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Tim tat: Sdc khing bin Ii mil tham si quan 
trpng trong thiit ki mong CQC cing trinh du, 
d$c bi$t Ii nhung cing trinh di qua khu vuc 
dit yiu. Mil trong nhOng bi$n phip di lim gia 
ting si ic khing bin cua CQC ii di thiin vOng 
dit yiu xung quanh mdng CQC. Bii bao nghlin 
CUU inh hudng cua vi$c gia d vung dit yiu 
xung quanh dii vi dlnh CQC (f^n su gia ting 
sOc khing bin cue mong CQC. Bii bao phin 
tich Wang Ho mdng CQC vi dat bing phuang 
phip phan tCrhOv ban (PTHH), tudixiydung 
mii tuang quan giua kich thu6c va hinh dang 
da vCing gia d viH sugia ting sue khing bin 
da ming tru ciu ip dung cho doan du can 
ciia tuyin dutmg sit do thi so 1 thinh phi Hi 
Chi Minh. 

Tit khda: SOc khing bin, dl tao dit, tnj du, 
dii CQC. 

Abstract: Lateral resistance is an important 
parameterin the design of bridge pile 
foundations, especially constwctions in 
the soft soil area. One of the methods to 
increasing the lateral resistance of pile is 
Improvement of soft soil surrounding the pile. 
This paper studies theeffect of winforcing salt 
soil surrounding the pile cap.the top-pile and 
theincrease of the pile lateral res&fanoe. The 
article analyzes soil-pile Interacthn by Unite 
element method (FEM), from which to build 
the relaVonshIp between the size and shape 
of the reinforced area with the increase of the 
bridge pier foundations lateralresistance for 
passage of the viaduct bridge Ho Chi Minh city 
urtian railway (line 1). 

Keywords: Lateral resistance, soil 
improvement. Pier, Pile cap. 

LGIO I THIEU 

Mot trong nhung yeu c iu khr thrlt k l mdng la phai 
dam bao ehuyen vr ngang crJa mong n im trong pham 
vr cho phep. nhat la nh&ng eong trinh nlrr, trong khu 
vuc dat yeu- " 

Chuyin yi ngang cOa mdng cd the la mdt thdng 
so dar dien eho khang ben eua n in mong, Khi sue 
khang ben eua nen mdng khdng drj, mdt each qiai 
quyet thucng dung la gie tang sd luong eoe hoac 
ang duong kinh coe va Id' dd lam tang g,a thanh va 

keo dai thoi gian xay dung. 

Mot va, nghien edu truoc day eho th iy viec eai thren 

NGHIEN CUfU NANG CAO SUTC 
KHANG BEN CHO MONG TRU CAU 

TS. LE BA KHANH 
Giang vren Khoa Ky Thugt Xay Dgng 

Tru'dng Oar Hoc Bach Khoa 
Dar Hgc Quoc Gra TP. HCM 
KS. NGUYEN THANH SON 

Hgc vlen cao hgc Khoa Ky Thuat Xay Dyng 
Trudng Dar Hoc Bach Khoa 
Dgi Hgc Quoc Gia TR HCM 

cudng dg dat y i u cd the lam gia tang dang k l sric 
khang ben cua cgc. Nhu'ng phriong phap cai thign 
cudng do dat thdng thudng bao g i m viec dao bo va 
thay t h i b ing vat lieu khac, dam nen hign trudng, 
bom phut vO-a hay trdn hdn hop dat roi vdi vua xi 
mang. VIgc gia co dat theo mdt pham vi drigc grdi 
han xung quanh cgc va dudi dai cgc cd f h l la mgt 
phuong phap mang lai hreu qua v i mat chi phi cOng 
nhif dap ring dugc cac yeu cau v i thi i t k i nen 
mdng I I ] . 

