THIET KE SAN NAM GS. NGO THE PHONG

THIET KE SAN NAM
Tai liéu nay dwoc viét dua trén bai giang cia GS. Ngd Thé Phong - Truong Pai hoc Xay Dung.
1. KHAI NIEM CHUNG

San nam la san khong c6 dam, ban san dya truc tiép trén cot (Hinh 1). Dung san nim sé& giam duoc
chiéu cao két cau, viéc lam van khuon don gian va dé& dang bé tri cét thép. San nam c6 mat dudi
phang nén viéc chiéu sang va thong gi6 tot hon san c6 dam. Ngoai ra viéc ngin chia cac phong trén

mit san ciing s& linh hoat va rat thich hop véi cac birc tuong ngan di dong.

Hinh 1. Vi du vé san nam

Khi chiu tai trong thang dirng, ban san co thé bi pha hoai vi cit theo kiéu bi c6t ddm thung. Dé ting

cuong kha ning chiu cit, co thé tao ra mil cot theo cac dang nhu Hinh 2a hozic Hinh 2b.
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Hinh 2. Mii ¢ét chong choc thing

Ban c6 chiéu day 16n hon trén dau cot con c6 tac dung ting cuong kha ning chiu momen, vi & tiét

dién sat dén cot, momen ubn trong ban dat gia tri I6n nhat.
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Chiéu rong nhip thich hop vé6i san nim, thudng 14 4 dén 8 mét di véi bé tdng cot thép thuong, khi
nhip cta ban tir 7m tré 18n nén c6 cét thép tng luc trude dé cd thé giam chiéu day ban va giam do
vong.

Chiéu day cac ban san nim khéng cé tng luc trude, cé thé lay khoang 1/30 nhip hoic tinh so bo theo

cong thuec:

(1)

Trong do:
- I, l1: nhip noi cua ban (khoang cach giita hai mép cot) theo phwong dai va phuong ngan.
- q: tai trong toan phan (kN/m?) bao gdm ca hoat tai va trong lwong ban than
- ki: hé sb xac dinh nhu sau:
ki =1 di véi 6 ban nam gitra
ki = 1.3 dbi voi & ban nam ngoai va c6 dam bo
ki = 1.6 dbi voi 6 ban nam ngoai va khéng c6 dam bo
- hy: chiéu day cua ban san

Déi voi san c6 mil cot thi chiéu day san dugc xac dinh theo:

(2)

Mil cot phai c6 bé day duoc ting thém it nhat bang 1/4 chiéu day cua ban & giira & va bé rong cua mii
cot thuong khéng nho hon 1/3 khoang cach gitra hai truc tim c6t (hai truc cua mi cot trung vai truc
cua tim cot).

Déi véi ban san nim co cdt thép tng luc trude, chiéu day cua ban co thé so bo gia thiét khong nho
hon 1/40 canh 16n ciia budc cot dbi véi ban san co khong dudi hai nhip.

Chiéu day cuia ban hozc chiéu day caa mii cot phai duoc tinh toan kiém tra dé loai trir kha ning ban
bi dam thung. Theo tiéu chuan thiét ké TCVN 5574-91 thi phai thoa mén diéu kién sau:

P <0.75% Ry * b x h, 3)
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Hinh 3. Mat ph& hoqi trong truong hop choc thing
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Trong do:
- P: Tai trong gy nén su pha hoai theo kiéu choc thing. Gia thiét mat pha hoai nghiéng mot goc
45° nhu Hinh 3. Gia sir ludi cot 1a Iy, 1; va q 1a tai trong phan bé déu trén ban (ké ca trong luong
ban than), kich thudc mi cot la c x c thi:
P =q[l; * 1, — (c + 2hy)?] (4)
- ho: chiéu day hitu hiéu cia mil cot (chiéu cao lam viéc cua cot thép)
- b: chu vi trung binh ciia mat dam thang; b = 4*(c + hp)

- Rk: cuong d6 chiu kéo cua bé tong

(* Chu thich: bai gidng dwoc bién soan truéc khi c6 ban hanh TCVN 5574:2012; phdn tinh toan
choc thing theo TCVN 5574:2012 c6 khac so véi TCVN 5574:1991; déc gid c6 thé tra ciu muc
6.2.5.4 ciia TCVN 5574:2012 dé cdp nhdt phdn tinh toan nay. Ngoai ra, viéc tinh toan kiém tra choc
thiing cho san khong dam nén tham khao thém tiéu chudn nuwdéc ngoai, vi du EuroCode 2, dé ké thém

dnh hirong cua cot thép san va cot thép chong cat)

