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LOI NOI PAU

Trong mdy ndm qua, voi sit phdt trién nhanh chéng cia nén kinh t& ddt
nudc ta theo duong 16i déi mdi cia Pdng, hang nghin cong trinh cong
nghiép, dan dung da dvoc xdy dung ma mét phdn lon dugc lam bdng thép.
Cdc ngéi nha thép duoc thiét ké theo tiéu chudn ciia nhiéu nudc: Viét Nam,
Nga, Mi, Anh, Uc..., véi su cho phép ciia Nha nudc ta. Trong cdc tiéu chudn
thiét ké néu trén thi cdc quy pham thiét ké ciia Hoa Ki, Anh rdt hay dugc dp
dung nhung con xa la véi cdc ki su Viét Nam. D€ giiip cdc ban doc cé tai
liéu dé tham khdo sit dung thiét ké hodc thdm tra cong trinh lam theo Quy
pham Hoa Ki va Anh, Chiing t6i du dinh viét mot s6 tdp sdch va ldn luot dua
xudt ban nhit sau:

Tdp 1: Thiét ké'két cdu thép theo Quy pham Hoa Ki AISC/IASD;
Tdap 2: Thiét ké' két cdu nha thép tién ché;

Tdp 3: Thiét ké két cdu thép theo Tiéu chudn Anh BS 5950 : 2000;
Tdp 4: Thiét k€' két cdu thép thanh mong tao hinh nguoi.

Cuébn sdach nay la tdp dau tién trong bé sdch, vdi ndi dung la phuong
phdp thiét ké theo itng sudt cho phép cua Vién AISC. Sdch trinh bay cdc
phuong phdp va céng thitc tinh todn cdc cdu kién co bdn: cdu kién chiu uon,
chiu kéo, chiu nén, chiu luc két hop, ddm bdn 16 hop va cdc lién két han va
bulong. Mot s6 van dé cia Quy pham nhu tinh todn vé mdi, tinh cdu kién
vat,... s€ duoc dé cdp trong Tdp 2. Ddy khéng phdi la sdch gido khoa vé két
cdu thép, khong trinh bay vé cdc dang két cau ma chi nham gidi thich va
huong dan sit dung cdc phuong phdp va cong thiic ciia Quy pham. Tuy nhién
trong chimg muc cé thé, sé c6 gdng néu cdc yéu cdu cdu tao ciia cdu kién, c6
gdng lam ré ngudn goc, y nghia vdt ly ciia cdc cong thiic, cdc hé s6. Méi vdn
dé 1y thuyét déu cé kém theo thi du minh hoa. Cdc thi du déu sit dung vdt
liéu thép va cdc lbgi thép hinh tiéu chudn ciia Hoa Ki. Hé don vi do ludng
frong cdc thi du déu la hé do luong hop phdp cua Viét Nam, con trong vdn
bdn Quy pham duong nhién phdi la hé do luong cia Hoa Ki c6 ghi chii don
vi SI khi c6 thé duoc.




Ddc biét, Tdp 1 nay duoc viét dudi dang song ngit tiéng Viét va tiéng Anh
nhdm giip ban doc c¢6 dioc thudt ngit va khdi niém cia ngon ngit géc, dong
thoi ciing giip cdc ban nao mudn lam quen vdi cdc van bdn khoa hoc ki
thudt tiéng Anh. Hai ban Viét va Anh hoan toan giong nhau.

Cudi sdach la phan Phu luc gom cdc bang quy cdch thép hinh cdn néng
clia M, rdt cdn thiét dé sit dung cung véi Quy pham Hoa Ki.

Do thoi gian va trinh do ngudi viét con han ché, ddc biét la trinh do Anh
ngit dé’ viét mot sdach song ngit, 1dp sdch nay chdc chdn con sai sét. Tdac gid

rat mong nhdn duoc y kién déng gép cua cdc ban doc.

Tac gia
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Chuong 1
PAI CUONG VE THIET KE KET CAU THEP

I. PHAM VI AP DUNG

Sach nay trinh bay cédch thiét k& két cau thép theo phuong phép iing suat cho phép ctia
Quy dinh ki thuat AISC/ASD. Tén ddy dt 1a Quy dinh kT thudt dé thiét ké nha thép theo
phuong phdp ting sudt cho phép va phuong phdp thiét ké déo (The Specifications for
Structural Steel Buildings - Allowable Stress Design and Plastic Design) (sau day dugc
g£oi ngan gon 1a Quy pham AISC hodc Quy pham). Quy pham nay do Vién két cau thép
HoaKi (American Institute of Steel Construction, viét tat 1a AISC) bién soan va xuat ban
nam 1989 dé st dung trong thiét k& nha khung thép. Tir 1993, mot phuong phap khéc
dugc AISC ban hanh 1a phuong phap thiét k€ theo hé s6 tai trong va hé s6-d6 bén (Load
and Resistance Factor Design). Ca hai phuong phdp nay hién nay dugc st dung nhu
nhau, tuy theo su lua chon cia ngudi thiét ké.

Quy pham AISC st dung mot s6 thuat ngit can dugc hiéu nhu sau :

Thuat ngit thép két cdu (structural steel) c6 hai nghia :

Nghia thit nhat 1a chi thép cacbon, nhu cic loai thép ASTM A36, A53, A529, A570, v.v..

Nghia thit hai duge dung trong Quy pham la chi cic cdu kién thép ciia mot két cdu
ding d€ mang cic tai trong thiét k&. Céc c4u kién nay bao gém :

- Dam, ddm chinh ; c6t va thanh chong dimg ; hé giang ; gian ; khung va cdc bo phan
khung nhu: lanh t6, khuén cura, thanh treo, thanh chéng, thanh noi.

- Tdm san gén vGi khung thép ; cdc cdu kién clia monoray, ray cau truc va mé chén
cau truc ;

- Céc loai lién két dé néi cdc cau kién : dinh tan, buléng vinh cir, chét truc, bulong
neo, chém chiu cit.

Nhitng thit khong dugc néu & trén thi khong coi 1a thép két cau "Structural Steel" nhu la:

- Day cdp clia mai treo, cac thanh thép tao hinh ngudi, cic bd phan thép chon trong
bétong, tim san khong gan vé6i khung thép ;

- Lién két tam dé€ 14p rép hay dung lap ;

- Thang, cdu thang, mat san kim loai hay kiéu lu6i, dim bung réng ;

- Bé chita va binh 4p luc;

D6 12 gi6i han pham vi 4p dung ctia Quy pham.




II. VAT LIEU
2.1. Thép

Quy pham liét ké 16 loai thép cta tieu chuan ASTM dugc sir dung trong két cau nha.
C6 thé phan cic loai thép nay vao 4 nhém sau :

1. Thép cacbon (hay thép két cau) :

- A36, loai thép cacbon thap phd thong ding rong rdi trong xay dung. Diém chay kha
thap : 36 ksi hay 24,8 kN/cm?, Cuong do kéo bién déi trong pham vi rong tir 58 dén 80
ksi hay 40 dén 55 kN/cm?. (Chii thich : I ksi = 0,6895 kN/cm?®).

- A53, loai thép cacbon thap dung 1am 6ng han hodc khong mach néi, dé tran hay ma
kém. Dung nhiéu trong nha, dac biét 1am cot hay gian.

- A500 va A501, ong thép tron, vudng hay chit nhat, tao hinh ngudi (A500) hoac can
néng (A501), dung cho két cau phd thong han hay lién két bulong.

- A529, thép cacbon, lam tdm va thanh nho. Tinh nang co hoc kha cao, dung trong
nha, dac biét nha tiéu chuén hoa.

- A570, thép cacbon chat luong cao dang san pham chu yéu 1a thép dai hoiac cudn
thép mong. Chuyén ding lam cau kién tao hinh ngudi cia nha. Bao gom céc cap tir cap
30 (tic 1a gidi han chay 30 ksi) dén cdp 50 (gidi han chay 50 ksi).

2. Thép hop kim thdp cuong do cao:

- A572, thép rat thong dung, thanh phan hop kim 1a colombi va vanadi, san pham la
thép hinh, tdm va thanh. C6 4 cap : 42, 50, 60, 65. Dung cho két cau han, lién két bulong
va dinh tdn véi ca 4 cdp ; con dung cho cau han thi chi hai cdp 42 va 50.

- A441, thép tuong tu, ngay nay dugc thay thé boi A572.

- B6n loai hgp kim thip cudng do cao A242, AS588, A606, A607, c6 do bén chong
xam thuc cta khi trgi cao hon thép cacbon nhiéu lan. DPugc goi 1a thép chiu thoi tiét,
san pham la thép hinh va thép tdim. Ding 1am két c4u han, buléng hay dinh tidn cta
nha va cau.

3. Thép hop kim va hop kim thdp dugc nhiét luyén : A852, A514. Céac thép nay c6
tinh niang co hoc rat cao : cudng do chdy cé thé dat t6i 80 dén 110 ksi (55 dén 76
kN/cm?). C6 thé han duoc bing phuong phap thich hop. Chi ¢6 san phim 1a thép tam,
dung chu yéu cho cau han.

4. Thép két cdau diing lam cau: A709. Nhém thép nay bao gém nhiéu loai thép khac
nhau : thép cacbon, thép hop kim thap cudng do cao, thép hop kim, thép nhiét luyén.
Céc cép cudng do bao gom cdc cap cua A36, A572, A588 va A514, nhung do bén chiu
va cham cao hon.
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Bang duéi day cho cdc tinh chat cta 16 loai thép duoc chap thuan sit dung theo Quy
pham cua AISC.

Bang 1.1. Tinh chat cua 16 loai thép dugc chap thuan sir dung
~ theo Quy pham cia AISC

Ung suit cha . s as
Ten goi theo ASTM | 161 thida F, ke CF”OEEI ‘iiﬁf:nf})" Ghi chi
(kN/cm*®)
A36 32(22) 58-80 (40-55) Day trén 200 mm
36 (25) Pén 200 mm
AS53cidp B 35(24) 60 (41,5)
A242 42 (29) 63 (43,5) Day 40 dén 200 mm
46 (31,5) 67 (46) 20 dén 40 mm
50 (34,5) 70 (48) Pén 20 mm
A44] thoi khong sir dung tir 1989 ; duoc thay béi A572
AS00 cap A 33(22,8) 45 (310) Thép tron
cdp B 42 (29) 58 (40)
cap C 46 (317) 62 (42,7)
AS500 cap A 39 (26.9) 45 (310) Thép hinh
cipB 46 (317) 58 (40)
capC 50 (34,5) 62 (42,7)
A501 36 (25) 58 (40)
A514 90 (62) 100-130 (69-89.5) Day 65 dén 150 mm
100 (69) 110-130 (76-89,5) bén 65 mm
AS529 42 (29) 60-85 (41,4-58,6) Day dén 13 mm
AS570 cép 40 40 (27,5) 55 (38)
cap 45 45 (31) 60 (41,5)
cap 50 50 (34,5) 65 (45)
A572 cdp 42 42 (29) 60 (41.5) Day dén 150 mm
cdp 50 50 (34,5) 65 (45) Dén 100 mm
cap 60 60 (41,5) 75 (52) Pén 32 mm
cédp 65 65 (45) 80 (55) bén 32 mm
A588 42 (29) 63 (43,5) Day 125 dén 200 mm
46 (31,5) 67 (46) 100 dén 125 mm
50 (34,5) 70 (48,5) Pén 100 mm
A606 45 (31) 65 (45)
50 (34,5) 70 (48)




Ung suat cha . e
Ten goi theo ASTM | 16 i F, i C;“Ei‘ii;ffﬂi‘;‘ Ghi chd
(kN/cm?)
A607 cap 45 45 (31) 60 (41,5)
cip 50 50 (34,5) 65 (45)
cip 55 55 (38) 70 (48)
cip 60 60 (41.5) 75 (52)
cip 65 65 (45) 80 (55)
cap 70 70 (48) 85 (59)
A618 cap & 11 50 (34,5) 70 (48,5) Day dén 20 mm
cap III 50 (34,5) 65 (45)
A709 cdp 36 36 (50) 58-80 (40-55) Day dén 100 mm
cip 50 50 (34,5) 65 (45) Day dén 100 mm
cap 50W 50 (34,5) 70 (48.5) Day dén 100 mm
cap100& 100W 90 (62) 100-130 (69-89,5) Trén 65 dén 100 mm
cdp 100& 100W 100 (69) 110-130 (76-89,5) Pén 65 mm
A852 70 (48,5) Day dén 100 mm

2.2. Thép hinh va thép tam

Cic san pham thép két cau dugc ch€ tao thanh cdc dang thép hinh, thép thanh det va
thép tam.

Thép hinh cdn nong thong dung la thép goc (chit L), thép mang (chix C) va chix L
Thép I dung rong rdi nhat 1a loai canh rong, goi la thép W (W la tr "wide-flange", canh
rong). Thép W canh rong duoc ki hiéu bing chit W k&m theo bé cao tié€t dién tinh bang
in va trong luong tinh bang fit, vi du W18x60 la c6 bé cao 18 in va nang 60 pounds/foot
(trong hé don vi SI c6 nghia la bé cao danh nghia 460 mm va khdi lugng la 89,2 kg/m).
(Ghi chii : 1 Iblft = 1,487 kg/m). C6 rat nhiéu loai kich cd cta ti€t dién W : loai 16n nhat
va ning nhat 12 W44x285, W36x848 ; loai nho nhat va nhe nhat 1a W4x13 va W6x9.

Thép hinh S (S do chit "standard"- ticu chuin) con goi 1a ddm I tiéu chudn, c6 cinh
mat trong d6c va hep hon va bung day hon so véi thép W. Kich c¢& bao gom trong pham
vi tir S24x 106 dén S3x4.1.

Thép hinh I khac goi 1a thép M (M tix chir "miscellaneous” pha tap), c6 kich thudc va
trong lugng khac véi thép S va thép W. Dung lam c6t va dam trong céc cong trinh thép
nhe. Kich c& bao gém trong pham vi tr M14x18 t6i M6x4.4.

Thép mdng, con goi la thép C (C tir chit "channel"”), c6 mat trong cta canh la doc
nghiéng. Ki hiéu 1a C15x50 (16n nhat) dén C 3x4.1 (nhé nhat). Thép mang pha tap hay MC
14 loai khong xép dugc vao loai C. Ki hiéu 1a MC18x58 (16n nhat) t6i MC 6x12 (nhé nhat).
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Thép géc (déu canh va khong déu canh) duoc ki hiéu bang chir L; bé rong va bé day
clia cénh tinh bang in. Canh dai viét ddu tién con bé day viét sau cung. C& I6n nhat 1a
L9x4x5/8 doi véi thép goc khong déu canh va L8x8x11/8 d6i véi thép géc déu canh ; c&
nho nhatla L 1x1x1/8.

Con ¢6 mot loai thép hinh khac 1a thép T cat ra tir cdc thép hinh W hay M hay S
shape (dugc ki hiéu 14 WT, MT, ST). Vi du thép WT5x44 bé cao danh nghia la 5 in. va
trong lugng 44 pounds/foot dugc cét ra tir W10x88.

Tiét dién ong tron duoc goi 1a "standard" tiéu chudn, "extra strong” rdt day, va
"double-extra strong"cuc day, tuy theo bé day 6ng, va dugce ki hiéu theo duong kinh. Vi
du 6ng 8 in, double-extra strong cé dudng kinh ngoai 8,625 in va bé day thanh Ong
0,875 in; con ong 8 in. standard thi kich thudc tuong tng la 8,625 va 0,322 in.

OA’ng chit nhdr duoc ki hiéu bang cac kich thudc ngoai va bé day, vi du ong chit nhat
14x6x1/2.

Thép det dugc can tir phoi va duge phén loai thanh thanh det va tdm, tuy theo bé rong
va bé day. Thép tron va thép vuong dugc ché tao bang céch kéo tuét.

Thong thudng thanh det va tdm dugc phan loai nhu sau :

Thanh det : rong bang hodc it hon 6 in ; day tir 0,230 in. tr& 1én

rong tir 6 in. t6i 8 in. ; day tir 0,203 in. trd 1én
Tam : rong trén 8 in. ; day tir 0,230 in. tré 1én
rong trén 48 in. ; day tir 0,180 in. tr& 1én

Vi du mot s6 ki hiéu thanh vuong 14 ; thanh tron 12 @; thanh det 2V x 2V2 ; tdim
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Hinh 1.1. Thép cdn hinh tiéu chudn
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I1I. NHAC LAI VE CAC TINH NANG CO HOC CUA THEP

D¢ xéc dinh céc tinh chat co hoc quan trong nhat ctia mot thép, nhu giSi han chay,
cuong do bén va do gian dai, nguoi ta dung phuong phdp thir nghiém kéo miu tiéu
chudn. Quy trinh thir nghiém chi ti€t dugc mo ta trong ASTM A370.

Puong cong tng suat - bién dang tiéu biéu khi kéo dugc vé & hinh 1-2 d6i véi ba
nhom thép : cacbon thdp, hop kim thap cudng do cao va thép hop kim nhiét luyén (hoic
thép cacbon cao).

0,2% bién dang du i
Cudng dé kéo, Fu

L Thép hap kim nhiét luyén;
- /\ thép hop kim A514 ti va ram

100

Cudng do chay t6i thidu
Fy = 50ksi

80 H {c) Thép cac bon hop kim,
thép cudng do cao A572

60 ff (b)

Ung suat Ksi

Fy=50 ksi

Thép cac bon, A36

40 (a)

Fy=36 ksi

20

| I 1 | 1 | 1
0,06 0,10 0,15 0,20 0,25 0,30 0,35

Hinh 1.2. Cdc duong cong iing sudt -bién dang tiéu biéu

Céc dudng cong déu c6 mot doan thang (quan hé bac nhat) cho téi mot diém duoc goi
1a gidi han dan hoi. Vang 1am viéc ing véi doan thang ndy duoc goi 1a vitng dan héi,
trong vung nay viéc gia tai va giam tai khong gy ra bién dang du vinh clu. Do déc clia
doan théng tic 12 ti s6 cha tmg suat trén bién dang dugc goi la médun dan hoi E hay
modun Young ; d6i véi thép két cau. gid tri cua modun dan hoéi vao khoang 20.000
kN/cm? (29.000 ksi). Déi véi thép cacbon thip va hgp kim thdp cudng do cao thé hién
bang hai dudng cong bén dudi (a) va (b), gi6i han dan hdi gan nhu tring véi gidi han
chdy hay diém chdy, d6 1a ing suat tai d6 bién dang tang nhiéu trong khi tai khong tang.
Bién dang c6 thé tang t6i 1,5-2%; vung nady dugc goi 1a viing déo. Trong thép cacbon cao
hay thép hop kim nhiét luyén thé hién bang dudng cong (c), sau gidi han ti 1é thi dudng
cong di chéch dan khéi dudng thang, ing suat kéo ti€p tuc tang nhung cham hon. Piém
chay khong xdc dinh dugc rd rang. Trong trudng hop nay, su chay duoc x4dc dinh mot
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cach quy udc bang mot dai luong goi 1a cuong do chdy. D6 1a iing suat ma tai dé6 mau
thép chiu moét bién dang du (do dan déo) bang 0,2% khi mau duogc giam tai dén khong
(xem hinh 2-3 phéng to ché bat dau dudng cong). Cudong do chay nay duoc goi la cudng
do chay du 0,2% dé phan biét vé6i cudng do chdy khac dugc xac dinh theo ASTM A370
goi la cuong do chay dan 0,5%. Thuat ngit ing sudt chdy duoc dung dé chi chung diém
chay hoac cuong d6 chay khi ma khong can phan biét giita ching.

