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TOM TAT: Bai bao phan tich mpt so so do mau 
theo mo hinh Strut and Tie (mo hinh gian lo) de 
sif dung tinh toan ket cau be tong cot thep cho 
cac vung ket cau co truong irng suat va bien dang 
nhieu loan Ion Do la cac viing co su tap trung tai 
trong, cac vung co sy thay doi tiet dien, cac viing 
CO cau triic thiet ke phuc tap khong hen tuc ve tTnh 
hpc nham dam bao bo tri du ham luong cot thep 
cho ket C3u 

l(J KHOA: Mo hinh Strut and Tie, tinh tosn ket cau 
be tong cot thep. 

ABSTRACT: This article analyzes some sample 
diagrams of Strut and Tie model to use for the 
calculation of reinforced concrete structure 
under areas with large stress field and disturbed 
diformafion. These areas have a concentration 
of loads, cross-sectionai changes, a statically 
discontinuous design structure fo reinforce enough 
steel content for the concrete structure 

KEYWORDS: Strut and Tie models, calculating 
reinforced concrete structures 

I .DATVANDg 
Viec tinh toan ket cau be tdng cot thep deu dUa 

tr^nlythuyetdam vdi gia thiet mat eat dam trUdcva sau 
khi bien dang van phang (Gil thiet Bernoulli). Dieu nay 
ehi phu hpp cho nhQng khu vQc ciia ket cau cd trUdng 
Qng suat thay doi deu dan. Trong thuc te, hinh thQc ehju 
luc eiia ket cau rat phUe tap, co nhieu viing trong ket cau 
ed trUdng Qng suat va bien dang nhieu loan Idn nen viee 
ap dung gia thiet cua Bernoulli khdng con dung nQa. 
Od la cac viing co sQtap trung t l i trong, eac vung cd sU 
thay doi tiet dien, cac vung co eau true thiet ke phQc tap 
khong lien tyc ve tinh hoc..., trudng Qng sul't va bien 
dang cd su nhi lu loan Idn gay ra cac Qng sua't keo ngang 
T lam cho ket cau be tong cot thep bi nOt ngang, mdi 
quan he Qng suat - bien dang khong cdn phan bo theo 

quy luat tuyen tfnh (dmh luat Hook). 
Cac vung c6 su nhieu loan Idn ve trUdng Ung suat 

va bien dang cd tfng xQ chju lUc rat phQc tap va rat de 
pha vd ket cau khi bo tri khdng dung va khong du ham 
lugng thep. Do do, can phl i duac xem xet ve eau tao va 
thiet ke mot each day dii, chfnh xac dUa tren cac phUOng 
ph ip mo hinh hda va tfnh toan thfeh hop. Viec xem xet 
mgt each khong day dii hole khdng nhat quan eae viing 
cd sU nhieu loan Idn ve trudng Qng sua't ma chi dQa tr^n 
kinh nghiem la mot trong nhQng nguyen nhin chfnh 
cua sU kem chi't luong hay tham chf gay ra hu hdng 
cdng trinh. 

2. CAC PHUONG P H A P XAY D U N G SCF D6 THEO 
Md HiNH STRUT AND TIE 

2.1. PhUdng phap dong lUc 
Phuong phap ddng luc dugc thuc hien theo cae 

nguyen t ie sau: 
- Mpt lUe ludn tim dUdng ngin nhat de den goi, 

Dudng di eita lUc nay duge ggi la ddng lUc; 
- Cae ddng luc khong duac phep giao nhau. Chung 

luon dugc bat dau va ket thue tai trgng tam cua dien tich 
dat tai hoac dien tich goi tUa; 

- Dong lue phai la ngin nhat va khdng cd diem gay. 
Chieu ciia ddng lue la chieu cita tai trong; 

- Lue tap trung khi vao trong ket cau cd xu hudng 
phan bo deu vao trong be tong nen cae ddng lUc cd dp 
cong Idn tai gan nai dat lUc; 

-Tai nhQng v\ tri cong cua ddng lucxuat hien lucchuyen 
hudng tao nen sU can bang theo phUOng vuong gdc. 

