. 

Vf dy 2.1: Uhg su9:t do tr<;mg lugng ban tha.n theo phU<1ng dt1ng ung v6'i m~t cat dja 
ch«'t nhu hlnh 2. 7. · 

Oz~ = 'Y1h1+ y' i12+ y'3h3+ 1'4h4 
J-0--~ 
~= Y1h1+ Y1h,+ •yfh3+ 11h4 

- - - - - 11ng suft hOU hi~u 

•·' 

---(/ng suA't t6ng 

Hinh .. 2.7. Bilu M phtin bi/ ung sudt do tr9ng lu{Jng bdn than ling vdi truimg hfiP mlfc nu6'c 
·. ngam n&m t~i vj i;f bat Icy trong nln nhilu' lap va Mt n&m dlllfi nu6'c . 
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Vtd~;~ 2.2: Tinh ling suat hiiu hi~u cho phan to dat ~i d(> silu 5 m cua lap dat d6ng 

chat nhu hlnh ve. cho Gs = 2, 7 

Ghii: 

Phia trtn mqc nuoc ng21m: 

e = wG11 ~ 0, 3 x 2, 7 = 1 35 s 0,6 . 

-(O;+Se) _ G5(l+w) 
Y- I Yw- I 'Yw +e +e 

= 2, 7(1 + 0,3) 10 = 94kN I m3 
y 1 + 1,35 ' 

Phia duOi miJc nu g4m: S, = 1 

11 = 0,4x 2, 7 = 1 08 s 1 ' 

S=0,6 

w=30% 

w=40% 

. =(Gs+e) =2,7+1,08xl0=1817kN/m3 
y sat 1 + e 'Y w 1 + 1, 08 ' 

T¥i de) sau 5m: 

'lmg su.it tOng: az =yh1+hiYliUt = 2x 14,94 + 3xl8,rz = 84,39 kPa 

Ap l\fc nu6c 10 r6ng:· u = 3y w = 3 x I 0 = 30kPa 

Uhg·suat hilu hi¢u: cr'z = <rz- u = 84,39-30 = 54,39kPa 

E 
10 

UOg su~t .. c9 hi¢u do tr9ng luqng ban than dat theo phuang ngang ~i 1 diem bit ky 
each m'-t dat mc)t de) sau .z, duqc ky hi¢u Ia a'xb' ho;t a'hbt c6 the tinh,bing ~ach nhan 

Ung suat c6 hi¢u do trQng luqng bin th~ dat theo phuang thing dUng vm Ko . 
• bl .bt K .bl 

a x =a h = o·O' z 

Theo._phU.P1lg ng~g. gi_a tJi ap 1\fc nuoc 10 rOng cilng bang gia tri ap lqc. m.r& 10 rOng 
theo phudrig datng. · . . --- .. --

Luu j: kh1 ~c ~u& ngim nim trtn diem dang xet, ta c6: 

a~= K0.a'~1 + u 

2.2.3. Mqt so trulmg hqp d*c bi~t ciaa m\f~ nulJc ng4m 

a) Nuuc mao.~n:·Nuoc mao din t6n t~i trong 10 rO~g, khe nUt nho ciui d4t da: duoi 
lmh huemg cua lqc mao din. 
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Trong tnrCing hqp c6 nuoc mao dAn tb'i ap lqc nwc 10 rong trong vi.lng mao din c6 ghi 
tri Am. 

< Nud'c mao din chitm toan IX) ho~c m()t 
phan 16 hong cua dft· va co. m't phAn gifflla 
nhilng mtt lorn. Khi d~t khOng no mt6'c thl 
nhftng mtt d6 hlnh thanh ngay trong kh6i 

Nuac mao din duqc hinh ~h do 

d~t. con khi kh6i d«t hoan tolm bio hoa thl 

chung hlnh thanh tr~n mtt cua mtJc nu6'c 
mao din. SIJ hinh tbanh · m't lorn cua miJc 
nuac mao din trongd~t·c6 the coi Ia ke"t qua· 
CUa }lfC ciing m't ngoai, lUang llJ nhll SlJ 
hlnh th&nh ~t lorn trong 6ng thuy tinh mao din. 

U =-Yw·hmd 

Chi ' d lA h • ' d- h 2a . ~u cao Ang en c cua nuO'C mao an: c = --. . 4w 

trong d6: 

Yw - trQng luqng rieng cua nu6'c.; 
r - ban ldnh m•t lorn; 

hitu Ung IM1 mtt ;Ua 2 N!t ~t rOi 

ex. - LIJC cAng m•t ngoai d6i vm nu6'c c6 gia tri bing 0,000075 KN/m. 

hcYw -

h 

Hinh 2.8. Su tM xac djnh chiiu cao nuuc mao d4n 

V~y chi~u cao dAng ten cua nu6'c mao din tY 1~ nghjch v6'i ban .kinh 16 hdng mao din. 

D6i v6'i d«'t cat, klcb thu& 10 rOng 1011, ttl s6 he tlnh theo cOng thtk tren dt g4n v6i ke't 
qua quan sat tln;rc te. Nhung d6i v6i d«t dinh, chi~u cao dAng l~n thtJc te' cua nuac mao 
din nho hem nhi~u so vm trj s6 t.fnh dugc theo c6ng thtlc tren. 
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u riz I 

I z 

B,lnh 2.~; Bilu d& ((ng sudllu1u hifU va ap lf!c mtuc 16 rt51!g 

dol vUi lip ddt d&ng nhtfl, c~t nuuc mao tMn h(: 

COng thuc thl_lc nghi,em tinh g'n dung cbi6u cao mao din: 

c 
he:=-. 

e.Dto , 

a dAy: e- he s6 r3ng cua dit; DIO - duemg ki'nh hihl hi~u. 

He s6 C == 10 + 40: bie'n d&i tiiy theo thanh ph'n va hinh d~g h't. 

b) Nllltc c6 4p (acted): nu&: c6 ap xult hi~n trong nhilng 16p dit chua nu~c bi k~p 
giii'a 2.t4ng each nupc. 

O"z = LYi·hi +Yw·H 

V ~i H Ia chi~u cao cl)t riuac c6 ap 
Vf d\12.3: 

Cho m~t cit dja chit nhuhlnh ve. 
• L6p 1 - lap Mt set pha: day 4,5m, co{= 17,5 kN/m3

; 

Ko= 0,5. 

•lAp 2- lap d~t cat: .xem nhu rit day, coy= 19 kN/m3
; 

. . . ., 

Ko =0,4. 

Tinh li'ng suit theo phuang thing dli'ng ab
1z, li'ng suit theo 

phuang thing ngang a~1 do trQng Iuqng ban thin ~ diem A 

(z = 31!1) va diem B (z == 1Om) trong n&l dit. 
!.:r . •:; .: . 

T~i <li!m A (z = 3m): · 
.l I' . 
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cr~ = K0 .cr~1 = 0, 5 x 52.5 = 26. 25 { kN/ m~J 

- T~i diem B (z = I.Om): 

cr~ =J7,5x4,5+19x5,5=l83,25 {kN/m2
) 

a~= K0.<r~1 = 0,4x 183,25 = 73,3 (leN~ m2
) 

' 

l..uu j: cr~'. ·# L KOi.cr~1 => cr~1 
:;1: 0,5x (l7,5x 4,5)+ 0,4x(f9x 5.5) 

VI d~ 2.4: 

!; ... : 

•:'i: 

Oto m~t cit dja chD:t nhu vr dl;l 2.1. Gia sir ml!c nu6'c ngiim xuat hi¢n dn djnh t~i vj trf 

z = l,5m. Cho 'Yw = 10 kN/m3
• ' 

Tinh U'ng suat tdng va .ling su«t hOu hi~u theo phuong thing dUng a~ ' l'nig su4't theo 

phll<1ng thing ngang cr~1 do trQng lugng ban than t~ di~m A (z. = 3m) va diem.~ (z =· JOm) 
. .•· 

trong nen dat 
- T~i di6m A (z = 3m): ·· 

. . ,. .. . 

. a'~' =17,5xl,5+(17,5-iO)xl,5=37,5{kN/m2
)' • 

'o I I 

Ho~c c6 the tinh nhu sau: a~ = 52,5 (kN/m2
) 

U = 'Yw·hw =lOx 1,5 = 15 {kN/m2
) 

cr ·~ = cr~1 
- u = 52.5-15 = 37,5 (kN/m~) , 

cr'~1 =K0.cr'~ =0,5x.37,5=18,75(kN/m2
) 

cr~1 = cr'~ + u = 18,75 + 15 = 33,75 (kN/m2
) 

Luu j: <r~ ::1: K0 .cr~1 ;e 0,5x 52,5:¢:26,25 (kN/m2
) 

- T~i diem B (z = lOrn): 

·.: .::·: i:l 

cr'~ = 17,5 x 1,5 +(17,5-10))(3+ (19 -10)x5,5 = 98,25 {kN/m2
) 

a~ = 183? 25 (kN/m2
) 

a'~' = K0 .cr'~1 = 0,4x 98,25 = ~9, 3{kN/m
2
) 

cr~1 = cr'~1 + u = 39,3 +lOx (10 -1,5) = ~24,3 (kN/m2
) 
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Giai tri vA S\f bi6n thien cila ang suit t6ng va hiiu hi~u theo phuang damg duqc tht 
hi~n nhu hlnb 2.10 

183,25 

Ctngsu$t6ng 11ng suft hOu hJtu 

, _·. ·Blnh 2~10; Bilu M tltg sutft t6ng, hiiu hilu va ap IJ!c nuuc 16 r6ng ddi viTi vi d&J, ~.2 

.. z~3~ PHAN B6.UNG SUAT DO TAl TRQNG NGOAI _ 

-2.3~1~ Balto'n co biJI.(IJic t$p trung thing dtbtg)- Bai toain Boussinesq (1885) 

Xet-ll\fC;ttp ttung P,--d;t ~i di~m 0, llng sutt do P gAy ra ~i diem M trong tUt co tQa 
d~ (r, z), ban krnh R vl g6c P ttong h~ tQa d(l C\fC. 

Ch.uyen vj cua diem M: S =A cosp ( vbi A Ia he s6 tile) R . . 

Gia su diem M cbuyen vi d6n diem M1 thl R~ R + dR 

S =A cosp 
1 R+dR 

60' 

y 

p 

~,~--------~--------· 

~' I 
I p ' I 
I ' I 
I ' R I z 
I '< I 
I ' I 
~- ', .. 
I -;---........ ' ... ) 
I ---¥"1 
I S 
I 
I 
I 
I 

'f'z 

Hlnh J..ll. Xtlc djnh ling suift t{li M do l~tc t~p t;ung P gay ra 
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Bi6n d,ng tuang d6i eR ciia d~ dR h1c nay la: :;·· i!•• 

e = S-:- S1 =A cpsf3 (..!.. _ I J =A cosf3( dR ) = . A~()S~; = A cosf3 
R dR . dR R R+dR. dR R+dR . R(R-+d.l) R2 

- . . ~. 

(Vl R.dR << R2 
, xem dR ::~:~ 0) 

Theo.gia thitt tlng s.uit va bi6n d~ng ll quan h~ tuy!'n tfnh,·ap dt.uig dinh lu~t Hooke: 

aR = B.eR = B A ~sf3 (Vm B Ia h~ s6 ti I~) 
. R. 

Olfcl vao di~u ki~n cAn bAng tinh hQc d~ xac djnh A va B. Xet mQt ban diu ta co: 
~ 

(khoing each tir diem M de'n l\fC tac dl}ng P) 

(khoing each VUOng g6c each tU' diem M dln lfi:IC Oz) 

n/2 

Di~uki~ncAnbing: P-I O'Rcosf3dF=O 
0 

V m dF = 2x R sinf3 Rdf3 Ia di~n tich dai trcm abed 
. . 

()fig V6i s6 gi~ df}, xem O'R pbAn b6 d~u tdng hgp l:aR = p (tai trQng ngolt) 
Taco: 

K/2 . 

P- I A B co~P cosp 27t Rsinf3 df3 = 0 .. 
o R . . .... 

n/2 

~ P- 27tAB J cosf3 sinf3 df3 = 0 
0 

n/2 
· cos3 13 
~ P- 2nAB - = 0 

3 
0 

~ P- 2xAB[(-<>)- (-l/3)] = 0 

p 

z 
3P 

~P-2/3xAB=O ~AB=-
. 27t 

Hinh 2.12. Cdn bang tinh h9c cua Ullg sudi 

3P cosP Ket hqp vm phtr<1Ilg trlnh eR, ta c6: rrR = -x --
. 21t R~ 

• Chie"u oR len 3 tr~c, taco: 

: oi 



It ,., 
L~ 

.3P z3 , 
cr =-x-

l 27J: R~ 

cr = 3P {zx
2 

+ l-2J~ [R
2 
-Rz-z

2 
_ x

2
(2R+z)]} 

x 2n R5 3 R3(R+z) R3(R+z)2 · 
: . ··. . 

cr =3P {zy2 
+ l-2J~ [R

2 
-Rz-z

2 
_ y2

(2R+z>]} 
y 2n R5 3 R3(R+z) R3(R+z)2 

+ Utg su«t ti6p: 

3P yz2 
t =--x--

zy 2n R5 

3P' x z2 
t =..;.-x--

zx 27t Rs 

t =- 3P [xyz _l-2Ji xy(2R+z)J 
· xy 27t R5 3 R3(R+z)2 . 

Trong th11c t6 tfn~ toan O"z thuemg duqc doog r&:t _phd biin n~n O"z thulmg duqc viet 
du(ri d~g: · : · · 
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a =k!: 
z 7.2 

k e r/z, duqc·l~~thanh bAng'tra Z.-2 ~o~c dO tit! f·l. 
.o,s 
0,48 

•' 

0,4 

' 0,3 

K 

0,2 

.. :. 0,1 

"' ' 
. ' I 
~ 

d-
\ 

\ 
' 

i• I., 
' 

tv 
c 

\ . ··-· -· 

\ 
.... 
~ 
0 

i\ ~ 
'~-

: 
p 

X 

I .. 
> y 

··~ ... 
. r Y 

Aa=K-..f. Mz 

' .; 

1:. -

' ~ 
.. -

a ~ ~-! ~§-~-~-§~.§ -~ ~ • .. - it( • 

~? f f! 0 

1,0 
r/z 

2,0· 3,0 

' : 

D6 th/2.1. D6 thi xac djnh h4 so' k theo rlz tMi vOi tdi trt;mg t4p trung 



Bing 2.2 .. Gbi trj h~ s6 k theo r/z d6i v6i tii tr«.»,.g f:4p trung 

r/z k r/z k r/z k r/z . k 

0 0,477465 0,58 0,23126 1,16 0,05666391 1,74 0,0~4666 

. 0,02 0,476988: '·' 0,6 
' .·- . .,.,, 

0,221357 1,18 0,05393329 1,76 0,014048 
;'!'" 

0,04 0,47556 0,62 0,211732 1,2 0,0513413 1,78 0,013459 

0,06 0,47319.5 0,64 0,202396 .1,22 0,04888109 1,8 0,012898 

0,08 0,46991• 0,66 0,193356 1,24 0,04654612 1,82 0,012364 

0,1 0,465734 0,68 0,184619 1,26 0,04433008 1,84 0,011854 

0,12 0,4607 0,7 0,176!88 1,28 0,04222696 1,86 0,011368 

0,14 0,454849 0,72 0,168064 1.3 0,04023099 1,88 0,010905 

0,16 0,448225 0,74 0,160249 !,32 0,03833667 1,9 0,010464 
-

0,18 0,44088-1 0,76 0,152739 1,34 0,03653876 . . 1,92 ·:0,010043 

0,2 0,432871 0,78 0,145531 1,36 0,03483226 1,94 . 0,009641 

0,22 0,424252 0,8 0,138622 1,38 0,0332124 1,96 0,009257 

0,24 . 0,415086 0,82 0,132005 1,4 0,03167467 1,98 0,008891 

0,26 0,405434 0,84 0,125675 1,42 0,03021475 2 0,008541 

0,28 0,395359 0,86 0,119624 1,44 0,02882856 2,1 0,007014 

0,3 0,384924 0,88 0,113845 1,46 0,02751222 2,2 0,005793 

0,32 0.374191 0,9 0,108329 1,48 0,02626205 2,3 0,004812 

0,34 0,36322 0,92 0,103069 1,5 0,02507454 2,4 0,004019 

0,36 0,352071 0,94 0,098055 1,52 0,0239464 2,5 0,003374 
r--~ 

0,38 0,340798 0,96 0,093279 1,54 0,02287448 2,6 0,002846 

0,4 0,329455 0,98 0,088732 1,56 0,02185582 2,7 0,002413 
.. 

·o,42 0;318093 I 
... 

0,084405 1,58 0,0208876 2,8 0,002055 

0,44 0,306757 · to2···· · : O,OS0288 1,6. 0,01996716 2,9 00,001758 

0,46 0,29549 1,04 0,076374 1,62 0,01909198 3 · cr.oorNf · : 
0,48 0,284332 1,06 0,072654 1,64 0,01825968 3,5 O,o00747 

0,5 0,273317 to8 0,069119 1,66 0,017468 . 4 0,000401 

0,52 0,262476 1,1 0,06576 1,68 0,0167148 4,5 0,000229 

0,54 0,251838 1,12 0,06257 1.7 0,01599806 5 0,000139 

0,56 0,241426 1,14 0,05954 1,72 0,01531589 >5 0 



N~u c6 nbi~il tii ~P trung tac dyng, Ullg ·sWft ~ M du~ tfuh toan· dlfcl theo nguyen li 
c(Jng tac dyng ll}'C: 

} D 
<rz = 2 L ki. Pi ki tra bang phy tltu¢c vao r/z 

Z I 

z 

Hinh 2.13. Nguyen t&c c~ng tac d~ng l¥c 

+ Tn.rbng ~qp la.tc t*P trung nim ngang ngay tren m't dS:t (ll}'C ham 0 tO, la.tc va d*p tau, 
btncing, ... ) 

X 

Hlnla 2.14. Llfc t~ trung mlmll8~8!.l84Y lriiJ. ~~eta!_ ... 
+ Tnrbng hqp l\fc ~p trung dft trong d~:t each IDfl d«t m(Jt ,do~ h (tii trQng day h6 

m6ng, tti mtli CQC, ••• ) . . 

Mindlin (1950) di dua ra IM giru: 

0 
= P [ (t-2v)(z-h) +(:l~z~)(z-11) .. ,3(z-hi~ 

z. 81t(I-v) a: .· . R~ R~ 

3(3 -4v)z(z+ h)2 - 3h(i+ h)(5z+ h) 30hz(z+ h)3
] . 

R~ Ri 

6f:. 



. 

vm 
v - h~ s6 nlJ hOng ( ~ s6 Poisson); 
r - khoang each wOng g6c tit di!m dang xet t6i fr\IC Oz. 

A' ~.o. -h) 

z 

p 

z 

Hlnh 2.15. LlfC t~p lrung trong tMt each ~~ddt m~l dot;zn h 

Kofman di nit gQD phuong trlnh tr&t nhu sau: 

p 
O'z = kh h2 

~ e (7/h , r/h) duqc l$p thAnh bing tra 2.3. 

Bang 2.3. Gl' trj ht s6 k11 theo rib va zlh 
' 

z r/b -
h .. 

0 0,2 0,4 0,6 0,8 .j 

0 0 0 0 0 0 

0,2 -0,0960 -0,0719 -0,0289 -0,0020 + 0,0065 

0,4 -0,3709 -0,2582 . -0,0880 -0~0024 ,+ 0,0206 

0,6 - 1,1057 -0,5986 -0,1170 +0,0184 .f-00400· I . " 
:--; . ... 

0,8 -4,9217 -0,8510 -0,0152 +0,0590 +0,0568 

1,0 +.0.1018 +Q,0917 +·0,0775 +0,0619 

1,2 + 5,1378 +0,6390 +0,2012 +0,()968 . +0,0666 

1,4 + 1,3360 +0,8108 +0,2518 +0,1391 +0,0813 

1,6 +0,6234 +0,4966 +0,2901 +0,1600 + 0,0959 

1,8 + 0,3689 + 0,3251 +0,2344 + ()",1548 + 0,1014 

2,0 + 0,2480 + 0,2291 +0,1847 + 0,1368 +0,0982 

'o ~ I 

f.o 
0 

... . : . 

+ 0,0066 

+ 0,0202 

+0,0344 

+0,0440 

+0,0473 

+0,0495 

+0,0555 

+0,0635 

+0,0692 

+0,0708 



Vi dt;~2.5: 

Oto · m(>t t~:~c ~P tn,ang, thing dUng P = 200KN tac d~;~ng tren m~t d«t. ·Tinh ling su«t 

az do.P gly ra ~idi~m A (x = O,y = 0, z == 5), B (x = 3, y = 4, z·= 5) .. 

- T~i diem A (x =O:.y = 0, z·= 5): 

r Jo2 +o2 
_A= =0 
z 5· 

=> tra bang 2.2, ta c6 kA = 0,4775. 

·.· 200 ··. 2 
cszA = 0,4775x"'2""= 3,82( kN/m ) 

. 5 . 
: ·}'!44 

- T~·di~in B (x = 3;y = 4, z d:·S): 

rs J32 .+.42 
-= . =1 
z 5 

=> tra bing 2.2, ta c6 k8 =0,084405 

. . 200 ( I z) cszB =0,084405x 
52

· =0,675 kN m 

. . 

2.3~2~ Bai toan kh~ng g1a_. · · 

Khi kfch thu& m6ng cua cOng ,trlnh thuy lqi. cilu duemg lib 5;; 20; cong trlnh xly 

d~g dan d~:~ng lib s 7 thl xem nbu.ba(toan khong gian. 

2.3.2.L Tdi lr(lngjiiUJR b4 tllu trlli difia(kh chii nh~ 
BAi toan xac diniJ ~g suft khi c6 tac dyng cua tii trqng phln b6 d~u t~n di~n t(ch 

chi.1: nh4tc6 the giii ~n ca.sq cua bai tpan IJOussiitesq. 

L«y 1 di~n tich cfliu tru vo cling nho, tii trqng tac dl}ng len d6 xem rihu tai trQng 

t~p trung. Ap dl}ng kc!t qua bai toan Boussinesq, tfch phln theo hai huang til 

-h-++h; -bl~ + bl: 

b .. , 
c I, 

0 
X 

X 

It 

i>, b, 

y 

fflt~h 2.16. Tdi trQng phon b6' deu tren di¢n tich chil nhgt 
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Jrlm. L 
II~ J I' 

. V!LVJ ~) 
It: rJ. ffj ~ 

~ 1ft ~ 
'IJjll' r 

• 
v I ~ 

v . 

. 

~ 

~/ / .,. 

~, v 1..- ~ 

""' ~ 
~-

"""' 
..,.. 

-~ ~ 

0,1 . 1,0 
. n 

,...,. 
io"'" 

~ 

-.. -

.. 
·~ 

~ 

"; I ::~;2 

m~i~~-
m :0!9-

~ ·~0~8 ,_ 

iii' •0;7-
I 

'.lll0~6._ 
I I II 
I :o~' 

_I I I 
1 :o:4:_ 

m :o~: 

m;:ot-

··. 

11 ;c;~1 .. 

1=0:I. 
: 

. : 

1-' 

1 0 
0,25 

0,20 

• • ': .: I~ • :" 

0,15 

.. 
0,10 

0 ,05 

:(), 00· 
10 : .j 

EJd thi 2.2. D& thj xac dj11h h; sO'/ dl tinh li11g sudt lfli goc di~n truyln tdi 

3 Q·.:~3 
V 6i vi phAn lt.rc ~p trung: Q = p.d;.d11 ~ da =-·-·-

z 2 7t Rs 
.• i· 

+ Uhg SU{t ~i goc cua di~n cb.iu tai: X = 0; y :~ 0 
... _;_. 

• O'z = ~[ 4b1/1 z(4b~ + 4/f + 2z
2

) +arcig, 4b1I1 ] = kgp = I.p 

. 21t (4bf +z2 )(4/f +.z2 )~4b~ +4/t +z? zJ4~f -r4ll :z2 
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TL __ 6(, • 0 ~ d" hi • . b I + ung smat tal tlm cua ten c u tat x = -; y =-. . . 2 2 

1 'b 
· · trong d6: /1 = 

2 
b1 = 

2 

+ iltg sdl b)i diem M bft kj thuQc di~ cbju w: 
'~------------~F----~8 

I 
I 

I 

1 I 2 

I 
ol 

------~-
1 

4 I: 3 
I 
I 

0 ~--------------~--E l 
I 
I 

ul-
Blnh 2.11. Ung sudt t(Ji dilm M '"'* di#n ch;u tdi 

Dung phlltlng phdp dilm g6c 41 tlnh: B K 
• Ve di~n truy~n tii, tit M ve tia 1. v~ di~n truy~n 

tii ~0. 

• Tit 0 ke cac tia song song v~ 2 Cfllh cila di~n 
truy~n tii va cAt 2 ciJilh tfi ~. F, L, K. . ' . 

• Thn lhlg suft tiP di6m g~ cho cac di~ chju tii: 

0 z =[ ks(AFOK) +ka(FBLO) +kS(OI..CE) +kg(OEDK)]·P 

;------r------r 

1 2 

I 
I 
I 
I 
I 
I 

o~------=-----1 N I ·IC I 
I I 

I 3 I . 4 / 

t.--------/:------10 
I 

z I 
'M 

+ Thg sut't ~ di~m M Mt kj khOng thuQc di~n chju .tii: 
~ 

O'z = (kg I - kgz - kg3 + kg4) P 

0' z = [ kg(AKOE) - kg(BKOF) - Kg(ONOE) + kg(~OF) J .p 
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Bang 2A. -Gia trj h~ s6 ko theo (lib, z/b) 
~ . • j 

