BAI BAO KHOA HQC

TINH TOAN PQ VONG VA VET NUT SAN THEO
TIEU CHUAN VIET NAM SO SANH VOI PHAN MEM SAFE

Nguyén Vinh Sing'

Tém tit: DG vong va vét nirt ciia két cdu bé téng cot thép gdy ra nhitng anh huwdng dén my quan va
yéu cau sir dung ciia hé két cau. Trong tinh todn thieong xem xét dén kha ndang chiu luc theo trang
thai gidi han 1 ma it khi xem xét dén giGi han vé dg vong va bé rong vét nirt theo trang thdi gici han
2 (theo tiéu chuan TCVN 5574-2014). Mdt khdc, viéc tinh todn dé vong va vét nirt theo tiéu chudn
Viét Nam TCVN 5574-2012 ciing c6 mét sé khé khan nhdt dinh trong thiét ké. Trong bai bdo nay,
trinh bay vé do vong va vét nirt két cau san bé téng cot thép theo tiéu chuan Viét Nam TCVN 5574-
2012 so sanh két qua véi phan mém Safe dwoc tinh todn theo tiéu chuan My ACI 318-2002, Chdu
Au Eurocode 1992-2 xem xét dén cdc trieong hop tdi trong khdc nhau. Tir d6, dwa ra cdc két ludn
va danh gia.

Tir khéa: Do vong, mo rong va hinh thanh vét nit, Bé tong cdt thép, tir bién, co ngodt bé tong cdt
thép, phi tuyén vat liéu, tiéu chuan Viét Nam TCVN 5574-2012, tiéu chuan My ACI 318-2002, tiéu
chuian Chau Au Eurocode 1992.

1. TONG QUAN

Hién tuong vong va nit két cau bé tong cot
thép thudng gy lo ngai cho chu dau tu va ngudi
str dung cong trinh. Anh hudng cia do vong va
vét nit s& 1am mat my quan kién tric cong trinh,
lam giam do bén 1au cia két cdu va sy an toan
cua két ciu. Pic biét, trong cac két ciu chua
chat 1ong viéc xem xét mé rong vét nit can
dugc xem xét dé dam bao vé coéng ning sir
dung... Theo tiéu chudn Viét Nam TCVN 5574- 1 (1] _(lj +(1] (1)
2012 trinh bay cu thé viéc tinh toan do vong va ro\r \rjy \rj

2. TINH TOAN PQ VONG VA MO RONG
VET NUT THEO TIEU CHUAN VIET NAM
TCVN 5574-2012

2.1. B vong

Pbi voi bé tong cdt thép thuong, trén céac
doan ma ¢ d6 khong hinh thanh vét nit thang
gbc voi truc doc cau kién, gia tr1 d§ cong toan
phan cta cau kién chiu udn, nén léch tim va kéo
1éch tAm can duoc xac dinh theo cong thuc:

mé rong vét nit theo trang thai giGi han 2,
nhung viéc tinh toan nay ap dung trong thuc
hanh thiét ké con gip nhiéu kho khin dic biét
khi xem xét dén hé két cAu phirc tap, khong
gian. Mot vi du s6 dugc trinh bay theo tiéu
chuidn TCVN 5574-2012 dé so sanh véi két qua
cia phan mém SAFE tinh toan theo cac tiéu
chuin khac nhau nhu tiéu chudin My ACI 318-
2002, tiéu chuan Chau Au Eurocode 1992-2...
dong thoi xem xét dén anh hudng cua tir bién,
co ngdt cua bé téng, phi tuyén vat lidu cdt thép
va phan tich céc trang thai chiu tai cling duoc
xem xé&t.

"' B6 mon Ky thudt cong trinh, Co s 2 - Dai hoc Thuy Loi

Trong do:
(%) 14 46 cong do tac dung ngin han cia
1
toan bg tai trong.
(%) 1a d6 cong do tac dung ngin han cua tai
2
trong thuong xuyén va tai trong tam thoi dai
han.
(%) la @6 cong do tac dung dai han cua tai
3

trong thuong xuyén va tai trong tam thoi dai han.

(1] — Mi l//s + l//b (2)
r)i WZ|ER (@, +&)bhEy
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trong do:

M; — M6 men udn do tai trong tiéu chuin gay
ra ung voi cac truong hop xac dinh do cong.

v, — Hé s6 xét dén su lam viéc cua vung bé
tong chiu kéo trén doan c6 vét nirt.

w,— Hé s6 xét dén sy phan bd khong déu
bién dang ctia thd bé tong chiu nén ngoai cung
trén chiéu dai doan c6 vét nit, di voi bé tong
nang v, =0,9

- Hé sb xét dén anh hudng cua lyc doc.