2.2. Phuong phap phan bo lirng suat dan hoi 
Quy dao ifng sua't trong ket cau be tong co the mo 

ta chfnh xac bang phuong phap phan tfeh dan hoi. DUa 
vao quan diem ket cau co thiet ke hop ly la ket cau co 
dong luc ft thay doi trudc va sau khi ndt. Vi vay, cd the 
xay dung dugc mo hinh Strut and Tie gom eae thanh 
hudng theo cac phUOng Ung suat chinh, vi tri ciia hgp 
luc chuyen hudng dugc xac djnh tir su phin bo ifng suat 
trong tdng mat cit . 

2.3. PhUtfng phap dUa tren cac sa do Strut and 
Tie miu 

Trong thUc te tinh to in , mgt so so do tieu bleu xuat 
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hien lap di, lap lai trong nhieu trudng hop va nhieu to 
hop khac nhau, tham chi trong nhQng ket eau rat khae 
biet. Ly do la chi cd mgt so luong han che eac vung cd 
dng suat nhieu dgng Idn cd cae ddng Qng suat thUc sU 
khac nhau. Do dd, ed the van dyng eae mo hinh mau 
duge gidi thieu trong cac tieu chu^n. 

3. MdT S6 TRl/dNG U N G SUAT V A MO HINH 
STRUT AND TIE Tt/ONG iSUG 

3.1. Nut 
Nut trong mo hinh Strut and Tie la noi giao nhau 

eiia ba hay nhieu hon eac thanh chong va thanh gi ing 
thang va dUOc sif dung de mo hinh hda cae khu vQc 
chuyen hudng ciia ngi luc hay trudng Ung suat. Kieh 
thudc cLia vung nut duge xae dinh tren co s6 thoa man 
dieu kien chju lUc eiia b in than vung nut va eac kich 
thudc yeu cau cita cic thanh di vao niJt do. Cd 4 kieu nut 
thudng gap phy thugc vao su phoi hgp giQa cic thanh 
chong va giang. 

-I- Nut CCC: Compression Compression 
Compression (ba thanh nen gap nhau tai nut); 

Hinh 3.1 

°2 

Lw-J 
+ Nut CCT: Compression - Compression - Tension 

(hai thanh nen va mgt thanh keo gap nhau tai nut); 

Hinh 3.2 
+ Nut CCT gom mot thanh chong cheo chiu nen va 

mgt phin lUc gdi tUa dUOc lam can b ing bdi lUe: 
• Cot thep neo do mot ban neo phfa sau nut (Hinh 

3.2bl); 
• Luc dinh trong nut (Hinh 3.2b2); 
• Luc dinh trong nut va phia sau nut (Hinh 3.2b3); 
• Luc dinh va ap suat ban kfnh (Hinh 3.2b4). 
+ Nut CTT: Compression - Tension - Tension (mpt 

thanh nen va hai thanh keo gap nhau tai nut): 

Hinh 3.3 
• Hai thanh thep dinh nhau (Hinh 3.3cl); 
• Lfng suat ban kinh tU thanh thep bj uon eong theo 

ban kfnh dd (Hinh 3.3c2). 
+ Nut TTT (Tension - Tension - Tension), trong do 

thay the thanh chong chju nen d tren bang mgt thanh 
giang thep dinh chju keo (loai nay it gap trong tfnh toan). 

K 
Hinh 3.4 

Vay vdi kieu nuttren cdthe chia lam hai loai nut chfnh: 
-Nuttaptrung: Neu mpttrong nhQng thanh chong 

hay giang dai dien mot trudng Ung suat tap trung, 
khuynh hudng cae lUe la tap trung cyc bo (nut A); 

- Nut phan t i n : Khi cic trudng Qng suat be tong 
rgng noi vdi nhau hay noi vdi cac thanh giang chiu keo 
ma bao gom nhieu thanh phan bd sit nhau (nut B). 