lib 
~~~~~~--~--~--~--~--~--~--~---~--~--

t.o·. , ~, 1.2 1,4 1.6 1.8 2,0 3.o 4.o . 5.o w 1s 20 
.. •( : 

0 1~-~~~~~1~1~1~1~1~~~1~1~ 
· 0.2 o,960 o:~'. (),972 o,974 o,975 o,976 o,977 o,977 o,977 0;977 o,977_ .. Q/.f/7 

'.. ._:: '· :'·.~ 

0,4 0,800 (>.830 0,848 0,859 0,866 0,870 0,878 0,880 0,881 0,881 0,881 0,881 

0,6 0,606 ,0,65! 0,682 0,703 0,717 0,727 0,748 0,753 0,754 0,755 0,755 0,755 
'!" . 

0,8 0,449 0,496. "0,532 0,558 0,578 0,593 0,627 0,636' 0,639 0,642 0,642 0,642 

1 0,336 0,379 0,414 0,441 0,463 0,481 0,525 0,540 0,545 0,549 0,550 0.550 

1,2 0.251 0,294 0,325 0,352 0,374 0,392 0,443 0,462. 0,470 0,477 0,477 0,477 
: ~ . 

1,4 0,201 0,232 0.260 0,284 0,304 0,322 0,377 0,400 0,410 0,419 0,420 G-,420 

1,6 o.i6o o,J87 .0.210 -0.232 .. o,25l O;l67 o,322 o,348 o,360 o,373. o)74 ·o,374 

1.8 0,131 0,153 0,113:. 0.1'92 0,209 0,224 0,278 0,305 0,319 0,335'' 0~336 0,337 

2 0,108. 0,127 0,145 0,161 0,176 0,190 0,241 0,269 0,285 0,303 0,305 :0,306 

2,2 ·0,091 0,107 0,123 0,137 0,150 0,163 0,211 0,239 0,255 0,277; 0,279 :0,280 

l?.4 0,077 0,091 0,105 0,118 0,130 0,141 0,185 0,213 0,230 0,254 ·0,257 0,258 
I 

~.6 0.(161 O,CTJ.9 0,()9i 0,102 0,113 0,123 0,164 0,191 0,208 0,235 0,238 ·0,239 

2,8 o,o58 o,069 o,o79 o,o89 o,099 o.1o8 0,146 0.112 o,t89 0,211 0.221 ;a,222 

3 0,051 0,060 0,070 '0,078 0,087 0,095 0,130 0'!-155 0,172 0,202 0;1.07 ·0,208 

3.2 0,045 o,053 o,062 o,ooo o,o77 o,o85 o,u7 0,141 0,158 o_189 0.194 o,t95 
. . . ... 

3,4 0,040 0,047' . 0,055 0,062 0,069 0,076 0,105 0,128 ,0,145 0,177 0,182 0,184' 

3,6 o.o36 o,043 0,04:9 o,o56 o,062 o,06s o,096 o.u1 o,133 o,t66 o~tn· o,t74 

3,8 o,o32 o,o3s o,044 o~o5(r o,o56 o,062 o,o87 o,101 o.tz3 o,1S6 · o,16g :·o;t6s 
,I." 

4. 0,029 0,035 0,040 0,046 0,051 0,056 0,079 0,098 0,113 0,147 0,154 0,156 

4,2 0,026 0,032 0,037 0,042 0,046 0,051 0,073 0,091 0,105 0,139 0,14~ O,l49 

~.4 0,024 O,(fl9. 0,033. 0,038 0,042 0,047 0,067 0,084 0,098 0,131 0,14o 0,142 ., . . 
I . . . 

4,~ 0,02l 0,026 :0,()31 Q.Q~~ 0,039 0,043 0,062 0,078 0,091 0,124 0,133 0,136 

4,8 0,020 (),024 0,028 0~032 0,036 0,040 0,957 0,072 0,085 0,118 O,I~j" ·0~130, 

5 0,019 0,022 0,026 0~030 0,033 0,037 0,053 6,067 0,079 0,112 0,121 0,124 

5,2 0,017 0,021 0,024 0,027 0,031 0,034 0,049 0,063 0,074 0,106. 0,11~ 0,119 



Bang 2.5. · Obi tri h~ s6 kg ·thco (1/b, zlb) 

zlb 
1/b 

1 1,2 1,4 1,6 1,8 2 2,5 3 3,5 4 5 10 

0 0,25 0,25 . 0,~5 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 

0.2 .0.249. ':0.249 0~249 0,249 0,249 0,249 0,249 0,249 0,249 0,249 0,249 0,249 

0,4 .0~4 .0~42 0,243 0,243 0,244 0,244 0,244 0,244 0,244 0,244 0,244 0,244 

0,6 ... Q;2~3 ~.~28 o.Z.3 0,232 0,232 0,233 0,234 0,234 0,234 0,234 0,234 0,234 

0,8 ·.;·o~i/ o;icrt 0,212 0,215 0,216 0,218 0,219 0,22 0,22 0,22 0,22 0,22 

I ·(M\l5~. O,l85- ·o,1~1 0,195 0.198 
' ' ·. 

0,2 0,202 0,203 0,204 0,204 0,204 0,205 

1,2 0152 . '- '., .· 
'Q,l63 0,171 0,176 0,179 0,182 0,185 0,187 0,188 0,188 0,189 0,189 

rA . ··p;t~l: 0,14~ 0,1:51 0,157 0,161 0,164 0,169 ·0,171 0,172 0,173 0,174 0,174 
-· 

1~6 :·O;fl1 O,IZ4 0,133 0,14 0,145 0,148 0,154 0,157 0,158 0,159 0,16 0,16 

~-t,8; o.OO.f 0 108; 0.117 0,124 0,129 0,133 0,14 0,143 0,145 0,146 0,147 0,148 .- _, ....... . ',· 

t. 2 .. 0084: :(l095 0,103 0,11 0,116 0,12 0,127 0,131 0,134 0,135 0,136 0,137 
... ·' ···: .. .. ' ' '· . 

2,2 .· 
.. . . ·,, ... 

0073 0,083 0,092 0,098 0,104 0,108 0,116 0,121 0,123 0~125 0,126 0,128 ' . ' : .. 
2,4 0,064· :(),073 ..0,081 0,088 0,093 0,098 0,166 0,111 0,114 0,116 0,118 0,119 

2.6 ·0,057· 0,065 o:o12 0,079 0,084 0,089 0,097 0,102 0~105 0,107 0,11 0,112 
i , .. ; .. 

2.8· oos (),058 Q,065 0,071 0,076 0,08 0,089 0,094 0,098 0,1 0,102 0,105 
. ~ ., ': -

3 0045:· t . . . 0,052 0,658 0,064 0,069 0,073 0,081 0,087 0,091 0,093 0,096 0,099 
.. 

3,2 0,04 0,047 0,053 0,058 0,063 0,067 0,075 0,081 0,084 0,087 '0,09 0,093 

3,4 . 0,036 0,042 0,048 0,053. 0,057 0,061 0,069 0,075 0,079 0,081 '{),085 0,088 . 

3,6 0,033 0,038 0,043 0,048 0~052 0,056 0,064 0,069 0,073 0,076 0,08' 0,084 . 

3,8 0,03 0,035 0,04 0,044 0,048 0,052 0,059 0,065 0,069 0,072 :o.o1s 0,08 

4 O;rYl7 0,032 ~.036 0,04 0,044 0,048 0,055 0,06 0,064 0,067 0,071 0,076 

4,2 0,025 0,029 0,033 0,037 0,041 0,044 0,051 0,056 0,06 0,063 0,067. 0,072 --
4.4 0·023 0,027 0,031 0,034 0,038 0,041 0,047 0,053 0,057 0,06 0,064 0,069 

4,6 0,021 0,025 0,028 0,032 0,035 0;038 0,044 0,049 0,053 0,056 0,061 0,066 

4,8 0,019. 0,013 0026' 
. ' '0,029 ·o~o32 0,035 0,041 0;046 0;05· 0,053 .0.~58 .0,064 

5 0,018 0,021 0,024 0,027 0,03 0,033 0,039 0,043 0,047 0,05 0,055 0,061 

6 0,013 o,ou 0,017 0,02 0,022 0,024 0,028 0,033 0,036 0,039 0,043 0,051 

7 0,009 O,OH 0,013 0,015 0,016 0,018 0,022 0,025 0,028 0,031 0,035 0,043 
-···-····-

8 0,007 0,009 o.oi o,on 0,013 0,014 0,017 (),02 0~022· 0,02S- 0,028 0,037 

9 0,006 0,007 0,008 0,009 0,01 0,011 0,014 0,016 0,018 0,02 0,024 0,032 

10 0,005 0,006 0,007 0,007 0,008 0,009 0,011 0,013 0,015 0,017 0,02 0,028 

11 0,004 0,005 0,005 0,006 0,007 o.oos .. ·0,009 0,011 0,013 0,014 0,017 0,025 

12 0,003 0,004 0,005 0.005 0,006 0,006 .0,008 _0,009 0,011 0,012 0,014 0,022 
-- ' 
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2.3.2.2. 1'di tr{Jng phdll bo' hin~·IDm gia~ .tdc d~;~ng le1z di~n cht~~: !di chit nhf:U ( cong 
trinh ducing, de, ~P co chieu dti.i hitu h{ln) 

- Xet m<)t ph&n t6 di¢n tich chiu tai c6 tQa d() s. 11 va hai c<.mh dl;, dTJ 

- Ap dl}nglai giai Boussincsq. lily tich phan tren toan di¢n tic h. 

- O'ng sua"t t~i m~l di~m M c6 tQa d~ (x. y, x) 

_ 3p 3 bJ. J' sdsdll 
az--z '!1/2 

21t o o [<x -s>2 + (y -11>2 +z2 J 
:: 

Trong thl}'c t6, ll'ng suA't. ~;L duqc xac djnh t~i cac ditm nfim tren duang thAng dung di 

. qua g6c hlnh chu nh$t c6 culmg d¢ tai trQng nho nh!t ~a lan nh!t. 

-Uhg su«t nho nhA't t~ A, B (rilm tren tJVc Z1 ): az = kT1 p 

- Uhg su«t lan nha"t t'i C, D (nam tren tr~;~c ~): az = kT2 p . ·. 
: . : ~ . . . 

A C -

1-.. --=b;__--1.,1 ; 

Hlnh 2.18. Tdi tn;mg p/uin brf llinll tam gick rae d{lllg len di~n cllju td! chit nlu~t 
, .. 

Bang 2.6. qia trj h~ so kn (min) theo (Jib, z/b) · · ···· · ·· '~ 

lib z/b 
0 . 0,25 0,50 1,0 .1,5 2,0 3,0 5,0 

.. 

0,15 0 0,020 0,021 p,OIO 0,010 0,070 "0,004: 0,001 
0,30 0 .. 0,031 0,037 0,020 . 0,()20 .. 0,013 .. O,OQ1· 0,003 .. 
0,6() 0 0,035 0,053 0,039 o,o39 0,029 0,015.. 0,006 
1,00 0 0,036 .I 0,060 0,053. 0,()53 . 0,039 0,022 0,009 
1,50 0 0,037 0,061 0,063 0,063 0,049" 0,029 0,012 
2,00 0 0,037 0,062 0,068 (},068 0~055 . 0,035. .. 0;01.1 . 
3,00 0 0,037 0,063 0,071 0,071 0,059 0,041 0,022 
6,00 0 0,037 0,063 o;o11 0,071 0,062 0,046 0,026 
iO,O 0 0,038 0,064 0,072 0,072 0,063 0,048 0,030 
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- BAng 2.7.· ·GbiJri b' s6 kn (m~) th~ (l/b, zlb) 

.. z/b ,;, .. 

lib 
2,0 3,0 5,0 0 0,25 0,50 1,0 1,5 

0,15 . 0,250 0,136 0,101 0,025 0,0,1~, 0,008 0,005 O,O(H 

·o,JO ,...C)~2~0 0.186 0,116 0,051 o.o~~ 0,017 0,010 . 0,004 

0,60 I 0,250 0,206 0,160 0,085 0,050 0,031 0~016 0,007 

. 1,00. 0,250 0,209 0,170 0,108 0,069 0,045 0,024 0,009 

1,50 -0,250 0,210 0,173 0,113 0,080 0,056 0,033 0,014 .. ' 
2,00 . 0,250 0,211 0,175 0,117 0,087 0,064 0,041 0,019 

. ' 

·. 3,00 0,250 0,211 0,175 0,119 0,090 0,071 0,047 0,025 

6,00 0,250 0,211 0,176 0,120 0,092 0,075 0,051 0,029 
. 

10,0 0,250 0,212 . 0,177 0,1~1 . . 0,093 0,076 .. O,Q52 0,03~ 

.Tntcmg· hqp :diam · M nim. trong hay ngoai di~n cbiu tii, ta co the ~ac ,dinb tlng suA't 
bing C?'ch chia di~ chju tii. :m nhiing phAn nho. ho'c them vao nhOng di~n chju tAi Ao:. 
nhu hlnh ve. · , , · ·' 

A .----+---. C 
L : 

' I 
I 
I 

E -.,..---+----- F 
I M. 
I 
I 

' I 

B .___N--.....: _ ____. 0 

, .. b 

. •• , ! . 

p 
,• ~ 

A -------~l 
c : ·: ,. 

I 
I 
1.· 
I 

0 : 
B 1---1.....,_-='-+- -·"!" .. --- ,, N 

I I 
I I 

. ''I t 

- t I I 
I I t 

E 1----------t.-------.6 M' 
F 

liid 2.}9. Xdc diiih U'lig suiff t9i ilitm·M ~ ki trong ~c ngoai diin chju tdi 

2.3.2.3~: 'l'di lr(Jng pluJn bl41u trin tli;n tkh hillh\IFOli.:(IDRng q:Qn.,.,Wng rilo, •.. ) 
Xet diem M tltn tt:l}c z di qua tAm di~n chju tii, llng xu«t thing ddng lfi diem :M do 

phan t6 rd9dr coi nhu _1J1-c -~P tmng .dP = r~~rp . 'fheo cO.IlS ~tlc c~ Boussinesq, IA'y 
tlch phan theo phuang ban kfnh (huang tam) 0 ~ a, va vong tron (xoay) 0 -+ 21t. 

a 21t a 2n · 
_ 3p 3 J I r _ 3p 3. I. I r , . oz --z 5 drd9- -z • . 

2 2 512 
dr<IO 

27t o o R . 27t o.: o (r , + z ) . ,· : :; 
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3/2 

1 l 
Cl'z = ..._ ---

( -)2 a 
I+ ~ 

p 

p : t3i trQng lie d!plg 
M a: ban kfnh.., chju tai 

3/2 Hlnh 2.20. Ui1g sutft do tdi tn;mg phdn bo' dlu 
tr~n di~11 tlch hinh tron 

Bing 2.8. Gia trt h~ $6 ktr tbeo (a/z) 

a/Z krr· a/z ~err a/z kat. 
0,2 0,0571 2,8 0,9620 5.4 0,9940 
0.4 0,199.6 3,0 0,9684 5,6 0,9946 
0,6 0,3695 3,2 0,9735 5,s· 0,9951 
0,8 0~5239 3,4 0,9775 6,0. 0,~56 

1,0 0,6465 3,6 0,9808 6,5 0,9965 
1,2 0,7376 3,8 0,9835 - 7,0 0,9972 
1.4 0,8036 4,0 . 0,9857 1,5 0,9977 
1,6 0,8511 4,2 0,9876 8,0 0,9981 
1,8 0,8855 4,4 0,9891 9,0 0,9987 
2,0 0,9i06 4,6 0,9904 10,0 0.,9990 
2,2 0,9291 4,8 0,9915 15,0 0.9997 . 
2,4 0,9431 5,0 0,9925 20,0 . 0,9999 
2,6 0,9531 5,2 0,9933 30,0 UlOO 

2.3.2.4. Ttli lr(Jng pluJn bd 4/u mtm ngtmg trin 4i#n tlch chju tdi. hlnh chil ~ ((lng 

slllft do nrrttr: cluly, 1U1ttc t4c d41ng Un M, 44P~ ••• ) 

Utg sut't n~ tren dubng thing qua A, ling suA't keo:· 

O'zA=-ku,P 

• Utg su~t nim tren duang ~g qua t, tfng sua't n6n: 
·: • 0 
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~g E (//b, z/b) 

•· IJ·• il ' I .b 
•··':' 

... 

Hinh 2.21. lf11g sudt do tdi tr{Jngp/uin blf n&m ngang 

Bang 2.9. Gia tri h~ so kng theo (lib, z/b) 

' . ' lib 
z/b 

1,6 10 0,2 0,4 0,6 0.8 1,0 1,2 1,4 1,8 2,0 3,0 4,0 

0,0 0;1592 1592 1592 1592 1592 1592 1592 1592 1592 1592 1592 1592 1592 

0,2 JJ.14 1401 1479 1506 1518 .1523 1526 1528 1529 ·'t529 1530 1530 1530 
0,4 0672 1049 12t7 1293 1328 1347 1356 1362 1365 1367 .1371 J372 J372 
0,6 0432 0746 0933 1035 1091 11"24 1139 1150 1156 .1160 1168 1169 1170 
0,8 0290 0527 0601 0796 0861' 0900 0924 0939 .9948 0955 0967 ()969 0970 .. 
1,0 0201 0375 0508 0602 0666 0708 0735 0753 0766 0774 ·o79P i0794 6796 

1,2 0142 0270 0375 0455 0512 0553 0582 0601 0615 0624 0645 0650 0652 
1,4 0103 0199 0280 0345 0395 0433 0460 0480 0494 0505 0528 0534 Q538 ... 
1,6 ·do'n 0149 0212 0265 0308 0341 0366 0385 0400 0410 0436 0443 0447 
1,8 0058 0113 0168 0206 0242 0270 0293 0311 0325 0336 0362 0370 0375 

- ' . "; .··-~ -· ----
2,0 0045 0088 (i127 0162 0192 0217 0237 0253 0266. 0077 0303 0312 0318 
2,5 0025 0050 0073 0094 0113 0130 0145 0157 0167 0176 0202 0311 0219 
3·0 

~ . ' 0015 0031 ·0045 ·0()59' 0071· '0083 0093 01.02 ·0110 0111 0140 01~ 0159 
5,0 0004 QQQ7 0011 0014 0018' 0021 0024 0027 '0080 0032 0043 0050 0060 

........ 

7,0 0001 0003 0004 0005 0007 0008 0009 0010 0012 0013 0018 0022 0030 
10 00005 0001 0001 0002 0002 0003 0003 0004 0004 0005 0007 0008 0014 

. ' 

N~u mu6n tim U'ng su~t ~i m()t di~~'·nao 4Q do Igc tac d~hg l~n di~n chju tai bS:t ky, 
ta chia di~n chiu tai thrum nhfing di~n ch.ju tru nho ~a· xem IIJC tac dl}ng len n6 Ia nhOng 
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li!C t~p trung t~i tfim ciia manh. Dung ng~yen li cqng tcic d~;~ng de xac djnh amg suat .t~i 
diem do. · ' 

Vi (II} 2.6: Mc)t n~n dat chju tlic d~;mg ciia 2 tai phdn b6 d~u tren di¢n truyen tai A. B 
nhtt hlnh ve. M&Jc nuuc ngiim nfim ngay ~i m~t dat. Dat nen co dung lr~m{ricng bao 

hou Y:~at = 20 kN/m3
. Ufy lrQng luqng rieng dm nuac Ia Yw = iO kN/m~. 

Tfnh.ung suat t\li diem M vaN do 2 tai phan bo deu gay m. 
. ' I 

a) Tfnh t'rng sutil u}' do uii p 1 gciy ntt~i dit!m M 

"Hlnh CDFM" 

"ffinh GEFM'' 

I '8; 
-=-=2 
b 4 
z 2 
-=-=05 
b 4 • 

I ·4· 
-=-=I 
b 4 
z 2 
-=-=05 b 4 • 

' 

--+ Uhg su«t la;li M do tai p1 gAy ra: 

Kg(COFM) = 0, 2384 

Kg(CDFM) ~ 0,2315 

0'~1 = Kx p1 = 2[ Kg<CDFMl- Kg<GBFM> ]p1 =2x(0,2384-0,23l5)x200 = 2, 76(kN I m2
) 

I 

10 
4m I 

I 
I 
I - --,--
I 

4m I 
I 
I 
I 
I 

I 

--

I 
I 
I 

2 
Pa=250kN/m 

l'N 

I® 
-ttl""-

I 
I 

~ .. 4m •1•2m,l• 4m ·I 

4m 
I 

I I 
I® I® 
I I. 

2m I I 

2m 

F 
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·i 
I 

I 

b) Tinh Jing sud't uz' do tdi p2 gdy ra t9i dilm M 

!_=4=1 
b 4 
z 2 
-=-=05 

'. 2 
K0 =-0,_701 => o~ = Ko x p2 = 0, 701 x 250 =.175, 25(kN I 111 ) 

b 4 ' 
·' 

c) Tinh ang sudt u/ do tdi p 1 va p2 gay ra t9i dilm M 

a: =a:1 +a'~ =2, 76+ 175,25 = 178,01(kN /m2
) 

d) Tinh ang sudi u/ do 2 tdi tn;mg ngodi va tr{Jng lzt{fng bdn than ddt nln gay ra t(li 

dilmM 

7G 

Oz =a: +0'~ = 178,01 +(20-10)x2 = 198,01(kN /m2
) 

e) Tinh ang sudt uz' do tdi p2 gay ra tt;ri dilm N 

I® 
I 

--~--JM 

"IDnh CDIN'' 

''Hinh KHIN'' 

I 6 · 
-=-=15 
b 4 ' 
z 4 
-=-=1 

.. -,b 4 

:/ 4 
~=-=2 

H 

Kg(CDIM) = 0,193 

. ~ ! Kg(KHIN) = 0, 1_2 
. ----2. 

b 2 

I 
I 

' . 



~ !Rtg sult lfi N do t8i p1 gay ra: 

0'~1 =Kg x p1 =2[ K1c<DIN) -K1cKHIN>]P1 = 2x(O,l9.3-0.,12)x 200 = 2~;2(.kN I m2
) 

fl Tinh big sllift ui ~ ~; p2 gdy ra tt;~idilm N 

I 4 
-=-=2. 

"Hlnh JLON'' b 2 K,(JLON) = 0, 12 z 4 . I 

-=..-=2 
b .2 

-+ Utg soft lfi N do tii p1 gly ra: 
. . '· . 2 

a~ =2xKa<J:LON>xp2 =2x0,12x2~0=60{kN/m ) 

g) Tlnh 11ng 1Utft ozP do tdi p1 vd P2 gtJY ra t{li dilm N . 

o~ = a:l +a~ = 29,2 +60 = 89,2(kN I m2
) 

h) Tinh Ullg su4t o'z' do 2 tdi trf}ng ngodi vd tr9ng lll{lng bdn th4n ddt nen gdy ra tt;~i 

dilmN 

0'1 =a~ +a~= 89,2+(20..:..10)x4 = l29,2(kN I m2
)'"· 

2.3.3. Bil to¥ phiag 

NhOQ8 cOni ....... xay dQng c6 1/b > 7, cmg trlDh thuy lqi, c4u durmg c6 lib > 20, thl 
khi tfnh ~ c6 dl4xem n1nt .,_. ~ pbiag. 

2.3.3.1. Ttli lr(Jng pluJn U ,.,, thdn1 tho phllli,ag y (IHii to6n Flturumt) 

Bli to6n FIIJilant duqc suy ra tik bti.to6n Boussinesq khi choP ch~y tren dul:mg 
thing thlnh tii phln b6 p .. DAy Ji bli tom' cd bin ch·o viet xac djnh tbtg su~t trong 
cac bti toan phing. 

X 

z 

Hinh 2.22. Ung sutit do tdi trr;ng phdn bd duimg thdng theo phlldng y 
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2.P ~3 . 
0 =- . 

z 1t ( 2 2)2 
X +Z 

2 2.P X .z 
(1 =-· .. 

X .· . 2 ' 
n (x2 +z2) 

2.3.3.2. Tdi tr{Jng phdla·bo diu hinh bang theo phllang y (xac d!nh ling sud't duOi 
nln dut)ng) 

Trien .khai bai to~ duang thing tren ~ rc)ng B, ta duqc tii phAn b6 deu p tren tiet 

di~n hl~. ~ing, tQa de) diem M. xaq ;di~ tlr 2 g6c Pt va p2 . 

78 

Utg su!t daz do tai trqng dubng thing pdx gay ra ~ M(x,z): 

2pdx 3r.t .....;::...-cos P 
7tr' 

,. z . ·· A d zdP 
vm r=--A; x=ztgp; x=---· ~2-cosp , · cos p 

-+ daz = 2P cos2 pdp 
7t 

· ... ; 
: . .: 

z 

M X 

z 

Hlnh 2.23. Ung su4t do tdi tr(Jng pluin btl dl~ hinh bang 

Tfch phAn t\r p1 d~n P2 ta duqc: 



Flamant da giii dU:QC.: 
. ·. ...:: 

,. . ~' = ~[11 1 + ~ sin21l1 -(±)112 - ~ sbi(±2Jl2) J . 
ax= p [~, +_!_sin2~1 -(±)~2 + !sin(±2~2 )J · n · 2 2 

. ' 

. I . -~2 = + ; M ~iril ngoli di~~ 'ch!u.~. 
, . . ~2 = ~ : M nim trong di~n chl,u tii. 
06 d<m giin c;:ho vi~ tinh toan, cOng thd'c tr!n duqc n1t gqn · · . , . 

. . . . .. ~ i . 

lcz, kx, kt e (xlb, l/b) duqc ~P tbanh being tra 2.10. 
. . . 

Bing 2.10. Ghi trj h~ s6 kz.(a/p), kx (a/p), kt (t/p) 
cbo til blnh ·bing ph4n b6 d~u 

: • ·lr 
.. x/b , -

z/b 0 0,25 0,5 

a.)p a.,.lp T1r/P a).p aJp -c.,.Jp a.)p 
: 
• axfp 

.. 
. I . 0,5 0 I 0 1 I 0 o,s· · 

'---· 

0,1 0,996;76 0,751907 .. o o,988l51· 0,~227 0,038345, 0,49979 0,436759 

0,25 0,95948 0,450185 0 0,902232 0,392936 0,127324 0,496917 0,347124 

0,35 0,91028 0,312117 0 0,830981 0,285917 0.153849 0,492083 0,293583 

0,5 0,81831 q,l8169 0 0,734653 0,18618 0,156706 0,47974 o.~ . .. i ~ \ 

0,75 0,66816 0,08051 0 0,607064 0,097768 0,127324 0,447~5~ ·' 0,142378 .. 
1 0,54982 0,040519 0 0,510497 0,055127 .0,095867 0,40915,5 .• Q,090845 

' .. 
1,25 0,46176 0,002714 0 0,436498. 0,03321 0,072016 0,37005 0,059504 

1,5 0,39582 0,013847 0 0,379094 0,02121 0,0550.59 0,334079 0,040255 

1,75 0,34533 -(),009007 0 0,333862 l . 0,014235 0,043027 Q,302367 0,028131 

2 0,30575 0,006165 0 0,29761 • 0,009957 0,034347 0,274908 0,02026 ., 
3 0,20837 0,001901 0 0.20~3 0,003204 0,016529 0,197909 0;006923 

4 0,15752 0,000814 0 0,15634 ' 0,001394 0,009572 . 0,152876 . 0,00Jq8~ 
' 5 0,12648 0,000419 0 0,125867 .. 0,000724 0,00621 J 0,124046 0,00162 

'6 ·l 
0,104186 ' o.odo9st· L-.::.. 0,10562· 0.000244 0 0,105255 0,000422 0,004345 

.. .. · 

T'h./p 

0,32 

0,31516 

0,29959 

0,28357 

0,2~465 

0,20372 
.. 

0,15915 

0,12422 

0,09794 

0,07835 

0,06366 

0,03183 

'0,01872 

0,01224 

0,0086 
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,, ; . 

Bing 2.10. Gi6 trl b~ s6 kz (a.Jp), kx (a.,jp), ~('tip) 

cho til blnll blDg pbAn b6 ''u (tilp theo) 

x/b 
7)b 1 l,S 

oJp o.Jp -r.Jp oJp o.Jp t,Jp o.Jp 
0 0! 0 0 0 0 0 0 

0,1 0.00159 O,Q9226J 0,0.114 0,000196 o.o;mo4 o,cm643 5,.f1B.OS 
.. 

0,2S 0.01915 ·0,196141 0.0518 o.cmm o.-..· U5513 O,(l)(a 

0.35 0.()4376 .0,234747 ().0952 G.00'734I O.Ui4U Ullllt o.aa•• 
0,5 0.017'76 0,256279 0.1404 O,Oll'f· 0.JD61 ...... , . o,ao.w73 

0,75 0,15637 .C) ... 0,1811 0.018'19 0.1'7n4 .... 0.017177 
I G,20413 OJIJ4U3 0.191 o.o7MI 0.1-.4 0.11525 o.c&3331 

1,2S 0,23437' 0,11'17,'75 0,115 O.lOIJBJ O.l-- 0,130119 0.0Sit4 .. 
1,5 0,25005· 0.1~5 0.1719 0,134)31 0.1471M 0,13111 O,G'I8II5 

. l,7S ·(),25627 . 0,1., 0.1563 0,152774 . 0.127117 0.1JS171 . .,...,. 
2, C),25GI' . OAfrl62. O,I«M O.lG5589 0.10181 O,IJOG9 OJCIIJ:M 
3 .o.ml9 ~ ~ 0,17m9 o.cmm ~ O.IM247 
4 0.19615 o.o ... O.osil 0.1.., o.cDI_. .,., ... .,. 
s 0,16714 O,OUJ47 o.oa O.l51i16l 0.01114 OMI4l9 0.13207 
6 0,141.1 0.0061102 0,0296 0.134m 0.011706 0.051484 0,122032 

.. 

Trubng bW nlu M e Oz (tl'IJC chfah), ta c6: 

<Tz = CJ 1 , O'x = 0'3 , 0' l VB 0'3 lfO neD c4c d:rlg sua't chlnb 

O'z = 0'1 = p ( 2~ + sin2P]; a" = a3 .= p [2P - sin 2P] 
n n 

't=O; O't +a3=2p2~ 
n 

2.3.3.3. Dli tlylng pluJn bd tam gi4e 
trin diln lleh hlnh btlng (tl{IC theo 

2 

o.Jp 
0 

0.0211)1 
o.OSt319 

~ 
o.OJ3m 
o.a~ 
0,13611·. 

0,139013 

0.134247 

0.12111J 
0.113177 
G,0705I5 
0 ..... 

o.crJ'415 
0,017177 

· ph~ttmg J) (Niit tiJtl)ng, M, d~Jp, ••• ) 

0 z =kz P 

O'x. = kx P 

k. 0 z k· 0 x k 't /b owlh z =-. , x =- • t =- E (X , .c;u) 
p p p z 

ta./P 
0 

0,00106 

0.00641 
0.01216 

-~ 
G,04494 

~·· QM337 

O,Of549 

0.10268 
0.10518 
0.09549 
•0,07535 

0,05798 

0.04494 

duqc l$p tba.&t bang tra 2.11, 2.12 va 2.13. 
(chu y cbi~u khi xac djnh cac t'rng suf{!). 

· Hlnla 2.24. llng sut!t do tdi trt}ng plllm bo' 
· tam giac trin diln tich hinh bdng 
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2.3.3.4. Tdi tr{mg hinh biing phtin bo de'u nlim ngang 
" ·-· 

kt . 
't = ng Png; 

0 

~-~- Ill£ __ ~ 

z 

Hi,P. 2.25. clng sudi do tdi trpng hiniJ bang phdn blf dlu nam ngw1g 

Bang 2.11. Gia trt h~ s6 kz = O'z cho tai tr~mg hlnh bAng ·phAn bo tam giac 
. p . . 

, .. B .., 

-r111" "-p . 
X 

z 

z/b 
x/b' 

-1.5 -1,0 -0,5 0 0,25 0,50 0,75 1,0 1,5 2,0 2,5 
0 0 0 0 .0. 0,250 0,500 0,750 0,500 0 0 0 

0,25 - - 0,001 0,075 0,256 . 0,480 0,643' 0,424 0~015" -o.oo3 -
0,50 0,002 0,003 0,023 0,127 0,263. '0,410 0,477 0,353 0,056 0,017 0,003 
0,75 0,006 0,016 0,042' 0,153 0,248' 0,335 0,381 0,293 0,108 0,024 0,009 
1,00 0,014 0,02S 0~061 0,159' 0,223 0,275 0-).79 0,241 0,129 0,045 0,013 
1,5 0,020 0,048 0:096 

. ' .. 0,145 0,178 0,200 0,202· 0,1BS · .'0,124 0,062 0,041 
2 0,033 0,061· o:092 0,127. 0,146 0,155 o.l63 0,153 ,0,108 0,069 0,050 
3 0,050 0,064 0,080 0,096. 0,103 0,104 0,108 0,104 0,090 0,071 0,050 
4 0,051 0,060 0,067 0,075 0,078 0,085 0,082 0,075 Q,Q7~ 0,060 0,049 
5 0,047 0,052 0,057 0,059 0,062 0,063 0,068" 0,065 '0,061 0,051 0,047 
6 0,041 0,041 0,050 0,051 0,052 !0,053 0,053 0,053 o.o~o 0,050 0,045 
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Bing 2.12. Gia tri h~ s6 k" =a" cbo tai trc;mg hlnh bang phan bo tam giac 
p 

Bfl 8/2 t--= •I• •I 

~lln--r-
; 

P-
X 

0 

z .. 
z/b 

x/b 
' 

-1,0 -0,15 -0,50 -0,25 0,0 +0,25 +0,50 +0,75 
0,01 0,006, 0,015 0,467 0,718 0,487 0,249 0,026 0,005 
0,1 0,054 0,132 0,321 0,452 0,376 0,233 0,116 0,049 
0,2 '0,097 ' 0,186· 0,230 0.259 0,269 0,219 0,146 0,084 
0,4 O;l28, .. 0,160 0,127 o.~ 0,130 0,~48 0,142 0,114 
0,6 0,116 . 0,112 0,074 0,046 0,065 0~096 0,114 0,108 
0,8 0,093' 0,077. 0,046 0,025 0,035 0,062 0,085 0,091 
1,0 0,072 0,053 0,029 0,013 0,020 0,041 0,061 0,074 
1,2 . 0,048 0,038 . 0,020· 0,009 0,013 0;028 0,047 0,058 
1,4 0,()42 0;027 0,014 '0,007 0,008 0,019 0,033 0,045 
2,0 0~019 0,012 0,005 0,002 0,003 0,008 0,015 0,022 

. t ' ;,, ' ' ., 
Bing 2.13. Gi4 hi h~ sti k-r =- cho tal trqng hlnh bang phin b6 tam gbic 

p 

812 8/2 J.. •I• •I 

P---~ 
X 

0 

z 

z/b 
·xlb 

.. -10 ' .. ~J~ .... -0,5~ -0.25 . 0,0 +().25 +0,50 +0,75 ' f .... - ... - -

0,01 -0,000 -0,001 -0,313 +0,009 +0,010 +O;(UO +0,005 +0,000 
'0,1 -0,008 -0,034 -0,272 +0,040 +0,075 . +0,()78 +0,044 +0,008 
0.2 -0,028 -0,091 -0,231 +0,016 +0,108 +0 .. 129 ' +0,075 +0,025 
0,4 -o,o71 ..(),139 ' -0,167 -0;020 +0,1Q4! : t(),138 +0,108 +0,060 
1)~tt·-. . ;.;(),093 . - ·4),112 . . -o,-l:zi· . -Q025 . --+{}.ctn :~ . ~ -+0,1.23 -. .. +-0.112 .. _:+IUWl _ 

0,8 -0,096 -0,112 -0,090 .-0,021 +0,056:. ; +0,100 +0,104 '+0,085 
1,0 -0,089 '·-0,092 -0,068 -:<!!0_~7 +0,040 't9.!079 +0,091 +0,083 
1,2 -0,080 -{),076 -0,053 ,' -0,014 +0,030, '+4~96~ +0,081 +0,077 
1,4 -0,070 -0,'*2;' -0,042 -0,010 +0,023 +0,051' +0,066 +0,069 
2,0 . -0,046 -0,037. -0,023 -0,006 +0,012 +(),028 +0,041 +0,048 

. ' 
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Bang 2.14. Gia trj b~ so cho mi tr~mg blnh bang pbAn bo d~u -~a;P .. ang 
> 

x/b 
; . ' •! 

z/b 
-1,00 -0,75 -0,50 -0,25 0,00 +0;25 

.. 
+0.50 t0;75 

kz 
Ul! 

. 0,001 0,001 0,318 0,001 o;ooo -0~001 -0,318 -0,001 

0.01 k:J! 0,699 1,024 2,645 0,697 0,000 -0,697 -2,645 -1,024 

k~l! .... 0,008 -0,021 -0,494 -0,935 -0.~48 -0,935 -0494 -0,021 

k7. 
nu O,OlJ 0,042 0,315 0,039 0,000 -0,039 -0,315 ~0.042 

0,1 k~l! 0,677 0,917 1,154 0,618 0,000 -0,618 -1,154 
. ' . 

-0917 

k!l! -0,752 -0,685 
.. ... 1-0~180 -0,082 -0,180 -0,4~7 -0,685 -0.437 

k"-mr 0,038 0,116 0,306 0,103 0,000 -0,103 -0,306 . ~0.116 

0,2 k:l! 0,619 0,759 0,731 0,459 0,000 -0.459 -0,731 -0,759 

k!l& -0,147 -0,270 -0,376 -0,469 -0,376 
.. 

-0,538 -0,469 ; ; i -0,270 

k:ll 0,103 0,199 0,274. 0,159 0,000 -0,159 ·-0,274 -0,199 

0,4 k:l! 0,461 0,456 0,356 .. 0,216 0,000 -0,216 . -0,356 -0,456 

k!i1 -0,208 -0,274 -0,269 -0,215 -0,260 ..0.~1.5 -0,269 -0,274 

k:l! 0,461 0,456 0,356 0,216 0,000 -0,216 -0,3·5,6 -0,456 

k~l! -0,208 -0,274 -0,269. -0,215 -0,260 -0,215 -0,269 -0,274 
k7. 

Dl! 0,144 0,212 0,234 0,147 0,000 -0,147 -Qi234 -0,212 

0,6 k:l! 0,319 0,319 0,272 0,189 0,000 -0,189 ~0,272 -0,319 

k!l! -0,204 -0,221 -0,188 -0,143 -0,129 -0,143 -0,188 -0,221 

k~l! 0,158 0,197 0,194 0,121 0,000 -0,121 -0,194 . -0,197 

0,8 k:J! 0,217 0,167 0,105 0,050 0,000 -0,050 ~d.105 -0,167 

k!l! -0,177 -0,169 -0,130 -0,087 ~0.070 -0,087 -O,J]O -0,169 

k~l! 0,157 0,175 0,159 0,096 0,000 -0,096 -0,159 -0,17.) 

1,0 k:l! 0,147 0,105 0,061 0~027 0,000 -0,027 . .!606'1 
':.... · .. -O~lQ~ . 

·, .. 
k!l! -0,148 -0,127 -0,091 -0,05~ -0,040 -0,055 -0,091 -0,127 

k~l! 0,147 0,153 0,131 0,078 0,000 -0,078 c-0,131!. -0,153 
.. 

1,2 k:l! 0,102 o:o68 · 0,037 0,013 0;000 -0,013 -0,037 -0,068· 

k!l! -0,117 -0,096 -0,067 -0,037 -0,026 -0,037 -0,067 -0,096 

k~l! 0,133 0,132 0,108 . 0,061 0,000 -0,061 -0,108 -0,132 

1,4 k~l! 0,072 0,045 0,024 0,009 0,000 -0,009 -0,024 -0,045 

k!e -0,094 -0~073 -0,047 -0,026 -0,017 -0,026 -0,047 -0,073 

k!l! 0,096 0,085: 0,064 0,034 0,000 -0,034 -0,064 -0,085 

2,0 -k:l! 0,027 0,015 0,007 0,003 0,000 -0,003 -0,007 -0,015 

k~l! -0,049 -0,035 -0,.020 -0,010 -0,006 -0,010 -0,020 -0,035 
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~~. .' . . . 

Vi dl} 2.7: 

Oto r 'tAi trqng 'hlnb bartg c6 ~ !Vng b = 4m, nhu hlnh 

ve._Uy tl'C}Ilg 1~ rie.tg ~laa nude la Yw = 10 k.N/m3• 

TCnh ling swft tOng ~- tfug sui(t c6 hi¢u theo phumg 
dll'pg va phuang ngang .cua trQng hrqng ban than va tai 
trQng ngQai);.l\'ng .sua'ttilp 'txz ""i cac di!m c6 tQa de) 
nhu sau:.· 

· A (x,-= 0, z = 1); B (x = 0, z = 2) 

C(x·= 0, z= 4); D (Jt = 2. z = J) 

Gidi: 

T9iA: 

- Do tii trQng ngoti: 

~ . 

b=4m 

q = 100kPa 

A 

B 

c 
z 

. ~., •' 

D+ 

Ysat= 20kN/m3 

1<.,==0,471 

"=0=0 
b 4 
z 1 
-.-=-=0 25 
b 4 ' 

kz = 0,9595 ~O'z = 0,9595x l00=95,95(kN /mi) · . 

~ kx =0,4502~0'x =0,4502x100=45,02(kN/m2
) 

k" = 0 ~ 'txz = 0 

24 

cr'z = y' .h::;: lOx l = 10(kN I m2) 
- Do trQng' lugng bin thAn: 

~~x =·k0 .cr'z·= 0.41lx10 = 4, 7l(kN /m2) 

cr'z ·= 96+ 10 = 106 (kN I m2') . 

~ 'Oitg su~tc6 hi¢u t~ A: a'x =45,02+4, 7 = 49,7-(kN /m2 ) ... 

'txi·:;::: ~ 
:'. 

-Ap b,rc nuac 16 rOng ~i A: U',A. =lOx 1 = 10 (leN /m2) 

--+ ung suat tong ~ A. · - · - . . r'L. "' 11 • · • {O'z = 106+ 10 = 116 (kN /m2
) · 

· :·_, ax =49,7+10=59,7 (kN/m2) 

TaiB: ... 

x=O=O 
b 4 

~= 2 =05 
b 4 ' 

.. : 
' ~ 

kz = 0,8183--+ O'z = (),8-183x 100= 81,83 (kN I m2) 

~ kx = 0,1817 ~ ~" =o:,is'I7xl00= 18,17 (kN /m2
) 

k =0--)ot =0 't . xz 



a'l = y' .h = JOx 2 = 20 (kN I m2
). 

- Do trQng luqng ban thAn: 
a'x = k0 .a'z = 0,47 J x 20 = 9,42 (kN I m2 ) 

· a'1. =81,83+20=101,83 (kNim2
) 

---+ DngsuS:tc6hi~u t~iB: a'x =18,17+9,42=27,59 (kNim') . ,, 

'txz = 0 

- .Ap ll)'c nuoc 10 rOng ~i B: u8 =lOx 2 = 20(kN I m2) .:"• :i 

r'-t.. If, ., • {<Jz =101,83+20=131,83 {k.Nim2
) 

---+ ung sucat tong ~ B: . 
ax =27,59+20=47,59 (leN 1m2

) • I . • ~ 

Tt;~i C: 

- Do tii trQng ngoai: 

X = 0 = 0 kz =·0,5498---+ O'z = 0,5498 x 100 =54, 98 (k.N I m2) 
b 4 . . 

=> .kx· = 0,0405---+ O'x = 0,0405x 100 = 4,05 (.kN I m2
) z 4 ' •'' 

-=-=0,5 k =0---+'t =0 b 4 . T XZ 

a' =y'.h=10x4=40 (kN/m2
) 

-Do trQng hrgng bin than: z 
· a'x. = k0 .a'z ~: 0,471x 40 = 18,·84 (kN I m2)' 

a'z =54,98.+40=94,98 (kN 1m2
) 

---+ Ung suS:t c6 hi~u ~ C: a' x = 4, 05 + 18,84 = 22, 89 (.kN I in2
) 

'txz =0 

- .Ap h,rc nuac 10 rOng t~ C: uc = 10 x 4 = 40 (kN I m2) 

r"t:.. • "·JJ. · • {O'z = 94, 98+40 = 134,98 (kN / m2
) 

---+ uug suiit tung ~~ C: . 
O'x =22,89+40==6~,89 (kN 1m2

) 

Tt;~i D: 

- Do tii trQng ngoW.: 

k1. == 0,4969---+ O'z = 0,4969 x 100 = 49,69 (kN I m2
) 

:::> kx =0,3471---+ax =0,347lx100=34,71 (kNim2
) 

kT = 0,2996---+ 'txz = 0,2996x ioo = 29,96 (kN I m2
) 



u 'z = y' .h = 10 x 1 = 10 (kN I m2
) 

- Do trQng lugng ban thAn: , , . ; , 2 
CJ x =k0 .CJ z =0,471xl0=4,71 (kN/m) 

u'z = 49,62+ 10 = 59,62 (kN/ m2
) 

~ Oitg suift c6 hi¢u,t'i D: u'x = 34,71 +4, 71 =·39,42. (~~I m2
) 

txz = 29,96 (kN /m2
) 

-Ap 1\fc mroc 16 r6ng ~i D: u0 =lOx 1 = lO(kN I m2
) 

CJ2 = 59,62+10 =69,62 (kN /m2
) 

~ UDg su~tt6ng ~i D: ux =39,42+10=49,42 (kN /m2
) 

txz = 29,96 (kN I m2
) 

Vi d~;~ 2.8: 

MQt n~n dumtg c~o 8m, c6 m't cit ngang nhu hlnh ve. Tfuh tlng su«t phap theo 
phuang dUng va phuang ngang, l1ng sua't ti6p t~i di~m A. M11c nttac ngrun nlm dt sau. 

I· 28m ·I 
I• 8m •I 

I 

Than bOn 

! •. 

Cach 1: 0~ dung va don giin, ta, xem D;~n duang Ia mQt tarn giac can,- so d6 tinh 
toto nhu sau: . · 

I.• 

,, A I=4m 
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+ Tai tr<;mg ngoai: 

- Taco: l;; =~= 0
•
3 = 0,429 

t-v 1-0.3 

- uz do .tai ( l) tcic d-a}rtg ten diem A (z ~ 4m): 

XA = 14 = l 
b . 14 

!=_!=0 287 

. 2 
=> kz = 0,418 => Oz = 155,2x 0,418 = 64,87 (kN /m ) 

b 14 ' 

Vi bru toan d6i xU.ng nen tOng az do tai (1) va (2) tac d~:Jng len diem A Ia: 

O'z= 2 x 64,87 = 129,74 (kN/m2
) 

- ax do tai (1) tac d~:Jng len.diem A (z = 4m): 

XA = -7 =-05 
b 14 ' 

z . 4 .. 
-=-=0,287 
b 14 

=>kx =0,22=>ax =155,2x0,22=34,144(kN/m2
) 

Vl bai toan d6i xling nen tOng ax do tii (1) va (2) tac d\lng ten diem Ala: 

O'x = 2x34,144 = 68,29 (kN/m2
) 

'txz = 0 (vl A nim tren tn~c d6i xll'ng) 

+ Tai trQng ban than: 

V~y: 

Cach2: 

+ Tai trQng ngoai: 

O'z =y.h =18,96x4 = 75,84(kN I m2
) 

O'x = i;.az = 0,429x75,84 = 32,54(kN I m2
) 

{

O'z = 129, 74+ 75,84 =205,58 (~1m2 ) 
ax = 68,29 + 32,54 = 100,83 (kN I m2

) 

l· 28m ·I 
I• 

8m 2 

I •I P = 155,2 kN/m 

~ ~ i 
~ 

: i . ... !:· .i 

JA 
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- OOg suat do tai phan b6 deu tren di~n tich h1nh bang tac dl.}ng len diem A: 

~=0=0 
b 8 
z 4 
-=-=05 
b 8 ' 

~ kz = 0,82 ~ Oz = 0,82x 155,2 = 127,26 (.kN /rn2
) 

2 
kx = 0,18 ~ox= O,l8x 155,2 =27,94 (kN I m ) 

- lJng suilt do tai phtln · bo hlnh tam giac tren di¢n tich hinh bing rue dyng len di~m A 

(Tfnh voi ca hai nila tam giac - diem A uam tren tri:Jc d6i xll'ng): 

~ = 14 = 1 4 
b 10 • 

~=~=04 
b 10 ' 

~= -9 =-0.9 
b 10 

~=..!=04 
b 10 ' 

=> kx = 0,138 ~Oz. 2~0,138xl55,2 =42,83 (kN /m2
) 

+ Tai trQng ban than: 

Oz = y.h = 18,96x4 = 75,84 (kl',l/m2
) 

ox = l;;.oz = 0,429x 75~84 = 32,'54 (kN I rn2) 

Oz = 127,26 + 13, 04..Pi75;84:.::;r216, 14 · (kN I m2
) 

Ox =27,94+42,83+~2~;5~£~6J,i31 (kN 1m2) 

'txz = 0 

Nh~ xet: ca hai each trtn d~u cho k~t cp~A,t~g:t\f nhau, each 2 chfnh xac hc;tn vl 
· ,g4ft gi6ng nh4't v6i mO hlnh th\fC t€. · 

Vf dy2.9: 

M(at n~n dulmg cao 3m, dlt dip du(mg co dung trQDg y = 19kN/m3 co mft cAt ngang 
nhu hlnh ve: 

/---f-~=-kN/m-3----....~ I 3m 

Xac d!nh llng su4't uz ~ di~m M 



Gidi: 

~ Oilg su~t do tii phan b6 deu tren di¢n tich hlnh bang tac d~;~ng len di~m M: 

-~::;~=0 
b 10 

! ::: 2• 
5 = 0 25 

b 10 ' 

=> kz = 0,9595 ~ O"z =0,9595x 19x3 = 54,69 (kN I m2
) 

·- UDg suit do tai phan b6 hlnh tam ghic tren di¢n tfch hlnh bang b1c di;Jng len di~m M: 
. :i: : . 

x=7=35 
b 2 ' 

~ kz ~ 0 ~ 0" z ~ 0 

.!= 2•
5 

=I 25 
b 2 ' ·.· 

~ V•y ling su~t ~i diem M do tcli trong hinh thang gAy ra Ia 54,69 {kN/m~) ·. 

BAI T ~ CHl(jNG 2 

BM 2.1: Oto mQt n~n d«'t v6i cac chi tieu V3t Iy nhu hlnh ve. M\IC ntl'Ck ng~ ·a dQ 
sau each m.t dft 3 m. Do mao din, 1 m d~t cat btn tr!n mvc nuoo ng~ c6 ch~ ~uac 
mao din. DQ bio boa cua 1 m I~ dQ cat c6 nu&: mao din nAy Ia S = 0,~~ TCQng itlqng 
rieng ci.a Mt ·cat c6 ntt& mao din nly cOng thay ddi va bing-17,6 kN/ni3 :.Cb6 bie't , 

dung trQng rieng cua n.WC, Yw = lOkNhn3
• ' 

a) Xic djnh ap 1\IC nu& 16 r6ng ~ di6m A. 

b) Xac djnh llng sUS:t c6 hi~u theo phuang dlhlg a' z• do tl'Qng luqng bin thAn gAy ra 
~ di~m A (nim trong 16p Mt cat-c6 nu& mao.din). 

c) Xac dpJh lhlg suD:t c6 hi~u theo phlWilg ddng, a' z do trQng luqng bAn thAn gAy ra 
~i diem c. 



Gilli: 

a) Xac ~~nh ap lt!c mr& 16 .rong ~ diem A: 

- sr XYw - 0,6x 10- 6(kN/ 3) UA- --- -- m 
. hmaodlln 1 

u0 =0 

uc =2xJ0::20(kN/m3
) 

I 

b) Xac djnh U'ng su«t c6 hi~u theo phuong dU'ng a'z, do tr~mg Iugng bin than gily ra 

t~i di~m A (nlm trong 16p dl't cat co nuCic mao din). 

Utg su«t tOng ~i di~m A: a!A = 16,5 x 2 = 33 (kN I m2) 

Utg soft hihl hi~u lfi di~rp A: a ·~~A = a~A - u = 33-( -6) = 39(kN I m 2 ) 

c) X,8c djnh tlng su«t co hi~u theo phuang ddng, a' z do trQng Iuqng bin than gAy ra 
t~i di~m C ' 

UOg su«t tOng.~ diem C: cr!c = 16,5x2 + 17,6x.~ + 19x2 = 88,6(kN I m2
) 

Ulg sut:thihl hi~u tfi diem~: a'!c = a~!.c -u ~~·8,6-20=68,6(kN /m2
) 

Bai 2.2: MQt ~P d(t du~ xem nhu dai vo hfll, dip tr!n mQt n~n. d(t t\f nhl!n nhu 
hlnh ve. Gii thie't cac ldp dilt nim dum mvc nu& ng4m d~u bj diy ndi. Caic gia tri ngoai· 

bang tra xem nhu bing. "0". Uy trQng Iugng ri!ng caia ntWc 18 'Yw = 10 ~/m3• ·~· 

I· 4m ·I· 5m .,.. 4m .. , 
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a) Tfnh ling suat co hi~u theo plumng dung o-'~1 (kN /m1 )do trqng lu~mg bitn th•1n 

dat nt'5n gfiy m t~i ctiem c. 

b) Tfnh U'ng suat t6ng theo phuang ngang cr~ (kN I m2
) do trQng lugng bim than dat 

nen gay ra ti:li di~m B. 

c) Tfnh llng sua't phap theo phuang dung cr~ ( kN I m 2) do hii dat dfip gfty ru t~i diem A. 

d) Tinh Ung sufft c6 hi·~u theo phuong dU'ng do tiii dat dap va trQng lugng blm than d<ft 
nen gay ra t~i diem A. 

e) Tlnh ling suift phap theo phucmg ngang 0'~ (kN I m2
) do tcli dift diip gAy ra t~i diem A. 

0. Tfnh ling suilt tdng theo phuang ngang do tai da't dnp· va lrQng hrgng ban thtln dat 
nen g~y ra. t~~ dit~m A. 

Giai: 

a) Tinlz itng :mal ct) Jlifu thee> _plutdng dt?ng cr'~ (kN I m2) do tl"png llt(lng bdn thlin 

diii ne'n gciy ra t~i dilm C 

Ung sua't tdrig t~fdiem C: cr~~c = 18x2+20x3+ 19x 4+20xl,5 = 202(kN 1 m1 ) 

Ap la.rc nuac 16 rOng t~i diem C: u = (1,5 +2+3+4+3+ l,5)x 10= 120(kN /m2 ) 

tJng suS:t hihl hi~u ~i diem C: a ·~~c = a~!.c - u = 202 -120 = 82 (kN I m 2) 

b) Tinh z~ng sum ttlng tlzeo plutdng ngang cr~1 (kN 1m2
) do tr{Jng liliJhg bdn tluin ddt 

. I 

nln gay ra tt;zi dilm B 

tJng sutrt tOng t~i diem B: cr~~B = 18x 2+ 20x3 + 19x 4 = 172(kN I m2
) 

Ung suit tOng theo phu<1.ng ngang t'i diem B: 

a~~o.=K0 xcr:~B = 0,8x 172= 137,6 (kN /m2
) 

c) Tinlz U'ng sud't phap theo phudng d1mg cr~ (kN/m2
) do tdi ddt ddp gay ra tt;zi dilm A 

Tai trqng ngoai: p =yxH= 20x3.=60(k.N /m2 ) 

D6i v6i tam giac CD 

z 5 1 . -=-=1,25 
b 4 ( kz = 0,"213 => CJ~::: 0.213x60 = 12. 78(kN I m2

) 

:=:=1 j 
! ; 

Doi vai hlnh thang ~ 
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z 5 
-=-=1 
b 5 kz = 0,41:;::; a~= 0,41 x60 = 24,6(kN I m2

) 

~= 2,5 =0 5 . ; 
b 5 ' ,, : 

D6i vm tam giac ® . 

. . z 5 . 
-=-=1,25 
b 4 

~= 9 
=2 25 

b 4 ' 

~ 0'~ ,=:: 12, 78+24,6 = 37,38(kN /m2
) 

d) Tinh ling su4t co hi~u theo ph11c1ng dzmg do tdi ddt d&p va trqng lll{lng bdn thdn 
ddt nin gdy ra tt}i dilm A 

92 

crz' = a'~+a~ =(18x2+ 10x3)+37,38= 103,38(kN./m2) . 

e) Tinh ling sudi phllp theo ph11t1ng ngang a~ (kNJm2
) do tdi dtft d&p gay ra t{li dilm A 

Tii trQng ngc>8i: p=yxH = 20x3 = 60(kN /m2 ) 

D6i vm tam·giac Q> 

!=~=125 
b 4 ' 

~= - 2 =0,5 
b 4 . ' 

D6i vm hlnh thang ® 

z 5 
-=-=1 
b 5· 

kx =0,09=> 0'~ =0,09x60= 5,4 (kN /m2
) 

~= 2•
5 

=0 5 
b 5 ' 

D6i vm tam giac ® 

z 5 
-=-=125 
b 4 ' 
X 9 
-=-=2 25 b. 4 . , 

=> CYf = 5,4+ 1,11 = 6,5l(kN /m2) 

i· 



. J) Tinll tin,~ sudltting theo plutan,~ ugaflg c/o tdi dci't dclp vci tr(ll!g ht~m.~ bdn t/u}n dcii 
m1it gdv ra ted dilm A - . 

cr.~ = cr~' +a~= [0,5(18x 2 + l0x3) +30]+6,51 = 69,5l(kN I m1
) 

Dili 2.3: 01o 2 lai trqng hlnh bang tac dl}ng tren n~n nhu hlnh vc: 

r .,. b=2m __ , b=4m -----1 

I M, 
p,=200kPa 

. M2 
p,=300kPa 

1:1_ 
l I I I I I 

J 
