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Nghien cuij anh hirong hinh dang khoi rong 
den irng xir cua phan cau ndi dang ban rong 
cua cau ket ndi khu dan cu Him Lam 

I TS. LE BA KHANH; KS. PHAN Ll THANH 

TrUdng Bgi hgc Bdch khoa - Dgi hgc Quoc gia TP. Ho Chi Minh 

TOM TAT: Muc tieu cua bai bao la khao sat Inh 
hudng cua vi$c thay ddi hinh dgng va kich thudc 
khoi rong den dng xd cua cau dang b in rong. Bai 
bao ap dyng phuong phap phan td huu han (PTHH) 
de phan tich su phan bo ung suat va chuyen vi cua 
phan cau noi dgng b in rong ciia cau ket noi khu 
dan cu Him Lam Ban san d^ng khoi rdng duoc mo 
hinh hoa bang phan td khoi 3D L/ng xd ciia b in 
dupe phan tich bSng phan mem PTHH Abaqus/ 
CAE theo phan tich tuyen tinh Cac hinh dgng khoi 
rong dupe niang ra so sanh gom hinh tron, hinh 
elip, hinh capsule va hinh chu nhat. Ket qu^ phan 
tich cho thay, cac khoi rong anh hudng khong dang 
ke den phan bd iing suat dpc, nhung lgi Inh hudng 
rat Ion den phan bo ung suat ngang, qua dd tim 
dupe hinh dang khoi rong phii hqp trong ciing dieu 
kien ve khoi lupng va vat heu bin. 

Tu KHOA: Ban rong, phan tir huu han, hinh dang 
khoi rong, phan tich tuyen tinh, ABAQUS 

ABSTRACT: The aim of paper is to evaluate 
influences of changing the shape and size of voids 
for the structural behavior of voided slab bridge 
decks The paper use finite element method to 
analysis the stress distribution and deflection of 
voided slab bridge decks of the bridge connecting 
him lam residential area Voided slab bridge deck 
IS simulated with 3D soild elements. The structural 
behavior of voided slab is calculated by the 
ABAQUS/CAE software in a linear analysis. The 
shapes of void such as circular, elliptical, capsular, 
rectangular shape are compared The analytical 
results shovu that the voids negligible influence 
on the longitudinal stress distribution, but greatly 
influence on the transverse stress distribution. And 
thereby find the suitable void shape under the same 
conditions of weight and material of voided slab. 

KEYWORDS: Voided slab, finite element, void 
shape, linear analysis, ABAQUS 

1.DATVANDE 
Cau b in dang khdi rdng ngay nay dang duoc sd 

dung rdng rai. Cac khdi rong dupe dUa vao ban giup tao 
ra Uu diem la tiet kiem vat lieu, g i im tTnh t l i nhUng van 
d im bao kha nang chiu lUc.Tuy nhien, eae khdi rdng nam 
trong eau ban da lam thay ddi Ung xd cua ban va lam 
phdc tap hda viec phan tich ket cau eho loai eau nay. Cae 
khdi rdng duoc dua vao sddyng cd nhieu loai khac nhau 
nhu hinh trdn, hmh chd nhat, hinh elip, hinh capsule... va 
viec fim hieu xem hinh dang nao tao ra ket cau tdt hon 
edng nhU dng xd cua eau b in thay ddi nhU the nao la 
dieu can thiet. Ndi dung eiia bai b io tap trung vao viec 
khio sat anh hudng cua viec thay doi hinh dang va kich 
thudc khdi rdng den Ung xd eda eau b in dang b in rdng. 

2. CCrsdlVTHUYET P H A N T I C H A N H Hl/dNG CClA 
KHdi R 6 N G Bifi Q N G xCr K I T C A U B A N G A B A Q U S 

Cac khdi rong nam trong ban rong da lam thay doi 
dng xdeua b in , eu the la dng xdve udn, cat va bien dang 
cua khdi rong. 

2.1.Crngx^u6n 
Trong thiet ke be tdng cdt thep, ngudi ta thudng 

eho rang ehi ed be tdng ehiu nen mdi ddng gdp dd eUng 
udn khi chiu udn va be tdng chiu keo bi bd qua. Vi cae 
khdi rdng duac thiet ke dat trong be tdng chju keo nen 
viec bd sung cac khdi rong vao ban ed anh hudng tdi 
thieu den khi nang chiu udn. Tuy nhien, neu dng suat 
trong ban eao, khdi dng suat cd the di vao vung rong va 
Inh hudng den kha nang lam viec cua ket cau. 