Tiép theo ving déo, d6i véi thép clia dung cong (a) va (b), ting suit lai tang lén dén
ing sudt 16n nhat trudc khi dit, duge goi 1a cuong do bén kéo dir. Ving tang (g sudt sau
vung deo dugc goi la viing ciing ¢6. Trong thiét k€, ving clng c6 khong duoc sir dung.

Dudng cong ting suat - bién dang ciing cho biét d¢ déo cuia thép. Do déo duge xac
dinh theo lugng bién dang du (tic 1a bién dang sau gidi han ti 1¢) cho dén khi bi diit, do
bang do dan toan bo tinh theo phan tram chiéu dai mau thir.

Cudng do chay vdi do dan du t3i 0.5%, Fy = 100 ksi

Cuong 46 chay vai do dan du 0,2%, Fy = 100ksi

1 800

100 |
D3 vai Fy = 100ksi; liéu biéu cho thép véi Fy > 65 ksi 1700
{ 600
80
~—— D¢ dén du 0,2% 1 500
&
3 60 D6 vai Fy = 50ksi; tiéu biéu cho phan Ion thép két cau vdi Fy < 65 ks =
x (b 4 400 ]
‘.g / / g)
4 £
= .2 ER .
b h thep A
iém chay trén thép A36 (a) | 300
40
Do ddc E,
Diém chay dudi 1 200
Ving dan héi
20 N ) .
Ving déo Ving ciing ¢d cho i cudng do cuc dai 1 100
Do doc E
' ) e“ \ : )
0.005 0.010 0.015 0.020 0.025

Hinh 1.3. Cdc duong cong iing sudt -bién dang duoc phéng to

cho cdc ung sudt chdy khdc nhau

IV.CO SO THIET KE

Quy pham AISC/ASD ap dung phuong phdp thiét k& theo ung sudt cho phép (ciing
con goi la thiét k& theo ting sudt 1am viéc). Co s clia phuong phép nay 1a nhu sau : moi
cau kién, moi lien két va cdc lien két phai dugc chon kich thudc sao cho iing suat gay
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bdi tai trong 1am viéc khong vuot qua dng suat cho phép di quy dinh truéc. Quy pham
4n dinh gid tri ung suat cho phép dé ¢6 mot do an toan trude khi dat téi mot ung suat
gidi han khong dugc vuot qua nhu la Gng sudt chay t6i thiéu cla thép, hoac ting suat oan

vi tai cdc tng suét nay thi xay ra pha hoai. Ung suat cho phép ldy bang ing suat gidi han
(nhu gidi han chdy F, hoac tung sudt t6i han F_,), chia cho mot hé s6 an toan FS (factor
of safety). Hé s6 an toan dam bao mot luong dur trir vé kha nang chiu luc cho két ciu va
cac cdu kién. Can c6 du trit kha nang chiu luc dé xét dén kha nang qua tai (tai trong vuot
qua tai trong dy kién khi sit dung binh thuong) va kha ning chiu luc kém do kich thudc
thép bi thi€u hut hodc do cudng do cua thép c6 thé thap hon gi tri t6i thiéu da quy dinh.

Pé xdc dinh hé s6 an toan FS, phai xét dén nhiéu yéu t6. Puong nhién 1a d6 bén t6i
thi€u phai I6n hon ing sudt gay boi tai trong 16n nhat mot luong nhat dinh nao d6. Gia
thiét tng sudt thuc t& (hay tai trong thuc t, ciling 1a vay) vuot qua dng sudt thi€t k€ S
(hay 1a tai trong st dung) mot lugng AS, va do bén thuc t€ 1a nhé hon do bén danh nghia
R mot lugng AR. Két cdu muon an toan thi it nhat phai cé :

R — AR =S + AS, hay

(1 )=o)

He s6 an toan chinh 12 ti s6 ciia d6 bén danh nghia trén ng sudt thiét k€ :
R 1+AS/S

FS=—=——7—
S 1-AR/R

Phuong trinh nay cho thdy anh huéng cua viéc qua tai AS/S va viéc chiu luc kém
AR/R, chit chua xét cdc yéu t& khac. Néu gia thiét rang sy qua tai ngiu nhién AS/S ¢6
thé 16n hon gi4 tri danh nghia 40% va gi4 thiét sy chiu luc kém AR/R ¢6 thé nhé hon gid
tri danh nghia 15% thi cé

1+0,4
1-0,15
Quy pham AISC dung FS = 1,67 1a gid tri cd ban cua thiét k€ theo tng suét cho phép.

FS= =1,65

Ung sudt cho phép 1a ting sudt gi6i han chia cho h¢ s an toan FS nay, tic la:
E,
1_6_7 =0,6F, , (ding cho ddm va cdu kién chiu kéo).
V6i céc trudng hop khac (cot, lién két, v.v.) thi dung cic gia tri FS khac.
Piéu A5.2 cha Quy pham AISC cé mot quy dinh quan trong sau: ting suat cho phép
¢6 thé dugc tang thém 1/3 so véi gid tri thong thudng néu tinh todn v4i tai trong gié hay
dong ddt, cac tai trong nay tdc dung riéng 1€ hay két hop vdi tinh tai va hoat tai.
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Chuong 2
CAU KIEN CHIU KEO

1. CAC LOAI CAU KIEN CHIU KEO

Cau kién chiu kéo gap trong phan 16n két cdu thép. Chiing c6 thé 1a céc thanh chinh
cla dan cdu va dan mdi, céc thanh cta két c4u réng nhu cot thap duong day dién va
trong cac hé thong giang gié chia nha. Ching ciing hay gap trong céc ciu kién thit yéu,
vi du thanh céng dé€ gia cudng cho hé két cau dan.

Cau kién kéo don gian nhat 12 bing day cap, thanh thép tron hay vuong, thanh det hay
tam. Trong ket cau nha, day cép, thanh tron, thanh det duge dung chii yéu trong hé giding
va céc thanh treo xa g6 clia mai déc.

Thép hinh don nhu thép géc, tdm, thép W va S c6 thé diing 1am c4u kién kéo. Khi tiét
dién mot thép hinh don khéng di thi cdn ding cdu kién t6 hop, gom hai hay nhiéu thép
hinh don lién két v6i nhau. Hinh 2.1 cho mét vai tiét dién ciia cdu kién kéo tiéu biéu.

Thép tron

[

Thép méng

— L L

Thanh det Thép gbc Thép gbc kép
r-=--=-=2
| pigtpleplntnl -
Thép mang kép Thép mang ghép Thép W cénh rong
ban néi

r A

]

Hinh 2.1. Tiét dién cdu kién kéo tiéu biéu

Tiét dién hop t6 hop

|
=

Thép goc ghép chir thap

|

Thép S (I tiéu chuan)
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II. DIEN TICH THUC VA DIEN TICH HOU HIEU

2.1. Tiét dién thuce

Khi cau kién chiu kéo c6 céc 16 lién két (bulong, dinh tan), tiét dién ngang tai chd
lien két bi giam di. Dién tich cua tiét dién da trir bot dién tich cac 16 dugc goi la dién tich
thue. Dung dién tich nay dé tinh todn kha nang chiu kéo cua cau kién.

Khi cac 16 duoc xép thing hang, vuong goc véi phuong luc (hinh 2.2a), dién tich thuc
A, dugc xéc dinh bai :

A=Ay~ ndt Q2.1)

Trong do:

A, = dién tich nguyén,

t = bé day thép,

d = dudng kinh 19,

n, = s6 16 trén mot dudng thang.

Néu céc 16 duge bo tri so le (khong vuong géc véi phuong luc) (hinh 2.2b), c6 thé ¢
nhiéu céch pha hoai theo céc dudng khac nhau: hodc trén cac tiét dién vuong goc véi
truc cau kién (tiét dién AB), hoac trén céc tiét dién chif chi (dudng AC). Duong phé hoai
nao cho dién tich thuc nhé nhét s€ 1a quyét dinh. Pé xét anh hudng cta dudng xién chit
chi dén dién tich thuc chia duong phd hoai, ta ding mot phuong phap kinh nghiém don
gian hod nhu sau: dién tich thuc cua tiét dién chir chi duoc tinh bang dién tich nguyén
clia tiét dién trir di dién tich cla tat ca cdc 16 nam trén dudng phd hoai, va cong thém

mot lugng (s*/4g)t cho mdi dudng xién :

2
Ay = A, - ndt +[S—jt 2.2)
4g

Trong dé:
n = s0 16 trén dudng chir chi ;
s = budc 15 theo chit chi, tic 1a khoang cich céc 16 lién ké tinh song song voi
phuong luc ;
g = khoang cach giita cdc duong 16 doc.

Trong hai cong thic trén, d 1a dudng kinh clia 16 bi trir di trong tinh todn. Lo tiéu
chudn rong hon dudng kinh dinh tin hay bulong la 1/16 in. (1,6 mm). Tuy nhién theo
Quy pham AISC, bé rong phai trir di dugc 1dy bang duong kinh danh nghia cha 16 cong
them 1/16 in. (nghia 12 bing dudng kinh than bulong cong thém 1/8 in. hay 3,2 mm).
Diéu nay la dé ké dén su hu hai cia mép 16 do viéc dot hay khoan.
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a) b) A
A

A e TR

B

Hinh 2-2. Xdc dinh dién tich thuc

2.2. Dién tich thuc hitu hiéu

Khi thié€t k& cau kién kéo, gia thiét 1a img sudt phan bd déu trén tiét dién. Thuc t€ thi
tai cac 16 hoac gin canh mép cau kién nim & xa dudng luc tic dung, dng suat phan bo
khong déu. Phé hoai c6 thé xay ra do su chay hodc dit cuc bo trén mot viing dién tich
chiu luc 16n nhat goi la dién tich hitu hiéu. Do d6 trong tinh todn, chi gia thiét ting suat
phan bg déu trén tiét dién hitu hiéu nay.

Dién tich hitu hiéu d6i véi lién két bulong va dinh tan duge tinh bang cong thiic

A, =UA, (2.3)
va doi véi lién két han dugc tinh bang
A, =UA, 2.4)
Trong dé:
A, = dién tich nguyen,
A, = dién tich hitu hiéu,
U = hé s6 hitu hiéu
Gia tri cua U 14y nhu sau :
- D6i v6i thép hinh W, M, hay S c6 bé rong canh khong nho hon hai phan ba bé cao,

dugc lién két tai cac canh bang mdi han hoac bing buléng, dinh tdn véi it nhat ba cii
trén mot hang theo phuong cua luc: U = 0,90

- DB6i véi thép hinh W, M, hay S khong ddp ung cdc diéu kién néu trén va véi moi
thép hinh khac, ké ca tiét dién t6 hgp, lién két bing mdi han hodc bang bulong, dinh tan
v6i it nhat ba cai trén mot hang theo phuong cta luc: U = 0,85

- Déi v6i moi cdu kién lién két bang bulong, dinh tdn ma chi ¢6 hai cdi trén mot hang
theo phuong cua luc: U = 0,75

- N€u moi phan tir cta ti€t dién ciu kién 1a duge lién ket thi U = 1.

Néu tai trong dugc truyén bdi cac méi han ngang dén mot s6 phén tir cua tiét dién chi
khong phai toan ti€t dién thi dién tich hitu hiéu A, 18y bang dién tich cdc phén tir dugc
truc ti€p lién két.
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III. UNG SUAT CHO PHEP VA THIET KE CAU KIEN CHIU KEO

Trong mot cau kién chiu kéo, phd hoai cé thé xay ra do su chdy cua tiét dién nguyén
nam xa 16, hoac do su diit cia tiét dién thuc hitu hiéu tai ché lién két. Kha nang chiu luc
(hay con goi 1a do bén danh nghia) cta tiét dién nguyén c6 thé dugc viét thanh :

T,=F,A,

T, chia cho h¢ s6 an toan FS khong dugc nho hon tai trong sir dung T :

KA,
FS

Nhu trén da néi, h¢ s6 an toan FS doi véi cdu kién kéo 1a 1,67, tidc 1a tuong duong véi

thira 6 nhéan 0,60. Do d6
0,60F,A, < T hay

f=——< 060F, 2.5)

Ag

F, = 0,60F, 1a ing sudt cho phép trén ti€t dién nguyeén.

<T

Ciing c4n kiém tra do bén tai 1an can lién két véi ing suat kéo cuc han F, trén tiét
dién thuc hoac tié€t dién thuc hitu hiéu :
Tn = FUAC
T,, chia cho hé s6 an toan FS khong dugc nho hon tai trong sir dung T. Hé s6 FS duoc
1y bang 2,0 dé thiét k€ lién két trong trudng hop nay :
FUA <T
FS
0,50F,A, < T hay
T
f,= v <0,50F, (2.6)

]
F, =0,50 F, 1a ing suat cho phép trén ti€t dién thuc hitu hiéu.
Ngoai ra, lién két & dau cua cau kién kéo con phai kiém tra vé cat theo khdi (s& néi &
chuong 7).
Thi du 2.1

Thiét k€ thanh kéo gom hai thép géc A36, truyén luc 600kN do ftinh tai va hoat tai.
Thanh lién két vao ban ma bang cic duong han géc.

Céc iing sudt cho phép la :
0,60F, = 0,6 x 36 =22 ksi = 14,9 kN/cm? trén tiét dién nguyén
0,50F, = 0,5 x 58 = 29 ksi = 20,0 kN/cm® trén tiét dién thuc.
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Lién két 1a han nén tié€t dién thuc bing tiét dién nguyén. Gid tri U cla trudng hgp nay
1a 0,85.

T=149x A,
T=200x0,85xA,=17x A,
Tiét dién nguyén cia mot thép gdc 12 gid tri 16n hon :

Ay 600/14,9

=20,15 cm®.
2

Thép géc duge chon theo bang quy céch, vi du tir Sdch Chi dan ctia AISC (xem Phu
luc) hoac tir Tiéu chuan Viét Nam TCVN1656-75.

Thi du 2.2

Xac dinh kha nang chiu kéo clia mot thép géc 80x110x10, lién két bang hai hang
bulong M20 trén cénh dai va mot hang trén cénh ngéan (hinh 2.3). Dung 16 tiéu chuén.
Thép A572, cap 50.

i e i W e

| |
R

| | | | 120

IR DS S S

_.4._5__4__4|L.;_.:_. .

T 75

"f—i—f'ﬁ"—f“" |
| & |

—.

Hinh 2.3. Thi du 2-2

Puong kinh 16 phai trir di 1a 20+(1/8 in.) = 23 mm

Dé tinh todn dién tich ti€t dién, bé rong cha thép géc va khoang cach giita cic hang
phai dugc do theo dudng trung binh clia bé day thép géc, (nghia 1a nhu di bé phang thép
gbc ra). Bé rong cia thép géc bing tdng bé rong cta hai canh trir di bé day, nghia la
180+110-10 = 280 mm. Khoang céch giita cic hang 16 trong hai cdnh la 65+65-10
=120 mm.

Dién tich thuc cua tiét dién abcde :

6,5 .\ 6,5
(4x75) (4x12)

(28 x l)—(3x2,3)1+{ }1=23,39cm2
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Dién tich thuc cua tiét dién abde :
(28 x 1) — (2 x 2,3 x 1) = 23,3 cm?, nh6 hon, dugc sir dung dé tinh toan.
A,=233cm’; A, = 0,85 x 23,3 = 19,8 cm’

Thép A572 cap 50 ¢6
F, = 50 ksi = 34,5 kN/em” ; F, = 65 ksi = 44,8 kN/cm’;

Ung suat cho phép :
F,=0,6 x 34,5=20,7 kN/cm2 trén tiét dién nguyén
F,=0,5x44,8=22,4 kN/cm? trén tiét dién thuc hiru hiéu

Kha nang chiu kéo 12 gié tri nho hon trong hai tai trong cho phép :
T = 20,7 x 28,3 = 586 kN (28,3 cm? I tiét dién nguyén thuc t& ciia mot thép géc)
T =224 x 19,8 = 443 kN, day la kha nang chiu kéo cta thanh.

IV. THANH TRON CO REN

Mot loai cau kién chiu kéo don gian thuong gép la thanh tron c6 ren rang. Thanh nay
thudng diing 12 cdu kién thi yéu nhu thanh treo xa gé clia mai déc, thanh treo dé d&
diam, thanh cang dé chiu luc x6 cia vom.

Ung suat cho phép ciia thanh ren 1 :

F,=0,33F, 2.7

Tinh trén dién tich nguyén dung dudng kinh 16n cha rang 6c. (Puong kinh 16n dugc
do theo hinh chi€u bén ngoai clia rang. Trong bang cic kich thudc tiéu chudn cia rang
oc, luon ¢é cho ti€t dién nguyén).

Nhu vay, d6i véi thép A36 : F, = 19,1 ksi = 13,3 kN/cm?

d6i véi thép A572 (cép 50) : F, = 21,5 ksi = 14,8 kN/cm?