~ Tinh cr2 ;crx ;txz t~i diem M (z = lm) 

Gidi: 

. - Ung sua't do m6ng M1 tcic dl}ng l~n diem M: 

I I r .' 1 I l 

X 2 
-=-=1 
b 2 

z l 
-=-=05 b 2 • 

kz = 0,08 -+·az = 0,08x 200 = 16 (kN I m2
) 

=> kx =0,21 ~O'x =0,21x200=42 (kN /m2
). 

kT =0,13-+ txz ~O.ll~200=.26 (kN /m2
) 

-ung sua't do m6ng M2 tac dl}ng l~n diem M: 

J 

X 3 
- =-=0 75 
b 4 ' 

z 1 
-=-=0 25 
b 4 ' 

kz = 0,260-+ crz = 0,260)1( 300 = 78,0 (kN I m2
) 

=>kx =0,260-+crx =0,260x300=78,0(.kNim2
) 

kT = 0,175-+ t.u =0,175x300 = 52,5 (kN I m2
) 

' 

O'z =16+78=94(kNim2
) 

V~y ax =42+78=120 (kN /m2
) 

'txz = 26 + 52,5 = 78,5 (kN I m2
) 

.. 

Biti 2.4: Cho m~t c~t d!a ch~t nhu hlnh ve. Ve do th! c~c du<mg U'ng su~t t6~g, U'ng 

su~t hfiu hi¢u do trQng lugng ban thAn va ap h,tc nuoc 16 r6ng 

93 
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Bai 2.5: .Ap ll;(c lac d~ng len nc!n dal C&ll duui day mong vuf>ng l~Ung <.hr~)'(; xap xi gan 

dung nhu hlnh ve. Philo tam m6ng ap ll;(c c6 gia li"j PI= 200kN/ni; phfin ben ngoai C() 

gia trj ap ll!c P2=100kN/m2
• 

~! D IA ~ 
'--------M 

2 
p2 =200kNm 

A-A 

Xac djnh U'ng sui\t thing dthtg a:.: tren tfl;IC qua Uhn 0 va g6c m6ng M do ap ll:fc <.ht{si 
day m6ng gAy ra l:J de) sau 3,0m. 

~~ 1.6:. Chg suilt ben du6i mc)t m6ng bing tuy~t d6i cung d~t trel} ntn dirt dinh chju 
tai dung. tam duqc x«p xi giin du~g nhu hlnh ve. Nen d~t duqc gia thuy~t Ia b~n khOng 
gian dan h6i dAng hu&lg. 

a) Xac djnh U'ng su~t thco phuang dU'ng az do tai trQng ngoai gay ra t~i A. 

b) Xac djnh ung su~t theo phuang ngang ax va ung su~t tiep 'txz (kN/m2) do tai trQng 
ngow gay ra t~i A. 

!/~If 

94 

2 
P2= 200 kN/m 

/ 

Tii hinh bing 

p1= 100kN/m 
2 

/ 
/ 

I· 1m ·I· .. 2m 

.. 

I 
I 1m ·I .. 1. 

2m I 
I 
I 

A 1 - '--· 



Bid 2.7: Cho mQt m6ng dan co kich thucrc 3m x 2m ch!u tac d~;~ng cua tai tn}ng 

· N = 600kN, m6ng d't slu h = Dr = 2m nhu hinh ve. Tr<;mg hrqrig ricng trung binh cua dat 

. va b!, tOng Ia 22 kN/m3• ' 

~) Xlc djnh llllg sua:t t•i A 
. . b j ~4c dinb ~g sua:t ~i a 

c) Xac dinh thtg suift t,i C 

2m 

.,., 
! _____ e_L_l~--

• I 1 I 
:; 

.· 

3m 

Bai 2.8: Kh6i d3:t dip mc)t con duemg c6 m~t cit ngang nhu hinh ve. TrQng Iugng 

rieng cua d3:t dip Ia y = 18 kN/m3
• Xac dinh gia.'ttfttng s\dt theo phuang dtlng do kh6i 

dilt dip gly ia "i A, B, C, D va E. 

6m 

3m 

j I 
j I . \:·;:.·a. 

• I I 

! al c o 'e A·----+----... ----+----~ 
! .. 3

m ·I· 3m ·I· 3m • r·. 3m -1 
I 

Bai 2.9. De' thi olympic cu h9c toan qu~'c nam 2002 
'• 

Cho 1 di~n tlch day m6ng.cOng irlnh chju tai tr9ng phAn b6 d~ti·p =·100 kN/m2 nhu 
hlnh ve. 

Yeu ~tlu. tinh nng s~~t thing 'dtlng Oz do tii· trQng p gAy ra t~ diem ·M a d~ sAJJ each 

day m6ng 3m nim teen tr\lc dlffig qua 0. 
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I I 
I I 
I I 
I I 
I I 
I I 

~-----·-----~------1 I 
I I 
I I 
I I 
I I 
I I 

I· 1m ·I~ 1m ·I· 1m ·I 
Bai 2.10: De thi olympic cd h{JC tolm qulic ntlm 2002 

M(»t m6ng ·bing cbi~u r~ng b = 2m ~t tren n~n dft ch6ng ch«'t co cac chi tieD: 

y = 20 kN/m3
, + = 30°, c = 10 kN/m2

• M6ng chju tij tr~mg thing dlblg phan b6 dtu p va 

tii trqng ben q = 30 kN/m2
." 

1 .. b=2m ·I 

1) L~p cfing thll'c xac dpm tii trqng p theo chi6u slu Ian nbft Zmax cua vilng deo. Cho 

bie't phuong trlnh duang ranh gi6i ph(Jill vi vimg deo nhu sau: 

Z=p- q(s~P - 2~)- q - 5.cotg<p 
1r'{ - smq> 'Y 'Y 

Trong d6 2P Ia g6c nhln tu diem xet d~~ ~ mep m6ng A, B. . . ... - -- --- . -

2) xac .dinh tai trQng p khi vilng deo c6 diem sau nh«t Zmax a tren tf\IC dll'ng di qua 
mepm6ngA. 

3)Xac dpm d(J slu l{m nh«t l.nax ClJC d~i (max ~M) cua vi:mg deo CO the d~t duqc va 
gia.tti tii tr~mg p tlldng thlg. . .. · · 
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Bai 2.1 I: fJe' tlli olympic nt Ju;c toiiu q1uJc· niim 2003 

M~t m6ng bing rQng b = 5m, chon sau h = lm1 tai tr~1ng day •m1ng p = 2*> kN/n/. 

d~t tren ni!n dit co y = 20 kN/m3
, lj) = 20°~ c = 25.5 kN/m2

• Chap nh~n lm giai dan Juii 
- . ,.- ': .. 

cua Micheld: 0"1.3 =: (2Jl±sin2P) 

a) Khao sat svdn djnh cua cac di~m: 

M1 (x = 0, 1. = I ,25m) 

M2 (x = 0,28, z = =I ,25). 

b) Phan tfcl):.~puic djnh vi tri ctia M1, M2 so vm vilng bien d~g deo phat tri~n trong nen. 

C) Nh*n xet, phln tfch v6 tfnh hgp ly, xac tbi,IC cua.vi¢c xac djnh vung bic!n d~ng deo 
theo each lam tren. 

b 

X · .. • i··li.!· 
I 1 " • 

.•. t :i .1 • ::!:· \ :7: j : •: 

z 

· • .1 1 1 : f., • 1 ~ 

: :::!; 

: i ; ~ • . . 

I'· 

,'I:' 

.. .. . 
01, ·, 

.. ; :: ~· .'. . . I. 

• • ' I .f 
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Chuang 3 
A' •I A' A .... 

IUJt:N Dt~NG CUA DAT NEN 

J.t. KHAI NI~M CHUNG v~ BIEN o~NG cO A DAT 

Khi chju taic·d~ng cua trQng luqng bin thin ho~c tai trqng ngoai, n~n dat se bien d~g. 
Bi~n m.tng cua q~n cOng trlnh theo phuung thing. dUng gqi Ia d¢ lun cua ntn cOng trinh. 

Bie"n d~ng cua dft g6m 2 thanh ph&n: 

+ Bie"n d~g khong hOi pba.ac (bien .~g deo ): khi c6 tai trQng ngoai tac dl}ng thi the 
tich.IO rOng t~ong.cU't bj giim di,do nu& va khOng khi trong 10 rfing b! thoat ra ngoai, 
cac hi;lt dft d~c;ic sip xep li;ii. Sa~:~ khi d~ tai. dfl't khOng tra vt nguyen di;ing. 

+Bien d~g, dan h6i: sau J9li do tii, dat phl}c h6i llili hlnh d~ng ban d~u (kha nho so 

. voi bien d~g khOng h6i phyc ). 

MQt d~c diem lam cho bi~n dfrlg ciia d(t khac vai bien d~ng cua cac v~t li¢u khac Ia 
mcSi quan h¢ giila bie'n W;mg ya thm gian .• D6i vai cac v.t li¢u khac, bien di;ing d't t6i trj 
st5 dn djnh ngay sau khi tac dl}ng l\fC. Nhupg d6i v~ dft thl nguc;tc llili, khi tac dl}ng l\fc 

· thl bien d~g xufl't hi¢n ngay nhung phai trc\i qua mQt khoang thai gian moi dlilt de'n dQ 
6n djnh. 

Bien dlilng cua n~n thuang duqe xet theo phuung thing dU'ng, bao gom tfnh lun va tfnh 
nb cua nen. Tlnh hln d~ng vai tro quan trqng, nhung trong ml)t s6 truang hqp ta phii chu 
y den tfnh no cua d~t. Tinh nen ltln cbo ta bien d'ng tOng quat, con tinh nb cho ta bien 
d~g dan h6i. Thuemg bien d~g dan h6i dt nho so vm bien d~g tong quat. 

£)¢ lun cua n~n d~t g6m ba ph'" chlnh: 

• Lun do ph4n dft n~n tren cnng bi pM ho~ ke't ct:u khi dao va xay m6ng. 

• Lun do m()t be) ph4n nen bi bie'n ~g deo va dun ra ngoAi. 
': . 

• Ltln do dft n~n bi nen cbft,l,i 

3.2. D~C TRUNG Tif{)y HQC CUA DAT 

3.2.1. Tfnh thfm eua dft 

Vltrong dal con t6n ~i cac 10 r&ng chfta nuac, nen duai tac d\lng cua tii trQng ngohl, 
nuac trong tUt se th4in qua cac 10 rOng ella. dat. · 

Tfnh tMm nhitu hay it, lt.ru t6c lan hay nho se rum huang den d¢ lun cua ntn. 



3.2.2. Cac djnh lu•t tham 

a) Dinh lu{it IJtciin Darcy, ct)u ,swi lei dfnlt /u~it tlufm tuyt;/, Jinlt. sir cl(ing C"IJo tnrc'rng 

Jwp c/Jd_v ttlng { dcii n}i ). · · · ' 

D6i vai da't co kfch thuac h~l cat trCilen tlli dong th~\m sc tuan tl1<:!o d!n11·1l~~f Oafcy: 

v = k.i (V~n toe th~m ti 1¢ ~(yi gradient 'thi•~·JIJc.:). 
. : :. 

vai: \ v- v~ t6c tMm: . . 
k -hAng s6 thilm hay h¢ ;;6 thilm. Ia m<)i d~c trttng quan 'tr9ng d6 danh g·ia liuh 

th«<n dm dill, ph~t thut?c vuo tlrng lo~i dat; · · · j 

i .. . Gradient thiiy h.rc i = L\H ;, 6H Ia do chtnh cot truck.ap luc trcn diicudai dim!.!. . h.L . . . .. 

thim AL. 

Luu hrqng thim: 
... 

i = t\H/8L 
~=~J: ----------------

------------~----
H, 

Hinh 3.J.Dollgtlu1in tilting tmng diit 

q =A.v = A.k.i 

v6i: q - hru luc;mg tha'm trong m()t dan vj ·thai gian 

A -di¢n tfch m~t phing VuOng g6c vai dong tham . 

. b) Gradient thuy 11/C ban ddu i0 trong ddt set 

·.·· 

.I,' 

Vl trong dfl't set c6·Iuqng nu& lien ke"t lcm nen quy lu*t tMm se -xiy ra phU'c t~p han 
trong cat. Nguyen nhln la do·nu6c lien ke"t c6 tfnh nh6t cao nen se c~ tra tfnh th(m. D~ 
v*y. ~ gradient thuyl\fc trong dt:t set ~611 hmt mQt gia tri nh~t dinh ~.hi~. ~uqng ~tm 
m6i xay ra va gradient thuy l\fC nay gQi Ia gradient thuy ll!C ~an dd~, t:firqc ti'nh toan bai, 
ban kinh tinh toan eli a 6ng mao dAn. I' •. . . . 
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'to - tri so U'ng sui{t trugt ban dau. Khi thi nghi~m th~m tren cac mau d~t thl gia trj 

-r0 nht han nhieu so voi khi thi nghi~m trong ong mao dan bang thuy tinh vi 
muc d¢ khong dong d~u cua cac 16 h6ng trong d~t. 

Theo hlnh 3.2, ta c6: 
: . . 

Duoog 1: quan h¢ V -· i trong dat cat theo djnh lu~\t D~rcy: v = ki 

Duang II: quan h¢ V -· i trong dat set, dugc chia thanh 3 giai do~n 

• Giai do~n I (0 ~ I): bieu thi gradient thuy l~rc ban ditu i0. Khi i ~ i0 thl v ::::: 0 . hi¢n 

. tugng thill~ ·bau nhu khong xay ra. . : 

• Giai ~OC;tn 2 ( 1 ~ 2): Khi i > io thl. v ~ 0. hi~n tugng th~m xay ra, vi)u toe thilm 

dugc tinh: v = k(i- i0 ) (djnh lu~t Darcy doi v6i d~t set). 

Hinh 3.2. Do tlli thl lliln 2 qui lui)~ thdm tuyt, tlnll vti phi tuyen- Gradiem tlliiy llfc ban dau 

c) Grad•ent thuy li!C tdi lr~n it. 

Khi dao cac h6 m6ng cac cOng trlnh, cat ~t min, h~t nho, cat cham bt;~i va nhieu. bt;~i 
cbtta· nat6'c se l\f chiy ra, hi~n tuqng nay gQi Ia hi~n u.rqng edt cluly. Hi~n tuc;mg chay cua 
cat c6 the xiy ra mQt each ch'm ch'p thinh 16p day, cOng c6 the xay ra r«t nhanh va 
mang tinh chit tai bi~n du6i hlrth thtlc dun len ngay kbi dao va khai idiac1.dtn (;btlng, 

tb$m chl tm khi cac kh6i d«t d8 con l~ kh6ng klm giu n3i ap 1\fc c6a cai long nua. N6u 
nhu cat chaiy a t~g tluii chuytn dQng, tU'c ta dang mft 6n dtrur thl tUt da chtta chdng 
hay cac subn.d6c, mti d6c, kh6i truc;Jt va cac cOng trlnh dlo·ngdm. khu V\fC, cac cOng 
trlnh c6 sin h*1dang xly d\fllg tren d6 ciing d~u m«t 6ndinh .. · ;,.:·,;, 

B~~ltqia! tlulj -c:aa dit xay ra nell van t6c tlifm du 1&1 de &p·lyc .th~m tri~t ·tieu duqc 
hoan ~ dng su4"t hUu·hi~u. · · · ' ' \ ·; · · · · 

Khio sat 1 dong tb4'm qua l(fp cat, tir B-+ C nhu hlnh 3.3. Uflg v6i 1 khming chenh 
cao ~t dpm ctia 2 mqc nu&, h5, ta c6 cac quan h~ Sau: 

Dng suit do trqng lugng dat gay ra t;p C: crbt = 'Y:;,tt .L (hueng xuong) 
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Ap l&~c nu& gay rat~ C: u = Yw·<L+ h) ( hu/mg xu(/n.r:) 

Ap IQ'c riu&: cua dcmg tha'm tlr be cham do Sll chen l¢ch c<)t ap gay ra tt.ti C: 

o- = Yw·<L + h + h11 ) (huang l?n) 
'·~ ,' 

0 dieu ki~n cbay, • C-C, dong tbain se t,o ap l\fc tba'm bing bo~: Jan ben Ung sua.'t 
do nu6t va trc;mg !~~ dft gAy ra. ·. . . 

Phtr<1ng_ trlnh cAn blDg l\fC, ta c6: 

.'Yw·(L+ h t h5 ) = Y,;at;L+yw.(L+ h) 
'l • 

<=> Yw·hs = (Ysat -yw ).L 

b I 

<=> _,.!. = .L 
L 'Yw 

Khi d6, cac 11ft at trong mlu till ngbi~ bit 44u Ia llmg va di chuyen hudng l~n tren. 

-------------

Hlnh 3.3. Thf nghilm .xdc di11h gradie1it. thuy l¥c tlii lz{ln 

G9i gia l1i c\fC ~ hJL Ia i.e. ltl gradient thuy ll!c tUi ht;m, tile Ia gradient thuy l~:tc 
ntcmg ltng dieu -ki~n chiy. 

(G. +e)rw 
..;.._::-.--~.::... - y w 

i = 'Ysat -Yw = (l+e) 
c 'Yw 'Yw 

Gradient thuy l\fC t4i h\m => ic: = 0
1

N -l 
+e 

d) Dinh lu~t thtfm Cesi, con g9i Ia djnh l11~t thdm phi tuy(n, sit diJ.ng'·cho trulmg·hqp 
moi trullng coM rbng Ibn nhu trong da nmme "'fl~Jh, trong 16 rbng cacstu: 

v = K.Ji 
V 6i cac d~i: ·da c6 t.inh thfuti" nuac y!u se c6 nhilng sai khac so v6i dinb lu$i thain co 

ban. D6la do tic· d\lfig ttrong. h6 gida cac pha.n tit nuac va .h,t d4't da. Trulmg hqp nay, 
djnh Iu~t th«<n duqc bieu dien.theo bieu thU'c sau: 
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K[. 4. i~ (io )3
] ~ = 1--10 +- -. 

. · 3 . 3 1-·; _;_f j. 

b dft}':· i\) - Gradient ap ll!C ban dau. 
3~2.3. Cac phucing phap· xac c1jnb b~ sli thafm 

:·r: .·.,,. 

+ Phuang phap dung bang tnt theo lo~i d~t: d~ chinh xac khOng cao, chi dung de tfnh 
toanso~. · 

Bang 3~1: Bing tra gia tri h~ s6 thim theo ten dit 

Lotti d"l 

' .:!;.,: Dft~t 
•. 1· .... 

Dft dt pba set 

DA't set pha cat 

Bl,li 

DA"tset 

.+ COng thli'c cua Hazen de u& lUQllg h~ 

s6 th~ k, dung cho cat ~ roi va d6ng nh«"t. 

{em/sec) 

D10 - duemg kiiih tidu hi~u 10%, Ia . . . . 

duetng kinh co·~ rna nh\ing ~t 
· c6 dubng tfnh nho bon h~c. . 

··bing n6 chi&n 10%, (em); 

C- ·.hAng siS th\fc nghi~m-(sec/cm), 
tit ·100+ 150. 

+ Phuang ph&p xac dinh h~ s6 th«'m trong 
phong ~{ n~hi¢m. 

a) D~:mg Cl/- thdm v{Ti gradient khdng ddi 
· ( d1ptg CI!-TIME): thich :htlp _y/Jj,ddl rffi. _ _ 

i 
D\lng cy TIME ct? tie't di¢n ngang A, 

chlia d4y cat c~ thi nghi¢m. Chi~u cao miu 

cat dL cling la cbi~u dai du<mg th~. 
. •.1,' .·· . ,; 

,, , . Nguyen_ ly cua . pbu~g ph,ap nay tuan 
. th<"A> d~_nh lu~t Darcy. 
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H¢ s6 JhA'm k ( cm/s) 

1.10-·1 + 1.10"4 

1.10-3 + 1..10-6 

I. lO-s·+ ..._ 10-8 

1.10-6 + 1.10-8 

1.10-7 + l.I0-10 

0 

0 

0 

0 

0 

0 

' I • 

~inh 3.4. P_~lldng phdp xac djnh h~ s{/ 
th4f1?-, bdng d~ng ql11ME 



. k =_g_= Q.~l ' 
A.i A.~h 

Utg vm m6i de) chetlb cao c(}t iiuflc All chc;>n tnrflc tien hanb do thai gian t de rim1c 
cluiy tUy blnb c~uAn co ·the tich Q xac djnh h~ s6 thain k . 

Thay 46i khoang each blnh L\h, xac djnh nhi~~ ldn ghi tr; k J~un tang de) chinh xac·. 

' Thf n~m nay co chleu dai duang th(m vade) chenh cao CQt ap khong d6i nen gQi Ia thf 
l•_ '. 

nghi~ gradient thuy IJ!c khOng ddi. 

Vi d~;~ 3.1: Thi nghi~~ bing dyng cy TIME cho ket qua nhu sau:. 
. . 

Luqng n~c thu dugc trong 2 phut (ml) 541 503 ~09 .. 479 .. I 

~ chenb All (mm) 76 72 68 ,:'.· 65.' 

Xac djoh h~ s6 tMm k trung blnh cua mA.u cat, biet duang kfnh miu Ia l OOmm va 

.chieu cao mlu .AL Ia l50mm. 

Luu luqng: Q ~ V = 541 = 4,508(cm3/s) 
. t 120 

Di¢n tich m't cit ngang cua dong th(rn = di~n tich d~:~ng c~:~ TIME: 

A
_ 1td2 

_ 3,14x10
2 

_
78 5 ( 3) 

--- - , em 
4 4 

=> k = Q.t.\1 = 4,508x 15 = 0,1134 (cm/s) 
A.£\h 78,5x7,6 , ~ /' LL> 'Y() {~ 
, ) Gml~ ~. ~ o~-, 

Tuong tJ!, taco bang ket qua: - · 

Luqng nu~c thu du-qc trong 2 phllt (ml) · 541 503 509 479 
·' ··.· . •. 

DQ ~htnb . .Ah (mm) 76 72 68 65 

~ s6th4'm.(cm/s) 0,1134 0,1112 0,1192 0,1173 

Tinh trung blnh 41'-n thi nghi~m. ta c6 k = 0,1153 (cm/s). . .. 

b) Thi nghi~m c~t nltbc gidm ddn (H~p nen_Nam Kinh), thi~h h{lp vbl ddt dinh. 

Thi nghi~m h~ s6 tMm aia d4't drmg di}Jlg Cl} TIME se cho k~t, qui khOng chlnh xac 
d6i v6i d«'t dinh. Nguyen nhan chfnh Ia vi d«t lofi dinh c6 h~ s6 tliam kha be, nen luc;m.g 
nu<k th4'm qua mlu d«t rtt ft. Mu6n tho duqc mc)t th~ tich nu& dang ke de thl nghi¢m 
dugc chfuh xac thl phai ti6n hanh thf nghi~m trong m¢t khoang thC1i gian dt dai. V1 th!, 
phuang phap xac djnh h~ s6 tMm trong phong thi nghl~m thich ·hgp vOi cac lofi d~t dlnh 
Ia dung phuong phap c¢t mrac giam dfu1. 
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Cho mau d~t vao hw chtia diiy nttOc, vita khit, d.t da tha'm ben dum va ben tren miu 
dit. M~t phfa cua miu dl!t dugc n6i vm m<)t 6ng thuy tinh trong su6t c6 khiic v~ch chia 
va dugc d6 nude vao de'n mQt male nbl!t c!jni·l, cao hc:m ml}c nuac trong h()p thi nghi~m. 
Do st~ chenh t~h cqt ap. nude se thfm qua miu dit. Tit! tich nuac thfm qua se bing the 

tich nu& h' xu6ng trong ong thuy tinh. M'c du hrgng.nu& tha"m qua miu dft dinh kha 
nho, nhung vm 6ng thuy tinh do luqng DU'Oc thoat ra c6 duimg ki'nh nhO hc:m rat nhieu so 
vai miu d4't, luu luqng thifm se duqc tlnh tocin mqt cac chinh xac. 

VOi tlii nghi~m nay, chieu · cao c<)t ap khOng duqc girt c6 djnh nhu thf nghi~m TIME 
ma se giim ddn theo tbiri gian. 

Nguy~n ly cua phucmg phap nay ciing tuln theo dinh lutt Darcy. 

Luu lltQJlg nu&, thfm qua miu da"t c6 tiet di~n ngang A, chi~u cao miu dat L ciing la 
chi&1 elM duang th(m. 

h 
Q=K.A.

L 

V 6i 6ng thuy tinh c6 tiet di~n ngang a, bru lttgng nuac giam theo thm gian Ia: 

dh 
Q=-a-

dt 

can bing phuong trlnh, ta c6: 

104 

-~-..... 
. ""'. '_.;;. 

db h 
<=>-a-=K.A.-

dt L 

H dh A o (:) I - = -K.- Jdt 
H-S h a.L t 

<=> In__!!_= K. ~ t 
H-S a.L 

s 

Hinh 3.5. Dl}ng Cl} va sd d& thi nghi~m :cdc djnh Ill sd thdm 
bang phlldng phap c(• mtt!lc gidm dtln 

H 



H~ s6 thaln duqc tinh theo c6ng thuc: 

trong d6: 

a·ti~t ditn 6ng do ap; . 
A_i. titfaieri mlu dA't; 

··:.. '. ..• ·. · .. 

L- cbi~u.cao ri1lu Mt; 
t - thM ·gian tbt nghi~~; 

a L H 
K=-x-xln-
·- A t H-S 

H- chi~-cao cQt nu6'c ban diu; 

S- dQ ~ tb«p cOt mr&: sau thai gian t. 

ThOng thiWng ngucn ta hay sir d~;~ng h~ s6 th~m duqc · tinh l.1 l ouc, ~On~ ~~~m: bi6n d6i 
nhusau: 

KToC . .·. 
K n. = --,· T = 0, 7 + 0, 03T vm T Ia nhiet dO khi thfnghiem. 10 c t . . . 

' ... 

Dt,mg Cl} nay c6 the dung de xac dinh h~ s6 tba'm ngang. 

Vf dl} 3.2: 

Thl nghi~m bing dl}ng Cl} hQp thKm Nam Kinh (cQt nuac gi~ d4n). 

L4n I 

Mti'c trong 6ng do Ap ban cUu H (mm) 1200 

Mttc trong 6ng do 4p cu6i cnng H-S (mm) 800 

Then gian thf nghi~m (s) 82 • 

2 

800 

400 

149 

XAc dinh h~ st> th«m k trung blnb cua miu dS:t set, bie't dubng kinh mAu Ia IOOmm va 
chi6u cao mlu Ia 150mni, dulmg kfnh 6ng do ApIa 5mm. 

a L H 52 15 1200. -4 
K=--x-xln--=-x-xln-=1,85.10 (cm/s) 

A t H-S 1002 82 800 

a L H . 52 15 800· · -4 
K=-x-xln-=-x-xln-=1,74.10 (cm/s) 

A t H -S 1002 149 400 

T"mh trung blnh 414n thl nghi~m, f!l c6 k = 0,1795.10-4 (cm/s}. 

+ Phuang ph&p xac dinh h~ s6 tMm hi~n tntlmg 

a) Phtttlng phdp Necterov (dd nrtuc h~· ddo) 

De ch6ng lo\li hi~n tuqng tMm ngang ngucn ta sit dl}ng 2 vAnh khuy~n. Varih khuyen 
ben ngoli c6 dubng kfnh blng 2 lfn dubng kfim v&nh kbuy~n trong. 

105 



H~ so tham cii.a dat da duqc tinh theo ong 
thuc sau: 

K 
Q.Z 

=~-~--

F(HK +Z+H) 

trong do: 

H - chi<1u day lt}p mr<x: tren day ho 

Z - chi~u sau nuac thifm (xac djnh btmg 
phuong phap so sanh mdu dat a h6 
dao sau thi nghi~m. cu khoang 
20cm lily mQt mdu d~ so sanh); 

HK - ap .llJc mao dari bAng ! chi!u cao 
2 

llinh 3.6. Sd tlo tl{mg q1 till nghi4m 
tM mruc: hti dtio 

mao din. 

Bing 3.2: Bing tra chi~u cao mao din theo ten dat 

T~n d&:t Chi6u cao mao din 

setpha ... 0,4-0,Sm 

Otpha 0,2-0,3m 

Cchvira 0,05m ~· 

cat tho . . .. 0,02m 

Phuong phap nay cho k~t qua chfnh xac han nhung thl;(c hi~n phuc· t~p bon, thOng 
thuang thai gian thi nghi~m keo dai khoang mQt vai "gay (khOng kc! thai gian dao hO). 
Th£ nghi¢rn nay dung de xac d!nh h~ s6 thfm khi xly d\ffig nhfi'ng cOng trlnh din nuac. 

b) Phuung plu:Zp hut nuc1c thi nglli~m o ho' khoan: 

Phuong phap hut nuoc thf nghi~m cho k6t qua chlnh xac nhO:t. Vi thi nglli~m trong 
phong chi cho h¢ tb«nt t!ng voi timg rniu dO:t rna d'c tnmg tr~m tich Ia tbu<tng khOng 
ding huang theo phuang thing dt'rng. Do d6 pbuang phap bdm huf nuCic thi nghi~m cho 
ket qua K d~c tnmg clio ca ~g dO:t chlnh xac ban. Ket qua thi nghi~m nay cin tbi6t cho 

Vi~ t{nb toan ph\}C Vi} ca~ p~~~g p~ap cai t~O ~0:~ !i~~l ~~~ .~~ ~et ~~~:. 
Phuang phap nay c4n b6 tri nbu sau: 

-1 H6 khoan hut nuac gQi la gieng trung tam. 

+ H.6 ~hoan du~g 4e theo doi rm,rc nuac gQi la gi€ng qmm sat. .. . .. 
+ Khoang each tu gieng trungJAm d~n gi~ng quan sat 1 nbo han 5m. 2 nho han 10m. 
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N!u dat da th9:m nuac tot thl khoang each tren co the tin~ len, nguqc I,i nt'u dat- da 
thain mt6c ye'u thl c6 the giim xu6ng. 

r 

h 
h . 

1 ·2 g~ quan'Sit · · 
~~c:Ua~NN , 

Hlnh 3.7. Ph'tlllng ph4p xac dinh h~ sb' tMm bdng ht/ khoan hut nuuc • 
Truhng ht?P nut7c kMng ap 

Ccic cOng ·thlic tlnh toan: 

Q.ln x2 

Tnrang hQp nuac c6 ap htc: K = . XI 
· . 21t.M.{h2 - h1) 

Q.ln x2 

TruC1ng hqp nul1c khOng ap: K = 
2 

x1
2 7t(h2 -hl) 

Tinh h~ s6 thfm tuang duong cua dit gdm nhi6u 16p: 

Hinh 3.8 • H~ sd thdm ~ua ddt gdm,nhilu I(Jp theo 
phuung dzmg va phuung ngang 
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a) Dong chdy song song vdi cdc I(Jp tMt (tMm ngang) .. 

· V oi mOi lap dit, tOn thit c()t nu&: lA nhu nhau: h 1 = h2 = . . . =· lip = h va c6 cung 

gradient thuy lvc (do chi~it dai thim bing nhau): i 1 = i2 = ... = 4t = i 

Lugng nuac thu dugc bing tOng luqng nuck thoat ra timg lap ~t: 

q = ql + q2 + · · · + qn 

~H = k1 i 1 H1 + k2 i2 H2 + ... + k,. i0 lin= kx i H 
:· .. ,.,. ... .. . 

:i .•. .'" . . I 

k ..:_ kl H. 1 + k2 H:z + ... + k8 H0 
:=) X":"' . 

HI + H2 + ... + Hri .· 

b) l)ong thdtthdng g6c vm cdc lap ddt (tlufm dltng) 

Luu lugng ~ cua ca~ ·lap c.Ut Ia nhu nhau, do d6 cac 1~ dit c6 cung v~ t6c tba'.m: 

. ·'. 

Trong d6 hi .Ja tdn thft c()t nuoo trong dng do ap, h Ia tOng t6n thit c()t nu&, Hi Ia 
chi!~ cao.(~ _dAy) cila ~~ lap dft, H Ia t6ng chi~u cao (b6 day) ella cac ll1p dft. 

T6n thft c()t nuoo (giim the) t6ng h bing t6n thft cua ti:rng 16p hi. 

=> k :::d HI + H2 + ... + Hll 
y Ht H2 Hn -+-+ ... +-

kt k2 kn 

3.3. D~C TRUNG B~N D~G CUA DAT 

Bi&l dfng cia nen Mt se g6m 2 thlnh pb4n chinh: ...... _ _ 

+ Bi&l d~g tW tkh: cbu y~u do cac ling suft pbap gAy ra. Khi cbiu tii tr~mg, ta xem 
cac h,t tU't khOng bt bi6n d6i tM tlch, chi c6 lblg suit hOU hi~u tam thay d6i ~ s6 rOng 
trong dft. D6i vm dft bio boa nuac, qua trlnh giam h~ 56 rOng cua dft Ia qua trbih nuac 
bj 41~p~' thoat ra, gQi ia qua trlnh c6 ktt. 
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+ Bi~n hinh: Ia Sl! thay d6i hinh d~ng k~t cau dat. khong lam t~ay d6j th~ tfch di(t, do 
cac ling sud't tiep gAy ia. 

De tlm hieu cac d~c trltllg bien ~ng cua dift, ta c6 th~ dung thf nghi~m ban nen hi¢n 
tnremg h04c. till nghi~m nen khOng nb hOii_g (thf nghi¢m nen co ket), duqc thr:rc hi~n trcn 
c_ac miu nguyen dfng trong phong 1h£ rigbi~rn. 

3.3.1. Cac thf nghi~m- xac djnh ctJc trung bien d~ng ciia dat " · 

* Th£ nghi~m ban nen hi~n tnr<tng (Plate loading test} 

u ng d!~ng: thu(mg diutg d~ xac djnh cac dij.c trung bien d~ng doi vai cac c6ng trinh 
dumtg giao thOng ho.c m6ng nOng. Ket 'qua cua thf nghi~m kM chinh x~c vl dugc thgc 
hi~n t'i hi~n tntang, nhung·chi phf kha cao va chi~u siu thf nghi~m h'" ·the. 

e61TRQNG 

E>6ng h6 de) -~.,.._."""
bi&ld4ng . \ 

Hlnh 3.!1. Thi ngiU~m ban nen 1li~n tntlmg vOi plutcmg plrdp gia tdi bti.ng doi tr{Jng 

: ·,. 

Hinh 3.10. Thi nghi~m ban nen hi~n trucmg vOi phudng phdp neo b&ng C{JC 
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Sa do thi nghi~m nhu hlnh 3.9 va 3.10. Tren k1ch thuy 1\fC c6 d6ng b6 do ap ll;lC dung 
de tinh tii trQng; tren ban nen c6 h~ th6'ng d6ng h6 do bi~n d!mg (chuyen vi) thOng qua 
b9 gia chuyen v! k~ . 

. Diing ban ne~ d~t ~i day ho m6ng. Dung kich thuy ll!C de nen, c6 the dung phUO'Jlg 
phap d6i trQng tuang duang voi ap lgc cua cOng trlnh bo~c CQC neo df nen. 

MOi c«p ap }l;fc, tuy thuc)c vao lO{li Mt rna c6 ~ s6 dQC chuyen vi .khic nbau cho den 
luc 4~ duqc dri dinh quy ucrc ve lun thl m~ cho phep ting w. Do chuyen vj cua ban nen 

•. d\f& ~en,cac d6ng hcS do bi~n ~g S1, ~. ~ •••• tuang 11ng v~i mOi dp ap ll!c p1, P2• PJ• 

... cho d~n h1c ct,uiftrQng tm h;pt Pult (trong khoing 1 gib, dQ lun s nho han 0.2mm). 

* Thi nghi¢m nen khOng nb hOng - Thi nghi~m nen c6 ke't (oedometer test ) 

Hlilll 3.11. M¥t ct1t11gang clio ~P nen cd' kit vd hlnJJ m4y tiln' cl Ut 'Cotltroii.Ab .. ~·· 
. .. ,·.. . ·. ·~:· ;. 

K~t qui thi nghi~m a hi~n trubng dung v6i thJIC tt han vl nen.d«t lfi h~~n trucmg 
thl dit duqc na hOng, con thi nghi~m trong phong Ia nen kh6ng no hOng· (tr~ bay a 
ph4n 3.4.2). 

Bieu d6 dien ti tuong quan gi\ta S.p cho thiy. d'-c tinh bitn dfllg cua d«t.ohusau: 

Trong ph9m vi p < P 81,, dubng nen c6 d~g duimg thing. Sau d6, .khi p Wlg, duang 

nen c6 d'"g duemg cong. Gia tri diem u6n d6 gQi 1A P1sh, d4nh d«'u do~ bitn dl}ng va tdi 
trl)ng quan h~ tuy~n. t~l}h. 

gQi: P1g11 - Sli'c cbiu tii cho phCp cua dl't nen. 

Pugh - Sli'c chju t8i C\IC h;p~ cua d4't nen. 

V m p la ap 11!C m,.i day m6ng, do cOng trinh truy~n xu6ng: 
-- -- -------- ···----- -- --·--- -- - -

- Khi p s P1gh: Tii trQng tcic d\lllg len n~n Ia tii trQng an toan. 

- Khi P1gh s P s Pnch: Tii tll}ng tic d~;~ng len n&t la t8i tn;mg cho phep. 

- Khi P >Pugh: Tai tr9ng tic dl;IJlg len n~n 18 ian trQng pha ho~:~i. 
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J.,.,~. t:ac d*c die111 va cu che bien d~ng 

Oic d'c ditm bi!"n ~ng: 

Cap tai P 

E)OIIln S 
fa Thlllgian t 

.,._--+-,...--+--+--- Thlll gian t 

E)OhinS 

Hlnh '3'.1~~ ,:;Silu_ i!f1;4iln td Sl;l IUdng quail p - t I s- I va s- p 

Khi n~l}na nhi~~i~:t~~~~~S;' miu dlt, tac6 quan h~nhuhlnh 3.13. 
""-·< .. ,. . '; .. -.,'~.. . ' .. ":·:· -- ·:· ·:: f . • ·-0 • 

p:.~.,:-.U~I;~~~-~J~n_JCJD,OJJig· · tra l¥i ban d4u, didtng nen khOng trUng vm duang 
·. . .. . 

. na cb,()ta bi!'n-d¥fig du. Gia tri bi!'n d@Jlg du 
l1ii;)1Cat;.QIJI'· .. · ..•. g dim h6i: ddt c6 ttnh dan· Mi tht!p. . . 

. < 

theo dlt(mg cong gdn trung VOi dU(mg CQDg ban 
lttUiil\1h~Oi ngay cang giam nhung bi!'n d~p~g du giam nhanh 

· · · · bitil dtfig du bi mlt di chi con l¥i bie'n d¥Ug dan hdi. 

B~~'! d~g CUa d~t, khOng xay ra tt1c thai rna trii qua mQt thm gian nhtt dinh. Khi tai 
trqng ~n dfa nbo, dQ b1n chua xiy ra rna chi do slp X~ CBC 10 rOng trong dft't. 

Nlillft~ liliAn t6 anh hulmg deii bi!'n d¥ng l11n cua dl't: 
+ DQ;~htt ban d4u· bay dQ Cling khung ktt au tUt cang ch~t, thi dQ hin cang nho. Nguqc 

I~,. dlt c6 tri. s616 rOng (h~ s6 rOng) c&ng loo thl k6t CS:u ytu, do d6 dQ IW1 cang 1&1. 
+:Khi;k6t cl'u cua d4't bi xao trQn tbl tfnh nen lun tang. 

+Ljch sit cbiu nen cila n6p·d«t. 
+ Tinh hlnh tang tii trQng: t6c dQ ting tii cang nhanb thl dQ loo cua n~n dlt cang Ian. 

Sdan 

O{lllin s 
Ok dllting cong nen ; AB: dttiJng cong na 08: bl&l dfng du; 8~: cJu'lln9 cong nlm l~i 

Htnh 3.13. Quan hf giila S-p khi nen trdng phlf.C 
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3.4. DJNH LU!T NEN LUN, 1ft SO NEN LUN, MODUN BIEN D~NG CUA DAT . 

3.4.1. Bjnh nglim tinb nen Jon va qua trlnh co ket 

Tinh nen h1n CUa dat Ia ldu\ nang giim th~ tich cua n6 (do glam d¢ r6ng) duoi tac 

d~;~ng cua tii tr~mg ngoai. 

Qua trinh nen lrln ciaa d«t du~ ta..-: ul}ng cua t8i ti'Qilg ngoAi thi!C chit Ia qua trlnh n6n 
ch't dit, Dtr~i tic dl}ng ·~ua tai trQng ngoa.i, cac h,t rio duqc slip x6p I,i, th! tich 10 rOng 
trong dit gi.im xu6ng, dQ ch1j.t cua dat tang len. NhU v9-y, tinh cb!'t nen lun cua di\t boon 
toan khac nhau tuy thu(X: vao tUng lrnJi dlt va ding. lflllg thai, va trong tirng ltoan canh 
Cl;l th~ d6i vm mQt lo,i tUt. 

Trong pbjn nay chtlng ta nghien CUll tinh ch«t nen·Itln cua d!'t trong di~u ki~n khong 
nCI hOng {ldaOag c6 bitn dfllg ngang) va du~ tic dt}ng cua tii trqng tinh (khOng d6i). 

Khi ~rik trlnh dugc xly dl1Jlg tren dft bio bOa, tii trQng cOng trinh duqc xem nhu 
truy~n len nU& trong c8c 10 rOng cua da't tnr& lien. Vl chju t8i nen nu& c6 xu huang 
th~t ra tit cac ]0 ~Ong trong dft (ap l11c nu& 16 rOng phln tin tir nui c6 ap l1Jc 16n de'n 
nm c6 ap Ivc .be hem va ap tvc hilu hi~u ling ddn len), gay ra. Sf/ giam the tich ph4n rOng 
cua d4't va lun c6ng trlnh. 

D6i v~da't c6 h~ siS th«M 16n (d«t h,t thO), qua trlnh nay hoan t4't trong mOt khoang 
then gian ngAn va k~t qua Ia hdu nhu SIJ bin ktt tJu1c hoan tolm trong khl thi cOng. Tuy 
nhien, dlSi v~ da't c6 h~ th~ oho (<Ut 114l' ~· d~ bi~t Ia d~t IO{li set)~ qua trlnh nay 
chitm mOt'khoing thlii gi8n 1ft 1&1, mli'c dO bitn dlplg vi dQ llln xiy ra Ift c~; 

Djnh nghia qua trlnh cb' ktt: Hi~n tuQng nen chJ\ do SIJ thoat ra dt ch•m cui nu& til 
cac 10 r6og' trong dft ~t mjn nbU l.l Jctt qua CU3 Vi~ tlng tii (trqng Jugng CUa ~t)ng trlnh 
ten tren da't n6n) duqc ~eu Ia ciS k~t (consolidation). ':~" 

3.4.~- Thf nghitm nen c6 klt 

Dl,lng cl} thi nghi~m 

- May nen ell ke't cila Hang Controlab: Tii trQng tate dt}Dg len miu duqc truy6n thOng 
qua c4nb.tay don; cac.d6ng h6 do chuy&t vi cua miu 

- HQp nen v~ kfch thu6c miu trong hQp nen: chi~u cao 20mm; di~n tfch tie't di~n 
ngang 20cm2• 

- D6ng h6 bS:m giay ... 

Trlnh t1J till nghi~m 
Blt/Jc 1: DUng dao vong an vao miu Mt, g~t bing m't de "o miu chu4n bi cho· vao 

h¢pnen 

010 miu d9:t vao hQp nen, gitla 2 mi~ng eta bQt, lAp vao may nen. D~ cho d9:t du~ 
bao boa, trong qua trlnh thf nghi~m phru do dAy riuoc trong hQpnen. 

Buoc 2: Dieu chinh d6ng h6 v~ vi tri 0, cln bAng canb tay don b&ng thiiy blnh. 
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D~t tcli trQng theo tUng cap ap li!C: 25; 50; 100; 200; 400 kNfm2. MOi clip ap lt!C lac 

d1;1ng len miu duqc giti' cho den khi d't On djnh bi~n d~g ne~: kho.ng vuqt .qua 0,0 I mm 
trong thai gian khOng Ct han 30 phut d6i voi da't cZtt; 3 gicr d6i v6i dat cat phn; l i gio doi 
vOi dft set pha va da"t set. . 

· (Chu y: cac gi.4 tri cua tWg ct:p tii trQng tic: d1,mg len mau tuy th:u~ vao tUng to~i dat 
rna se c6 c4c ctp:tij . ~~;~). . . . ::. . . ~ . 

t .• • 

Hlii/J 3.14. May vah~p nen c4:km. 

Blltlc 3: Ghi sri dQC bie"n ~~ theo ti'rng clp.ap b,rc,.lfir sau 15'' de"n .khi tf•t dn dinh 
bie'n~g nen. K.hoil1g th~ gian dqc theo nguyen tic nhAn dOi: (15giay ... 24 gib). 

Buuc 4: Sau khi miu dlt ~t dn djnh bi~n d~g thl ti~n hanh do t:ii. Nguyen t!c da tai 

cfing tuang tv nhu dtt tii. Ghi s6 dqc bien d'"g. 

Dung dl}ng cl}l4'y miu d~ t'o miu da"t c6 d~g hlnh lJV vai ducrng kfnh 5 - 7 em, cao 
2 em. D~t miu trong hQp nen, dd sao cho miu da"t ng~p nu& de bio boa miu va nen 

miu dlll)i cac ap l1JC dtlng t~ng qua cac qua can. 0 m6i ca"p tii trQng, miu dugc ~en 
cho d~n khi bie'n ~g dn dpm. 

DQC bie'n d~g b.in tren d6ng h6 do bien d~g cua miu da"t ID1g vm tUng cip tli tn;mg 

tic dl}ng ~ Ve quan h~ gitla e-p ho*c e-logp. 

N~n xet tlZ bilu do e-p: trong ph~ vi thay ddi kh6ng Ian Him cua ca'p 'p lqc, quan 

h~ e-p Ia tuy~n tinh (duemg thing). Vi v~y: 
de 

a=--
dp 

al-2 = tga = el -~ 
··P2 -pi 

hay e1 - ~ = al-2 (p;- p,) 
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v oi a Ia h~ sO nen lun CUa ~t trong ~ vi 

tang iii tu p1 -+ P2 (m2JkN ; cm2/kG). 
H~ stS nen bin a cang Ian thl CUt cang ye'u, 

lun cang nhi6~. Ngugc li}.i, ne'u a nho thi <Ut se 
it lun khi chju nen .. 

. Quail h~ e-p khOng ·prut lA dttlmg thing rna Ia 
dmmg cong. DQc · theo dubng cong, a c6 nhOng 

gia tQ khic nhau thlg v<l cac c«p ap li}'C Ap. 

Trong th\lC te', tit ap lye gay llln cdn tinh dum 
day m6ng~ ta xac dinhdtrQC ~ s6 a. ~ 

TOng quat, h~ s6 nen:J~ a gitta 2 cJ:p tii n 
va n-1 dUQC tfnb·: ,; .. _·~ .. . . . 

81 •••••••- I 

:a --------,-- -I I 
I I 

··.';· ' . 
" 1 I 
1'. I I 

. ;' I I . . . : : 
~---*~~----------------P 

Hlnh 3.15. Bilu dt1 quail h~ e- p 

a . = en-1 - en (m~/kN) 
n-l.n p· -p 

n n-1 

0,435xCc a = __ ___,._ 
v Pm 

voi Pm - ap l\fC trung b~ ci.ta hai c~p tii trQng •. 

Quan h~ e-p khOng Pbii Ia dubng thing rna Ia dubng cong. DQc theo duCm.g cong, a 

c~ nhitngJgia trj. kbac nhau thlg v6i cac cS:p ap l\(C Ap. 

+ H~ s6 nen llin tuang d6i a0 hay h~ s6 nen th~ tfch 111y (m~/kN) 

a· 
m -a--

v- o- i+el 

e1 - h~ s6 rOng ling vCii p1• . 

. H~ s6' nen thi ·t1ch bi~u thj mttc dQ thay dOi th~ tich ella miu dJ:t c6 the tich bing 1 
don vi khi chju mQt ap llJC tAng them 1 don vi ap s~t. 

+ Tinh h~ s6 rOng ling v6i m6i cD:p ap b.rc. 
----- . -- - ·---- . -- ------- ---- -

S\f thay dOi h~ s6 r3ng lle ttng v6i mOi c«p.ap l\[c: 

llho-1, n ( ) 
llen..:.l,n = 1 + en-1 

hn-1 

ho~c 
. flh. 

/lei = boa (1 +eo) 

V 6i Ah la bien d~g cua mau Mt lJ cS:p tii thu.i (tfnh bing mm). 

H¢ s6 r6ng cua mlu dt:t tuang lhlg vm mOi ctp ap l1Jc: 
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. All· 
e; =eo -.6e; =eo~ ho' (1 +eo) 

+ Modun bie'n ~g cua dift E. 

Module biln d~{£. cho bilt kha nang cua dift ~h6ng l~i tac d1_.1ng nen bin cua tai 
tr~mg tac d1}ng. H~ ~rien bm a cho bilt d~t c6 k~a niing biln diPlg nhi~u hay it. 

• Khi E clng ~&,tht di't cang ye*u va· bl~n d'ng.lun 16n; 

• Khi Elcm thl dl'ft6t va bie'n d~g ltln nho; .. 
. -. 

E = 300 + 5 000 lcN/m2 (d~t bim ye*u) de*n 100 000 ~/m2 (da g6c, da tan~) 

• MOdun dan bdi Ja modun chi xet de'n bien d,ng dan h6i; 

• MOdun bi6Ji dfllg ·khl xet dl~ bien d'ilJlg dan hdi va bien d~ng du. 

cac phuong phip xac djnh E 

a) Phllongph/zp nln m4u lcMng mJ Mng trong phOng thi nghifm (thi nghi~m oedometer) 

* D6i v6i cUt set ctlng: 
!· : 

. . . ' :· 

VOi O'z- ap 1\lC tac dl}llg len miu theo phtrong thing dttng 

A.z = ~ - bien d~J.Dg tuang d6i; 

s- dQ bin cua miu.da't; 
h - chi~u cao ban d4u cua miu. 

* D6i v6i d«t set m~m va da't rOi: 

E = J3 O'z 

Az 

vm II = ( 1-:~:) 10. ~ s6 xCt d&. nl1 h~ ctia Mt, v I~ ~ s6 Possion phy thuQc 

vao tixng lo~ diit. 

Trong d6 h~ s6 J3 de chuyen sang tllng thai. l1ng sua't khOng nb hOng·- bie'~ d~g c6 
no hOng . 

• D6i v6i set 
• D6i v6i set pha cat: 

• D6i y6i cat pha set: 

• D6i v6i cat 

J3 = 0,43 

f3 = 0,57 

J3 =0,72 

J3 = 0,76 
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b) Phttong phap nen co· klt: 

E = R. J + en-1 
n-1. n 1-' 

an-l.n 

v- h¢ s6 na bOng phl} thuc)c vao ttmg lo~ Mt. 

c) Phztdng pliapdiing han nen lu¢n tntllng 

. Khi xac djnh E trong phong thi nghi~m khOng phin inh hoan tolm day du tinh lien 
. tl}C cua d«t (~tn~n bi na hOng khi chju nen), d~ c6 E phu hqp vm tr~ng thai cua khoi 
d~t tl;l Qhien ta dung Jlhuang phap thi nghi~m ban nen a hi~n truimg. 

Ap dl}ng · ir11¢· tia'p. tu cOng thal'c trong U thuyet dan hdi: 

E = (l-v2)_!_= (t-v2 )d.m Ap 
. d.S As 

trong do: 

v- h~ s6 Possion dll'QC lfy 0,27 cho d«t bon 16'11, 0,30 cho cUt cat va c4t pha; 0,35 
chodltset pha va 0,42 cho dft set; 

(I) - h~ s() .kh6ng ttial' nguy!n phy thuQc vao hlnh ~g va d(J cling w:rn nen. D6i vai 
tam nen .cdng, hlnh tron m = 0, 79; w6ng I«y. co = 0,82; 

d - dllbng kinh cua ta'm n~n trim hate c~ cua tfm nen wOng ; 
M> - gia s6 ap lqc len ta'm nen bAng p gh-p d vdi p d Ia ap ll!C thien nhien hay Ung 

soft do ttvng IUC1J1g bin than; 

.AS - gia s6 dQ bin cua tim nen ttra.ng U'ng AP. 
MOdu~ bien d.\lng xac dpili tit thf nghi~m nen khOng nb bOqg nho han dt nhi~u ti't ktt 

qua ban nen hi~n tntl1ng. . . 
i ·., 

Theo kinh nghi~m thl thuang J.!'y BaN = (2 + 8) EzN phi} thuQc vao ti'tng lo~ d4't. 

d) Ph11ung phdp dung bdng tra 

Bing 3.3: Bang tra mMun bif'n d'Jng dl/8 vao t~n dft 

Lof.i di't MOdun bien c:t,ng E (MPa) H~ s6'Poisson v .. 

C&t.mi 10,35 - 24,15 0.20-:-0,40 

C&t,chtt ~~ blnh .. l:7 .25 - 27,60 .. 0,25-0,40 

catcht.t 34,50 - 55,20 0,30-0,45 

Cit IAn dft bQt 1,035-17,25. . 0,20..,-0,40 

cat soi 69,00-172,50 0,15-0,35 

8etm~ . 2,07-5,18 0,20-0,50 

set dec trung blnh 5,18-10,35 0,20-0,50 

~tc1blg 10,35-24,15 0,20 """ 0,50 -

11<5 



Vi d~:~3.1 

Khi d~t tai trQng p = 142kN len ban nen hlnh tron co duang kinh d = 28cm a de? sau 

. 2m, d¢ lun dn djnh bAn nen cua c~p tai nay I\ SP == 38,7mm. 

Xac djnh MMun bien dC;tng cua da't ne~ E0 , cho h~ s6 Poisson cua da't nen v = 0,35. 

