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Bai 10:
THIET KE CAU KIEN BE TONG COT THEP

STAAD kha nang thiét k& hau hét cac loai cau kién bé tong cot thép véi mic do thiét
k& rat chi tiét. Khi thiét k& chuong trinh c6 kha nang tinh toan ra dién tich c6t thép, Chon
cac loai thép phu hdp va dua ra cac cach bé tri thép cé thé. Chuong trinh ciing dua ra
cling nhu bé tri thép dai theo yéu cau chiu luc hay céu tao. Tai vi tri dau thanh chuong trinh
sé tinh neo néu can thiét. K&t qua cudi cling la so d6 b tri thép, sé thanh thép, chiing loai
thép va trong lugng thép. Trong mé dun STAAD.Pro chuong trinh c6 kha nang thiét ké cau
kién bé téng cot thép nhu dam, cot, va méng bé téng cét thép. Tiéu chuén thiét k& 14 ACI
318. STAAD c6 kha nang |8y néi luc tir qua trinh phan tich (phi tuyén hoic tuyén tinh) dé
thuc hién thiét ké cac cau kién bé tdng c6t thép dudc chi dinh.
Cac loai tiét dién chuong trinh cé kha niang thiét ké
= PGi v6i dam Beam Dessign : hinh chit nhat, hinh thang va chit T (Rectangular,
trapezoidal, T shape)
= P6i vGi cot Colunm Dessign: hinh chir nhét, hinh thang va hinh tron (Rectangular,
Circular)
» PG véi tdm san, tudng Wall/Plates: cac déi tuong san tudng ¢ chiéu day xac dinh

(finite elements)
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Khi thiét k& cac ban phai dung dén cac tham s&, cac tham sé nay c6 thé khac nhau
déi véi cac bai toan. Cac tham sé trong STAAD 4y theo tiéu chuan thiét k& ACI 318. Néu
khéng thay déi cac tham sé thi chuong trinh sé 18y cac gia tri mac dinh. Cac gia tri nay la

cac gia tri hay thuong dung nhat. Cac tham s6 dudc ghi & bang dudi.
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Tham sd Gia tri mac dinh Chu giai

FYMAIN 6000 pound/in? Gi6i han chay cla c6t thép chiu luc chinh

FYSEC 6000 pound/in? Gi6i han chay cla loai vat liéu thép lam cét thép
phu - cot dai

FC 4000 pound/inch? Cudng dd chiu nén trung binh clia bé tong -

chinh la méac bé téng.

CTL, CLB, 1.5inch Chiéu day I6p bé téng bdo vé phia trén, phia
CLS dudi va bén canh cla tiét dién bé tdng cét thép.
MINMAIN a4 Pudng kinh nhé nhat (mm) cla c6t thép chinh
MINSEC a4 Budng kinh nhé nhat (mm) cla cot thép dai.
MAXMAIN @18 DPudng kinh 16n nhat (mm) cla c6t thép chinh
SFACE 0 Khodng céach tir nut dau phan t( tdi vi tri tai dé

I8y gia tri luc cit dé tinh c6t dai

EFACE 0 Giéng nhu SFACE nhung la tai nat cudi clia
phan t(r .
REINF 0 Thong s& cho biét kiéu lién két cla cot thép dai

trong tiét dién, néu = 0 tc 1a cot dai dudc lién

két budc. néu = 1 tlc |a cét dai cd dang xoan 8¢

MMAG 1 Hé s6 tang mémen, an toan cé thé 1ay gia tri >1.
WIDTH, *YD Chiéu rong va chiéu cao clia tiét dién dé tinh c6t
DEPTH:

thép khi thiét ké (mac dinh sé Iay cac gia tri

trong phan khai bao Property).

NSECTION 12 S6 lugng mat cat lién ti€p trén phan t, tai d6

can phai tim mémen nguy hiém nhat dé thiét k&

Théng sé cho biét kiu thé hién cac két qua tinh
TRACK 0 toan. Track = 0 cac két qua chinh dugdc in ra
Track = 1 két qua théng thudng;Track = 2 thi

tat ca cac két qua chi tiét dugc thé hién.
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Chuy
Néu khi cai chuong trinh ban chon hé don vi dung la Metric thi khi khai bao dudng kinh

I6n nhét hay nhd nhét cla cét thép thi ta khai theo dudng kinh cé trong tiéu chuén (4 mm,

6 mm, 8 mm ,12 mm..) chir khéng nhép sé thanh.