Hinh 3.5 
• Tinh duyet nut: Mgt each tong quat, dieu kien 

cudng do cua be tong vung nut dugc xac dinh theo 
cong thQc sau: 

Vdi P̂  la ngi lUc tfnh toan ciia thanh di vao nut, A^ 
la dien tieh tinh toan cua mat chju lUc cua nut va f^^ la 
cUdng do chju nen ed hieu cua be tong vung nut dugc 
xaedmhnhUsau: 

Vimg nut dUoe bao bgc bdi mat goi va cic thanh nen 

f„,,ff = 0,850/; 
Vung nut neo thanh chju keo theo mgt hUdng: 

kcrr = ^•'^^®fc 
Vung nut neo thanh chiu keo theo nhieu hudng: 

/ „ , , „ = 0,650/; 
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3.2. Cac thanh chong va thanh giling gom cac 
thanh nen va thanh keo 

- Cae thanh nen trong md hinh Strut and Tie dugc 
md hinh hda la cae thanh be tong hole be tong cot thep 
vdi cae yeu cau: kich thudc hinh hge ciia thanh nen dUOc 
x ic djnh tren eo sd phu hgp ve cau tao hinh hgc vdi cac 
vung nut ma thanh nen do di den va yeu cau ve lUc 

Cong thQc tong qu i t xae djnh cUdng do danh dmh 
cQa thanh nen la: 

Pu=fcU-A,,+fy.A,, (2) 

Vai. feu 
U S 0,85/; 

0,8 + 170£i • 

£ i = Ej + (£5 -H 0,02). cots^as ('*) 

Trong do: 
\^ - Dien tich mat eit ngang cd hieu ciia thanh nen; 
Ajj - Dien tfeh cdt thep tham gia chju nen trong 

thanh nen; 

f̂ ^ - Cudng do eua be tdng trong thanh nen; 
- Bien dang keo chinh vuong gdc vdi true ciia 

thanh nen; 
- Bien dang keo ciia b§ tong trong cac thanh keo; 
-Gdc nho nhat glQa thanh keo va thanh nen dang xet. 
Theo Sehlaieh cd ba kieu trUdng nen cho cie mo 

hinh Strut and Tie la hinh quat, hinh eo chai, hinh tru 
dupe mdta nhusau: 

'01 

Hinh 3.6 
- Cac thanh keo trong mo hinh Strut and Tie la cic 

thanh thep thanh hoac thep du Qng life dugc xac djnh 
tren co sd dien tieh can thiet de du bo tri dien tich cot 
thep chiu keo phu hop vdi cic quy djnh ve khoang each 
va thda man dieu kien gldi han Qng suat cua vung nut. 
Ngoai ra, do kich thudc vung nut va ciia thanh keo c6 
quan he vdi nhau nen viec bd tri cdt thep ciia thanh 
keo cung phai dQpc xem xet trong moi quan he vdi kich 
thQde cua thanh nen. Dien tfeh cot thep trong cie thanh 
keo duoc xae dinh tren co sd ngi iQc cua thanh keo va 
cQdng do chiu keo ciia cdt thep. 

Cdng thdc tong quat xac djnh sQc khang eiia thanh 

keo la: 

Pn=As.fy+A^s{fve-^fy) W 
Cong thiJc nay dUge xay dung dUa tren nguyen ly 

dong bien dang va vdi gia thiet mo-dun dan hoi cua 
thep thudng va thep du Qng iQc la bang nhau. Tai thdi 
diem ban dau, Qng sul't trong cot thep thQdng coi nhQ 
bang khong, Qng suat trong cot thep du Qng luc la f̂ .̂ 
Do dd, tai thdi diem Qng suat trong cdt thep thudng dat 
g i i trj f thi Qng suat trong cot thep du Qng luc la/p^+/^ 
Neu khong bd tri thep du Qng lUc thi ^^,=0. 