Taco 
• 

. E=(l-v2)~={1-0,352 ) 142 
=11499,12 (kN/m2) 

. d.S 0, 28 X 0, 0387 

Vi d~;~ 3.2 

Ket qui thf nghi~m nen c6 ket cua 1 mau da't duqc cho trong bang ben du6'i. Chi~u 
cao miu dft thf nghi~m 2cm. H~ so rOng ban tf'u cua miu da't lam thf nghi~m Ia 0.776 
va h~ s6 na hOng Ia 0,9. 

Tii trQng (kN/m2
) S6 dQC lib (mm) 

25 0,30 
50 0,57 
100 0,95 
200 1,35 
400 1,82 

Tinh toan theo cac cOng thuc ben duai, ta co bang ket qua va d6 thi: 

· Ah· e -e · 
ei =eo- L\ei =eo- hot (1 +eo); . an-l,n = n-1 n E =A l +en-1 

n-1, n P 

Tii trQng 

(kN/m2) 

25 
100 
50 
200 
400 

0,78 
0,76 
0,74 

::, 0,72 
~ 0,70 
'fA 068 •· ' :r: 0,68 

0,64 
0,62 
0,60 

0 

~ 
..... 

" ~ ~ 
100 

S6 dqc All (mm) 

0,3 
0,95 
0,57 
1,35 
1,82 

'-....... 

Pn- Pn-1 an-l,n 

"""4 

' -----
200 300 400 500 

Ap ll/C n6n p (kPa) 

e a (m21kN) E (kN/m2). 

0,7494 ·-
0,6916 0,00095904 1641,667 
0,725 0,00067488 2300,921 

0,6561 0,0003552 4286,250 
0,6144 0,00020868 7142,553 
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+ Chi st5 nen cc 
·r..a h¢ st5 g6c cua duemg thing tuyln ti'nh cua dllang cong nen h.in e-logp, tuc d¢ doc 

duang nen: ; 

:' · Ae· c =- = 
c Alogp 

en - en-1 = en-I -en 

logp
0 

-logp
0

_ 1 logp
0 

-logp0 _ 1 

Tinh Cc ,ta ta:y h¢ s6 g.oc ~ua dll'ang thing di qua 2 diem cu6i trong thf nghi~m nen 
c6 k~t. 

Gia sir 2 c~p cu6i cung cua thJ ngl)i¢m la 200 kN/m2 va 400 kN/m2 

;i . d 

. · . .::::> Cc = . ~ - e400 = e2oo - e4oo 
· log 400 - log 200 log 400 

200 

Hof': dan giin c6 thel«y h¢ a6 g6c cua dtretng thing di qua 2 diem PI= 40 kN/m2 va 

P2 = 400 kN/m2
: 

C - e40 -e400 
- =e40 -e400 

c log 400 - log 40 

+Chls6nbC5 

u h~ s{S g6c cua dllCtng thing tuy~n tinh cua duCing cong dO' t!i e-logp - d~ d6c 
dllbng nen lfi .. · 

C = _ ll er = _ er(n) - er(n-l) = er(n-1) - er(n) 
5 

lllogp logp0 -logpn-J logp0 -logpn-1 · 

100 

0,90 

0,80 

GJ 

,.0,70 

'8 :! 0,60 

0,50 

. ' 0,40 

=-·- - ... 
-.._ I'-- I'\ r-.. r-..~ 

-· .~ .. ---

~~ 

c~ 
~ 

~ 
0,30 

c.. 'I'\' ,,. -. 
0,20 

0 100. 1roo 
Ap llfC nen P (kPa) 

·' 
llinh 3.16; Bilu d6 quan h~ e-/ogP (nen wl dQ tdi) 
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T'mh ell ta l~y h~ s6 gOC CUa dll'Ong thing di qua 2 di&n d~ cua qwi trlnh d.o tai. Gia 

sir 2 cfp dju tien cua thf nghi~m la 400 kN/m2 va 200 kN/m2
• 

r r 

C 
_ e 200 - e400 _ e ·200 - e400 

~ s- - - «m 
log400 log200 log·· --· ; . 

200 .. 
T"mh Cs ta lfy h~ s6 g6c cua c,tu(tJlg thing di qua 2 dii~ dju cua qua trlnh do tai. Gia 

sir 2 dp ddu tien cua thi nghi~m na IA 200 kN/m2 ~a 400 kN/m2 
. 

. i' ,,; . 

=> Cs = er(200)- er(400) = er(200)- er(400) 

log400 -log200 log 400 
. . 200 

·J . 

M~t s6 bieu thltc thi]c nghi~m d~. tinh.Cc v~ Cs 

Bang 3.4: Bing c6ng thtc thl}'c nghitm ciia cac tac gii di tfnh Cc 

Bi~u thli'c th11c nghi~m d~ t1nh Cc Lofi dA't thfch hgp Tacgia 

cc = t,ts<eo- o,35) Qic loo.i set Nishida (1956) 

cc = o:bo9<Wt- JO) 
•• 1 

Qic l()fi set Terzaghi va Peck ( J 967) 

cc = o,37Ceo + o;003coi. +0,0004w o- o,34> 678 di~m Jdtio sat Azzouz (1976) I 

Cc = 0,0093 CON 109 di~m khio sat Ko.,Pula (l981) : 

cc = 0,329[W PGK- 0,027W p + Qic lofi set kh6hg .. "' 

+ 0,0133ID (1,192+ CJIJ] chtl'a hitu ca ·. 
Carrier (1985) 

cc = 0,046 + 0,01041, 
Phu hgpt6t 

· Nakase (1988) 
v6il0 <50% 

' 
Bic!u thttc thyc nghi~m de! dnh C8 

'• 

' . Nagaraj vi'Snnivasa 
Cr = 0,000463W L 0 11 .. Murthy ( 1985) 

Phu hgp t6t. ~. ':· I ~ c..= 0,00194(Ip -4,6) 
vmiu:<5G% 

Nikase (1988) 
.. ·!; ! 

M{)t s6 gia tti chi s6 nen Cc cua m{)t vai lo~ Mt set theo,floltz va Kovacs··,_ 
: l. • 

Bing 3.5: Bing gl8 trf Cc: theo Holtz va Kovaes 
, ... 

Lo@.idtt ,.. Olls6nenCc 

set c6 ke"t thuemg (NC) nhfY ldn trung blnh ; " , . .Tir 0,2 dtn 0,5 

set Mexico (1.~· MH: dl't bQt dQ nen ~o) . I·,,~. Tir.lat.n to . 
set clui'a hqu. CCI (ky hi~u OH) 

' 
1.~4. 

Than bun Tir).Q 46p 15 

119 .,j 
;1 



+ Xac djnh ap ltJc tien c6 ket Pc 

e 

-1;--1 
' ............... lg a .......... 3 

I ' 
I ', 
I '2 
I 
I 
I 
I 
I h 
I 
tpc 

o~--~~--~'=---------~ /ogP 

Hlnh 3.17. Ph11t1ng phap xac djnh p,. 

IJjnh nghia tip 4tc tiln ctf Ut: ap l\fC ti~n c6 ke't cua miu d"'t Pc JA ap IIJC rna bin than 
n~n d&:t di timg cbiu d\)ng duqc trong qua khlt. 

Nguyen ~an gly ra hi~n tuqng co ke't tnr&:: 

+ Ap l\fC d·~t ben tren bi dm di do bao mon hay do cOng trlnh cu. 

• .Ap l\fC bing ha di mt:t di. 

• Do ap h.rc thuy dOng. 

• 1)o l\fC kitn .WO dja ch&:t, mang dja chA't trOi d't. 

• Do dao dQng ml!C ntKic ngAm. 

• Do da't tr4m tich theo thm gian. 

• Do ntmc trong ~t bi-tx'Sc haibay-bi hut bbire cay. 

Cach me djnh dp l(tc tiln cd kit: . . . . 

Tren bi~u dd e-logP, chQn 14i~m 1\ ®.ban kinh duil,ng c~ng nh4 nhlt. . .. . 
1) Ti'l Ave 1 dltbng song song v6i ttvc holnh (dubng 1). 

2) ti.A va fdlrong thing tie'p toyeD v6i duemg criilg'{dilemg 2). 

3) Ve dubng thing phan giac cua g6c hqp blri 2 tia f va 2 (dubng 3). 

4) Ve dlimg thing keo dai CUa do~ cuoi cua duemg cong e-logP (duang 4). 

5) Xac dinh giao diem g cua duang 3 va 4, h, xu6ng tnJc holnh ti'l d6 xic djnh ap 
lgc ti~n c6 ket p~. 
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Ti so tien c6 kc!'t (h¢ s6 c6 ke't truac) OCR (Over Consolidation Ratio): 

OCR= Pc 
I 

. CJ y ·: 

trong d6 
'::. 

Pc - ap lJ1c ti~n c6 ke't. 

cr' v- Ung s~t hilu hi¢u hi~n t~ theo phuaiig dtlng do trQng h.rgng ban thAn: 

+ OCR = l: Dft c6 k!'t thulmg 

+ OCR < 1: D~t chua c6 ke't 

+ OCR > 1: l)~t c6 ke't truck 

J.s. THIEr L.AP coNG ~ 11NH LUN cHo MAU DAr NEN KH6No No HONG . ·.· .. . . 

TRONG PHONG TH1 NG~M .·! 

. ··~ 

.j 
i 

... 
~ 

1il 

( 

h, ·~,!: 
·.1 

; .h2 ·~ 

Hlnh 3.18. &1 46 tinh llln 1 mifu ddi trong thl nghi~m oedometer 

Xet mQt mlu cUt dem nen khOng· nb hOng: · · . · 1 ,. 

+ LU.c d'u: chi~u cao h1, di~n dch m4t cit ngang ella miu A1, th~t1ch)'1 , h~ s6 rOng 
ban d4u e1• 

+ Sau khi nen: h2, A2, V 2' ~· 

·Ta c6 A-1 = A2 vaS= h1 -h2 . 

Bi!'n ~g tudng d6i clia miu dt:t: Az = ~ 
hi 

. r 

Trong p~ vi 1\TC kh6ng 16n, c6 the xem Sl/ nen lUn CUa d«t chi do 81/ giam the tfch 

cua cac 16 ron~ gAy ra, 1con the tich bin than cac 11ft khOng thay dOi V, = const.. 
Tnroc khi :n6ii: · · · ! '· 

. ':: .; 

: ,l ~ . 
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Sau khi nen: 

v, v2 --=--; 
l+e1 l+e2 

V=A.h 

Co th~ bitn ddi cOng thl1c· teen theo ~ng khac: 

e -e2 a ::::; 1 ; ~- e1 = a Ap 
Pi-Pt 

GQi a0 = -
8

- Ia h~ so nen tuang doi. Xem Ap Ia p, h Ia h1• 
l+e1 

Taco: A= S =a0 p; E=P~; a=p~ E=P~=l_ ~ a0 =1!. 
, h A a0 p a0 E 

~ S= "'S· ="' l..p. h· L..J I L..J E· • I 
. . I 

3.6. DINH LUAT c6 ~T riiAM CUA TERZAGHI . . 
3.6:1. M6 hlnh thi ngliitm cua Tertaghl 

Hinh (a): ban d4u, cho nuac vito d4y xylanh, kb6a van. D~t tii W len tren xy.lanh. 
PittOng-dD'Ilg yen. Luc nay, ap l\fc nu& 10 rOng trong pittOng tingJ~Il_u=W/A. DO gia 
tang nay gQi li ap l\fc nu& 10 rOng tb~g du. PittOng khOng di chuyen tile lit lo xo .khOng 
chiu tli. · 

{ 

·w- .,. 

,, :.~o=A, 
, ••• ; I l • • • 1 • 

Hlnh (b): ·m{1 van, nuCic trong xy 1arm bit dau· tftoat ra, pittOng h1n xuong lam lo xo co 

l~i khi d6 lo ·xo ganh do IDQl phiin t& trQng w cimg ym nuac. Ap lliC nuac 16 rOng th~g du 
gic\m. Vi tru trQng W khOng thay d6i nen ap l\fc ~c d(>ng len lo xo bAng d() giam cua ap 

'l\fC nuoc 16 r6ng th~g du. 
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{
u -1. 

cr' =(cr.:_ u) t 
· .. ; . 

ffinh (c): saucung, nucrc khong thoat ra nfi'a, lo xo dtmg.lun. ToAn bQ ap h..rc doW 
gay ra truyen l~n lo xo, apll!c mr6'c 10 rOng Ot~g du bi tieu tan het . ·:. 

{

u=O 

I w 
cr =p=A 

;j;: 

•' 

a} b) . c) 

Hlnh 3.19. Sud& m6 hlnh thi nghi~m cua Tezaghi 

<D: Xylanh chtta d4y nu6'c. 
®: PittOng c6 van xa, c6 tie't di~n ngang Ia A. ;/· 

®: Nu6'c trong xylanh: tuQ'Rg tnmg cho nu6c 10 r6ng. 
Ci>: Lo xo: tuqng tnmg cho h~t dft. 

Qua trlnh tr~n gQi Ia qua trlnh c6 ket thfm. T6c d~ cua qua trlnh c6 ke't thain pht,J 
thuc)c vao kfch thu6c cua van. 

3.6.2. Bai toan i!a ban d~ tbilt l$p phucmg trinb vi· phAn c6·kft tb«m 1 cbi~u cua 
Tezaghi cho I~ daft y~u, blo boa nu6'c, chju tac d&Jng cua til phAn b6 d~u khilp. 

. . . . . .. ,: .·! 

- - - - - - - - - - - -
~ ~ - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - ·-- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- ~ - - - - - - - - - -- - - - - - - - - - - -

6p 

z 

Hinh 3.20. Sd d& phan tan ap life nzt6'c M rt5ng tlz4ng du 
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cac gia thiet: 

+ N~n di:t Ia d6ng nh4't. 

+ DJ:t bio hoa hoan toan. 
+ H,t d4't va OWe xem nhu khOng nen. 

+ Thfm. cua QlJ{te theo mQt chi~u thing dtlng ... 

+ Th«nt cua dtt'tuAn theo djnh lutt Darcy. 

Lien h~ v~ mO hlnh thi nghi~m: . 

ffinh (a):· Ngay khi dtt ti.i, toan bQ tii tn~ng do nu&: trong 10 rOng ganb do. Bi~u d6 
· llng sutt thing dttng do tii phan b6 ~u gay ra Ia ap lqc nu& 16 r6ng tl$1g du u. 

IDnh (b).: ·Nu&: trong to. rOng thoat d4n, ap lye chuyin sang bft d«t. 
' . ' .. - ·-· . . . . .. - . 

lfmh (c): Ap 1\IC nu& 10 rOilgtJd.rig du ubi phAn tan hom toan. Bieu d6 tlng su~t 
thing dt1ng do t8i pban b6 d~u gAy ra Ia ttng ~«t hOU hi~ a'. 

• JOtio sat mOt pbln t6 Mt lx lx dz trong kh6i dlt dang c6 hi~n ·tuqng co ket c6 be 
day H. T,i mOi phan":t6 CUa 16p d«t ~6·ket, luqng nu& thOat di dung bing ll.rQng giam 
th~ tfch rOng: . · 

dv do -=..;.._ 
dz dt 

(1) 

• Ap lJ~c nu& 10 rOng th~g du u tuAn theo c.1jnh lu$t D~y: 

v=kl } dv k lPu 
1 Su =>-=-.-

1=-.- dz Yw {Jz2 
· Yw l)z · 

(2) 

• GQi em la h~ s6 rOng ,trung blnh ciJa d«t (t.W,& va sa~ .khi c6 ket); 1" =r 
1 

+ee . Ta c6, 
m 

ap h,Ic hffu hi~u lam cho. 'b,t d4't djch chuy6n; 'llm thay d6i h~ s6 rOng e.· Khi d6, h¢ s6 

e~-~ . 0 

• nen th6 tich a= I . -+ 0e = -a,oo'; 
CJ2 -(J. 

• Ma cr' = cr - u -+ do • = du 

c3n 1 iJe .. a c3u 
=>-= .-=--

Ot l'+em ar l+em Ot 
(3) 

k lPu a au 
(2)+(3):::) -.-.-=. . 

Yw (Jz2 l+em 8t 

k(l+e ) 
• D~t Cv la h¢ s6 c6 ket: Cv = m 

a.yw 
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. I 

H 

. . 
. '!,.;~ . 0 .t'. 

Hinh 3.21, • .SaM bai toa11 elf kit tM,m 1 phl!lfl~g cup T erzqghi 
0 • • • • •• • 

• Phuan.g trlnh vi phan ell k6t th~ 1 chi~u cua Terzaghi: 

• Qic di~u ki~n bien 

t=OvaO~z~h 

O<t<oovaz=O 
;: . 

O<t<oovaz=h 

t.=oovaz=h 

GiAi (4) ~. (5) 

C ~~u = ~\1 , 
v ~2t ~~ 

~u=p 

~u=O 

~u 
~-=0 

~~ 

~u=O 

... , . 

[ 
2 ] 

· 4 CXl 1 2n rt 1 2n+ 1 
u(z,t) =-p L ( ) sin ( ) xz. exp -( ) 1t

2 Tv 
1t n=O 2n+l 2h 2 

trong d6: 

Tv= c; t Ia nban t6 thm.gian ~ 
h 

h- chi~u dai duemg th~m trong cUt; 
k - h~ s() thain cila Mt; 

e 1 - h~ Sll rOng ban ddu Clla d~t ( chju ap }l:fC ban thin cua d~t n~n); 

.·J 'I 

I : . . 

a - h~ s6 nen hin; . < ! . 

ao - h~ s6 nen lun tuang doi. 

(4) 

(5) 

'· 
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H h 

Sf1 cJ6 c6 kft lt!oM n~ 1 ch~ h = H 

THOAT NlfOc 2 Bl~ 

H 

Sa c16 c6 kft thoAt nu~ 2 chifu h = H 
2 

Hlnh 3.22. Sd dO thoat mt/Jc m~t bien va hai bie!l 

Du6i tac dyng cua li}'c tK~ d~;~ng p, phan tcS dft 1 X 1 X dz c6 dQ lt1n Ia: 

dS = 8o .a' (z.t> .dz 

' O";(z.t): ap li}'c.c6 hi¢u fJ dQ S4U Z, ~i thbi diem t. 
. h 

DO Icin cua 16p Mt lfi thbi diem t: s, = Jao <rcz,t> dz 
0 

DO bm dn djnh cua I6p d&:t: (vl t = oo ~ cr<z.t> = p) . 

• 
h 

--n-

h , 

V.y dQ ccS ke't !fi thm diem t, b dQ s4u z la ty st> gitla dQ h1n t~ thm diem tva dQ h1n 
dn djnh cua 16p dft: 

h h h h 

S Jao <r(z,t) dz Ja0 p dz- Ja0 U(z,t) dz J u(z,l) dz 
u _ ' _ o _ o o ~ u -l-=o....,...-__ 

Z.l - s.-- h - h I - h 

ao . .Ja0 p dz Ja0 p dz Jp dz 
0 0 0 

DQ c6 ke't trung binh cho ca ~ day ldp d&:t ccS·ke't, ~i thm diem t: 

H H 
I U(z,t) dz I U(z,t) dz 

Ut=l- 0 =1-~0-----
HJ H.p· 

pdz 

(6) 

·0 

Thay (5) vao (6), ta c6 bi~u thuc dQ c6 ke't: 
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. 002 2 1t 
Ur = 1- L ---::-e-M .Tv vm M = (2n + l).-

n~M2 2 
(7) 

Khai trien mc)t vai s6 h~g ditu, ta c6: 

( 

~ T. 9n
2 

25n
2 

: ·]·' . - 8 -- v 1 -·-Tv 1 -·--·-Tv 
Ut =1- 2 e 4 +-e 4 +-e 4 .. + ... ._.' 

7t 9 25 

. 1t~ . 

- 8 ---Tv 
U ~d---e 4 

t 2 
1t 

(8) 

Bieu thlic tren cho ta d(J c6 ke't trung blnh t~ thbi diem t cua nen da:t c6 k~t th~m 1 
chi~u. ling v6i truemg he]p dan giin nh«t - l\fc tic d~;~ng phAn bo deu va r<)ng khap tren bt 
m~t - dugc gQi Ia sa d6 0. 

Ta c6 the dung cOng thU'c (8), hof.c Uti giii g~ dung cua Casagrande va Taylor: 

KhiU. <60%~T. = :(~J 
K.hi Uv >60%=>Tv = 1,781-0,933Iog(l00-Uv)'-· ···· 

' 

3. 7. TfNH TO.AN DQ LUN 6N DJNH CTJA ~N S 
0• t• Jo 

De) lun On dinh cua 1 n~n cOng trbih se g6m 3 th8nh ph4n: 

si - d<) llln tll'c thm trong qua trlnh dip nen do d~t yeu bi bie'n d{Ulg ngang (n& 
hOng) duOi tac dyng cua tii trQng dip; 

Sc- dQ lun c6 k~t do qua trlnh cbiu tii trQng dip (Myc 3.7.1~; 

S5 - dQ llln do c6 k~t thtt clp -!tin do tit bi~n (M~;~c 3.9); 
. : ~. . 

m - h~ s6 .kinh nghi~m; m = 1,1 + 1, 7. Ne'u c6 bi¢n phap h;pt che' da:t ye'u na hOng 
du6i tac dyng cua tii trQng dip thl c6 the chQn m = 1,1 + 1,2. Ne'u chieu cao 
di\p cang 1611 Va dtt clng Y~U thlnen ·£hQD trj: s6 m cang 1&1. . · i, ·)I _ ~ . ·. 

3.7.1~ Til fr9n1 pbAn b6 d~ ~ lddp. (mg soft tac d¥~q~ xuOng n&l bay ap _IJIC _gAy 

llin m gia trt kh6ng ct4i theo ctO stu--. trutmg hqp tfnh ~clio. alng ~ ~ ~. 

Trul1ng hqp 1(1p Mt cbiu mQt tii. trQng phln b6 deu khip tren ~ mf.t, m't ~t khOng 
c6 chuy~n vi ngang rna chi c6 chuy~n vi dt'lng. 

Trong th\fc te, neu tiri trQng taic dQng tren mf.t dat khOng phah . bo deu, nhung c6 di¢n 
phAn 06 tii r~t lOn. d6ng thm chi~u day 16p d4't c}l!~ n~n l~i be, ta c6 the xem bi~u do 
phan b6 ap ll;lc gAy llln iliay d6i khOng dang ke, va c6 the xem nhu bai toain m¢t chi~u. 
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Ap dl;lngket qua tfnh toan tu thf nghi~m nen oo ket (nen khong no ho.ng). 

S= e,-e2 H 
l+e1 

e I , ~ - h~ s6 rOng cua d«t ling voi ap }IJC p, va P:z· tra theo bieu d6 thi nghi~m 
nen c6 k~t ~~p. 

' 

H 

Ji 
2 

p 

cr- L\p: Ap r.,c gAy kin 

Hlnh 3.23. Bai toan tlnh lun cho trifling luJp tdi trt;ng phdn bo' diu, r911g khdp . . .. 

'Chg su&:t hi'iu hi~u do trQng IUQng bin thAn ~ vj tr.i chinh giila lap d«t clin tfnh bin 

.H 
I 

Pt =y 2-
im.g su~rt gAy Ion bing tdng dng su~t hiiu bi¢u do trQng luQng bin thAn va Lhlg· suit 

gAy Ion ~i vj .~1 cbfuh giua 16p dit cb t~ bm:. 
• • • f 

Pz =pt +·Ap 

Ngoai ra, co the tinh bin bmg cac cOng thltc: 

. ···~. p 
S = a0.Ap.H =-.Ap.H . . E 

;.: ! : 

3. 7.2. Bai tom. nen bin ba chi~u • kh6ng gian (t.beQ ly thuyet dan h6i) 

Di~u ki~n c6 no hOng do ap l\ft bai ben d~t thOngiqua h~ s6· Poisson v . 

Bi~n d~g tuang d6i theo 3 phu<mg, tuAn theO qui lu't dlp IJ.6i. 

. 1 .,. . 
Ax= E[ ox -v{ cry +oz.)] 



-~ 
···,f 

• 

Bi~n d~g the tfch: 

-AV dx(l +Ax) dy(l+-A.y)dz(l+A.z)-dxdydz ...,.___=· . .• 
V dxdydz 

BO cac d~ htQng be b•c cao ta c~: 

AV = 1-2).1 B= e1-e2 -+ E=(l-2v).et -e2 e 
V E l+e1 l+e1 

Bie'n c:bptg tuong d6i cua d~t theQ phuong z: -

'I 1 [. (.1 ) O'z .] el -e2 
Az = + V --......- v ~--=-

1-2v . e l+.et 

DQ bin cua l(fp dl't c6 chi~u day h trong bli toan 3 chi~u: 

S=A.zH = 1 [<I+ v) O'z ;y v] el -e2 H 
. l-2v e l+el . 

3.7.3. Bai to4n nen llin bai cbi4u (ly tbuyltdan h6i) 

Trullng hqp bti toan phing thl A.y = 0, ay =v (ax +az) 

T6ngllog sdt:9=(0'x +~z)+v(ax +az)_=(l+v)(a.x +az) 

D't 9'=(ax+C1z) -+9=(1+v)9' 

COng thlk tinh bin cho bai toan phing: 

. S= 1 [~-v] et-.e~·H 
1-2v 0' l+e1 

. ~-·· 

3. 7 .4. Tfnb toan d(» lun 6n dinh cho n~n mong c6ng trlnb - pbuang phap tfnh lu·n 
t6ng pbin tO 

- Khi ,tfnh toan thi€t ke' nen m6ng cOng tPnh, c4n ph~ tinh d(lltin cua n~n cUt. 

-Ap l\fc (do tii trQng ngoai) tac d\}ng len nen ~ day·~ong: , 
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hn: B6day 
vung n6n 

N 
tc. 

Hlnh 3.24. V llng nln d1111i day mong 

- {mg suS:t gay 11111 (do t8i trQng ngoai) t'i day m6ng: 

Ntc 
Pgl = P- r* .o, = F + (Ytb -y*)Dr 

tro:ng d6: 

Ntc - tii trqng tieu cbudn truy6n xu6ng m6ng; 

F = L x B - di~n tfch day m6ng; 

Dr - d~ slu chOn m6ng; 

·' 

y 

'Ytb - tll}ng lugng rieng trung blnh cila be tOng va cUt (trQng hrgng ban thin cua 

m6ng va dd't teen day m6ng), ld'y 20 + 22 kN/m3
; 

y* - trQng lu<}llg rieng cua tUt tren d4y m6ng. . \ .. 

Truang hqp c.14't nim dum m\fc n1Wc ng4m thl tfnh trQng luqng rieng :day ndi. 

Phuctng pbap nay sir dyilg cho n~n cUt c6 nhi6u lap khac nhau. 

NQi dung CUa phuang pbap nay Ia chia n&t dlt th8nh titng 16p mong sao cbo bieu d6 
phAn b6 tlng sud't do tli trQng ngoai gAy ra (bieu d6 lblg soft gAy bln) trong moi 16p nho 
khOng thay ddi nhi6u va duqc I«"y trung blnh lfi di~m chfnh giila 16p phlu t6. ,. . 

cac bu& tlnh toan: 
1. Ve cac bieu d6 ling su«"t hiiu hi~u theo phuang d\tng do trQng lu<}llg bin thAn a' bt 

va ling suft gAy bin O'gl teen ~c qua tam 0 CUa m6ng (tai trQng phAn M d6u teen ti~t 
di¢n chQ nb$t}. l. 

cr' bt;;:;: y' z; crgl = ~ Pgl 

2. Xac dpth chi~u day vimg n~n c~ tinh ltln. ~. 

Chi~u day lap Mt b~ nen ch~t duc;tc tinh tlr day m6ng d~n dQ sAu: 
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cr' bt ~ 5 cr81: d~t t6t 

cr' bt ~ 10 cr111: dift yfu 

3. Olla ~ thinh nhi~u lap nho hi = 0,4 b, v6i b Ia ~ r(Jng cua m6ng. 0 nhiing d(J sau xa 

m6ng c6 the ~~y ~ = 0,4 b + 0,6 b. (]n1 y, mOi phan tO Pbii nam trQn Vt;n trong 1 lap dilt. 

4. ·xac djnh UngS~t gAy l\in tnlng biRh CUa tUng lOp phin tn~ :11 : · 1( "' · 

'Oitg suS:t hiiu 'hi~u do trqng luqng bin thin ~i vi tri'chfuh giil'h 'lc)p phan to:· ·;:; · · · · · i 

Pn = cr'bt · :·:;•' 

5. Gtg su~t gAy h1n bing t6ng ting suS:t hiiu hi¢u do tn;mg tu<}lig ban than va tlng suit 
gAy Iun ~ vi tri chlnh giUa lap di(t cfu! tfuh lun: · , .. · 

Tir quan h~ e-p, xac djnh: 

Pli = Pti + Ap = P!i + crgli 

=> li . It 

{

.R TN n6nc6 k€t ) e . 

TNnenc6klt 
P2i-----J>)e2i. 

Hlnh 3.25. Bai toan tinh .lwJ cho tnthng hfl.p tdi tr{mg phan bo' diu 

trin di~n truYAn tdi - tlnh ian tdng phon tlJ' 

6. Xac dinh dO bin 6n djnh cua 1 phan ttS. Tir do,:tfnh. d(J It1n 6n djnh cho toan bO 

vilng n~n c4n tfnh Jun. Ap dl}Ilg k!'t qui dr bai toan nen 1\ln Oedometer cho mOi lap dD:t 

da chia, d¢ Iun s duqc tinh bAng cl'mg thuc: . ,~\,. . .. , . . . . . , . · . 

n n 

S= :Lsi= L 
i:::l i=l 
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n 
S= ~ a. &p· h· £.., 01 I I 

i=l 

S= t .{j_ &pi hi (&pi= O"zi) 
· i=l Ei . 

J. 7 .5. Tfnh toan dq lun dn dinh ciia n~n m6nr. d~ng trinh bing biiu do e ~ log P 
phuong phap tinh ._.n ~ho cac c6ng trinh du dulmg •. 

Phu<11lg phap nay c6 xet de'n Anh huang cua ap bfc ti~n c6 ket den d¢ lun cong trlnh, 

cho ket,~~ '?h~ xac hop cac phuong phap ~n. 

Cho dft c6 ket thubng (P0 = Pc>· 

Ae= Cc [log(p0 +Ap)-logp0 ) 

S= Cc H log( Po +Ap) 
l+eo Po 

Hinh 3.26. Cac phuctng trlnh dnh lrin /chi drmg bilu dd e - log p 

Cho d«t c6 ket truoc n~g {p0 + Ap ~ pJ. 

Ae= C1 [log(p0 +Ap)-logp~) 

S= CsH log(Po +Ap) 
· l+eo · · · Po 

Cho d~t c6 klt tru~ nbc; (p0 + Ap ~ Pc>· 
" 

S- Cs H l Pc CcH; l (Po +Ap) --- og-+- og 
l+eo Po l+eo Pc 

1]'), 



Vm: 

cc- chi st5 nen; 

~":chi s6 nO'; 

Po - ling· su4't hihl hi~u trung blnh do trQng Iuqng bin thAn Po= dib~ p1; 

ap = ai - Gia ~g llng suft thing dting (ling s~(t gAy ltln); 

Pc - ap l1Jc ti~n c6 ke't; 

~0 - h~ s6. rOn& ung vai thai di~m tnrac khi xay dl!ng cong trlnb. voi Ung 

su«t bin thin p0 : 

H -~ dAy l{;p cUt c4n ti'nh bin 

3.7.6. Ph11cmg pb'p I'.P tumlg duong 

·· .. ; 

NQi dung cua phuong· ph4p .nayla xac djnh chi~u day tuang.duang hll trong sa dO bai 

toan nen llln 1 chl~u c6 dQ lun bAng dQ lun dft n~n. 

* D~1 vbi. ddt n/n ddng nhdt . 
- Theo ke't qui n~n bie"n d~g tuye"n tfnh, ta c6: 

'· S= (1-v2) m b' P 
E 

trongd6: 

b-~ rQng m6ng; 
:i .. • 

. c.o - h~ s6 phy thuQc vao dO cwg va tfnh chft m6ng: 

v - h~ s6 no hOng hay h~·s6 Poisson; 
E - MOdun bie"n d~ptg; 

.p - ap lye nen, ~p 1\lC gly lUn. 
- Gil thie"t tii trQng p khOng chi gilri. hfll trong chi~u r()ng b, rna phan b6 d~u khip. 

Luc nay n~n dft lt1n trong di~u ki~n khOng no hOng. Ap dl}Ilg ke"t qua tfnh lun cho bai 

toan nen bln 1 chi!u cho I(tp c:Ut c6 chi!u dAy hs: 

S'= (1- 2v2 J p.hs 
1-v ,E 

''····. 

S = 8, ~ (1-v
2

) m.b p =(1- 2v
2 J P·hs 

E 1-v E 

. 2 ... ' 

~ h = (1- J.l ) ro.b 
8
' 1 + 2J.L 

DiU A.= _(l_-....:..~-2-) : .... . '•:,, .. · 

. 1 +2J.1 
~ hs =A co.b 
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Hinh ·3.27. PhUtJng plulp tiflh lun l{Jp tuung dut1ng 
•i:. . . 

COng thli'c tinh bin theo phuC1ng phap 16p tuang duong: 

S=aoPhs 
D6 don giin ta l.p Am thlmh bang tra san ph\1 thu()c vao (lib, ro) 

Bang 3.6 •. Trl s6 A roo, Aco01, A me theo lofl d't va ti sli 2 CfDh lib 
. . 

SQi vAcuQi Oit setpha 
setrtt deo 

S6t clhlg va set pha 'Cltpha setdeo 
1/b 

p=O,lO p=0,20 fl= 0,25 fl= ~.30 f1=0,35 Jl=0;40 

Am0 A(l)ag A me Am0 Amm A me Am0 Amm A me A~o A.m ... m Amc Am0 ~(J)DI Amc Am . 0 ACilrii Am c 

1,0 1,13 0,96 ~.89 1,20 1,01 0,94 1,26 1,07 0,99 1,37 1,17 1,08 1,58 1,34 1,24 2,02 1,71 1,58 

1,5 1,37 1,16 1,09 1;45 1,23 1,15 1,53 1,30 1,21 1,66 1,40 1,32 1,91 1,62 1,52 2,44 2;o7 1,94 

2,0 1,55 1,31' 1,23 1,63 l,g9 .1;30 1',72 1,47 1,37 1,88 1,60 1,49 2,16 1,83 1',72 2,7t; ,2,34 2,20 
- '· ~ :' 

3,0 1,81 1,55 1;46 1,90 l63 • l,54 2,01 1,73 1,62 2,18 1,89 1,76 2;51 2JS ~~01 3,21' 2,75 ~.S9 

4,0 1,99 1,72 1,63 2,()9 1,81 1,72 2,21 1,92 I ,81 2,41 2;09 1,97 2,''/'i 2;39. 2,26 3,53 3,06 2,90 
.. . ... 

5,0 2,13 1,85 1,74 2,24 1,95 ~.84 2,37 2,07 1,94 2,58 2,25 2,11 2,96 2,57 Z,42 3,79 3,29 3,10 

6,0 2,25 1,98 - 2,37 2,09 - 2,50 2,21 . - 2,72 2,41 - 3,14 2,76 - 4,00 3,53 -
7,0 2,35 2,06 - 2,47 2,18 ·- 2,61 2,31 · .... - 2,84 2,51 - 3,26 2,87 - 4,18 3,67 -
8,0 2,43 2,14 - 2,56 2.26 ; -· ; 2,70 2,40 - 294 2,61 - 3,38 2,98 - 4,32 3,82 -·' 
9,0 2,51 2,21 - 2,64 2,34 - 2,79 2,47 - 3,03 2,69 - 3,49 3,08 - 4,46 3,92 -
>10 2,58 2,27 2,15 2,71 2,40 2,26 2,86 2,54 2,38 3,12 2,77 2,60 3,58 3,17 2,98 4,58 4,05 3,82 

(0: g6c, m: m6ng m~m. c: m6ng c<tng; khi chieu cao dai m6ng Ion h<1n khoimg each 
tu mep c¢t den mep mcSng thi xem nhu m6ng cl'rng) 

'i • .. 
J ._• ' 



Trlnh t~r tfnh tmin: 

I. Xac dinh chieu day tuang·duong h11 (h11 = Acob) 

2. Xac djnh duang phan b6 11ng·stiiit dugc c;oi JA.duemg_:thling.cp_chieu c~wJ~ 2hs Ia 
chitu sau vilng clij~ ~en (hlnh ve). . . ' · ·. · 

3. Xac djn~ ~~.$~ft btin than t~i dg sau h11 : p1 = y h_~ . ' . 
. :; .. 

4. Xac djnh atp 1\(c P2 = p1 + Ap = y h11 + p/2 . 
.. \ , 

5. Tu bi~u d6 a~g cong nen lun xac djnh p1 => e-1. ;, P2 => ~- ·;: . 
. .·. . 

6. Xac djnh h~-s<fnen hln va h¢ s6 nen hln tudng d6i: 

e1 -e2 a ·· · 
a= -+ a0 =--., __ , ,_. 

P2-Pt l+e, ...... . 

6. Tfnh loan dq hin: s = 2h. X aop 
s 2 

Truemg hqp duemg phan b6 tffig suft"t cong qua ta chQn: 

P1 = 0,9yh11 • 

_, 
.I\ a 

P2 = 0,9 Y hs + 0,55 p 
* Clzu y: Khi m6ng d~t ad~ slu Dr, thl khi tinh t~io p1 hay cac d1:ti lugng .1i~~ quan 

d~n &Ing suilt ban than thi phii tinh tll m•t dft"t, t(rc Ia phai ti~ t~em doi;ln Dr. 

* Dd1 vm nln ddt nhiiu /ilp 
. . 

- DQ lun ciia n~n khOng d6ng nhft"t se dltgc 
t.lnh nhu de) lun cua m¢t lap tuang du~g 
hoan toan d6ng nb8:t c6 h~ s6 nen lun tuang 
d6i bing blnh quan cua cac h¢ so nen tun 
tuang d6i cua t«t ca cac lap dft"t. 

S= aotb Phs 
trong d6: 

aotb - h¢ s6 nen lun tUdng d6i trung 
blnh cua .cac ldp dft"t. 

Trinh tl! tinh toan: 
H~nh 3.28, Tinh·to(m491un bting plu«mg 

1. Xac d!nh chi~u day l6p tu<1ng duong ~ phap 1c1p 1ucmg d11t1ng (ulnd&ng nlult) 
ciia cac l6p' d~t. . . . . : . . . 

2. Xac djnh duemg phAn b61;ing suft"t dugc coi la duang thiilg c6 .chi~u (;ao ~l' 21\ ia 
chi~u slu vilng chju nen (hlnh 3.28). .. < r ·,,_!r,: 

3. Tinh va ve bieu d6 ling suft ban thAn. . . I ., ! 

4. Tinh cac khoing each Zj Ht .khoang each tli day wng chiu nen d~n gifia mOi lap d!t. 
. . ,: . ' 

5. Xac dinh gia tri cua U'Ilg suft"t gAy 14n (dJ!a .vao tam giac d6ilg d~g) cri = APi· 

135 



! 
(J' • z. 
~=-' => 
p 2h'll 

z. 
0". =-' p 
. Zl . 2hs 

'. 6. 'Xac djnh' PI va P2 ~~ diem; giii'a. CUa m6i 16p dat. 

Pii = y (211,; - Z;) 

1'2; = Pti + crzi 

(. , tbfl , d" h b'li-L.' h nh" • 1, A~ . L 'Y i hj ) y co c xac p1 trung 'um c o teu op wat: Y rb = L h; 

. 7. xac dinh h~ s6 nen hin tuong d6i cho tttng 1~ dat va h¢ s6 nen ltin tuong d6i 

trung blnh cua cac lOp dat tir du(mg cong nen hln. 

Pti =>eli ; Pl;=>~i 

8. Xac dinh dO bin: 
' \ I ! •, e 

211. 

Hlnh 3.29. Tinh toan tJ9·ltln being phlldng phlzp ldp tlldiJg alltmg cho nin nhiiu l(tp 

3.8. TfNH D(> LUN ~N 1HEO men GIAN 
. . . . 

D6i vm cac lo~ ~t dinh, bio boa nu&, dQ ldn ella nen xay ra theo thCri. gian. NQi 

dung.~ man -t-inhJ@. c~~_g~g,_ tb~ th~ g~~ :- b~ ~~.c6 k~~ thDJn 1 chi~u cua Terzaghi 
: . :- •. - !".1!"'"' . -"' ;" 1:·--· -.-·- ---- -· .. -----

(mvc 3.5.2). · . ,.·. 
Bai toan tinh lUll theo thm gian chu yeu gili quyet 2 v~n d~: 

.. ;·. . : .fut :mt'rcd(>c6ka . 
Cho bie't t. => 

. . . . St : d(> bin CUa nen Ung vffi thdi giant. 

136 



(xac dinh dO bm - dO co ke't ~ m¢t thai diem b:!t ky). 

Cho bitt Ut-+ xac djnh dO lun theo thai gian ~ = U,S:o va thai gian c1in thi6t d~ ~t 
dtrgc.d(J c~ket do. . . 

Mllc dQ c6 ke't duqc d!nh. nghia: 

Trinh tl}' tinh toan: 
1. Tinh d(J lun On djnh CUa lap ~t yeu theo cac phuong phap duqc trinh bay trong 3.6. 

2. X4c· djnh gia tri h~ s6 c6 ke't th~ <;,. 
Cic phuong ph4p xac djnh -~ s6 c6 ke't Cv 

• Tinh theo cOng thtlc djnh nghia: Cv = k(l + e ) = k 
a.yw ao·Yw 

trong d6: 

k - b~ s6 thfm cila lap d:!t, theo phuang dl'rng; 

8a - h~ s6 nen ltin tuang d6i; 

Yw - dung trQng nu6'c ; 

· • Xac dinh tir thf nghi~m nen ell ke't: 

PHUONGPHAPCASAGRANDE-P~NGPHAPLOGT 
.. 
··t-·. 

- Ve duemg cong bieu dien quan h¢ chuyen vj (s6 dQC txtn d6ng h6) va··Jog thai gian t. 

- Xac dinh chi~u cao miu ling vm U100 va t100 (thai: diem d't c6 ket,p=lOO%- ket 

tht1c qua trlnb lt1n ctS ke't) hao bing ci~h: . : , ,. 

+ Ve tie'p ~Y,e'n v6i dO{Ul gifta. va d~~ cutli duirn~: ~~ng. 
·r :· 

+ Tir giao diem It& ti!'p tuye'n. chi!'u len hai b'\lC tfnh dqqc V.100 vat100 

- Xac dinh chi~u cao miu ltng v6i U0 (thm diem bit dgu qua trlnh c6 ke't U=O%) ho 
hAng each: . . . 

+ ChQn t 1 va t2 = 4 t 1. T~ t 1 ve duang song song -tn}c logt v~ ·phfa tren mQt do~ bing 

(Ua- Uu), duC1ng nay cit tn}c tung 1\li U0• 

- Tir chi~u cao miu ~g vm d¢ ctS k6't 0% va 100% ~ Xac djnh chi~u cao miu .Un.g 

vrn d¢ c6 ke't la 50%, h50 , tit do suy ra t50: · · · · . 

h0 + h<X) 
hso=--r,··- , ... 
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- Vi miu dat trong thf nghi~:ffi nen co ket co tali tr9ng phan b6 ~~~' thmit nuoc hai 

bien nen li'ng. v6i U =50%, taco nhAn t6 thm gian Tv= 0,197 ~ H¢ so c6 ket Cv 
duoc xac dinh: . . . 

. 2 
C = 0,197h50 , 

v 
tso 

- Tinh be s6 thim k tir thi nghlem nen co ke't: k = cv 'Y w a 
· · · l+e1 

V m e1 - b~ so rong cua c.-pap Ia.rc &Uu 

1 10 .. 100 
ho Uo 

1000 ThiJigia 

G£) 
r-~ I :,!. ban 

n t 

n6n 
ddu 

t1 I 
~ ........ ....... }r4t, . 

~ . 
I .' 

""r:.. I 
N 

hso .... 

'" 
·• 

Uso 

' 
~10 

i', 

r-.... ·---- - -- r-- t- ,, 
h.., ... 

k1n 

Hlnh 3.30. Bilu t1d x4c djnh ~ sd cd' Ut Cv theo phlltlng phP.p logl 

PHUONGPHAPTAYLOR-PHUONGPHAPJT 

-

.......;. 

~ 

GO n6n 
c6klfl 

!.!f.._, 

;.11;-

·oo 
tha 

n6n 
~p 

'" 

- Ve duang cong bieu dien quan ·h~ chuyen vi (so dQC tren ddng hd) va can cua tboi 
giant. De de veta nen dQC chuyen vi hln a c4c thm diem lphut, 4, 9, 16, ... , tuc Ia 

(.Ji>2 -phut. 

- Ve duang thing A di qua c8c diem nim thing hang (g~ nhu tiep tuy!n v6i dOfll cong) 

cit.tn}c tung~· U0 (diem nay d~ xem Ia u = 0) 

- Tir diem U0, ve duang thing B c6 d~ d6c bing 1,15 dOd~ duCing thing A, cAt 
dultng. cong ..[t ~ di&n u90. Tir u90 chieu len tlVC hoimh se .~6 duqc ~. chieu ngang 

se dugc chi~u cao. miu ling vm d~ co ket la 90%, hw 

H §( ~§l !/(. c -- 0,848h90
2 

- ¢ su """ kct f"' 4uqc x.ac djnh: 
"-'v v 190 
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r-------r------r-----~ 

a '0,15a 
· FJO ltln h 

--l~ Genen 
baiic!au 

GEl nen 
c6k~t 

·GEl nlm 
ttwcfp 

· Hi!lh 3.31. Bilu 4& xiJc djnh hf s6' c{i /eli Cv theo phUdngp~4f Ji 

3. Xac djnh nhAn t6 thai gian: Tv = C
2
v t 

. h 

t - thM gian c4n tfnh ltm 
h~ ciJi..u dli dtrl1ng tham trong d~t 

Sa d6 c<J ktt th04t nu& 1 chieu: h = H 

SC1 d6 cd ktt thoat nu& 2 chi~u: h = H . . . 2 

'!: :. 

4. Xac dinh mite de) c6 k~t trung binh cho toim b¢ 16p d~t ~ thai diem t: 

C6 the trnh toan theo cac cOng thti'c nhtr sau: 

- C02 2 7t 
Ut =1- L----=-e-M ·Tv vm M=(2n+l).-

n=oM2 2 

8 _i:_T, 
ho•c U ~1--e 4 v 

t 2 
1t 

Uti giai g~ dung cua Casagrande va Taylor: 

- 7tU (-)2 
Khi U v < 60% => Tv = - -L 

4 100 

I. 

. -. 
'.' 
, .... 

. ~- :: -:·· - . ::· 

KhiUv >60%=>Tv = l.781-0.933log(l00-Uv) 

Hai cOng thll'c tren dugc thi~t l$p vm sa dO 0·- sa d6 U'ng voi tell trQng phAn b6 deu 
khAp. Thi~t l~p bang tra va d6 thj giii'a U va Tv. 



..... 
:i.' 

I , , 

Hinh 3.32. Dt1 th! xac di11ll U1 tlleo T" vci ~ stiu z 

D6i ~~ cac ·sd d6 khac, cbibtg minh.tuqng tt.i: ta xac djnh dltQ'C cOng thuc U1 theo Tv, 

va l~p ~lnh bing tra. 

Sq ,d6 0: La Sd d6 tlng vm tai trQng phan b6 d~u khip tai :dft dip va cac Sd d6 thoat 
nu6'c haf lli!n , 

;a':· 

!t. ;· .• 

. ~.-. • • • t 

i· 

':~ I'• '•• I'• •:• I'• ••• I'• •.• f"•' •·• I'• , ' 

·, ·.!!{ 1 

H a=p 
·i ,, : H 

a=yh 

- 8 .;. ·~"v 
U ::::~1--e 4 

t . 2 • 
7t 

'}; 
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Su di) 1: Ong su~t gA~ hln c6 d~g tam giac, tang tuyen tinh ·the~ ct~i~u· ~-Au - rrucmg 
hqp Lbtg su~t do trqng·luqng flAit thAnd(tn~n giy ra. 

( 

rr
2 

-9n
2 

. -2:'i~ J - 32 --··-IV. J_ . ··· ·· -tv 1_ --Tv· .. 
Ut=l-- e 4 +-e. 4 +-e 4 •.. 

1t~ 9 . •· 25 
H 

a=yh 

Sc1 tk1 2: UOg su~( s•Y.· ~~~ c6- d;p~g, tam giac giam tuye'n tinh 
theo ~hieu sa.u - truflng. h9P gtfn dung c~a bAi loan tii phan bO' hQu h~. Ung sum gay hm do 
c6 d~g d\fO'ng cong dui chuy~n thanh dllbng thing. · ,..,...,.,....,..,.....,....,.'T"' 

1t2 
- 16 --Tv 
ul ~t--(7t-2)e 4 

7t~ 

- cac SC1 dd ghep: Tra bing u, E N dung tinh lun theo thai gian kill xay ra 2 sa dd 
cung luc. 

• SC1 do 0-1: Do tii tn;mg d«t dip va trQng ltr<}llg bin than. . ,. 

H 

;':; ·: 

o Sa d6 0-2: Do tw trqng d~t dip va tai trQng phhl b6 hitu h~. 

Tv (0-2) = Tv (2) + (Tv (0) - Tv (2)) I 0.2 I'T'I"'I""r'"1"~.....,..r-.-,."''"""T"r"" 00 

~--

1, ,. 
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',.:. 

Bing 3. 7J .Bang tra SJI tuong quan giua Uy va Tv theo cac so do 
Tv Sad6 0-1 Sad60-2 

Sad60 Sad61 Sad62 d,.d, a,lf Uv 

I ·~ ,. 
·' 

,•' .. 

•.. I . 01 
. ' 0,008 0~047 0~003 a' da'z I U-1 a' 1/a'2 I 0-2 

0,2 0,031 0100 , ·.· 0,009 0 1 1,0 1 
.. 0,3 0,071 0~158 0,024 0,1 0,84 1,5 0,83 

.: 

0,4 .. 0,126 0,221 0,048 0,2 ·0,69 2,0 0,71 

0,5 0,197 ·0,294 0,092 0,3 0,56 2,5 0,62 

0,6 ·. .0,287 0,3t)3 0~160 0.4 0,46 3,0 0,55 

0,7 0,403 09500 0,271 0,5 0,36 3,5 0,50 

. 0,8 0,567 0~665 0,440 0,6 0,27 4,0 0,45 

0,9 0,848 0,940 0,720 0,7 0,19 s,o 0,39 

0,993 2 0,8 0,12 6,0 0,30 

0,994 2 0,9 0,06 8,0 0,20 

0,996 2 1 0 9 0,17 

1 00 00 00 12 0,13 

3.9. DO LUN oo NfiN THircA:P cuA DAT ~ 

- DO ltln thd c«p s. la do bi~n ~g thli' c«p CUa dt:t nen dum m(Jt ling suD:t hUll hi~u 
.khOng d6i, xay ra sau qua trlnh pbln tan nu& 10 rOng ~g du (c6 k~t SC1 cf:p). . 

- (j c«p tAi tlt p1 =ttbt (a gilia 16p d~t dang tfnh hln) dtn p2 = p1 + ~p = p1 + az 

( az: dng suJ:t ·gAy IW.), d(J bin do hi~n tuqng nen thlt dp d\fa vao do~ tuye'n tinh ben 

du6i cna dubng cong,e-logt, l:J ct:p di ttr p1 d!n P2 cua thi nghi~m n6n miu c6 k~t. 

- COng thlic tfnh bin Ss: 

c S
5 

= _a_H(Alogt) 
l+ep 

eP: h~ s6 rong tu<1ng llng vm diem d4u cua d~ tuy~Ii tinh du6i cua duang cong 
-e-logt, (e suy ra rtr ~) 

Ca: chi s6 n6n:thu c«p duqc xac djnh dva tren phjn nen thu c«p cua duang cong 
e-logt 

C = lle 
a Alogt 



BAI TAP CHOONG 3 

Bai ~.1: Cho I m6ng dan c6 kich thuac 2.5mx4m, chju tac ·.dc)ng cua ngo~ti ll!c 

Nu == JOOO kN, Mu =50 kN.m. Hu == 20 kN. Oii~u sAu di].t m6ng 1a 2m. M6ng duqc d~t 

tren n4n:dit c6dung trQng 18kN/m3
, y1b = 22(kN I m3

) 

Ktt qqi ~ua thf ngfti~m nen c6 ket dugc cbo ttong bang sau: 
' ; ;.o' -,·,,: .. 

ApiJIO ~enp 
0~25 25~50 50-+ JOO 100-+ 200 200-+ 400 (kPaj· 

H~ srirdrige 0,828 0,815 0,788 0,154 ·.0,71..7. 

a) Xac ~inh ap lf:CC gAy Jun. . ~ • ! 

b) Tfnhva ve ling sua't do t~i trong ban than va tai trQng ngoai. 

c) Xaf; djnh voog chju nen cain tinh lun. 

d) Tinh d~ lun 6n.dinh bing phuang phap tdng phan t6. 

Giai: 

a)Ap llfC gay lrin: 

- A.p·IJ!c gAy lun: 

''400'4 800 

.,· 
0,672 

Ntb 1000 
P =O'gl =-+y,b.h-y.h == +22x2-18x2 == 94,96(kN /m2

) 
F 1,15x2,5x4 

h) Ung sudt do trt;mg lttqng bdn tlzdn: O'z == y.h 

DQsauh(m) Dng su(t do tii trQng ban than a~' (kN/m2
) 

2 36 

3 54 
.. 

4 72 

5 90 

6 108 
.. 

7 126 

c) Ung sud! do tdi trqng ngoai: 

I 4 
-=-=il6 

. k k . b 2,5 ' 
O'z = o·P; o E 

' z 
b 
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1>¢siu '1/b k.O li'ng sual do tai tr<}ng ngoai crGJ (kN/m2) 

0 0 1 94,960 
. . l .. 0,4 0~859 81,571 

2.· 0,8 0,558 f; 52,988 

3 1,2 0,352 33,426 

4 1,6 0,232 22,031 

5 2 .. 0,161 15,289 

d) V1ln~ nln cdn tinh /tin: uz.bl ~ 5az.p ~ vung n~n c4n tfnh hln Ia tit m~t d"t d6n 

dQ slu 7m . 

. e) Bdng tinlliun: 

·ne tfnh h1n, ta l~p bing sau: 

{
~. TN nen ¢.ke"t 

=> h 
p.. TN n6n c:6 ktt 

2i e2i 

e,. 
I • 

' 
n n e ·e 

S= ~s. = ~ li- 2i h· 
, ~ I L..J. l I 
· · i=l i=l +eli 

:. 

l.~zG· Thi ng~m nen c6 k(t 
0,9 -r----.---...----.--~ 

I 

! 
I 

3,2mm ·- -·-·-·-·~·-·-·-· 
I 
i 

0,7 +-----f---J----......f----1 

0 100 200 300 400 

Ldp Chieu O'bt pit a,, pi2 ph An dlly z· z eu ei2 si (m) 
t6 (m) kN/m2 kN/m2 kN/m2 kN/m2 

1 1 
0 36 

45 
94,96 

133,266 0,8189 0,7795 0,0217 
1 54. 81,571 

2 1 
1 54 

63 
81,571 

130,28 0,8105 0;7808 0,0164 
2 72 52,988 .. 

3 
2 72 52,988 

0,8023 0,0105 1 81 124,207 0,7833 
3 90 33".426 

3 90 
---·-

33A26 
4 1 99 126,729 0,7942 0,.7823 0,0067 

4 108 22,031 
-. 

5 1 
4 108 

117 
22,031 

135,66 0,7864 0,7785 0,0044 . 
5 126 15,289 ... 

Vf!.y t6ng d¢ lun la: 0,0597 (m) ~ 6cm 
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Bili 3.2: M()t m6ng don c6 kich thu6'c va ch!u rae d~;~ng cua tai tn;mg nhu h1nh vc. 

