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PHAN TiCH MO HINH SO DAM BE TONG COT THEP CHIU UON

Tran Vin Toan'

Tém tat: Bai bdo ndy gidi thiéu nghién civu phan tich mé hinh sé 3D dam bé téng cét thép chiu uon

phang bang phan mém Abaqus. Két qud mé phong dwoc so sanh voi két qua thue nghiém cia dam

nham dé xudt mot cong cu gop ph(fin tinh todn thiét ké kha nang chiu lyc, dw dodn dién bién su

truyén lyc co hoc trong noi bo dam va co ché pha huy cua dam. Noi dung nghién cuu bao gom mo

ta cdu tao dam, vt liéu, so do chiu liec, chia phan tir va phdn tich phd hity nitt, bién dang va iing

sudt trong dam ké tir khi gia tdi cho dén khi phd hiy.

Tir khoa: M6 hinh sd, dim bé tong cbt thép, uén phang, chay déo, kha ning chiu luc.

1. PAT VAN BE

Két cdu bé tong cdt thép (BTCT) nodi chung
va dim BTCT noéi riéng di va dang duoc tng
dung rat rong rai trong linh vuc xay dung. Khi
thiét ké cac két cau BTCT theo TCVN
5574:2012 (B Xay dung, 2012) va Eurocode 2
(EUROCODE 2, 2004) thuong gia thiét vat
liéu lam viéc trong giai doan dan hdi tuyén
tinh. Tuy nhién cac két qua nghién ctu thuc
nghiém dam BTCT ¢ trong, ngoai nudc va cua
tac gia déu cho thdy sau khi dim BTCT chiu
tai dat dén gid tri thiét ké thi dim chi bi ntiit ma
van co thé tiép tuc duy tri kha ning chiu luc
kha t6t (Tran Vin Toan, 2016). Piéu d6 cho
thiy, sau khi vat liu dat dén giai doan bién
dang déo thi chiing van tiép tuc lam viéc (nhat
1a giai doan chay déo cta cdt thép). Do vay, két
cdu BTCT van c6 thé tiép tuc chiu luc cho dén
khi ¢ot thép chiu luc dat dén bién dang téi han
méi dat, khi d6 két ciu BTCT méi thuc su bi
phéa huy. Trong pham vi bai bdo nay, tac gia s€

gidi thiéu phuong phap phan tich mo hinh s6

! Khoa Céng trinh, Trwong Pai hoc Thity loi.

3D dam BTCT chiu uén phang dua trén phan
mém Abaqus (phuong phap phan tir hiru han —
FEM). Pdng thoi, tac gia ciing gii thiéu mot
phuong phap xac dinh gia tri tai trong gidi han
cua dam BTCT khi ¢6 xét dén sy lam viéc &
giai doan chay déo cua vat li¢u.

2. NOI DUNG PHAN TiCH MO HINH
SO 3D DAM BTCT

2.1. M td dAm BTCT

So db tinh toan cua dam BTCT nhu Hinh 1.
Mit cat ngang dam c6 dang hinh chir nhat
250x900mm v&i 820 thép doc — FLO® (thép
chiu uén, goéc udn cong 0°, cach nhau 270 x
200mm), 25014 thép dai — C90° (udn cong hinh
chii C, goc ubng cong 90°, cach nhau 200mm),
25¢8 thép dai— U90° (udn cong hinh chit U, goc
ubn cong 90°, cach nhau 200mm) & giita dam,
108mm gia c6 bé tong tai vi tri dat tai va
2008mm gia cb tai vi tri 2 gbi tya — U90° (udn
cong hinh chir U, goc udn cong 90°), chiéu dai
dam 5000mm (Hinh 2 va Hinh 3). Dam dugc
dat trén 2 géi tua cach nhau 3750mm, co tai

trong dat ¢ giira nhip dam.
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90 cm

Hinh 1. So d6 chiu lyc cia dam BTCT.
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Hinh 2. Bo tri chi tiét cot thép. Hinh 3. Mat cat ngang.

