Phan tich va tinh toan san 0 co

Analysis and design of waffle slabs

Tom tat

Anh huéng ciia d6 ciing dam

phu dén néi luc ban san 6 <& dugc khao
sat qua phan tich ndi luc ban san bang
phan mém SAFE véi chiéu cao dam phu
thay déi. Sau d6, 3 phueng phap xac
dinh ndi luc san 6 c& dugc trinh bay. Két
qua khao sat noi luc ban san ¢ nhip Lx
=12m, Ly = 9m, va cho bén trwdng hop
nhip san c6 ty 1& Lx/Ly = 1+-2 véi chiéu
cao dam thay déi (h=300--700mm),
khoéng cach dam thay déi (a=
750mm--2000mm) nham dua ra cac
nhan xét vé su sai khac két qua tinh ndi
luc theo cac phuong phap.

Tir khéa: dam phu, mé men, san 6 cd;, phuong
phdp gan dting, Iy thuyét tam v, SAFE

Abstract

The influence of the secondary beam
stiffness on the internal force of the waffle
slabs was investigated through the analysis
of the bending moments of two-way slabs
supported on beams using by SAFE software
with the depth ratios of the secondary
beam to slab are from 3+7. Then the paper
will analysis of waffle slabs according

three methods. The comparison is done

on bending moments and shear forces for
a waffle slab with spans in both direction
Lx=12m, Ly = 9m, and more four cases
waffles slabs that have the spans ratio Lx /
Ly =1+ 2.Analyze the effect of rib depth
(h =300 = 700mm), rib spacing (a =
750mm = 2000mm) in order to comments
on the bending moments and shear forces
according these methods.
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waffle slabs, approximate method, plate

theory, SAFE

TS. Phung Thi Hoai Huwong

Giang vién B mén cot thép va gach da,
Khoa Xdy dung,

Email: thhuongphung@gmail.com;
Dién thoai: 0984394808

Ngay nhan bai: 26/4/2021
Ngay stra bai: 03/6/2021
Ngay duyét dang: 22/5/2023

Phung Thi Hoai Huong

1. Dat vén dé

San 6 c& gdbm hé dam trwc giao dat theo hai phwong chia mat san thanh nhiéu 6
ban c6 kich thuwéc nhé hon 2 m. Phuwong ciia hé dam cé thé bé tri song song véi canh
san (Hinh 1.1) hodc bé tri phwong ctia hé dam truc giao hop véi canh san mét goc
450 (Hinh 1.2).

San & cd la két cAu co chi phi vat liéu thap hon cac loai san bé tdng khac cé nhip
I&n va trung binh. Déng thei gidm chiéu cao tAng va téng chiéu cao nha, san cé do
ctrng 16N, hon niva san 6 ¢ ¢é tinh thdm my cao.Vi vay, san 6 c& dugc st dung cho
nhiéu cong trinh nhw trung tam thwong mai, khach san, van phong, nha &, bénh vién,
nha dé xe, rap chiéu phim, v.v...

Kich thwéc chidu day san, tiét dién ngang suwdn 6 c& va khodng cach gitka cac
swon thy theo thudc vao tiéu chudn ciing nhw chi dan thiét ké tinh toan. Theo [3] chiéu
day ban san co thé lay tr 75mm dén 125mm véi bé rong cla swon tir 125 dén 200mm.
Khodang cach gitva cac swon tir 600-1500mm. Téng chiéu day clha két cAu san thuwong
tir 300-600mm v&i san bé téng cbt thép cé nhip 1&n t&i 15m, véi san bé téng tng lwc
trwéc nhip ¢6 thé Ién hon.

Dé& phan tich san 6 c& c6 thd dung cac cong thirc ly thuyét [5, 11], hodc phwong
phap phan t&r hiru han nhw s&r dung phan mém tinh toan két cdu SAFE, ETABS, v.v...