N~n da":t Ia set deo mem, c6 Ys = 26, 7(kN I m3
): y = 18,3(kN I m3

); W = 28% . 

.H~ 86 r6ng lfng vai cac ciip ap ll;l'c: 

P.(N/cm2) 0 10 20 

H~stfrOnge 0,87 0,80 0,75 

Tinh d() h1n ~i tam m6ng bing phuang phap tdng phan to. 
-Ap l~c gAy Iun: 

3b 40 

0,73 0,72 

N1b · · . 1860 · 
P = <rgl =-+y1b.h -y.h = +22x 18.6.-18,3xl,86 = J 12,18(kN /m2

) 
F 1, 15 X 4,8x 3, 2 

Ta co b~g tfnh lun nhu sau: 

lAp Chi~u 
abt ·Pil pi2 ' ·s. 

ph an day O'gl I z z eil ei2 
kN/m2 kN/m2 kN/m2 

kN/m2 (m) ' 
t6 (m) 

0 34,038 112,18 
1 0,8 41,358 148,154 0,8380 0,77i8 0,0284 

0,8 48,6.78 101,411 

0,8 48.6.78 101,411 
2 0,8 55,998 146,86.4 0,8277 0.7735 0,0237 

1,6 63,3HJ' 80,321 

1,6 63,318 80,321 
3 0,8 70,638 142,882 0,8179 0,7755 0,0186 

2,4 77,958 64,167 

2,4 77,958 6.4,167 
141,368. 4 .· 0,8 85,278 0,8084 0,7763.' 0,0142 

3,2 92,598 48,013. 

3,2 92,598 48,0i3 
5 0,8 99,918 143,16.4 0,7994 0,7754 0,0107 

4 107,238 38,478 

4 107,238 38,478 
6 0,8 114,56 148,212 0,7909 0,7728 0,.0081 

4,8 121,878 28,83 

4,8 121,878 28;83 
0,0060 7 0,8 129,2 155,224 0,7827 0,7693 

5,6 136,518 23,221 

0.,0957 

V~y tdng d<? hin la: 0,0957 (m) = 9,57cm 
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Thi ngh~m nen c6 ket r= 1860kN 
0,9 ·---.------, 

. 2 . 
y = 1E..Q6x - O,oooax + 0,8694 

! 0,8 
I 

· 3,2mm 1- ·-·----~-~---~·-· ;·: ... . . :· i 
i . ;_::< ·; .... ,.) 

.. ,-.;,~!.l'! f····:· --~ .. -4'::.;;...8mm..;..;.;__ .... 
OJ~--~--~4-----~--~ 

0 100 200 300 400 

· Bai 3.3:' Cho m(Jr nen dA"t set m~m. biio boa mrac, day 6m, ben tren Ia m('>t san li\p 

binlP,at cao.'4m~ c6 ~ung trQngla 20~N/m3 . Khi thi nghi~m nen c6 ket, nc!n da't co cac 
tltOna :s6nh~. blah ve. 

a) tihb d~ lun on dinh cua nen. 
b) Tinh dQ lun ella d«'t n~n sau 9 thang n!u ~n dum n~n dirt yeu Ia lap caJ. 

. c) Tillh d(J h1n cua dirt n~n sau 9 thang n~u ben duoi nen d~t yeu la ldp dilt set 
khOng· tlltm. · · 

6P 
~ ,,.......,.., _,......, ....,...-,1 1,---,-1 -r-1 .,---,1 I __.tO 

,, :.•,• ,.~.•,• ~.•""": ·,·•:' :~·,:.t''~';.',',t'' :,·,·.••: .·. '•':t'-t".'l\!.•'':,'J 2' MNN 

2 
Cv = 0,36m /thilng 

Gitli 

a) Tinh d~ lun dn djn.lr cua nln 

llP = 20x4 = 80(kN /m2
) = 0,8(kG I cm2

) 

S Cc HI. AP+Po 0~25 .6. •.. 0,8+1,5. 0 1266( ) 12 66( . ) = --. og = x x og = , m = , em 
l+e0 P0 1+1,2 1,5 

1·. :. ;, i 

b) T.fnh d~ lun CUa·ddt nln sau 9 thdng ntu b~~ d"lfi nln ddt ,eitltll(Jp cat 

Ben dum nen d~t y~u Ia 16p d~t, tt~n dlt thoat nu& 2 cbi~u. Vi v~y, cbi~u dai duang 
thoatnu&·h =3m.·::·:· . · 
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Taco: T . = 7t u 2 => u = 4 
X O, 36 = 0 677 

y 4 y v . 3.J4 ' 

S1 = U1.S00 = 0,677x 12,66 = 8,57(cm) 

c) Tinh d<' bin ctia ddt ne'n sau 9 tlui1~g nelt bc'n dl((ri nrln dcil yelt !a !tip st'l 

Ben duoi n~n d~t ye'u Ia lap set, n~n d&t thoat nuac I chi~u. Vl v~y. chi~u d~i dutmg 
thoat mtac h = 6m. 

T = Cv.t = 0,36x9 =O 09 v 2 2 ' h: 6 

Taco: T. = 1t u2 => u '= 
4

x
0

•
09 

=0 3386 
v 4 v v 3,14 ' 

S1 =U1.S00 =0,3386xl2,66=4,287(cm) 

Bai 3.4: Cho so d6 tai trQng san lap phan b6 d~u kfn khip b~ m~t n6t · d4't se't c6 bt 

day va cac chi tieu nhu hlnh ve (gi~ toe trQn~· truang g ~ 10 m/s2
). Cho d~n~ trQ~g· ;ieng 

cua d«t y =18,0 kN/m3 .... 

Ke"t qua thf nghi~m nen c6 ket cua dift n~n nhu sau: 

A.p h,rc nen p (kG/cm2) 0,2.5 0,5 J 2 4 

H~ s6rOnge 1,348 1,303 1,245 1,167 1.082 

Quan h¢ giua yeu t6 thC1i gian va muc d{> c6 ket cho trong bang sau: 

Uv 0 0,1 0,2 0,3 0,4 0,5 0,6 

Tv 0 0,008 0,031 0,071 0,126 0,197 0,283 

a) Tinh d~ hln 6n d!nh cua lop d~t set. 

b) Xac djnh h¢ s6 c.6 ke't Cy cua l6p dat set. 

c) Tinh d~ lun s, cua 16p d~t set sau thai gian 3 

thang (90 ngay) ke tlr ngay gia tai l\p .. 

d) Trubng hqp 16p set tren duqc thoat nu6'c 

0,7 0,8 0,9·· 0,95. 0~9-9 .. 
0,403 0,567 0,848 1,13 1 .• 78 

• 2 "Y &r. 120 kNim .. 

~1 I I pj l I l 1~ 
Bi60 thoat nu&: 

theo ca hai bi!n ~n tren va ben dum, xac dinh 10m L(tp d~t s6t b!o Ma ntroc 
·1 thai giant (ngay) d! lap set d~t dtrqc muc d{> c6 

' 
H~ s6 th~m ky = 4.10 cm/s 

ket Uv = 60%. 

a) Tinlz do lun dn dinh czia ne'n: . . 
Thg suS:t do trQng luqng ban thAn (tlnh b d¢ stiu z = 5m, chlnh. gili'a l6p d~t can tfnb lun): 
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i 
,! cr!1 =P1 =y'.z=(l8-10)x5=40(kN/m2)=>e1 =1,32 

UOg suft do tai phAn b6 d~u khip: cr~ = M = 120(kN I m2
) 

· => P2 = P1 +cri =40+120= 160(kN {m2)=> ~ = 1,19 

D 1, 3. dinh ' '1., d · ' S e,-e2 H 1•32 ..:.: 1•19 10 0 56( ) 0 un un cua nn a:t set: ,. = · = . = , m 
: .. ,,. · • .,...r. · - '·l+e

1 
1 + 1,32 

b) Tinh hf. s6 C v cua IIJp set: 

_ e1 -~ 1 _1,32-1,19 1 _ 4 67 10-4( 2/kN) 
8 - X-- X - , X ffi 0 P1 -P2 1+e1 120 1+1,32 

cv = kv :::: 4•10-
7 

xlo-
2 

=8,565.10-7(m2 /s)=0,074(m2 /ngay) 
'Yw.ao 10x4,67.10-4 

= 2, 22(m2 I thang) 

c) Tinh d~ IUn ella d4t nln sau 3 thang: 

&n du6i Ia n~n c\ing thOng thain, n~n d«t thoat nu&: 1 chi~u, h=10m 

T = Cv.t = 2,22x3 =0,0666 
v h2 102 

Taco: T =~U2 => U = 4x0,0666 =0 29 
V 4 V V 3,14 I 

.. · 
~s, = U1.SQ(I =0,29x0,56=0.1624(m) 

d) Xdc djnh thhi gian cdn thiet dl Uv=60% khi nln thoat nubc 2 chie'u: 

Thoat nu& 2 chi~u, h = 5m · 

Tac6: 
. 7t 7t 

T =-U2 =-xo 62 =0 283 v 4 v 4 , ' 

T. _ Cv.t _ h2 .Tv _ .5~ x0,283 _ 95 61
(. :L ) 

v --=>t- - - , ng"y 
h2 Cv Q,074 

Bai 3.5: Cho mQt kh6i dft san lS:p cao 2m c6 dung trQng 2():kN/m3 .khAp b6 m~t n~n 
dft set bio boa nu&: c6 ~ day 15 m. Be~ du6i 16p set Ia n~n cnng khOng thtm. Trqng 

htQng rieng _bio ho~ ch d«t y = 18 kN/m3 .=_~ s6 th~ ltv:::: s.to·~ ~ny.s. Mgc n®.'c ng4m. 
nim ngay t~ m'-t d«~ lfy Yw = 10 kN/m3

• Ke't qui thi nghi¢~ nen c6 ke't cua m!u dft 
(ad~ sAn 7,5m) nhu 8au: 

Ap b,rc neil u' {kN/m2> .o 25 so 100 200 400 

~s~rQpge 1,50 1,42 1,37 1,25 1,!6 1,05 
... 

~ 
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a) Tinh d¢ hin 6n djnh CUa lap dat set do lip 

tAi ::~ -:ap~: ~:: t~ua 161' Mt.set. ~.J,,.J.).J.,.l,c.tJ ·:LJ~ MNN 

c) lmb,dQ·ltlnl~ cUa 16p d«t. set sau then gian 

6 tMng(tSQngay)k~ tirngay gia tii Ap. 
. \'·. . 

d) 1.'9f~g ·hqp lctp set tren duqc thoat mrac 
theo · Cll hai bi~p ben tr!n va ben d11ai, xac 
djnb then gian . t (ngay) de l6p set d~t dtrgc 

mli'c d9 c6 ke't uv = 80% . 

15m 

·,. 

e) Xac din.h chi s6 nen Cc va chi s6 co k!'t truac OCR, cho bi6't ap Jlfc ti!n c6 kit tir 
.,. thf·nghi~m cua mau d~t t~ dQ sAu 7,5m Ia 90kNim2 . ,1: 

Gidi: 

a) Tinh d~ lun tin djn/l cua ltJp ddt set do tdi trf)ng cua ltlp san ldp gay nen. 

Uhg sua't do tr~mg luqng ban thAn (tfnh a~- sau 2. = 7,5m, chlnh giii'a lap da't can 
. tfnh bin): 

cr~ = P1 = y' .z = (18-IO)x 7,5 = 60(kN I m2
)::::) e1 = 1,346 

Oitg su~t do tii phan b6 d~u khip: a~ = AP = 2 x 20 = 40(.kN I m2
) 

.,.: 

~. P2 == P1 +a; = 40 + 60 = 100(kN /~m~l=> e2;-: 1, 25 · 

D<) I un 6n dinh cua 16p ~a't set: 

sCX) = el-~ H= 1•346
-

1•25
"15=0,6138(m}=61,38(cm) 

l+e1 1+1,346 

b) MC djnh h~ S{/ cd k(t C v CUa flip ddt Set: 

_ e1 - e2 1 _ 1,346-1,25 1 · _
1 

-n-1_'1 .·1 0· ..,..J{ 2.1 ,,..,..1) 
1l0 - X--- X -· 1·~ .. ~ . . . m-.. Al"C' 

P1 -P2 I +e1 40 1 + 1,346 . . 'i 

. . ::: . 

c = kv . = 5.10-7 x 10-2 . = 4, 9.10-7 (m2 Is)= 0,0422(m2<:J ngay) 
v 'Yw·ao 10xl,023.10-3 

= l, 27(m2 I thang) 
. . ~ . . .' . 

c) Tinh -d9lun s, coo /lip dQr set sau thdi gian 6 tluJng ( 180 ngay) ki tll:ngdy gia ldi L1p 

Ben dum la nen clffig kh6ng thrirn ~ thoat mt6c 1 chi~u. h = 15m 
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' 

T = Cv.t = 1.27x6 =O 034 
v h2 152 ' 

Taco quan h~_giua nhan to thai gian va muc d(> c6 ket Ia: 

n2 K2 
8 --Tv 8 --0,034 

Uv = 1-2 e 4 = 1-2 e 4 =0,254 
1t 1t 

-+ s, = u,.s(o = 0,254x(;l,38 = 15,6(cm) 

d) Truhng ll{lp ltl[l set tren dll{fc thoat nuac theo cd llai bien bell tren va ben di/Oi, xac 

djnh thlli gian t ( ngdy) dll(Jp set d{zt duf!c m«c d9 .cd kli U., = 80% 

Thoat nude 2 chi~u, h=7,5m 

·Taco: 

T 
Cv.t h

2 .Tv 7,5"x0,568 30 755 ( :-.) 
=-=>t= = x = ng"y 

v h2 Cv 1,27 . 

e) xdc djhh chi sd nen Cc va chi st/ c~' kit trllac OCR, cho biei ap 11/C tie'n.cdkJ't tl} thi 

nghi~m cUa m4u ddt t{li d~ sdu 7 ,5m Ia 90kN!m2 

Uhg s~t do trQng Iuqng bin thAn (t.£nh a d(J s4u z = 7 ,Sm, chfnh giiia ldp dlt): 

a'~.= y'.z=(18--10)x7,5 = 60{kN /m2
) 

=> OCR = .&_ = 
90 = 1, 5 

O'y 60 

Ods6nen C = ep,-e400 = 1,16-1,05 =0,37 
c log 400 -log200 log 400 -log200 

'. 

BaJ 3.6: MQt m6ng bing I = 25m, b = 2, du6i bang cOt, tdng tii trQng tieu chuin ~ 
cac chan c(Jt Ia 4400 kN. DO stu chOn m6ng Dr= 2m. 

M6ng dUQC ~t trert n~n cat pha set c6 cac thOng s6 nbu sau: trQng luqng rl!ng tl} 

.nhi6n y = 18 kN/m3
; trQng Iu90g rieng bio boa 'Ysat = 19 .kN/m3

; m1}C nu& ng~ nim 
ngay ~day m6ng. 

T'mb d() hm t{li tAm m6ng bing phuong phip lap tuang duong (xem bieu d6 dng suit 
gAy llln Ia tuy6n tinh) .. 

010 Aro = 2,6 va ke't qua thf nghi~m nen c6 .ke't nhu sau: 



ap I11c nen p {kN/m2) 

H~ s6rOng e 

G
.;. 
uu: 

0 

1,02 

Ap l\fc gAy hm tfi "ay m6ng: 

25 

0,98 

50 100 200 

0,95 0,93 0,91. 

Pal= LNu +(Yrb -;)xDr = 
44<J? +(22-18)xl,5=9~(~ /m2) 

o F 25x2 · 

Cbi~u day 16p tuong duang: h11 = Aco x b = .2. 6 x 2 = 5, 2 

H!s6nenth~t£ch: a = a··= {0,9S-0,9J) =9,9.10-5(m2 /kN) 
· 

0 1 +e0 (100.-SO)x(l +1,02) 

400 

0,90 

D¢ ltln cua n&l d~t: S= ~~~ xpxa0 =5,2x94x9,9.10-5 = 0,0484(m) =4,84(cm) 

Bai 3.7: Thi nghi~m nen c6 k6t 1 miu dA't set c6 chi~u cao 2cm trong n~n ~ft't day 
10m thl sau 4 phut mlu t4t mttc dO c6 k6t 50%. : i · 

a) Tfnh tlilti ·gW}li1n cna n6n ling vl1i d¢ c6 k!'t 50% khi n~n chi thoat nwc 1 bien. 

b) Tfnh thbi gian ltln cua n&t tlng v6i d¢ c6 k!t 80% khi n6n thoat mr(tc 2 phia (bien 
· tterLva bien dum). 

Gidi: 

a)~ 'f(ph th~~ .Pan bm (thang) ciaa n~n lbtg vm d() c6. ke't 50% ·~ ri~n chi thoat ntt6'c 1 
hie~ (bien teen): · ... .. 

Vi Uv cimg bing 50% ~ Tv·cua mlu d&:t thi nghi~m va n~n d~t Ia nh~ nhau. 

T = Cv.t = Cv.4' 
v h2 lcm t 4• 4x60x24x30~102 

=> =- => t = 92,6 (Thang) 
T = Cv.t 10m2 lcm 0,012 

v 10m2 .:; 

. . ~· 

b) Tinh then' gian bin (nim) cua n6n ll'ng vm d¢ co ktt 80% khi n~n thoat mr6'c 2 phia 
(bien tren va bien dir6i): ·'; 

Tinh c;, tir till nghi~m nen c6 ke't: 
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r 

Taco: 
,. 

1t2 

8 - _.1'v h2.Tv 52x0,568 =66 9(tha'n. ) 
U,.=t- 2 e =0,8=>Tv=0,568=>t= C = 0,

212 
• g 

n ~ v 

Rai :l.H: Cho t nfn chju tai trQng san l~p pban b6 d~u kfn khi\p nhu hlnh ve. 

Nen 

Da 
tii 

2 
Ap =Aa = 120kNJrn 

L~ d8t bUn s6~ baa hOa nii{X:: 

12m eo.= 1,701 
.a 

Hts61Mmk,= 1,84.10 an/s 
. . 3 

OOng tR}ng ri!ng aia cJft y1111 = 16,3 kNim 

J.i.~t~~.\Nt:fl~;-~:~t,~~::ft:.~f.~f~~Y!·{~~:.~f:{~:~t~~~::.\f..~·f:.\t:..:.f:;~N~:.~F~i LOp c6t thoat mr(Jc t6t 
I • . 

.. tVC'P 
; i (kNim2) 

12,5 

25,0 

···~· 
I 

100,0 

200,0 

400,0 

200,0 

t 100,0 

50,0 

25,0 

Hts6 
r&lge 

1,633 

1,579 

.• "'1,497 

1,366 

1,211 

1,063 

1,062 

1,084 

1,117 

1,150 

. 1750 ---.----.--.--.-.-.-r-rr-----..-....---r--r-r-r 
1~~-+-~~~HH+r--~~+-~~rHH 

1~~~+-~~~HH+r-~~+-~~·r1rHH w.......... 1800~~~-~v..~-r~HH+r--~--+-~-r~ 
1~~--~~~~r~~HH~-~r-+-~rrrHH 
aoo~--4--+-+•.~~-~+---~-4~~r+HH 

u ~~--4--+-+~~~-~~~~rr.ff.. HH 
., ~ 24110 1---+---t-+-11-+-irN-t---+---t--t-rl .. , '--1. H' H-H 

'2 1350 ~-4--+~-+-IHH_....,"r---~f--...f'-'-t--'o-!IP'+'++H 
~ 1300~-4--+--+~HH+r~,~r-+-~rr~ 
1~~--4--+-+~HH+r--~r-+-~rr~ 
1~~-~-+-+~HH~----~~a~+-+l~~rrHH 
1150 ~-+-'Oo.k.:r""'-o:::+p.....-Hf-H~----lf-~~~"'d-+-IH-t-t+-1 
1100 ~-~-+-t-~~::l±----lf---P~~~rrHH 
1~~-4-~~~~~~~~~~~~ 
1000 '-----'---l--L-...1.-L--'-L.&...I-----L-~..__.__._............, 

10 100 1~ 
Ap ll,rc n6n. P (kN/m') 

a) Pa.ra bing s6.li~u va bi!u d6 thi nghl~m nenc6 k6t, xa~ dinlfb~ s6 nen c~. h~ s6 na 
cs, ap l"qc ti6n c6 k6't PC cua l6p d«t bun set. 

b) Tinh dQ b1n on dinh cua tttp dft hun set. 
c) T'mh dQ hin Sr ciaa l6p d«t bun set sau l thcing (30 ngay) ke ti'r ngay gia tii Ap. 

d) Xac djnh thm gian de lap d«t bun set 'd~t dQ c6 k6t 80%. 

e) Trong tnrmtg hqp ~i gitla l(1p d«t bun set (z = 6m) c6 1 l6p cat mong, b6 day 

khOng qang_lce. tlnh dQ lful 5r cua lOp d«t bUn set sau 1 tluing (30 ngay) ke tlt ngay gia 

t!i ~p. 
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' ' Bid 3.9: De' thi olympic c(J h{Jc toan qu&: niim 2003 · ·· 

MQt cOng .trlnb xAy d'!Jlg tren ntn cat ~t trung o·tr411g thai ch~t. co k~p m~.16p set deo 

m~m bio hea n~day 2m. L6p set c6 cac chi tieu m ~ 30%, OS= 2.70, a·= 0,002 cm21N. 
k = 2.10·9 cm/s. ~~~ d~ tlng s~t do till trQng cong trlnh gay r-c~ nhu b~ teen., .. , . 
. . ".''' 

: :· :··it·~···;·.:i·:l···· . 'f'··.::·::·-·~ .. ··.~· :.·.~· :· . 
. .. ;.···:!:r:.:.·A.··. 18N/cm -~:· .. ·!;· t:.CSich~l:· · 

o. t .~•! o •~ ,_..i o,: o, 0 ,, '•• •: o •o o 0 o o '.' • o ol •, oo .. 0 o i , .. , •.•'! ";•: ,_:-1 00 •! ·~ • 

··' . . :f 

• i ; ' ~ .. ; . . 
~: ~· : .. : . 

Hinh btli3.9. 

a) Xac:dinh thOi gian cdn thie't de 16p set Inn gdn xong (tuang·ll'ng vm Q1 = 0,96).·· 

b) Ne'u gia sir dum day lap set Ia 16p cling kh6ng thatn thl thm gian de lap set h1n gan 
xong Ia bao nhi~u? Gi4 thie't bldu dd ~g su(t v1n khO~g ~ay dOj. 
. c) Nh$n xet cac ke't qua tfnh toan. 

Kbi tfub toan cho pij6p· bo qua de) lun cua cat ch~t vi qua nho khong dang kt. 
B~i3.:iO: De thtoi:ympic Cd hqc tolm quo'c nam 2003 . 

c6 216p d(t set rii~m bio boa mrac nam tren l6p da cll'ng nhu trlnh bay tr~n hinh 
Tii trQng dip tren m~t lap d4't c6 b~ r<)ng r4't 16n so vai ~ dAy lap d(t. · Ng~Cri ta qilan 

tric bin 'Va th(yluon.luOn c6.2SA = S8. i · · !: ' 

4m 

. 2 
: q= 1kGim 

i/l//1///l/11111111///// 

oa 

2 
80(flly)=0,045cm /kg 

8m . . ke= 7 

Hinh bdi 3.10. 

a) H¢ s6 th~ cua lap B, ka, phai bing bao nhl~u d~ c6 k~t qua iren. 

:.b) Ne'u l(tp ddt B nam tren rn(>t lap cu¢i sbi th~ .khi 4'y.k8 bing bao nhieu 4e vAn c6 ket 
qua Ss = 2SA? gia tii CvArCva khi 4'y b~ng bao nhieu? ,~, :. ~ ,,, 
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Bai 3.11: iJI thi olympic cd h9c toan qu&: niim 2003 ,. 

Thf nghi~m nen cUt' bing h¢p nen (OdOmet) trong phong thi nghi~m. Ap ll:fc ban dau 

0,1 kg/cm2 xern li ap l':fe tie'p xuc (chi~u cao min ban d4u). K~t qw\ thi nghi¢m Ia: · 

Ap tvc .. e1 ~t.ilcm2 0,25 o,so 1,00 2,00 4,00 

Ht s6 rc5ng e 
;. 

0,83 0,815 . 0,75 0,65 0,6 

Ml.u dl't sau d6 dU(Jc dy khO, xac·ctjnh trQng IUQ'llg th~ tich h~t Ys va xac dinh duqc 

. h~.s6 r6ng ban d&a e0 = 0,85 . 

. a) Trong thi ~ na.y'ngum ta dido J.u(mg nhiJng gl, 18m thl nao de xic ~ cac cri, ei. 

b) Trinh bly k~t qui thf nghi~m ~n d6 thi e -log a, tryc log e1 cho nhu sau: 

0,1 0,2 0,3 0,5 0,7 1,0 2,0 4,0 logu 

<cac tri s6 0,1; 0,3 ... 1: 2, 4 la tJi s6 a kg/oo cm2
) 

C) Xcic dinb cac d~c trtlng DCD CUa cJt(t tren CC1 SfJ thi nghi~m nay. 

Cho mQt tAng dl't ~t day 8m nlm tren tbg eta .khOng thaln nuac. L6p set c~ cac chi 
ti!u sau: h~ s6 r6ng e0 = 1,4, h~ s6 ep co (h~ s6 nen) a= 14.4 cm~/KN, h¢ s6 th«m 

k = 1,2xl0-6cm/s. ~ ~ 16p set chju tii d~u vo h~ vm cubng dQ p = 100KN/m2
, sau 

khi gia tii 72 ngay l6p set ct,t dQ bin ~4cm . 

2 
p= 100kN/m 

M~~n~ ~ ~I 0 J Jll 
. . :_·.;_._.,. &.:. .• ! : .... •· .. 

8m 

' 2 
p= 100kN/m 

~ttlloAtn~ 1,1 { UlllJ . 
• • : • .t •• : • • ~: • : 

16m 

~ 1i khOng th4m ~T ~ lhfm 

a) utp set c6 tlnh ch«t tren nhung dAy 16m va c6 h~ s6 th4in k2 = 2,4xl0-6 Cill/3 sau 
khi gia tAi 72 ngay ding d~t d(\ hm 24cm. Di~u d6 c6 dung khOng va·~ sao ? · 
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b) Tinh thbi glan t c4n thie't de lap set day 16m c6 h¢ s6 th~m k2 = 2,4x 10-6 crn(s d~t 
dQ lun48 em. 

Bai 3.13: J)/thi olympic culu)c toan~qudc ndin 2010 · .. 

Tren fuOt ~n)ifig rOng d&p dJ:t;tOn n~n birig cat day 5m, cac tOn ntn co y = 18,5 

kN/m3
• ~~n t~'pJlien. nim tr!n ~ap da g6c Ia set bao boa nu&: day 4m c6 'Y11a1 = 18,2 

lcNirri3• OJi= 2,64, Wt='38%, h~ s6:~6n a= 0,0032 m2/kN. M\l'C ~u&;~g4m a ngay m~t dS:t 

tl!"~~Pi.:·.Ifi~~,J~;.~~y~~i_44P·~~~~<th<# !ian dip khong dang ke) l~y mot miu da't a 
giftd I6J) sit xic.dPlJt dugc Ysat ;;··18,9 kN/m3. . . 

a) To~ ~0 Jdn Qn djnh cua n~n. 
..... .: .~:r, ·~_ . .; ___ ·, - :.. .. --- L: .·.--: ._ , ,_ . 

b) ?C4c :c!inil~- 56 tli«m cila dlt set. 
· c )"Tinli de) bln cua n~n-'6 thing v~ 1 niim sau khi dip tUt. 

.:: 

; .~- . 

. !: 
•.:t 

,'ii': 

.. , 
./ 

i} 

1"55 

.) 



Chuang4 

sue cHJU TAI.cuA e.AT NtN 

· 4.1. TONG QUANVE s(K' cHONG cAr cuA ·DAT 
. ' ' . . : ' . ~ ~ .... -. ". 

Khi tang ~ai trc;mg ho~c tang ling sua~ trong n~n dat, mcii doc ... cho den khi d~t bien 
d~g'qua lao, ~~~'~'~rpJia.h<?,i. ta c6the n6i ring dat n~n cua m6ng ho~c mcii d6c ... d~t 

. tr~g thai S\IP d6'.'ii~y.~g· thai gi"i h~. Di~u nay thuoug dung nhu Ia m(>t dinh nghia 
Stk kh.ang duqtj{;. t~&· '~g vOi ,6ng'_'su~t Ian nhft rna dat c6 the ganh da. Trong linh 
Vl!C C<1 h(K: d{t, rti.J.'~~~·thliitng gQf d6la sate khang cAl CUB dat. 

cac d~g phi ·~~~/~~~r~~:thttCtng g4p: . . 
+ Sl! d6 v~ •. ~gh\e~j· t~~;:¢opg· trlnh ·g4n li~n voi · $(f truqt mQt kh6i dat ra ngoai va hlnh 

' . . ~ . ' : ... -:!·~~...;-~~<-~-/~:·.: :.~.\~:· l '·· •. ~- · •. · .. -· .• : • 

thanh m()t m~t tntqt)·o r~t ·-

+ Dat· nen c6 th~ khOng truqt ra ngoai nhung l~:~i hln li't nhitu va nhanh, voi nhiffig d(> 
I lin l~h. rat lao lam cho cOng trlnh bj Sl}p, hu hong. 

Hinh 4.1. Ctic dqng mt)t trur;n thuC!ng gijp 

4•1•1~ Cubng d~·chong cit cua dj{t 

Khai ni~m: Sue ch6ng cat t cua dat Ia phan IJ!c cua n6 d6i v(ri ngo~:~i ll!C tmg voi hie 

dat bit dau bi pha ho~i va tnrQt len nhau theo mc)t m~t phing nh«t djnh. SUe ch6ng cat 
CUa d{t phi} thu(')c vao (o"'i dft, lfl:lng thai V~t ly cua DO (m(rc de) pha ho~:~i, thanh ph4fl cfu 
t,o, d() ch~t. d¢ Am, ... ) cling nhu dieu ki~n tbi nghi~m (phuang phap thi nghi~m. thiet bi 
thi nghi~m •... ). 

SUe ch6ng cat d6i vai cac lo~i da't khac nhau thl se khac nhau, chu yeu duqc ehia ra: 

• SUe ch6ng cat d6i vai dft dinh (h~t m!n). 

• Sue ch6ng d.t c16i v6'i dat khong dinh, da'r dc)'i (dat tho). 

156 



SUe ch6ng cit eua d~t .k)lOng dfnh do Sl! rna sat giUa cae h,t va do Sl/ ew moe tuang 
h6 gitia cae; h,t, sue ch6ng cit ctia da:t dfnh con do ll}'e dinh giiia. c~c h't gay- ra. 

+ L\(c rna sat tren be m't cac h/llt, gQi Ia rna sat trong, xay ra giUa cac h~t r£n trong 
khoi dD:t. · 

i ·. 

Xet 1 vf d~;~ don gian: cho mQt v3t ~g c6 kh6i ll,rqng W, trugt tren 1 m~t phing 

nghieng so v6i phuang nim ngang 1 g6c ex ~~~ hlnh 4.2. ' .. , ., , 

Ta c6 cic phuang trlnh cAn blng l\fc nhu sau: 

o LlJc cilt theo phaang cua m't phing: T = W.sina 

• LlJc tac d~:~ng vuOng g6c m't phing - phap tuye'n: N = W.cosa ··-... ,, 

N 

Blnh 4.2. Mb hlnh .ide djnh a 

. . T 
· Ty s~ giila llJc cit va i\tc phap tuye'n: N = tga. 

• Khi gia hi tga. 5; f Ia h~ s6 rna sat cila m't phing, v3t n~g W dlffig yen. 

• Khi gia tr! tga > f , v~t J$1g W bit diu di chuyen. 

Ta gQi a. Ia g6c tnr¢ tm hlllfl. 

D6i. v6i sl} ma sat gitia cac ~t tUt, ta c6 mo hlnh sau: 

Sq ma ~ gilla cic ~t gi6ng nbu 2 kh& A vlt B 
tnlQt len nhau. LlJC rna sat d~ xac dinh dt}'a vao g6c 
rna sat trong cp, g6c nay bing g6c tnrQt gi6i ~a. 

D6i. v6i S\l tnrQt cua cac h,t d«'t, ngo~ trU }lJC do 
rna sat, con do cac l\fC sau: 

+ L\fC h6c (g8i m6c) giita cac h~t vm nhau. 

. : ~~ . 

+ Lt;tc dmh: g6m ll}'C dfnh keo nh6t, l\fC dfnh lien k6t cting va}_t,rc dinh gia (d6i voi 
df't dfnh). 

Til mo hlnh vira neu, Coulomb (nam 1776), di dua ra cOng thll'c xac diflh sue chong 
c£t cua df't .. 

s = crtg<p+c 
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,, .. 

s: sue ch6ng cit cua cUt (~/m2, k.Pa, k0/cm2
]; 

a : U'ng dt nen hay amg s~t pMp tuyen trnlng g6c v(ri m~t tnrQt [kN/m2,kG/cm
2

]; 

<p: · g6c rna sat trong [d¢]; 

c: ll;lc dinh [kN/m2~ kG/cm2
]. 

· .Vm c, cp duqc gQi Ia cac d~c tn.rng chong cit cua dilt, duqc xac djnh tir thf nghi~m 
tro:n.g. phong ho'c hi~n truOiig. 

·! 

T t 

·s=c 

ct '--------a 
Hlnh 4.3. Ddthi thl lli~n ctJng thflc Coulomb Wtg v{Ji,fdc trilling h(lp ddt kluk nhau 

+ l9ti c = 0, SUe ch6ng cit cua d~t chi elm thlnh ph4n rna sat, thuemg Ia dl't cat. 

+ Khi cp = 0, sU'c ch6ng cit cua dG:t chi con tbarih ph4n dfnh, thuemg Ia set rong bao 
boa nu&: va i:J tr'rtg th&i khOng cttng. 

cac nghien cllu ti!'p theo cho thl'y, sue ch6ng cit cua d{t phy thuQc vao Ung suilt hihl 

hi~u chtt khOng phii Ia ttng su{t tdng. COng thlk Coulomb dUQC cii tie'n I,i thanh: .. ,;; .•. 
s = 0'' tgcp'+ c' 

Day chlnh Ia c()ng thU'c Mohr - Coulomb. 

4.1.2. Djnh lu*t Coulomb 

Xet mQt ~Ong trlnh ctqu 1 lgc ngang T, c6 di~n tfch m6ng la F. OOg sufft cit ben duai 

day m6ng duqc xac djnh theo c()ng thU'c: t = T .. F 
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Oic di~u ki¢n cAn bing dn dinb- Djnh lu~t Coulomb 

+ t < s: da't a t~g thai dn 4Jnh. 

. 

+ t = s: dlt a t~ng thai can blng gim h~. 

+ 1" > s: dlt n~n bi pha h~ do truqt. 

4.1.3. Dinh luAt Mohr a Rankine ... . . . 

Xet 1 di~m M trong d«'t n~n chju tac d~;~ng ciia mc?t ll;lc 0"0 , ~uqc tach ra 2 thanh philn 

0' va 't. 

Ngang qua diem M c6 vo sO m~t tnrqt hQp vm m't phing nim ngang m(Jt g6c l¢ch 9, 

a day ta di tlm m~t tnrqt nguy hiem U'ng v&i Bmax 

t : LIJC gAy lnlqt 
cr : Lt)'C cMng truqt 
CT0: Tcfng Ap IVC. ~a '1' & a 

b 

D!t tr~n m~tt phing dang xet se a t~g thai cAn b.ing ~n (On djnh) theo Coulomb: 

't < 0" tgtp + c . 

va a ~g thai can binggidi ~ella dlt ~ ~t tntQt: 

't = 0" tgcp + c 

VONG TRON MOHR - DANH GIA UNG SUAT 

T~M(}TDJiM 

Xet 1 diem M c6l1ng sldt phap axx, ayy va llng 

suft tie'p 0" xy . Quay mtt. ·phing ch~ diem dang xet 
m()t g6c a sao cho ling s~t tie'p axy = o. Ltic nay, 

cac ting su«t phap se dU'qc gQi Ia ling sult chlnh 0' I' 

cr 3 • UDg su«t 16'11 nh«t c6 t~n Ia Wig su4't chlnh &p. kY 
hi¢u Ia a 1• Uhg suS:t be nhft c6 t!n Ia ling su&:t cbfnh 

ti!u Icy hi~u Ia cr 3 • 

Vong tron Molrr ung suB:t Ia "p h'!P tit ca cac gia 
tri l'rng su&:t cua mQt diem, dien ti finh trf!lg ting sult 
cua mQt die~ a tr~g thai cAn bAng, ling di}Dg du~ 
cho mQi v~t li¢u chll' khOng cW ri!ng cho dA't. 

Hinh 4.4. Quan ~ giila cdc zmg 
su41 va flng sutft chinh 
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Vong trim Mohr co tam [< a 1 -a2 ) ·o] va ban kinh a, + a2 • 
. 2 ' 2 

• ~ ' : ; ' • ' I 

c 

Hlnh4.S. Vong tron Mohr va plutmzg trlnh.Coulomb 
Ve phuang trlnh d~g thing stlc ch6ng cit s. 

• N~u dttbng thinS s cit vong tron Mohr: diem M <in djnh. 

~ N~u dubng thi~g s ti~p xt1cvong tron Mohr: diem M a tr,ng thai can bing giro h,n. 

• Nlu duC1.ng thing s khOng cit vong tron Mo~: di!m M mtt 6n dinh. 

XAC DJNH G6C L$CH. C~ H~N thwc 
D6i v6i dtt rbi - C ;:: 0 

N~u di~m M a tr~g thai cAn bAng gi6i h,n: cp =+max 
(at -a3) 

Th hinh 46 6 · 9 CI 2 a.-a3 
eo . , ta c : sm max =-= ( ) = co 0"1 +0"3 0"1 +0"3 

2 
Phuong trlnh toan hQC dien tA SIJ can bing gidi ~ CUa Mohr-Rankine d& vm ~t"rCri.: 

. a _ a1 -a3 
sm max- .. 

. ~l +a3 
't 

llinh 4.6:. V ong tron Mohr va phuung trlnh Coulom? dO'i viti cl!it ro1 . 



+ D6i voi dat dinh 

Neu di~m M a tn~ng thai din bAng gioi hl;ln: <p = cpma.\ 

z 

c.cotgcp 

Hinh 4.7. Vong tron Mohr va phltdng trlnh Coulomb'dtfi vcn ddt dinh' 

O't -0'3 

Theo hlnh 4.7, ta c6: sin9max = ·CI =-----=2:.---
CO' a +cr 1 3 +c cotgcp 

2 

. :. 

Phuong trlnh toan hQc dien ta st,r can bang gi6i h,n cua Mc;>p~7R¢ine1 d6i y~~ dat 
d~nb: 

0' -(]'3 sine = · 1 ·· max 2 cr1 +a3 + c cotg<p ... 

Dinh lu~t Mohr - Rankine . 

. + e max < cp : . Diem M On dinh 

+ e max = <p : Die~ M l1 tll08 thai cAn bing .gim h~ 
+ 9 mu > cp : Diem M mat on dpm 

Ta c6 m6i quan h~: 

0'3 = cr1 tg
2(45°- <p)- 2c tg(45°- cp) 

2 2 
Chuy: 

N~u diem M nlm tttn trvc di qua n!n truyen tali, 

thi cr1 ; cr3 Ia cac lhlg su«t chfuh xac d!nh nhu sau: 

crt= E_(2~+sin2f3)+yh 
7t 

cr3 == p (2~-sin2f))+yh 
1t 

h 

p 

'.! 

:·: .. : • i: ~ 

b 

z ' 

....... 
: '· 

·, ., 



Ncu di~m M niim bat ky, gia tr~ g6c ~~~h cgc h~.m ~max: . 

( ')2 42 
+ !Xii vai ditl roi: . . sin 2 0 !nil:\ = a 1. - cr X + ~ 't xz 

. (O'z +<r x> 

+ D6i vdi datdinh: 

4.2. C Ac PHlltlN<i' PHAP XAC DINH THONG SO Slit CHONG cAr 
Nhom cac thf nghi¢m ·lrong phong: 

- Thf nghi~m· nen dan - TN nen mc)t trl}c (Unconfined compression test). 

- Thf nghi¢m cdttJVc tie'p (Direct shear test). 

- Thi nghi¢1D nen 3UVc (Triaxial compression test) vai 3 sa dO U- U ( Undrained-
Unconsolidated), C- U (Undrained- Consolidated) va C-D (Drained- Consolidated). 

; 'I ;; · · t 
, . Nh6m cac thf n~lii¢m hi¢n tru<mg: 

-rhi nghi¢m xuyen tieu chu"n <sn:-- Standard Penetration Test) 

- J.bi nghiem x~yen finh (CPf - Cone Pen~tration Test). . . . . 
:-

1 
Thi' nghi~m cit canh (Vane Shear Test). 

4:2~1. Thfnghlfnl nen don 
CtWng dQ ch6ng nen ella da't lhuong duqc xac dinh. bing each nen den pha ho~ m()t 

miu trong di~u ki¢n no hOng tt;r do. Lqc · pha b~i khi. nen miu chi tac dQng tbeo mc)t 
huang vl the' thl ngbi¢m nay gqi Ia nen mc)t tiVc - .nen dan .. 

Cubng dQ cb6ng nen CUa d«t da,' ung v6'Huc iniu bi pba b~i~ duqc th~ bi¢n ~. ~6 S\}' 

tang bi!'n d~p~g ttr<1ng d6i mc)t each ro r¢t b~c tbly ro mlu Mt bi pha ho,i bing mit. 

Cu~g dQ ch6ng,Jten cu~ dl't da cho,pbep ~ danh gia duqc s.tc cbiu tii cua n~n, t~c Ia 
tai!~av.na.~~o phepd~ n~n kJtOpg bi pha ~ofi hate stic cbju tii cua n~n tll'c thm . 

. Ngoai ra, thi nghi¢m nen dan con duqc d~g d~ xac djnh mOdun bie'n d'"g dan hOi 
va tong quat cua d«t. 

+ Dyng Cl} th£ iigbi¢m: May nen dan v6i ddng h6 do ap l\fC nen va ddng h6 do bie'n ~g. 

+ Trlnb ttl thl nghi~m. . ; : 
Bwc.J: Cit ~ .miu d«t hlnh ling ·tn} ·tJOn, c6 cbi~u cao Ian han hai I~ duang kinh. 

Tie'n hAnh do ti~t d~n ~g~g Ao va cbi~u cao ho tnr6'c khi nen clia mlu. · 

BILO-c 2; ~ miUj·VaO may, ~An .chinb d6Qg h6 ll:fC va d6ng h6 bien ~g tra ve "0". 
Cbo khm dqng va ~h:f.Y may v6i tO'c dO khoing lmm/min. 

Buac 3: Obi ~6 dQc d6ng h6: ctl' 25 v~ch tren d6ng h6 do bie'n d~ng thl gbi gia tri ctla 
d6ng h6 do lgc; 'gii tt"j' nay Ia gia tti cua lt,rc ~p ~g tac di}Dg theo pbuang dQC trvc cua 
mALi dtft. Tien brum ghi nh~n de'n khi miu b! pha ho~i thl ngU'Ilg may. 
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=ft\h 

Jllnh. 4.8. Sn do Pa tllilr hf rltf nglzi~m 1ze11 4dn 

+ Tfnh toan ket qua thi nghi~m. 

;. , .. ·,· 

'i:: 

'::.t 

Cttang d~ ch6ng nen qu hay sue khang nen dcm. Cl}:C h«;t.n cua mau dilt dtrgc tinh theo 
cOng thuc: 

q .:::: Pmux 
u A 

trong d6: 

&day: 

P ma:oc - l~;tc nen lan nhilt lam mau bj pha hoCJi. ghi nh3fl tren dong ho do h.rc, bang 
SO dQC CUa dong ho nb4n VOi h¢ SO Vong lf:l'C CUa thift bi thf nghi~tn. 

't ::= DialReadingmax x R 

R - h~ s6 vong ll}:c (chuy~n tu gia tri chuy!n vi sang gia tri lt!c), ph~:~ thuQc vao 
tung lo~J.i may va phii hi~u chinh thtrOng xuyen; 

A - di~n tich ti~t di¢n miu khi bj pha hoCJi. Luc nay, miu khOng con gifi' dttgc titt 

di¢n A0 nhu luc ban d~u rna se bi bie'n d'"g. Gia tri tift di¢n trung~ blnh ciia 
miu ltlc nay se dtrqc tinh bAng cfing thP"c: 

A= Ao 
1-t 

v ui E Ia bi~n dC].Og tucm.g d6i theo phuang dUng cua miu d:it thi nghi~m, Ia ty so. 
khOng thu nguyen ciia bi!'n thitn chien dru till (te].i thm diem miu pha hoe].i) doi vm chi6u 

dai ban d4u cua miu ho: 
.1h 

g::::-· 

ho 

Theo ~jnh lu~t Hooke, ta c6 m6i quan h¢ giiia U'ng sufii va bien d~g cua,dtt: 

CJ 
(J = E.E => E =

E 
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trong do: mOdun E Ia m9t bing s6 ty 1¢ ho~c Ia d(> doc cua duemg ling suat bien d~ng, Ia 
ty .~q giirc~ ting su«t ti~ dljng len miu thi nghi¢m va bie-n dlplg tuang U'ng. . . 

MOdun bien d'ng dugc cbia thanb hai lo,i, ling vm 2 gi.ai ':lotm. cua bieu d6 ffilg su~t -
bien~g: . , ·I · · 

MOdun bie'n dtmg dan h6i Edh, con gQi Ia Module Y QUng, Ia tY s6 gifra ling suat v6i 

· bien dtmg dan h6i, giai doap~,quan h~ ling sua't- bie'n ~~ Ia tuy~n Hnh. 

• MOdun. bien ~~ ~dng quat Eo Ia ty s6 giii'a t1'0g sua't vm bien d~ng tdng quat 

(g6m bi!'n d~g dan h~i y& bien d~g du). 

1,0 
, ----,. ........ .... : __....- ~ -.... , 

,,,. 0,9 
_...,..-~ 

0,8 

0,7 

1 0,6 
Q) s o.~ 

A ~ e. 
v 

/ .. 

0,4 

... 0,3 

0,2 

0,1 

J . I. 
l e.. 6 

L 
v 1 

0,0 
0 1 2 3 4 5 6 

Blfn dfng (%) 

Hlnh 4:9. D6 thj thl hi~n quan h~ ,mg sudt va bie'n d{mg trong thi .nghi~m nen dun 
' ...... 

Tuan~ qu~ ~iita cuemg d(') ch6ng nen qu· va gia 

tJi stk ch6ng cit. 
SUe' ch6ng cAt .khOng. w;ci~t nu& hay ll}C dinh 

. ~ : . ; 

khOng thoat nu&: cu = qJ2. 

G6c rna sat trong fPu = 0°. 

Nh4n xet: Thf nghi~m ··phu bgp d~ xac djnh 
thOng s6 sU"c ch6ng cAt cua .d«"t set bio boa hoan 

toan (cpu= oo) .. 

Vf dt,~ 4.1: K.Ct qua TN· nen dan clia I miu Mt · · 
hlnh lang uv tron, w' (1 ;::; 3,8cm, h = 7,6cm, nhu sau: 
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Hinh 4.10. ~'ong Mohr trong 
thl nghi~m nen ddn . 



; 

~hln Ah (O,CHmm) Tai trQng P (kG) 
. '. ;·: -~: 

0 Q 
. - ·' 
,_ 

50~16 5,75 

10(),32 7,93 
:•i'?,...'' 

149,72 8,96 

199i88 942 , . 

250,04 10,00 

300,2 10.~6 

350.36 10,92 

399,76 . 11,26 

. 449,92 11,15 

a) xac djnh cttllng d~ sue khang nen dun cua mdlt ddt. 

Di¢n tfch m'tcit ngang cua miu d~t (Giai do~ tntac khi nen): 

Khi miu bi pha hm~i~P max = 11,26 (kG). 

Bie'n d~g cua miu dl't khi pha ho,i: 

I' ~ ' • I . 

. & =All= 3,9976 = 0,0526 
h0 76 

Di¢n tfch m't cAt ngang. c.ua miu d«'t (Khi bj pha ho~): 

A= Ao =- 11,3354 =11,965(crn2) 
1-& 1-0 0526 . . , -

CIIOng d¢ sue khang nen don cua miu d«'t: 

= P max = ll, 26 = 0 941 (kG/cm2) 
qu A 11,965 ' · 

·-

,. 

;; 

b) A'tlc djnh M 6dun biln dgng dan hdi cda nufu ddt (bitn d(lng trong phgm vi .nho ). 

p 

E = cr =Jl. 
E E 

' .. I. 

Tinh tucrng tl! nhu ph'-n a, ta c6 bang tlnh nhu sau. 

16~ 



-· 

·ung sUit Module bi~n d~g Bi~nd~g Ti6t di~n Tii trQng 
E (%) (cm2

) (kG) (kG/cm2
) (kG/cm2

) 

0 11,34 0 0,000 

0,66 11,42 5,75. 0,504 76,319 

1,32 11,49 7,93 0,690 . 52,278 

1,97 11,57 8,96 0,775 39,318 

2,63 11,65 9,42 0,809 30,754 

. 3,29 11~73 10,00 0,853 25,922 

3~95 .. It~ I 10,46 0,886 22,429 
'" 

·:·'·:_···4~i··. 11~89. 10,92 0,919 19,926 

.·. 5,26 ; 
'• 11,97 11,26 0,941 17,884 

. . ... . .• 

. '·'. ,5,92 . 1i,05 11.15 0,925 15,626 . 

.~it{~~~ ~i~ll.dWJ$)t~:h6i cua miu d~t: 76,319 CkG/cm2
) '·" 

. .:--~~~~i,~ i)l,qafttt'-" ~i: ttqc tilp . · 

:,• ~-))~'til tbt ~Pl.t"tri:a~~:)iill va nhanh ch6ng nMt de xac djnh cac d~ luc;mg dfc tnmg 

c~~ .9W tie~· s~-~th6ng. (:At cua d«t c, q>. Th£ nghi¢m duqc thtJc hi~n v6i miu dt:t hlnh 

tron ho~c vuOng, duqc df· trong_ 1 hQp cit g6m 2 th6t: th& c6 djnb va thm di dQng. Miu 
d{t cbiu tac dl}ng cua tlng su{t thing d1hlg, phAn b6 d~u (J. 

Phuong trlnh s(ic ch6ng cit cua d4't c6 ~ng: 

't = atg<p + C 

CJ 

Hinla 4.11. Nguyln lj tht nghi#m edt fn1C tilp 

M~t mau d4't hlnh lAng tel} tron hoij.c wOng duqc gifi v~ cit ngang theo m~t phing 
nim ngang trong khi mQt ap ltJc tic d\illg thing g6c v6i m~t phing d6. SUe .kh4ng ,cit 
gAy ra bbi d~t khi cho m('t phdn cua m!u tntc;tt l~n ph§n kluk dugc do sau timg khoing 



djch chuyen d~u ~- Slj pha, ho~i mAu xay ra khi sue kbang cAt ct)a d!lt d~t gia, tri cJ!c 
dai ma <Ut c6 t~ chlu dtrac. . · . . . . . . . 

Nho tie'n barih tren .mQt '*P hqp miu thi nghi~m tuang t\1' (thu<mg Ia 3+5 miu) c.Ua 
cung mQt 16p d4't dtr6i nbiing gia trj ap 11/C nen khac nhau, ta thu nh_~ dtrgC tttong quan 
giila llng sri!'t cit ya tlng slllt nen tic dl}ng. · · , , · · 

. . . 
+ Dl}ng CfJ thi nghi¢ril: may cit d~g ling bi!n ho~c ling lt~c. ' 

H¢p cit gdm 2 that rCri nhau, dao ~ong, da thAin, qua can gia tai ... 
+Trinh tl! thfnghi~m: 
-Blluc 1: Dimg dao vong 4i1 vao miu da't, g~t bang m~t d~ .. o miu chu~ bj cho;vao 

h(>p cit. 1 
• • j' • • 

Ch.o miu d~t vao h()p cit, d~t h()p cit c6 chll'a miu 
len may va chlnb tie'p xuc. 

Buuc 2: I>Jttii trQng thing dang: tii trQng thing 

ddng dU'QC tinh't.oan thea trQng luqng v~t chS:t w, chi~u 
dai canh tay don, tie't di~n ngang mlu d~t. . . 

VI dp: Vm clp tii cin thl nghi~m Ia q = 75 k.N/m2~·. 
miu dS:t h~h IAng_tru. trim c6 A=31,172cm2

, ccinh tay 
don CUa may c6 tY 1~ 1/10. 

Kh6i llrQllg t8i trQng thing dllng: 

P = q x Amludil't x Ty l~canh tay don 

=0, 75x 103 x31,172x10-4 x_!_ = 0,234(N) = 2,34(kG) 
.· 10 . 

J'p .. · .... · . . ~'-; .. 
: ~ ..:!,W&!!:·)i~f;?. · 

:; ,, ... • ,'. •• • • w • 

Hinh 4.12. May ct1t trJ!C tilp d(zng zmg biln va Wig li!C 
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Hi~u chinh cac dOng hd do (bi!n d;;mg va ll:fc) ve vj tri ban dau. 

Cho khoi d(mg va ch~y may v¢i t6c d() .khoang lmm/min. Ghi so dQC d6ng h6 lJ vong 
. ling bien sau m6i 25 giAy cho den khi so dQC giim ho~ khOng tang thl ngirng may. 

SO dQC llm nh~t Dial Readingmax (v2;1ch) duqc ghi nh~ de tfnh toan. 

Buitc: 3: 4P l':f.i thf ng~i~m vai cac cap ap ll!C thing dU'f!g khac. Cac cap ap ll!C th&ng 

dung duqc 11/ct cbgn phlJ:. ·t~U~. VUO l~i dift Va lnJng ttuii CUa DO. Thu(mg ngUffi ta tbl!C 

hi~n Vm ba C~p tai trQng .!(haC nhau de Xac djnb ba C~p gia tti Ung SU~t edt 't VU ap (l:fC 

.du9g t~ .df:Jng.'fen miti ·d~·:de tlr d6 tfnb ra gi£1 trj CUa gee rna sat frong cp Vll {l;(C dfnh C 

.cu~ mlu. Mt 6Ang ·tJh~ang·Prutp b1nh phuang ciJc tiiu. 

+ Tirih to4n k«t qua·thingbi~m. . . 

Gtg su.-t cit -r dtr<!c xac djnb rihu sau: 

t = DialReadingmax x R 

b dAy: R- he. s6 vong·(chuy&t tu gia chuy~n vj sang gia tri h,rc ), ph\1 thul)c vao tirng lo~i 
. m~y vl phiihi~u cbinh thuang xu yen. 

T'mh cac.gii tri (;iaa st1c.~~6ng cit theo s61i~u thfnghi~m thu duqc: 

Cach 1: TJVc ti~p teen bi~u d6 quan h~ giaa ttng su.-t cit t va ap ll:fc dUn.g cr tac dl}ng 

len miu ta ciing c6 th~ xac dinh duqc gia tri cp va c. 

't(kNJm2) 

.. ... . -2 
~----------------~~~m) 

Htnh 4.13. Dd thj thl hiln quan hiii/C edt va ap 11/C tlu1ng dllng 

Cach 2: Theo cOng thU'c binh phuang __ eye ti~u: 
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n n n 11 
.. ~ ~ 2 ~ ~( ); ... · ·· L t; L.J cr.i - .L.... 0'; L.., t; cri 

. . . 'j:i::J i=l i=J i=l 

c= . ~·ta;2 -(i:cri)2 
i=l i-=1 . 

Hoi;ic 

Khi ghi tri ll!c dfnh c < 0 thi xem c = 0 va luc d6. 
·! •: 

. . 

,, .:. . : 

n 

DL't';O'; 
tg<p = ~i=;.:..l __ 

n 

I: o-r 
i=l 

Vi d~;~ 4.2: Ke't qua thf nghi~m c~t trlfc tie'p nhu sau: 

Ap Jl}'c a (kN/m2
) Ll}'c ciit t (k:N/mt) 

40 

35 

30 

-•CO 

~ 
25 

~ 20 ;§ 
g.· 
~ 15 

10 I-' 

5 

0 
0 

.. 50 ; 

100 
, 

150 

y=0,17x+9 

R
2 

= 0,9146 ... v .. 