Nor dung bar bao nay tap trung nghien criu ve anh 
hudng cua kich thudc va hinh dang khoi d i t gia co 
(sorlcrete) d in sric khang ben cho mdng trg c iu cgn, 
2. TONG QUAN MOT S6 NGHIEN CU'U Vfi NANG 
CAO s u e KHANG BEN CHO MONG TRy CAU 
Brown et al. (1988) da dua ra Bi lu dd dudng cong 
tar trong - chuyin vi cua mgt nhdm 9 coc (Hinh 1) kill 
so sanh kha nang chiu tai ngang crja nhdm ege trudc 
va sau khi Sen hanh car tag d i t xung quanh cgc I2J. 
Theo ket qua tinh toan, trong pham vr chuyin vi bi 
hon 20mm thi sric khang ben crJa eoc trong dat set 
va cat la tuong duong nhau, d l i vol pham vr chuyin 
Vj Idn hon thi sue khang ben ciJa nhdm coc trong cat 
cao hon trong d i t set 28% 
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Hinh 1. Duang cong la, trong - chuyin vi ciia nhdm 
9 CQC trong set eung va cat ch$t [2] 
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Nam 2010. Rollins et al. du'a ra b i lu do duwng cong 
i k'St • '*"^^" '^. da nhom 15 coc (Hinh 2) khi so 

sanh kha nang ehju tai ngang cDa nhom coc tnroc 
va sau khi Sen hanh cai tgo dat xung quanh [3] 
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Hinh 2. Buang cong tai trpng - chuyin vi cua nhom 
IS CQC trong set chat vi cat chat theo nghlen ciru 

da Rollins, Snyder (2010) 
Matthew E. Adsero (2008) da dua ra mgt s i k i t luan 
khr nghien ci iu anh huong b i in phap jef-groufing d l i 
vdi SU' gia fang cuong dg theo phuong ngang cua 
dat xung quanh mdng cgc ddng [4J: 

- MOt khi i soilcrele gia c i xung quanh nhdm 9 coc va 
b in duoi dai coc lam tang sric khang ben tdi 250% 
so vdi sue khang ben ban dau. 

- SiJc khSng ben tang 1 % d l i vdi 0,2 m' dat dugc gia 
ca trong phgm vl xung quanh dai cgc va 0,29 m' d i t 
duoo gra c i trong phgm vi dudi day dai cgc. VI viv 
gra c l bing jet-grouting trong pham vi xung quanti 
dai cgc se cd tae dgng Idn hon trong phgm vi dudi 
uai cgc. 

- Phuong an gia eg bang kji thugt jet-greufing thay 
IhS cho phuo'ng an b l sung s6 luong cgc va md 

kTh .i l,^!"? ** ' ^ '̂ '' '''*" =>"* '^° ^°" vl mat 
kinh t i , dgc bigf la trong nhO'ng du an cd quy mo Idn 

tohan A.Lemme (2010) dua ra mi f s i k i t luan khi 

^A, -1 ^ i f i ' *"* ' * ' " ' * "3 ™^ ^'"°' ^*P aam nen va cot 
06t li$u t h i dam chgt d l i vdi sg. gia tang sric khang 
ngang mdng cgc [5J: 
-eao bd Idp set m im tol d | sau 76 cm (2,35 l ln duwng 

n h l T ' '"^'^ ' " * "•* " ^ "9 ' ^ ' * « ' ° """S quanh 
nnom 9 cgc dem Igl sg. gia tang tuong d l i nhd doi vdi 
khang ngang. Dgt khoang 11% khi cat chat thay th i 
nam trong phgm vl map ciJa dai cgc va 16% khi cat 

- onSIUu'g'c ma ifing them 152cm t i i mep dai cgc 

I m h • f " ' , ? ' . ? " • * ""^ *"•*•= 152cm iam giam thieu luc thg ddng ti> 240kN xuong 133kN 