Trong céc két cAu san c6 hé dam giao nhau, véi cac d6 clrng dam dd Ién co thé coi
dam la cac gbi twa khong c6 chuyén vi dirng dé tinh néi lwc ctia ban san.Vi vay, muc 2
clia bai bao nay trinh bay két qua phan tich néi lwc ban san véi chidu cao dadm phu thay
ddi dé& cé nhan xét khi nao co6
thé tinh don gian héa coi dam
la gbi twa cGia ban.Muc 3 trinh
bay cac phwong phap tinh ndi
Iwc trong san 6 c& khi khéng
thé tach riéng ban san va dam
dé tinh ndi lwc. Muc 4 trinh
bay két qua tinh néi lwc ban
san theo cac phwong phap
nham dwa ra cac nhan xét vé
s sai khac két qua tinh noi
Iwc theo cac phwong phap.

Hinh 1.1. San 6 cG bo tri luéi déu nhau vudng
goc [arch.vn]

2. Noi lwc trong ban san khi
thay ddi dé cirng dam phu
Trong cac két ciu san
c6 hé dam giao nhau, khi do
ctvng clia ddm dud I&n, ndi lwc
san co thé dwoc tinh toan theo
phwong phap hé s& mé men
c6 sén trong cac bang tra [1]
vé&i gia thiét coi ddm Ia cac gbi
twa khéng cé chuyén vi ding.
Tuy nhién trong thwc té, san
dwoc ké 1én cac dam co do
ctvng hivu han, va hé dam co
chuyén vi dwéi tac dung cla
tai trong.Nhw vay lién két cla
cac 6 ban véi dadm khong phai
la lién két ly twéng nhw dwoc
gia thiét khi lap bang tra, hon
nira chuyén ctia ddm dan dén
s phan phéi lai ndi luc cta
hé két chu bao gébm nodi lyc
trong san.Sy phan phdi noi
Iwc san con phu thudc vao ty
I& do cirng gitka dAm va san,

Hinh 1.2. San 6 c6 c6 phuong hé dam hgp

canh san goc 45°[3]
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Hinh 2.1. Mt bang két ciu dam giao nhau

ma trong phwong phap hé sb mé men chwa dwoc tinh dén.
D& nhan xét khi nao cé thé don gian héa coi dam la gbi twa
khéng c6 chuyén vi dirng bai viét phan tich mat bang san nhw
Hinh 2.1. Tai trong tinh toan: tinh tai san 3,91kN/m?; hoat tai
tinh toan dwoc 14y bang 3,6kN/m?. Bé téng str dung B25, E;,
= 30x103 (MPa). Chiéu day ban san chon so bd theo[1], 14y
hs = 100 (mm). 5 mé hinh san twong tng chiéu cao tiét dién
dam phu thay dbi tlr 300 dén 700mm (ty l& chiéu cao ddm dbi
véi chidu day san hy/hg = 3+7) dwoc chon tinh toan. So sanh
mé6 men tinh theo bang tra theo tiéu chudn ACI1963 véi gia
thiét dam 1a gdi twa cla san (khéng chuyén vi dirng) va md
men tinh trong md hinh diing phan mém SAFE.

Tw két qua tinh toan theobang tra cta tiéu chudn ACI 318
va phan mém SAFE trén Hinh 2.2 cho thay:

Mé men bang tra theo tiéu chuan ACI véi gia thiét dam
la gbi twa cGa san (khong chuyén vi ding) va mé men tinh
trong md hinh dung phan mém SAFE cé sy sai khac dang
ké. Cu thé nhw sau:

+ M6 men dwong & giira cac 6 ban tinh theo phdn mém
SAFE I&n hon md men tinh theo bang tra trong tiéu chun
ACI 318.

+ M6 men am & vj tri ban ké 1&én ddm phu tinh theo phan
mém SAFE ludn nhé hon dang ké& gia tri mé men tinh theo
bang tra trong tiéu chudn ACI 318.

+M& men am & vj tri ban ké Ién d&m chinh tinh theo phan
mém SAFE Ién hon dang k& so véi mé men tinh theo bang
tra trong tiéu chuin ACI 318.

Sw thay ddi kich thwéc ddm phu dan dén sy thay dbi
phan phéi noi lwc bén san nhung khong dang ké (xem Hinh
2.2). Noi lic tinh theo phan mém SAFE ludn khac ndi lyc tinh
theo bang tra trong tiéu chuan ACI 318 du c6 tang tiét dién
dam I6n dén ti 1& hy/hg =7.