2.2. Phwong phap phin tir hitu han dwa Abaqus. Abaqus la mdt cong cu tinh toan manh
trén phan mém Abaqus md phéng két cAu bé mé ciia My duoc sir dung dé mo phong sy lam
tong cot thép viéc va su truyén luc co hoc trong linh vuc co

Hién nay, phuong phip phin tir hitu han hoc két cAu & nhiéu mic do vat 1y co hoc khac
(FEM) duoc st dung rong rdi dé mo phong sy nhau. Abaqus cung cap mot loat cac tiy chon vé
lam viéc va danh gia kha ning chiu tai ctia két  kiéu phan tir, mo hinh vat liéu, kiém soat thuat
cdu BTCT, vi c6 nhiéu tién bd cong nghé s6, mdé  toan giai FEM, ciing nhu giao dién dd hoa, tu
phong vat lidu phi tuyén va hiéu suét tinh toan. ddng chia phan tt, tinh chinh va ting toc xir Iy
Pic biét 1a cac phin mém FEM thuong mai ¢c6  d6 hoa (David H and al, 2012).
thé md phong cac mo hinh vat liéu bé tong va 2.3. M ta so @6 tinh toan FEM bing phan
cac lién két giita thép-bé tong khic nhau mot mém Abaqus
cach d& dang va sat voi ban chit co hoc cia
chung hon (David H and al, 2012);

Nhiéu nha nghién ctu di tham gia vao
nghién ctru mo hinh s6 két cdu BTCT bang cach
stt dung phuong phap phan tich FEM phi tuyén
da chi ra rang cac két qua phan tich sé rat gan
v6i két qua thi nghiém va cac quan hé gitra kha
nang chiu tai 16n nhat voi cac yéu té chuyén vi,
cung sy pha hay cua két cdu 1a rit dang tin cay
(LiBo and al, 2013);

Mot trong nhitng phan mém FEM thuong
mai dwoc st dung nhidu nhit hién nay 1a  Hinh 4. M6 hinh héa 3D mét nira dam BTCT
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Quan sat mau dam & Hinh 1 va Hinh 2 thay
rang két ciu dam BTCT cé tinh dbi xtmg hinh
hoc va tai trong. Vi vay, dé tiét kiém thoi lugng
va tai nguyén tinh toan thi chi can mé hinh hoa
mdt nira mau dam nhu Hinkh 4. Bé tong va cot
thép 14 2 thanh phan ciia dim BTCT dugc mo ta
riéng biét, rdi 1ap rap tao thanh mot moé hinh
dam 3D hoan chinh.

2.4. M6 hinh vt li¢u

M6 hinh vat ligu bé tong dugc mdé phong
theo mo hinh bé tong pha hiy do bién dang déo
“Concrete Damaged Plasticity model” dugc phat
trién diu tién bai Lubliner; Lee va Fenves
(David H and al, 2012). Cac théng sd pha hay
do nén va kéo dugc tom tat trong Bang 1. Bé
tong dugc st dung dé dic dam 1a C30 theo tiéu
chuin Eurocode 2 (EUROCODE 2, 2004).
Cuong do chiu nén cua bé tong dat 24.61 MPa;

Bing 1. Cac thong so ciia md hinh bé tong C30

Dung trong Ciac thong sb & trang thai pha hily ciia bé tong
p (thn/mm’) | 2.4x10” Géc bién dang 36°
Trang thai dan hoi Do léch tam 0.1
E (MPa) 33346 tb0/fcO 1.15
\Y 0.2 K 0.6667
bo déo 0.0001
Kha nang chiu nén Kha nang chiju kéo
Ung suat (MPa) | Bién dang khong dan hdi | Ung suit (MPa) | Chuyén vi (mm) | Hé s6 pha hay
12.80 0 2.870 0 0
18.40 0.00016 2.428 0.0225 0.492
22.37 0.00037 1.706 0.0662 0.802
24.61 0.00066 1.192 0.1084 0.904
24.00 0.00102
21.41 0.00156
18.07 0.00219
14.27 0.00291
GG Cot thép ¢ day 1a loai thép c6 g S500 B.
01;  ——— | Cac gié’ tri g suat f:héy déo, tng suit 16n nhat,
Oe | | : ﬁ{lg suat tai thoi diém pha huy va mo dur} dan
: : : hoi dugec mo ta trong Bang 2 va Hinh 5. O day
| I | quan hé gitra ing suat va bién dang cua thép sé
: : : dugc mo ta theo sy két hop ciia 2 md hinh
: : : “Elastic-perfectly plastic model” va “Elastic-
I : | hardening model” ¢c6 nghia 1a giai doan dau bién
0 g £y EnE dang cua thép 1a dan hoi hoan toan, con sau khi

Hinh 5. M6 hinh quan hé giita iing sudt va
bién dang ciia thép

vuot qua gidi han chay déo thi bién dang cua
thép 1a khong dan hoi (David H and al, 2012).