; -Khi thi l f dgt m|tnhdm g i m 13 c g t d t ligu sol d i m 
chat xung quanh m « dai cgc cd sen cQng mang Igi 
sv gia tang sue khang ngang tuong d i l nhd Sric 
khang ngang chi gia tang 10% so vdi d i t s4t nguyin 
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trang or mdt khoang chuyin vj 3.8cm. V l co ban su. 
gia tang nay den tir sg. gia tang khang thg d ing , mOt 
phan nho toi ti> tu'ong tao cgc - d i t . 
- Sg. gia tang khang ngang bang thay f h l bSng khoi 
dap dam nen hogc cot e l f lieu fhd eung lam gia fang 
dg eung chong uon cua dai coc va giam chuyin vi 
xoay Dg eung chong u l n tang lam giam m l men 
uon phat tnen trong cgc. Anh hudng nay ro hon 
doi vol momen am Ion nh i t d b l mat dai coc hon 
momen duang Ian nh i t d cac dg sau'ben du.di. 
- Co the mang iai hieu qua kinh t l cao hon so vol 
cach bo sung cgc. 

M ^ s o thanh vien cua dai hgc AIn Shams (Ai Cap) 
[eida su' dung md hinh s i d l phan tlch chuyin v 
ngang va bat on djnh d a cgc trong mdi trudng d i t 
hoa long. Thong qua phan tlch md hinh 3D. cgc 
duvc mo phong nhu mgt ph in t i i d i m vol cac Idp 
dat xung quanh (phin t r i solid). Md hinh du.oc ho tro 
boi phan fir LIne-Soiid 3+3 nijt dac bl i t d l md phong 
30 giua mat phan Idp cua cgc va d i f xung quanh 
Bag cao da du.a ra mOt so k i t lugn: 
-Nhin Chung, chuyin vj ngang cOa cgc giy ra do dja 
clian kha Ion boi siic khang ngang thap d a Idp d t 
hoa long phia tren. Chuyin vj ngang Idn nhi t d a 
dau cgc trong dat I m thudng idn hon trong dI f kho 
Ly do la si ic khang cat d a cat hda long nho d i n d i n 
sue khang thg dgng crja cgc suy giam. 
- Duong kinh cgc d anh hudng dang k l d i n v i ic 
gram tfiilu ehuyen vj ngang, dgc bigt del vol nhiing 
cgc cd duong kinh nhd va trung blnh (d in 1m) 
dorvoi nhOng cgc d dudng kinh ion hon 1m, anh 
huong cua du'dng kinh cgc bj gidl han. 1m dugc 
xem nhu ia kich thudc t i i uu d i nghlin ciiu c L 
truong hgp nhu vay 

- Bl lu dimoment u ln tuong tg. nhutudng chan Gia 
tn Ion nhat dgt dugc fgi dg sau tmng binh d a Idp d t 
noi CO sue khang thg dgng d a dat dugc tao ra ' 
-Momen u l n d lien quan nhi lu va ly Ig thuan vol 
duong kinh cgc Dieu nay d f h l dugc t h i hign khi 
tang duong kinh cgc se d 2 anh hudng d l i vol 
moment uon. Thi i nh i t la dd ciing ehju u ln d a cgc 
de chong lai bien dgng ngang d a d i l hda Idng thi i 
hai a gia tang dign f i d f l ip xric giiia cgc va d i t t'ri dd 
gra tang sue khang thg dgng d a cgc theo d i l u sau 
Gangyu Liu va Blleng Wang (11/2012) [7] nghien 
CUU anh huong cria bign phap jet^^routing iong gia 
ce nen dat yeu doi vdi dudng s i t cao t i c nh im gia 
tang cuong do nen mdng hien cd, dam bao su I n 
dinh, krem seat dg liin vd van hanh an tgan. Baj v l i t 
dua ra nhung k i t lugn sau: 
-Phan bo ehuyin vj n i n va d i t dap d dgng chli "U" 
dat dugc ion nhi t d d i n h gBa n i n d ip ^ i™ coc 
rt hon dat xung quanh. Sau khi gia d dO Idn n|n 
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dap giam khong dang ke, va bi^n phap gia c6 c6 
hi$u qua khong ro rang, 

- Cpc jet-grouting a chan mai taluy gia tang cwo'ng 
dO cua dat, gia tang iyc lien ket ngang gii ja cac CQC, 
chuyin vj ngang Ian nhat nho hen diuyen vj cua 
thiet ke ban dau vo-i khoang 9,0%. 