Trong tinh to4n va ciu tao ban san ndm, ngudi ta thuong chia ban ra thanh dai ban trén dau cot va
giai gitra nhip, hai giai nay déu c6 chiéu rong bang 1/2 buéc cot nhu Hinh 4.
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Hinh 4. Hinh dnh bién dang va md men trong cac gidi ban
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Gia sir tai trong trén ban 1a phan bé déu, xem xét bién dang cua dai trén dau cot A-1-B ta thay tai vi
tri dau cot (A, B) d6 vong cua ban bang khdng, tai vi tri giita nhip (1) d6 vong Ia 16n nhét. Tir duong
dan hdi (d6 vong) ta suy ra dang cua biéu d6 momen ubn ¢ dai trén dau cot nhu Hinh 4b, trong do
Ma va Mg la momen am, M; 1a momen duong. D4i véi dai gitra nhip 3-2-4 d6 vong tai vi tri 3 [a f;
s& nho hon d¢ vang tai vi tri 2 Ia f,. C6 thé tudng twong rang dai giita nhip 3-2-4 gidng nhu mot dam
lién tuc ké 1&n cac gdi tya 1a cac dai trén dau cot A-3-D, B-4-C, v.v... Tir d6 suy ra dang cua biéu d6
momen udn nhu trén Hinh 4c, trong d6 My 13 momen duong va Ms, M, [a momen am. Hoan toan
twong tu, 6 thé suy ra hinh anh bién dang va momen udn cua dai trén dau cot va dai giira nhip cua

phuong vuong goc.
2. TINH TOAN NOQI LUC

Pé tinh dugc céc gia tri ndi luc & mot tiét dién nao do cua ban cd thé dung nhiéu cach khéac nhau dua
trén Iy thuyét dan hoi hoac can bang gigi han, c6 thé dung phwong phap giai tich hodc phuong phép
s6. O day chi trinh bay cach tinh hay duoc dung trong thiét ké.

Van dé dat ra la can phai tinh duoc cc gia tri momen uén trong cac dai ban trén dau cot va dai ban
gitta nhip theo ca hai phuong cua hé ludi cot. Nguoi ta thuong st dung phuong phap phan phdi tric
tiép va phuong phép khung tuong duong.

Phwong phap phan phdi truc tiép 1a xac dinh tryc tiép cac gia tri noi hec cua céc dai gitra nhip va
giai trén dau cot. Cac nude khac nhau cho céc hé sé phan phdi khac nhau tuy theo quan niém vé su
phan phéi lai noi luc trong két ciu, tinh chat 1am viéc dan hoi déo cua vat liéu. Dudi day trinh bay
mot cach tinh toan kha don gian cia nuéc Anh. Theo d6, phwong phap phan phdi truc tiép chi duoc
ap dung khi :

- On dinh ngang cua hé két cau khong phu thudc vao su 1am viéc caa ban va lién két giira cot va ban.
- Gia tri cua hoat tai khong dugc vuot qua 5 T/m?va khong vuot qua 1.25 lan gia tri cua tinh tai.

- San phai ¢6 it nhat ba khoang caa ban vai nhip xap xi nhau theo phuong dang xét.

Cac gia tri momen va luc cét duoc phan phdi cho ban va cho cot trong Bang 1.

Bang 1: M6 men uédn va lyc cdt cia san nam

Géi tya bién Nhip thtr | Géi tua Nhip Géi tua
La cot L3 vach 1 tha 2 gitra gitra
M6 men udn trong ban -0.04FL | -0.02FL | 0.83FL | -0.063FL | 0.71FL | -0.055FL
Lyc cat 0.45F 0.4F - 0.6F - 0.5F
M men udn cua cot 0.04FL - - 0.022FL - 0.022FL
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Trong do:

- F: tong tai trong tac dung 18n mot 6 ban; F = (g + q)*hL*l,

- L: nhip tinh toan theo phuong dang xét; L = | - 2h¢/3

- he: canh caa cot hoac mia cot
Gia tri momen udn cua ban dugc phan phdi cho cac giai ban trén dau cot va gitra nhip theo ty 18 cho
trong Bang 2.

Bang 2: Phan phoi mé men Ién cac giai ban

Dai trén dau cot Dai gitra nhip
M6 men am 75% 25%
M6 men duong 95% 45%

Khi khong c6 mii cot, viéc chia ra dai gitra nhip va giai trén dau cot duoc thuc hién theo Hinh 4. Khi
cd mii cot ma canh nho cua mi cdt nho hon 1/3 canh nho caa 6 ban (tinh theo truc tim cot) thi bo qua
s ¢4 mat cua ban dau cot. Trong truong hop nguoc lai thi bé rong cua dai trén dau cot lay bang bé
rong cia mii cot. Khi do bé rong cua dai trén dau cot va bé rong caa dai & gitra nhip c6 thé s& khdng
bang nhau, viéc phan phdi momen cho hai dai nay theo Bang 2 ddng thoi con phai ty 18 véi bé rong
cua dai.

Momen phan phdi cho cot theo Bang 2 can phai chia cho cot trén va cot dudi theo ty 16 do cung cua
chdng.

Dé so sanh du6i day trinh bay thém phwong phéap truc tiép cua Uc dé xac dinh momen uén.

Phuong phéap nay ap dung khi su khac nhau vé nhip (budc cot) khéng qua 10%. Viéc phan chia cac
dai gitta nhip va dai trén dau cot lay theo Hinh 4a. Theo timg phuong ngudi ta tinh gié tri momen
udn Mo nhu trén hinh 5.

