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San phéng 16i réng 12 giai phap dang rat phé bién dugc 4p dung rong rii vao cic cong trinh xay dung dan
dung & Viét Nam va trén Thé gii. San 161 rdng c6 ciu tao két cAu khong gian 3D véi 16i rdng cheén gitta san
choén chd phan bé tong viing trung hoa lam giam trong lgng san nhung van giit nguyén do6 cting. Cac vu
diém ndi bat c6 thé ké dén cua san 16i réng nhu kha ning vieot nhip 16n, ting kha ning cach am, cich nhiét
gitip tiét kiém ning lwgng, giam gia thanh trong x4y dung va phit hop véi trao luu xay dung xanh trén Thé
gii. Bai bao nay sé nghién cttu cic phwong phép tinh todn két cAu, phén tich @ng suit va chuyén vi ctia san
phéng 16i réng thong qua cac bai toan thie té. Tir d6 so sanh két qua ctia cdc phwong phép tinh v&i két qua
do dac duge tai céng trinh san phéng 16i réng ngoai thue té. Bai bao sit dung phitong phap phan ti hitu han
ctia md hinh 3D trong phin mém thiong mai Etabs va Ansys dé mo6 phong néi litc ctia san khu 16i réng va
khu nim dic dAu cot. K&t qua va dit liéu phan tich dat duge trong nghién ctu nay c6 thé 1am tai liéu tham
khao cho cac ky su thiét ké.

ABSTRACT

Flat slab
Stresses
Deformation

Finite element method

Hollow core floor has a 3D spatial structure with a hollow core inserted between the floor occupying the
concrete in the neutral zone, reducing the amount of floor but keeping the stiffness. The outstanding
advantages can be mentioned of the hollow core floor such as the ability to overcome large spans, increase
the ability of sound, heat insulation to save energy, reduce construction costs in line with the trend of green
construction in the world. This paper aims to examine the methods of structural calculation and stress
analysis of hollow core flat slab through actual case. Then, comparing the results of the calculation methods
with the measured ones at the actual projects using hollow core flat slab. The finite element method of 3D
modeling in commercial Etabs and Ansys software was used to simulate the stresses of the hollow core slab
and the column mushroom area. The achieved results and analytical data of this study can be used as a

reference for engineers.

1. Gi6i thiéu

San phéng 16i réng 12 san bé téng cbt thép c6 16i réng dang hop, gian gin d4y nhim muc dich giam trong ligng san, viegt nhip 16n, cic
cau, hinh chép cut dwge st dung nhdm muc dich loai bo phin bé téng am cach nhiét va tiét kiém chi phi x4y dyng. San phéng 16i rdng gdm

viing trung hoa it tham gia chiu lyc giGp giam trong lwgng.Giai phap cac loai nhu Hinh 1.

san ndy dang bt ddu duoe sit dung phd bién tai Viét Nam trong thdi

(a) San 16i réng bing x6p VRO (b) San 16i réng bing béng (Bubble Deck)

*Lién hé tac gia: cuongtm@huce.edu.vn
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(c) San 16i rong Cobiax

- - Al
(d) San 16i réng bing hop nhua (Uboot)

Hinh 1. Cic dang cong nghé san phing 16i réng.

Mic dit ¢6 rit nhidu wu diém so v&i giai phap san dim truyén théng va cac giai phap san phing khac nhung giai phap san VRO con gip nhidu

tré ngai do chwa nhidu ngwdi hiéu sau séc v@ sy 1am viée ctia két ciu san 16i rdng. Viée dua ra céc giai phap tinh todn két cAu, nghién citu ng

suét, bién dang trong san phéng 16i réng gitip cho ngudi kj s ¢6 thém sy lva chon phit hop khi ap dung tinh toan thiét ké cong trinh san phing

vieot nhip ddm bao chit lwgng cho cong trinh va din dwa giai phap san 16i rdng wu viét hon di vao tiém thitc ngudi st dung trong nude.