Hinh 2.1: Vi tri eda khdi rang trong phin tube tong cot thip 
chiu udn (theo Bokil, 2010) 

Md-men quan tinh eua mdt b in rdng vdi eae khdi 
rong nam d gida be day b in cd the duge tinh bang cich 
trd di md-men quan tinh eua cac khdi rong td b in dae 
(theo Donohoe & Keogh, 2000): 

bd^ nird* 
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Trong do: b - Be rdng b in ; d - Be day bin; n - So luong 
khdi rong; d^ -Oudng kinh khoi rong. Hinh 2.2 cho thay, viee 
giam md-men quin tinh khi dudng kinh khdi rdng dugc 
tang len trong khi van gid cho be day b in khdng doi, Cd 
the thay rang, md-men quan tinh chi thay ddi khoing 5% 
khi dudng kinh khoi rong tang tdO den 0,6 lan be day ban. 
Nhung khi dudng kinh khdi rong vUOt qua 0,6 lan be day 
ban, md-men quan tinh gi im theo cap sd nhan. 

Viee bd qua bien dang rieng eiia khdi rdng nay ed 
the dan den su danh gia thap c l ve eac md-men, luc cat 
va chuyen vi. Bakht et al. (1981 a) de xuat rang Inh hudng 
bien dang rieng cua khdi rdng cd the dupe tinh bing 
each sddung phUOng phap phan tich don giln (tdc la bd 
qua bien dang rieng nay) nhUng phai bd sung them su 
gia tang nhat djnh cho eac md-men, lUc cat va chuyen vi 
cua mat cat ngang ban rong do bien dang rieng nay gay 
ra. Su gia tang nay dupe bieu thi bang ba thdng so vd 
hudng va ed the dugc tinh toan bang nhdng edng thdc 
don gian sau: 

Hinh 2.2: Quan he giOa md-men quin tinh va tl so dudng kinh 
khoi rong tren be diy bin (theo Kock, 2015) 

2.2. Ong xii cit 
Theo Lai (2010), eic md hinh ly thuyet cho thay dp 

ben c i t eua b in rong la khoang 60% den 80% so vdi b in 
dae cd cung be day. Dieu nay thudng dugc khac phuc 
bang each loai bd cac khdi rong xung quanh eic khu vUc 
ed lUe ei t eao nhU gdi de tao ra cac dam ngang ket hop. 

Theo Jackson (2008), vdi dieu kien dudng kinh khdi 
rong nhd hOn 60% dd day eua b in , b in rdng ed the dugc 
phan tich dUdi dang ban dae ma khdng xem xet den sU 
g i im sde khang cat. Neu cac khdi rdng Idn hon, sU g i im 
sde khang cat phl i duge tinh den. Kha nang khang eit 
cd the dugc tang len b ing each loai bd di eie khdi rong 
d eic khu vUe chju cat cao va cung cd the thdng qua viee 
sd dung cac ban sudn vdi be day toi thieu gida nhdng 
khdi rong de bo sung sU khang cat. 

2.3. Bien dang rieng cua khoi rong 
Khi kich thude khdi rong tang len, b in rong bat dau 

hoat ddng theo each tUOng tu nhu mdt dam hdp vdi ban 
nap, b in d iy d tren va dUdi khoi rong, b in sUdn d gida 
hai khdi rong. Cic ban nap, b in d iy va ban sudn nay bj 
udn eong theo cae true rieng ciia chijng lam eho khdi 
rong bi bien dang meo md so vdi hinh dang ban dau 
(tam goi bien dang nay la bien dang rieng eua khdi rdng 
va duoc the hien trong Hinh 2.3). 

n M I I 1 

Trong do: D dai dien cho cac he so do cdng theo eac 
hudng tuong dng, b la ehieu rdng eua bin, L la chieu dai 
nhip va 5 la dp cdng eat theo phUOng ngang tren moi 
don vj chieu dai (transverse shear rigidity per unit length). 

3. MO H' INH N G H I E N CU^U 

3.1 .Thong so hinh hoc cua mo hinh 
Bai bao sddung md hinh lay td kich thude thUe te eua 

phan eau ndi dang bin rong eiia cdng trinh cau ket ndi khu 
dan eU Him Lam qua rach Bang, phudng Tin Phong, Quan 
7, TP Hd Chi Mmh. Hinh 3.1 va Hinh 3.2 the hien cac kich 
thude CO bin cua md hinh (don vj sddung la met). 