& - Chiéu cao twong dbi ving chiu nén cua
bé tong.

v - hé s6 dic trung trang thai dan — déo cia
bé tong vung chiu nén.

Z - Khoang cach tu trong tam tiét dién cdt
thép chiu kéo dén diém dit cua hop cac luc
trong vung nén.

Do vong duogc xac dinh bot hé thue:

fi= H B 3)

trong d6: 3, tuwong tmg 1a hé s6 phu thudc
vao dang lién két, dang tai trong tic dung va
chiéu dai nhip.

Xac dinh cac thong sb

- M6 men khang udn cua tiét dién quy doi

2(1,,+al, +al,)
w,= - +S,, 4)
_bh’ +2a(Ah,+ Aa)
2Ared
A, =bh+a(A +A) (5)
EY
o =—
Eb
trong do:

x — Chiéu cao ving bé tong chiu nén

A, — Dién tich quy d6i cau kién

b,h, ho — 12 bé rong va chiéu cao tiét dién va
chiéu cao lam viéc cia tiét dién.

A,, A — Dién tich cot thép chiu kéo va chiu
nén b tri.
I, , S,,— Tuong Ung la m6 men quan tinh

ctua vung bé tong chiu nén vdi tryc trung hoa va

mod men tinh cua vung bé tong chiu kéo vdi truc
trung hoa
I,, I,,— Tuong ung 12 md men quén tinh
cua tiét dién c6t thép doc chiu kéo va chiu nén
véi truc trung hoa.

Chiéu cao tuong dbi ving chiu nén cua bé
tong dugc xac dinh boi:

1
- cE<1
] 1+5(6+ 1)’ 5 (6)
pr—"—
10ua
B - hé sb, d6i v6i bé tong nang S =1,8
A- h¢ s, xic dinh boi: 4=, =22
* 2vbh,
S - hé sb, xac dinh theo cong thirc (7)
M,
=—— (7)
bhO Rb,ser
Z - canh tay don ndi lyc
2
Z=h, -t (8)

2(¢’f+§)

U= bA-‘ - ham luong cdt thép trong bé tong;

o

R, ., - cuong do chiu kéo tiéu chuin cua cot
thép;

R,, .- cuong do chiu kéo ti€u chuan cua bé
tong;

2.2. Hinh thanh va mé rong vét nit

2.2.1 Khad nding chong nirt ciia két ciu

C6 ba cip kha ning chéng nut cin cir vao
diéu kién lam viéc cua ching va loai cbt thép
duoc dung:

Cdp 1: Khong cho phép xuit hién vét nit.

Cdp 2: Cho phép xuét hién vét nit ngian han
véi bé rong han ché a,,, nhung chéc chan vét nit
s€ dugc khép kin trd lai do bo tai trong tam thoi.

Cdp 3: Cho phép xuat hién vét nit ngin han
v6i bé rong han chéa,, va cho phép xuat hién
vét nirt dai han véi bé rong han ché a , .
2.2.2 Tinh todn vé sw hinh thanh vét niet
- Mbémen khang nirt ciia cau kién chiju udn
M, =M, sz 9)

Trong do: w, duoc xéc dinh theo hé thic (4).
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Diéu kién dé cdu kién khong bi nit nhu sau:
M S Mcrc

Trong d6: M la mémen ngoai luc trén tiét
dién dang xét.

- Tinh toan theo sy mé rong vét nit thing
g6c voi truc doc cAu kién

Bé rong vét nit thang goc véi truc doc céu

kién a,. (mm), dugc xac dinh theo cong thirc:
a. =dpn Z 20(3,5-100u)3/d (10)
trong do:

d — duong kinh ¢t thép doc chiu luc
o, —ung suat trong thanh cbt thép doc chiu

M
lyc; o, =—
VA

3. PO VONG VA BE RONG VET NUT
BANG PHAN MEM SAFE THEO TIEU
CHUAN MY ACI 318 VA TIEU CHUAN
CHAU AU EUROCODE 1992-1-1

3.1. Gi6i thi¢u phan mém

SAFE 1a phin mém két cdu chuyén dung
tinh toan cho cac loai ban san bé-tong cdt thép
theo phuong phap phan tir hitu han nhu san
giao thoa, san khong dim, san nim,... ngoai ra
SAFE con c¢6 thé tinh ndi luc va tinh thép cho
dai mong don hoic méng té hop, mong be.
SAFE nam trong bd phan mém SAP, ETABS,
SAFE cua hang CSI cua truong Pai hoc
Berkeley (MY).

