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thay the moi no! cung trong cac ehuong trinh tinh toan 
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TOM TAT: Dya tren ly thuyet moi ve pha hoai cat, 
nhom tac gi^ de xuat mo hinh moi cho mot plian 
tu vT mo hai cli/eu moi noi dam cot be tong cot 
thep (BTCT) dang chu thgp Mo hinh nay khac voi 
nhung mo hinh cu sd dung he thong da 16 xo d 
cho nhung thanh cliong be tong duoc sd dgng 
de mo hinh loi be tong Pham vi ap dung cua mo 
hinh trong bai bao la nhung moi noi dam cot, trong 
do dam va cpt co chung chieu cao day De kiem 
chung do ttn cay, ket qua phan tich theo mo hinh 
duoc so sanh v6i so lieu thi nghiem tien hanh tren 
hai mau. So sanh voi ket qua tinh toan bSng mo 
hinh nut cung cung duoc tien hanh de khang dinh 
uu the cUa mo hinh de xuat 

TL/ KHOA: Ly thuyet pha hoai c^t, moi noi dam cqt, 
thanh chong, tai trpng dan dieu 

ABSTRACT: Based on an innovative theory of 
joint shear failure, the authors proposed a two-
dimensional macroelement representing reinforced 
concrete interior joints This model differs from 
former spring models, in which concrete struts are 
used to model the concrete core. The applicable 
scope of the proposed joint element encompasses 
interior joints where beams and columns have the 
same depth and width To verify the reliability of the 
new joint mpdels, analytical results were compared 
to experimental data of two specimens Comparison 
to the computational data using rigid nodes were 
also implemented to justify the advantage of the 
proposed model 

KEYWORDS: Joint shear failure theory, beam-
column joints, struts, monotonic loading 

^ ^ d a I 
1. DAT VAN D^ 

Trong ket cau nha eao tang truyen thong va hien 
dai, mdi noi dam cot dong vai trd quan trong, dae biet 
•:hi ket eau bi Inh hudng bdi ddng dat hoae dao dpng 
idi chung Viec de xuat mo hinh cu the eho cac moi ndi 
lay vi md hinh hda dudi dang nut cdng trong nhdng 

ehuong trinh tfnh toan ket eau ngay eing trd nen can 
thiet. Nhdng md hinh ed dien thudng dUa tren ly thuyet 
mo hinh thanh chong va gian eua Paulay [1]. Ly thuyet 
nay bpe Id han che khi khdng g i l i thich dupe su bio 
to in eua sdc khing eat mdi ndi khi bien dang tang 6 
mpt sd thi nghiem khung dam cot BTCT dang ehUthIp, 
Gan day, Shiohara de xuat mpt ly thuyet khae hpp ly 
hon mang ten "co che pha hoai eat dang b in le eua moi 
ndi" [2], minh hoa d Hinh 1.1. Vdi ly thuyet nay, tai thdi 
diem pha hoai mdi noi dupc chia thanh 4 mieng edng 
lien ket vdi nhau bang cac thanh edt thep v l quay xung 
quanh nhau bang cae ban le. Vi tr i ban le tUpng trUng 
cho diem dat vector lUe nen cua be tong t i c dung tai 
be m i t cae mieng cdng.Trong bai bao, tac gia gidi thieu 
mpt md hinh phan td mdi ndi hai ehieu phat trien trUe 
tiep td md hinh eo hpc eua Shiohara. Do ly thuyet cda 
Shiohara cho phep djnh lUpng gia trj sdc khang elt moi 
ndi tai thdi diem pha hoai nhUng khdng dinh nghTa 
bien dang phan tU mdi ndi, mo hinh mdi noi mdi gid 
nguyen quan he ve lue cua Shiohara, dinh nghTa them 
quan he tUong thich bien dang, eho phep xac djnh ma 
tran dp cUng the va Ung xU cua mdi noi tU lue b i t dau 
gia t i i tdi khi ph i hoai. 

a) - Lfng xu t^i thdi diem pha hoai; b) - Co che pha ho^i cat d^ng ban le 
Hinh 1.1: Co che pha hoai cat ciia Shiohara [2] 

2. DAC DIEM H'INH HOC CClA P H A N TO M 6 I 
N d l M d l 

Gac diem hinh hpc cua phan td moi noi do tac gia 
de xuat dupc the hien trong Hmh 2.1. iVlpt mdi ndi ed 4 
mat ndi vdi eae dam v l edt tai t i m cua cac mat tiep xue. 
Trong he toa do hai chieu OXZ, mdi noi dUpc xem nhU 
mot phan td hinh ehU nhat 4 nut (A, B, C va D) vdi 12 bac 
ty do. Cae nut dat tai tam eua eae mat edng, tUong trung 
eho eae mieng cdng trong md hinh cua Shiohara. Phan td 
mdi ndi ed 12 bac tU do bao gdm u^ v^ 6^, u^ Vg 6^ u^ v^ 
9^ u^ Vp, va 0^tuong dng vdi 12 lUc nut F^ P^M^F ^ F^ 
'^ff ^.c /".c ^c F^ Fr. va M„ 
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Hinft 2.1: Dac diem hinh hpc cua phan td moi noi moi 