Hinh 3.1: Kich thude bin rSng (ehieu cao 1,45m) 
va than tru (chieu cao 3,5m) 

Md hinh hoan chinh duge the hien trong Hinh 3.2. 

Hinh 2.3: Anh hudng bien dang rieng cua khdi rong 
(theo Bakht etal., 1981a) Hinh 3.2: Mo hinh ban rong hoan chinh 
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3.2. Thdng sd vat lieu cua mo hmh 
Vat lieu be tdng dung cho ban rdng trong md hinh 

duge lay theo hd so thiet ke cau ket ndi khu dan eU Him 
Lam la be tdng thudng ed cie die trUng nhu sau: 

- Cudng do ehju nen/^ = 40MPa: 
- Khdi lugng rieng w^ = 2240 + 2,29/;= 2.33!,6kg/m^ 

(theo TCVN 11823-3:2017); 
- Md-dun dan hdi Ê  = 0.0017K:,w^y *•" = 31.220,3MPa 

(theoTCVN 11823-5:2017); 
- He so Poisson v - 0,2. 
Tam dem thep tai gdi cd cac dae trUng nhU sau-
- Gidi han chly / , = 400^^^; 
- Khdi lugng rieng w^ = 1.85Qkg/m^; 
- Md-dun dan hdi £ ' - 200.000A^a; 
- He sd Poisson u = 0,3. 
3.3. Tai trong 
Hoat t l i HL-93 v l t l i trong b in than dUOe dung de 

tinh toan ban rong. 
Xe t l i thiet ke dugc chon ed cU ly gida 2 true 145kN la 

4,3m. Be rdng mdi vet banh xe theo quy djnh cua true 145kN 
va 35kN lan lUOt la (0,5x0,25)m va (0,25x0,25)m, do dd ap lUe 
tren moi vet banh xe khi dUa vao md hinh nhu sau: 

-True 145kN: „(o'"°.^» = saoAw/n,'. 
-True 35kN: i;^i^ii7j = zaoftjv/m\ 
ApiUe tai trpng lan khi dua vao md hinh I I : 
(9,3kN/m)/3m-3,lkN/ml 
3.4. Loai phan tdrva kich thudc ludi chia 
Toan bgmd hinh sddung loai phantdtddienbac2 

ed10ndtC3D10. 
Ve kich thudc lUdi chia (mesh size) ban dau chgn 

d mdc vda phl i , sau dd sd dung ky thuat Submodeling 
trong phan mem Abaqus/CAE de cat nhd den gan vj tri 
can xem xet rdi mdi tien hanh chia mjn (refinement) md 
hinh da cat. Trong bai b io nay chgn mesh size cho md 
hinh ban dau la 0,14m va mesh size d budc Submodel la 
0,035m, vdi be rdng md hinh Submodel dUpc cat ra cho 
moi vi t r i l l 1,0m. 

» ' ' I I xn 
a) - Mesh size cho mo hinh ban dSu 0,14m 

b) - Mesh size cho md hinh Submodel 0,035m 
Hinh 3.3: Kich thudc ludi chia 

4.KITQUAPHANT(CH 
4.1 . Cac trUcmg htfp phan tich 
* THI: Hinh dang khdi rdng duge thay doi td hinh 

chd nhat sang hinh trdn, hinh elip va hinh capsule. Cae 
khdi rong cd eung chieu cao va chieu dai, cdn ehieu rdng 
va khoing elch gida cac khoi rong dUOe chon sao cho 
tao thanh eie b in rdng cd khdi lugng bing nhau. Chi tiet 
cic ktch thudc khdi rdng dugc the hien trong Bang 4.1. 

Bing 4.1. Bing cic thdng so hinh dang khoi rong 

Hinh dang 

Chi! n h j t 

Tron 

Elip 

Capsule 

K(ch thudc (m) 

Chi iu r^ng 

1,338 

1,050 

1,701 

1,567 

Chl lu cao 

1,05 

1,05 

1,05 

1,05 

K C t i m 

( m l 

2,00 

1,25 

3,00 

2,00 

Kh6l \iiifnq 

b i n rbng 

(kg) 

3322467,5 

3322467,5 

3322467,5 

3322467,5 

M d m w i 

q u i n t(nh 

t„Im'l 

1,01E+9 

1,01E+9 

1,02E+9 

1,02E+9 

Tien hanh phan tich dng suat va chuydn vi tai cIc vj 
tri nguy hiem sau diy: 

-Thd bien tren va bien dudi cda mi t cat ngang tai 
gida nhip ehinh eiia b in rdng (Mat c i t 2-2). 