Chuong trinh STAAD cung c8p hai dang phan tich la P-Delta Analysis va Perform
Analysis. Vi kiu phan tich dau tién thi chinh xac hon, ban khéng can nhap hé s6 MMAG
Tuy nhién néu duing kiéu phan tich nay thi cac tai trong dua vao phai 1a cac trudng hdp tai
trong (Primary Load Case) chir khéng dudc phép la cac té hgp tai trong (Load
Combination). Khi thiét k&€ dé6 manh déi vGi cau kién chiu nén rat quan trong, dua vao lién
két & hai dau phan t, anh hudng ciia luc doc, mé men, chuyén vi..chuong trinh sé phan
tich ndi luc chinh xac tir d6 thiét ké cau kién. V6i cach th( hai la cach phan tich thong
thudng nén dé an toan ngudi ta dua vao hé sé tding mémen MMAG (14y tri s6 tinh dudc
nhan véi hé s6 16n hon 1). Chi tiét c6 thé tham khao tiéu chudn ACI - 318 phan 10.10 &
10.11.

Cac budc tién hanh

» V4o so do két cdu dé phan tich: so dé hinh hoc, thudc tinh vat liéu, diéu kién bién,
cac tai trong ...

= Chon céac céu kién can thiét ké va gan cho chung kiéu céu kién phi hop (dam, cot
hay ban)

= Chon céc théng sé thiét ké khac (néu khac vadi gia tri mac dinh). Budc nay la budc rat
quan trong vi d6i vai mbi bai toan thiét ké cu thé thudng la cac tham sé thiét ké khac

nhau.
Thiét ké cau kién dam.

Cau kién dam dudc tinh toan thiét k& dé chiu cac bién dang uén, cit va xoan. Chuong
trinh sé& kiém tra cac trudng hop tai trong va lua chon gié tri 16n nhat dé vé biéu dé bao sau
do sé thiét ké

Trong STAAD cét thép chll dudc thiét k& chi chiu uén, chuong trinh sé thé hién dién
tich cét thép tinh dugc va ham lugng tuong ng. Né&u kich thudc tiét dién khéng dam bao,
dan t6i ham luong cét thép tinh toan > ham lugng cét thép 16n nhéat, chuong trinh sé& thong
béo I6i.

= Chiéu cao tinh toan cla tiét dién (ky hiéu I1a d) dudc 18y bang chiéu cao thuc cla tiét

dién - (bé day I6p bé tdng bao vé + dudng kinh cét thép dai + 1/2 dudng kinh c6t
thép chu).
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= Khi tinh toan c6t thép chiu uén, STAAD chi xét t6i mémen uén Mz, bd qua mémen
uén My (trong dd vy, z la cac truc dia phuong cua tiét dién phan ti thanh). Do vay khi
vao so dd hinh hoc, ban phai xac dinh cac truc dia phuong mét cach phu hop.

» C6t thép dai trong tiét dién ludn cé hai nhanh, dugc thiét ké dé chiu luc cat va
moémen xoan. Gia tri luc cat |18y tai cac vi tri cach 2 d4u phan tir dam cac khoang
cach (d+SFASE) va (d+EFACE) trong do d la chiéu cao tinh toan cla tiét dién (dudgc
tinh sau khi da xac dinh va bd tri lugng c6t thép chd). N6 chinh |1a khoang cach tu
mép tiét dién t6i tam dién tich c6t thép chd.

= Chiéu dai cac doan thép neo (dang dudng cong hoc thang) dudc xac dinh cho tiing

|6p thép va sé tuan theo cac chi dan trong qui pham tuong Gng.

Mot s6 muc trong file két qua trong thiét k& dam.

Tham sé Chau giai

LEVEL S6 th(r tu thép (bao gom moét hay nhiéu thanh thép).

HEIGHT khodng cach tir tam clia mot 16p thép téi day dam.

BAR INFO S6 thanh thép va dudng kinh thanh cta I6p thép (vi du
3#18).

FROM, TO Céc khodng cach tir dau 16p thép va tir cudi I6p thép toi
nat dau dam.