2. Phuong phép tinh
2.1. Phuong phdp gidi tich

San 16i rdng c6 cAu tao rbng tai ving giita, ving cé @ng suit

twong d6i nho khi san chiu uén. Phin bé téng con lai ¢6 thé dvoc tinh

(a) Mt cit ngang qua san 16i réng

toan gidng nhu cac dim chit I xép lién tiép, lién két véi nhau tai ban
cénh (Hinh 2.2). Déi vGi san chiu tai trong don gian (san c6 lugi cot
déu dan, tai trong trén san phéan bd ddu), ¢ thé tich ra cc cAu kién
dim chit I hinh chiu uén ngang phing (Hinh 2.b).
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(b) Mt cit ngang dAm chi I chiu uén ngang phing

Hinh 2. Quy ddi san phéng 16i réng.

S@ dung céc cong thiic stic bén vat liéu dé tinh toan ra cac thanh

phin ¥ng sult va bién dang ctia san phing 16i réng:

O—Zzl‘:_: szz% €8]
My My
<P(Z)=f—E—,de+C y(z)=f(f—£—lxdz+c)dz+D )

Trong dé:

0,52y 1an Iwot 1 Gng sult phap va Gng sult tiép cla tai mit cit

ngang dim

Mx,leén lwot 13 ndi lwe moment va lue cit tai mit ct san

I, 12 moment quén tinh ctia mit cit ngang vdi truc X

B. 1a chidu réng miit cit ngang tai diém tinh ¥ng suét

S¢ 12 moment tinh ctia mit cit

©(2), y(2) 1an luot 1 d6 vong va géc xoay ctia dAm

C, D 1a hai hing s6 tich phan dugc xdc dinh theo diéu kién bién

chuyén vi

Tuy nhién trong thuc t& cong trinh thudng cé két cAu lwdi cot

phitc tap, tai trong tip trung hodc phin bd khéng déu. Cin ding cic

mo hinh phin t hitu han dé tinh to4n s& cho két qua chinh xac va tiét
kiém thoi gian. Tuy nhién hiu hét cic mé hinh tinh toan két cAu phd
bién hién nay déu sé c6 sai s6 do khéng mo hinh chinh xac dwgc hinh
hoc san réng, chi c6 mot s6 m6 hinh c6 thé 1am duoc viée nay nhu mo
hinh khéi bing phan m&m Ansys gitip viéc mé phong sat hon véi thuc
té. Trong nghién ctu nay tac gia sé st dung mé hinh bing phin mém

Ansys va so sanh két qua v&i phdn mém Etabs phé théng hién nay.

2.2. Cdc phitong phdp phan ti¢ hitu han
2.2.1. M6 hinh hé khong gian bdng phan ti¢ frame trong phdn mém Etabs

Hé san phing 16i réng dwgc mé hinh bing hé dam chit I tryc giao
thong qua phan tit frame lién két tai nit. M6 hinh nay cho khing ning
mo hinh twong déi nhanh, phan anh twong dbi chinh xéc d6 cting téng
thé cho cong trinh (Hinh 3).
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Hinh 3. M6 hinh san 16i rdng bing phan tit Frame trong Etabs (Frame).

o,

(@) So dd téng thé

Tuy nhién, Phiwong phép nay chi phtt hgp véi céc cong trinh quy
mo viva va han ché chi ¢6 thé tinh toan ting sudt san phing & khu vic
rbéng thong qua noi lyc phan ti thanh.

2.2.2. M5 hinh dang toan khdi solid bdng phdn mém Ansys

Dé mo6 hinh dang toan khéi solid mé hinh hé san phéng 16i réng
bing cac phan ti solid st dung phan mém phén t hitu han Ansys (Hinh
4). Pay 12 mé hinh cho két qua sat v&i thue té nhit do mé phong dugce

céc kich thude hinh hoc 16 rdng. Tuy nhién, dang mé hinh ndy cin

nhiéu thoi gian xay dwng va phu thude vio phin citng may tinh chi phit
hop véi nhién ciu, danh gia.

o

(b) mat ct san

Hinh 4. M6 hinh san 16i réng béng phan tit solid theo phan mém Ansys 2019R1.