Thidu 2.3

Thiét k€ thanh treo xa g6 dd tdm ton lgp clia mdi déc 26,5°, chiéu dai mot mai déc 1a
7,5 m. Cac thanh treo dugc dat tai cdc di€ém 1/3 cha xa g6, nhip xa gé 7,2. Hoat tai trén
mai : 0,57 kN/m? hinh chiéu ngang. Dung thép A36 '

a) Tai trong

- T4m ton lop mai = 0,15 kN/m* mai

- Trong luong xa go di chon = 0,18 kN/m” méi

- Hoat tai chuyén déi thanh phan b6 trén dién tich mdi

= 0,57cos 26,5 = 0,51 kN/m’
Téngcong 0,84 kN/m?.
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b) Luc trong thanh treo

- Thanh treo chi chiu thanh phan tar trong song song véi mdi. Dién tich truyén luc la
(7.2/3) x 7,5 = 18 m”.

- Tai trong do mot thanh treo chiu T =0.84 x sin 26,5 x 18 = 6,75 kN.
¢) Chon duong kinh thanh treo :

- Ung suat cho phép cua thanh ren F,=19,1 ksi = 13,3 kN/cm?

- Dién tich nguyén can thiét : A, = —16312— = 0,507 cm’.

- Buong kinh phai 16n hon d = J4A/n = 0.8 cm, chon trong bang Tiéu chudn cua

thanh c6 ren rang, dung 10 mm.
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Chuong 3
COT VA CAU KIEN CHIU NEN

1. NHAC LAI VE SUOAN CUA CAU KIEN CHIU NEN

Ta xét mot cau kién hai ddu khép chiu nén bdi mot tai trong doc truc. Khi tai trong P
dat t6i mot gid tri goi 1a 151 han, cdu kién tré nén mat dn dinh nghia 12 bat ddu bi cong.
Hién tugng nay goi 1a su odn, hodc sy mdt dn dinh, hoic su udn doc cua cau kién.

Luc t6i han dugc cho bdi cong thitc Euler

n2El
o= 12 (3. 1) ’
Trong d6 I 1a mémen quén tinh cua tiét dién cau kién va E 1a modun dan hoi.
Chia hai v€ ctia phuong trinh cho dién tich ti€t dién A, ta dugc Ung suat t6i han
2
E
= (3.2)
/)

Trong d6 r =+/I/A 14 ban kinh quén tinh cia tiét dién, 1/r 1a d6 manh cua cau kién.

Cic cong thic nay chi ding

khi dudng cong ung suét - bi€n Py
dang 13 duong thang tic 12 trong '
ving dan héi, trudc khi dat t6i V’ y
thém chay. Néu iing suit t6i han \ E,
vuot qud gidi han ti I& thi ngudi \ A !
ta s&€ dung cong thic Engesser \ Fa
trong d6 modun dan héi E duoc | s \,__ £
thay thé€ boi modun ti€p tuyén E, | 1
(chinh 12 do doc cha dudng ti€p / .
tuyén véi dudong cong Ung suat - // :
bién dang tai diém d6). Khi d6 A\ ¢
n’E
a = l2 (3'3)
a/m) Lo,

]a tng sudt t6i han cha oin

ngoai dan hoi. Hinh 3.1
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Ngudi ta cé thé vé dugc dudng cong quan hé ng suét t6i han véi d6 manh nhu trén
hinh 3.2, d6 la mot su két néi cua dudng cong odn dan héi Euler (duong hyperbol) va
dudng cong oin khong dan hoéi theo cong thife 3-3.

Tuy nhién trong cau kién thép, luoén luodn tén tai cic Ung suat du do su ngudi khong
déu sau khi can. Ung suat du lam giam dang ké do bén cla céu kién nén. Quy pham
AISC sir dung két qua nghién ctu cha Hoi déng Nghién ciu vé én dinh két cau
(Structural Stability Research Council - SSCR) la dung moét dudng parabol bit diu &
tung d6 cao nhat tai F, = F, khi I/r = 0 va ket thic tai diém F_ = F,/2 tai diém dé
parabol giao nhau va tiép xiic v6i duong hyperbol Euler (hinh 3.3). Phuong trinh cia
parabol nay 1a :

- E (1 )
Fo=F,|1- 5 (3-4)
hoac viét lai la
i 2
1{1/r
F,=F|l-=| — 3-4a
‘ ’ 2( CC J ( )

bang cich thay C, = 7 4/ 2E/Fy ; C. 12 gi4 tri d6 manh 1/r tuong ing véi tng sudt téi han
dan hoi cyc dai F, = 0.5F,.

o 1t2E‘ Fed

F, ( I/r)2 F Parabol

Fj2

Hinh 3.2

I1. CHIEU DAI TiNH TOAN CUA COT

"Céc cong thirc trén dugc thi€t 1ap véi cdu kién hai ddu khép. Néu cic dau duoc lién
két khéc di, thi trong céc cong thic trén phai thay chiéu dai thuc bang cudng do tinh
toan K1, v6i K 1a hé s6 chiéu dai tinh todn. Véi cdc trudng hop don gian nhu v& & hinh
3.4, cac gia tri K1 da dugc xé4c dinh bang 1y thuyét.
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Hinh 3-4. Chiéu dai tinh todn cia mét sé truong hop don gidn

C6 thé ding bang sau day theo dé xuat cia SSRC (Xem bang C-C2.1 Quy pham).
Dong trén la gia tri ly thuyét, dong dudi cho céac gia tri ciia K do xét dén diéu kién lién
két thuc t€ khong phai la 1y tudng nhu ly thuyél

Néu cot nam trong khung, hai dau bi kiém ché dan héi, chiéu dai tinh todn s& giam di
va phai dugc xdc dinh bang gidi bai toan 6n dinh cho méi trudng hop. Van dé niy nam
ngoai khuén khé cuén sach, sé dugce xét trong céc tai liéu khéc.
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?ﬂ Khép c6 dinh
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24




1. THIET KE CAU KIEN NEN DUNG TAM THEO UNG SUAT CHO PHEP

Khi oan la khong dan hoéi (tic 1a Kl/r < C,), ldy dudng cong do bén cha SSRC chia
cho hé s6 an toan thi dugc biéu thitc clia ting suat cho phép theo do manh .

Ung suat cho phép trén tiét dién nguyén chiu tai trong sir dung, khi Kl/r < C la

2
-y
F, = FS“ (3-5)

FS = hé $6 an toan, tuy thuéc d6 manh.

Daéi véi cau kién rat ngan, do cong ban ddu hoac do léch tam cua tai trong la khong
déng ké, FS ldy bang 1,67 nhu d6i véi cdu kién kéo. D6 manh cang 16n thi anh hudng
cua do cong ban dau va léch tam ngiu nhién cta tai trong cang dang ké, FS phai 1ay 16n
hon. AISC tang FS dén gid tri t6i da 16n hon gia tri g6c 15% nghia la 1,92. Tir gia tri
FS = 1,67 khi Kl/r = 0 dén FS = 1.92 khi Kl/r = C_, ding mot phuong trinh bac ba dé

chuyén ti€p ém thuan :

5 3K 1Ky’

FS = 3 (3-6)
8§ 8 C. 8 2C;
Cong thirc day du cua dng suat cho phép la (cong thic E2-1 Quy pham ) :
2
- K }Fy
- (3-7)

d

5 3K 1K
8 8C. 8 C
D61 véi cau kién ¢6 do manh vugt qud C,, sy oan dan héi la quyét dinh do bén, ang

sudt to1 han la theo cong thic (3-2). Hé s6 FS tinh theo (3-6) , véi Kl/fr = C, bang :

FS = 23/12. Ung suat cho phép |2 (cong thic E2-2 ctia Quy pham) :

2
F - 127 E2 (3-8)
23(Kl/r)
Di€u kién an toan cua cau kién chiu nén ding tam, khi do 6n dinh cuc bo da duoc
dam bao, la nhu sau :
f, <F, (3-9)
Trong do:
f, = ing suat nén do tai trong lam viéc , f, = P/A,,
P = luc nén doc truc do tai trong lam viéc ,

A, = dién tich ti€t dién nguyén cua cau kién.
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Dé c4u kién nén lam viéc t6t, do manh cia n6 khong nén vuot qué 200.
Dé tinh todn thuin tién, sich chi dan clia AISC cho
cic bang C-36 va C-50 : tng suit cho phép clia cau
kién nén lam tit thép c6 ung sudt chidy 36 va 50 ksi. v
Bang duoc lap tir cac phuong trinh (E2-1) va (E2-2)cla T |
Quy pham . I
|

Thi du 3.1: Kiém tra tiét dién cot c6 kich thuéc &
hinh v&, thép la A572 (50) Cot dai 18,2 m, chiu tai
trong P = 400 kN. Gia thi€t K = 1 trong phuong truc
X-X va cé nhiéu géi tua trong phuong truc y-y dé cho
chiéu dai tinh todn K1, = 3m. 3

400
1
|
]

T

Tinh nang cta thép : 150
F, = 50 ksi = 34,5 kN/cm®
E = 29000 ksi = 20000 kN/cm”

Pic trung cua tiét dién :
A = 2x15x0,8 + 40x0,6 = 48 cm’
6 3
I = 2x (15x0,8x20,4% )+ %0— = 13187cm*
0,8x15°
Iy =2x
12

r,=18,2cm; I, = 3,35cm

K1
Ki =100; — =89,5

I, I,

=450 cm*

D6 manh K 100 1a quyét dinh.

2
C, = 2 x 1t x 20000 — 107> E(_l
34,5 I,
Gia thiét d6 manh cuc bo 1a dugc dam bao. Cong thitc (3-6) :
2
34,5]1- l(i%)
2\107 19,43

"5, 3100 1(100) L1915
107

=10,14 kN/cm?
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Ung suat 1am viéc : f, = 400/40 = 10,0 kN/cm® < F,

Tiét dién dam bao an toan.

IV. ON BINH CUC BO

Cac bo phan cdnh, bung tao nén cot c6 thé bi bién dang vénh séng khi chju nén. Diéu
nay goi 1a mat dn dinh cuc bo. Ung suit t6i han duge cho bdi cong thitc chung cia su
oan clia tim.

n‘E
12(1 - p*)(brty?

Trong dé k 12 hang s6 phu thugc vao loai tng suat, diéu kién bién va ti s6 chiéu dai

cr

trén chi€u rong ; p 1a hé s6 Poisson, con b/t 12 ti s6 bé rong trén bé day.

Quy pham AISC yéu cau ting suat oin t6i han cia mot tim khong dugc nhé hon ting
sudt chay clia tdm d6. N6i cach khdc, bang viéc st dung céc gidi han cho ti s& rong trén
day, tdm s& dugc giit khong cho bj oan trude khi dat dén tng sust chay F, -Gidi han thiét
ké dé€ ngan ngira su odn la:

2
2,
12(1 - p”)(bft)

Dua trén cong thic nay, ciing v6i cic gid tri khic nhau cta k tng véi céc diéu kién
bién clia tdim, AISC quy dinh céc gidi han cia ti s6 rong trén day clia bung va cénh clia
cOt 1a nhu sau :

cr

Ti€t dién thép dugc phan 1am cic 16p tiét dién dac, tiét dién nira diac va tiét dién
manh. Ti€t dién dugc coi 1a dac hay nira dac khi ti s6 rong trén day chia bo phan chiu nén
khong dugc vuot qua ti s6 gi6i han cho dudi day. Tiét dién khong duoc coi 1a khong dac
thi dugc x€p la tiét dién manh.

a) Canh cot duge coi nhu phén i vuon ra clia cot, gid tri gisi han cia tiét dién khong
dac la:

Thanh thép can : E < 15— (3-10)
t F
y
Cau kién manh : b < %5 (3-10a)
t~ JE /K,
4 . .
Trong do: ke = (—h/,o%g néu h_S 70 ; ngoaira k.= 1,0. (3-1D)
1) t

Trong cdc cong thic trén, b 12 mot nita clia bé rong danh nghia ctia canh ; h 1a khoang

cach gitta mép trong hai canh, F, la ang suat chiy bang ksi.
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Bang C-36: Ung suit cho phép clia cdu kién nén lam bang thép

6 ung suit chay quy dinh la 36 ksi

Kl F, Kl F, Kl F, Kl F, Kl F,
T (ksi) T (ksi) T (ksi) T (ksi) T (ksi)
1 21.56 41 19,11 81 1524 121 10,14 161 5,76
2 21,52 | 42 19,03 82 15,13 122 9,99 162 5,69
3 2148 | 43 18,95 83 15,02 123 9,85 163 5,62
4 21,44 | 44 18,86 84 14,90 124 9,70 164 5,55
5 2139 i 45 18,78 85 14,79 125 9,55 165 5,49
6 21,35 | 46 18,70 86 14,67 126 9,41 166 5,42
7 2130 1 47 18,61 87 14,56 127 9,26 167 5,35
8 2125 @ 48 18,53 88 14,44 128 9,11 168 5,29
9 2121 49 18,44 89 14,32 129 8,97 169 5,23
10 21,16 | 50 18,35 90 14,20 130 8,84 170 517
il 21,10 | St 18,26 91 14,09 131 8,70 171 5,11
12 2105 | 52 18,17 92 13,97 132 8,57 172 5,05
13 21,00 | 53 18,08 93 13,84 133 8,44 173 4,99
|14 2095 | 54 17,99 94 13,72 134 8,32 174 4,93
b5 2089 | 55 1790 | 95 1,1,60 | 135 8,19 175 4,88
16 20.83 56 17,81 96 13,48 | 1,75 8,07 176 4,82
17 20,78 57 17,71 97 13,35 137 7,96 177 4,77
18 20,72 58 17,62 98 13,23 138 7,84 178 4,71
19 20,66 59 17,53 | 99 13.10 139 7,73 179 4,66
20 2060 © 60 17.43 1 100 12,98 140 7.62 180 461
21 20,54 61 17,334 101 12,85 141 7,51 181 4,56
Y 20,48 62 1724 | 102 12,72 142 7,41 182 4,51
23 20,41 63 17.14 | 103 12,59 143 7,30 183 4,46
24 20,35 64 17,04 | 104 12,47 144 7.20 184 4,41
25 20,28 65 16,94 | 105 12,33 145 7,10 165 4.36
26 20,22 66 16,84 | 106 12,20 146 7,01 186 4,32
27 20,15 67 16,74 = 107 12,07 | 1147 6,91 167 427
28 20,08 68 16,64 © 108 11,94 148 6,82 188 4,23
29 2,001 | 69 16,53 | 109 11,81 149 6,73 189 4,18
30 19.94 | 70 16,43 110 11,67 150 6,64 190 4,14
31 19,87 71 16,33 | 111 11,54 151 6,55 191 4,09
32 19,80 72 1622 | 112 11,40 | 152 6,46 192 4,05
33 19,73 73 16,12 | 113 11,26 153 6,38 193 4,01
34 19,65 74 16,01 114 1L13 | 154 6,30 194 3,97
35 19,58 75 15,90 115 1099 | 155 6,22 195 3,93
36 19,50 76 15,79 116 10,85 156 6,14 196 3,89
37 1942 77 15,69 117 10,71 157 6.06 197 3,85
38 1935 ' 78 15,58 118 10,57 158 5,98 198 3,81
39 1927 i 79 15,47 119 10,43 159 591 199 3,77
40 19,19 | 80 15,36 120 10,28 160 5,83 200 3,73
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Bang C-50: Ung suit cho phép cia ciu kién nén lam bing thép

c6 img suit chay quy dinh la 50 ksi

Kl F, Kl F, Kl F, Kl F, K1 F,
I (ksi) T (ksi) T (ksi) r (ksi) r (ksi)
1 29,94 41 25,69 81 18,81 121 10,20 161 5,76
2 29,87 42 25,55 82 18,61 122 10,03 162 5,69
3 29,80 43 25,40 83 18,41 123 9,87 163 5,62
4 29,73 44 25,26 84 18,20 124 9,71 164 5,55
5 29,66 45 25,11 85 17,99 125 9,56 165 5,49
6 29,58 46 24,96 86 17,79 126 941 166 5,42
7 29.50 47 24,81 87 17,58 127 9,26 167 5,35
8 29,42 48 24,66 88 17,37 128 911 168 5,29
9 29,34 49 24,51 89 17,15 129 8,97 169 5,23
10 29,26 50 24,35 90 16,94 130 8,84 170 5,17
11 29,17 51 24,19 91 16,72 131 8,70 171 5,11
12 29,08 52 24,04 92 16,50 132 8,57 172 5,05
13 28,99 53 23,88 93 16,29 133 8,44 173 4,99
14 28,90 54 23,72 94 16,06 134 8,32 174 4,93
15 28,80 55 23,55 95 15,84 135 8,19 175 4,88
16 28,71 56 23,39 96 15,62 136 8,07 176 4,82
17 28,61 57 23,22 97 15,39 137 7,96 177 4,77
18 28,51 58 23,06 98 15,17 138 7,84 178 4,71
19 28,40 59 22,89 99 14,94 139 7,73 179 4,66
20 28,30 60 22,72 100 14,71 140 7,62 180 461
21 28,19 61 22.55 101 14,47 1141 751 181 4,56
22 28,08 62 6,2,37 102 14,24 142 7,41 182 4,51
23 27,97 63 22,20 103 14,00 143 7,30 183 4,46
24 27,86 64 22,02 104 13,77 144 7,20 184 4,41
25 27,75 65 21,85 105 13,53 145 7,10 185 4,36
26 27,63 66 21,67 106 13,29 146 7,01 186 4,32
27 27,52 67 21,49 107 13,04 147 6,91 187 4,27
28 27,40 68 21,31 108 12,80 148 6,82 188 4,23
29 27,28 69 21,12 109 12,57 149 6,73 189 4,18
30 27,15 70 20,94 110 12,34 150 6,64 190 4,14
31 27,03 71 20,75 111 12,12 151 6,55 191 4,09
32 26,90 72 20,56 112 11,90 152 6,46 192 4,05
33 26,77 73 20,38 113 11,69 153 6,38 193 4,01
34 26,64 74 20,10 114 11,49 154 6,30 194 3,97
35 26,51 75 19,99 115 11,29 155 6,22 195 3,93
36 26,38 76 19,80 116 11,10 156 6,14 196 3,89
37 26,25 77 19,61 117 10,91 157 6,06 197 3,85
38 26,11 78 19.41 118 10,72 158 5,98 198 3,81
39 25,97 79 19,21 119 10,55 159 5,91 199 3,77
40 25,83 80 19,01 120 10,37 160 5,83 200 3,73

Ghi chii: C, = 107,0
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b) Bung cot chiu nén diing tam, ti s giéi han ctia ti€t dién khong dac la :

h 253
<=

—< (3-12)
t, \/Fy_
Trong thi du 3-1 bén trén, tiét dién c6 cic ti s6 :
E=% = 9,37 nhd hon (Ej = 0> = » 13,44 ;
t 08 thim  \JFy/k.  50/10
k.=1,0vi h = il =66,7 < 70.
t 06
h . 253 C e e 1ea . <
Nhung — =70 > —\/—5=O = 35,8, vuot qua gid tri gi6i han cla ti€t dién khong dac, tic
{

13 tiét dién 12 manh. Két qua ctia thi du 1a khong diing, can chinh lai.