3. P H A N TUf LO XO THANH VA L 6 XO LIEN K^T 
DINH TRUOT 

Trong bai bao, djnh nghTa phan tU 16 xo thanh v l 16 
xo lien ket dinh trUpt lay theo dmh nghTa trong md hinh 
cua Kusuhara [3], mieu ta trongH;n/i3.7. Ky hieutUT, tdi 
T,g tupng trung cho elc thanh cdt thep eung vj trf tren 
thue te, trong khi Ŝ  tdi Ŝ^ tupng trUng eho eae lien ket 
dinh trUcrt gida elc thanh cdt thep va be tdng, ddng thdi 
cung la ky hieu ndi lye trong eae 16 xo. 
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Hinh 3.1: Dinh nghia Id xo thanh va id xo lien ket dinh truot 

4. PHAN TUf THANH CHONG BE TONG 
Theo ly thuyet eua Shiohara, khi elc mieng cdng 

quay, ton tai 4 vung nen va 4 vung keo d the tieh be 
tdng eua mdi ndi. Vung chiu nen the hien ddng chay 
lye truyen qua be tdng. Shiohara eoi rang goe nghieng 
eua ap lUc trong be tdng bang 45" tai thdi diem pha 
hoai. Trong bai b io , de xac djnh chieu rpng ph in bd 
tren dUdng cheo moi ndi eua vung chiu nen, chuyen vi 
tuong ddi eua tam mdi noi va elc diem d gde duoc sU 
dyng. Nhdng chuyen vj nay duac xac djnh tU nhdm 9 
thanh phan dpc lap cua bien dang mdi noi. Chuyen vi 
tuong doi theo phuong nghieng 45" cua nhUng diem 
tren dudng cheo thay ddi theo quy luat tuyen tinh td 
tam den eae diem gdc. Nhdng diem vdi chuyen vj b ing 
0 chia dudng cheo th inh hai phan nen va keo trong 
be tdng. Phan be tong cua moi noi duoc md hinh bdi 
8 thanh chong be tdng (Ĉ  tdi Ĉ ) nhu Hmh 4.1. Chieu 
rdng cua nhdng thanh chong trung vdi be rong phan 
bo tuong dng tren dudng cheo cua vung bien dang 
nen hay keo. NhUng thanh chong d vung keo khdng 
chju lye. Tuy nhien, nhdng thanh nay van dUPc gpi la 
thanh chong vi ed kha nang tham gia ehiu luc nen d 
cac giai doan khic. Vi tr i eua cac thanh chong g i n vdi 
cac mat edng eCia phan tU moi noi dupe the hien nhu 
trong Hinh 4.1. 

Hinh 4.1: Thanh chong be tong 

5. QUY LUAT U N G x iJ C U A VAT L I | U 

5.1. Quy luat Ung xijTcua thep 
Md hinh dan deo ly tUdng CH/n/i 5./o.) dupc sUdung 

de die trung eho quan he Ung suat - bien dang cua Id xo 
thanh.Trongdoio, e v l £ I I dng suat, bien dang ti doi va 
md-dun dan hdi cua thep. 

5.2. Quy luat uTng nii d inh trUort glQa thep va 
be long 

Dudng bao md hinh dinh trUOt eua CEB-FIP Model 
Code 1990 [4] dUpc sd dung cho quan he Ung suat - bien 
dang cua 16 xo dinh trUOt, minh hpa trong Hinh 5.1b. & 
day: T la dng suat ket dinh (MPa); s la do truot (mm); s, = 
0.1s^s^ = 0.5s^s^= lmm,s^ = s^-^2(mm),s^ = s^+ /0.5 fmmj, 
T^ = 2.5f'JMPa),T^ = T,=a398TyT^^0 75&t^vaT^^T^. 

5.3. Quy luat uTng xOr cua be tong 
Quy luat dng xU cua be tong duoc the hien trong 

Hinh 5.1c. Dudng bao quan he Ung suat - bien dang eua 
be tdng co xet tdi nen ngang cua Scott [5] duoc sd dung 
trong b l i bao nay. K la he so nen ngang; o, e, va f ' la Ung 
suat, bien dang ti ddi va cudng do chju nen; Ê ,̂ la bien 
dang tai eudng dpehju nen (£^^=-0.002); 
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3) - Thep; b) - Dinh trucrt giOa thep va be long, c) - Be tong 
Hinh 5.1: Quy luat ung xu ciia vatlieu 