~~~ 
~ 

./ 
v 

~ 

50 100 

Ap II!C nen a (kPa) 

c = 9 kPa; <p = 9,65° 

+ lJ' U Vft khuye't diem CUa phuong phap cat tl\lC ti6p: 

Uudilm: 

• Ca sa ly thnye't dan gian, de ch{p nh~. 

19 .. 

23 .·: 

36 
,. 

,. 

.. ~ 

~ 
' 

.. 

.. 
150 

. .... ! 

. ; 

,. 

: 

.. . .. , . 

.; 

200 

'. 

• La thi nghi¢m dan giin nhit de xac djnh s~c ch6ng cAt: each chu!n b! m!u, thgc . 
hi~n thi nghi~m dan giin, khOng doi hoi may m6c ph~c ~p tbi nghi~m nay dll'qc sit 
d~ng Htt r<)ng rlii. :: · . . · · . · 

• ThOi gian thuc hien nhanh. 
4 I i 

. i 
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Klluyei dilm: 

® May cit h'\lC tilp chi cit cUt theo m()t .m't phing an dinh truac, doi khi mij.t phing 
nay chua phii ta m't pbi.ng ylu nh4't trong nen (d6i vm da't trdm tich· khong dOng nhat, 
m~t phing ·truqt thU(mg la m~t xien). Do vf,y ke"t qua c, cp tim dll'Q'C theo thf nghi¢m nay 
khong phan infl tnmg tbl:fC Sl,t \lng XU cua n&i. . . 

• S\r pttlri Mli'ng suA'ttren ~ m'-t cit la khOng deu. 

• ~ c6 ~e't'.qua CJtinh xac han ve hlnh inh cua m()t miu d4't khi lam vi¢<; trong phong 
thi ngbi~m gi6ng rihu ~n dS:t .khi lam vi~ a ngoai hi¢n trll'Cmg, ta thuemg d\)'a vao thi 
ngh.ifm l¢.rt .. 3 tia,i cf~ial eompression test), thl se tim dugc c, <p cblnh xac han. HCIIl 

ntla, c,·q> ctlng d'*' ~·c ~nh theo 3 so dd khac nhau phu hgp dieu ki¢n thoat nuac va 
t6c dt):dy'd\fng ctJng,trlrih trong th\)'C te' nhim ffii}C ~feb Ung dt,JDg cac thie't bj hi~n d~ 
trong nghi~ «fu ·thi ~ghi~111 xac djnh cac thOng s6 phi}C VI} cho tinb toan dn dinh IAu dai 
cac COIJ.g trinh;· 

4.2.3. Tbf npitm nen ba trvc 
Thfnghltm n6fi ·3 t.rl}c nhim xac djnh cac thOng s6 sue ch6ng cit c va cp cua da't, 

nbung. cltin}l ~~ h~. p,tu<1.ng PMP dilng thi nghi¢m cit tr\)'C tie'p vi mO phong t6t h<1n 
.q~4 ~ ~g ~it cil~fctit khi phi h~i. 
. 'I"bf~ghj~rii·n6~.~ tn}c thubng duqc tb\)'c hi~n theo 3 sa d6: 

• cit(~)~ khOng thoit nultc - khOng c6 ke't (Undrained-Unconsolidated, gQi 

tit Ia U - U) -+ x8c .dinh. duqc gia tri cuu vl cpuu· 

• Cit (nen). nh&nh .khong thoatt nu6c - c6 ke't (Undrained - Consolidated, gQi Jit Ia 

c -U)-+ x4c djnh duqc gia trj Ccu va <J>cu ; c' va cp' va ap Ivc nu& 10 rOng u. 

• Cit (nen) c1$fi tho4t outre -c6 ke't (Drained - Consolidated , gQi tit lA C - D) --t· xac 
dinh dlJC1C gi4 tri c'· va cp'. 

A- CO SO L Y TIR.JY€r CUA PHWNG PHAP NEN 3 TRlJC 

A.p l\)'c tU IDQi bullng rae di}Dg len miu 1rong qua trlnh thl nghi~m cr3 duqc giii' khOng d6i. 

Sau d6, ap l\fC dqc tn}c duqc tang l~n ddn, blnh thanh ling sdt l~ch PIA = a3 - a3• 8\( 

nen Mt d6ng thiri vm S\T phat tri~ bie'n dap~g dQC liVC va bie'n d'"g ngang cua miu da't. 

Ke't qua co bin cna thf nghi¢m Ia quan h~ git:ta bie'n d\Ulg tuong d6i dQC tf\IC s va tenxo 
ling suft l¢ch q (nlc ll ap lt,tc ti'r ~n tr!n b6 sung len miu). 

M~t stf khai ni~m va thong sd cu bdn trong thi nghi~m: 

Nen nhanh kMng thodt nullc: Nen dQC tn}c l!n miu d«t vm ap lt,tc hOng khOilg d6i va 
d~ ~ khOilg ddi. 

Ung sudt chinh ffln nhdt ( a1): UDg su4't Ian ilhn't trong ba l'rng su4"t chfnh. Trong thi 

nghi¢m nen ba trl}c Ia U'ng su4't dQC trvc. 
·.· 
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Ong suat chinh nlu3 nlrm { O"j): Trong thf nghi~m-nen ba lr1;1C Ia ap li:(C hong. 

Ung suat l~ch ( u,. -O"j): Uhg suit bd sung do Sl/ tang }IJC nen dQC, t~l;lC. 

V img tron Mohi" czia 1mg sudt khi plza hof!i: Ia bi!u d6 the hi~n .tri}Jlg th'i 'llng suat 
khi pha ho~i o m~t nao d6 t:rong ph~m vi" U'ng su(t thing g6c va ~g su!t cit. Duang 
kinb duqc Jtac dinh bbi cac diem d~i di¢n cho ling su{t chinh nh{>}lhS:t va Ian nh!t 
khi pha ho~i. . · · · 

G6c ma sat trong ( rp11 d9 ): The hi~n de? doc cua duang bao Mohr • toulomb. 

Ll!c dinll (c11 KPa): La IJ!c cit khi chju ap llJc bang 0, Ia giao:di~m cu.a du~g bao 
Mohr - Coulomb va trl;lC tung. 

~11111 

Hlnh 4.14. Trt;tng thdirmg sudt cua nuJu . ., . 
a) trt;tng thai ban ddu truf1c thi nghi;m; b) khodng bil'n d{lflg quan h; ;;zytn tfnh; 

c) lr(lng th4i gibi ht;ln (phd ho~:~i m4u) 

Ap lf!c nut!Jc I& rJng (u): Ap ll:fC thuy tinh CUa 
·mrac chU'a troQg phdn rong; thu~g quy ap .b,rc lo 
r6ng x(p xi bing ap it}'C ntroc 10 rOng. 

Ap lf!C 16 rt5ng tJa9ng dll ( u-uo): DQ tang trong ap 

l\fc 10 rOng qua gia tJi On djnh u~ do tAng tdng t1ng 

sulit; tlntOng Xem nbll ap ll/C tbuy tinb dtr. 

P;, l~ tlng sult'l$dl 
=~1-0"3 : 

Sf! tieu t(zn ap·lJ!C 16 rJng (u): Ty sfi girta ap ll:fc 
Io r6ng th~g du sau mQt thM gian nldt dinh do 
thoat nuac va ap h;cc 16 rOng tl$lg du ban diu b thbi 
di6m c6 k~t nao d6; thubng duqc tfuh theo ty ~~ 
phln tram va dUQC xem nhU' la muc d~ c6 ke't. 

Hlnh 4.15. Ung sUdl ttk dipJg len 
mJu dat trong thi nghi~m ba trl!C 
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u -u 
U(%) =; I X 100% 

ul -uo 

Q dfiy: U - ap 1\I'C 13 rf>ng 0 thai di~ni dang xet; 

uo ~· ap·l\fc·l~ r&ng. ban d'u; . :: 

U 1 - ap llfC \ n<ri. tboift ntlOC ra. 

+ Ohg sutft chfnh ltm' ·nhilt hftu hi~u cr r ·~ .cr 1 - u. 

+ (bg su"t chinh nho nhat hiiu hi~u cr3 '== cr3 -:- u. 
. -~· . : ; ::· . : . : 

+ Uilg suilt l~ch tr~:~c hi.lu hi~u (crt '-cr3') = (cr1- cr3) • 

. . ·H~ s6 ap 1\rc 10 r6ng: . , 

B . L\u d6. ,. d. b- h" h "' ... B 1 ... A L\u kh" B l 
==. -- , 1 va1 At ao oa oan toan = , va = ( ) 1 = . 

·. . ~cr3 . 11 crt - cr3 

Phuang trinh t6ng quat cua ap 10 rong: 

··, hu =B[ Acr3 +A(n<r1 -4cr3)]. 

t 

a 

Hinh 4.16. Doth! quan h~ ang sudll~c,h- b.ie_n d{mg va cac vong Iron Mohr 
. . .. .. ung vdi cac cap tip lvc 6~Jk8 khac nllau 

: ·\ ::J•i•· 

Co' ket d&ng huang: C6 ke't dum tac d'l}ng .cua ap ll!c thuy tinh xung quanh, .khi U'ng 
su~t hDu hi~u ~ing dtblg va nim ngang bing ntmu. . 

0 tr~g thai tdi b~ (thC1i diem pha lto{li) cua d~t theo ly thuy6t 4<» ~n ~~hr -.. .. . . . . .. . 

Rankine, ta co: 

crl -cr3 . e . 
--~ ........ :...--- = sm = smcp 
cr1 +cr3 +2ccotgcp 

trong d6: 

cr3- Ung ~u(t cbinlrfili.o nh~t, bang ap }\fC tif ffiQi hUang trong bu6ng nen; 
.. · .. . . 

cr 1 - 6ng su~t-chlnh 16'11 nh4't; 

<p - g6c rna -sat trong; 
. ; 

c -luc dinh. . •. 
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D~ xac dj.nh cac thOng s6 cp va c can thi6t tien banh thf nghi¢m vai miu dat vOj nhiing 
• 

cap ap lJ!C hOng c:J3 Jduic nhau, rOi ve do th! cac· day cac vong trc>n Mohr va duemg tiep 
tuyen chung ciia,chung, til do, xac dpm gia tq c va <p. 

Tliy nbien, d! tiah toan chinh xac han, ta tinh toan dt:ta tren tren ca sa cac phaan.g 
phap toan s6. Tren cqsa thf nghi~m ta c6 day cac gia tri a 1 va u3 lien h~ vai nhau bang 
quan h~sau: 

a1 = a 3.tg2 
( 45° + ~) + 2c.tg( 45° + ~) 

De dnh duqc cac gia tri cp va c c6 the c6 theo phuan.g pluip blnh phuang C\{C tieu ta 

chuy~n cOng thti'c v~ d~Jng: 

0'1 =a3a+b 

ildAy: a =ti( 45° + ~} b=2c.tg( 45°+ ~) 
Bang phuang phap blnh phuc:mg cqc ti&u cac gia tri c6 th~ co phai thoa di~u ki¢n: 

L[ a 1 -(o3a+b)]
2 

=min 

Cho gia hi bing 0, dfo ham t~g phb ttl bi!u thtfc ta c6: 

a f &l:[a1-a3a-b = L[ -2a3 (a! -u3a-b)]=O; 

!~]a1 -a3a-bf = L[ -2(a1 -a3a-b)]=O; 

TU dAy ta nh*" duqc h~ phuc:mg trlnh vm hai An s6: 

D D 

:Lal-aLa3-nb=O 
1 1 

0 dtly: n - s6 thf nghi~ bao g6rn CUa m(Jt ~~ dJ:t 

T(f d6 cac gia tri c6 th! tlm du(rc J.a: 

Khi d6: 

173 

-, 

j 



B - TRINH Tt)'TH1 NG~M 

- Thoi mfitt duqc 'cht;bj :rft dilt nguyen d{l~g di!Jlg: trong.hc}p 111au thuimg c6 duang 
kinh IOOmm. 3 den 4 miu, c6 c~i~U c~9 ,~~~.f:.llin dm)'ng kfnh sfr 
d~mg' d10 1 litn thi thuc nen nbi&l giai dofhf~ljfciin 1 thoi che bj . 

. - -~ 

· .. · .. , 

Day cao su "* (O.rfngs) Mar1g cao su fl9c mJu c1fi H .. 
Hinh 4.17. D~11g cv. tip) mdu trong thi nghilm /lin 3· lf71C 

~ 

- Khi thoi mlu duqc cb6 bi xong c'n iJ9c ngay bAng mang cao su, d't cac t!m kinh 
.· vao hai d4u va d~ vao mQt chf.u thuy tinh d.y kin nip. 

- v m dS:t h{lt min (lo~i set) duemg ldnh thoi mlu thu~g tft 35 den 40mm. 
- Voi d«t h{lt trung, Mt.t:Up cht bj tru& c6 th~ dWig 1 thoi mlu duang kfnh IOOmm 

(ho'c dung ca mlu nguyen dfng)d&tld ngbi~m .. 

,. 

Hinh 4.18. May nen 3 trJ!C vl1i h~ thdng bu&ng dp va m4y do dp llfc nuac M rcJng 

1 7~~ 
• o I 
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Hlnh 4.19. M4y 1ren 3tr'lc ,,.iii mlfu ddi klti vljn lzanh· 

Plutrmg PhdP thi nghiQm kh"ng cd kit- khbng tiwat nitac (U -_vr '·' 
Thf nghi~m tfUC]C tie'n hanb teen may rien 3 lCIJC Vai mQu b}nh ltv c6 chi~U C~lO Xap Xi 

bang hai 14ndubng kfnh. Dul1ng klnb.~iu 38mm, chieu cao 76~ni '(vl deft thf nghi¢m Ia 
1o~i dft't dirih t(rang d6i d6ng nhD:t). · 

xac djnlt·¢~c tllOng s6 cua ~iu 'thl nghi~m: di~n tfch, the'"tfcil (duang kinh, chitu 
cao ), d¢ A1~i, :dung trQng, ty trQng htt. · 

Trong thi nghi~m, mlu duqc bQc · trong mOt mang cao su khOng tha'm giil'a hai nAp 
khOng thft'm mtac trong bu6ng nen 3 tll}C. 

D~t miu vao bu6ng nen, dong kin cac kh6a 6c va cac van. 

Cho mt6c VElO bu6ng, di~U chinh QC d6ng h6 do chuy6n Vj VS ap }lJC ve zero. ~I}C nen 
dQC tll}c tang l!n v6i t6c dQ bie'n dfng .khOng cldi cho de'n khi miu pha ho~, tbubng 

trong khoang thm gian w 5 c~e-n t5 phut. tisc dO nen: 1 +2mm/phut. 

Uy miu thl nghi~m ra khoi bu6ng, ve 1\l.i hlnh d~g mi~ bi pha, xac djnh lfi d¢ am 
cua miu sau khi thf nghi~m. 

L$-p I,i thl nghi~m cho hai miu nQa v6i c4c ap 1\TC ng'ailg a3 khac nhau. 

D6i v6i mc)t t4p hqp thl nghi~m c6 3 miu tUC1Dg 111 cila d4't nguyen d~g c6 ·tC!t · blnh 
thubng, ap l1Jc hOng vao .khoang O,Sav; lav; 2av Ia phu h'1}l. V6i av Ia tdng ting sucft 
thing dnng ~i hi~n truang .. 

Phitdng phdp thi nghi~m cdke't- kMng thoat mtuc (C- U): 

Thf nghi¢m nay cho k€t qua 1\lc ch6ng cit ella miu dlt khOng thoat nu6c khi di bie't 
tru6c l\fc dfnb hihl hi¢u va ap lt}C IO rOng thay dOi trong qua trlnh cit,' tir d6 c6 the rut ra 
duqc h~ s6 ap llJc 16 rOng A. . 

Thi nghi¢m duqc tie'n hanh theo cac bU'oc: Urn bao hoa ~ C6 ke't ~ Nen. 
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Chuin b! mAo· tuanl l\t nhu thi nghi~m p..,.. U. ·. :·: ~:B j 

Miu dugc ~t vao bu6ng, n6i cac dubnj~~g.vm cac 6ng tm).nu& c6 v~ch chia va mb 
cac. van thoat. 

Cho D':'& vao .bu6ng vA tic dl}ng ap ll:fc: hOn.g 0'3 
• 0 ~. -· • • -

~ mAu c6k~t dtr6i:ap l~JCngang a3• Kbi m1JC nu& trong~ng thu dn djnh, xac dinh 

Sl! thay ddl ~~ ~ CUa th~ tich (AV c> trong Si~ d~·s6 ktt diu s6 do 'ap ll}'c 10 rOng Uc. 

Sau khl. mi,c6'ktt, kh6a cac van tboat ~ 6ng dl~·nudt:~i:N6idc. duang 6ng thoat 
nuac vm: cac .thjlJ· bi do ap II}'C nu& 10 rong. . . ·. . . ·~ 

Cbo piStOn tle'p'~ ~ nip ~y ~AU, cfi~ll cb.lnh cac d6ng.~h~ do cb~y!n Vj va ip h!C 
ve zero. . . .. . ·. :. . : 

Tac dapig leG min ap l\fC Aal v~i t6'c d~ du nhanh (1%/phut hay1+2mm/phut) de 

nuac khOng·thoat ~ duqc~ .Ap ll:fC nu6'c 10 r6ng ~g du se phat sinh trong qua trlnh nay 
do d6 phii duqc xac dinh de dnh Ung soft co hi~u. 

o~ ~cac k6lq~ do·~~ ~~ng b6ll}'C, d6ng.h6 chuyen vj, ap.llJC nu6c 16 r6ng ~ cac 
bi~n ~g 0,1; Q,2; 0,3; 0,4; 0,5; 1; 1,5; 2; 2,5; 3;~4; 5% ... cbo de"n khi miu bi pha ho~. 

Sau khi miu bi pha litit.i, l~y miu ra, ghi l{li hlnh dfllg miu bi phi ho~, l~y miu de 

lam. thi nghi~m ·dO ~. Urn 1~ tbf nghi~m tudilg 111 cho 2 miu khac vm ap ll!C ngang (J3 

khac nhau. 

Tinh toan tJ_zbi gian thi nghi~m cd' kel t1(phut): 

lr = F.t10o 

trong,d6: 

F - h~ s6.pby thu(K: vao di~u ki~n thoat nuac va lo~ thf nghi¢m: 

+ Thl nghi~m thoat nu& F = 8,5. 
.. . . 

+ Thf nghi~m khOng thoat nude F = 2, 1. 

Gia tr! t100 d.ugc xa(i ~bing ktt qua thi nghi~m nen c6 k~t mAu Mt ~eo phuang 
. . ... '"' . . . . 

phap Iog(t). 
i' · ... 

Ph~ang ph(zp thi ngh!~m ctf Ut- thoat 1UIIIc (C-D): 

Tu<111g tl1 nhu phuang phap thl nghi~m c6 k6t - khOng thoat nuac (C- U), nghia Ia thi 

nghi~m duqc tie'n hanb theo clic b.ultc: Um bio hoa ~ C6 k6t ~. Nen. 

: .. ~iem ~ac b~~t lA khOng kh6a van, cJto nu6c thoat ra t1J do va t6c d¢ bi!'n ~g phii 
du ch~ de khOng lam phat sinh ap lqc nuac 16 r6ng. 

Toc do nen:. v = Er X Lo (er = 15%) 
. . tr 
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C - TfNH TO_AN KET QUA THf NGHI~M 
':· .I • • : 

PlutCJng phap thi nghifm kltpng ctl ket - khong thodt mtifc ( U- U) : .. 

Ve cac vong Mohr cho 3 miu thi nghi~m [t11;1c ~ng Ia Un.g swft ~at (cr1 - cr3)/2, lf1Jc 

hoanh la llng suft chfnh trung binh (o1 + cr3)/2]. 

Ve tiep tuy!n vm duang tron ling su&:t, xac djnh dugc Cuu va <l'uu· 

r-- ..... - -· ... - -··· r--·- ·- -·- --··- ... __ -- -·-- ...... r-·-

Hinh 4.20a. Bilu ¥ xdc djnll cdc gia trj sftc chllng edt tro11g TN U -U 

Phudng pJzap thi nghi~m cdUt- khdng thodt m.tllc (C- U): 

' 

·- _,..., 
. I :: :r· . 

l 

200 

cac thOng siS c4n x4c dinh tnroc khi nen miu: dttbng kmh, chieu- cao, di~n tich m~t 
cit, th! ·t£ch mlu, d~ dm, dung trQilg, tY trqng 'h•t. 

Giai d~ cd k~t 
Bi!n d~g th~ tich cua mOi miu thi nghi~ sau khi c6 k.~t: 

trong d6: 

.. llV 
e =

v v. 
I 

L.\ V- ghi du~ sau qua trlnh c6 k~t (luqng mt&: th<lat ra); 

vi -th~ tfch ban d4u cua miu. 

Chi~u cao miu sau khi co ke"t (hay la truoc khhie'n hanb nen: L0 ) 

,L =L-(1-.!.e) 0 I 3 V 

.,, 

Di¢n tich cat ngang cua miu sau khi co ke't: 

A =A-(1- 2e ) 0 I 3 V 

.. ... 

:. 

~ . 

Li, Ai , L0 ,!A0 : chieu cao va di¢n tich cua miu ban dAu va sau khi co ke't (truoc 
khi nen) theo thu u.,r. · 
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Giai do~n nen mAu 
Tiet di~n m!u hi~u chinh sau m6i calp tii nen dugc xac dinh (do.the tich mau khong 

thay d6i su6t qua trlnh nen tfnh tu khi sau qua tr'inh c6 ket): 

A1 L1 = A1 (L0 - L\L) = A0 La 

voi 

trong do: 

Ll. A1 Ia chi~u cao va tiet di~n cua m&u sau m6i clip tai nen. 

Ve cac vong Mohr cho 3 mau thir voi cac llng suS:t toan phiin va hilu hi¢u va ve cac 
tiep tuyen vOi dt.tbng tron Ullg su~t. xac dinh dt.tqc c va <p ; c' va <p'. 

100 

~ 90 
80 ? 70 

I 60 
~ 50 
i 40 
.a; 
iii 30 
~ 20 

10 
0 

~~ 

~ r--" 
~ I I\ 
0 

0 40 

v/ 
/ ~ 
n ...... 
~ ; \ ,, 

\ 
80 

, !l -
~ . / 

/ v 
./ ~--~ pr;- ...... 
[/ ~ ' '\. 

/ \ 
J \ 1\ 
If\ \ 

' \ 
120 160 200 240 280 

ang sui chfnh (a, + a3lf2 kPa 

Hinh 4.20b. Bilu dd xac djn/J cdc gia tri sue clwiJg c&t trollg TN C -U 

Phucmg phap thi nghi~m ctf ke't- thotzt nllac (C-D): 

Giai do~n c6 ket: tt.tang t\1' nht.t phudng phap th£ nghi~m c6 ket - khOng thoat nuoc 
(C-U) 

Giai do~ nen miu. 

Tiet di~n miu hi~u chinh sau mOi c(p tii nen duqc xac djnh: 

trong d6 

irung do 

0 A, L, = A, (L0 - AL) = A0 L0 - 6. V 

A,(L
0

-AL)=A
0

L
0
(1- 6.V)=A0 L0 (l-ev)~ A1 

= Ao(l-ev) 
v 1-£ 0 0 

6.V 
E =-· 

v v ' 
0 

L0 , A0 , L,, A1 - chie~ cao va tiet di¢n cua mau sau khi c6 ket (truac khi nen) va 
sali m6i cA'p tai nen 
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- Ve cac vong Mohc .cho 3 inau. thir, ve cac.·tiep tuyen ,v~i du""g trim.!lng su~ft. xac 
djnh duqc c' vlup '. 

160 

20 

0 

.. : 

~v 
./. v 
I I 

···.---.- ··- --,-,- --,--

~ 
.4. 

v -!#' 
.,. 

~ t::... 
..-! I""' I ....... 

v r'\ I r\ 
\ ·\ 

r-· - ... , . 

./ 
....... 

--- .. -- -· v .. ·'· : 

;·: i ., :li .. :;: : 

"' ' :: ~ 

' ' _\ 
\ ,. .. 

0 ·40 80 120 ·160· ' : 200 .. 240 280 320 360 400 440 480 ... 

i ... 

Hlnh 4.20c. Bilu dd xac djnh cac gia trj SUe chtfng edt trong TN c -U 

.I .. 

Truqt Phlnh 

(bl~n d~ng ngang) 

Hinh 4.21. c ac dt}ng PM. hot}i CUa nufu thltlghifm 3 lri!C 

Nh~nxet: 

• D6i v6i tirng miu da:'t nhtt di.nh, c <p se thay ddi ling v6i tUng th£ nghi~m. , 

• Thy theo mli'c dQ c<S ke"t va thoat ntt<Jc rna ngum thle"t ke" d~ nght phong thi nghl¢m 

chQn cac sa d6 phu hgp d~ thl ngru~m nhim tim ra dugc c cp thlch hgp. 

• Miu d~t thf ngbi~m voi sa d6 c6 ket tucmg ling v6'i vi~ d4t cong trlnh len d«"t trong 
thai gian dlti. 

• Miu da't thi nghl~m vti sa d6 th9at nuoc tucmg ling voi vi¢c nuac tong d~t c6 tli 
thoat di 

Theo Whitlow: "Trong then~ ngAn, SlJ tang tii .khong thoat mttx se b!t'l¢ hon so v6i 
SlJ tang tii cO thoat mroc a dum day m.ong; ngUqc 1~, cuang de) IAu dhl c6 thoat nuac lit bS:t 
lqi hOD d6i VOi nhfrng Valt de litn quan d~n On dpm cac h6 dao Va SlJ ~t cac mcti dec." 
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· · · Bang 4.1. MQt s6 iing d~;~ng cua cac phllang phap thf nghi~in 3 tr~;~c 

(theo Ladd, 1981) 

a) Phumzg pJu!zp CD: 

Cong trlnh & giai doC;tn lam vi~c tttang 1Ing Uhg sua't ch6ng cat CD 

Thi cOng cOng trlnh dat dap tung lap thSJ.t ch~m Uhg suat ch6ng elt ~i cho c6 thoat mrac 
trtn n~n set m~m sau khi da ciS ke't 

D*p dA't vm SIJ th!fm qua thttlrng lfl:rC 
UDg suA't ch6ng cit cua loi d~p c6 thoat 
nlt&. sau k.bi di c6 ke't 

Mai d6c liJ nhien ho~c mai dao cua h6 m6ng 
UDg soft ch6ng cit ~ chO c6 thoat nuac, 
sau kbi di c6 k!t. 

M6ng nOng teen n6n set sau khi lun dn djnh 
UDg suft ch6ng cit ~ chO c6 thoat mroc, 
sau khi di c6 k!t 

~ Phudng phap CU: 

1// COng trlnh & giai do~ lam vi~ tudng thlg Thg sutt ch6ng cit CU 

Dip l"P dlt tie'p theo sau khi di cho n~n c6 k!t UDg suA't ch6ng cit "i cho khOng tho4t 
holm toln vm 1~ dip tru& cua cOng trlnh d(t nu"c, ngay sau khi dip 1~ sau va n~n di 
dip, ho~c gia tii tltng dp trong gia tii tnr6'c c6 ktt holn toan bM tii cna ldp dip trtr6c 

Chg suA't ch6ng cit loi df.p khOng thoat 
Xi nu6c h6 chua nhanh. I...Oi khOng thAin ciia d¥ nu&, trong luc xa nhanh h6 chda, sau khi 
chua kiP thoat mr&: trong qua trlnh thfo d~p loi di c6 k!t hoan toln trong s\f tbtm 

thulmg tl'\fc 

. Utg suA't ch6ng: cit ngay sau khi gia tai 
Thi cOng nhanh cOng trinh dat dip teen suim d6c khOng thoat.nu&, n6n di c6 k!t holn tom 

bl1i trQng Juqng bin than tntctc d6 

c) Phudng phap UU: 
! 

COng trlnh & giai d<:'IPI lam vi~ tuong (mg UDg suft ch6ng cit ffi! 

"Citg soft ch6ng cit ngay sau khi gia tAi khOng Thi; cOng nhanh cOng trinh dat dip ~n 16p . 
setm~m thoat ntrck, n~n set m~m chua c6 ke't boan toan 

'' ' 
bl1i tr911~ Iuqng bin than (NC) 

D~p d«t kfch thu6c l6'n thi cOng nhanh, d~ UOg sutt ch6ng cat khOng tho4t ntr~c CUa loi 
tm. cua loi khOng kjp thay ddi. set d4m ~hJt cua d~p 

·-----· --

M6ng' noue tti COl <f nb;lah tren n~n set SUe ch~.u tili pbl} thuQc ling su!t ch6ng cit 
kh.Ong thoat mroc .·, 

'-····------ ----·-·- .......__ ____ - ·-------~-~ ----·-·-·--·---··--··--



''l 
Vi d~ 4.3: De' thi olympic ca·h{)c toan qut5'c niim 2010 \ 

Thf nghi~m nen 3 tn;tc c6 ket - khOng thoat mr6c (CU) trtn 2 miu d~t c6 ket thtrbng. ! 
Gic gia trj ap l~c bu6ng, dl) l~h ~g suf't IOn. nMt va ap Ivc nuac JO r6ng t~ thai diem ;,1 

d¢ l~ch Ullg su~t ldn nhit dugc cho trong bang sau. Xac djnh cac d~c ti-ung ch6ng c~t ! 

khOng thoat nuac va thoat ntroc. 