C6 thé nhan xét réing ndi lwc san tinh theo cac phwong
phap khac nhau ra két qua khac nhau dang ké nhwng khong
lam gidm d6 an toan khi thiét ké két cu bé téng cbt thép vi
bé téng cbt thép c6 tinh déo nén sw phan phéi lai noi luvc do
déo sé dap ng dwoc didu kién can bang. Diéu nay da dwoc
néu trong nhiéu tai liéu [4,5]

3. M6t sé phwong phap phan tich két cdusan 6 co
San 6 c& gdm ban san va hé dam truc giao.Xét mét

M6 men tinh theo | )
bang tra cua tiéu
chuén ACI318
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Hinh 2.2. M6 men theo phucng canh ngan véi chiéu
cao dam phu h= (300+-700)mm
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béngsan 6 c& c6 kich thwéc nhip theo hai phwong 1an lwot
la Ly, Ly, tai trong tinh toan tac dung Ién san la q (KN/m?3).
Khoang cach swon 6 co theo hai phwong lan luot la a, b.
(Hinh 3.1). Bai bao nay ap dung ap dung 3 phwong phap:
phan tich dan hdi dung phdn mém phéan t& hivru han, phwong
phap gan ding Rankine- Grashoff [5,9] va ly thuyét tAm vé
dé tinh noi lwc san 6 co.
3.1 Tinh theo phuwong phép gan dung Rankine- Grashoff
Xét 6 ban co kich thwéc Ly, Ly, tai trong tinh toan tac dung
I&n san 1a g (kN/m?). Gia thiét san & c& duoc lién két ty do
l&én gbi twa xung quanh. Twéng twong cét hai dai ban co bé
rébng mot don vj dat vudng goc v&i nhau, dd véng Ion nhat
gitra 6 ban f,=1, = 1.

384 EJ 384 EJ (1)

Tai trong phan b theo phuong Ly, L, 1an lwot 1a gy, qy
dwoc tinh nhw sau:
L L

T O Y

f=

q,=
)

M6 men udn I&n nhatcho swén & gitka 6 ban theo hai
phwong:

I r
M =qga—=> M =qgb-=~
TR (3)
Lwc cat I&n nhat:
L
0,=q9b=> 0 =q,a——
2 ; ¥y y 2 (4)

- Momen udn trong cac swén con laictia san theo phuwong
L, va Ly c6 thé tinh theo ty 1& v&i My, M, [9] la:

Ml.x = kl ‘Mx

M, =k .M

2.x 2 y (5)

Trong d6 k4, ks 1an ot 12 hé sb 14y theo [9].
3.2 Tinh theo ly thuyét tdm vd

San 6 co bé tong cot thép dwoc coi nhu tam dan hoi va
dang ’hu’(yng duwoc ké tw do & ca bon canh. Theo trén phan
tich tAm va vé ctia Timoshenko [10], d6 véng f tai diém (x,y)
tinh dwoc nhv sau:

. [ﬂx} [y
sin| — (Sin| —
_l6g L, L,

fzr6D2HDy

x

<+ +—
L LL L

(6)
Trong do:
El,, El,, Cy, Cy 1an lwot 1a d6 ciing chong udn va chong
xoan clia swon 6 co theo hai phwong Ly, L.

EI C
b -7 a. b a

C,=kGJ, =kGa’h;C, =kGJ, =kGbh
dd clrng chdng xoén clha swén 6 co theo hai phuong
L Ly
Mb dun chéng cét:
E
G=
2(1+v)
_ Hé s6 poat xdng véi bé tong v =(0,15+0,25), chon
bang 0,2
~ kq: hang s0 phy thue vao ty s6 chiéu cao (h) va bé rong
tiet dién ngang (b) swon 6 c&, dwoc lay theo[10]
Lly: IAn lwot 1a md men quan tinh cla swdn 6 c& theo
hai phuong X, Y. Co thé dwoc tinh nhw sau: [, =1, = kbh’ .
Trong d6 k 1a hé s6 phu thude ty s6 dwoc lay theo Bang
101 [2] cho dam tiét dién chi» T cé bé rong canh b béng
khoang cach gilra cac swon 6 co (a,b). k phu thudc ty so b/
b va hy/h.
M6 men udn (M,, My), mé men xoan (M,y, M) va luc cat
(Qx, Q) 1an lwot tinh dwgc nhu sau:

u --p &L= p, (Q 1

o’ L
¥ ()
2
62
M, =-p,%L )=—D\{£J f
oy L
y (8)
__C,r(azf )
Y b oxoy
Cos @ COS Q
_C[ = |16g L L,
b\LL, )z°| D, 2H D,
' L
- ©)
v o GO,
. a Oxdy
COS ﬂ Ccos Q
_Cf o Yo L) L
alLL )z°| D 2H D,
L, LL L
(10)
cos[mjsin(”] s \
Q :@ —Lx Ly D 1_4_&_”-
* 2| D, 2H D, L oa LI
ree ’ o
x x "y y (11)
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. [ﬂ' ) ny
s CcosS
o tog| \L) L)) = c
"z D, 2H D, "L, b LL
4 272 4
L, LL L

x

(12)

4. Ap dung tinh toanva thao luan két qua

Cho mét bang san & c& c6 kich thwdc theo hai phwong
Lx =12 (m); L, = 9(m); swon 6 co ¢6 kich thude tiét dién bxh
= 200x500 (mm), chiéu day ban san hg = 70 (mm). Khoang
cach swéon 6 cd theo hai phwong gidng nhau a = b = 1500
(mm). Bé téng st dung B25, E, = 30x103 (MPa). Cét thép
CB300V (CIl). Tai trong tinh toan: tinh tai san va tai trong
hoan thién 6 kN/m?; hoat tai str dung tinh toan dwoc lay béng
3,6kN/m?,

Két qua tinh toan md men udn I&n nhat va lwc cét 16n
nhét cGia suwon gitra san 6 cotheo cac cong thire tinh noi luc
da c6 muc 2 va phdn mém SAFE version 2016 [6] dwoc thé
hién trong Bang 1. K&t qua tinh toan cho thdy mé men ubn
My gitka phdn mém SAFE va cong thirc tinh gan ding cho
két qua twong dbi gibng nhau. Lwc cét tinh theo ly thuyét tAm
vé va phdn mém SAFE cho két qua gin nhw nhau. M, va Q,
tinh theo cac phwong phap khong chéch nhau nhiéu.

Mo men va Phuon ) ) )
Iwc cat trén‘ ha égn Ly,thuyét Phan mem
mét don vi bé | PhaP 9 tAm v SAFE
N dung
réng

M, (kKNm) 62.0 50.21 80.0
M, (kNm) 110.3 89.27 112.3
Q, (kN) 20.7 15.4 23.9
Q, (kN) 49 32.8 32.6

4.1 Anh huéng nhip san 6 co

D& phan tich anh hudng nhip san 6 co, ta gilr nguyén cac
théng so cua san da phan tich & trén chi thay doi nhip san 6
co theo phwong Lx. Bon trwdng hop san 6 c& cogia tri nhip
Lx, L, nhw trong Béng 2.

—e— SAFEVEITS —m— LT TA A
oP san 3ing
s
X F
" /
F
: .\__,.:-"";"- 0
- ol
5 g
o A rrfil
E . T

18

L, (m) 9 12 15 18
L, (m) 9 9 9 9
Ly/Ly 1 1.33 1.66 2

M6 men ubn I&n nhat M,, M, va lyc cat Ion nhat Qx, Q,
clia swon gilra san 6 cd tinh theo cac phwong phap & muc 2
cho céc trwong hop nhip san 6 co co ty 1€ L,/L, thay adi tr 1
dén 2 1&n lwot dwoc trinh bay trong cac hinh dum day:

Hinh 4.1 th& hién md men udn 16N nhét cta swon gitra
san 6 co theo phuong Y (M,). Két qua cho théy khi ty 1& hai
canh 6 san L,/L, tang thi m6é men uon (My) tang theo ca ba
cach tinh. Gia trl mé men udn tlnh theo phan mé&m SAFE I6n
hon theo phwong phép tinh gan dung va theo Iy thuyét tAm
vo.