-Thd bien tren va bien dudi cua mat eat ngang tai vj 
tri ehuyen tiep tdban dang rong sang ban dang dae (Mat 
c i t 1-1 hoac 3-3). 

- Thd bien tren va bien dUdi cua mat cat dgc di qua 
trong tam vung dat hoat t l i (Mat c i t 4-4). 

Cac VI tri nguy hiem dUOc the hien trong Hinh 4.1. 

Hinh 4.1: Cic vi tri nguy hiem dn phan tieh 

Sau day la mgt sd ket qua thu dugc: 

Bang 4.2. Tong hpp US S^^ va U^ ̂ ^ tai mat eit 2-2 

Hinhdang 

khdi rSng 

Ch Or nhat 

Tron 

Elip 

Capsule 

(Mpa) 

Min 

•2,785 

-1,337 

-1,684 

-1,872 

Max 

1,725 

0,7701 

0,741 

0,8863 

Bi^nt fdS^ 

(Mpa) 

M a x - M i n 

4,51 

2,1071 

2,425 

2,7583 

Chuyin vj 

(mm) 

2,587 

2,38 

2,434 

2,456 

8 _lfl 12 14 16 18 _20 
Be rdng caujphu-ang Y) (m) 

Hinh 4.2: Phin bo US S^^ cho tha bien trin tai mSt eit 2-2 
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4 6 8 10 12 14 16 18 M 22 24 

I Be rpng cau(phucng Y) (m) 

Hinh 4.3: Phan bdUS S^^ cho thd bien duai tai mit eit 2-2 

Tai mat c i t 1-1 cd sU bien ddi dot ngdt ve ket cau 
b in nen phan bd dng suat S ĵ trong bai bao nay duac 
xem xet theo ba mat cat cho vi tri chuyen tiep nay. Mat 
c i t th i i fnhatchinhlamatc i t 1-1,hai mat eat cdn lai nam 
ve 2 ben mat c i t 1-1 va each mat cat 1-1 0,25m. Vj tri ba 
mat c i t nay dUOc the hien trong Hinh 4.4 vdi mat cat a-a 
nam trong phan b i n die va mat cat b-b nam trong phan 
ban rong. Tai moi mat cat se xem xet phan bd S ĵ cho ca 
thd bien tren va thd bien dUdi. 

^M i 

1 
3 \ 

\ 

pgpoooooci: 
Hinh 4.4: Vi triba mStcit dexem xet phan bSS^^ 

tai vung chuyen tiep 

rpng cau (phi/oTigV) (m) 

Hinh 4.5: Phin bo US 5^^ tai vdng chuyen tiep 
vdi khoi rong hinh trdn 

Be r&necau (phircrngY) (m) 

Hinh 4.6: Phan bdUS S^^ tai vung chuyen tiep 
vdi khdi rong hinh ehu nhat 

Be rpng cau (phLfffne Y) (m] 

Hinh 4.7: Phan bo US 5^^ tai vung chuyen tiep 
vdi khoi rang hinh eiip 

Hinh 4.8: Phan bo US S^^ tai viing chuyin tiep 
vdi khoi rong hinh capsule 

Chieu dai c^u (phu'o'ng X) (m) 
Hinhcbilnhal — Hinhopnilc^ —HidbcLp HlDh Ino 

Hinh 4.9: Phan bdUS S„ cho thdbien tren tai mat eit 4-4 
theo cac loai hinh dang khii rSng 

g. 0 5 10 15 20 25 30 3S 

Hinh 4.10: Phan bo US S„ cho thdbien dudi tai mat cit 4-4 
theo cic loai hinh dang khoi rang 

* TH2: Khdi rong hinh ehd nhat duac gid nguyen 
chieu cao (1,05m) va thay doi ehieu rdng. Chieu eao ban 
van duoc gid nguyen (1,45m). 