Gap trudng hop cu kién chiu nén ding tam ma gém nhimng phén tir c6 ti s6 rong trén
day vuot qud gid tri gidi han khong dac, viéc thi€t k€& phai lam nhu sau:

a) Canh : Ung suat cho phép clia canh manh s& phai giam di bang hé s6 Q,. Gid tri Q
duoc xdc dinh bang cdc phuong trinh (3-13) hoac (3-14) tuy theo céc truong hop , trong

dé b 1a mot nira clia bé rong danh nghia cia canh.

95 b 195
<—-x<

Khi — :
St Rk
QS=1,293—O,00309£:— E,/k, (3-13)
Khi by > .
t ~ F/k,
26200k
sz?b/t_z (3-14)
y(b/t)

b) Bung : Phai sir dung chiéu cao hitu hiéu h, d€ tinh cdc dac trung cla tiét dién.

Bung cua I thuong:

h o 25%f, 443 15)
NGO
Bung va cénh cua ti€t dién ong chif nhat :
h o 25%f, 503 15
Jf i (b/OVE |
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Trong cdc cong thic trén, f 12 tng suat nén trong bung, tinh ra dua vao dién tich
nguyén cua ti€t dién thuc € : f = P/A,. Quy pham quy dinh la dién tich ti€t dién nguyén
va ban kinh quén tinh s& dugc tinh todn theo tiét dién thuc t€ ma khong phai tiét dién
hitu hiéu. Con do bén clia cot thi phai gidm di mot he s6 Q, = dién tich hitu hiéu / dién
tich thuc t&

Ung sust cho phép cuia cot ¢6 gébm bung manh va cénh méanh :

2
o],
F, = c . (3-16)
5, 3Kl 1K)
8 8C, 8 C
khi KU/r nho hon C¢, véi C, =,/2n°E/QF,
va Q=Q\Q,
Khi KI/r 16n hon C, :
2
= 12n E2 (3_17)
23(K1/r)
Thi du 3.2: Kiém tra tiét dién cot thép A572 (50)
chiu tdi trong P = 275 kN. Chiéu dai tinh todn cot <100 )
K1 = 240 cm theo ca hai phuong. Tiét dién duoc vé ot

trén hinh sau
| Tinh nang cta thép :
Fy = 50 ksi = 34,5 kN/cm?
E = 29000 ksi = 20000 kN/cm? -2
Dac trung cua tiét dién nguyén :

A=2x10x0,5+24x0,5 =22 cm?

P

. 3
L =2x(10x0,5x 12,25%)+ 0,5 x 21i2= 2077cm*
Iy=2x M =331 cm?*
12
I, = 3,88 cm
Kl
— =619

Ty
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Kiém tra 6n dinh cuc bo

Canh : 5o guk=tut =22 a0
_ t 5 ty 5
P _ P _3ac19v
JE/k. V50
195 _ 195 _on6s19
JE/k, 50
HesGgiam  Q, = 1,293 —0,00309 x 19 v/50 =0,878
h 240 , 253 _ 253
Bung : — =35,8
ty \/' J50

Bé rong hitu hiéu cla bung :

253x 0,5t {1 _4_84£_} =23,2cm < h =24cm

h, = ———
\/18,13 18,13
Dién tich hitu hiéu : A, =2x 10x0,5+23,2x0,5= 21,6 cm?
21,6
Heé s6 giam = ——=0,98
g Q. >

He s6 giam téng cong Q = Q, x Q, = 0,878 x 0,98 = 0,862

2
, J@xn?x29000) 5. K

7 (0,862%34,5) L,

2
0,862 x 50 1—1(Ej
2115 36.86

E, = =—"—=19,9ksi

5 3619 1(61,9) 1849
8 8115 8

8115 8l 115

f = 18,13 ksi < F,, ti€t dién an toan
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Chuong 4
DAM VA CAU KIEN CHIU UON

I. SULAM VIEC CUA DAM KHI CHIU TAI

Dam duoc hiéu 12 mot két cidu chll yéu chiu tai trong ngang dat trén né va gay ra
momen udn. Nhu vay dam 1a su két hop cia mot phin tir nén va mot phan tir kéo. Thong
thudng, phén tir nén (canh ddm) phi dugc gidng giit dé tranh mat én dinh tong thé (hay
cdn goi la 0an) ciia ddm. Khi d6, dam dugc goi 1a ¢ twa do ngang.

Ta xét mot ddm chit I chiu mémen uén tang din. Su phan b tng sudt v€ & hinh 4-1.
Vi momen udn do tai trong st dung, tiét dién & trong ving dan hoi (H.a). Ung suit 16n
nhat & thd bién duge tinh bang

= 4-1
f 3 (4-1)

X
trong d6 S 12 modun tiét dién (hay con goi 1a médun chéng udn) xdc dinh bang mémen
quén tinh I chia cho khoang cach tir trong tam dén thd bién (chi s6 x I chi truc x d€ tinh
momen quan tinh). Diéu kién dan hoi ton tai cho dén khi ting suat thé bién dat t6i ung
sut chay F, (H.b). Momen u6n ma dam chiu duoc lic nay duoc goi la mémen chay M,
va duoc tinh bang
M, = S,F, (4-2)

Sau d6, khi moémen ti€p tuc tang, cdc thd bién ti€p tuc dan thém nhung khong tang
tng suat (H.c). Tiét dién & trong ving dan héi - déo. Khi moi thé déu dat t6i ing suét
chay (H.d), toan bo ti€t dién nim trong ving déo. Mémen uén dam chiu duge lic nay
goi 1a momen déo M, va dugc tinh bang

M, =F, [ydA=F,Z (4-3)

trong d6: Z = _[ydA c6 thé duoc goi 1a modun déo cua tiét dién. Theo biéu thifc clia
7., ¢6 thé nhan thdy Z c6 gia tri bang hai ldan momen tinh cla nira tiét dién d6i véi
truc x.

Sau khi dat t6i momen déo, tiét dién khong thé tiép tuc lam viéc dé chéng lai su xoay.
N6 1am viéc nhu mot khép nhung véi kha nang chiu mémen M, nén duoc goi la khop
déo. Mot khép déo 1am cho dam tinh dinh bi phd hoai.

33




anpéi. I
Déo toan b

l M<M

Hinh 4-1

Ti s6 & =M, /M, , cho thdy kha nang chiu momen trong ving déo 16n hon kha nang
binh thuong trong ving dan hoi :

e 2 4-4
g S 44

Ti s6 nay khong phu thudc vao loai vat liéu. N6 1a mot dac trung cua hinh dang ti€t
dién va dugc goi 1a hé s6 hinh dang. Gi4 tri ciia hé s6 hinh dang & clia mot s6 ti€t dién 1a
nhu sau :

Chitnhat: 1,5; tron : 1,7 ; chir I : 1,10 t6i 1,18 ; dng chir nhat thanh méng: 1,12.

Gi4 tri chia cic modun tiét dién S va Z cia thép hinh tiéu chudn dugc cho & bang
Phu luc.

I1. UNG SUAT CHO PHEP CUA DAM PUGC TUA DG THEO PHUONG NGANG

Nhu trén da néi, ddm duoc goi la tua d& ngang néu cé nhitng goi twa ngang cho cinh
nén ctia né (vi du ban bétong, cdc giang ngang dat cach quang) dé giit khong cho ddm bi
oan tdng thé ra ngoai mat phang cha né.

Diéu kién an toan ctia dam la nhu sau :

Trong dé:
M = moémen udn do tai trong lam viéc,
M,, = kha nang chiu uén danh nghia,
FS = hé s6 an toan khi thiét k€ dam 14y bang 1,67.
hoac dé viét dusi dang ting suat, ta chia hai v& cho médun tiét dién S :

M M
f, = — < F,=—0 4-5
b= 5 =T Fs)s (4-5)
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D¢ xéc dinh M, can phan biét céc loai tiét dién ddm 1a dac, khong dac va manh.

Tiét dién ddc : Néu cdc phan ti chiu nén cla ti€t dién dim khong bi odn cuc bo, ddm
¢6 thé 1am viéc binh thudng cho t6i khi dat khép déo, va khi nang chiu moémen ctia dim
chinh 12 moémen déo M. -

M, =ZF, =& SF,

Khi uén theo truc khoé (x-x) cua tié€t dién chit I, he s6 & duoc 14y 1a 1,10. Thay vao
phuong trinh (4-5) va sir dung FS = 1,67, ta dugc ting sudt cho phép khi uén Fy :
ESF, 1,10SE,

_- y —
(PSS (1,67)S

0,66F (4-6)

F, Y

Khi uén quanh truc yéu (y-y), tiét dién chit I 1am viéc v€ co ban giéng nhu tiét dién
chir nhat nghia la cong thitc dung hé s6 hinh dang 1a 1,5. Tuy nhién Quy pham AISC cho
tng sudt cho phép F, clia trudng hop nay nhé hon mot chuit, cu thé 1a :

F, = 0,75F, @7)
Tiét dién dac phai c6 céc ti s6 rong trén day cua cdc phan tir khong vuogt qud cac gid
tri gi6i han sau day:

Canh cta dam cén hoac dim t6 hop :

b 6

< (4-8)
2t~ R,
Bung chiu nén khi uén :
4 . 0 (4-9)

tw_\/g

trong d6 b; = bé rong canh ; d : bé cao toan bo cha dam.

Tiét dién khong ddc : Khi céc ti s6 rong trén day clia canh va bung vugt qua gisi han
ti€t dién dac (nhung chua vuot qué gi6i han tiét dién khong dac cho dudi day) thi kha
nang chiu moémen khong thé dat t6i M, Gi6i han clia ti€t di¢n khong dac 1a nhim dam
bao cho thd bién dat duge tng sudt chay. Kha nang chiu mémen khi d6 1a momen chay

M;,. Ung suat cho phép s& 1a :

SE, F,
F = = —— =0,60F, (4-10)
(FS)S 1,67
Céc gia tri gidi han cua tiét dién khong dac :
b _ 5 (4-11)

Canh dam cén : =
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Cénh ddm 16 hop : (4-11a)

2t; F /k.
’ 760 :

Bung chiu nén khi uén : Ll = —= 4-12)

t, K, '
s , e 4,05 . h .
Trong d6: h 1a khoang cdch ndi giita hai cénh ; k. = W néu T <70vak. =10
t *
trong trudng hop khac.

Khi cdc ti s6 rong trén day vugt qua giéi han dac nhung chua vugt qud gi6i han
khong dac, kha nang chiu momen 13 nam giita M, va M,. Ung sudt cho phép dugc noi
suy gilta cdc gidi han nay (hinh 4-2).

e s . T LA . 65 b 95 .

Doi v6i dam ¢6 bung la dac nhung canh la khong dic — < — < —== ung suat

cho phép la

— by \ ,
F, =F, {0,79 - o,ooz(g] JE } (4-13)
Péi véi dam t6 hop cé bung 1a dic hoac khong dic va canh 1a khong dac :

65 b 95
—_ < — <

JE 2 Rk

ting suit cho phép la

bf
K = Fy |:0,79 — 0,0022—tf \ /Fy/kc :| (4-14)
Fo Dac mét phan
"Dic" ASD-F1.2

0,66F, "Khong dac"

060F, {——————————————— R ~
| I
' " AsD

Fy : : Phu luc B Truc uén
| |
| | - —
| | N I3
ETR —f_

65 95

Hinh 4-2

36




Tiét dién manh : Néu i s6 rong trén diy vuot qud ti s6 gi6i han khong dac, tiét dién
duoc goi 1a manh. Ung sudt cho phép phai giam di bang hé s6 Q,.

D6i véi cdnh nén chia dam :

Khi B < b < %

1/Fy/kC 2t; 1/kC/Fy

.
Q,=1,293 - 0,00SO9[iJ JE/K. (4-15)
khi b > ﬂj_—:
2t¢ JE/R,
= 26200% (4-16)
F, (b/t)
~ . h 760 . Y.

Doi v6i bung : Néu ti s6 rong irén day : — > —— , ddm duoc coi 1a d4m ban t3 hop,

N

s€ dugc xét & chuong 6.

Thi du 4-1. Chon tiét dien W nhe nhat dé mang duoc tai trong phan bs déu 750 daN/m
(bao gom ca trong lugng bén than dam gia dinh) trén nhip 6 m twa don gian. Dim dugc
dd ngang lién tuc bang ban san. Dung thép A572 (cap 50) va F, = 50ksi (34,5 kN/cm?).

Gia thit ti€t dién la dac va dng suat cho phép la : F, = 0,66 x 34,5 = 22,8 kN/cm?

Momen udn do tai trong : 750 x 62/8= 3375 daNm = 3375 kNcm

Modun tiét dien cén thiét : S_ = 3375/22,8 = 148,4 cm® = 9,05 in°

Tir bang thép hinh W chon s6 hiéu nhe nhét véi modun tiét dién nay la W10x12.
Modun tiét dién S, = 10,9 in’ (hay 178,6 cm®) > 9,05 in®
Kiém tra diéu kién tiét dién dac :

Bung : 4. 28 =519« g42:909b1_1ng1:‘:1d2§c

t, 0,19 J50

b 396

Cénh : =
2, 2x0.21

=9,42, nam giita

65 95
—— =9,19 va —=== 13,43 - cénh la khong dic.
V50 V50
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Ung suat cho phép sé 1a:
F, =F, [0,79 - 0,002x9,42 V30 1=0,657 F, = 32,85 ksi = 22,65 kN/cm?

3375

Ung suat 1am viéc : f = = 18,9 kN/cm? < F, = 22,65 kN/cm®

9

Tiét dién van du chiu luc.

I11. SUOAN BEN KEM XOAN

Moémen quan tinh cta tiét dién ddm d6i véi truc chinh 16n luén luén 16n hon nhiéu so
v6i truc nhd. Do d6, dam thuong khd yé&u khi chiu xoan va chiu uén quanh truc nhd. N6
d& bi mat 6n dinh khi chiu tai trong. Su mat 6n dinh thudng xay ra dudi dang uén sang
bén va kém theo xoan. Hién tuong nay dugc goi 13 odn bén do xodn hoac goi tét 1a odn
bén (hinh 4-3).

Hinh 4-3. Su odn bén kém xodn cua ddm |

1- Cong thirc chung. Momen udn lic bat dau cé odn ngang 1a momen tSi han. Gi4 tri

momen t6i han duoc cho béi cong thic kinh dién quen biét :

4

n? T
M, = Cb\/FEIyGJI + T2 ELEC, @-17)

Trong cong thic nay :
L = chiéu dai tu do giita cic gidng bén (con goi la chiéu dai khong giang).
J, = hang s6 xoan cua tiét dién. Néu tiét dién bao gém céc phén tir chit nhat, J, c6 thé

tinh bing téng ctia méi phan tir: J, = Zbt’/3 ;
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E

G = modun dan héi cit cla vat liéu : G =
2(1+p)

(u : hé so Poisson)

C,, = hing s8 vénh ca tiét dién. Véi tiét dién I, C,, dugc tinh bing : C, =1;h%/2,
trong d6 I; 1a momen quén tinh cia mot canh d6i véi truc y-y cia ti€t dién.

C, = hé s6 diéu chinh do sy bién déi cha moémen doc chiéu dai dam.

Ung suat uén t6i han la :

M
Fcr= S

cr (4-18)

X

Déi véi tiét dién thdp va canh day, cudng do chiu xoan 1a quyét dinh (do vay goi la
ti€t dién khoé chiu xoan), ta c6 thé bd qua s6 hang thi hai trong cong thitc cia M, iing
sudt t6i han s€ 1a :

b M n JEL,GJ,

(o - Cb LS

X

X
Thay cdc dic trung hinh hoc cla tiét dién bing céc gid tri gin diing cla chiing :

3 2
J20s y o 2O i xeét hai cdnh) ; S, = 20NYD

I
NV 3 d/2

btd ;

Trong dé: b = bé rong canh, t = bé day canh, d = bé cao ddm, va A; = bt

_ 0,21C,nE _ 20000C,

O (Ld/Ag) T (Ld/A))

ViF, khong dugc vuot qua F, chiéu dai khong gidng 16n nhat L dé dam bao 6n dinh

bén cia dim 1a :

L= 20000C, hoac néu 14y C, thién vé an toan bang 1 :
(Fyd/A¢)
L= 20000 (4-19)
F,d/A,

D6i véi tiét dién cao, canh va bung mdng, cudng do chiu udn doc cla canh la quyét
dinh (con goi la ti€t dién kém chiu xo0én), ¢6 thé bd qua s6 hang dau trong cong thic M,

va ting suat udn tGi han 1a :

e My C,(n/L) [EL,GC,,
= S

cr S_

X
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1,d%
Thay Co= 2 —val= Ar?, C, =1 vadiéu kien F,, <F:

Lit, = /("’E/2E,) (dA/S,)

Cho dA/S, mot gid tri thap 1a 1,5, lay E = 29000 ksi va diing két qua thi nghiém dé

chinh stra ti s6 L/r, ta dugc :

v VR

Lay gan ding r, bang 0,25b, cudi cung dugc :
y
76b
L — (4-20)

JE

L _ 300

Quy pham AISC/ASD quy dinh : déi véi ti€t dién duge coi la dic va duoc thiét ké
theo F, = 0,66F,, chiéu dai khong giang (tic 1a khodng cich giita cic tya d& ngang)
khong dugc vuot qué gid tri nho hon trong hai gid tri sau day cua L :

- 20000 421
F,d/A,
L <10 (4-22)

JE,

2. Dam véi L > L. Trong cac trudng hgp nay, cé thé dat dugc ing sudt chdy tai thd
bién trudc khi ddm bi oan ngang. Kha niang chiu moémen la M, =F,S, nhung khong thé
dat dugc momen déo M, = F/Z. Ung suit cho phép 12 0,6 F,. Ung suét uon t6i han duoc
xdc dinh theo cdc phuong trinh (4-17) va (4-18). Thay céac dac trung hinh hoc cta tiét
dién boi cdc gia tri gan ding cua ching va lay G = E/2,6, ta dugc cong thic 1am tron

sau day:
2 2
3E 14E
F =l —| + > (4-23)
Ld/rt; (L/r,)
Néu bo qua s6 hang thit hai, ta dugc
3E_ 0,66E

Fc: = (dolé' T =0,22b,A.=b[
" Ldit,  Ld/A, YTy r Ar = bily)

Lay E = 29000 ksi, chia cho FS = 1,67 va thém hé s6 C,, cudi cung dugc tmg suat
cho phép la:
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- 12000C,, (4-24)
Ld/A;
Néu bd qua s6 hang thi nhat, ta dugc
_ 14E

(/L)

cr

Vi chi ¢6 canh nén la Iam viéc chiu uén doc nén ban kinh quan tinh chi nén 14y 1a cla
canh nén va phan bung lan can. AISC dé xuét ki hiéu r; cho phan ti€t dién nay, dugc xac
dinh 1a "ban kinh quén tinh cia ti€t dién gébm céanh nén cong mot phan ba cua dién tich
bung nén, 14y doi véi truc nim trong mat phing cha bung dam". r; ¢ thé 1dy gan ding
bang 1,2 r,. Thay r; vao cong thic trén, ta nhan dugc mot cong thitc Umg suat téi han rat
giong nhu cong thitc Euler cha cdu kién nén khi oan dan héi :

_ n’E
(L/tp)?