2.2.3. M6 hinh hé khong gian bdng phan ti shell trong phdn mém Etabs

Trong md hinh tinh toan ndy, hé san phéing 16i réng gdm phan
san rdng va phan ndm dAu cot dugc md hinh bang cic phan tit shell
lién két khong gian chia 1am ban swon va ban canh. Ban sudn duge md
phong bing phin ti wall, ban cdanh mé phong 14 phan ti slab lién két
v6i nhau qua phan tG ndt (Hinh 5). M6 hinh héa gan dtng trén co s&
dap ting dugce yéu ciu do citng cua tiét dién quy ddi va tiét dién thye
té 12 bang nhau. M6 hinh tiong diong c6 mé men quan tinh Ix va trong
lvong P twong dwong v&i mé hinh thie té. Pay 1a dang mé hinh gin
nhét v6i va cho it sai s6 nhét so véi mé hinh sang solid. M6 hinh nay
da don gian hon nhiéu so v&i mé hinh toan khéi solid tuy nhién vin
con twong phic tap va khéng kha thi véi cac dy an 16n.

Hinh 5. M6 hinh san 16i rdng bing phin tit shell trong
Etabs (Wall).

2.2.4. M6 hinh hé khong gian bang dang bdn phdng quy ddi (phdn t? slab)
trong Etabs

& dang m6 hinh nay, hé san phéng 16i réng duge quy dbi twong
duong vé san dic c6 cling trong ligng va d6 ciing khang uén (Hinh 6).
M0 hinh héa gin diing trén co s¢ dap tng duge yéu ciu do cling ciia
tiét dién quy db va tiét dién thic té 12 bing nhau. M6 hinh twong diong
c6 m6 men quan tinh Ix va trong lvgng P twong dwong véi moé hinh
thyc té.

¥

"3

Hinh 6. M6 hinh san 16i réng dang ban phing quy ddi trong
Etabs (Slab).

bay la dang m6 phong don gian, thoi gian mé hinh nhanh, pht

hop véi cac dv an quy mé 16n. Tuy nhién sai s dbi véi mé hinh
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solid 14 nhidu nhét. Trong bai bdo tic gia sé dua ra cdc sai sb trong
mot sb khoang nhip phd bién dé khi thiét ké cac k§ su 6 thé can
nhic tham khao.

3. Két qua khao sat

Py A 32X N
Thoéng so dau vao:

Théng sb sin
Budc nhip |Hsan rdng | Hndm | Bwéc |Hsanrdng| H nim
(m) (mm) (mm) | nhip (m) (mm) (mm)
6 250 250 10 390 390
7 290 290 11 420 420
8 320 320 12 460 460
9 360 360
Théng sb vat liéu
Vvat liéu Cuong do Cuong d6 | Cuong d6 | E (Mpa)
kéo (Mpa) nén (Mpa) cit (Mpa)
Bé tong B22.5 1,05 13 29000
Thép CB300V 280 280 225 210000
Thép CB400V 365 365 290 200000
Tai trong tac dung
Tinh tai (kN/m?) 1,2
Hoat tai (kN/m?) 1,5
Twong (kN/m>2) 4,0

Két qud va nhdn xét:

Hinh 7 cho thiy ting suit ddy trong ban san réng thuong tip
trung & gitta nhip hai cot va 1¢n nhit & tAm; @ng suit ban san tap trung
cht yéu & nim cot. V& phiiong phap Frame va Slab, Ging suit dugc tinh
thoéng qua ndi lvc (Hinh 7c va 7d).

— —

(a) mo hinh Solid

g T e,

b RS

(b) mo hinh Wall

(¢) mo hinh Frame (d)

mo hinh Slab
Hinh 7. Ung suit ctia san theo 4 phuong phép tinh.

Hinh 8 cho thdy d6 vong ctia ban dich chuyén din vé giita nhip
va 16n nhét & tm. Cac vi tri dAu c6t khong cting tuyét dbi; Tuy nhién,
kich thuée ot phai duge ting theo chiéu dai nhip dé ¢am bao do cting
ctia c¢ot khong nho hon dd cléng cta ban.

uw

[ T
(b) mo hinh Wall

(a) mo hinh Solid

foog

(¢) mo hinh Frame (d) mo hinh Slab
Hinh 8. Chuyén vi ctia san theo 4 phwong phéap tinh.