Bing 4.3. Bing thong ki chiiu rdng khoi rSng thay doi 
C h i i u r ong 

I U l 6 i r & n g | m ) 

1,50 

1,60 

1,70 

1,80 

11 so ch ieu r6ng kho i r o n g 
v ^ K C U m k h o i r ang 

0.75 

0.80 

0,85 

0,90 

Kho i l i f ong 
b i n ( l i n ) 

3024,250 

2894,410 

2764,580 

2634,770 

M 6 - m e n q u i n 

t i n h l „ ( m * ) 

9.572E+08 

9.3a4E+08 

a.995E+08 

B,706E+08 

Hinh 4.11: Phan bo US 5„ tai tha biin tren eda mat cat 2-2 
khi thay doi be rdng khoi rong 

IJ '^^y^^^^ 
14 16 18 20 22 24 

Hinh 4.12: Phan bo US 5,, tai tho biendum ciia mit dt 2-2 
khi thay ddi be rpng khoi rong 
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Bing 4.6. Bing so sanh ung suit S^^ 

lg 1 Sm Chieu rOng 1,7m 
IB 1,6m Chteu rOng 1,5in 

Be rpng cau (phu'o'ng Y) (m) 

Hinh 4.13: Phin fad'US S„ tai thd biin trin a 

8 iO 12 14 16 p Ko V2 24 

Be rpng cau (phu'ong Y) (m) 

Hinh 4.14: Phan bo US S tai thd bien dudi cua mat cit 2-2 
khi thay doi be rpng khoi rong 

* TH3: Khdi rdng hinh chd nhat dugc gid nguyen 
ehieu rdng (1,7m) va thay ddi ehieu eao. Chieu eao ban 
van dugc gid nguyen (1,45m). 

Bing 4.4. Bing thong ki chieu caa khoi rang thay ddi 

Chieu cao Ti so chî u cao khoi rong Khdi luong Md-
khfll rfing (m) bSn (tan) 

2977,230 

2870,900 

tinh l„ (m") 

9.473E+08 

9,234E+08_ 

2764,580 8,995Ei-08 

I 1,10 I 0,759 I 2658,260 8,756E+Q8 

Tren mdt cdt 2-2 tien hanh chpn ra ba vi tn die biet de 
so sinh sUthay doi dng suit Ŝ ,̂ the hien tren Hinh 4.13. 

IT 2T 31 

IB IB 3B 
Hinh 4.15: Ba vj tri diing deso sanh ung suat S^^ 

Vl tri 1: diem gida ban sUdn (T - thd bien tren; B - thd 
bien dudi); Vi tri 2: diem ed LfS cue dai gan ke gde khdi 
rong; Vi tri 3: diem gida khoi rong. 

Bing 4.5. dng suit S^^ tai ba vi tri can sa sanh 

71 iS chieu cao 
kh^i rang va 

chlJucaobSn 

0,655 

0,690 

0,724 

0,759 

Ung suat S„ 
taivitriTlPa) 

IT 

102991 

109350 

118231 

1B 

-76779.5 

-83838 1 

-99693 2 

135425 -108149 

Ung suit S„ 
taivltri2(Pa} 

2T 2B 

509757 -475903 

602166 -571919 

715288 -693650 

855287 1 -82B459 

Ung suat 5,̂  
tai vi tri 3 (Pa) 

3T 3B 
-319984 283293 

-329047 

-345280 

-374656 

286628 

289940 

304096 

Chon eac gia tr; trong ddng 1 cua Bang 4.5 lam gde 
so sanh, lap thanh Bang 4.6 nhu sau: 
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I So sinh 
v^tiso(%) _!!!•••'"_!_^: 

So sinh S„ SosSnhSjj I So sinh S„ 
1 {%) talvHri2(%) ' ta lvi tr l3(%) 

5,263 

10,526 

15,789 

IT 

6,174 

14,797 

31,492 

IB 

9,193 

29,844 

40,857 

2T 28 

18,128 

40,319 

67,783 

20,176 

45,754 

74.0S1 

3T 

2,832 

7,905 

17,086 

3B 

1,177 J 

2,346 

7,343 j 

4.2. Nhan xet ket qua 
Bdng 4.2 vd Hinh 4.2, 4.3 cho thay bien dp dao ddng 

cCia Sjj va gia trj U^ ^̂ _ deu cd su sap xep theo thd tu td 
nhd den Idn nhu sau: Trdn < Elip < Capsule < Chd nhat. 
Dieu nay chdng td vdi khdi rdng hinh trdn, dng suat Ŝ ^ 
dugc phan bd ddng deu hon, sU chenh lech ve dng suat 
Sĵ  gida cac vi tri la nhd nhat, td dd tao nen mdt ket cau 
lam viec hieu gua hon cac loai khdi rong khac.ThdtUtren 
cung ia thd tU ve do hieu qu i (vdi eung trpng lUpng va 
vat lieu tao nen ket cau chiu lUc tdt hon) cua ban rong do 
sUthay ddi eda hinh dang khdi rdng gay ra. 