Mlul Mauii . 
Ap ll!C budng u3 (kPa) 31 65 

DQ l¢ch li'ng suat u, - U 3 (kPa) 34 59 

Ap ll!c nu6'c 16 rOng u (kPa) 20 43 

Ta c6 bing ke't qua tlnh tom nhu sau: .. .. .• I• r 

.. Mlul 'Miull 
: ' 

cr3(kPa) 31 65· 

a' =a3 -u(kPa~· ' ' . ' 11 .. . ... '22 3 

0'1 (.kPa) •• ! .. 65 124' 

a' t(kPa) 45 81 

-Theo phuang phap ve dt.Wng bao sltc ch6ng cit: 

't' = a tg«p' + c' 
::.. .,· 

11 22 31 65 81 124 

- Dga vao d6 thj, xac dinh duqc : 

{
c' = 2,5kPa. {CctJ = 4,3.kPa 
cl»' = 32o ' +cu = I 5o 

- Theo phuong phap gi& tich: 

Tuphuongtrlnh: cr1 =cr3tg2 (45°+ $)+2ctg(45°+ $j 
2 2 

1,81 

. ~ 



T.a c6 cac h¢ phuang ~rinh: 

45 = lltg2 (45°+~
1

)+2c'tg(45°+ ~·) {c' = 2,487.kPa 
=> ' 

1 I ' '-J20 
81 = 22tg2 ( 45° + ~) + 2c I tg( 45° + .2..) -

2 2 

va: 

65=31tg2(45°+ <pc0 )+2c'tg(45°+ <pen) 
2 2 {ccu = 4, 25kPa 

124 = 65tg2(45° + <pcu )+2c 1 tg(45°+ <pcu) => +cu = 150 

2 2 

4.2.4. Thf nghi~m xuyen tieu chuAn SPT 

Til chi siS SPI', N, tra bang 4.2, ta duqc cac gia trj slk ch6ng cit. 

+ D6i vm dl't rbi: 

Bing 4.2: Bing tra gia trj g6c ma sat trong ciaa d6l riri. d\fa vao chi s6 N 

N (SPI') Tqngth4i G6c rna Sit trong 

<4 IU'trbi <30°. 

4+ 10 Reri 300+ 35° 

11 + 30 OJ4tW. J~0+4Q~ 

31 +50 Chtt 40°+ 45° 

>50. Rltcbtt >45° 

Hay tinh bAng cac cOng thllc thl!c ngbi~m: . 
+ =0,3N +27 (Terzaghi and Peck) 

5 
4~N~10 -N +26, 7 

6 ·<p= 
1 

..... N +32,5 10~.N~50 
4 

(Dimham) 

D6i vOi dl't dinh: 

Hay tinh b~g cac cOng thllc tlu,rc nghi~m: 

Cu =a..N 

1 
N < 5 ~ a =-+ 0, 31 

8 (Terzaghi and Peck) 
. 1 

N ~ 15 -)· a= 0,063+-
8 



Cu = (0,4+0,73) N 

cu = 3,26 N °·72 

(Stround) 

(Hara) 
' 

Bang 4.3: Bang tra gia trj g6c rna sat trong ciia ct!t dfnh dl}'a vao chi so N . . 
~ .. . ... . . -..... 

N(SPT) Tr~gtMi Sue chju ~en dan qu (bar;-k9(cm2
) 

<2 Rat m6m (nhao) <02- I 

. '··: .. 

2+4 M6m (deo nhao) 0,2 + 0,5 

5+8 Ran vira (deo m6m) 0,5+ 1 

9+ 15 Rio ( deo cllng) 1+2 
; .• 

16+ 30 RA't rln (nira c~g) : 2+4 '. 
i. 

>30 .... Clffig >4 

4.2.5. Thf nghi~m xuyen tinh CPT 

Tir chi s6 stlc .khang mlii .xuy!n qc, tra bing 4.4, ta duqc cac gia tr! su~ chong c&t. 

Bing 4.4: Bang tra gia tri g6c rna sa' trong da.ra ya~ gia t~i qc. ·. . . . 

'lc (10~-~a) ' 
.. <p (de}) a dt) sAu 

5 m vasAu hem 2m .. 

: i6 
I • 

10 28 
. ' .. . . 

20 30 28 .. .. .. 
40 32 30 

70 34 32 

120 36 34 

200 38 36 

0\fa Vao Sltc khang XUy!n qc, tb6og qua cac phuang pbap thlJC nghi~rn, ta xac dpm 
llJc dinh khong thoat nuac. 

+ D6i vm d~t dinh: 
I 

qc -cr v c =_;;;.::....--'-

u Nk 

cry' -..ling su~t hihl hi~u do trQng luqng ban than ciia d~t nen ~i diem dang xet; 

Nk- h¢ so, Ufig vm.tirng lo~i da't, l~y Nk = 15+ 20. 
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+ Doi vOi da't rm: 

<p= tg-
1 

( O,l+0,38log :d 
. . 

4.2.6. Thf nghi~m cit canb 

D(}i vdi d4'i set yeu, gia trj sue ch6ng cit .kh6~g thoat mrac Su thu duqc tit thi nghi¢m 

c!t ccinh Se bing gia tQ li!C dfnh kh6ng thoat DUOc Cu. 

Voi 

M 
c =S = ms 

u u K 

~ax - mOmen xoi.D 1611 nh&'t, ghi nh3n tit thiet bi cit c8.nh; 

K - hAng s6 ccinh quay phl} thuQc vao kich tbu& cBnh, trong d6 d Ia duemg .kinh 
canh vl h Ia chi~u cao cua canb: 

ml2h d 
K=2(l+3h) 

4.3. soc CfijU TAl CUA DAT ~N 

4.3.1. Kbal ni~m v~ sale cbtu til ctia n'n 

Sdc cbiu t8i CUa ~B nim dum day m6ng kbi chju tac dl}Dg CUa tai trQng thay dOi. Se 

18m vi~ cl:lla 18m 3 d~: 

-DO(lll OA: Quan ~ gila P-S lA quan h¢ tuyen tinh: P, S. 

- Dolllfl AB: Quan h¢ giita P-S Ia quan ~ phi tuyen: P, S. 

-Do~ BC: Quan h~ giita P-S Ia quan h~ tuyen tlnh: P, s. 
Ti'r hlnh 4.22, ta c6: 
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+ Khi P~ P
8

h: Tai trQng tic d\lllg len n~n Ia tii trQng an toan, lun donen-chf.t cUt n~n. 

+ Khi P~b < P::;; P~ : Tai trQng tac d~:~ng l8n nen la tai trQng cho phep, xu~t hi~n vung 

bien d~ng deo, nhun.g nen van con lam vi¢c. 

+ Khi P > P gh: Tell trQng tac dl}ng len nen la tell trQng pha ho~i, nan bi pha ho~i trugt. 

Ml_lc dich cua vi~c xac djnh sll'c chiu tai cua nen Ia di tlm gia tq Pi~ , tit do xac djnh 

gia tri lgc thiet ke cho cOng trinh: 

pii 
ptk = gh • 

FS' 

4.3.2. Cac phuong phap xac djnh P11 gh 

FS la h~ s6 an toan. -· .. 

4.3.2.1. Phuung phdp ttnh dl!iJ tren mite 49 phdt triln vilng bien df!.ng deo (ban 
khong gian bien ~ng tuyen ttnh) • 

.,__ __ ...;..x __ ~ z 

Hlnh 4.23. M6 hlnh xdc djnh sil'c chju tdi cua nln dulli day mong bdng 

Xet mQt diem M (x,z) chju tic dl}ng clia tai trQng hlnh bing c6 d~ 16'11 Ia P, tic dl}ng 
xu6ng Mt n~n ~i d~ stu h so vm mft dB:t tl!. nhien. CIIQn g&: 'tQa dQ ~ day m6ng bang, 
tac6: 

(]fig suB:t theo phll<1Ilg thing dling do trQng Iuqng bin thin ~ di!m M: 

obt = y(h + z) a. , 
Uhg sua:t theo phuang ngang do trQng lu~g bin thAn ~ diem M: 

bt cr x =~.y.(h+z) 

o ~g thai can bing gim h~n. ta co: v ~ 0,5 ~ ~ = ~ = 1 . ~ cr = y(H + z) . 
1-v 
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lJng sua't chinh do t8i tn;mg ngoili tic dl}ng len diem·M: 

·· 0'13 = p-yh (2f3±sin2J3) 
. 1t 

V~y tlng suc!t chinh t'i M duqc xac djnh Ia: 

crJ = P-yh (2f3+sin2J3)+y(h+z) . 
1t 

cr3 = P-yh(2J}-sin2J})+y(h+z) · 
1t 

Va muoo tim phtrong l:dnh bi6u dien ranh gioi khu \f\XC bien d,ng deo phai ap dl}ng 
. di~u ki¢n can bing gioi h'": 

crl-crl . 
sin cp = --~--=----

. ·' ~ ·. cr1 +a3 + 2ccotgq» 

.. 

Thay 0'1, (J3 tit phuang trlnh vao phtrang trlnh can bing gioi h,n, ta c6: 

. [p~yh (2J}+sin2f}}+y(h +z)J~[p~y h (2f3-sin2J3)+y(h +z)] 
sm+= . · ' · 

[ P -"y h (21\+ sin21\) + y(h +Z)] + [ p -"y h (2jl-sin2P) + 'Y (h +Z)] + 2c cot 1W 

=>z= P-yh(s~ZJ} 2J})-h-!cotgcp 
rrt smcp 1 

Hlnh 4.24. Vling biln d{mg bo dllili day m6n8 bang 

Di6u ki~ d6 z ~ Zmu thl .; = 0 , vm Zmax la chl~u dli vl1ng bi6n ·d~g deo. 
p 

Taco: dz = p-yh(2cos2~ -2l = 0 
d~ yn sin1 ; 
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=> cos 213 = sin rp = cos ( ; - rp) 

=> cos2i3 =cos(; -rp )=> ll =45°\13 211 = 90? -rp 

=> sin~ = sin (90° - cp) = coscp 

The vao ta c6: 

... : 

Zmux = P~yh( cotgrp+rp- ;)- ~ cotgrp : , · • • • 

=> Pzmax = 1t'Y 1t (zmax + ~ .+ ~c~t gq,)+ ;h. ::. 
cotg<p+<p-- Y 

2 
. .· , .. :: 

+ Theo Puzurievski: Zmaz = 0 ~ vung n~n khOng xua't hi~n vilng bit!n d~ng deo; 

Po< plgh 

+ Theo Maslov: Zmax = b.tgcp 

Psh = ( "Y ") ( btgojl+ h + ~ cotgojl )+yh · 
cotgcl»+cl»--

2 

+ Theo Iaropolski: khu Vl!C can bAng gi6i h{lll phat tri~n tm d~ sau 16n nhf~ 

z = b = b cotg(1t- +) 
max 2tanf3 2 4 2 

1t"f[b cotg(1t-+)+h+ c cotg+] 
P 2 42· 1 h 

gh = ) +y 
.. ( cotgojl++-; 

+ Theo TCXD 45-70, 45-78: kbu vvc bi6! ""'g de~ ~ = ·~ 

lfl7 



p 0,257t b [ 7t 1] h 7tcbtg4t 
:::) gh= 7t y+ . 7t+ y+ 7tc 

cotg4>+4>-- cotg4t+4>-- cotg4>+4>--
- 2 2 2 

A B {:) 

Viet li;ii dum di;ing Pgh = R (Rrc ~ R11), thay cac nh6m bieu thuc bing A, B, D 

Rtc = m(Aby + Blry' +D.c1c) (fCXD 45-70) . 
trong d6: 

m gQi Ia h~ s6 d~u ki~n lam vi~. 
m = 0,6 khi n~ Ia cac bQt du6i IDl:fC nuac ng4m. 
m = 0,8 khi ~~ Ia cac min dum m\fe nude ngki. 
m = 1 cho cac tnrbng hW khac. 

Hay (TCXD 45-78) 

Trong d6: 

ml: h~ so di~u ki~n liun vi~ cua n~n d~t. 

m2: h~ so di~u ki~n lam vi~ cOng trinh tic d()ng qua 1~ vm n~n d~t dong nhft cua 
diCt n~n (tra bing 4.5). 

Bing 4.5: Bing tra gia trj cAc ht s6 di&a kitn llam vttc 

Lo,i d<t IDt 
IJH~4 

D4"t bon J!n cat va d«t cat. 1,4 1,2 

cat mjn: - it. 4m va am 1,3 1,1 
- bio boa nu&: 1,2 1,1 

cat b\)i: - it dm vl dm 1,2 1,0 
- biohoanu& 1,1 1,0 

D4"t l.lon l(m lin set va set c6 dQ s~t 0.5 ?! IL 1.2 . 1,0 

D4"t bon 1&1 IAn set va set c6 dQ s~t IL > 0,5 1,1 1,0 

ku: -h~ so tin c*y; 

krc = 1 khi 4Jc tnmg tinh tqao lfy tit thl nghi~m. 

l8i\ 

~ = 1' 1 .khi d4c tiVng tlnh toan lfy tlr soli¢u thong ke 

'Y - tn;mg lugng rieng cua, df(t n~n dum d4y m6ng; 

y' - trQng lttQng rieng CUa diCt tren day q)6ng; 

h == Dr - d¢ !.An ch6n m6ng. 
c ~ llJc dfnh dm~i day m6ng 

I 
" 

ffi2 

1,5 ~UH 
1,4' 
1,3 
1,3 

1,2 
1,2 

1,1 

1,0 
-



Neu c6 mvc mr6'c ngam thl phai tinh dAy n6i. 

Qic h~ s6 A, B, D ph\1 thu¢c g6c rna sat trong q> duoi day ~6ng, dugc. t.~h bAng 
cOng thuc: 

A= 0,257t 
1t 

cotg~+~--
2 

De thu~ ti~n cho vi~c tlnh toan, ngum ta l~p thanh bang tra. 

cp (dQ) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

·'!.J4 

36 

38 

' 40 

42 

Bang 4.6: Bing tra cac h~ s6 A, B, D trang cong thuc 

tfnh sue chiu tai cua d~t n~n theo TCVN . . 

A B .. 

0 1 ... .. 
0,029 ·1;11.59 .. 

0;0614 1,2454 

0;0976 1,3903 "·!'• 

1,5527 ' •: ··""' 0,1382 

0,1837 1,7349 
.. !· 

. !' 

0,2349 1,9397 

0,2926 2,1703 

0,3577 2,4307 . 
0,4313 2,7252 

0,5148 3,0591 

0,6091 3,4386 

0,7178 3,8713 

0,8415 4,3661 
.. '.• 

0,9834 . 4,9338 

1,1468 5,5872::: 

1,3356 6,3424 

1,5547 7,2188 . ,, .. 
1,8101 8,2403 

2,1092 9,4367 

2,4614 10:846 

2,8785 12,514 

.. 
D t: 

3,1416 
' 

3,3196 

3,51 .. 
3,7139 

3,9326 ' 

4,1677. 
.·; 

4,4208 
I 

. 4,694 

4,9894 
,, 

. . 
5,3095 

5,6572 

6,0358 

6,4491 

6,901~ 
.. 

7,3983 

7,9453 

8,5497 

9,2198 

9,9654 

10,799 

11,733 

12,787 
-

1&9. 



ANH HOONG CUA ~ NUX NGUON LEN soc CHJU T AI 
. Ta ciing •bie't ring mQi V3t d't troilg nuac deu cfliu l\fC day ndi Ai'chimede bang voi 

tht tfch rna V$1 d6 chi6m cbO, do "'y khi tfnh cac th8nh phin sue chiu tai lien quan den 
trQng lugng cua tUt va cac Nc rna sat TrQng Iugng_ ban than cua mQi lo{li dat, ngay ca 
trQng lugng cila cac .kh~i be tOng, nim dum mlJC itu& ng4m deu duqc tinh voi trc;mg 
luqng th~ tfch dan vj dAy ndi 

· y' = 'Y5at- 'Yw· · · 

T~n ffil/C nuac ng4m, .kh(Jng ~6 li!C. dAy Archj.mede, nen t1ng ~ut:t do trQng luqng bin 
thAn cua cac lap" di't v~ ~ac. kh~~ be ~(Jng nAm ~n ma.rc nuac ng4m, duqc tinh vOi trQng 

.lU<;1Dg th! tich dan Vi khOnJ. xet dAy nOi. 

Vi the, mlJC nu(lc ng4m cang cao thl sli'c cfliu tii cna tUt n~n cang giim. 

Do v3y, khi tinh sli'c chiu tii cila dat n6n phii h6t sue chu y d.6'n vi tri ma.rc nu& ngjm. 
D'c bi~t Ia sy dao d(}ng cua m\fC nud'c ngdm .. tlteo mna h~c thuy tri~u keo theo sa.r thay 
ddi sue chiu tii cua dft n6n. 

4.3.2.2. Phtldng phdp tlnh dfltl trin 0 r--------------x 
az 

giQ thuylt cdn bAng gi4i lu}n ililm 

Trong bai toan phing, xet mOt phan 
t6 d{t (~x,dz) .chju tic d~;~ng cua cac U'ng 

sqlt 0'" ' O'z, 'txz . 

A.p dl}Jlg cac dieu .ki~n can bAng tinh 
hQC, ta co h~ phuang trinh: 

00z 8'txz · -·+-=y 
z 

aa· 
ax+-x a. 

liz lix 

Mxz + licrx =0 

Hinh 4.25. Tr(lllg th4i lbag sutft ella phdn ttf 
ddt dlllti d4y mong. 

liz lix 

Va di~u ki¢n can bing theo dieu ki~n Mohr- Rankine: 

2 4" 2 . 2 9 (O'z -crx) t,- tu 
sm max= (oz +<rx + 2ccotg+)2 . 

Doi v~ tttng dieu ki¢n bien tl}·the, giru h~ ba phuong trinh, ba An so de xac dpm dugc 
tr~g thai cua U'ng suft va dubng truqt. 

+ Theo Prandtl, gia thie't y = 0 

1 . ' 
( 

· ) +smcp t ~p' , 
quit= yDf +c'.cotg<p

1
-:;-- . ,en.g -c.cotg<p 
1 -sm.<p 
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Hay vie't each khac: 

quit =yDrNq +c'Nc 

{

Nq = tl(; + ~}C""IB•'l • 
Nc = (Nq -l)cotgcp' 

.: 

+ Theo Terzaghi, m~t tnr<}t Ia I nem nen ch,t, g6c <p 

' ~ : , ..... 

. :.: tr,. 

fl.lnh 4.26. Mf)t tnlf/1 theo gid thuylt CUa Terzaghi 

Khao sa~ J14fucgen cbtt' (~bd), di6u ki~ cAn bing gi6i h.D Ji~ phuOng iliilig' dttng 
cua mQt met diLl-~ . 

(CJu)(2b )(I) =-W+2Csincp + 2P P 

vm 
b = B/2- nira ~ rQng cua m6ng ... · !' 

w - trQDg luqngoem nen cbJt (abd) : : . f. 

C = cb/coscp- t6ng l\fC dlnh len m6i ni't nghieng (ad) va (bd). 
Suy ti6p, ta c6: 

2bqu=2P P +2bc tgcp - ybi tgcp 

Trong d6 ap h;rc bi dOng P P Ia tOng .. clia cac l1JC phAn b6, cua trQng lu~g nem nen ch,t, 
lgc dinh va ph\1 tii hOng, tren hai m9t ad va bel cua nem nen ch~t. 

; 

P P = .!_ y (b tg<p lKr + c (b tgcp )Kc + q(b tgcp )Kq 
2 

Trong d6 Ky, ~ va Kq Ia cac h~ s6 ap ll!c dlt phi;~ tlm(X: ~6c rna sat trong cp cua d!t. 

' 1 
~ qu = cNc + qNq + -yBNy 

2 
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Vai 

Terzaghi di giai qu bing phu<111g phap gAn dung voi cac buac sau: 

+ Gia Slr lgc dinh c = 0 va phl} tii hong q = 0: . 

1 
Qu = Qy =· 2 yBNy 

+ Gia sit ~t khOng c6 t.rQng luQng y = 0 va phl} tii hOng q = 0: 

Qu = Qc::: cNc 

+ Gia Slr d~tkhOng co trqng Iugng y = 0 va l\{c dinh c = 0: 

Qu='lq = qNq 

BAng phuong phap ch6ng ch.p, khi c6 cUy du inh hubng cua tr(mg Iugng rieng ella 
d«t, l\fc dum vl ph\l tai hlmg, phuang trlnh sic ·chiu tai ciia dft n~n dum mong bAng cua 
Terzagbi c6 dfng: 

1 
Qu = 'lc: + 'lq + Qy = cNc + qNq + 

2 
yBNy 

V 6'i ~6ng VUOng, theo Terzaghi sue chiu tii cua n~n dlt c6 d~p~g: 
. «. ·. • . . . 

q" = qe + qq + qy = l,JcN: + qN11 + 0,4yBN1 

V 6'i mong trlm, Terzaghi ~ ngbi sdc cbiu tii cua n~n dft dugc tfnh: 

Q11 = 'lc + Qq + qy = 1 ,3cNc + qNq + 0,3yBNy 

vm B Ia d~g kinh cua m6ng. 

C8c h~ s6 sue cbiu tii Nc Nq Ny cua Terzaghi giii duqc co ~g: 
:!· 

e2(3ttl4-4p/2)tgcp 
Nq = __ 2_1t __ tn-

2cos (-f.I) 
4 2 

ll, KP J N =- ---1 tgq>-
r 2 cos2 cp 

Kv h¢ so ap hJc bi d¢ng cua d~t. 



\ 

Trong phan chtlng minh Lren, sue chju tai cua dat nen gom ba thlmh phan;, ' ... 

Thanh phan rna sat du6i day m6ng y'.B.Ny/2, trong do y' Ia trQng lugng rieng cua dat 
tu day m6ng tr& x.._6ng het phan n~n. 

Thanh_phan ph~ tai hOng q'Nq voi q' = y'D,-Ia ap 1\I'C tac dqn.g·bCn hong m6ng a cao 

·. trinh day m6ng va y' cua thanh phan nay Ia tr9ng lugng rieng ciia dat tu day m6ng tr6 

len m•t da't. 

Thanh phfuli1JC dinh c'Nc vm IJ!c dinh c' duqc chQn Ia cua 16p d~t ngay dum day m6ng. 

aic h~ soN,, NQ' Ny thuong dttqc t.fnh dlJa vao bieu do hlnh 4.27 ho~c bang tra.4.7. 

Bang 4.7. Bang cac h~ so sue chjutiii ciia Terzaghi Nc, Nq, Ny 

cp (d(J) Nq Nc Ny cp (dq) Nq Nc : Ny 
0 1 5,7. 0 25 12,720 25,135 9,7 
1 1,105 5,997 26 14,210 . 27,085 

2 1,220 6,300 27 15,896 29,236 
3 1,347 6,624 28 17,808 31,612 

4 1,487 6,968 29 19,981 34,242 
5 1,642 7,337 0,5 30 22,456 37,162' 19,7 
6 1,812 7,730 31 25,282 40,411 

' 
7 2,001 8,151 32 28,517 44,036 
8 2,209 . 8,602 33 32,230 48,090 

.. .. : 

9 2,439 9,086 34 ~6.504 52,637 

10 2,694 9,605. 1.2 35 41.440 . 57,754 42,4 
11 2,975 10,163 36 47,156 63,528 
12 3,288 10,763 37 53,799 70,067 
13 3,634 11,410 .. 38 .. 61.'546 . 77,495 

14 4,019 12,108 39 : 70,614 85~966 
15 . 4,446 - 12,861 2,5 40 8!,271 95,663 100,4 
16 4,922 13,676 41 93,846 106,807 

17 5,451 14,559 42 108,750 119,669 

18 6,042 15,517 43 126,498 134,580 

19 6,701 .16,558. 44 ..J47,736 151,950 

20 7,439 17,690 5 45 173,285 172',285 297,5 

21 8,264 18,925 46 204,191 .196,219 

22 9,190 20,272 47 241,800 224,549 
. 

23 10,231 21;746 48 287,855 258,285 780,1 

24 11,401 23,361 49 344,636. 298,718 

50 415,146 347,509 1153,2 
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Hlnh 4.27. Bilu tM xac djnh cdc h~ so site c!Jiu tdi N c N q N r cua Terzaghi 

+ Theo Meyerhoff, m~t mrQt la 1 nem nen ch~t. 

COng thttc tinh site chju tii. cua n6n d~t theo Meyerhoff: 

Qu = cNcFuFcdFci + qNq Fq5FqdFqi + 0,5 yBNyFy~o.FydFy1 
trong d6: 

194 

c- lqc dlnh; 
q- phy tAi hOng bAng ap 1\l'C hilu ~i~u tic d~ng ~ cao trinh day m6ng,; 
B-~ r~ng day m6ng bote duang kinh m6ng trQn; 

F C!l' F qs• Fys: cac h~ s6 hlnh ~g m6ng. 

b N b ··· 
F = 1 +...;;. :...2!. · F = 1 +- .tgcn· cs 1 : N ' qs 1 ,.., 

. c 

. . b 
F =1-0,4-

.. ys 1 

F cd• Fqd• Fyd: cac h~ s6 phl} thu~ ch~u slu chOn m6ng·, arctan tfnh bang radian. 

Dr Fed= 1 +0,4-. -.. 
b 

Khi ~f <1 Fqd =1+2tgcp(l-sin<p)2.~ 
Fyd =1 



0 ' 

D 
Fed =1+0,4arctg-r 

b 
D 0 

• D 
Khi bf > 1 Fqd = 1 + 2tgq>(1- sin q> )2

• arc tg bf 

F1d = 1 

.oo 

Fci• Fqi• F11: cac h¢ so phi.} thu¢c de) nghitng ctia tai, ~oi ~ Ia g6c nghieng cua tai 
trQng so v6i phucmg thing dlhtg. 

F.= F. =(l-L)2

• F. =(1- 13°)
2 

Cl q1 900 ' 'fl q>O 
o: 

.. . C' 'CJ' y Bing 4 8 Bing cac he sii sate chiu tii ciia Verslc N N N . 

<p (dQ) Na Nc Ng 'P (dQ) Na N 
0 c 0 

Ng 
oo 

0 1 5.14 0 25 10.662 20.721 10.876° 
1 1,094 5.379 0.073 . 26 11.854 22.254 12.539 
2 23,942 

0 • 

1,197 0 5,632 0,153 27 13,199 14,470 ° 
3 1,309 5,900 0,242 28 14,720 25,803. : 16,717 .. ; 

4 1,433 6,185 0,340 29 16,443 0 21,860 :19;338 
5 1,568 6,489 0,449 30 18,401 30,140 22..402 . 
6 1,716 6,813 0~71 31 20,631 32,671 . 25;994 
7 1,879. oo 7,158 0,707 32 23,117 35,490 30,215 
8 2,058 7,527 0,860 33 

.. 
0 26,092. 38,638 35,188 

9 2,255 7,922 1,031 34 29,440 42,164 41,064 
10 2,471 8,345 1,224 35 33,296 46,124 0 ·48,029 
11 2,710 8,798 1,442 36 37.7.5.2 50,S8S ,56;311 
12 2S74 9,285 1,689 37 42,92.0 55,630 66,192 

.1~ 3,2~4 9,807 1,969 38 48,9~3 61,352 78,()24 
14 3,586 10,370 2,287 39 55,951 67,867 ~.246 . 
IS 3,941 10,977 2,648 40 . ~64.195 75.313 t~4u

0

•
0 

16 4,335 11,631 3,060 41 73,897 83,858 1j(J.2t4 
•O 

12,338 
. 

17 4,772 3,529 42 ° .85,374 93,706 \ 155,542 
18 5,258 13,104 4,066 43 99,014 105,107 0 \86,530 
19 5,7!)lJ 13,934 4,681 44 115,308 118,369 224,634 
20 6,399 14,835 5,386 45 134,874 133,874 271,748 

21 7,071 15,815 6,196 46 158,502 152,098 330,338 

22 7,821 16,883 7,128 47 187,206 173,640 403,652 

23 8,661 18,049 8,202 48 222,300 199,259 495,999 

24 9,603 19,324 9,442 49 265,497 229,924 613',140 

25 10,662 20,721 10,876 50 319;0~7 266,882 762,859 
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Nc, Nq. N1: cac h~ so sue. ch!u ·tii do Versic hl~u chinh~ g6c day cua ntm nen ch~t 

Ia (1t/4 + cp/2) thay vi bing cp nhu Terzaghi di de nghj va c6 xet den rna sat dat 
trong philn m~t truc;rt ngoai tit cao trlnh day m6ng den m't dit. 

· cac h~ s6 sue chiu tii Nc, Nq. Ny c6 cac tuang quannhu sau: 

N · t 2 (·n · +) ntg+ N (N 1) t "' q = g 4 + 2 . e ; c = q - co g,.; 
. . •·:. 

BAlT~CHUlNG4 
: : ~ 

Bid 4.1: M¢t m6ng bang 1 =25m, b = 2, dum 
hang cc)t, tdrig t8HrQng ti!u chllin lfi. cac chAn cc)t 

Ia 4400 kN. ~ ~u chon m6ng Dr= 2m. 

M6ng duqc· d*t tren n~n . ut pha set c6 cac 
. thOng s6 nhu sau: trQng luqng rioog hi. nhioo 

y = 18 kN/m3 
; trQng luqng ri~!Jg bio bOa 

'Ysat::;:; 19 .kN/ni3 ; l\fG dlnh c::: 15kN/ m2
, cp = 20° 

. . ' ' 

(A= 0~515 ; B = 3,059; D = 5,657; Nc = 17,69, 
Nq = 7",439, Ny = 0. tho biet h¢ s6 nb hOng (h~ s6 
Poisson) Ji. = 0,3. 

z 

M\IC nu6c ng4m-nlm ngay 1lJi day m6ng. ·•< 

~!-) Tinh g6c l~Ktlng suit tQ.i di~m A c6 t~ de) (x = 0, z = O,Om tinh tit day m6ng)~ 
b) Tinh g6c ~~~dog sult tiP di~m B c6 ~ dQ(x =:d. z = 2,0m tfnh tit day m6ng). 

c) T~ ~~ ~~h nng sult lfi ~~m C c6 to' d¢ (x = 0, z = 2,0m tinh tit day m6ng): . 

d) xa.c dinfi sd'c chiu tii ~ ctay m6ng thea 1CVN (ml = m2 = k.c= 1) . 
. ~ . . 

e) X8c djnh sltc cbiu tii gidi ~ theo phuong pb&p Terzaghi. 

X 

f) Gia su mqc nude ng4m · nim b dQ sAu - 0,5m, ki~m tra 6n dinh cua cUt n~n dum 
day m6ngtheoTCVN. 

Giil: 

a) Tfnh goc l~ch Ung swft tt~i dilm A co IO(l dP (x = 0, z = O,Om tinh i~ d4y mong) 

· Ap l\fC titu chubi t\li day m6ng: 

Pte= LNu +Ytb xDr = 4400 
+22xl,5 = 12l(kN /m2

) ~ ta c6 mO-hinhnhusau: 
F 25x2 .. 

X = 0 = 0 kz = 1-+ O'z::: 121(kN I m2
) 

-Do tai tr;n't;twoal: : ~ . =-> kx = 1 ~a-x =l2l(kN I m2
) f 

--=- =0 . k, =0 -+'txz =0 
b 2 



H~ 56 ap 11/C ngang: ko = _v_ = O, 
3 = 0, 429 

1-v 1-0,3 

0"
1z = Y1 .h = 18x 1,5 = 27(kN I m2

) 
- Do trQng luqng ban than: 

cr 1x = k0.er'z = 0,4Z9x27 = 11,58(kN /m2
) 

0"
1z = 121 +27 = 148(kN /m2

) 

·:_,· 

Vu tdng U'ng su~t ~~A: cr'x = 121 + 11,58 = l32,58(kN/ m~)' ··· ·:;:, · 

Ki!m tra dn djnh: 
I I 2 2 

· 2 .1. _ (az -o-x). +4'txz 
s1n '!'max - , I 2 ( cr z +o-x + 2c cot gcp) 

.~ .. :. · .. 

sin2~max = (148-132,58)
2
-0 =0, 0018 

(148 + 132,58 + 2 x 15 x cot g20)2 
:;,: 

:• 

=::> sin ~max = 0, 0425 => +max ~ 2°261 < 20° =::> Dit~m ,A dn d!nh 

·= • ! 

b) Tinh goc l~ch U,g sudt t{li dilmB co to{l d~ '(x = 0, z =1

2,0m t~nh ti'tday mong): 

~= 0 =O kz =0,55~0'7. =0,55x121=6~~~5(kN/m2 ) 
-Dotai trqngngoai: b 2 => kx =0,04~crx =0,04~121=-4,81CkN/m2 ) 

~=2=1 
b 2 

0'
1
z = y1.h = 18xl,5+(19-IO)x2.= 45(.kN /m2

) 
- Do trqng 1uqng ban than: 

<r 1x = k0 .0' 1z = 0,429x45 = 19,305(kN I m2
) 

0'
1z = 66,55+45~ 111,55(kN /m2

) 

V~ytdng 6ngsu~tt~B: <r'x =4,81+19,305=24,115(kN/m2
}'' 

'txz = 0 

Ki~m tra dn d!nh: 
( 

I I '>2 4 2 
• 2 .1. _ 0' z-0' x + 'txz 

sm 'f'max- 2 
(cr'z+ cr'x + 2ccotgcp) 

. 2"' = (111,55-24,115)
2 
-0 =·0 16 . 

Sln 'f'max 2 ' 
(111,55+ 24,115 + 2x 15x cotg20) 

' => sin ~max = 0, 4 =>~max ~ 23°34' > 20° => Diem B lc..hong dn diflh 
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c) Tinh goc l~cJr Un.g sudt t{li dilm c co tO{l dt) (.x = 0, z = 2,0m tinh tf! diiy mong):. . . . 

X =_!.= 0,5 kz =0,41 ~O'z =0,4lxl21 = 49,61(kN /m2
) 

-Do tai trQng ngoai: b 2 
=:) kx = 0,09 ~ax = 0,09~ 121 = l0,89(kN I m2

) 
z 2 . 2 
b = 2 = 1 k~ = 0,16 ~ 'txz =0,16x 121 = l9,36(k.N lm ) 

cr'z = y'~h = 18x l,5+(19--lO)x2 = 45{kN I m2
) .· · · · · .. Do ·trQng, lttQllg ban thAn: , . 

cr'x = k0 .cr'z = 0,429x45 = 19,305(kN I m2
) 

cr'z =49,61+45 =94,61(kN 1m2
) 

V~y t6ng ling su(t ~ C: cr'x = 10,89 + 19,305 = 30,195(kN I m2
) 

'txz = 19,36(kN I m2
) 

Ki~m tra 6n djnh: 

sin2+max = (94,3_6-30,195)
2

+4xl9,36
2 

=O,l 31 
. : · (94,36+30,195+2x15xcotg20)2 

:::) sin+max =0,362=> +max ~21°13' > 20°=> Di~m C .khOng dn djnh 

d) Xtfc djnh she chju tdi lf:li ddy m6ng theo TCVN (m1=m2=k1c=l) 

mm · • Ru= 1 · 2 (Abyn+BD,yi
1
·+Dc0 ) 

ktc: 

= (0,515x2x(l9 -10)+3,059x 1,5x 18+ 5,657x 15)= 176, 718(.kN I m2
) 

e) Xtlc djnh sue chfu tdi gim ~n theo phlldng phap Terzaghi 

Pgh = 0,5 N1yb + Nqyh + Nc~ 

= 0,5x5(19-10)2+ 7,439x18xi,5+ 17,69x 15 =511,203 (.kN /m2) 

/) Gid szi mf!C mtbc ngam.ndm o d~ sau- 0,5m, kilm tra dn djnh ella ddt nln d1Llli 
day mong theo TCVN. 

Ap h,1c ticu chu!n ~ day m6ng: 

L:Nn 4400 · 2 Pte= . +y,bxDf =----+22xl,5=121(kN/m) 
· F 25x2 



Entn12. * . 
R11 = (Aby 11 + BDtr

11 
+Dc11 ) 

krc 

=[0,515x2x (~~ -10)+3,059x(0,5x 18.+ lx9)+5,657x 15]. 

=149,187{kN I m2
) 

Ta c6: Pre < R11 -7 On dpih 

Bai 4.2: Ki~m tra dn djnh cua ditEn A nAm a lap than bun dum nen d~ang nlnr hlnh ve. 

Tinh tmin ttiang tg nhtr vi d~;~ 2.6, ta c6: 

cr'2 = 127,26+ 13,04+ 75,84 =216,14 (kN /m2
) 

cr'x = 27, 94+ 42,83+ 75,84 = 146,61 (k.N I m2
) 

'txz =0 

cat pha s6t, ~ = 0,5 
3 

y2= 18,96kN/m 

Than bun, 
3 

r2= 18,96kN/m 
. 2 

fP'=12°; c = 21kN/m 

+ Kitm tra On dinh: 

, .. 28m 

8m , .. •I 
I 

-· - ,. 
- - - - -.1 -- - -· ~ ~· - ~ - - - - _, - -· 

----~~~~-- - -· -- - - - -· - --· - - - - ·-

. i ~ 

·I 
;.; 

• 2..t. = (216,14-146,61)
2 
-0 . =0 0154 

sm 'l'max · 2 ' 
. (216,14+ 146,61 +2x2lxcotg12) 

~ sin .max = 0,124 => 4-max R$ 7° < 12° 

~ Diem A on dinh. 

Bai 4.3: 

Cho 1 tai trQng hlnh bang co be r()ng b = 4m, nlur hlnh ve. Uy tn;mg ltrqng rieng cua 

nuoc 1~ 'Yw
1
= 10 kN/m3 

•. 

A (x = 0, z = 1 ); D (x = 2, z= 1) 
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I· b=4m 

q= 100kPa 

A D + 
.. 

B 'YIIII = 20 kN/m' 

qt= 300 
C=O 
lfo=0,471 

c 
z 

Ki~m tra 6n djnh ~ 2 diem A va D. 

Glii: 

T'mh toan tu<1n.g tt.r nhu. vi dl.J 2.5, ta c6: 

a'z = 96 + 10 = 106(.kN I m2
) 

Tdngting._sultlfi:A: a'x =4~,02+4,7=49,7(kN/m2 ) 

'txz =q 

a'z =49,62+10=59,62(kN/m2
) 

Tdng ling s~tt lfi D: a'x = 34, 71+4, 71 =39,42(kN /m2) 

't'xz = 29, 96(kN I m2
) 

T~A: 

sin2 + = (l06-49• 7i +O 0 130749 
max . (106+49~ 7)2 ' · 

:::) sin +max = 0, 36 =>+max .= 21,1° < 30° => Diem A 6n djnh. 

Tfi D: 

. 2 2 
sin2 + = (5962-394~) +4x2996 = 0,4076 

max (5962 + 3942)2 

=>sin +max.= 0, 638 =>+max = 39,68° > 30° => Ditm D ma:t dn djnh . 

.LOO 



Bai 4.4: De' thi olympic C(! hflC loan quae ndm 2003 

h 

z 

C6 mQt m6ng bang rc)ng b = 5m, chon sau h = lm, t8i trQng day m6ng p = 280 kN/m2
, 

dft tren n~n d«'t c6 y = 20 kN/m3
, ~ = 20°, c = 25,5 kN/m2

• Wp nh$!1 lbi giij dan hdi 

cua Micheld: 

a) Khio sat S\{ dn di.nh cua cac di~m: 

M1 (x = 0, z = l,25m) 

M2 (x = 0,28, z = 1,25). 

b) PbAn tich de xac dinh vi tri CUa Ml, M2 so v6i vUn_g bie'n ~g deo pbat tri6n trong nen. 

c) ~-xet, phln tich·v~ tfuhhqp ly, xac thlJccua vi~ xac dinh vtmg bie'n d~ngdeo 
theo each lam tten. 

Bli 4.5: Dl thi olympic cu hf.Jc toan qutfc ndm 2003 

MQt m6ng bing chieu rc)ng b = 2m d't ~n n~n cUt ch6ng ch~t c6 cac chi tieu: 

y = 20 kN/m3
, + = 30°, c = 10 kN/m2

• M6ng cbiu tii trqng thing dU,g phan b6 d~u p 

va tell tr~mg ben q = 30 kN/m2 

Yeu cau: 

a) ~p cOng thuc xac dprn tai trqng p theo chleu siu loo nh«t Zmax cua vilng deo. 
Cho bitt phuong trlnh duO'ng ranh gi6i ph~ vi viing deo nlur saw: 
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Z=:p - q(s~2p - 2P) - q - ~cotg<p 
7r:f sm<p . 1 1 

trong d6: 213 Ia g6c nhln tu di~m xet de'n 2 mep m6ng A, B. 

b) Xac d!nh tai ·trQng p khi vilng deo c6 diem siu nhat Zmax a tren ti1}C dUng di qua 
mepm6ngA. 

c) Xac dpm de) sau 16n nh«t Zmux CI)'C d~i (max Zmux) cua vung deo c6 th~ d't dtrqc 
va gia hi tii trQng p ttrong Ung. 
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')i .' 
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b=2m. 
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Chuong5 

APLVC DATLt'NTUONGCHAN -~ 

5.1. KHAI ~M v.a Tl.JONG CHAN 

Tubng chAn. duqc xly d\fllg d6 tAng culnig On djnh cua cOng tr~ chju cac lip· .ll}'c · 
ngang. cua dft: tubng cac dng h4m, m6 c:iu, tuCing chAn dS:t, dtiOng h:im, bO ·K_e, ~an 

tulmg ... · 

M\lc dfch sit d1Jng clia tu<mg chin: 
-~ giu cho kh6i ·d4't sau lung iuCing, do c6 s\f ch6nh l~h d'Q tao· duqc can· bAng, khoi. 

bj tnrqt, t\1~ xu6ng. 
-·<;~t6ng s,t Ia cOng trlnh m~ xly dlJ.Og ben c~ cOng trlnh cii. 
- OJ6ng thimb h6 m6ng, h6 dao sAu. 

- Ot6ng s,t Ia biJ sOng ... 
·- Ch6ng thl'm n~ ti't thuQng lw xu6ng btl btu ctia cOng trlnh tluiy cOng. · 

Tubng chin g6m c4c loti nhu sau: 
·- Tue$g chin trQng 1~: Klt du chju n6n, dtmg vtt li~u chju nen t6t nhu.gtch, da hO.C, 

be tOng~ hQc, ~ tOng c6t· th6p ... 
: ..,·Ttfbng chin~ trQnglyc (thlnh .mong, bin g6c): Ktt c~ chju n6n va u6n, dung: 

v4t li~u chill nen va u6n d6ng thbi: ~ tOng c6t thep. . 
· · ,_ 1\Wng cqc bin (sheet pile wall), tubng ;vAy (diaphragm wall), tir<tng cir Iarssen: K6't 

c4'u chi~ .-u6n, dW.g vtt li~u cbiu .u6n t~t nhu 06, th6p, ~ tOng, be 20ng c6t thep. 
1\rOrlg CQC d4't trQn xi mlng, tubng CQC khoan nhdi. 

5.2. cAc LO~ AP L(.t NGANG CUA DAT 

· MQt fJhAn t6 d4't cAn bing tinh trong d4't tfl nhl6n ban khOng gian phi.i thoa man h~ 
phuang trlnh cAn bAng sau: 

Oax + Otyx +~+F. =0· 
Ox 0y Oz X ' 

Ot Ocr Ot 
---1!. + ___1_ + _2t +F. = 0 . 

Ox Oy Oz y ' 

:J. ... 
!· 

CJt: ooyz &c 
.:..::A.+--.-+--..!.+ F = 'Y 

Ox Oy Oz yz 

i -~ . ·. : . . 

I • 
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'tzy - 'tyz = 0; · 'tzx. - 'txz = 0 ; 'txy - 'tyx = 0 

De c6 IC1i giii chinh xac h~ phu<111g trlnh tren doi hoi nhitu ditu ki~n ban diu nhu 
tfnh Hen tt,1c, d«t dong nb«t, Mt co nhiSu Iq,, cac d'c tnmg rna sat, dinb nQi ~i. tinh 
ding huOilg, ... Mqt gia thic!t duc;tc si:t d\Ulg rQng rii cho lln giii rieng cua h~ phuang 
trlnh va .tea qua duqc ch«p nhtn Ia c4c lblg sutt ph4p tlng n1y61 tinh theo chi~u siu, dt 
tinh ling suft do trQng luqng ban than. Loti ap lt~c ngang. nay cua &t dugc gQi Ia ap l\fC 

ngapg b tr'"g thai tinh (earth pressure at rest), .kY hi~u Ia f.o. 
t\p li!C ngang cua ·d{t c6 khuynh hu&.g. dAy tnrQt. v.t chin va khi V3t chin tnrqt ra 

kboi hay l(n.vlo kh6i Mt, kh6i dlt-d't.trtftg ttiali can bing cleo gi~i ~ va ap 11/C ngang 
tUdng lblg cua Mt dtt CI!C tq duc;tc gqi ll ap l'IC ·ngang CUa dA't 0 tqng thai can. bing pba 
ho~i deo. p} hai l{)fi ap 1\lC ngang C\fC trj: 

- Khi dft C'/C tieu c6 ten Ia ap IJIC ngang cua dlt lJ ~~ thai can bing pha ho~ deo 

chu dQng (active earth pressure), k9 ~u ll B,. . 
- Khi dft c~ dJi c6 ten ll ap l\fc ngang lJ. lrfllg thai cAn bing pha ho,i deo bj dQng 

(passive earth pressure), ky hi~u Ia E,. 
Xet 1 tuoog chin b tr'ng thai dn tfinh, ta c6: 

- Ap l\fc tinh Eo: Khi tlimlg hoan toin khOng c6 chuyen vi, kh~i d«t sao lung tuemg b 
lffJlg thai cAn blng tinh. 

- Ap IIIC chu dQng E.: nrong cbuyen vi v~ phia tru(1(;· h04C quay quanh mQt g6c r4't IJbo 
quanh m~p trUl1c clla chan tubng (t~Qlg chuyen vi cimg chi6u vel chi& ctia 4p l\fC dft). :;. 

- Ap. l\fc bi dOng EP: Tuang ~huyen vj ngang ho~c ngi vi. phla sau (chuyen vi tu~g 
nguqc cbieu v~ 4p b;cc dl't), khdi tUt sau lurig. tutm.g bj ep lfi va bi truqt theo mQt ll)'t 
phing trong dA't va dQC theo lung tUbng. 

E 

.:. , :, 

A~~----+-------L-----~----~.A 
.•. •1, 

Hlnh 5.1. _Quan ~ c4a cliuyln viva dp 11/C ddt 

5.2.1. Ap lye Cmh E0 

Khi tuang holm toan khl>ng .c6 chuy~n vi, kh6i d~t sau lung tuang a tr'"g thai cAn 
bang tinh. , 

Ullg su!t thhg dung do trQng luqng bin thin gAy ia ~ di~m M c6 dQ siu z: 

Oi: 'Y Z 



. ung sua't theo phuong ngang do tr<;mg lUQ'ng· ban than: ... 
O"x = Ko yz 

K0 = ~ = -
1 

v Ia h~ soap ll}'c hOng. 
-v 

vOi 
·:. : 

Khi data ~g thai tinh, do tinh cha't doi xting, cac ting suat d~g \;'~ ~ga~g}uang 
d'ng vOi 2 ung sua't chfnh: 

Ap I fiC tinh Eo: 

0"1 = O"z = Y Z 

0"3 = O"x = KoY Z 

I . 2: 
Eo = Ex = - KoY H 

2 

i: 

Ka c6 th~ duqc xac djnh theo m()t so cOng thttc thl!c nghi¢m .. cua cac tac gia: 

• Theo Jaky (1944): K0 = I -simp 

• Theo Brooker (1965): Ko = 0,95 -simp 

• TheoAipan: K0 = 0,19 + 0,233logiP 

5.2.2 • .Ap 111c chu_d~ng E. 
.. . • ~ I• ! 