Bing 2. Cac thong sb ciia thép

Loai thép /» (MPa) fu (MPa) S/ 1y E; (GPa)
¢ 20 mm 383.91 542.62 1.41 210.74
$14 va ¢8 mm 633.26 656.34 1.04 207.46

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 57 (6/2017)




2.5. Kiéu va kich thuéc phan tir

Kiéu phan tir dang khdi (solid) C3D8R
vGi 8 diém nat duoc lwa chon cho bé tong.
Theo Abaqus thi kiéu phan tir ndy co6 thé sir
dung trong phan tich phi tuyén bao gdm
twong tac gilta bé tong va cbt thép, bién
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dang 16n, bién dang chay déo va pha huy.
Kiéu phan tr dang truc (truss) T3D2 véi 2
diém nat duoc st dung cho céc thanh thép
gia cuong @8, P14 va 20 badi vi chiing chi
chiu lyc tac dung theo phuong doc truc
(David H and al, 2012).
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Hinh 6. Kiéu va kich thuéc phan tir

Hinh 6 mo ta kiéu va kich thudc cac phan tir
cia md hinh bé tong dam va két cau thép gia
cuong. Cac phan tir duge chia dudi dang phan
ving, vé tong quan kich thudc 1a 50mm cho
phan tir dang khéi C3D8R, 35mm cho cac phan
ttr dang truc T3D2 va nho nhit 13 S5Smm.

2.6. Lién két giira bé tong va cot thép

Sy twong tac gitta cac thanh phan cua két cdu
dam 13 hét strc quan trong boi vi chung phai két
hop voi nhau dé chiu lyc. Thuc té cac thanh thép
P8, P14 va @20 1a dang thép co g nén lién két
giita chung véi bé tong xung quanh 1 rat t5t (md
hinh lién két embedded dugc st dung).

2.7. Tai trong va diéu kién bién

DAam tinh toan duogc dat trén 2 géi tua voi tai
trong ddt ¢ gitta nhip. Trong phan tich nay, mot
géi tua s€ dugc gdn & mdt nira dam va st dung
tinh d6i xrng qua mat cat ngang gitra dam. Tai
trong tac dung Ién dam dugc thay thé béng
chuyén vi phan bd ting dan déu trén mot mit
phang rong 12.5mm nhu Hinh 4 va Hinh 1.

3. KET QUA PHAN TiCH

Trong qua trinh gia tai chuyén vi dé uén dam

cho dén khi dam bi pha huy. Két qua phan tich
cho thdy quan hé giita kha ning chiu tai cua
dam, tng suit, bién dang, su pha hiy ctia dam
theo chuyén vl tai vi tri gitra dam dugc ghi nhan
dé chi ra su truyén luc co hoc gilra bé tong va
thép nhu sau:

3.1. Quan hé giira tai trong va chuyén vi
udn

C6 thé thiy rang, mé hinh FEM md phong
kha t6t cac hanh vi chiu tai cia dam BTCT tang
cuong bdi nhidu thanh thép hinh khi tai trong
nho hon 640kN (Hinh 7). Trudc thoi diém nay
d6 ctng ctia dam trong mo hinh sb tot hon thuc
té vi dim thuc nghiém c6 xuét hién cac vét nut
nén mot phan bé tong trong dam da hong khién
do ctng dam giam di. Nguoc lai, sau thoi diém
nay thi d6 cing ciia dam trong md hinh s6 lai
kém hon dam thuc nghi¢ém vi bién dang cua
thép va bé tong trong md hinh s6 déu hon (trong
dam thyc nghiém thi chii yéu xuat hién bién
dang cta thép & cac khe nit, phan khong bi nit
bé tong tiép tuc 1am viéc va thép bién dang kém
hon). Téi trong 16n nhét thu duogc 1a 671.0kN;
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Hinh 7. Duong quan hé giita tai trong
va chuyen vi tai vi tri gitta dam

Piém chiu tai ma dam dat dén bién dang
déo (Piém D) dugc x4c dinh theo phuong
phap chung ctua Li Bo (Li Bo and al, 2013)

Ar kN
F A C
F D \
Diém t6i han
/ Chuyén vi
o ’

Y max

Hinh 8. Phuwong phdp chung xdc dinh diém
bién dang déo

nhu Hinh 8 va Bdang 3. Chuyén vi ciia diém
D la 9.2mm tuong Ung véi tai trong la
585.6KN.