- Cpc jet-grouting gia t^ng dO 6n djnh mai taluy va n^n 
dLTO-ng mpt each dang ke (trung binh khoang 18%). 
Nguy§n Minh Tam va Hoang Ba Linh (2013) [8] ket 
\\iin vi?c su" dung giai phap jet-grouting da giam dang 
ke chuyin vj cua tu-dng vay vj tri gan d^y ho dao v^ 
anh hu'ang lun den cong trinh Ian can cOng giam. 
Dong thai, each thCrc bo tri cpe Jet-^grouting eung co 
anh hLpfrng den ket qua ehuyen vi tu'ang vay, nhO'ng 
cpc o- phia g^n tu-o-ng vay huy dpng dyge cu'o'ng dO 
Ian hen so voi nhOng cpc gan tam ho dao. 
Nguyen Tang Thanh Binh va Tran NguySn Hoang 
HCing [9] d3 ket lij$n vipc s\s dyng hipu qua cong 
ngh§ Jet grouting trong gia c6 du-o-ng h^m phy thupc 
vSo 2 y iu to chinh la cu-o-ng dp vOa phun du-pc sCi' 
dyng v^ be dSy k6t cau v&a phun. Theo do, b^ day 
cCia ket c^u vija phun anh huang m^nh d i n dp 
iiin bk m|t khi modul d^n hoi E eOa vu-a n^m trong 
khoang [100,1000] MPa va dO Itin it anh hu-ang hon 
khiE>1000MPa 

3. MO H I N H N G H I E N Cl>U 

3.1M6h!nh nghien ciju 

Khao sat trgng th^i chuyin vj ngang cDa mong try 
c k cgn nhii' Hinh 1. Mo hinh khao sat du'p'c the hipn 
nhu- (Hinh 2). 

^~ 

eg-

- ^ . 

-1=^ 
Hinh 3. Ciu tao tai du tren ming CQC khoan nhii 

duac chgn ngau nhien di phan tich 

am 
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Hinh 4. Mgt bing vi mat cit dai ego fTOJ;"'• 

Hinh 5. Mo hinh tru ciu trong PLAXIS 3D •'• 
FOUNDATION 

3.2. Tai trpng 
Tai trpng ngang du-p-c su- dyng trong phSn t 
mo hinh l^y tryc t i i p tir h6 so- th i i t k i tfnh A 
theo tigu chulin Th i i t k i c^u 272-05 vi S 6 1 
th i i t k i c i u cgn. T i hp'p tdi trpng du-c^c l^y c d l 
trj nhu" sau; ' * 

V = 13185kN, Hx = 2150kN, My = 26075kN.m; 
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3.3. T h i n g s i cua mo hinh nghien o j u 

~J 

""."". 
Mifal dreu g 
dbtribuHon 

^\(0.Jto0.21Agoqc»p(wl 

Slobinty OTolyjIii o ^ j ^ 
Drahad dafonnaifon: o2 3w 
Undrdnad deTormoikm a ̂  4w 

Hinh 6. Yeu ciu vi kich thuvc cua mo hinh [11] 

- V| t li§u dai cpc va cpc 

Bang 1 

Ciu kifn 

Tnj v i Bfi 

Cgc 

fc'(MPa) 

35 

30 

Y(kN/m=) 

25 

25 

EfkWm") 

2.95E*07 

2,BE+07 

V 

0.2 

Mo hrnh 

0.2 lUnear Elastic 

-Thdng so dat n i n : 

Bang 2 

'rt T t m ^ 

BOnsStchay 

Cit l i p 

CitGil|lvi>a 

S^tnAaci>ng 

Citelrltvin 

Citchjt 

Citr j ldrf t 

D^sau 
cuol 
(m) 

15.5 

25 

2S.5 

36.a 

49.5 

63.5 

V™, 

8,73 

166 

16.52 

16.12 

16,52 

16.7 

70 1 17 

T. I 
(kN/m'l 

15,07 

19,9 

19,87 

19,76 

19,87 

20 

c 
(kN/m'] 