Cac Hinh 4.5 - 4.8 cho thay phan bd dng suat Ŝ ^ cd 
khuynh hUdng dan it luon sdng hon khi thay ddi td vung 
ban rdng sang vung ban dae chUng td siJ hien dien cua 
dam ngang d l l im giam di d ing ke Inh hUdng eua cac 
khdi rdng den phan bd dng suat 5̂ .̂ Tuy nhien, dudng 
phin bd dng suat Ŝ ^ tai mat ei t a-a van ed sU lUOn sdng 
nhe eho thay do chuyen tiep qua dot ngdt td dang ban 
rdng sang b in dae nen trong mdt viing nhd cija b in die 
van cdn bi anh hudng bdi cac khdi rong. 

Cae Hinh 4.5 - 4.8 eung eho thay tai ba khu vUc gdi 
Sjj deu kha Idn, tuy nhien vdi khoi rdng hinh trdn Ŝ ^ ed 
do Idn kha ddng deu nhau tai c l ba khu vUc gdi, edn cac 
khdi rdng hinh khac cd Ŝ ^ tai khu vUc hai gdi ben Idn hon 
khi nhieu so vdi gdi edn lai. Do Idn dng suat S ĵ Idn nhat 
(S^j^^J cua hinh trdn van nhd hon cac hinh khie du tai 
khu vuc gdi gida dng suat Ŝ ^ eua hinh trdn la Idn nhat. 
Chinh sUtangdd Idn S ĵ tai khu vuc gdi gida da keo giim 
Sjj tai khu vuc hai goi ben va ket qu i la hinh trdn cd dd 
idn Sjji^g^nhd nhat. 

Hinh 4.9, 4.10 cho thay, cac dudng dng suat S,, vdi 
cac loai hinh dang khdi rdng khic nhau thi khi tUong 
ddng nhau. Rd rang hinh dang cic khdi rdng khdng anh 
hudng den siJ phan bd dng suat S,,. 

Cac Hinh 4.11 -4. M cho thay rang, e l S,| va Ŝ ^ deu 
tang khi chieu eao (hole chieu rdng) khdi rdng t ing, 
dieu nay dugc cho la do khi cae khdi rdng tang ehieu 
eao (hoac ehieu rdng) da lam giam md-men quin 
tinh cua b in rdng va lam giam be day ban nip, ban 
d iy (hoac tang khau do ban n^p, b in day) khien khdi 
rdng bi bien dang rieng (khdi rong bi meo md) dudi tac 
dyng cua tai trong. 

Bdng 4.5, 4.6 eho thay mdc dd tang dng suat tai 
diem 2T 2B II Idn nhat va tai diem 3T 3B la nhd nhat khi 
tang chieu cao khdi rdng. Mdc dd tang nay cang Idn khi 
ehieu cao khdi rong eang Idn. Cac diem 2T 2B ed dng 
sui ts cUc dai va n im trong pham vi elch diem IT, IB td 
0,2m den 0,3m (each gde khdi rong tdO,05 den 0,15m). 



Ket qua nay eang cho thay rd ve sU bien dang rieng cua 
khdi rong trong qua trinh lam viec. Day la tinh chat dae 
thu cua b i n rong. 

5. KET L U A N 

Qua phan tich cd the rut ra mdt sd ket luan so bg sau: 
-Trong cung dieu kien ve khdi lugng v i t lieu, hieu 

qu i lam viec eda b in dang khdi rdng dupe sip xep theo 
thd tu t d thap den eao theo hinh dang khdi rdng nhu 
sau: hinh chd nhat < hinh capsule < hinh elip < hinh trdn. 

- Hinh dang cac khdi rdng khdng anh hudng den sU 
phan bd dng suat theo chieu dai khoi rdng ma chi lam 
thay doi dp Idn dng suat do cac khdi rong lam thay ddi 
md-men qu in tinh eua b in . NgUoe lai, sU phan bo dng 
suat theo phuong vudng gdc vdi chieu dai khdi rong 
chju anh hudng nang ne bdi hinh dang khdi rong gay ra. 
Cac khoi rong gay anh hudng Idn nhat tai gida nhip va 
g i im dan khi ve gan dam ngang. 

- Dot vdi khdi rdng h'inh chd nhat thi tai cie vi tr i 
each gdc khoi rdng td Scm den 15em se xay ra sU tap 
trung dng sua't tai thd bien tren va bien dudi, ket qu i eua 
viee khdi rdng bi bien dang meo md khi chju t l i , do dd 
can luu y den van de n iy khi thue hien dang cau nay. 
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