4. M O T SO M 6 HiNH STRUT AND TIE VA T U O N G 
OfNG LA CAC TRU'ONG aNG SUAT V A C 6 T T H E P CHO 
CAC VUNG VA K£T CAU C 6 LTNG SUAT NHIEU LOAN 
L O N P H 6 BIEN T R O N G KET C A U ( V U N G K H O N G L I£N 

TUCVEIJNGSUAT) 
4.1. Dam cao chju tSi trong phan bo d^u 

Hinh 4.1 
4.2. Khu VUC goi tUa 

Hinh 4.2 
4.3. Khu vUc tSi trong tap trung va goi tUa 

i l l IMllOtlH 

Hinh 4.3 
4.4. Dam cao chju tSi trpng tap trung 

Hinh 4.4 
4.5.Tai cac Ichung chju md-men 

\ r 
Hinh 4.5 

Nhu vay, tQ viec phan tfeh tren se la co sd cho viec 
lya chon so do, phan tich tfnh toan d cae vung cd nhieu 
loan Qng suat Idn cua ket cau be tong cdt thep phii hpp 
va chinh xac. 

5.VIDU MINH HOA 
Trong thUe te thiet ke, mgt so try eau dang hinh ve 

quat dang dUoc sQ dung rdng r l l , nhieu ky su thiet ke 
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tinh to in theo cic g i i thiet cCia Bernoulli nen khi dUa 
vao sif dung thudng xuat hien cac vet ntft dgc tru eau 
gay nguy hiem do thieu cot thep ehiu luc keo va cot 
thep chju luc nen. 

Hinh 5.1 
Be d i m b io dCi cot thep cho than tru thi than tru 

can phai duge xem nhumgt tudng cao va phl i dugc tfnh 
theo md hinh Strut and Tie nhu hinh ve: 

Hinh 5.2: Kich thude tru eau dang tudng ri quat dien hinh 
TQ so do kich thudc tru cau re quat dien hinh tren 

va tQ mo hinh dam cao chiu tai trgng tap trung d§ dang 
xac dinh vi tri cua thanh ehju keo 1, thanh chiu nen 2 va 
3 duoc xac djnh thdng qua tri sd canh tay ddn npi lUe la 
j ^ = 0,61 = 2,072m, gde xien 6 - SS^Sy'SS" va b, - 1,26m, 
b, - 1,266m theo nguyen tac Qng suat nen do tai trpng 
phin bo deu len chan try. 

Hinh 5.3: Md hinh tinh toin theo Strut and Tie cho tru 
eiu re quat 

Luc keo trong thanh giang 1 neu khdng bd trf du 
Ung luc phai thoa man dieu kien: 

7;<a>.>i„,/,, (6) 

Trong do: 
cp = 0,9 - He so sUe khing keo doi vdi be tdng cot 

thep thudng; 
f - Gidi han chly eiia cot thep. 
Luong cot thep chiu keo toi thieu eiia thanh 1 la: 

A r = ^ (7) 
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LUc nen trong thanh chong 2, 3 cd bd tri cot thep 
phl i thoa man dieu kien: 

C,=C,<^[l„.A^ + f^.Aj ĝj 

Trong do: 

Â ^ - Dien tieh be tdng hifu hieu ciia thanh chong; 
A^ - Dien tich cot thep trong thanh chong; 
(S>= 0,7 - He so sUc khing nen doi vdi be tong cot 

thep thudng. 
Khi do, luong cot thep toi thieu trong thanh chong 

2, 3 la: 

Trong do: 
(9) 

0 8 + l70f ~'̂ '** '̂-'<--^^ng suit nen gidi han trong 
thanh chong; 

£•,=.?,+ {s, + O,002):cot^^(6'); 
e^ - Bien dang keo trong be tdng theo hUdng giang 

chju keo. 

Ket qu i tinh toan theo mo hinh cgt chQ T va kiem 
toan theo so do dam hang ngan cho mat c i t tai ngam 
theoTCVN 11823:2017 (diem each tim gdi 1 doan la R/3 
vdi R la ban kinh bo trdn th in try) va ket qu i tfnh toan 
theo mo hinh Strut and Tie luong cdt thep tdi thieu dugc 
the hien trong Bang 5.1. 

