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AN ANALYSIS OF REINFORCED CONCRETE FLAT SLABS WITH CONCAVE ANGLES IN
STRUCTURES OF MULTI-STOREY BUILDINGS SUBJECTED TO HORIZONTAL LOADS
(EARTHQUAKE LOAD)
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Tém tat - Két cAu san phdng khdéng ddm duoc st dung rong rai
trong cac cong trinh xay dwng, dac biét cac cong trinh cao tang.
Trong két ciu nha cao tang, quan niém tinh toan théng thuwong
xem san la tuyét ddi cirng trong mat phang san, t|ep nhan tai trong
ngang va truyen vao hé két cu chiu lwc. Thuc té san cé do clrng
hiu han, nhiéu trudng hop cé géc 16m, nén can thiét phai co sy
danh gia, ki&m tra sw lam viéc clia san trong mat phang ngang. Khi
xay ra dong dét, hé théng thiét ké& chiu dong dat doi héi phai kiém
soat chuyén vi cong trinh, béng viéc chdng lai lwc quan tinh phat
sinh tir gia téc chuyén ddng cdia khdi lwong cong trinh. Phan I&n
khéi lwgng cong trinh tap trung & mai va cac san. Vi thé san 1a bo
phan quan trong cua thiét ké ch()ng dong dat va phai dwoc tinh
toan thiét ké day dd. Vi vay bao cao nghién ctru sy lam viéc cla
san phéng bé tong cbt thép (san khong dam), dic biét san cé géc
I6m trong két cAu nha nhiéu tAng chiu tai trong déng dAt.

Tir khéa - san phéng; géc I8m:; tai trong dong déat; do cing; cong
trinh cao tang.

1. Dit van dé
Trén Hinh la minh hoa su 1am viéc ciia mot tim san
chiu tai trong trong mit phiang. San c¢6 thé dwoc md hinh
nhu dim c6 hai gbi d& (vach). Noi luc cia san duoc thé
hién trén Hinh 1b. M6 men u6n Mu giy ra luc kéo Tu va
lyc nén Cu (Hinh Ic¢) tai cac dai ¢ bién san.
1 DA CHU NEN

(b) MO HINH DAM BON GIAN
Hinh 1. Sy lam viéc cua san chiu tdai trong ngang

Thanh phén lyc cit duge truyén cho cac vach thong qua
cac dai san quanh vach, dugc goi 1a collector. Mot collector
c6 the co bé rong bang bé rong vach (vach bén phai Hinh
2a) hodc co thé phai dugc md rong ra dai san lién ké voi bé
rong beff (vach bén trai Hinh 2a).

Trén Hinh 2b thé hién luc doc (kéo va nén) trong

Abstract - Structures of flat slabs without beams are not widely used
in construction, especially in that of multi-storey buildings. In tall
building structures, it is usually calculated that the floor is absolutely
hard in the floor plane, receiving lateral loads and transfering it to the
load-bearing structural system. However, in reality, the floor has finite
stiffness and in many cases it has concave angles. Therefore, it is
necessary to assess and check the work of the floor in the horizontal
plane. When an earthquake occurs, the system designed to
withstand earthquakes requires controlled translocation work by
force of inertia against acceleration resulting from motion of the
quantity of work. The bulk of the work concentrates on the roof and
the floor. So the floor is a vital part of an earthquake-resistant design
which must be fully calculated. So the article studies the work of
reinforced concrete flat slabs (the floor without beams), especially
when there are concave angles in multi-storey building structures
bearing earthquake loads.

Key words - flat slab; concave angle; earthquake load; stiffness;

multi-storey buildings.

collector trong trudng hop bé rong collector biang bé rong
cua cua vach.
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Hinh 2. Ddi san truyén luc ngang cho vdch (collector)
Tiéu chuin ACI 318 (M3) cho phép sir dung cdt thép
phéan bd trong san dé chiju cac noi luc trén, tuy nhién voi cot
thép phan b, c6 thé gay ra bién dang kéo 16n. Vi ly do nay,
ACI 318 ciing dé xuat bd tri cac cot thép & bién tai cac dai
kéo va nén. O Viét Nam, viéc phan tich sy lam viéc cla san
trong thuc té thiét ké nha nhiéu ting chiu tai trong ngang con
it dugc quan tdm nén nghién cliru sy lam viéc cla san trong

két cdu nha nhiéu ting chiu tai trong ngang la can thiét.

2. Cac md hinh phéan tich ni lue san chiu tai trong ngang
2.1. M6 hinh dam twong dwong [2, 4]

M0 hinh nay coi san nhu mot dam ¢ nhip theo phuorng
ngang gilta cac gdi cimg 1y tuong. Cac g0i cuimng thé hién
céc ciu kién dung nhu cac vach. Hinh 1 thé hién mo hinh
dam tuong duong. V&i truong hop trong hinh v&, dim duogc
g6i don gian, boi cac vach déu dat & cudi cua san. Cach tiép
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can nay cting cd thé dugc sir dung véi cac vach nam phia
trong cua cac canh bién san. M6 hinh nay don gian nhung
chi xét tung san riéng biét.

2.2. M6 hinh dam twong dwong hiéu chinh [2, 4]

MO hinh nay mo ta gan dung sy lam viéc cta san, trong
d6 thé hién sy tuong tac voi cac cac cau kién ding.

Céch ti€p can co ban 1a xac dinh lyc dugc truyen giira
san va moi mot cau ki¢n dung thong qua tinh toan luc cat
quanh mét cau kién ding tai moi mirc san (Hinh 3).