Hinh 1. Biéu twong ciia phan mém SAFE
Vi2.3.0

3.1 Tinh toan d9 véng va vét nit bang
phian mém SAFE

a. Theo tiéu chuin My ACI 318-2002

Céc loai tai trong bao gdm tinh tai tiéu chuan
(DEAD) cua trong luong ban than két ciu, tinh
tai tiéu chuan do cdu tao san (SDEAD), hoat tai
tiéu chuan toan phan (LIVE), hoat tai tiéu chuan
dai han (LLIVE)

- Céc t6 hop tinh vdng ciing xem xét nhu cac
truong hop theo TCVN 5574-2012:

Téc dung ngfm han cua toan bd tai trong:

fi = I*DEAD+1*SDEAD+1*LIVE

Téc dung ngfm han cua tai trong dai han:

f, = I*DEAD+1*SDEAD+1*LLIVE

Téc dung dai han cua tai trong dai han:

f; = I*DEAD+1*SDEAD+1*LLIVE

Do vong:

f=fi-H+1f (12)

- Cac t6 hop hinh thanh va mé rong vét nut

Téc dung ngfm han cua toan bd tai trong:

acr; = 1*DEAD+1*SDEAD+1*LIVE

Téc dung dai han cua tai trong dai han:

acr, = 1*DEAD+1*SDEAD+1*LLIVE

M6 hinh st dung cung cac dac trung hinh
hoc, vat li€u va tai trong cé ké dén tac dung cua
vét nat: Crac king Analysis Options: Quick
Tension Rebar Specification.

Phuong phép tinh d0 cung sau khi nuat
Modulus of Rupture ké dén tac dung dai han
dung hai dac trung 1a Creep Coefficient (CR) cho
tir bién va Shrinkage Strain (SH) cho co ngot.

— Creep Coefficient: Hé sb tir bién

Theo tiéu chuan ACI 318 -2002, dugc lay
theo thoi gian nhung khong 16n hon 2.

5 nam hodc nhiéu hon .........ocoevvuveenenee.. 2,0
12 thang ......o.ivvveiiieieeeee e, 1,4
6thdng........covviviiiiii e 1,2
3thadng.......oviiiiie e 1,0

Trong mé hinh cta bai bao nay, ldy CR = 2,0.

Con hé s6 SH trong tiéu chuan ACI318 -
2002 hé sb6 nay duoc lay SH = 0.0005 va mic
dinh trong SAFE 12 d6i véi tinh toan theo tiéu
chuan nay.

b. Theo tiéu chuin Chéu au Eurocode

Trong md hinh SAFE ciing gidng nhu tiéu
chuan ACI 318, chi xét dén cudng do vat liéu,
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cac hé sd tir bién va co ngdt bé tong phu hop
tiéu chuan Eurocode voi tiéu chuin Viét Nam.

Tinh todn tuong ty vé1i mo hinh trén nhung
xét dén CR = 1.7 va SH = 0.0003 phu hop véi
diéu kién va tiéu chuin Viét Nam.

c. Phan tich trang thai (State Analysis)
trong SAFE 12

SAFE v12 méi bd sung tinh ning phan tich
theo State & phan Define Load cases/ Initial
Conditions/ Continue from State at End of
Nonlinear Case.

Phan tich truong hop tai hién tai vdoi céac
thong sd bat dau tir mot trudng hop tai khac coi
1a giai doan chiu tai trudc. Chirc ning ndy rat
thuan tién va pht hop voi thuc té lam viée cua
két cau hon, dic biét cho trudng hop tinh vong.

Co6 thém cac Load Cases nhu dudi day voi
Nh cho ngin han va Dh cho dai han:

+ Nh;: 1*DEAD - Nonlinear (Crac ked) -
Zero Initial Condition

+ Nhy: 1*SDEAD - Nonlinear (Crac ked) -
Continue from State at End of Nonlinear Case Nh;

+ Nhs: 1*LIVE - Nonlinear (Crac ked) -
Continue from State at End of Nonlinear Case Nhy

+ Nhs»: 1*LLIVE - Nonlinear (Crac ked) -

Continue from State at End of Nonlinear
Case Nh,

+ Dh;: 1*DEAD - Nonlinear (Longterm Crac
ked) - Zero Initial Condition

+ Dhy: 1*SDEAD - Nonlinear (Longterm
Crac ked) - Continue from State at End of
Nonlinear Case Dh;