(4-25)

cr

Truong hop odn dan héi xdy ra véi gia tri 16n ctia L/, va cong thitc (4-25) dugc dung
1am co s thiét ké. Chia ca hai vé€ cho FS = 1,67 va dua thém hé s6 C, xét sy bién doi clia

momen, ta dugc :

2
g o 7EG,

= ——— hodac gan ding la
FS 1,67(L/r)? &

. _170x10°C,

* T (Lit,) (1-20)
.

Trudng hop oin khong dan héi, ng suat oan !6n hon F,/2 dugc ldy theo dudng
parabol cua SSRC (xem phuong trinh 3-4) :

e ()]

Ung sudt cho phép duoc 1y bang 2/3 clia F.., tiic 1a bang (thém hé s6 Cy)

p_pl 2 (25 LY
b=y 37 2 4250 | | o
3 {34n°EC, ) \ 1y

Thay gi4 tri E va diéu chinh mot vai hé s6, cong thitc cudi cung cia AISC tré thanh :

F (L/r;)?
sz g_y(—l}z Fy (4-27)
3 1530x10°C,

41



Gid tri L/rp (ng v6i su chuyén ti€p gilfa odn dan hdi va khong dan héi dugc tim bing
cich cho bang nhau cdc ing suat cho phép trong cic cong thic (4-26) va (4-27) :

2
szFy{z F, (L/rr) }=170000cb

3 (Lfr)?

3 1530x10°C,
510x10°C '
L _ [210x10°C,y (4-28)
I F,
C6 thé xac dinh chiéu dai khong gidng 16n nhat L, dé cho ddm c6 thé dat dugc M,

truée khi bi oan bén bang cich cho céc img sudt cho phép trong (4-24) va (4-27) bing
vOi F, =0,6 F:

tr day ritra :

12000C, L - 20000

— L, =———— (C, = 1 theo AISC) (4-29)
Ld/A; (d/Ap)F,

0.6 F, =

E, (L/r)? 3
2 L (L/er) Lot 102x10°C, (4-30)

06F =F |-—X"T | , =
Y ’[3 1530x103c,,} ' F,
Trong hai gia tri nay, 1ay gid tri 16n hon lam L,
Tém tat gid tri clia ing suét cho phép tuy thudc chiéu dai khong gidng L 13 nhu sau :
1) Khi L khong vuot qué gia tri nhé hon cia :
6
20000y T8

(d/A()F, JE

thi F,, = 0,66 F, (Cong thic (F1-1) va (F1-2) cha AISC/ASD)

2) Khi L khong vugt qué gia tri 16n hon cua :

3
L, =1 102x10°C, 1.y L, = 20000 (4-29) va (4-30)
F, (d/A,)F,

thi F,=0,60 F,. (AISC/ASD F1-5)

(4-21) va (4-22)

3
3) Khi L vuot qua L, nhung nho hon r; SLOxI0°C, , gid tri 16n hon cua hai gid tri

y

F, sau s€ la ting suit cho phép :

L/r)’
F,=| 2 o/m) e 0,6F, (4-27) (AISC/ASD F1-6)
37 1530x10°C,
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3
_12x10°C, o 6k (4-24) (AISC/ASD F1-8)
Ld/A, !

b

510x10°C,

4) Khi L vuot qua 1 , ing suit cho phép F, la gia tri 16n hon trong hai

y

gia tri cha (4-24) va (4-26)

3
F, = L;;/%Qg <0,6F, (4-24) (AISC/ASD F1-8)
f
3
- % <0,6F, (4-26) (AISC/ASD F1-7)
I

Gid tri cua C, dugc xac dinh tir phuong trinh :

2
Co=1,75+ 1,05 M| o3| M) <2
5 M,) 3

trong d6 M, 1a mémen uén nho hon va M, 1a mémen udn 16n hon cua hai dau doan
khong giang, 18y d6i véi truc khoé cua cau kién. Ti s6 M,/M, 1a duong khi M. vi M, cé
cung ddu va 1a am khi chiing khdc ddu. Khi mémen uén tai mot diém bat ki bén trong
doan khong gidng 1a 16n hon cdc momen & hai dau cia doan khong giang thi C, duoc 1dy
bang don vi. Néu nhip ¢6 nhiéu diém giing ngang cdch déu nhau thi gié tri C, dugc cho
trong bang sau, d6i véi ddm don gian chiu tai trong phan bé déu.

Vi tri cdc gidng trung gian G,
Khong c6 gidng 1,0
Tai git*a nhip 1,75
Tai phan ba nhip 1,0
Tai phan tu nhip 1,13
Tai phan nam nhip 1,0
Tai phan sdu nhip 1,05

Thi du 4-2. Chon tiét dién thép hinh W clia ddm don gian nhip 9 m, ¢6 cac giang bén
ddy du, dé mang tinh tai 750 daN/m, hoat tai 2250 daN/m. Dung thép A36
Gia thiét trong lugng ban than dam la 100 daN/m. Tdng tai trong :

750 + 2250 + 100 = 3100 daN/m = 31 kN/m
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31x 92

Momen uén : M= = 313,87 kNm.

Gia thiét tiét dién la dac va duge gidng diy di nén
F,= 0,66Fy = 0,66 x 36 x 0,6895 = 16,38 kN/ cm?
Modun tiét dién can thiét :

g= 313,87
16,38

= 1915 cm> = 116,86 in> (Chi ¥: 1 in® = 16,387 cm®)

Chon tiét dién W 21x62, modun tiét dién 1a 127 in’. Trong luong 62 Ib/ft = 92 daN/m,
gan vdi trong luong da gia thiet.

Kiém tra diéu kién tiét dién dac

b 82 5.0 _8 o8
2t 0,615 JE 6
d_ 2155 640 68006
t, 04 \/F; 6

Vay tiét dién la dac.
Chon giing bén dé dam bao diéu kién tiét dién dac. Khoang céch cic giang la gia tri
nho hon trong hai gid tri L sau day :
20000 20000 :
¢ = = =134 in.
F.d/A;  36[21/(8,24x0,615)]

76b 76x8,24
< =

<
E, 6

L = 104 in = 264 cm, la quyét dinh.

Dung 3 giang trung gian cdch nhau 2,25 m.

Thi du 4-3. Kiém tra tiét dién W21 x 44 cia ddm don gian nhip 9 m, cé cdc giang
trung gian, chiu tai trong tinh 750 daN/m, hoat tdi 2250 daN/m. Dung thép A572
cdp 65

Trong luong ban than clia dim 44 1b/ft = 65 daN/m. Téng tai trong :

750 + 2250 + 65 = 3065 daN/m = 30,65 kN/m

2
M= 2963%9" _ 31633 kN,

Trudc hét, gia thiét tiét dién la dic va c6 du giang, nén
F, = 0,66F, = 0,66 x 65 x 0,6895 = 29,58 kN/ cm?
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Moédun tiét dién can thiét :

S= '32190’5383 =1049 cm® = 64 in® (Chi ¥ : 1 in® = 16,387 cm?)

Tiét dién thuc t€ ¢6 S = 81,6 in’, thira di. Tiét dién Ia dac vi :

bf»_ = E_ — ’7’2 < ﬂ: i = 8,06
2, 0,45 NN
d 2066 o5 640 _ 640 _ o546

t, 0,35 \/E J65

Ung sudt uén :

31,033
b

= =23,2<0,6F, =0,6 x 65 x 0,6895 = 26,6 kN/cm?
\ (81,6x16,387)

| nho hon tng suit cho phép déi véi tiét dién khong diac. Do d6 chi cin gidng sao cho dat
dugc ing suit cho phép theo cac cong thic (4-24) va (4-27).
Thir ding 3 giang cach nhau 2,25m. He s6 C, = 1,13. Tiét dién W21x44 ¢6 r; = 1,57in,
225

Hss Lo 22 _sea
i 1,57x2,54

Ti s6 nay 16n hon

102000C, _\/102000><1,13 By
F, 65 ’
nhung nhd hon \/swooocb :\/5100060;1,13 942

y

Vay ung sudt cho phép la gia tri 16n hon trong hai gia tri (4-24) va (4-27) :

2 E L) ' ?
Fo=g| 2o WY |12 65x364 | sey
3 1530x10°C, 3 1530x10°x 1,13

= 24,52 kN/cra®.
]
- 12000C, _ 12000x1,13 =21,6ksi
Ld/A, 625

Trong do: d = 225 X 20,66 =625
Ay 254 6,5x045
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F, = 24,52 < f, = 23,2 kN/cm®
Tiét dién du chiu luc.
IV. bO VONG
Khi ddm c6 nhip 16n hoac tiét dién thap, cdc han ch€ vé do vong c6 thé 12 quyét dinh

thi€t ké. Dam san vong qud gay cam giac khong ving chic, 1am hu hai 16p hoan thién
nhu vi¥a trat, hodc gay rung dong khé chiu. D6 1a cdc yéu cdu veé sir dung phai thoa mén.

Do vong 16n nhat clia ddm c6 thé viét 1a

3
A= WL
EI

Trong dé:
W = tdng tai trong st dung trén dam ;
L = chiéu dai nhip;
E = madun dan hoi (29000 ksi hay 20000 m/cmz);

B = hé s6 tuy thuoc diéu kién goi tua, tuy thudc sy phan b tai trong.

3
Dai v6i dim don gian chiu ti trong phan bs déu, phuong trinh c6 dang A = z::;I
WL’ M d f12
mang thay M= , f= g vac=—,tadugc A = > (4-31)
8 I 2 . 24Ed

Cong thic nay ciing 4p dung dé tinh khd diing A cho moi loai dam don gian, khi ing
suat 16n nhat la & vao khoang giira nhip.
Ti s6 L/d nhip ddm trén bé cao d4m ting v6i mot do vong twong doi A/L c6 thé duge
x4c dinh tir cong thic nay :
— =2 =2.= 4-32
d 5 fL 32
Quy pham AISC khong quy dinh cu thé do vong cho phép. Do vong cho phép phu
thuoc nhiéu vao loai va cach b6 tri cdc bo phan két cdu dat trén dam. Quy pham AISC
chi néu mot cau : "Khi thiét k& cdc loai ddm d& san va méi phdi xét ki dén do vong gay
bdi tai trong thiét ké. Ddm dd tran trat vita phai dugc thi€t k& sao cho do vong 16n nhat
do hoat tai khong dugc vugt qua 1/360 nhip dam”.

Véi do vong gidi hanglé—o, thay E =29000 ksi hay 20000 kN/cm?, cong thuc (4-32)

tré thanh :
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< 24 29000 1 387

L y

d 5 f 360 f
L 24 20000 1 267
— < X —

hay

d- 5~ f 360 f
trong d6 f tinh bang ksi & trudng hgp thi nhat hoac kN/cm? & truong hop thit hai.
Véi ¥ nghia chi 12 huéng dan, AISC/ASD dé xuat cic gia tri sau :

Céc loai dam san, chiu luc dén miic t6i da :

L < 800 (4-33)
d~ F,(ksi)

Cic loai xa g6 mdi, chiu luc dén miic t6i da, ngoai trir méi bang :
L 100 (4-34)
d ~ F,(ksi)

Chii y rang céc gidi han do vong trén day khong phai 1 bat budc.
Thi du 4-4. Kiém tra tiét dién ddm & thi du 4-3, khi do vong glO'l han do hoat tai 1a
1/300 nhip.

Xdc dinh dng sudt udn do riéng hoat tai bang cach nhan dng suat lam viéc f, vdi ti s6

hoat tai trén téng tai trong :

f=23,20 x @—1703kN/cm = 24,7 ksi
30,65

Véi do vong gidi han do hoat tai 1a 1/300L, ti s6 nhip trén bé cao s& [a :

L 24 29000 1

== 2 -18,78
d 5 f 300
Ti s6 nhip trén bé cao thuc t€ 1a : % = % = 17,15 < 18,78, vay do vong sé

nho6 hon d6 vong cho phép.
V. DAM CHIU CAT
1. Ung suit cit

Viéc thiét k€ dam it khi phi quan tam dén luc cit. Thuong chi kiém tra (ng sudt cit
sau khi ddm d3 dugc thiét k& vé uén. Chi nhitng ddm rat ngan chiu tai trong tap trung 16n
gAn g6i tua thi Iuc cét ¢6 thé 1a quyét dinh khi thiét ké,

47




Ung suit cit dugc xéc dinh bing cong thic quen thudc

v= vQ (4-35)
It
Trong dé:
V= luc cét tai tiét dién dang xét ;
Q = moémen finh déi véi truc x clia phan dién tich & gilta thd bién va vi tri ma tai

dé tng suat cat dugc xdc dinh.

Trong thuc t€ thiét k& két cau thép, ing suat cat
thudng dugc tinh bang gid tri trung binh trén dién & 1 = 047
tich nguyén cia ban bung, bo qua anh hudng cta
moi 15 lién két. Nhu vy, ing sudt cét tinh todn 1a :

o X X 142
o (4-36) :
v " |18

Thi du 4-5. X4c dinh sy phan bo tng suat ti€p |

trén tiét dien dim W24x94 chiu luc cit do tai trong N ' 220 '

lam viéc 1a 1000kN.

59,8

3
_ 13x57.67 +2x(23x2,2)x( .

2
I J =111177 cm*

Ung sudt tai ché tiép gidp canh va bung
Q=23x22x29,9=1513cm’

o = 1000x1513
L 111177%23

_ 1000x1513
111177x1,3

=0,59 kN/cm? (trong canh)

Vy =10,47 kN/cm2 (trong bung)

Ung suat tai truc trung hoa :

Q=1513+ 57’6><1,3>< 376 1 2052 em’.
2 2
1000%2052 _ |4 > Njem?

V3= ———————
111177x1,3

Luc cét do cénh chiu :
0,59

2x23x2,2x% = 29,8 kN, chi bang 3% cta tong luc cit.
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Luyc cét do bung chiu :

1000 — 29,8 = 971,2 kN, tic 12 97% ctia tdng luc cat.
Diéu nay chiing t6 1 trong ddm chit I, phdn 16n luc ct 1a do bung chiu.
Ung suat cét trung binh tai ban bung :

\Y 1000 ’ .
f, = = = 12,4 kN/cm?, tiic 12 nho hon ing suat 16n nhat 1a 12,7%.
dt, 62x1,3 :

2. Ung suat cit cho phép
Diéu kién an toan vé cat c6 thé viét thanh

f,<F, (4-37)
Trong dé:

f, = Gng suat cat trung binh do ti trong lam viéc : f, =— = —;

w

F, = tng suat cat cho phép, xdc dinh bing céch chia ting sudt chay do cit chia
cho hé s6 an toan S.

Ung suat chdy do cét T, bang g sudt chdy phdp tuyén chia cho/3, tic 1a ldy tron

T, = 0,6 F,. Van dung gid tri FS 14 1,67, ting suat cat cho phép s& bang : F, = 0,6 ——=

1,67
0,36 F, con AISC lay la :
F,=04F, (4-38)

. . h 380
Cong thic dp dung cho ddm khong c6 sudn ngang va véi ti sét— < —=.

JF
- h 380 7z 2 k4 Y < 7, 2 S N
Khi— > ——, c6 thé xdy ra su oan do cit clia ban bung (hinh 4-4,a). Trong trudng
t,, \/ﬁ
hop cat thuan tuy, tng suat cit t6i han cho bdi cong thic

n’E
" 12(1-p?)(hit,, )

TCI‘

Trong d6 k, 1a hé s6 phu thudc ti s6 cla canh ngén trén canh dai cha ban (& day la
bung dam ciing vdi cdc sudn ngang) :
5,34
(a/h)?

véi %s 1 (H. 4-4.b), k=4.0 + (4-39)
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4,0

Vi & 21 (H 4-40). k=534+ —— (4-40)
h (a/h)
Pat C, 12 ti s6 giita img suat oan khi cét 1., va ing suét chay khi cat T,
C - Ta _ kvan
Yo 20-phon,)
I i
| | Loae | ‘
| | ~ 4—_‘{>7 uqn - . /-’ ~
| | h " | " Suodn
| | e / h 3 T
[ |
2 a |- a _4
a) b) C)
Hinh 4-4
Thay E = 29000 ksi, p =03, 1, =0,6 F,, ta dugc
~ k, x % x 29000
" 0.6F, x12(1-0,3*)(h1,, )
4 ,
c, =20k, (4-41)

"R,

Pay la cong thic C, trudong hop on dinh dan hoéi, khi tng suat t6i han 1., khong vuat

quéd gi6i han ti lé T, gi6i han nay duoc lay la 0,81, uic la khi C, < 0.8. Ung suat ca

cho phép :
T _ C,1y _ CF  CF

FS FS 1673 2.89
Cong thic cua AISC/ASD:

v

C.F,
F.= —2 <04F, (4-42)
2.89 '
Khi C, > 0.8, su oan xay ra trong vung bi€n dang khong dan hoi. Ngudi ta ldy (ng
sudt cat tGi han theo cong thifc :

T = o/TproTer rong d6 T, la dng sudt cat i han dan héi. Vay

cr

0,81, (1..)45000 k ,
_ ’ _ Yy cr v
T = VO _\/ F,(hit,, )’
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= k. JF,

Do dé - c = T _ O,8><450002kv _ 190
F, (ht,) h/t

Cong thic cua AISC/ASD khi C, > 0,8 :

o 190k,

= 4-43
" b, \F (443

Ti s6 h/t,, 16n nhat ma dam khong suon c6 thé duoc thiét ké theo F, = 0,4 F, dugc tim
bang cach so sanh cac cong thic (4-38) va (4-42) :

C,F
L =04F,

Vi C, theo (4-43) va k, la xap xi 5,34 (vi dam khong suon, a/h rat 16n):

F
L 0.4F,
2.89 (ht,)|JF,
, h 380
rut ra : —_ £ —=

t“_\/ﬁ

D6 chinh la gid tr1 gidi han dugc néu bén trén cho cong thitc (4-38).