ANCHOR Théng s6 cho biét c6 neo cot thép hay khong.

ROW Ham lugng c6t thép theo tinh toan.

ROWMN, ROWMX Ham lugng c6t thép nhod nhat va I6n nhat can ¢l theo
tiing qui pham cu thé.

SPACING Khoang cach dat thép
HOOE T ANCHOR B YES -
STRELFS ?
HT ©F LEVEL I . .
OF RERAR
— SPACEY
o o CENEL ] [T cLesk STaRT | o
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BEEAM HOD 14 DESIGH RESULTS - FLEARE

LEH - 20.00FT. FY - 60000. FC - 4000. SIZE - 15.00 X 21.00 IHCHES

LEVEL HETGHT BAR. THFO FR TO AHCHOR
FT. IH. FT. IH. FT. IH. S5TA EHD
1 0 + 2-5/8 3-HmM.9 2 + 4-5/8 20 + 0-0/0 HO ¥YES

CRITICAL POS MMENT= 189,77 KIP-FT AT 12.00 FT, LOAD 1
FEQD STEEI= 2.48 IN2?, ROW=0.0090, ROMMY=0.0Hd4 ROHE=0.0033
MAX/MIN/ACTURL. BAR SPACTHG= 7.50f 2.26/ 4.94 THCH
BASIC/REQD. DEVELOPMEHT LEHGTH = 37.95/ 31.42 INCH

2 1+ 6-1/8 4-HIM.11 0 + 0-0/0 18 +10-0/0 YES HO

CRITICAL HEG MOMENT=  369.86 KIP-FT AT 0.00 FT, LOAD 1
FEQD STEEI~= 5.47 IN2?, ROW=0.0198, ROME=0.0H4 REMHE=0.0033
MAX/MIN/ACTURL BAR SPACTHG= 7.50f 2.82/ 3.20 IHCH
BASIC/REQD. DEVELOPMEHT LEHGTH = 59.20/153.91 INCH

3 1 + 6-3/8 3-HIM.6 16 + 8-1f4 20 + 0-0f0 HO YES

CRITICAL HEG MOMENT=  105.87 EIP-FT AT 20.00 FT, LOAD 1 |
FEQD STEEI~ 1.31 IN?, ROW=0.0047, RMME=0.024 ROWH=0.0033 |
MAX/MIN/ACTURL. BAR SPACTHG= 7.50f 1.75/ 5.13 IHCH |
BASIC/REQD. DEVELOPMEHT LEHGTH = 16.70/ 27.75 INCH I

|

BEAM HO. 14 DESIGH RESULT S - SHEAR

AT START SUPPORT - Yu=  §3.90 FIP Vo= 35.10 KIF V= 63.61 KIP
PROVIDE HBf. 4 BARS AT 7.0 IN. CfC FOR 108. IN.
AT EHD SUFFORT - VW=  57.51 KIF Vo= 35.10 FIPF Vs=  32.56 KIP
PROVIDE HB{. 4 BARS AT 9.3 IN. CfC FOR 84. IH.

— 11 240X 15.X 21 12J
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Thiét ké cau kién cét.

Cau kién cot dugc tinh toan thiét k& dé chiu luc doc va mémen uén theo 1 hay 2 phuong
(biaxial moment). Tiét dién cot phai c6 dang vudng, chitr nhat ho&c tron, ¢t thép cot dudc bé tri
déu trén tiét dién. tly thudc vao thong s6 TRACK ma dang thé hién két qua sé khac nhau.

Cac budc thiét ké:

» BuGc 1: Tinh toan dién tich thép. Trong ACI thi sé lugng thép dudc Iy khdi dau 1%

dé thiét k& (bai toan tinh I3p)

= Budc 2: Tra bang chon thép phu hdp véi dién tich thép vira tinh dugc.

«» Tinh PNMAX = 0.85 P,; P, la kha nang chiu luc I6n nhat cla tiét dién. Cha y rang tai
trong trén cot khéng dudc vuat qua gia tri PNMAX, néu vudt qua thi phai tang ham
lugng thép nhung khong vuot qua tri s6 8%. NEu vuct qua gia tri nay thi phai tang
kich thudc cot.