M la gié tri momen uén cho mot 6 ban ké ty do trén dau cot vai gia thiét gan dung rang phan luc gbi
tua nam céch truc cot mot doan bang 2/3(c/2) véi ¢ 1a bé rong quy wdc cua mii cot. Nhu vy ta duoc:

:_‘I*lé*lo 5)

Trong d6:  la tai trong toan phan phan b trén mot don vi dién tich ban

My

Khi tinh toan theo phuong vudng goc, phai hoan vi l; 1a I
Goi:
Mg la tong momen am trén gdi tua giira cia & ban.
My la tong momen dwong & giira nhip gitra cua 6 ban.
Mgz la tong momen am trén gdi tya thar 2 (gdi twa B) cua 6 ban .

Mg la téng momen duong & gitta nhip bién cua 6 ban.

KetcauSoft - Phat trién phan mém thiét ké két cau Viét Nam 5
http://www.ketcausoft.com



THIET KE SAN NAM GS. NGO THE PHONG

Mga 12 tdng momen am & gdi tua thir nhat (goi twa 1) cua 6 ban.
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Hinh 5. a) So' d6 tinh md men cua ban; b) phan phoi md men ¢ nhip giia;

¢) phan phai md men ¢ nhjp bién

Viéc phan phbi momen My cho géi va nhip duoc tién hanh nhu sau:
- B6i véi cac 6 ban ¢ bén trong :

Mn = 0.35Mg

Mg = -0.65Mg
- Bdi véi cac 6 ban ¢ bién (6 phia ngoai) thi phan phdi theo Bang 3.

Bang 3: Phan phdi md men ¢ 6 bdn bién

Tinh trang gdi tua bién Mca/Mo | Myne/Mo | Mga/Mo
Tya ty do 0.00 0.60 0.80
Tua trén cot 0.25 0.50 0.75
Tya trén cot va dam bién 0.30 0.50 0.70
Ngam hoan toan 0.65 0.35 0.65

Viéc chia c4c gia tri momen am va duong cho cac dai trén dau cot va giira nhip ciing theo ty 1 cho

trong Bang 2.
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Phwong phap khung twong dwong dugc dung dé xac dinh ndi hrc (momen ubn va luc cit) cho ban
san va cot khi chiu tai trong thang dung va tai trong ngang, nhip caa ban c6 thé déu hoic khong déu.
Ngudi ta coi san nhu ghép tir hai hé khung phiang vuéng goc véi nhau dé tinh toan noi hrc mot cach
riéng biét, cot khung Ia cot nha con dam khung 1a ban san vai chiéu rong bang khoang cach giira hai
truc cua hai 6 ban 1an can véi cot. Hinh 6 cho mot s vi du vé viéc xac dinh bé rong caa ban tham gia
vao dam cua khung tuong duong theo hai phuong X va Y. C6 thé dung cac phuong phap co hoc két
céu khac nhau dé xac dinh momen uén trong 6 ban va cot. Tai trong trén mi khung tuong duong 1a
toan b tai tac dung Ién san. Viéc phan chia cac gi tri momen tinh dwoc cho cac dai trén dau cot va

cac dai gitra nhip c6 thé theo Bang 2
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Hinh 6. Xdc dinh bé réng cua dam khung tiwong dwong

3. TINH TOAN COT THEP DQC TRONG BAN SAN

Tir cac gi tri momen trong cac dai ban trén dau cot va dai ban giira nhip c6 thé xac dinh duoc dién
tich cét thép doc trong ban san theo cac cong thirc chung phan cau kién co ban. Dé xét dén nhirng sai
léch thién vé an toan trong tinh todn noi luc va tinh toan tiét dién, co thé giam bot cbt thép doc trong
ban theo cbng thirc:

0.7M
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C6 thé liy gan ding y = 0.9

Can phan biét chiéu cao hy ctiia ban ddi v6i phuong co ¢t thép dat dudi va phuong c6 cbt thép dat
trén khi c6 ban mii cot, chidu cao hg lay theo chidu day cua ban va ban mii cot. Cét thép chiu momen
am cua dai trén dau cot s& dugc dat hai phan ba (2/3) trén bang chay qua dinh cot ¢ chiéu rong bang
1/2 chiéu rong cua dai trén dau cot, 1/3 con lai dat sang hai bén.

4.BO TRIi COT THEP TRONG BAN SAN NAM

Viéc b tri cot thép va cat ¢t thép doi voi ban chiu tai trong phan bé déu cé thé theo quy tic don

gian va an toan thé hién trén hinh 7
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Hinh 7. Bé tri cét thép trong ban san ngm
(* Cha thich: trong hinh anh trén, cét thép trén tai géi giita dwoc bo tri 100% tai trong khodng
0.15*I; va 50% cét thép duroc kéo ra dén khodng 0.3*I; cot thép duwdi duwoc bé tri 100% & giiza nhip

va 40% cot thép duwoc kéo vao goi tua)
5.BO TRI COT THEP TRONG MU COT

B4 tri cot thép trong mii cot dugc thé hién trén hinh 8

Hinh 8. B4 tri cét thép trong mii cét
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