Thi du 4-6: Kiém tra vé cat cho dam nhip 9 m chiu tai trong phan b& déu 30kN/m.

Dung hai phuong dn tiét dién : thir nhat W21x62, A36 va thit hai W21x44, thép A572
cap 65.

. 3
Luc cat lén nhat : V = 0 x9

= 13,5kN

1) Tiérdien W21 x 62 : b, =824 in,1,=0615in,d=21in, 1, =04 in
Ti $6 d6 manh cua bung :

h_ 21-2x0615 ~ 49,425 nhé hon o2 - % =633

{ 0.4 \/g
F, =04 F, =0.6x36 = 144 ksi = 9,93 kN/em’
Dién tich bung : A, = 21x0.4 = 8,4 in® = 54,2 cm’
Ung sudl cat trong bung :

f, = 5—‘; =249 kN/em? < F, = 0,4 F, = 9,93 kN/cm®
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2) Tiét dién W2Ix44 : b= 8,24 in, t; = 0,45 in, d = 20,66 in, t,, = 0,35 in

h _20.66-2x045 _ 565 16n hon 2o2= 20— 47,1
t 0,35 \/g ‘/6

Pau tién, dung cong thitc (4-41)
45000k, _ 45000x5,34

= L= ~ =1,158>08
' En,)?  65x(56,5)

C, phai tinh lai theo (4-43)

190 [534
_ 10 ,f’— - 0.96 > 0.8, dtn
“= 565V 65 g

Ung suit cho phép theo (4-42) :

_CF,  096x65
V2,89 2,89

=21,7<0,4 x 65 =26 ksi

Dién tich bung :
A, = 20,66 x 0,35 = 7,23 in® = 46,65 cm’
Ung sudt cat trong bung :
13,5

f = —>_ =289 kN/cm® < F, = 21,7 ksi = 14,96 kN/cm®

V' 46,65

C3 hai tiét dién déu du chiu cét .
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Chuong 5
COT CHIU NEN UON VA
CAU KIEN CHIU LUC PHUC HOP

I. SULAM VIEC CUA COT CHIU NEN UON

Phan 16n cau kién cia kéi csu 1a chiu dong thdi mémen udn va luc doc, nén hoic kéo.
Mot cdu kién dong thoi chiu nén doc truc va chiu uén thi duoc coi 1a cau kién nén - uon.
Do ¢6 luc nén doc truc, ngoai mémen uén ban ddu, con c¢6 them momen phu bang luc
doc nhan vé1 d6 vong.

Xét mot cot hai dau khop chiu luc nén P va cac moémen uén M, & hai dau nhu & hinh
5-1. Phuong trinh vi phan cta bién dang y 1a :

q2
M, =-EI 2
dx

Trong d6 M, la mdémen udn tai vi tri x, dugc tinh bing mémen ban ddu cong véi

momen phu gay boi bién dang y: M, = M, + P, ;

P X
M,
Hinh 5-1
5 d’y
Vay "Elﬁ:M(,'fpy
Chia hai vé€ cho El :
dz)’ . Py _ My
dx? EI El
N . s
Pat k ZE, phuong trinh tr¢d thanh :
2 2
9y kg KMo (5-1)
dx P
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Nghiém cua phuong trinh 1a :
y = Asin kx + Bcoskx — —1\%

Véi céac di€u kién bién y = 0 tai x =0 va x = L, nghiém c6 dang :
sinkx

sin

y = —lﬁ—o(l — coskL) + % (coskL —1) (5-2)

Moémen uén & mot diém bat ki dugc xac dinh bang quan hé vi phan

2
M, = - EId—Z .
dx
Gia tri M cuc dai tim dugc la :
M. = Msecl—(ili (5-3)

Cong thitc nay thudng dugc goi la cong thiic secant

Gid tri clia sec (kL/2) chinh la hé s6 ting mémen u6n do c6 mat luc nén doc. He s0
tang momen uén trong trudng hop chung la phu thudc vao dang tai trong nhu moémen
hai ddu 1a khac nhau, hoac mémen la do tai trong ngang trén nhip. C6 thé dung mot
cong thirc gan ding khdc rat tién loi :

M
Mmax =—L (5'4)
l-a
2
EI
Trong dé: o= L va Pg =n—2— , luc Euler .
P: Lo
Khi mémen hai ddu la khong bing nhau : M, < M,, phai thém mot hé s6 C_ :
Cc, M
Mmax == (5-5)
I-a

M 1a moémen do tai trong lam viéc

Gia tri cha C s€ dugc xét sau bén dudi.

Ung suat 16n nhat khong dugc vuot qud ing sudt chay:
P M C,

f=—+ <F,;
A S l-a y

Chia hai vé cho F, vadat AF, =P, ; SF, = M,, dugc

P M C,

—+ — <1
P M, l-a
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P, 1a gid tri cuc dai cia P khi M = 0 va M, la gid tri cyc dai cia M khi P=0 . Tuy
nhién & day c6 sy oan, dan héi hodc khong dan héi, ta phai thay gid tri P, boi gid tri luc
t6i han P, :

+

PoM G (5-6)
P, M, I-a

Cong thiic nay duoc dp dung cho trudng hgp momen 16n nhat 1a & khoang gitta nhip.
Trudng hgp mémen 16n nhat 1a & mot dau thanh thi khong c6 su tang mémen. Piéu kién
bén 1a ung suat thd bién khong vuot qud gidi han chay :

f:£+M <F
A S Y

hay : B+£

P

<1 (5-7)
y M)’

Phéi kiém tra theo ca hai trudng hop vi ta khong biét trudng hop ndo sé 12 nguy hiém.

1. UNG SUAT CHO PHEP CUA CAU KIEN NEN UON
Quy pham AISC sir dung céc cong thic (5-6) va (5-7) dé tinh toan c4u kién chiu uén
theo di€u kién chay déo.
1. Truong hop thit nhat. P va M dugc xdc dinh bang téi trong 1am viéc va n 1a hé s6
an toan thi phai thay nP va nM vao P va M trong phuong trinh (5-6) :
nP oM C,
—_— + —_—
P, M, l-nP/P;

Chia P, P; va P, cho dién tich tiét dién A va chia M va M, cho modun ti€t dién S,
phuong trinh dugc viét thanh :

f, f C

+ . o —=1
Fe/m E/n | _ f,
Fg/m

Trong dé £, va f, 1a c tng suét do tai trong lam viéc. Cic dng suat & mau s6 chia cho
hé s6 an toan s€ 1a dng sudt cho phép:

Loh Co 58)

F, - ing suat nén cho phép néu khi chi ¢6 riéng luc nén doc P ;

F, - ung sudt nén udn cho phép néu chi c6 mémen M ;
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12 m’E__ 14900
23 (KLy/r,)?  (KLy/i)’

cong thic nay, L, 1a chiéu dai khong gidng trong mat phang uén va ry, la ban kinh quéan

£ = ksi, 1a tng suat Euler chia cho hé s6 an toan ; trong

tinh tuong tng, K 12 h¢ s6 chiéu dai tinh todn trong mat phang udn. Ciing nhu déi véi F,,

F,, gid tri clia F{. ciing c6 thé dugc tang 1/3 khi tinh toan véi tai trong gio.

Heé s6 tang momen C,, dugc lay nhu sau :

a. D6i v6i cdu kién nén clia khung ¢6 chuyén dich ngang sang bén cua nit, C, = 0,85

b. Dé6i v6i cdu kién duoc giit khong xoay cta khung dugc gidng gitt d€ khong c6
chuyén dich ciia nit va khong c6 tai trong ngang dat trén nhip giita cdc goi tya trong mat
phang uén
‘ M

C_ =0,6-04—" 5-9

’ M ~ b g k4 ? pe hd . N 9 - .
Trong do: 21 13 ti s6 cia momen nhd trén momen I6n & hai ddu cia doan cdu kién
2

dang xét. M, 1a duong khi cdu kién dugc uén cong hinh S, la am khi c4u kién uon cong
2
mot chiéu.

c. P6i véi cdu kién ciia khung dugc gidng gil d€ khong c6 chuyén dich cta niit trong
mat phéng tai trong va c6 tai trong ngang dat trén nhip gitta cac g6i tua C,, duoc 18y bang
0,85 khi hai ddu csu kién dugc kiém ché d€ khong xoay trong mat phang uén va C,, = 1 khi
khong dugc kiém ché.

2. Truong hop thir hai: Néu dung phuong trinh (5-7), cling bi€n d6i nhu uén, ta dugc:

L, b o<y (5-10)
06F, F,

- ~ 2 B . f' z N P
Néu luc nén la nho, cu thé la khi l—:“— < 0,15, AISC cho phép ding mét cong thirc duy

a

nhat sau day, thay cho céc cong thiic (5-8) va (5-10) :

Eibhoyg (5-11)
F, F

Trudng hop téng quat nhat, khi c6 momen udn theo ca hai phuong : M, doi véi truc
khoé va M, déi vdi truc yéu, cdc phuong trinh (5-8), (5-10) va (5-11) trd thanh:
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fi + fbx me y

fb
+

F, Fy I-(L/F,) Ryl

d

06F, F

f +fb;x

X I:by

fi.'.fﬂ.'__
F, F

X Fby

~(f,/FL)

C

my

=]

(5-12)

(5-13)

(5-14)

Trong cac phuong trinh nay, cdc chi s6 x va y cling viét vé6i cdc chi s6 b, m va e la dé
chi truc x hay y ma tng sudt hodc dac trung thiét k€ duoc tinh toan déi véi truc dé.

Thi du 5-1

Ki€m tra i€t dién cot clia khung chiu tai trong ding. Gia thiét momen quén tinh cla
dam bang hai lan cta cot. Cot duge giang & dinh va & chan dé khong chuyén vi theo
phuong truc y va gidng & giita chiu dai dé chong oédn d6i véi truc y. Dung thép A36.

180N 22kN/m 180kN 273kNm
NN EEN |

18,

6m

‘__ 15m

L

Luc nén va uén trong cot :

15

P=180+22x Py =345 kN

M =273 kNm

Oan doi vdi truc y, K = 0,5, KL, =0,5 x 6m = 3m

PR . Y

Oan doi véi truc x, K = 2,0 (tam lay gén ding) KL, =2x 6 =12 m

Céc dac trung cda ti€t dién :

A=324x12+2x36x18 = 168.5 cm>.

I, = (36x0,8x17,1%) + 1.2x

363

32,4°

=41297 cm®.

I, =2x1,8x — = 13997 cm*.
Y 12

r,=1565cm;r,=9,1 cm.

— <&

360
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D6 manh :

KL
y 2300 _ o5 KLy _ 1200 _ 65 1 quyét dinh.
9,1 I, 15,65

Iy

Tra bang C-36 (Chuong 3) : F, = 15,72 ksi = 10,83 kN/cm’
Gia dinh chiéu dai khong gidng gidi han la 16n hon KL, = 3m, nén F, = 0,66F, =
0,66x36 = 24 ksi = 16,55 kN/cm®.
F = 14900 _ »5 3 ksi = 17,44 kN/em®
6,72

b

18

f, = 3% 505 KN/em? ; £, = 27300 x = 11,9 kN/cm?.
163,5 41297
, . £, 205 . . . . RN "
Ti s6 B = 1083 = 0,18 > 0,15, khong dugc dung cong thic (5-11) Phai dung ca

a

hai cong thire (5-8) va (5-10) . _
C,, = 0,85 dGi véi cdu kién nén clia khung c6 chuyén vi niit. Cong thic (5-8) :

2,05 0,85x11,9

it hn
1083 655 20
17.44

=0,88

Cong thic (5-10) : 0,6F, = 0,6 x 36 = 21,6 ksi = 14,89 kN/cm?

2,05 11,9
—_—

=0,86
14,89 16,55

Tiét dién di chiu luc d6i véi truong hop nay.

Thi du 5-2

Kiém tra tiét dién cot cia khung trén véi tai trong ding va ti trong gio. Pé don gian
tinh todn, da gia thiét tai trong gi6 la tap trung & dinh cot. Biéu d6 momen udn va gia tri
phén lyc tua dugc cho trén hinh ve.

120kNm 120kNm
—

MB

} 16kN 16kN #
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Luc nén va momen :
P =346 + 16 =361 kN
M =273 + 120 = 393 kNm.

8
Cic iing sult: £, = ~00 =2, 14 kN/em? f, = 39300x —
168,5 41297

’

= 17,12 kN/cm?

Ung suit cho phép c6 thé dugc tang mot phan ba khi tinh todn véi tai trong gid va cac
t6 hop tai trong véi gi6. Vay cong thic (5-8) :
2,14 N 0,85%x17,12
10,83x(4/3)  16,55x% (4/3)(1-—2,05/17,44 X (4/3))

=0,87

bai véi cong thite (5-10) : O,6Fy =0,6 x 36 = 21,6 ksi = 14,89 kN/cm?

214 19
14,89% (4/3) 16,55 x (4/3)

0,88
Ti€t dién du chiu lyc d6i véi trudng hop ndy.

I1I. CAU KIEN CHIU KEO VA UGN

Cau kién chiu kéo va u6n déng thoi phai duge tinh toan sao cho moi diém doc chiéu
dai phai thod man phuong trinh sau day:

f
L (5-15)
Ft Fbx I::by

Trong do f;, 12 tng suat udn tinh todn, f, 12 ving suat kéo tinh todn, Fy 1a ung suat uén
cho phép va F, la tng suat kéo nho nhat cho phép dugc xdc dinh theo Chuong 2 (tic 1a
0,6 F, trén ti€t dién nguyen va 0,5 F, trén tiét dién hitu hieu ).

Déng thoi, ing suat nén khi uén tinh duoc tir tai trong gay uon khong lién quan dén
luc kéo néi trén, phai khong dugc vuot qud tng suat cho phép cho trong chuong 4.
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Chuong 6
DAM BAN TO HOP

I. DAC DIEM CUA DAM BAN TO HOP

1.1. Cac bo phan ctia dam ban t6 hop

Dam ban t6 hop (sau day goi tit 1a dim ban) duoc tao thanh béi cdc tim thép dé cé
nhip 16n va kha nang chiu luc 16n hon so v6i dam thép can thong thuong. Dang thong
dung don gian nhat cia ddm ban 12 gom hai cdnh han vGi ban bung dé thanh tiét dién
chit I (hinh 6-1a). Ciing c6 loai dam tiét dién hop (hinh 6.1b). Dam ban ciing c6 thé t6
hop bing lién két bulong, gom cic ban phu va cic thép géc canh lién két v6i ban bung
(hinh 6-1c), sir dung buléng cudng do cao thay thé cho dinh tan hoac bulong thudng su
dung trudc day.

Dim ban dugc dp dung trong nhimg ngoi nha yéu cau ¢ nhip I6n pha lén dién tich
rong, vi du giang dudng, nha thi ddu. Thong thuong nhip dam ban thich hop cho khoang
nhip 15 dén 20 m. Dam bén ciing diing trong céu, nhip ¢6 thé tir 15 dén 100m.

Trong dém ban, bung luon luén 12 manh (tic 1a ti lé bé cao trén be day la 16n) nén
bung thudng c6 sudn gia cd. Cic suon nay gbém sudn ngang trung gian dat cach nhau
doc theo chiéu dai va suon dau dam dé chiu phan luc tua (hinh 6-1.d).

Canh
— — ] ﬁﬂ?
Sudn dau dam\ o Suon trung gian
Bung !
C B IR — (—
a) b) ¢) /
Hinh 6-1

1.2. Phan biét dam thuong va dam ban

Dam ban 13 ddm c6 bé cao 16n. Bé cao va ti s6 cao trén day clia ban bung cla dam
ban luon luon 16n hon so véi dim thudng. Dam thudng hay duge lam bing thép hinh
canh néng. Phan 16n tiét dién canh nong 1a thudc loai dac hoac khong dac. Néu céanh la
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manh, cdnh c6 thé bi mat 6n dinh cuc by va phai gidm thap ng sudt uén cho phép F,
bang hé s6 Q < 1. Néu i s6 cao trén day ht,, clia bung vuot qua giéi han khong dic,
bung s€ la phan tir manh va dam s& duoc coi 1a ddm ban. Nhu vay, phan biét dim ban
v6i dam thudng la dua vao do méanh cha bung. Khi gid tri d6 manh nay la nhd
hon 760/\/F_ , thi d6 la dam thuong ; khi 16n hon thi 12 ddm ban. Hinh 6-2 cho thdy su
phén biét gitta cdc diéu kién oan cuc bo clia cdnh va bung (dic, khong dic, manh) va
cho thdy ting suét uén cho phép phu thugc vao do manh clia canh va bung.

Fog CANH Foy BUNG
0,66F,
t
|
06F, |- - - ——— R, |
|
\ .
: :\\ Manh : :\ /Manh
AN | . \
Dic J Khéng dac J \<- bic | Khong ddc ‘L \
| N i i Se
| ’ | L
|
65VF, 95(F, by2t, 6400F, ~ T60NF, . hi,,
Hinh 6-2

Cudng do chiu uén va cat cia ddm ban phy thuoc nhiéu vao do manh clia bung. Bung
manh gay ra nhiéu van dé :

1. Oédn do udn trong mat phing bung s& 1am giam kha ning ctia bung dé chiu mot
phian momen udn.

2. Cénh nén c6 thé bi odn theo phuong diing do bung khong du do ciing dé gii cho
canh khoi bi oan.

3. Oén clia bung dam do luc cit.

Céc van dé¢ nay phai dugc gidi quyét khi thiét k€ ddm ban.