6. KET QUA 
Hai thi nghiem tren khung dam cdt BTCT chd thap 

(B02 va 805) thUe hien bdi Shiohara and Kusuhara [6] 
trong ehuoi thi nghiem ve moi ndi BTCT dupe sd dung 
eho viec kiem chdng mo hinh trong b l i bao nay. Chi tiet 
ve cac mau thi nghiem duac the hien trong Hmh 6.1. 
QuItr inhphantichdUpctinhtoan tren ehuong trinh ma 
nguon md Object-Based Structural Analysis. Dam va cdt 
dupe md hinh bdi phantd"beamend"v6i bien dang uon 
phi tuyen dac trung bdi chuyen vj xoay cua hai 16 xo d hai 
dau phan tU. Dudng cong quan hegiUa lUceat ept va dd 
lech tang duoc the hien trong Hmh 6.2. Ben canh so sanh 
vdi ket qua thi nghiem, ket qua so sinh vdi mo hinh cua 
Kusuhara cung duoc de cap. 6 day, dudng cong quan he 
luc cat tren edt vdi do ieeh tang cua tai trpng dOn dieu 
den pha hoai duoc so sinh vdi dudng bao quan he dd 
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nhung vdi t i l trpng t i c dyng qua lai theo thi nghiem. 
Theo ket qua phan tieh vdi md hinh phan td mdi ndi mdi, 
dudng bao lUc c i t cdt - do Ieeh tang bat dau suy giam 
tai dp Ieeh tang 2.7% va 2.6% tUong Ung vdi B02 va 805. 
Ket qu i tinh toan d Hinh 6.2 eho thay dp tin cay eua md 
hinh mdi ndi mdi so vdi ket qu i thf nghiem. Lpe cat edt 
Idn nhat theo phan tfeh chenh lech khdng qua 02% so 
vdi thi nghiem va cung g i n vdi du doan theo md hinh 
eua Kusuhara. 

ri«<B02 wfBOS 

Hinh 6.1: Mau thinghiem 
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Hinh 6.2: Ket qui phan tich luc cat - dp ieeh tang 

De so sanh vdi ket qu i phan tich khi sd dung nut 
e i^g , hai mau thi nghiem dupe tien hanh mo phdng tren 
IVlidas Civil 2011. Dam va cot dUoe mo h'mh bdi elc phan 
tU"beam"vl mdi ndi dam cdt dUpc the hien bing nut 
cUng. Do sy han che cua Midas Civil khi khai b io vat lieu 
phi tuyen, mo hinh be tdng ly tUdng d Hmh 6.3 dupe sd 
dyng. Quan he lUc c i t va dp lech tang gida md hinh theo 
Midas Civil v l theo md hinh de xuat the hien d Hinh 6.4. 
Ket qu i cho thay lUc c i t cot tai thdi diem eye han theo 
md hinh vdi nut cdng Idn gap 4 lan so vdi ket qua theo 
md hinh de xul't da dupe kiem ehUng bang thyc nghiem. 
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Dieu nay eho thay md hinh theo Midas Civil cd dp cdng 
qua Idn, kem chfnh xac so vdi thUe te, qua d6 khang dinh 
Uu diem eua mo hinh mdi. 
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Hinh 6.3: Md hinh ly tudng cua be tong 
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Hinh 6.4: So sanh ket qui lue eat • dd lech tang theo md hinh di 
xuat va mo hinh vdi nut cung tren Midas Civil 2011 

7. KET L U A N 

Mdt md hinh phan tU moi noi dam edt hai chieu 
phi t trien true tiep tU ly thuyet pha hoai cat mdi cua 
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Shiohara dupe de xuat. Pham vi I p dung la nhdng mdi 
noi vdi dam va ept cd chung ehieu eao day, tUPng tu 
nhu pham vi ap dung cua ly thuyet do Shiohara dUa ra 
ban dau.Trong mdhinh mdi, thanh chdng be tdng duoc 
dung de dae trung eho phan be tong, nhd do to ra Uu 
the hpn elc md hmh moi noi eu vdi he thong da 16 xo 
trong viee giai thfch elc dae diem cua eo che pha hoai 
eat dang b i n le. Cic die diem nly bao gdm sy phan bo 
lai cua Ung suat be tong, sU phat trien md rpng vet ndt 
tren dUdng cheo chinh. M6 hinh mdi ndi mdi the hien 
do tin cly vdi kha nang phin tieh dUdng cong lye elt 
cdt - dp lech tang eua tai trpng ngang don dieu nhim 
du doan dudng bao cua quan he dd dudi tae dyng eua 
t i l trong qua lai, kiem chdng b ing thye nghiem. Ket qu i 
so sanh eung cho thay moi ndi vdi dp eUng tinh theo md 
hinh de xuat eho ra dng xdgan vdi thyc te, chfnh xlc hon 
han md hinh mo phdng vdi nut eUng. 
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