Vei L, =1 va 1,33 gia tri mo men udn My tinh theo
phan ter hwu han va phwong phap gan ding cho két qua gan
glong nhau. Vi L/L, tang Ién 1,66 va 2 thi gia tri mé men
uon theo phuwong phap gan dung va ly thuyét dan hdi tang ty
I& v&i nhau, gia tri tinh theo phan t& htru han I&n hon han hai
phwong phéap trén (rng voi ty 1€ Lx/Ly =2.

Hinh 4.2 cho thay khi ty 1& hai canh & san Ly/L, tang thi
mo men uén (M,) gidm. Gia tri mé men uén t|nh theo phan
mém SAFE 1&6n hon theo phwong phép tinh gan ding va
theo ly thuyét tAm vé ng véi L WLy =1 va 1,33 va 1,66. Voi
Ly/Ly= 2 thi gia tri m6 men udn t|nh theo phan t& hivu han
cho ket qua gan bang hai phwong phap ly thuyét tAm vé va
phwong phap gan dung.

Hinh 4.3 thé hién lwc cit swon phuo’ng Y tang theo ty 1&
LJ/Ly. Luc cat Qy theo phuong khac gan dung I&n hon theo
phan mém SAFE va ly thuyét thm vé. Vi L WLy =1.33 va 2.0,
gia tri lwc c&t theo phan t& hiru han va ly thuyet tAm vé gan
nhw nhau

Hinh 4.4 thé hién lwc c&t ddm phwong X gidm khi ty & L/
L, tang. Voi L, L Iwc c&t theo phan t&r hiru han nhé hon theo
phucmg phap gan diing va 1on hon theo ly thuyét tAm vé. Khi
L/L, tang lwc cét theo phan t& hibu han gidm nhwng I&n hon
so VOI gia tri lwc cét theo ly thuyet tAm vd va phuo*ng phap
gan dung. Khi L, =2L,, lwc cét theo phwong phap gan ding
sat v&i gia tri theo ly thuyet tAm vo.

V&i cac 6 san khao sat cho thay mé men va lwc cét phu
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thudc vao ty 1& nhip cta 6 san. Khi nhip 6 san hai phwong
b&ng nhau md men udn va luc cat swon gitka & san bang
nhau, khi nhip theo phwong nay gép 2 1an theo phwong kia
mé men theo hai phuong chénh nhau 7,34 1an khi tinh bang
phwong phap phan t& hivu han.
4.2 Anh huéng cta khodng cach dédm va chiéu cao tiét dién
dam 6 co

Dé xét dén anh hwéng khoang cach dadm & co ta chon
6 san co nhip L,=L,= 12m; Bai toan dugc khao sat bang
phwong phap phan t& hiru han cho 25 trwdng hop twong
ng véi khodng cach cac dam 6 co 1an lvot 14 0,75; 1; 1,2;
1.5 va 2m, ddng thoi chidu cao tiét dién dam & co (h) thay
ddi tir 300 dén 700mm, cach nhaumét khoang Ah = 100mm.
Chiéu day san h; = 70mm; bé réng ddm b = 200mm; bé téng
st dung B25, cbt thép nhom CB300-V. Gia tri md men udn
I&n nhét ctia dam gitra san 6 c& dwoc thé hién trén Hinh 4.5.

T két qua trén Hinh 4.5 cho thdy mé men uén I&n nhét
cla dam gira san 6 co ty & thuan véi chidu cao swon va
khoang céach gitra cac swon.Nhw vay véi nhip san cho trwdc
thiét ké chiéu cao dam va khoang cach gitra cac dam 6 co
hop Iy 1a rét can thiét trong bai toan san 6 co.
4.3. Théo luén két qua

D&m phu c6 vai trd dang ké trong viéc chia nhd 6 san, va
phan phdi md men am va mé men dwong trong san swon
toan khdi. Thong qua vi du tinh todn ndi lwc cla ban san
theo phwong phap mé men va phan mém SAFE cho thay véi
ty 18 hy/hs< 3 thi mé men am vj tri ddm phu h3u nhw khéng
¢6, ma chi c6 md men dwong. Khi hy/hg> 3 thi xuét hién mé
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