Mot dac di€m dé thay nhat clia ddm ban 1a c6 cdc sudn ngang, thong thudng céch déu
nhau doc chiéu dai dim. Sudn cimg lam tang cudng do chiu cit clia bung ddm. Ngay ca
sau khi bung bi oan, né ciing chua hét kha nang chiu luc. Vin con kha nang chiu luc
dugc, thudng goi la kha nang sau t6i han. Quy pham AISC cho phép xét kha nang chiu
luc sau téi han d6i véi uén va cit.

II. OAN DO UON CUA BUNG DAM BAN

Trong phén trén ctia bung ddm bén, tng sudt 12 nén nén cé thé 1Am mat n dinh cuc
bo clia bung, dac biét 1a khi ddm c6 ti 1 h/t,, 12 16n (hinh 6-3). Ung suat oéin dan héi cha
mot tam bat ki duoc xédc dinh bing cong thitc :
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n’E

cr

12(1 - p2 )b’
Trong d6 d6i v6i truong hop nay thi % \E 7}
h

b = h, tic 12 bé cao bung dam.
Gid tri clia k tuy thuoc ti s6 a/h va diéu /é %\
kién goi tua tai cac bién. Néu bién dugc —

ngam chat (khong quay) doc theo cac canh l N
tiép gidp v6i canh. gia tri k nho nhat la 39,6

vé1 moi 1 .sé a/h. Néu canh duoc gia thiét Hinh 6-3
la khong can trd sy quay clia mép tua thi tri
s6 nho nhat cua k 1a 23.9.

Nhu vay, tng sudt t6i han (dung E = 29000 ksi) c6 thé ndm giita cac gia tri

6 .. :
o= 270(2)0 khi k = 23.9 (g6i tua khdp tai cdc canh)
(h/t)
0 . .. :
o = 5)}3122—0 khi k = 39.6 (g6i tua ngam tai cac canh).
(h/t)

Lién két han giita canh va bung dam c6 thé coi gan nhu ngam hoan toan. C6 thé chon
gid tri k vi du khoang 80% cua 39.6. nhu vay tmg sudt t6i han khi oan dan hoi trong mat
phang cla bung la :

954000

(h)°

Su oan khong xay ra néu

cr

h < 954000 _ 975

« \ E R,

AISC/ASD thay thé F_ bang 1,67 F,, mg suit cho phép khi uon, diéu kién trén

tro thanh :
h 760
(6-1)

— S PR
N

D6 1 ti s gidi han phan biét ddm thudng véi dam ban. Khi h/t vugt qua gidi han nay,
bung sé bi odn trudc khi thd bién dat dugc (ng sudt chay. Nhung bung bi oan khong c6
nghia la dim khong con sir dung duoc. Sau khi xay ra oan dan hoéi, cuong do sau téi han
duoc sir dung dé xac dinh kha nang chiu lyc cyc han cia dam ban.
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Bung trong khu vuc odn dugc bd qua
khong xét, tiét dién dugc thu vé tiét dién hitu
hiéu, véi bé cao bung chi 1a 30t (hinh 6-4).
Véi tiét dién hitu hiéu nay, xdc dinh duogc
truc trung hoa va tinh mémen quan tinh I,
cua ti€t dién htru hiéu. Gia thiét thé bién nén
dat t61 dng suat chay, tinh duge kha niang
chiu u6n danh nghia M bang :

M, =(F/1.)/c. ¢ la khoang cich tir thé

bién nén cua bung dén truc trung hoa.

Di nhién 1a mémen nay nh6 hon kha nang Hinh 6-4
momen M, (dugc goi la momen chay) cua
toan tiét dién voi thd bién bang F,. Quan hé¢ giira hai gid tri momen nay c6 thé viét dudi
dang mot bi€u thitc tuyén tinh nhu sau, sau khi da dp dung mot vai gia thiét dé don gian
hod va so sdnh véi thi nghiém dé bién dai :

M o005 Aw [ b 980
M, A |t \/E

Trong d6: A va A, lan luot la dién tich cua bung va cia mot canh.
Biéu thifc trén c6 thé viét lai dudi dang mot img sudt tuong duong f., = Mc/l trong d6

I'la momen quan tinh cua toan bo tiét dién nguyén. Chia ca M va M, cho l/c, ta ¢6 :

f.
bu - goo0s e {2_9&}

Dung hé s6 an toan 1,67, tmg sudt udn cho phép F, =

y {

A w

r

K, = 0.6F, | 1-0.0005

h980]

Nhung 0.6F, chinh la ting suat uén cho phép 16n nhat dai véi dam ban c6 ban bung

httu hiéu toan bo. Vay thay F, =1.67Fy,. ta duoc :

F, = 0.6F, | 1-0,0005s | B _ 760 (6-2)
Ar (1 VR
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D6 1a cong thitc (G2-1) clia Quy pham AISC d6i véi ddm don kim (chi 1am bang mot
loai thép), dugc viét nhu sau

F,=F, Ry (6-3)
véi Ree =1-0000s2w |B_T904 44
Ar (t R,

F, cta cénh nén duoc xé4c dinh theo cdc cong thic ing suat cho phép (4-21) téi (4-27)
ctia Chuong 4, trong d6 c6 xét su oan bén kém xoén. DGi véi canh kéo thi F, = F,.
1Il. OAN CUA CANH DAM THEO PHUGNG DUNG

Néu bung dam la manh, né khong
du ctng dé giit cho cdnh ddm khoi oan

theo phuong ding. Ta c6 thé tuong 30%1 zzzzz?zz_“_
tuong cidnh dam la mot ciu kién nén ~He" A

doc lap vé6i phdn con lai clia ddm (hinh h b
6-5). Khi ddm bi uén cong, thanh phan '

luc cta canh duge tang 1én va €p lén g

bién clia bung ti€p gidp v4i canh. Néu —— { L

bung du chiu dugc thanh phan luc nay,
canh s& khong thé oidn theo phuong
ding dugc.

Hinh 6-5

Xét mot phén tir thing ding rong mot don vi ciia ddm ban chiu lyc d€n moémen chay
(hinh 6-6). Do din cla thd bién € tao ra mot géc xoay tuong doi o = 252) cia mép
ding cta phan tr. Luc canh F A, dugc céan bang véi luc nén thang ding V = F A; tga..
Ung suat nén thang dimg :

fe vVo_ FA¢ tgo _ F A

Ixt t (h/2)t

khong duoc vuot qua ing suét t6i han clia bin bung goi tua khdp chiu nén
B n’E
12(1 - p?)(h/t)?

cr

Tir diéu kien f < F_, , ta c6

(ET_ PE_ Ay 1
t 24(1-p?) Ag F,
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FyAe
hi2
€

a) b)
Hinh 6.6

Nhung do ¢6 cdc ing suat du trong cdnh, do dan cta thé bién ¢ phai 16n hon do dan
khi chay €, = F,/E mot lugng du dé bu cho bién dang du ngugc dau khién cho cénh duoc
chay déu. Do dé6 : € = g, +¢ = F, + F/E trong d6 F, 1a tng suat du. Lay ti s6 A /A,
bang 0,5 va ting suat du bing 16.5 ksi, duoc cong thiic (Cong thitc G1-1 cia AISC/ASD):

h 14000 64

t  JE,(F, +16,5)

D6 la gid tri gidi han clia h/t d€ cho canh nén khéng bi oan theo phuong ding. Gia tri
nay dap dung cho dam khong c6 sudn ngang hodc c¢6 sudn cach nhau xa hon 1.5 lan bé
cao bung (ttc 1a khoang céch hai canh). Khi khoang céch sudn nho hon 1,5 bé cao bung,
g161 han ndy dugc xdc dinh dua vao két qua thi nghiém nhu sau (Cong thic G1-2 cua
AISC/ASD):

E < 2000 (6-5)
R

Thi du 6-1

Kiém tra tiét dién dam ban nhip 15 m chiu mémen uén 4125 . N

kNm. Dam ban duoc tua tai céc diém phan ba nhip bsi cac dam
phu. Thép A36.

1700
b

[><

Momen quan tinh : "

1x170°
12

SQI !

+2x35x5% 87,5 =3089104cm”
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Modun ti€t dién :

5= 301 _ 34303 em?
87,5
Ung sudt uén :
p= U290 _ 15 02 kNjem?
34323
Kiém tra gi6i han tiét dién dac :
Cénh : ﬁ = 350 =35« i = 10,8, vay la dac ;
2t 2x50 J36
h 14000
Bung: — =170 <——=—=————-= 322 d0 manh cua bung nho dudi gi6i han
& J36(36+16,5)
duoc phép.

Kiém tra chiéu dai khong giang :

L._T76 _ —7—6—=12,66——>Lc= 12,66 x 35 = 443 cm

b, \/g 6

L= 20000 _ 20000 _ oo d 180 oo
F(d/A;) 36 x1,028 A;  5x35

Chiéu dai tu do giita céc giang 1a 500 cm, 16n hon gia tri nho trong hai gia tri L, nén
dam la khong dac, nghia la F, < 0,66 F,. Nhung n6 ciing khong vuot qua gia tri 16n
trong hai gid tri L, :

_20000C,
F,(d/A()

Ly=1; /%:gm,/migoo ~ 498 cm.
y

trongd6 Cy =1

3
rT=\/ 5% 35%/12 037 em

b = 20000 x 31_6 x 1,028 =539 cm va

(3x35) + (170x1/6)
Vay tng suat uén cho phép F, < 0,60 F= 0,6 x 36 = 21,6 ksi.
Nhung vi ban bung c6 h/t = 170 16n hon 760//F, = 163,5, nén day la dim béan va

ttng suat uén cho phép ctia ddm ban dugc tinh bang :
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F=F, x Ryg = 21,6[1— o,ooos,% (170—163,5)}= 21,5 ksi = 14,8 kN/cm?,
X

16n hon tng suat uén thuc té. Tiét dién da chiu luc.
IV. OAN DO CAT CUA BUNG DAM BAN
Nhu néi 6 chuong 4, ing sudt t6i han ctia bung dam chiu cét 1a :

_ k,n’E
12(1 - p?)(h/t,, )

TCI‘

trong d6 k, 1a hé s6 phu thuoc ti s6 canh ngén trén canh dai ctia 6 ban (tic 1a ban bung
v6i cdc suon ngang :

Khi Lol k=40 22 (4-39)
h (a/h)

khi 251 k=s5p+20 (4-40)
h (a/h)

Dua trén cic cong thic li thuyét nay, AISC cho cac cong thiic sau ddy cua ung suit
cat cho phép clia ddm hodc dim ban :

_ S5 <04F (4-41)
Vo289 T Y
trong d6: C, = % khi C, < 0,8 (4-42)
F, (b/t,,)
va c, =1T19'/19 k.E, khiC,>08 (4-43)

Ung suit cét trung binh 16n nhat ctia bung f, = V/dt khong dugc 16n hon tng suat cho
phép F,.

Nhu da biét, khi thiét k€ ddm thép cdn, luc cat it khi 13 yéu t6 quyét dinh. Nhung do
manh bung h/t cia dam ban 16n hon nhiéu so véi dim cén nén thudng phai c6 cic sudn
ngang dé tang cudng do odn khi cit. AISC quy dinh ring phai c6 cdc sudn ngang khi ti
s& h/t 16n hon 260 va img sudt cit trung binh 16n nhai clta bung la 16n hon F,. Khoang
cach gilta cdc sudon ngang khi c6 dung sudn, phai sao cho tng suét cit cia bung khong

vuot qua gid F, va cac gidi han sau:

a 260
— <
h  (hio)?

va % <30 (6-6)
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Sudn ciing phai khd ciing dé 1am ché tua cho bung ma khong bi oan cling véi bung.
AISC cho gid tri sau day cha méomen qudn tinh cia mot doi suon ldy doi véi tam

h 4
I[.> — 6-7
* (50} (©-7)

. . e e a1 b 95
Ngoai ra, ti s6 rong trén day cua suon phai thoa man diéu kién khong dac— < \/_F__
t
y

cua bung:

Nhung su odn cua bung khong phai 1a kha nang gidi han ctia dam ban. Dam ban c6
cdc canh va céc sudn ngang c6 cudng do sau téi han kha 16n. Sau khi bung bi oan, ddm
sé€ lam viéc giéng nhu mot dan. Luc nén do cac suon ngang chiu va luc kéo do phin
bung chiu kéo (dugc goi 1a tdc dung ciia truong liec kéo) (hinh 6-7). Tac dung cua trudng
luc kéo lam tang cudng do cit clia bung so véi cudng do dua trén su oan.

Kéo

N
W7

L J_ _L _L | j Suon

T T e e I

|‘ T
Hinh 6-7: Tdc dung ctia truong luc kéo

Cuong do cét danh nghia V, c6 thé viét bang tong cua cudng do cat khi oan V. va
cudng do cat sau t6i han V ; do tic dung cta truong luc kéo
V. =V, +V,
Cuong do cat khi odn V, cho boi phuong trinh :
V. =1,Cht,

Cuong do cat V; cua tac dung cua truong luc kéo trong bung la do mot dai céc luc
kéo xuat hién khi bung da bi oan vi ting suat nén theo duong chéo (\ing suat chinh). Cic
luc kéo nay truyén lén cdc sudn dimg dé can bing. Goc cia cac luc kéo y diam bao cho
kha nang chiu luc la 16n nhat . Nguoi ta da tinh duoc la tg2y = h/a trong d6 a la khoang
cach céc suon. Diéu kién can bang gilia luc kéo va cudng do cat V; duogc tim ra bang
biéu thiic sau day, sau khi da bi€n doi hang loat phép tinh :
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o,ht,
2 {1+(a/h)?

Trong d6 o, la ung suét kéo phat sinh trong bung dam.

V=

Tir diéu kién phé huy ctia mot phan tir ban bung chiu dong thoi ing sut cat T, va ing
suat phap o,, ngudi ta tim dugc :

o,=(1-C)F, BN ()
Vé’l C = Ti = '

Ccr
"t E/B

I3
Thay cac phuong trinh nay vao phuong trinh cia V,, va su dung 1, = —¥X , ta duoc :

V3

ht,,

C 1-C
V =F |4~ —~=v
y
' {\/3 241 + (@)’
Ung sudt cét cho phép khi cé tic dung trudng luc kéo dugc xac dinh dua tréncudng do

nay. Chia V, cho hé s6 an toan 1,67 chia cho dién tich bung A, = ht,,, (mg suat cét cho
phép F, cua AISC/ASD la :

F —
F,=—2|C,+ -G, (6-9)
2,89 1,15y1 + (a/h)? |

D6 chinh 1a cong thic (G3-1) ciia AISC/ASD.

Ung suat cit cho phép khi ¢6
tac dung truong luc kéo nay duogc
dung thay cho tng suit cho boi L ,
cong thic (F4-2), khi cé céc sudn - / =

g T4 ),

v
trung gian va néu C, < 1. Téc h *&;/; =] %ﬁ
dung trudng luc kéo khong dugc =] /
dung d6i véi 6 dau tién, nam giita D < '
suon dau dam va sudn trung gian 5 :5:"(‘
.. 5| Gilra bé cao
dau tién. ¥ o
Vy ryrx Y __~2
Luc P, trong suon dugc xéac Tl T% I}
X n . -— —»F, |2
dinh bang diéu kién can bang luc :E(.,.Fl -— " —»F
thang ditng theo hinh 6-8:
P, = (ot,asiny)siny Hinh 6-8
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1-cos2y

“Thay héing dang thic lugng giac sin’y = va thay cong thiic clia o, (xem 6-8),

ta dugc :

(6-10)

Fy(1-C,at, {1_ ah
) 2

\/1 +(a/h)?

- d6 chinh 14 luc trong sudn ding khi dat téi cuong do V, ¢6 ké tdc dung trudng luc kéo.

Dién tich cin thiét clia sudn dugc tinh bang cach chia luc P, cho tng suat chay cla
suon F, : A, = P/F,. Dat F/F, =Y va thém vao thita s6 D dé ké dén su lech tam cna
sudn so véi bung dam, ta duge cong thac (G4-2) :

1-C,| a (a/h)?
A, = vl = - ——— - |YDht, (6-11)
2 | h 1+(am)’

D ldy bang : D =1,0 khi sudn dugc bg tri thanh timg déi ; D = 1,8 khi suon la thép
géc don va D = 2,4 khi suon la thép ban don.

Khi ting suat cat 16n nhat cha 6 f, 12 nho hon ing suat cho phép theo cong thiic (6-9),
c6 thé giam dién tich sudn yéu cdu theo ti 1¢ tuong tng.

Suon trung gian c6 thé dimg khong kéo dai st dén canh kéo clia ddm néu khong céan
dé chiu luc tap trung. M6i han lién két sudn vao bung dam dugc dimg céch xa chan méi
han lién két canh- bung khong nhé hon 4 14n va ciing khong xa hon 6 lan ban bung dam.
Khi diing sudn don, suon phai han vao canh nén dé chéng su xoay clia ban sudn.