+ Dh;: I*LLIVE - Nonlinear (Longterm Crac
ked) - Continue from State at End of Nonlinear
Case Dhy

- Nhu vay, céc t6 hop theo TCVN sé la: f; =
Nhs.j, £=Nh;_,, f3 = Dhs

4.ViDU SO

4.1. Vi du tinh toan 6 ban don

Tinh toédn d6 vdng va vét nat cho ban don co
chirc ning 1am san san khau, kich thudc 6x6m
lién két 4 canh ngam, chiéu day san 15cm va bd
tri thép déu $12a200 ca hai phuong. Chiu tac
dung cua tai trong theo (Bang 1) va cac dac trung
vat liéu thé hién ¢ (Bang 2) theo cac tiéu chuan
ACI318-2002, TCVN 5574-2012, EUROCODE
1992-1-1.

Két qua phan tich do vong duoc thé hién
trong (Bang 3), két qua phén tich vét nut dugc
thé hién trong (Béang 4).

Bing 1. Cac dic trung vt liéu twong dwong véi tiéu chuan TCVN 5574-2012

Tiéu chuan

Cap d6 bén bé tong

Cot thép

TCVN 5574-2012

B25 c¢o:

R, =14,5MPa,R, , =18,5MPa

,ser

All co:
R :280MPa,fy =300MPa

s

b

E, = 4730 f MPa = 16440MPa

R, =1,6MPa, E, =30000MPa E, =210000MPa
ACI 318-2002 B25 co: Grade 40:
f :1R—”2:12,08MPa, /, =300MPa

E_ =210000MPa

N

Eurocode 1992-1-1

C20/25 ¢ob:
fon =20MPa; E,, =30000MPa

Nhom thép S295 co:
S, =295MPa; E_ =210000MPa

Bang 2. Tai trong tac dung

Céc loai tai trong Tinh tai (DEAD) CAu tao san Hoat tai toan Hoat tai dai han
(SDEAD) phan (LIVE) (LLIVE)
Gia tri (T/m2) 0,375 0,115 0,500 0,180

Céc hinh anh phan tich 46 vong va vét nit tir SAFE:
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Hinh 4. Do vong san tinh theo ACI 318,

Hinh 5. Do vong san tinh theo Eurocode,

duoi tac dung ngd'n han cua toan bg tdi trong duoi tac dung ngd'n han cua toan bg tdi trong

(fimax =7,827mm)

Hinh 6. Do vong san tinh theo ACI 318 (State

ddi han (fymax =12,698mm)
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(fimax =6,837mm)

Hinh 7. Do vong san tinh theo Eurocode,
Analysis), duoi tac dung dai han cua tai trong  (State Analysis), duoi tac dung dai han cua tdi

trong dai han (f3max =10,704mm)
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Hinh 8. Vét nitt phia dudi san tinh theo ACI 318
(State Analysis), duoi tac dung dai han
cua tai trong dai han (acr; =0,047mm)

Hinh 9. Vét nirt phia dvudi san theo Eurbcode,
(State Analysis), duoi tac dung dai han
cua tai trong dai han (acr; =0,043mm)

S A l Eal ol S Rt Bl B Bt B S S !— *| 0| 7| “Crack width 1 SBOBEDG T | - i
FEE s ] .
e v 4| P R
] 1+ 2k 5
] L[+ [ [
1 /4] i A
L+ [ +] 1B ]
e < e ]4] s 18
IEIEE BN |
‘MHH,___“___.,H,,,! <<= 1==1-1- !
IR =t =], | 1 e =
Hinh 10. Vét nit phia trén san tinh theo ACI 318 ~ Hinh 11. Vét nut phia trén san theo Eurocode,
(State Analysis), dudi tac dung dai han (State Analysis), dudi tac dung dai han
cua tai trong dai han (acr; =0,0105mm) cua tai trong dai han (acr; =0,082mm)
Bing 3. Két qua phén tich d§ vong
Tiéu chuan ap dung fi (mm) | £, (mm) | f3(mm) | f(mm) | [f] (mm) theo TCVN
TCVN 5574-2012 6,012 3,790 7,860 | 10,082 30,000
ACI 318-2002 7,827 3,742 | 16,952 | 21,036 30,000
ACI 318-2002 (State Analysis) 4,605 3,061 | 12,698 | 14,000 30,000
Eurocode 1992-1-1 6,837 3,656 | 12,458 | 15,639 30,000
Eurocode 1992-1-1(State Analysis) | 5,060 3,476 | 10,704 | 12,000 30,000
Bing 4. Két qua phan tich vét nirt
Tiéu chuin ap dung acr; (mm) | acr, (mm) [acrlr}(én;lllzl theo [acrzlr((rjn\rlnl\)l theo
TCVN 5574-2012 0,049 0,031 0,3 0,4
ACI 318-2002 0,087 0,051 0,3 0,4
ACI 318-2002 (State Analysis) 0,043 0,047 0,3 0,4
Eurocode 1992-1-1 0,066 0,045 0,3 0,4
Eurocode 1992-1-1(State Analysis) 0,056 0,043 0,3 0,4
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4.2. Nhan xét