Hinh 9 va Hinh 10 thé hién sy so sanh giita cac két qua cta tng
suét va d6 vong theo 4 phuwong phéap tinh toan trong nghién ctu nay.
Trong Hinh 9, {ng suit ting tit 5-10 % & cac nhip 5-7 m v tai cic nhip
nay sai sb (chi tit 1-3 %) 1a nho so véi két qua khi st dung mé hinh
solid. Ung sudt ting ti 10-15 % & nhip 8-12 m. Tuy nhién, tit nhip 9m
tr& 1én sai s6 16n hon, twong ting 5-10 % dbi véi mé hinh twdng, 10-
15 % d6i véi mod hinh khung va san chuyén d6i. Pong thoi nhan thiy
ting suét ctia phitong phap solid luon cho két qua Gng suit nho nhét,
phuong phap khung (Frame) va phuong phap san quy dbi (Slab) cho
két qua ting suit 16n nhét.

6 7 8 9 10 11 12
Nhip (m}
—e—>5olid —e—Wall —e— Frame —e—S5kab

(a) ting sut $22 ban day

}ZZ\[NICF\Z)I
oA

Nhip (m)
—e—>50lid —e—Wall —s—Frame —a—S5hb

(b) tng sudt S22 ban mat
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523 (N/cm2)

6 7 8 10 11 12

]
Nhip {m)

—e—S50lid —e—Wall Frame —e—5hkb

(c) tng sudt $23 ban suon

523 (N/cm2)
[

6 7 8 E 10 1 1
Nhip (m)

—e—S5olid —e—Wall Frame —s—3Skb

(d) tng sudt $23 ban nim

Hinh 9. So sanh tng suit ctia san rdng theo cic mé hinh.

Hinh 10 cho thiy dé vong trong san 16i rdng ciing ting dan khi
nhip twong ng tdng lén. DY vong tang tit 20-40 % & nhip 5-7 m va sai
s6 so v&i mé hinh Solid ti* 6-12 %; Dbi véi nhip tir 8-12 m, d6 vong
chi ting tit 15-30 %, tuy nhién sai s6 & cac nhip nay 13 12-24 %. bdng
thdi c6 thé thiy d6 vong ctia md hinh Solid luén cho két qua do vong
nhé nhét, phuong phép khung (Frame) va phwong phép san quy dbi
(Slab) cho két qua d¢ vong 16n nht.

B6 ving trong

6 7 8 10 1 12

Nhip (m}

——50lid  —a—Wall Frame =—#=—>5lab

Hinh 10. So sanh chuyén vi san réng theo cic mé hinh.

Theo bao céo thit tai thuc té [4] va so v6i béo cdo thiét ké cua
dy 4n “Nha may san xuit diu cubi thiét bi théng minh” tai Hoa Lac
duoc thiét ké theo phwong phap san phing quy dbi (Slab), két qua
niit va vong ctia bdo céo thiét ké nho hon 15%. v&i nhip 9m va nho
hon 20 % v&i nhip 12,5m. Két qua trén phit hop véi két qua nghién
cttu cua bai béo.

4. Két luan

Nghién citu nay trinh bay viéc tting dung cac phuong phép tinh
toan béng cidc mo6 hinh khac nhau (md hinh Solid, Wall, Frame va Slab)
dé tinh to4n ting sudt va chuyén vi trong san phéng 16i réng. Két qua lai
cho thdy: Phuong phap mé hinh Wall cho két qua gin nhét véi thuc té
(md hinh Solid) va phitong phap san quy dbi (Slab) cho sai sé 16n nhét.
Tuy nhién, phuong phap theo mo hinh Slab nay lai thudn tién hon trong
qua trinh thiét k&; Sy khéc biét giita mé hinh tinh va thyc t& c6 thé chip
nhéan dugc dbi véi nhip ctia san tit 5 m dén 8 m, nhung sy khac biét d6
13 déng ké dbi v&i nhip san dai hon 9 m. Két qua nghién ctu ndy c6 thé

lam tai liéu tham khao cho céc ky su trong qua trinh thiét ké.
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