M5 hinh niy mé ta gan diing sw lam viéc ciia san, trong
d6 thé hién sy tuwong tac voi cac cac cau kién ding. Cach
tiép can co ban la xac dinh lyc dugc truyén giira san va moi
mdt cau kié€n ding thong qua tinh todn luc cat quanh mot
cau kién ding tai moi mtrc san (Hinh 3).

Hinh 3. Lirc truyén giita san va vdch

Khi san dugc mé hinh tuyét ddi cimg va st dung
phuong phéap luc ngang twong duong thi lyc duge truyén
t&i san duoc tinh toan béng sy sai khac cta céc luc trong
céu kién dimg & phia trén va dudi san dang xét.

Gan ding c6 thé xac dinh Iyc phan bd trén san tir tong
hop luc ngang va tam cung cia san. Voi cac san hinh chir
nhét c¢6 khéi lwong phan bd déu, lyc phan b hinh thang s&
duoc ap dung cho san (Hinh 4). Luc cit va mé men thu
dugc (Hinh 4b) déu duoc chap nhan dé tinh toan, phén tich
cho két cdu san. Luu ¥ ring, cach tiép can nay s& kho xét
duoc mé men do cac gdi tya theo phuwong vudng goc véi
chiéu luc ngang tac dung (Rc va Rp trén Hinh 4a).
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(b) Dém don gian
Hinh 4. M6 hinh dam twong dwong hiéu chinh
2.3. M6 hinh phén tiv hivu han
Mé hinh phan tir hu'u han cta san 1a phuong phap tong

quat danh gia lyc truyén giita cac cau kién ding, ké ca
nhiing trudng hop phire tap nhu ¢6 cac 16 md 16n & san

hoic san c6 hinh dang bat thudong. Véi mé hinh nay c6 thé
de dang xét dén sy lam viéc khong gian ctia hé két cau, dac
biét tai nhiing vi tri c6 sy thay do6i dot ngdt vé dién tich san.

3. Thi du tinh todn véi san c6 goc 1om

Cong trinh cao 12 ting, mdi ting cao 3.3m (Hinh 5).

Vich, 18i, san st dung bé tong cAp do bén B30, san day
300mm, vach day 550mm, 18i day 400mm khoéng thay doi
tiet dién tur dudi 1én.

St dung phwong phép phan tir hiru han (phdn mém
ETABS va SAFE) dé tinh toan ndi lyc trong san dudi tac
dung cua tai trong dong dat theo phuong y (Hinh 6). Luc
dong dat dugc xac dinh theo TCVN 9386:2012.
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Hinh 5. Mdt bang céng trinh

154 Global Beam Fovee Loads (DOV) [N, K/m]
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Hinh 6. Mdt bang céng trinh chiu tdi trong ngang theo phuwong y

3.1. Két qud ikng sudt tinh todn theo phan mém
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Hinh 11. Ung sudt 823
3.2. Két qud cot thép tinh todn theo phin mém
Tién hanh xem xét sy lam vic ctia hé san ting dudi tac
dung cua tai trong dong d4t bang mé hinh phan tir hiru han
v6i két qua g sudt cia san tai vi tri goc 16m (Bang 1).

2] Slob Strp Design - Layer A - T o o

Hinh 12. Cét thép cdn bé sung tai cdc vi tri géc 16m (mm?/m)
Bdng 1. Ung sudt cuc bg cua san tai vi tri goc lom

thng S S5, Sz Smax Smin a; a
(kN/m?) | (kN/m?) | (kN/m?) | (kN/m?P) | (kN/m?) | (D6) | (P6)

12 | -34.98 | -34.12 | -19.60 | -14.95 | -54.14 | 1.3 | 91.3
11 3.05 -1.61 -4.77 6.02 -4.58 | 63.9 | 153.9
10 11.36 | 12.66 | -0.36 | 12.75 | 11.26 | 61.1 | 151.1
9 8.06 19.33 -0.17 | 19.33 8.05 88.3 | 178.3
8 3.69 27.43 -0.18 | 27.43 3.69 | 89.1 | 179.1
7 2.70 40.19 1.17 40.22 266 | 936 | 3.6
6 7.32 59.07 4.72 59.50 6.89 | 1003 10.3
5 20.94 | 86.30 | 11.61 | 88.30 | 18.94 | 109.5| 19.5
4 48.11 | 124.92 | 23.51 | 131.54 | 41.48 | 121.5| 31.5
3 90.48 | 176.09 | 40.79 | 19241 | 74.16 | 133.6| 43.6
2 135.67 | 231.19 | 60.11 | 260.20 | 106.66 | 141.5 | 51.5
1 105.84 | 226.06 | 47.52 | 242.57 | 89.32 | 128.3 | 38.3

3.3. Nhén xét

Gia tri ing sudt cuc bo tai vi tri goc 16m giam dan tir
gia tri kéo 16n nhat vé gia tri nén 16n nhét tir ting 1 dén ting
12 duéi tac dung cua tai trong dong dat. Hau hét img suét
cuc bo tai vi tri goc 1a g suat kéo. Xét vé gia tri tuyét ddi,
g suit nén nho hon kha nhidu so véi tmg suat kéo.
Nhu vay, (g suét cuc bd tai goc 16m nguy hiém hon dbi
Vi cac ting ¢ dudi. Do vdy, can bd tri cot thép gia cuong
tai goc 1om.

4. Két luan

Trong thiét ké két ciu san cta nha nhiéu tng, néu quan
niém san chi chiu tai trong dimg trong nhiéu trudng hop 1a
chwa dam bao an toan. Cac k§ su thiét ké cin xem xét su
lam viéc ctia san duéi tic dung cua tai trong ngang dé bd
sung cac cdt thép can thiét, ddc biét chu ¥ cac cong trinh
khi mat bang san c6 cac goc 16m.
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