Bing 3. So sanh két qua giira phan tich FEM va thuc nghiém

Két qua Frax (KN) | 8pmax mm) | Fg(kN) | 84, 83 (mm) | F,(kN) | 8¢, 8p (mm)
Thuc nghiém 721.3 66.9 453.3 6.1 557.4 9.7
M hinh sb 671.0 : 471.4 5.7 585.6 9.2
Frem/Frn 0.93 - 0.96 1.07 0.95 1.05

Két qua so sanh trén cho thdy su sai 1éch két
qua giita phan tich mé hinh s va thuc nghiém
1a nho hon 10%. So véi két qua tinh toan thiét
ké kha ning chiu luc ciia ddm nay 1a 561.0kN
thi két qua xac dinh cua Bo Li gan nhu tring
khop. Nhu vay, két qua phan tich FEM trén day
la dang tin cay.

3.2. M6 hinh nut

Két qua phan tich chi ra ring miu dam
BTCT bi pha huy boi udn thuin tay. Qué trinh
phéa huy dugc chia thanh 3 giai doan nhu sau:

Giai dogn 1: Khi lyc dat tir 120kN dén

DAMAGET

400kN thi cac vét nut theo phuong thang dung,
bat dau tir phia dudi, giita xudt hién va phat
trién dan 1én phia trén va vé 2 phia gdi tua;

Giai dogn 2: Khi lyc dat tir 400kN dén
540kN thi cac vét niit nay tiép tuc mé rong va
xuat hién thém cac vét nit & 2 phia gan gdi tua
(Hinh 9a);

Giai doan 3: Khi luc dat tir S540kN tro 1én thi
cac vét nit do udn khong xuat hién thém ma chi
mé rong cac vét niit cii va xuat hién thém cac
vét nirt cuc bd pha hity bé tong xung quanh vi tri
dat tai (Hinh 9b);

DAMAGET

Hinh 9. Phdn bé mit trén bé mdt bé tong ¢ 2 mirc chuyén vi la Smm va 30mm

Két qua phan tich nay kha tring khép vai két qua thuc nghiém nhu Hink 10.
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Hinh 10. Phdn bo nirt trén bé mdt bé téng dam thi nghiém

3.3. So sanh bién dang va \mg suat
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Hinh 11. So sanh su bién dang cua thép gitta mo hinh $6 va thue nghiém tai 2 vi tri J1 va J2
(J1 va J2 la diém do bién dang thudc thanh thép doc 16p 1 va 2 tir dudi lén ciia dam)

500 500
400; 400¢
Vg (A-RC) Ung (A-RC)
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Hinh 12. So sanh iing sudt ciia thép giita mé hinh s6 va thwc nghiém tai 2 vi tri J1 va J2

So sanh két qua do bién dang giita md hinh  nhiéu, con sau khi luc 16n hon 600kN thi két
s6 va thuc nghiém tai 2 diém J1 va J2 thdy rang:  qua ndy léch nhau kha 16n. Piéu nay ciing dé
Khi lic nhd hon 600kN thi sy sai 1éch 1a khong  hiéu bai vi khi e nho hon 600kN thi gitra thép

8 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 57 (6/2017)



va bé tong con lién két tét nhung sau 600kN thi
c¢6 nhiéu vét nit xuat hién tai 2 vi tri ndy nén bé
tong khong con lién két tot voi cbt thép nira.
Mait khac, khi Iuc 16n hon 600kN ban than cac
thiét bi do ciing s& bong ra khoi bé mit cdt thép
nén két qua do bién dang khi lam thyc nghiém
s€ khong con chinh xac nira (Hinh 11).

So sanh tng suét tai 2 diém J1 va J2 ctua mo
hinh s6 va thuc nghiém thdy rang: Ung suit
cia bé tong trong thyc nghiém dat dén giai
doan chay déo som hon & mo hinh s6. Piéu nay

2
—Test results
—FEM results
1.5}
Bién (A-RC)
dang 1
0.5
% 200 400 600 800
Tai trong

cling tuwong ty nhu két qua so sanh bién dang,
trong mo hinh sb thi vat liéu bé tong dong nhat
hon. Mat khac, ¢ thuc nghi€ém thi dam bi nat
tai cac vi tri nay ngay tu khi luc dat 120kN nén
& ving nay thép chiu luc hoan toan va bién
dang cua thép khong déu nhau, bién dang tap
trung nhiéu tai vi tri cac vét nut. Cac gia tri
(mg sudt ¢ giai doan chay déo cua thép 1a déu
bang nhau (Hinh 11). Nhu vay, két qua thuc
nghiém phan anh ding thuc trang lam viéc cua
két cdu hon.