Bang 5.1. Kit qua tinh lupng cot thep tii thieu trong giai doan 
thi cdng va khai thic eua tru eau re quat vdi cung mdt tii trong 

tie dung 

I Li/ong cot th6p to i thteu t inh 
theo Strut and Tie |cm') 

Lirong cot thep 
t inh theogrS thiet 

Bernoulli thong 
thtrdng (cm') 

Ket qua tinh to in theo mo hinh Strut and Tie eung 
phu hop vdi ket qua phan tieh theo phan mem ANTENA 
vdi mo phdng bien dang vat lieu phi tuyen. Be tong 
dugc mo phdng la vat lieu bien dang phi tuyen ba chieu 
va cot thep dupe mo phong la vat lieu bien dang theo 
mo hinh tuyen tinh (Hinh 5.4 .̂ Tai trgng tac dung len ket 
eau duoc md hinh dudi dang I p luc t ie dung len be mat 
tam ke trong giai doan khai thae. 

Theo ket qu i mo phong, do lugng cot thep qua it 
dan den Qng suit trong cot thep dat den gidi han ehay 
va Lfng sua't chfnh trong be tong deu vUgt qua gidi han 
khang nut ciia betdng than try Ia0,8./, = 0,8.0,7/;dan 
den phat sinh vet ndt theo hudng thang dQng. 

Ket qua md phdng theo ANTENA eung phu hgp vdi 
ket qua tinh theo mo hinh Strut and Tie. Dieu nay khang 
dinh nguyen nhin phat sinh vet nut la do thiet ke ldp 
edt thep chju keo mat tren try eau h\ thieu khi tinh ket 
eau theo gia thiet Bernoulli thdng thudng. 
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Hinh 5.4: Sa do tinh than tru re quat 

Nhgn xet: NhU viy, lUOng thep cua thanh giang 1, 
thanh chong 2 va 3 neu tinh theo gia thiet Becnuli se 
khdng du kha nang chju lUc va lam giam Ung suat gldi 
han trong be tdng f̂ ^ cua thanh chong 2 va 3, dieu nay 
dan den viec xe rich gan nhu th ing dQng tren th in tru 
nhu (hinh tren). So do tfnh toan eung phu hgp vdi so do 
mau cua tudng cao chju t i l trgng tap trung. 

6. K^T LUAN 
Oa phan cac ho so thiet ke da ap dyng phuang 

ph ip mat ei t tinh toan truyen thong nhu da trinh bay 
tren hoae co the da bd qua tinh toan ma ehi bo tri cot 
thep theo kinh nghiem... Qua ket qua phin tich va 
tinh toan bang md hinh chong giang (Strut and Tie) cd 
the ket luan nguyen nhin nOt try cau be tong cot thep 
thudng co dang tudng re quat la do I p dung phuang 
phap tinh to in thiet ke chua phu hop. 

Phuang ph ip tinh toan thiet ke theo md hinh 
chdng giang cdn kh i mdi. Mat khie, trong tieu chuan 
thiet ke cau 22TCN-272-05, TCVNn823:2017 de cap 
con rat so sai, nen viec ap dyng phuong ph ip nay de 
tinh toan thiet ke tru dang tUdng re quat va cic ket 
cau tuong tu cdn rat han che trong cic thiet ke eong 
trinh cau. 

Viee chpn so do Strut and Tie cdn lam nhieu ky sU 
thiet ke lung tung. 

Bai bao da neu mot s6 mo hinh Strut and Tie phu 
hgp vdl cic hinh thQc chju lUc cua nhieu dang ket cau, 
edthegiupchoeackysUthietke,tUvan tham tra va eac 
dan vi qu in ly tham khao, ap dung cho cong t i c thiet 
ke, tham tra nham dam bao du kha nang chju luc eua ket 
cau, t r inh hien tugng hU hdng phai ton kem nhieu ehi 
phi sQa chQa khac phye va giam tuoi thg, tham my cong 
trinh. Bai bao eung eo the sif dung lam tai lieu giang day 
cho sinh vien trong viec phin tich ket cau va tinh to in 
ket cau eong trinh eau. 
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