6,24 

5,93 

4,81 

26,3 

4,81 

1 

20 1 0 

* 
m) 
24,4 

32 

31,6 

26,6 

316 

35 

40 

E 
(kN/m^ 

2576 

18000 

52000 

21000 

52000 

66000 

110000 

v 

0,3 

0 35 

03 

0,3 

- Th6ng s6 khdi soilcrete vai gia co bang jet grouting 
Bang 3 [121 

Trpng lircmg fi§ng chira bao hoa y 

Trpng ii/(mg rieng bao h6aY 

H M poison V 

Lvcdinhc 

Gdcmas^td) 

Modun aSnh&E„ 

Kich Ihirtc khoi soilcrete 

Bo-nvi 

kN/m' 

kN/m' 

kN/m' 

ap 

kN/m' 

Giatrt 

20 

22 

0,2 

500 

0 

2QO00O 

Thay doi 

,)l 3.4. C i c tru'd'ng hi^p phan tich 

^ Coc khoan nhoi cd chi lu d i l 48.2 tinh ti> day dai coc 

^T Tu- f =T' "^"^ ""*" '* P"= ""'' •"^"8 kinh i.ti m (Hrnh 5). 
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# # # 

Hinh 7. Quy uOcvihe Hue toa do tmng PLAXIS Ox 
//phuang dgc du; Oz//phuang ngang du 

Phifong far trpng ngang du'ye xet la phuong Ox 
Cac gia tq du'ye thay d l i ia kich Ihu'oc khi i soilcrete 
nam o ben du'oi va ben canh dai coc d l han c h i 
ehuyen vj ngang theo phu'ong doc eau. (Hinh 8) 
Doi t i ^ n g phan tich 14 chuyin vj ngang eua mcng 
cpc. khi thay del v l chi lu sSu va chilu dai (theo 
phifong Ox) eua khoi soilcrete, chllu rpng ciia khi i 
soilcrete khong doi va duoc lay b ing vol chl lu rpng 
cua dai cpc (bang 7m theo phu'ong Oz). cac thdng 
so con lai de mo hinh tlnh toan dupe giCJ nauven 
nhu'myc3.3. 

So sanh sir gia tang su'c khSng ben eho moi tru'&ng 
hpp nghien erju, vd'i kh i i tu'ong va phgm vi khoi 
soilcrete trong moi Inrong hpp la bang nhau 

Bang 4 

STT T iwngh^ i ; 
nghiSn ci!hj 

Kfioi soilcrete 
a gia c6 b^n 

cgnh dai cpc 

Khoi soilcrete 
b gia c6 ben 

ivin iJaj coc 

Kh& soilcrele 
c gia c8 faen 

c^nh m cpc 

Khoi sc»lcrele 
. gia CO doi 

i<i>ng2bdn 
cgnh dai cpc 

Chieu s iu kho 
soilcrete (m) 

3 

6 

9 

12 

15 

3 

6 

9 

12 

15 

11.5 

11,5 

ChigudSikh6 
soilcrete (m) 

11,5 

11,5 

3 

6 

9 

12 

15 

1,5 

3 

4,5 

6 

\ 7.5 

Chieu r$ng khi i 
soilcrete (m) 

7 

@l!!l® 
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Hinh 8. Cac tnfdng hap nghien ctki pham vi gia cd cua khoi soilcrete xung quanh mdng cgc 

3.5. Kel qua phan tich 3.5.2. Anh hudng chiiu sau Jet grout (bin dwdl £ f | | 
3.5.1 Anh hudng chiiu sau jet grout (ben cgnh dii ^dc) doi vdi suv khang ngang 
CQC) doi v&i sOc khang ngang 

Chuyin vJ ngME cje (am) 
10 12 14 16 IS 

Chuyin vj D S U E (mm) 

4 6 8 10 12 14 16 18 

? -15 

if .r. 

i-" 