25
—Test results
20 —FEM results
A-RC
U’ng 15 ( )
suat
10
5,
% 200 400 600 800
Tai trong

Hinh 13. So sanh ing sudt ciia bé téng giita mé hinh sé va thie nghiém tai vi tri C1
(C1 la vi tri do bién dang trén bé mdt bé téng phia trén dinh dam cdch vi tri dét tai 50cm)

So sanh két qua vé bién dang va tng suit cia
bé tong trong md hinh sb va thuc nghiém tai
diém C1 cho thay rang: Khi lyc nho hon 400kN
thi két qua nay kha sat nhau nhung khi Iyc 16n
hon 400kN thi két qua nay lai 1éch nhau kha 16n
va gia tri thu dugc & md hinh sé thuong 16n hon
gia tri thu duogc tur thuc nghiém. Thyc té co su
sai khac nay 1a béi vi khi bé tong bi niit s& din
dén vat liéu bi pha hay cuc bd va su truyén luc
khong con tdt bang két qua mé phong trong mo
hinh s6 (vat liéu dong nhat hon va khong ¢ pha
hay cuc bd).

4. KET LUAN

Nhu vay, thong qua nghién ctru phan tich
hanh vi chiu tai cia dim BTCT bang mo hinh
sO, ta thiy rang dam BTCT bi ph4 huy theo mo
hinh uén cat két hop;

Két qua nghién ciru cho ching ta mdt cong
cu moé phdng sy lam vi¢c cua két cAu BTCT
bang md hinh 3D. Cac két qua phan tich md
hinh s6 dd dugc so sanh vé&i két qua thuc
nghi¢ém. Nhu vay, phuong phap phan tich mo
hinh sb 3D nay cho két qua rat dang tin cay;

Kha nang chiu tai thiét ké cua dam duoc lua
chon theo phuong phap cia Li Bo (Li Bo and al,
2013) 1a phu hop. Sau khi dat dén tai trong nay
thi dim van tiép tuc chiu tai thém kha 16, c6
thé 1én dén 29.4% so véi tai trong thiét ké. Piéu
ndy ciing tuong ty nhu két qua phan tich mé
hinh s6;

Nhu viy, két qua nghién ctru cho ching ta
mot cong cu diy du hoan chinh dé lya chon
tai trong thiét ké cho két cdu BTCT trong
tuong lai.

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 57 (6/2017) 9



TAI LIEU THAM KHAO

Bo Xay dung, (2012), TCVN 5574:2012: “Két cau bé téng va bé téng cot thép — tiéu chudn thiét
ké”, Ha Noi.

Tran Van Toan, (2016), Nghién citu thwc nghiém dam bé tong cot thép chiu uon don, Tap chi Tai
nguyén nudc s 02 (04-2016), Hoi Thuy loi.

Van-Toan TRAN, (2015), These “Etude numérique et expérimantale des murs en béton armé
renforcés par plusieurs profilés métalliques totalement enrobés”, Insa de Rennes, France.

David H and al, (2012), ABAQUS standard user's manual, Version 6.12.1, USA.

EUROCODE 2, (2004), Design of concrete structures. Part 1: General rules and rules for
buidings, The European Union Per Regulation.

Li Bo and al, (2013), Experimental investigation on reinforced concrete interior beam-column
Jjoints rehabilitated by ferrocement jackets, Engineering Structures, 56:897-909.

Abstract:
NUMERICAL STUDY OF REINFORCED CONCRETE BEAM SUBJECTED
TO SIMPLE BENDING

The article presents the numerical study dealing with the behavior and the real load bearing
capacity of composite steel-concrete beam with several fully encased steel profiles in case no
connection between the surfaces of steel profiles and surrounding concrete subjected to simple
bending by Abaqus software. Especially identify the bearing capacity behavior of the composite
steel-concrete beam while the materials were yielded until failure. Contents of the paper consist:
descriptions of the structural composite steel-concrete beam, material behavior, schema, element
types, numerical solution controls, as well as graphic user interfaces, auto-meshers, and
sophisticated postprocessors and graphics to speed the analyses. It is expected that nonlinear FEM
analysis can give more details on behavior as well as on shear and bending resistance mechanisms
until failure of the composite steel-concrete beam. The specific purposes of the analysis to verify
nonlinear FEM analysis can predict well specimen strength, maximum displacement, strain and
stress distribution, slip distribution, crack pattern, failure modes.

Keywords: Numerical analysis, reinforced concrete, composite steel-concrete beam, profile,
connection, simple bending, plastic, failure.
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