» Budc 4: Xac dinh kha nang chiu uén theo ting phuong M, .., M

= Budc 5: Kiém tra diéu kién

M [+ [
{ HYJ+{M"ZJ£1.D
Mycap Mzcap

Né&u cbt chiu udn theo 2 phuang thi o = 1.25, theo 1 phuong thi o. = 1

ycaps 'Vizcap*

» Budc 6: Khi diéu kién trén thda man thi sé tim cach bé tri c6t thép véi s thanh thép
da tim dudc, kiém tra lai diéu kién dua trén so d6 b6 tri thép hién tai. Néu thda man
thi dua két qua thiét ké nay ra tép tin két qua.

» Budc 7: Néu thoa man thi tang dién tich cét thép va lam lai t buGc 2 dén budc 6

Trong File két qua néu dé tham s6 TRACK Ia 1 thi cac thong tin sau sé& dudc in ra:

p Kha nang chiu nén I8n nhét cla cot khi khdng c6 mémen
0

Pomax Kha nang chiu luc cho phép khi thiét k€ =0.85P,

P- bal

Kha nang chiu kéo trong trang thai gi6i han

M- bal Kha nang chiu udn theo trang thai gilio han
P-ten Luc kéo cho phép
M Mémen udn
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Dang File két qua khi thiét ké cot
COLUMN HO. 5 DESIGH RESULTS
FY¥ - 60000 FC — 4000 PSI, SQRE SIZE - 12.00 X 12.00 INCHES, TIED
AREA OF STEEL FEQUIRED = 7.888 SQ. IN.
BAR CONFIGURATION REINF PCT. LOAD LOCATION  PHI
8 - HUMBER 9 5. 556 2 STA 0.700
(PROVIDE EQUAL WUWMBER OF BARS AT EACH FACE)
TRACK 1.0 generates the following additional output.
COLUMH INTERACTION: MOMENT ABOUT Z -AXIS (KIP-FT)
PO Pn max P-hal. H-bhal. e-bal.{inch}
897.12  717.70  189.56  158.50 10.03
MO P-tens. Des.Pn Des . Mn e/h
137.46  -432.00  323.12 9.88  0.003
COLUMN INTERACTION: MOMENT ABOUT ¥ -AXIS (KIP-FT)
137.46  -432.00  323.12  128.08  0.033
TRACK 2.0 generates the following output in addition to all of
the above.
Pn ¥n Pn Mn (@ Z )
I 210.44 166.60 156.52 170.63
PO |* 202.41 168.67 149.93 169.69
| 194.25 169.97 143.69 168.61
Pn,max| * 185.95 170.45 137.80 167.44
|+ 178.93 171.48 132.25 166.20
Pn | * 163.81 171.74 127.39 165.41
NOMIMAL | * Pn Mn Pn Mn (@ Y )
AXTAL I * 210.44 166.60 156.52 170.63
COMPRESSIOH| * 202.41 168.67 149.93 169.69
Ph|--—--———#Mh  194.25 169.97 143.69 168.61
I * 185.95 170.45 137.80 167.44
I * 178.93 171.48 132.25 166.20
| *M0 Mn, 163.81 171.74 127.39 165.41
| * BEWDING
P-tens|* MOMEHT
I
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Thiét ké cau kién tam ban.

Ca&u kién dang tdm ban phai dugc thé hién dusi dang phan ti tdm/vo (PLATE/SHELL).
Cét thép doc chiu mdmen Mx, c6t thép ngang chiu mémen My (x, y la cac truc trong hé toa
doé dia phuang). Vai thiét k& tdm ban, ban chi can vao cac tham sé FYMAIN, FC va
CLEAR