D!nli nghia: TAio,i ap lt~c cfa't lam cho tuetng djch chuyen·v~ phia tnrac hay lam cho 
t&Wng xoay, tlic Ia lam cho .kh6i da't ph(a sau lung tuang giin ra. 

Hinh 5.2. Tlk11}g qJUJII giaQ ap 11/C Mt chu d~ng, bj d~ng vd tumzg cluin 
khi tllbng co xu hltbng' dfch chuyln vi phi a trul1c · 

Ap h._rc ngang cua Mt tang tuy6n tfuh theo chieu sau va c6 the tinh theo cOng thttc tich 
phan, nhlrng d~ thu$n "ti¢n va tr8nh nhdm Ian, n6 thucrng dU<JC tinh theo di~n tich bieu d6 
nhu ap lt;rc ngang" a tr~ng thai tinh. 

205 

\i 

I 
!I 

li! 

i 
I 
I 
i 
I 
I 

i 
I 



5.3.3. Ap II!C bi ~~Ill, E, . 

D!nb nghia: U l~i ap l\fC d«t lam .kh6i dAt sau lung tuang bi nen l~i ho~c ngugc 
DUOng VOi cbuyfn d{)ng CUa tuang. 

Ap l\fc ngang cua. dit cling tang tuy~n tinh theo chieu sau, dugc tinh theo di~n tfch 
bieu d6 ap l\fc (mh. · · · 

Tiuva 

.. ·' 

Hinh 5.3~ Tlldng qupn gilllz dp 11/C ddi chu d~ng, bj dpng va tllhng clu1n 
-khi tilling chju 1 ngo9i life ttfc d1Jng 

,· 
,,; 

Ta.Iuon.c6: E.,> E0 >,E1 • ·'·" 

5.3.11NH: TOAN AP L~ DAT THEO PHWNG·P.HAP DUNG M!T TR.tl_jT oiA 
DJNH CUA COULOMB 

5.3.1. Tfnh tom ~P 111c 4iit tinh E0 · 

Xet mQt diem nlm a de) sAu Z, sau lung m{)t tubng chin c6 chieu cao H: 
. I 

. . -~ • I ; , z 

Hinh 5.4. Bilu do cttimg d9 ap lf/c dat tinh E0 ' 
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UOg suit thAng ddng do trQng luQDg ban than gly .ra ~ di~m M: 

Oz="fZ 
; ::I 

Uilg s~l!t thea phuqng ngan$ do trQng lu~g b8n than: 
: !• 

Ox:~ Ko:y.z 

Ctrbng dQ ap lye d«~ tinh Po: :. 

Po =K.,.y.z 

Ve bh~u dd ap l\fc dl!t tinh : Po . {
z = 0 :::) p0 == 0 

z = H =>Po =Ko·'Y·H ·i 

· ·: · -~.n ~itu .. i; 

• Ap ll}'c tinh Eo c6 dQ 16'.11 bang di¢n tich bi~u d6 ~uemg d() ap lqc d~t tlnh: 
. • • • • t,i :' 

1 2 E0 =-K0 .y.H 
2 

• Diem dJt: t;p trqng tarn cua bieu d6. cu~g d() ap 1\l'C tUt tinh .. 

• Phuang: Hqp vdi tia phap tuy6n ~ua.iung, ttrbrtg Jll()t g6c 5 bAng g6c rna sat giiia dat 
va tuCing, con gqi Ia g6c rna sait.ngoli, c6 th~ l«y theo bang tra 5.1 . 

. Bing 5.1. Bing tra gi4 trj g6c ma sait ngoai 

~ -<p+O 

< 900- cp 0 

900 - 'P + 900 - <p/2 0 

.. 900- cp/2 + 900 + cp/2 cp/4 

900 + JP/2 + 900 + .cp cp/3 

> 900 + cp cp/2 . 

11 = 90° + a ; a. : g6c nghi!ng cua lung tuemg. 

G4n dung, ta co the I«y a = 2 
<p · 

3 

N6u 5 = 0 (lung tuemg tran lang) ~ E0 nim ngang 
• 

tfcbpblo 
Ta c6 m61 quan h~: P0 < > E0 

d'o bmt 

0 

0 
' 

cp/4 

cp/2 

2<p/3 

3cp/4 

O+cp 

' 
0 

<p/2 :! 

.. cp/3 .\ . 

: I. J<p/4 
.. ~ cp 

5.3.2. Tinh toan ap h:rc dit chii d()ng va bj dqng theo ly thuyet cua ~oulo~b 
' 

Ti't narn 1773, Coulomb da d~ ra phuang phap xac dpm ap IJ.!c chu d~ng .va bj dc)ng 
len lung tuang b tr~g thai can bAng gi6:i h~ deo. 
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cac gia thiet: 

• Lang the tnrqt ABC b tr~ng thai cAn bing gim h~ deo con nguyen m(lt kh6i. 

• M~t tn.rqt cua cac kh6i dil't b tqmg thai can b~g gidi h~ Ia m¢t m~t phing. 

. • M*t truqt thu hai chfnh Ia lung tttang . 

. • Khi c6 ll!c dinh thlll:fC dinh se phan bo d~u tren ~~t tnrc;rt. 
. mHoan v! tttemg chif1 dttqc xem nhu bai toan phing. khi tinh toan dugc tach ra tirng 

· d~ d& hri de tinh.loan: 

5.3.2.1. Ap li!C 44t chu d9ng 

a) D6i voi d"t rC1i. 

Xern tttemg tuy~t d6i c;(ing, dirt sau lung tu<mg Ia dilt rm, dong nhilt. 

T~emg bj truQt the() mtt piling BC va AB, .ling the ABC b tllflg thai cAn bing giro ~· 

90~+"-

8-cp 

Rinh 5.5. Ti1zh todn ap lt!C chu d911g theo Coulomb 

• Trqng Iugn.g kh6i.dft ABC: W 

• E Ia phin ll!C cua tttang voi lang the trugt c6 phttang hqp vai tia phap tuyen m()t g6c 
bing~ . 

• RIa phan lt,rc CUa dft vdi lang the tntqt c6 phwng hqp vm tia phip tuye'n m¢t g6c bing cp 

Khi kh6i ABC Ci tr~g thai can bing gim h~ (dt~a v~o h~ thll'c lugng trong tam giac: 
a/sina = b/sinb = c/sinc ), ta c6: 

E W 

sin(9- cp) sin[180°- (\jl + 9 -cp)] 

=> E = W sin(9-<p) 
sin( 'I' +9-cp) 

vm cp- g6c ma.sat trong cua d!ti 

'I' = 90° - a - ~; 
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a -g6c rna sat ngoai cua d~t; 
a - g6~ nghi~ng cua lung tuang; 
J3.- g6c nghi4ng mai dA't; 

e - goc t~o boi phuang m~t tmqt BC va phuang ngang; 



•Khi: E~E·, ~ W=O~E=O ; ~ . 

• Khi: E~cp~sin(s-<p)~ E=O 

V~y trong ldtoing bi~n thien. E tit <p-E se c6 m(lt g6c cua a E rna E-.)Emax va Emux 

Ia ap b,rc chu dc):Og cua dS:t {E8 ). 

• D¢ Ian cila ap IJ.1c dS:t chit dc)ng: 

V m Ku Ia h¢ s6 ap ll;(c chu dc)ng: 

k cos2(<p-a) 

a 2 (. ~[l sin(<p+B)sin(cp-fi) J cos a a+ u + r-~----"-~ 
. cos(B+a)cos(P ..:..a) 

. ' 1 . ; 
• Diem d~t: each chan tuflng 1 Jchoing: y I = 3 H 

• Phuong: hqp vm ti~ phap tuy6'n mc)t g6c bing g6~ .rna sat giita dit vA tuang B. 
• Cuemg dQ ap ll!C dD:t chu dc)ng ~ chAn tuemg, vm chi~u cao tam giac Ia 

H*=H cos8 
cos a 

_ K cosa H 
Pa - a a 'Y 

p - g6c nghi!ng cua m~t dit dip sau lung tuemg; liy diu. ( +) khi m~t dD:t d!p nam 
cao han rn~t'nAm ngang di qua dinh tuemg va ll:y dl:u (-) khi ~guqc I,i. 

)I) 

- Ne"u 8 = fi = 0, a ¢ 0 (tuC1ng tran lang, dirt dip sau lung tuemg nam ngang, 
tuang nghieng) 

K = cos2
(cp-a) 

a cosa(cosa +sincp)2 

- N6u 8 = B = a = 0 ( tuang tran lang, Mt dip sau tuang nam ngang, tuang thing dl'tng) 

Ka = tg2 
( 45° - i) 

b) DCSi v6i dit dinh: 

Khi kh6i dit 6 ~g thai cttn bang g6i h~ thl E, W, R dOng quy. 
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Xet sl:f cAn bang cila lang the W, R, E ta suy ra: 

E = A_-s_in~(9_+_a~)_. c_o"'""':s (~9_+_cp-'7) 
. cos(9+JJ).sin(9+92 ) 

B 

v6i; A= yH2
• cos (a-p). 

2 cos2a ' 

92 =a+cp+B 

B = CH.coscp.cos (a -P) 
cos a 

Khi a thay ddi. se c6. mQt gii tri 9 lam cho E0 ~ Emax ta dtrQC ap IIJC chu dQng Ea. 

Truang hqp P=B =O;a. ~o 

=> E =A.~~.( a+ a ).cos( a+ a) 
· · . cosa.sin(a+r;x+cp) 

B 
cos9.sin(a+a+P) 

v6i 
H 2 

A= 'Y ; B =CH.coscp 
2cosa . 

Khi a thay d6i,. se c6 mQt gia tri 9 Jam cho E0 ~ Emax va d6 Ia E. duqc xac djnh 
!' 

nhusau: 

1 2 C2 
E8 =-K8 .yli -C.c.H+D.-

2 'Y 

voi C- coscp D= c2 
- cos2 ( 4,- _rp;a r 2K8 

COn cueing dQ ap b,rc chu dQng (dUng de \re·bi~u d6 cuang dQ ap l\[C de tim trQng tAm 
CUa ph4o bieu d6 CUCmg dQ ap ll:fC dft bi nen): 

z=O 

P8 =K8 .y.H-C.c .i=H 

.· ,; . 

. c 
khi·P. =O=>Hc =-

a Ka·'Y 

Tnd1ng hqp p = cr = a = 0 

DQ Icm cua ap l\fc da't chti d(>ng: 

E =-tg2 45°-- +--2cH.tg 45°-- +-yH
2 

( cp) zc2 
( cp) 2c

2 

8.. 2 2 'Y 2 y 
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V <li giii lli ~ s/5 4p 1\fC dlft chU cf~g: K. = tl ( 45° - ~) 

Grong ~ 8p I\rc chU d~: P8 = y.H.tl ( 45° - nc 2.c.tg( 45° - ~) 
AP Ll)t DAT rAe DUNG vAo nbNG moNo cAc TRut'JNG HOP iDAc . . . . . . 
B~TKHAc 

• Trpbng bqp d«t dip sau tarb:ng c·6 tii trQng phan b& d~u Hen tu.c .. !,. 
. - ·, . . . .. 

a}D6i v~ d~t rbi 

- Tii trQng tic dtp~g sau tarbngla t8i trQng phln b6 d~u.li~n tl}c. 

-Ap l~;~c tac di}Dg vao tllbng g6m aplv(: dtt V.capl~ do tii trQng ngoili q. 

Ly lt$1lllO'ng t\t. ta c6 aplJ1c chu dc)ng tac d\Ul8 vAo lung tarbng chin Ia: 

E8 = ~ yH2K,[I+•yH(I+~!..tgj})] 
Cubng d() ap ll}'c chu dQng Ia: 

• Choz=O 
' q.K 

::::) Pa = . a 
1 +tga.tgf3 

•010z=H => p; = Ka ( yH + -1 +-t-g~-.-tg-1!) 
II I 

Diem dft cila E
8 

each chan nrang mc)t d~ Ia: y =.!.H. Pa .. + 2~a 
3 Pa +Pa 

TnrO:ng hgp f3 =a= 0, a¢ 0 => E8 tuang tl,l' cac tnremg hW tren. 

Tnmnghqp f3=a=a=O 

Ea = ! yH
2
tg

2 
( 45° - ~) + qH.tg

2 
( 45° - i) . 

p =y.H.tg2 (45°- <p)+q.tg2 (45°- cp). 
·· · ~a 2 2 

/ 

b) D6i vm d4't dinh: 

Truang hqp a = ~=a = 0 

· !a.r 
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E.= 1~
2 .tl( 45°- i)+qH.tg2

( 45°- ~)-2Hctg( 45" -~) 

P. = yH.tg2 
( 45°- i)+q.tg2 

( 45°- i)-2ctg( 45°- ~) 
Ch . . Q .. · · :1: = 0 :=) P~ = q.tg2(45° -~)-2ctg2(45° -~) 

·: ·:_..· 

. : (I) (2) 

(d~g: bieiJ d6 pby thU~ vao dQldn CUa (1) va (2) ) 

Cli{j z =H ") P; = yH.tg2 
( 45"- i) + q.tg2 

( 45° - i)-2ctg( 45° - i) 

H 

---r~ ~ 
_1_3 a+b 

b 

Bllu d.Up ll,r: cMI 
cMcJOngp1 

Hlnh 5.6. B!lu dd cllllng d~ dp IVC ddt chu d~ng va vj tri ;lit lv,c Ea 
trong trllbng lu;1p tllbng clu1n chju tdi trong phdn bb' diu sau /ling tllhng 

Trttang hqp B = 8 = 0, a. :t: 0 

V6i C= cos<p 

cos2 ( 45° _:~;a) 

Truang hqp d«t san lung tu<mg c6 ml,lc nu6c ng4m. 

Nguy~n tic chung: 

• T"mh va ve cu<mg d¢ ap l1;te Mt Pa c6 xet de'n nng su«t hfhl hi~u. 

• Imb va Ve CUOng d(l ap 1\lC tinh CUa D1l0c p w· 

.. Tinh Ea bing t6ng cua ap h;rc d~t va ap ll:fc CUa nucrc Ew. 
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H 

b 

Bi~u d6 tp II!C cf~t ' 
chU d9ng Pa 

Hinh 5~7:. Bilu dd ctri'mg d{5 ap ltfc dlit clui drng va vi trl d{it l~rc Eu 

· trong trtrlmg ll{lp x11cii hifn m{rc ntrllc ngdm 

- Chia tuang lam 2 do,n : AB va BC c6 chi~u dai 14n Jugt Ia h 1 va h2• 

Dot:~n AB tren MNN 

• D¢ 16n cua apJI!C d~t chii d(>ng: Eal = ~ Ku·'Y•·h~ 

• Di~m d~t: each chan ruang J khoang: y1 = h2 +jh1 (trqng tam hlnh tam giac) 

• Cuang dq ap ll!c dA:t chu d(>ng t~i diem B: Pal = K11 .yl.hl 

Dot:~n BC n&m dum MNN: 

D~t c6 dung trqng day n6i y2. = Ysar -rw = Y2 -rw 

Thay c(>t dA:t til B ~A thanh tii trQng phAn b6 d~u q = y1~ 

• Cuang d¢ ap llJc d~t chii d(>ng: 

P,2 = tg2 
( 45°- "'; )h'.z+tl( 45°- ~~ }q · 

Cho: z =0 => P;2 = tg2
( 45° + ~ )q =P,1 =a 

z=H=>P;2 =tg2
( 45°-~ )r'h2 +;g2

( 45°- ~1 )q=b 
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DQ 16n cUa Bp 11!1' dift chU d()ng: E,2 = p~2 ; p;2 x h2 (di¢n tich bic!u dil c.roni d<) lip 

lt;rc dit chu dQng). 

D·Il d , h h , -!h 2P~2 +P;2 • 1~m ~t cac c An tltang y2: y2 -
3 

2 , .. 
· Pa2 +Pa2 

· Ng~ ra d~ BC nlm trong MNN n!n con chju ap ltJc thuy tinh cua nu6'c. 

Ctrbng dO ap ltJc nu& "i chAn tuang Ia: p w = y w .h2 

. ~p ~IJC ngang cua mroc tac dl}ng vao tuang Ia: E0 . = ~ Ywh~ 

Di~m .d4t cua Ew each chin tttang m~t do~m y3 = ~ ~ 

T6NGHQP 

• DQ 1&1 cua ap· h,tc da't' chu dQng: E. = Ea1 + E32 + Ew 

• Diem d't each chAn tuang 1 .khoing: y = y t·Eal + Y2 ~Ea2 + Y 3 .Ea3 
a 

Trultng hqp dft sau lltng tubng g6m nhhi~u 16p dft. 

Tlnh h~ s6 ap llfc K. cho ttrng 16p cU~p!ng bi~t. 

Tinh va ve bi~u d6 cubng d() ap llJC dlt Pa ch9 ti'rng 16p dlt ri~ng bi~t. Thay c()t dit 
phia. tten thlnh tii trQng phAn M d~u tac dyng l!n 16p d4't phia dum. 

Tfnh Ea bing tdng cac gia tri E, cua ti'rng 16p dtft. 

n 
• DQ Icm ella ap ltJc dit chu d()ng: Ea = L Eai 

l 
. n 

LYi.Eai 
• Di!m d't each chAn tuang 1 khoing: y =-=·'-----

5.3.2.1. Ap lf!C tfdt· bj4lng 

N6u dWi tac d\mg cila ll}'C ngoti, tuCm.g chuyen vj v~ phia dit va gAy ra tflng thai cAn 

blng gi6i ~ bj dQng, khi do da't sau tubng co lebA ning·bi truqt l!n m't BC va BA. 0 
~ng thai cAn bing, lang th! ABC chiu tac dyng cua cac ltJc: 

TrQng b.rqng ban thAn W cua ling th~ ABC; . 
PlUm h,rc R cua phrut dit con I~ d6i vm lang the ABC; 



Phan ll;lc E (bi dQng EP) cua lung tuemg d6i voi lang th~. . 

Ling ·the ABC lr tt~g thai ca.n bAng gim h~ va co xu huang truQ1 len ,tren, nen 
phu<mg va chi~udaa cac (tJC tac dgng co th~ bi~u dien nhtt hlnh ve. H¢ li!C tac a~:~ng len 
lang th~ can bing nen tam giac lt~c khep kfu. Ttr h~ thuc lugng trong iam ghic 1lJc··co th~ 
rut ra bic!u thuc cua E. . 

E = W sin(8+cp) 
sin(8 + cp+ lJI ') 

\II' = 90°- a + a . . 

Bieu thl.fc tren cho th«y E Ia mQt ham s6 cua 9 va trj so cua E thay d6i .khi. 9 tbay ddi, 

tll'c U'ng v6i nhilng mJt truqt kbac.nhau. Tri s6 ap ltJc da't bi d~g EP la tri so nhO nha't 

cua E va m't truqt ll'ng vai EP Ia m't trugt nguy ~iem. nh~t. 
c 

Hlnh 5.8. Tinh toan ap lf:lc bj d~ng 

De xac dinh EP c6 the durig phuang phap giai tich hay d6 giai tuang tl! nhu truang 
hQP ap 11/C d~t chu dQng, ta CO k€t qua. 

a) D6i v6i d«t rbi: 

Tru<tng hqp 8 = f3 = 0, a -:~; 0 

·,_,Kp: h¢ soap ll!C d«t bi d¢ng 

E =.!_ K yH2 
p 2 p 

K = cos
2
{cp+a) 

P 2 ( ) [l ,.-s-in-{cp-)-si-n{_cp_) ]
2 

cos a cos a - ,_~ _ ____.:._ 
cos(a) cos(a) 

cos2 (cp+a) 
KP = ·. 2 

cos2 a cos( a.) [cos(a)-sm(cp)J 
cos(a) , 
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• Trtt<mg hgp o = J~. = a = 0 
. -

. ' 

KP = tan
2
(45° + ~) 

Goc giila m~U tnr~n va phtt(mg hie dl}ng dmtrQng ltt~~1g W dm khoi dctllnt~n 

0 = (45" + <pn.) 

b) Doi v6i dt:t dinh: , . 

• TntQilg hqp o = ~ = 0, a ¢ 0 
. 2 l 2 .. c 

BP ='2 KP yH +CcH + o2 

C= COS<p : D= ~. 
( ) 

2K ' 
co:/ 45°- a;<p P 

K = cos
2
(<p+a) 

P cos(a)(cosa -sin q>)2 

• Truang hgp o = p = a = 0 

Pp = tg2 (45° + <p) yz+ 2c tg(45°+ <p) 
2 2 

Hay Pp = KP yz+ 2c JK; 
1 <p q> 2c2 

En.=.,... tg2(45° +-) 'VH2 + 2cHtg(45° +-) +-
r· 2 2 I , 2 'Y 

l 2c2 

E =- K yH2 +2cH fi{ +-p 2 p .. ,r"'p 'Y 

K = tg2 (45° + q>) 
p 2 

~ tlnh ap llJC bj d()ng Ep ta dung cac c6ng thuc cua ap ll;l'C chu d()ng nhttng phai d6i 

dS:u cua a va<p. 

Vi d1,1: E, = ~ yH
2ti( 45"- ~) =;>.Ep = ~ yH

2tg2 
( 45° + ~) 

LttU y: Gia tr! ap lgc dat bj dc)ng EP thuang 16n han dft nhifu so v6i ap l1Jc dat chu 

dOng Ea bbi vi gia thiet v~ m~t tntqt .khong phil hgp vo~ tpl!c te va ap ll!c da't bj dOng rat 

kh6 d~t d!n t~g thai dinh. Do d6, ap ll!C bj d()ng Ep hay h~ s6 ap (lJC dat bj d(>ng Ka 
phai chia cho h~ s6 an toim k = 2 +3. · 
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, . , . " ,., ., ,. , ~ ., ., 
5.4. TINH TOAN AP Lut DAT CHU DONG THEO PHUONG PHAP DO GIAl CU A 

• • • • I • •, ~ ' • • ; : o .. •: 

CULMANN 
:;;; 

Culmann da ki€n ngbj phuang phap c~:~ the, trong d6 cac tam giac llJc .dugc ve ngay 

tren hlnh v~ ciia tuemg va kb6i dill. Ap llJC cua di't len tuemg xa~ dj.rih theo' cac bucrc: 

- Tit B a mep sau chan tuemg, ke duemg thing BS .lam vcri du<mg nain ngang m¢t g6c 
<p. Qua Bke duang BK hqp vcn BS m()t g6c \fJ (\jl = tJ0°- Ct-· iS). . ' :. 

- Ke.m()t·m~t trugt BC1 Mt ky, tfnh trQng luqng W1 cua lang the trugt A0C~,iroi theo 

mc)t ty 1~ nhft djnh, l~y ra tren do,n BS mc)t d~n Bn1, bieu ditn trQng luqng· \'l/11. =' 

-Qua diem n 1 ~ ke duemg thing song song vcri BK va cit BC1 "i m 1• 

-Tam giac m1n1B chfnh Ia tam giac llJC cua cic l1Jc me d\(ng ten iang the ABC1, trong 

do m1n1 bi!u tbi tri s6 ap lgc dft chu dl)ng E1 tac d1p1g len tuang U'ng vcri m~t trugt BC1 • 
.. ; :j: . . 

- Tie"p theo ke mQt s6 m~t tnrc;n &;. BC3,· •.• .khac va l~p l,i cac bu&: tr~n ta tlm dugc 

cac do'" m2n2, ffiJflJ• •... 

- N6i cac diem m1, m2, m3 •••• ta dugc ml)t du~g cong ta,gQi Ia duang Culmann. 

-Ke dubng song song v6i BS va tie"p xt1c v6i dubng cong "i m. 
- Qua m ke dubng song song v6i BK cit duemg BS t~i n, ta c6 do~n mn bieu thj .tri s6 

cua ip ll;tC 16'11 nhft, t6'c ap ll;l'c chu dl)ng Ea, con do~n BmC bieu thi phtWng cua ~~t 
truQt thqc te". · 

Phu<1Dg phcip nay chi cho pbep tim dUQ'C tri s6 cua t6ng ap llJC da't va vj tri m~t trllgt 
nguy hiem nba't, chua XaC djnh dltqc bieu dO ph4n bo ap llJC d{t ding nhll diem d~t CUa 
lOng ap ll;lc dft tac d\(ng len tllimg. . 

Sau khi tim dugc vi td m~t truc;n nbu. tren, ke mQt duang song song vOi m~t tiugt d6 

va di qua trqng tAm cua ling the trugt. Dtremg nay g*p lllllg tuang t~i di~m 0 I va d6 Ia 
diem d~t CUa ap 1\l'C da't tac d\IJlg len tU:~g. 

c 

H 

Hinh 5.9. Phuong pluip do gidi cUti Culmann 
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5.5. TiNH TOA.N AP L~ DAT THEO Lt THUYET CAN BANG GlCJI H~N 

Gii thi~t: 
: . .. 

. ~ Giita <Ut va tu®g khOng co rna sat (<5 = 0) . 

. ·. : ·' . ·-

- Sl!hi¢n di~n cua .tuC1ng khOng ang htrbng den sue ch6ng cit cua dat. 

-· (l~i d~ sl~ z blt. ki. ap h,rc phan b6 song song vdi mtt dt:t. 

~>~:~~-(rm .. 
- Ap l11c cb~ dOng: 

· · R cos{}- Jcos2 P-cos2 cp 
p8 =yz~os,., · 

cos P + ~cos2 f3- cos2 cp 

p : g6c nghieng cua cUt sau lung tumtg. 

-Ap 1\lC hi dQng: 

_ n cosf}+~oos2 p~'cos2 cp 
Pp- yzcosp .J ..... · ..... . 

· cos'(}- oos2 p-.;. cos2 cp 

•TrllC1ng hqpd(t sau lung.tubng nirn ngang <P= 0) 
. . I - . ' 

l" • 

-Ap 111c chu dQng: 

. Pa =yztan
2

( 45°- ~) 

K8 = tg2
( 45•- ~) : h~ s6 lip l'!C ch6 dQDI! 

: .. : . 

E.=~ yH
2ti( 45•- iJ 

Vj tri ap ll!C chu d¢ng E8 tQ.i H/3 k~ tU day tWn.g. 

-Ap Ivc bj d¢ng: 
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Vi tri ap ll!c b~ dc)ng Ert~i H/3 k6 tu day tttang 

b) D6i voi dat dfnh 

• Trubng hqp a = ~ ::::: (X = 0 

-Ap llfc chu d¢ng;< · · ' 
-···Hr· · 

-Ap I IJC b! d¢ng: 

, .. 

Pp =yztg2
( 45"+ ;)+ 2ctg( 45"+ n 

5.5.1. Ph ~tong .phap· so cua Sokolovski 

IJ..ang. 5~. B4ng ht sfi K* a theo Sokolovski 

<p" ~ 0 -30 -20 -10 0 10 20 

0 0,49 0,58 0,65 0,70 0,72 0,73 

10 5 0,45 0,54 0.6l 0,66 0,69 0,70 

10 0,43 0,51 0,58 0,64 0,67 0,69 

0 0,27 0,35 0,42 0,49 0,54 0,51 

20 10 0,23 0,31 0,38 0,44 0,50 0,53 

20 0,22 0,28 0,35 0,41 0,47 0,51" 

. ' 

0 0,13 0,20 0,27 0.33 0,40· 0,46:.: 

30 15 0,11 

30 0,10 

' 0 0,06 

40. 20 0,05 

40 0,04 

a) D6i voi dat rcri 

0,17 ,023 

0,15 0,21 

0,11 0;16 

0,09 0,13 

0,07;· 0~12 

1 • 2 
Ea =-K8 yH ; 

2 

0,29 0,36 0,42 

0,27 0,'33 0,39. 

0;22 0,29 0,3S:· 

0,19 0,25 ,032 

' 0,17 :. 0,23 0,29 

: ·: 

' 

30 40 

0,72 0,67 

0,69 0~64 

0,68 0,63 

0,60 . 0.59 

0,56 0,55 

0,53 0,54 

0,50 0,52 .. 
0,46 0,48 

0,43 0,46 

0,42 . 0,46 

0,38 0,42 

0,36 : 0,41 

K* a, K* p: h~ s6 ~p h!C chu d(>ng va hi dc)ng theo li thuye't can bang gi(ri h~n,tra bang. 
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b) D6i vcri dft dinh 

Tai trQng tac dyng phAn b6 deu khap q, IS = p = a = 0 

Pa"' (yZ+q) tg2
( 45°- ~)-2ctg( 45°- ;) 

Bing 5.3. Bing h~ s6 K* P theo Sokolovski 

. 0 
cp. ' ~ -30 -20 -10 0 10 20 30 40 50 60 

0 1,53 1,53 1.49 1,42 1,34 1,18 1,04 0,89. 0,71 0,53 

•10 .· 5 1,71 1~69 1,64 1,55 1,43 1.26 1,10 0,93 0,74 0,55 
;:.::·: 

10 1,88 1,79 1,74 i:63 1,50 1,33. 1,15 0,96 0,76 0,55 
... 

0 2,76 2,53 2,3~). 2,04 1,77 1.5. .1,26 1,01 0,77 0,56 .. 
··.:· 

20 10 3,26 3,11 2,89 2,51 2,16 1,80 1,46 1,16 0,87 0,61 

20 4,24 3,79 3,32 2,86 2,42 2,00 1,63 1,25 0,92 0,63 

0 5,28 4,42 3,65 3,00 2,39 1,90 1,49 1,15 0,85' 0,60 

30 15 8,76 7,13 5,63 4.46 3,50 2,70 2,01 1,45 1,03 0,69 

30 11,72 9,31 7,30 5,67 4,35 3,29 2,42 1,73 1,23 0,75 

0 11,27 8,34. 6,16 4,60 3,37 2,50 1,86 1,35 0,95 0.64 

40 20 26,70 18,32 13,02 9,11 6,36 4,41 2,98 1,99 1,33 0,81 

40 43,23 29,40 20,35 13,96 9,43 6,30 4,16 2,67 l,65 0,96 

5.6. TfNH TOAN 6N DJNH CHO Ttt1~G CHAN 

D6i v6i nhOng tuang chin dft c6 nan kbOng phii Ia da thi cdn tlnh toan 6n djnh lltang 
chifl'theo cac sad6 sau: . 

• ~ ~~ ~\IC hQ (ep ~i) cua d~t dUm ban m6ng tubng chAn . 
• TIUQt phing. 

• Truqt bOn hqp. 
• Truqt sau. 
D6i vai nhfing tu<rn.g ch!n d~t co ntn la da thi cAn tlnh toan 6n d!nh tuemg chan theo 

sa d6 trugt phing. , :' .. 
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5.6.1. Kifm tra cSn djnh truqt phAng ciia tuimg chan 

- LEp-s . k,p ·- ~ . ·~ 1,0-.-1,4 
.L.J~a 

·!' ;· 

LEp..s -·tong 1¢: ngang tic d~ng theo phuong ~i d~ng (khOng cho ttrang truqt), bao 
g6m l\fC rna sat giila day Wang va.i dat va ap ll!C dat bj dc)ng. 

L11c. ma sat giUa day tu<rng vm dat.: 

E8 =[a.tgcp+c]b 

V 6i a Ia tOng 1\l'c dtlng tic dyng .xu6ng b~ day cua tu<rng, trlr di ph~ .fiP h,tc nuoc 
~~~~ . ' 

·E8 = [(l:p"-U) tg<p + c] b 

pu ;, Nu I F : 

u - ap ll/C 44y n6i cua nuac tac d~;~ng'Jen m6ng tuemg ch~n ling vai chi~u rc)ng m~t . 
truc;rt tlnh toan (b); 

b- chi~u~ng m6ngtuangchin (chi~ur()ng m't tnrgt tinh toan); 

!Ea- tdng IIJC ngang tac d~ng thea phuong clui dc)ng (lam cho tu<mg truqt), chfnh 
ap I\}'C dlt chu (t()ng. . .. 

5.6.2. Kllm tra dn cttnh truqt sAo o•o 

k., = tMP'!.1a' <!:1,0+1,4 
Mc:honglat 

Uy mOment ~ vi tri chAn truac (0) cua m6ng tubng chin. 

Chu y d&i atp IIJC ddy ndi cua ·nu6'c dum bin m6ng ttrbng chin {tnrbng hqp c6 IDJ!C 

nuacngdm) · 

BAIT~ CHUlNG 5 

B&i 5.1: 

M()t tultng chin dtt bing BTCf cao 8m, 
Mt sau lung. tubng gdm 2 1~' dlt c6 ·tit 

I 

d'c tnmg nhu hlnh ve. Tai trQng sau lung 
tuCtn.g phln b6 kin d~u khip c6 d() 16n 

q = 100 kN/m2
• 

3 
y= 19 kN/m 
cp = 28" 

8 

l~1: 
3 

.. · y= 18 kN/m 
tp=250 2:: ;· 
c=12kN/m 

LOp 2: . ' 
3 

;= 19kN/m 
(j)=28° 
c=O 

4m 

4m 

. • I ·~ •. 

Tuemg thing dfrng, tron lang, dD:t sau 
lung tuang Db ngang. M\fc nuoc: ·ng~ 3m 

nAmdtsAu. c=O C 
~- ~----------~-
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Tuang thing dling, trtm.laog, dlt sau lung ttt~g nim rigang => a = ~ = 8 ~ 0 

a) X4c djnb ctQ 16n (kN/m) va cti~m ~t (m) (each chan tttemg C) cua t6ng ap lt;tc Mt 
chu d~ng (tren lm tubng). tae d~:~ng dOfll tui1itg AB. 

l4P1: ·. ,. 

t . ·; • . t ~ , • • • !· ; r. 
1 

. H~ s6 ap ll]e dlt chu ct()ng: K8 = tg2(45°- ~) = tg2(45~";.¥} =7= 0,406 

.Cu<fngdQaplvcdltehudQng: Pa =yzK8 +qKa -2c..JK:. 
· z ~ 0 ~ Pa · ~ ~ K1 - 2c .JK: = lOOx 0, 406-2 x 12.J0~40(i= 25,31(kN I m2) 

. · 

z=4 ~ Pa = K1 ')'Z+qK8 -2c.JK:~0.406x18x4+25,31=54,54(.kN /m2
) 

E {DQ lcm: Di~n tich b~~u d6 P. 
8 

. Di&n cf3t: TrQng ~ bi~ud6 P8 

~ 

i 

E
8 
= 25•31 +S4,S4 x4 = 159,:7(.kN /m) 

2 ·; . 
_:. 4 2 X 25,31 +54, 54 4 _ S 76( ) z1 --X ·. + - , ffi 

3 25,31 +54, 54 .. . 

·: 

H2a+b 
Hlnh thang: z = 3 T+D 

Eat 

~~· 
u·. 

b) X4c djnh de) I&i .(kN/m) va di~m dtt (m) (each ebb tuem.i c) cua tdng ap lqc Mt 
chu dOng (tren lm tubng) t4c dl}llg dOfll tOOng BC. 

Lllp_2: 

H~ s6 ap b,rc dl't chu dc)ng: K8 = tg2 (45°- +) = tg2 ( 45°-
28

) = 0,361 . . . 2 2 

Qui lOp dAt·l-~ tii trQilg pban b6 ~:d1;1ng ~~~.ldP.:~i 2, c6 gia tQ b~g .. trQng 
brqng bin than 16p dlt 1: · · · · ·· · - · 

q1 = yh = 18x 4 = 72(kN I m3
) 
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Tdng tAi trQng phAn b6 t8c di}Jlg l!n ldp da:t siS 2: 
. ' 

•. • I • 

q=100+72=l72(kN /m2
) 

.. ·. 

Cu<mg d¢ ap lt}'C d«t chu dQng: Pa = y zKa + q Ka - 2c .Jif: 
. z=4(z'=O) -+p8 =qK8 =172x0,36~ ::;:62,092(kN/m2

) 

z=8(z'=4) -+p8 =K8 yz+qK1 =0,36lxl9x4+62,092=89,528(kN/m2
) 

E• = 
62

• 
092 + 89

, 
5~8 x 4 ~ 303, 24(kN I m)~b2 - 4ac ' 

2 

z = 4 x 2x62,092+89,528 ·= 1 SS(m) 
2 3 62,092+89,528 , 

; . ~ 

c) Xac dinh d~ 1&1 (kN/m) va di~m d.t (m) (each chan ttf(tng C) cua tdng ap l\fC dlt 
chu dQng (tren lm tu<mg) tic d1p1g len toAn than ntbng. 

25,31 

\ 

E.t 

5454 182.092 
\ 

··: 

' . 
.. :;, 

89.528 \ 
~·~- ,· . . 

':·. 
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E11 = E81 + E112 = 159,7 + 303~24 = 462, 94(kN i m) 

z = E81 xz1 +E82 xz2 = 159, 7x5, 76+303,24x ~,88 =3,22(m) 

·· Eal +Ea2 462,94. 

· · .. d) Tmh tdng aPlllc ngang (kN/m) tic d\Jng len toan thAn tubng (tren I m uremg), (bao 
· · gdm ap ll!C chu dQng ~a bi dOng) 

·. ··~sd8plJ1Fd~·bj~g: KP =tg2(45"+ ~)=tg2(45"+ ~)=2, 77 

Culmg cf~ 4p IIJC Mt bj'·dQng: Pp = y zKP + q KP -2 c JK; 

z=_O-+pp =0(kN/m2
) 

z=3-+.Pp =Kp yz=277x19x3~157,89(kN/m2 ) 

. {DQ'I~: Di~ tlch bi~u dd PP • . H 
E, ·r,i~m dtt: TrQng tAm bi~u d6 PP Tam guic: z= 3 

EP =157
•
89 

x3=236,835(kN/m2
) 

2 

3 z =-=l(m) 
3 

TOng ap l'IC ngang tic dl}ng len than tub.Dg: 

E = Ea- EP = 4~2,94- 236,835 = 226,105 {kN/m) 

2 
p= 100kNJm 

25,31 

=~ 
e) Trubng hqp myc nu6c ngdm nim ngay ~i lap 2 (each m~t d4't 4m), xac dj.nh d() Ian 

(kN/m) va diem ~t (m) (each chAn tuang C) cua -tOng ap 1\lC d{t chu d¢ng (teen lm 

tuang) tac dt.trig Ian toan thin tuang. 
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M11c nuoc ng4m ~ ldp 2 ~ ap lf!C dS:t chu d¢ng me d~;~ng len tuemg do~n lAB I~ 
kh0ngd6i. 

• DuQi mgc mt&: ngdm ~ tinh v6i Yd4u n6i 

LtJp 2: 

~ 
25,31 
r--1 

\ 
5454 ' 62' 092 

l 
54.54 l 62.092 

\. 
\. 

" = " \. 
75.088 " 

Tdng tai trQng pblri b6 tic d\Ulg len 16p da't s6 2: 

q =100+72 =172(kN /m2) 

Cubng d¢ ap lf!C dlt chu d¢ng: Pa = y zK
1 

+ q K
8 
-2 c .Jif: 

z=4(z'=O) ~Pa =qK1 =172x0,361=62,o92{kN/m2) 

115088 " 

z=8(z'=4) ~Pa =Ka ')'Z+qK8 =0,361x(19-l.O)x4+62,0~2=75,088(~/m2) 

Ea2 = 62,092+11S,088x4=354,36(kN im) 
2 . j •: • ;. 

= ·4 x 2x62,092+ 115,088 = 1 BO(m) 
Zz 3 62, 092 + 115,088 ' . 

. /·;. 

Ea =E81 +E82 = 159, 7+354,36=514,06(kN /m) 

z = E11 xz1 + E12 x Zz = 159, 7x5, 76+354,~6><.1,8 = 3,0J(m) 
Ea1+Ea2 .. 514,06 . . . 

' • ' ; I ' o ,I 

-· f) Gilt sir q = 0, xa~ djnh dQ sAu khi dao ~t.khOng phii ~h~ . . 

Dao khOng phai chin nen khoang each tic m't dft de'n d¢ sA~:~ b~g 2Hc: 

1v '·2c 2><12 · · 
Pa =yde8 -2cvAa =O<::>z= · =He= · =2,09(m) . . yJK: 18x .Jo,406 . · ; 

·--+ 2Hc = 4,18 (m). 

' .... · .. . 
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Bai·S.~ MQt bm.g .• g chin tran lang~ $dng ddng, cao 6m, m'-t dl't dip nim n~ang, 
cbiu tii phan b6 d~u p = So tpa· kin kh4p ~ri m•t c.Ut sau ltmg tuemg. 

l>lt-dlp gdm hai 16p: 16p tren l.a cat day 3m; 16p d~_ Ia 4 set day 3m, cac d'-c tnmg 
ghi. trorig hlnh. . 

·. A 

Cit; Y1 = 18kN/nt 

q», =30"; c.= 0 

3 
A s6t; y2 = 20kN/m 

fP2 =1ao: cr 13kPa 

p=50 kPa 

a) Tlnh ap l\fC chu doUg t4c dQng ten lung tulmg f4i dinh nrbng; day 16p cat; mtt tren 
IdJl a s6t va ctay16p a s6t. 

_b).,Tfnh· tdq:,.~plv.c dl'tchu_dQng tac dOng l6n tubng va mQment tic dOng do.ap l\fc 
chu·:.~~~ 4$.y~ di&~ ·A b.ciJin tubng.· · . · · · 

~ ... :·j;:li Dl thi olympic ell h{Jc todn qudc _ ...... -o ...... oo--.. __ _ 
nibri 2003 -2,00 

:a.o mit c6t mOt h6 ft'l~ft slu d8i ... _ . . • ... _ng&ng • "IL'UU6 , t uu'l'-
A 

dlO trong n&t dl1 cat c6 ttQng Ila}h8 cbt vi~ trch 
H 

d4"t lien l1l1}C lilt& ngdm I& 'Y = 17 KN/m3 
,_ khi bio 

haa 'Yat =19 KN/m3
. 

·10,00 

.. 
H6 m6ng 4u(1C bio bing tltbng cir each nu& · 

h~ toan. Nu& trong h6 m6ng IUOn 6~.diph a .. 
mltc day ha' do lien h}c bam hUt . 

8 D 

c __.__ 

a) Xac dinti clii~u sau H (so v6i 111ft dlt) cna tit<tng cir de dim bio cho day h6 dAo 
duqc dn dinh (khOng bj diy bUng) v6i ~ s6 an toan FS = 1,5. 

b) V6i chi~u sAu ttrbng nhd.yty (di xac cfinb theo cAu a), xac dinh dng sult biiu hi~u 
theo phuong difiig tiOni·iU't qiC4c·di~mB·w-D. · 

Bll_ S.-4: Dlt~i olympic ca /I{J~_totln qudc n4m 2004 

MOt tuang chin d4"t cao 9m, lung tubng nghi6ng vm phuang nim ngang 80°. W:t dip 

sau tuang nghieng J3 = 20°, Ji d4"t cat c6 g6c rna sait trong cp = 24° va t~yng luqng ri!ng 

y == 20 kN/m3
• G6c rna sat gitla da"t dip va lung tubng S = 20°. 
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a) X:ac cSjnb;;gia .til tdng ap l\fC cUt len tubng chin .tng vOi m.t tnrqt ~ia d!fih BC hQp 
v~ phttong ntin ~png Lg6c 60° : 

·b)'Ibep_!y.thU¥!tcua Coulomb thl nola ap ll!c·d~t lo~ gl? C6 phii la;·ap ll}'c d~t chu 
dQng khOng? . . 

c 

B 
:1 : ;. • 

BAI 5.5: Dl thi olympic ca h9c totln qutfc ndm 2005 

Khi w:~~ iufm6ng, d~ hf m\fC nu& ns41n· xu6ng ngang mltc d.ay m6~g. ngum ta 

dUng bi~n ph4p c:QC ci'r vl bam hut nOOc . Hoi chi~u slu elk h chon vao I~ dlt 2 t6i thieu 
li tiao'Dtiieu-'dl khOns xiy ra bi~n tttqng chiy ckt ( x6i ngdm ) i1 day h6 m6ng,..vm. h~ sd 
antoanFS=2~ . . , .. 

N~n g6m hai ldp : 

LtJp2: s6t 
h 

+Lap 1 :set pha day ht= 5m, h~ s6 thim kl = 1,5x10-~cm/s. 

+ UJp 2 : set day vo cung 'h~ s6 tha'm k2= 4x10-6cm/s, trQng luqng rieng y = 19,8-
KN/m3• ~~ 
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::, 
"i)f;,:, 

Gia thie't khi. bdm hut, ml/C nu4i' ngdm ngoai h6 m6ng khong doi a muc - 1 ,5m . 

Bai 5.6~ Dlthi olympic cu h9/totln qu6c n~ 2006 . 

· .. Tubng chin· da{t trQng ll!c bing betong cot thep c6. Ybt = 25 kN/m3
• Day mqng d~t tren 

n~n d(t set pha c6 y = 18 KN/m3
, cp :::= 22° va c = 5 kN/m2

• Dft dip Ia c6 cat c6 y = 20 

K~l/m3 va. cp = 30°. BO q~a rna sat ltmg tuemg va dft ~ = cp = 22°. 

,,, J,.t ... tcUtcUp 

H 

1m 1m. 1m 

.L MJt c!4t n~nf (1m 

... b=3m .. 

a) Xac djith chi~u cao H 16'11 nh!t de tubng kbOng bj tnrqt phing theo m~t day tie'p 
giap v6i mtt n~n. 
b)~ lmn ling h~ s6 an to8n dn d!nh tntqt phing FS ngubi ta rna rQng day m6ng 

tu(Jng v~ ph{a -~- dAp ... Hiy xac djnh cbi~u .-Qng day tuang t6i thi~u d~ c6 FS = 1.5 vm 
chi~u cao tubng fi duqc xac dinh theo c4u a . 
. ·. · .~ BW 5~7: Dl thi olympic cu hl)c totln qudc n4m 2010 
• : • ' • . i • . ~ 

.. ~(tt tulJJ;lg chAn c6 c.A'u b}o nhu hlnh ve. D!t tru& va sau tubngla da:t ·set c6 y = 18,2 

. . 3 ··.·. . 
KN/m, 'Ysat = 20 KN/m3

, cp = 26°. MI!C nu& sau tu<mg nim thl"p h<1n Dlft d«t 2m, ml!c 
nu& tnt& tltltng b ngang m't ~t. Ve bi~u d6 ap l\fC d!t bj d{)ng va chu d¢ng va ap ll!C 
nulic tcic di}Jlg len tubng: 

a) KhOng xet d6n dong tha"m. 
b) C6 xet de'n dong tMm. 

{ 
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