A JB • 

^'y^'->^ rf^Va^'O'.J^'^^ 

J — • -Sm 

1 — * - 6 m 

• • • • • • 12m 

• " - ISm 

Hinfi 9. Quan fie ehuyen vi ngang - di siu CQC 
Hinh 11. Quan h$ ehuyen vi ngang - do siu cpei 

]2 

J 

V--0 0031n'*n inn^.g-papfti) 
R' = 0 IIIII M 

1 6 9 , , 

2.6 

•S 2.4 

1 2 . 2 

|.^ 
| 1 , 6 
" 1,4 

12 

y = -0.00SSx^*0M6K+ 0.7-1 

R'-0,9994 

Hinh 10. Ty Ig cai t^o dat theo chiiu siu gia co 

: 

°a,ii.a.'«.,i,.;= " m 
Hinh 12. Ty Ii dl tao dit theo chiiu siu gia cij iu siu gia c j H 
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Cbayes vj Dgang C9C (m> 

""Hguyen-lisng— 

Hinh 13. Quan he chuyin vi ngang - dp sau CQC 

Hinh 15. Quan he chuyin vi ngang -do siu CQc 

3.5.5. Tong hap kit qui cic tnfdng hap phin tlch 

K i t qua phan tieh dupe trinh bay trong hinh 9 - 15. 

Thee dd. cac hinh 9, 11, 13. 15 f h l hipn quan hp 

ehuyin vj ngang - dp sau cpc trong cac tru'd'ng hpp 

gia CO va d i t nguyen trang, cae hinh 10. 12, 14 f h l 

hlpn ly^p cai tao d i t (la ty s i chuyin vj ngang coe 

trong d i t nguyen trang so vol ehuyin vj ngang cpe 

trong d i t sau gia co tai mdt d | sau nhat djnh) trong 

cac troong hpp gia co khi so vol dat nguyen trang. 

Ket qua du'pc tong hpp nhu' Bang 5 

Bang 5. Ty 1$ gia tang sire khing ben trong cic 
tnrdng hap gia co dat 

12 IS 
Chllu iU gia ei (m) 

Hinh 14. Ty 1$ oil tao dit theo chieu sau 

Ph^m vi gia 
c6[m) 

3 

6 

9 

12 

15 

Anhhirmg 
cua chieu 
sau khoi 

soilcrete ben 
canh dai cpc 

21,22% 

33.15% 

40,29% 

43,42% 

45,27% 

AnhhmTng 
ciJa chieu 
sau khoi 

soilcrete ben 
diriri ea cpc 

27,35% 

45,58% 

55,61% 

60,52% 

62.88% 

1 Anh hieing 
cua Chieu 
dai khoi 

soilcrete ben 
qinh d^i cpc 

10.46% 

17,37% 

28,245% 

31,97% 

33,52% 

Anh huwig 
kh6l gia c6 
doi xu-ng 2 
ben Hii cpc 

10.64% 

21,62% 

31,33% 

36,97% 

40,28% 
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4. KET LUAN 

Qua nhung phan tich trang bai bao, mgt so k i t luan 
duac dua ra nhy sau, 

Vrec gra co dat set y iu xung quanh dar cpc b ing 
khor sorlcrete tao bor jet groutrng lam gia tang 
dang k l sr>c khang ben ciJa mong cpc, sir gia 
tang sLic khang ben sau gra c6 co t h i dat d i n 
163% so vor d i t nguyen trang vdi chrlu sau car 
tao bing khoang 10 l ln dyri/ng kinh coc. 

Vi tri khir soilcrete gia c l d i t dat hieu qua cao 
nhit khi no bao quanh toan bo nhdm coc duel 
be CQC. Pham vr car tao d i t 6k mang [ar hieu qua 
khang ben Ion nhit dirpc xac drnh la tu 2^8D 
ben duel be cpc va tu 2-6D ben canh be coc. 

Dor vor ciing miDt khor lupng gra Co, vrec gia c l 
doi xiing 2 ben canh dar coc s§ co lor hon vor 
vrec chi gra co theo 1 ben, Su chenh lech gia 
tang la khdng Ion (~ 5%) • 
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