ELFMERT FORCES FORCE ,LFHGTH UHITS= KOIF FEET

FORCE OR STRESS = FORCE/WIDTH/THICE, MMFHT = FORCE-LEHGTH/MIDTH

ELFMEHNT LOAD [1):4 (1) 4 MX MY MY
FX FY FEY

13 1 0.00 0.04 0.14 0.06 0.00
6.05 0.76 0.00

TOF : SMAX= 9.3 SO 2.09 DAE= 3.63 AHGLE- 0.0

BOTT: =SMAE= 2.74 SMIH= -0.56 TMAYX= 1.65 IHGLE= 0.0

3 0.00 0.03 0.10 0.04 0.00
2.63 0.25 1.46

TOP : SMAY= 5.44 SMIH= 0.74 DAY= 2.35 DMHGLE= 18.7

BOTT: SMAS= 1.37 SMIN= -1.51 THMAZ= 1.59 AMHGLE= 35.5

ELFMERT DESIGH S1IBMMMARY

ELFMENT  LOHG. BEINF MIM-X fLOAD THANS. REIHF MIM-Y /LOAD
{S0. IH/FT) (K-FT/FT) {50. IN/FT) {E—FT/FT}

13 TOP : 0.130 0.14 f 1 0.130 0.06 f 1

BOTT: 0.000 000 f O 0.000 0.00 f O
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Vidu:
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1- Vatliéu:

2- Tiét dién:
Cot C1: 20x20 cm

D1: 20x30 cm, D2:20x40 cm

3- Taitrong:
3.1. Tinh tai
- Trong lugng ban than cdu kién
- Trong lugng tudng day 200 cao 4 m: g = 1.1 T/m (tudng bao quanh cong trinh)
- Tinh tai:g = 0.3 [T/m?]

3.2. Hoat tai: p= 0.2 [T/m?]
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1. Vé bé tong:

* V&i ACI 318:
DO bén tinh toan fc = (0.85~0.86)*f'c
(f'c: d6 bén bé tong hay gidi han bén)

* Vi TCVN 5574 - 1991:
Cudng do tinh toan Rn = (0.45~0.42)*R
(R: mac bé tong hay gidi han bén)

* Qui d8i dé bén clia bé tdng gilra 2 tiéu chuén: f'c = R/1.2
2. Vé cot thép:

* V@i ASTM A 615:
Gigi han chay: fy = 0.7*(cap d6 bén)*100
(VD: cdp do bén 40ksi c6 gidi han chay 0.7*40*100= 2800kg/cm2)

* Vi TCVN 1651 - 1985:
GiGi han chay (cudng dé tiéu chuén): Rac = Ra*1.15
(Ra: Cudng do tinh toan g6c clia c6t thép VN)

cb thé chuyén déi gitra mac bé téng theo TCVN (M) va cudng dd chiu nén dac trung
cua bé tong theo ACI (f'c) theo cong thic gan dung sau:
f'c=0.75xM/1.2=0.62M (*)
(thudng dung f'c = (0.6 ~ 0.65)M).
dan gidi nhu sau:
Cudng dd tiéu chudn cta BT theo TCVN la Rtc =An.Rn(1-1.64v)
Vd&i Rn: gid tri trung binh clia cudng dd cdc mAu thl chudn - chinh 1a mac bé téng M.
v: hé s6 bién dong cua cudng do BT, néu thiéu so liéu théng ké, 18y v =0.15 (theo TCVN).
An: hé s6 dua dd bén cia mau thdr sang dd bén cua két cau.
Do vay khéng xét hé s nay trong qua trinh chuyén ddi.
Nhu vay sau khi xtr ly théng k&, bé tong (TCVN) c6 cudng dob la
R = M(1-1.64x0.15)= 0.75M
Xét tdi y&u t6 cudng dd mau I&p phuong (15x15x15cm) bang khodng 1.2 cudng d6 mau
I3ng tru 6x12in. (Gid tri nay cang giam vé 1 khi cudng dd BT cang cao), ta c6 thé suy ra
cong thirc (*).
Tuy nhién day chi 1a cdng thirc gan ddng vi cach x{r ly théng ké cua 2 tiéu chudn TCVN va
ACI khac nhau. (Theo ACI dé c6 dugc BT cé cudng dd chiu nén ddc trung tiéu chuan Ia f'c,
thi phai dam bao (i) gid tri trung binh cta 3 cdp mau thi nghiém lién ti&p bat ky ludn >
hoac = f'c v8i xac suat dam bao la 99% va (ii) khong cé gia tri trung binh cua cudng do
cla cap thi nghiém nao thap hon f'c 500psi hoac 0.1f'c khi lIan lugt f'c < 5000psi hay
>5000psi vGi xac sudt ddm bao la 99% ).

Tai liéu tham khao: ACI 318 -02, TCVN, website: www.reiworld.com, www. ketcau.com
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