Viéc tinh d6 vong, hinh thanh va mé rong vét
nut theo tiéu chuan Viét Nam TCVN 5574-2012
la phtrc tap.

St dung phin mém SAFE dé tinh toan do
vong va vét nit theo hai tiéu chuan Eurocode
1992-2-1 va tiéu chuan ACI 318-2002 cho két
qué 16n hon tiéu chuan Viét Nam TCVN 5574-
2012. C6 thé st dung phin mém SAFE dé thiét
ké, dam bao an toan cho két cAu.

Tinh toan d6 vdng va vét nit theo phan tich
(State Analysis) cho két qua gan véi trang thai
lam viéc va phuong phép tinh toan theo ti€u
chuin Viét Nam TCVN 5574-2012 nhat.

5. KET LUAN VA KIEN NGHI

5.1. Két Luén

Viéc dam bao vé d6 vong va khong ché bé
rong vét nit dong vai trd quan trong vé kha

TAI LIEU THAM KHAO

nang chju lyc va tinh thAim my.

Quy trinh tinh toan d6 vong va bé rong vét
nat theo Tiéu chuan TCVN 5574:2012 1a phirc
tap. Két qua tinh toan d6 vong va vét nat thu
duoc tir vi du s chénh 1éch nhau 16n.

Tinh toan d6 vdng va vét nit theo phén tich
(State Analysis) cho két qua gan véi trang thai
la viéc va phuong phap tinh toan theo Ticu
chuan Viét Nam TCVN 5574-2012 nhat. Do d6,
khi tinh todn san nén st dung cach phan tich nay
cho bai toan phan tich két cau va thiét ké san.

5.2. Kién Nghi

C6 thé str dung phan mém SAFE tinh toan
theo céac tiéu chuin nude ngoai voi hé s6 vat
liéu quy d6i twong duong voi Tiéu chuan Viét
Nam dé phan tich, tmg dung trong thiét ké, tinh
toan va kiém tra két cdu san theo trang thai gidi
han 2 ctia Tiéu chuan Viét Nam 5574-2012.

Phan Quang Minh, Ngo Thé Phong, Nguyén Pinh Cong (2008), Két cdu bé tong cét thép — Phdn
cdu kién co ban, Nha xuat ban Khoa hoc ki thuat, Ha Noi.
Tiéu chuan Viét Nam TCVN 5574-2012: Két cdu bé tong va bé téng cét thép — Tiéu chudn thiét ké.

Nha xuét ban Xay dung, Ha Noi.

EN 1992 Eurocode 2: Design of concrete structures.
EN 1992 Eurocode 1: Design of concrete structures.
ACI 318-2002: Building code requirement for structural concrete and commentary.

Abstract:
SLAB CRACKS AND DEFORNATIONS CACULATION FOLLOW VIETNAM
STANDARD COMPARED WITH SAFE SOFTWARE

Deformations and cracks of structural reinforcement concrete caused affect such as aesthetic
appearance and requires use of structural system. In calculations, it is usually considered that the
bearing capacity is limited to the limitation state 1, but considered rarely the limit deformations and
cracks follow limitation state 2 (TCVN 5574-2014). On the other hand, the calculation of
deflections and cracks follow Vietnam Standard TCVN 5574-2012 also have some difficulties in
design. In this paper, the presentation of the deflection and cracks of the reinforcement concrete
slab with Vietnam Standard TCVN 5574-2012 compares the results with the SAFE software is
calculated with American Standard ACI 318-2002, Europe standard Eurocode 1992-2 have
different load cases. From there, make evaluations and conclusions.

Keywords: Deflections, cracks formation and expantion, reinforcement concrete, creep,
reinforcement concrete shringking, material nonlinear, Vietnam standard TCVN 5574-2012,
American standard ACI 318-2002, Europe standard Eurocode 1992.
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