V. UNG SUAT CAT VA KEO KET HOP

Trong phan 16n trudng hop, kha nang chiu uén M, 1a khong bi dnh huong cua lyc cat,
ciing nhu kha nang chiu cat V, 1a khong bi anh hudng cta moémen. Nhung dac biét,
trong bung dim rit manh, khi c6 thé bi oan do uén, iing sust uén dugc phan bé lai nhu
néi & muc II va canh phai chiu thém phan mémen udn. Trong bung day hon, khong bi
odn do uén nhung tng suat ct 16n & bung két hop v6i tng sudt udn c6 the gay chay cho
phan bung tiép gidp v6i canh ; két qua la bung . .
truyén mot phdn moéomen udn sang cénh. Trong —s]
trudng hop nay, cén xé4c dinh kha nang chiu luc két
hop uén va cat. = J

Yo

¥

'

Khi chiu mémen uén Idn, bung bi chay ¢ ving
tiép gidp v6i cdnh va viing nay khong thé chiu duoc
luc cat. Con & ving gilfa clia bung, Ung sudt ti€p
I6n gay 1a chdy ; ving bung nay ciing khong chiu
duoc mémen udn. Su phan bo tng suat phdp va ing
suat cit dugc gia thiét nhir & hinh 6-9. Hinh 6-9

BN

Ung suat phéap Ung suét tiép
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Kha nang chiu cat danh nghia V! khi c6 moémen uén c6 thé viét thanh

Vi = TyYolw
Khi khong c6 mémen udn, tic 12 y, = h, kha nang chiu cit danh nghia V, s€ la
Vo=t h
. Vi,
Ritra: Yo = ;/1

n
Kha nang chiu uén danh nghia M/, khi ¢6 luc cat, theo hinh 6-9 1a :
"o h h Yo Yo
Mn = AyFyh + Fytw 5 5 - Fytw 7 7
Thay thé y, va viét 1a A ,=ht,, ta dugc
1A, (VY

M. =FEAhil+-2%]1-| o
nT oy 4 A, [V]

n

Khé nang chiu uén danh nghia M,, chinh la bang M, (goi 12 momen chdy) khi thé
bién dat t6i tng suét chay F,, va bung tham gia chiu lyc toan b0 :
1A
M, =M, = F hA; +g—‘i
f

Chia hai phuong trinh cho nhau, v€ véi vé :

1+lp 1—(111}
M, 4 V,

M 1
y 1+—
6P
A
Trong d6: =¥
g p A

Dung gia tri gan ddng thién vé an toan p = A, /A; = 2, phuong trinh tr¢ thanh

-V,
Khi —2 <060; M,=M,
v
n
-V, ,
Khi - =1; M, =0,75M,
v

n
C6 thé viét lai biéu thic M/, /M, , bing cich ding quan hé tuyén tinh thay cho biéu
thiic hitu ti, ta duoc :
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! VI
M, =l——5- (—“—O,6J <1
M, 8 \V,
hoac Mn+ 3V <10+ —5—0,6 = 1,375
M, 8V, 8
Trong do:

M, - kha nang chiu uén danh nghia khi c6 mat Iyc cat,
V! - kha nang chiju cat danh nghia khi c6 ni3t moémen udn,
M, - kha nang chiu uén danh nghia cuc dai (moémen chay),
V_ - kha nang chiu cat danh nghia cyc dai.
Trong AISC/ASD, M/, la bang momen do tii trong lam viéc M nhan véi h¢ sO an
toan FS, momen chay M, la bang FS,, V, 1a bang lyc cét do tai trong lam viéc nhan véi
FS, kha nang chiu cat danh nghia V, 1a bang 1A, phuong trinh trén trg thanh

M(FS) V(FS)

F,S

y7X

} < 1,375

tCl‘ w

+ 0,625 {

Thay M/S, bang (ng sudt uon do tdi trong lam viéc f,, thay F /FS bang (ng suit uon
cho phép 16n nhat d6i v6i ddm ban 0,60F, thay V/A,, boi (ng suét cat do tai trong lam
viéc f, va thay 1. /FSbéng tng suat cat cho phép F, , phuong trinh trén trg thanh :

fy + 0,625 f—Vs 1,375
0,60F, F,

ASD cong thuc (G5 -1)

i, (0825-0,3751,:f)F,
10 0,601, - 0,60F,
' f
: =1,375-0625 *
| Fv
L -
i
|
b |
0,60f, |
|
|
|
|
|
|
. - |
Hinh 6-10: Quan hé |
cua ung sudt uén va ?-5 10

cat két hop T
v
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Giai ra doi véi {, duoc :

f, < L0,825 -0,375 f—"] F, <0,60F, (6-12)
F

v

D6 chinh la cong thitc (G5-1) clia AISC/ASD, véi F, la tng suét cat cho phép cua
bung theo cong thiic (6-9) hay (G3-1) ciia ASD.

Quan hé giita Gng sudt udn 16n nhat f, va ing suat cit trung binh cua f, theo cong
thic nay duoc thé hién & hinh 6-10.

Thi du 6-2. Kiém tra t6ng thé mot dam ban

Kiém tra tiét dién vé uon, cat va bo tri sudn cho mot ddm ban dugc vE trén hinh dudi
day. Canh 1a hai ban 440 x 24 mm ; bung 1a: ban 1700 x 8 mm. Canh nén dugc tua theo

phuong bén tai céc diém c6 tai trong tap trung. Ding A36.

Tinh duoc : mémen uén 16n nhat : 2480 kNm

Luc cét 16n nhat : 580 kN 300kN 300kN
Dién tich canh A, = 105,6 cm® 40KNim

Dién tich bung A, = 136 cm’ lA - JA
Momen quan tinh I = 1896842 cm* o 5m | 4m . l . _5m -

Modun chéng uén S, = 21703 cm’

Thép F, = 36 ksi = 24,8 kN/cm’ |

580
| , o
1. Diéu kién ddc cua tiét dién ®
Canh: b _ 440 _ 9,166, so véi \l\—/l/

2t T 2x24 200 80
™ 4,05
trong d6 k. =———=.
F /. (h/ty™
Tai day b = @9: 212,5>70 vak .= %= 0,344
t 8 : (212,5)™
95

= 9,28 > 9,166, thoa man. D6 manh cla canh khong vuot qua gidi han

V36/0,344

khong dac. Ta c6 thé ding F, = 0,60F,.

Bung : h =212,5> 760 760

t JE J0.60x36

dam ban, img suat udn cho phép phai giam di boi hé s6 Rpg.

= 162. Bung 12 manh, ddm nay phai coi la
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Nhung ti s6 cao trén day cia bung van nho hon gisi han d6i v6i dam ban khong c6

suon trung gian :
h_ 212,5 <260

v
14000 14000

=212,5< =
JE F,+165)  /36(36+16,5)

- | =

va

2. Kiém tra itng sudt udn cia cinh
Momen quén tinh déi véi truc y-y clia canh cong phan bung1/6 bé cao

3

oy = 2,4(34) = 17037 cm* ;
12

|

I
Dién tich cua phan tiét dién nay : 105,6 + o 170x 0,8 = 128,3 cm?

70
Ban kinh quén tinh : r; = 17037 =11,52cm
128,3
Ung sudt uén 16n nhat & gilta nhip :
f, = 248000 _ 1) 42 kN/em?
21703
16n hon M, va M,, nén C, = 1

Mmax
1400 _gyqc [102000G, _
11,52 F,

It
Ung sut cho phép khi xét oan bén :
F,=0,6F, =216ksi
Ung suét uén cho phép trong cénh nén bi chiét giam
Ry =1 —O,OOOSiW— 2—199
Al R
760 J =0,968

f
=1 -0,0005 136 212,5-
105,6 V21,6

F,= 21,6 x 0,968 = 20,9 ksi = 14,42 kN/cm” > f,, dat.

Kiém tra 6 5 m, v6i M = 2400 kNm :
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Ung suét u6n 16n nhat :
240000

= 11,06 kN/cm?
21703

b:
C,=1,75+1,05 I\I\:II_+O3[£] =1,75viM,; =0
M,

L _ 500 _,po  [102000x1.75 0.
o 11,52 36

Ung suat cho phép trong 6 nay do diéu kién oan bén

F,=0,6 F, =21,6 ksi

Ung sudt uén cho phép trong canh nén bi chiét gidm

F,=21,6 x 0,968 = 20,9 ksi = 14,42 kN/cm® > f,, dat.

3. Suon

a. Suon chiu luc : cin ¢6 tai cdc goi tua va bén dudi tai trong tap trung. Viéc thiét k&
céc loai sudn nay s& dugc xét trong tap II vé thiét k& két cau nha.

b. Sudn trung gian :

Kiém tra iing suat cit trong 6 ddu tién khi khong c6 sudn :

b 2105220 544,
t h 170
4
k,=534+ ——=580;
2.94

C = 45000k, _ 45000580 _ o\ g

F (>  36(212.5)°

Ung sudt cit cho phép

E
F,= —LC, =36 x 0.16 _ | 99 ksi = 1,38 kN/cm®
2,89 2,89
2 P . \% 580 2 . . . .
Ung sudt cit 16n nhat : f, = — = — = 4,26 kN/cm*, 16n hon tng suit cho phép.

v
Vay can c6 suon.
Trong 6 bién khong cho phép xét trudng luc kéo, khoang cach sudn trung gian dau
tien duge chon sao cho dam bao tng suét cit cho phép khong nhd hon ung suat cat
16n nhat:
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F, = 4,26 kNjcm? = 6,18 ksi.

36 6= 45000(k,,)

6,18=—C, » C, =0, .
,89 36(212,5)
k,=1792=4+ 5’342 X
(a/h)

2
(%) =0,62 > §=0,38 — a =105 cm.

Dung a = 100 cm.
Kiém tra bé tri thém cac sudn khéc :

Luc cat tai sudn trung gian dau tién :

V=580- (40 x 1)=540 kN ; f, = %: 3,97 kN/cm?

Khoéang cach giita sudn nay va sudn bén dudi tai trong tap trung :
a =500 - 100 =400 cm

a_400 _, .

h 170

k, = 5,34 + 4 =6,06;C, = 43000 x 6,06 167<0.8
2,35° 36 x 212,52

F= 0 0,167 = 2,08 ksi = 1,64 < f, = 3,97 kN/cm®.

v
k]

Vay cin ¢6 mot sudn trung gian, gia thiét tai trung diém cta 6 :

a= ﬂ:200cm; .

a_200 _ 45,

h 170

K =534+ — —826;C,= 2000 x 826 _527<08
1,17% 36 x 212,52

F, = 36 0,227 =2,82ksi = 1,95 <f,=3,97 kN/cm?,

Tai day, nén xét them téc dung cua trudng luc kéo d€ tang ving suat cat cho phép theo
cong thitc (G5-1). Ti s6 a/h = 1,17 khong vuot qua ti s6 t6i da cho trong (6-6) :

207 202 20 s9vaam<3
h h? 2125
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1-0,227
L15y1+(1,17)?

F
F, = Egy—{o,zm + } = 8,26 ksi = 5,7kN /cm?
F, > {,, dat

c. Két hop img sudt kéo va cat : Kiém tra tng suat két hgp trong 6 trudng luc kéo, tai
vi tri luc tap trung :

V =380 kN ; M =2400 kNm

f = 380 _ 2.79 kN/cm? :
136

Ung suit cho phép vé kéo khi udn theo (6-12):

2,79 :
F, = (0,825 -0,375 If:—"ij = (0,825 -0,375 )36 = 23,08 ksi
<0,60F, = 21,6 ksi.
F, = 15,91 >f, = 11,06 kN/cm?, dat
B6 tri cac suon nhu hinh vé sau
m_ |, 2m 2m 4m . m m | Im

d. Kich thuéc suon trung gian :

Dién tich can thiét cia suon trung gian loai ban don, theo (6-11) :

1-C,| a (a/h)?
= |YDht
st w
2 {h J1+(@h)?
_ 2
A, 120227 MT b 4k170%0,8 35, 3cm?
JV1+1,17
Dién tich nay c6 thé giam di theo ti s6 %’— = —z% , vay

v

A, = 353227 _ 246 cm?
‘ 5,70

’
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Ding 180 x 24, A , = 25,2 cm®
Kiém tra ti s6 rong trén day :

E 180—128 —== 15,8, dat

t, \/7 J_

Kiém tra moémen quan tinh :

4 4
Ig=11,4x183=2722cm4> h) {10 =133 cm®, dat.
3 50 50

Vi ding sudn la ban don, sudn phai dugc han véi cdnh nén va véi bung. Chiéu dai
dudng han bung t6i thi€u phai 12 : 170 — (6 x 1) = 164 cm.
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Chuong 7
LIEN KET HAN VA LIEN KET BULONG

I. HAN
1.1. Nhic lai vé cac phuong phap han co ban va vat liéu han

1. Han ho quang tay (Shielded metal arc welding - SMAW). Trong phuong phap
nay. Que han c¢6 16p thudc boc dugc gan vao kim han dé tao mach dién lién, hé quang
nay ra gilfa que han va kim loai can han va phét nhiét. Kim loai que han dugc chuyén
dan sang kim loai co ban d¢ thanh kim loai d4p v que han chdy mon dan. Thudc boc
chdy trong h6 quang tao nén mét vang khi bao ve, ving khi nay ddy khong khi di va do
dé bao vé kim loai 1ong khong tiép xiic véi 6xy va nito ciia khong khi. Thusc boc cling
tao nén mot vo xi noi trén mat viing chay va mdi han dang nguoi rén lai dé tiép tuc bao
vé€ moi han khong ti€p xiic véi khong khi.

Vat liéu que han clia phuong phdp nay dugc quy dinh trong Quy dinh ki thuat ciia
AWS (American Welding Society — Cong ty Han Hoa ki) : Mbi que han dugce ki hiéu
bang mot ma s6 EXXXXX trong d6 E chi que han (electrode) va méi chit X 14 mot con
6. Hai hoac ba s§ ddu 1a cudng do bén
kéo theo ksi ctia kim loai han. S& tiép theo

chi vi tri ma que han c6 thé han duoc : s6 1 Vo ude Que han
nghia 12 moi vi tri, s6 2 1a chi ¢6 m&i han /
nam va han ngang, s6 3 12 chi ¢6 han nim. Viing chay

S6 cudi cung chi loai thuéc boc, loai dong Khi chay béo vé

dién, v.v. D han céc kim loai co ban X
thong dung (A36, A570, A572, A709,

A588), nén ding que han E60XX, ET0XX 1.
. Céc loai que khoé hon E80XX,
E100XXva E110XX dugc dung dé han
thép cdp 65 va cao hon : A572 cip 65,
A514 cap 90 va 100, A709 cap 100.

2. Han hé quang chim (Submerged arc welding - SAW) (hinh 7-2). Trong phuong
phép nay, day han trin dugc cdp déu dan tw dong qua mot ddu han dé duy tri chiéu dai
hé quang khong déi. Bao vé m6i han bing mot 16p phit thuéc dang hat néng chay duoc ;
thuéc dugc rai trén ché han véi lugng dit dé hé quang hoan toan chdy chim trong thudc,

Z (7 )yé quang

)

Kim loai co ban

Hinh 7.1. Han ho quang tay SMAW
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thuéc néng chay tao nén mot 16p

I T " o1 Day han
vO Xi bén trén mdi han. Phuong
phép han nay c6 toc do rat nhanh Xi ——

. . . » ong Kni 5
va tao ra moi han chat luong cao. \ H6 quang

AWS xép loai timg cap thudc
han va day han di v6i nhau.
Ching duge ki hiéu boi chit F
theo sau 13 hai con s6 chi cudng
do bén kéo va cudng do chiu va Hinh 7-2. Han hé quang chim SAW
dap cla moéi han, cudi cung la
nhém EXXX dé phan cap que han. D6i véi cac kim loai co ban (A36, A570, A572,
A709, A588), thi ding cap day thuéc F6X-EXXX va F7X-EXXX . D6i v6i thép cap 65
vi cao hon (A572 cap 65, A514 cdp 90 va 100, A709 cdp 100), thi cac cap F8X-EXXX,
F10X-EXXX, va F11X-EXXX 1a phu hop.

3. Han hé quang trong khi bdo vé (Gas metal arc welding - GMAW). Phuong phép
nay khong diing thudc han. Ho quang va khu vuc han dugc bao vé khoi khi troi bang
mot hén hop khi tro (argon, khi cacbonic, v.v.) nang hon khong khi. Day han la cuén
lien tuc dugc cdp qua mé han c6 hinh khdu sing (hinh 7-3). Uu di€m cta phuong phap
nay 1a t6c do han nhanh, bdo vé hoan toan méi han 16ng khoi cdc chat c6 hai cta khong
khi khién méi han bén hon, déo hon va chiu an mon t6t hon. Vat liéu han trong phuong
phép nay dugc ki hiéu boi AWS nhu sau: ER70S-X dung cho thép co ban thong thuong,
trong d6 70 1a cudng do bén kéo cua kim loai han dap, bang ksi, S 1a solid (vat ran) con

Kim loai co ban

chit cudi ciing dé chi thanh phan hod hoc ; ER80S, ER100S va ER110S ding cho thép:

cap cao hon.

4. Han ddy 16i thuéc (Flux-cored arc welding - FCAW). Trong phuong phép nay,
day han réng chifa thuéc bén trong, dugc cap xudng tu dong. Thudc trong 16i chdy tao
nén vo xi mong bao vé kim loai han néng chay. Han 15i thudc la phuong phap tién loi

cho han trén cong truong
Ao khi thoi tiét xau. Moi han

(1)) cuon day han PN .
= , c6 cuong do bén duat to1
Dién cyc han K thiéu 60 ksi dugc tao bang
day han s6 hiéu E6XT hay
Binh khi E7XT (Cub‘ng do bé 14n luot
K bio vé Cita khi 1a 60 va 70 ksi) ; dé c6 mai
' May han han cudng do chay trén 60
\y & Ksi thi diing day han E8XT,
< Kim loai co ban 1 E10XT va E11XT, lan luogt
c6 cudng do bén kéo la 80,

Hinh 7-3. Han trong khi bdo vé GMAW 100 va 110 ksi.
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Noi chung, vat liéu thép ctuia day han hay que han phai ¢ dac trung co hoc ngang véi
kim loai co ban, khi dé ngudi ta goi la vat liéu han phu hop. Bang 7-1 cho vat liéu han
pht hop doi v6i mot s6 thép két cau cia ASTM

Bang 7-1. Yéu cau kim loai han phii hop véi kim loai co ban

Phuong phap han
Thép co ban Han hé quang | Han hé quang Han ho quang Han d%,y loi
tay (SMAW) | chim (SAW) trong khi bao thudc
vé (GMAW) (FCAW)
ASTM A36, A53 Cap B, E60XX hay F6X hay ER70S-X E6XT-X hay
AS500, A501, A529 E70XX F7X-EXXX E70T-X
A242, A572 Cép 42 va 50, E70XX | FIX-EXXX | ER70S-X E7XT-X
A588, A709 Cap 50 ’
AS572 Cdp. 60 va 65 E80XX F8X-EXXX ERS80S E8XT
AS514 va A709 Cép 100,
R . E100XX F10X-EXXX ER100S E10XT
trén 2 ¥ in.
AS514 va A709 Cap 100,
. . i E110XX F11X-EXXX ER110S E11XT
2 Y5 in. va nho hon

1.2. Cac loai méi han

Hai loai méi han chinh dugc dung trong két cdu thép 1a mdi han ranh va méi han géc.
Cac loai khac it dung hon : han khe va han diém.

1. M6i han rdnh (con goi 1a méi han déi ddu). S6 luong chi€m khoang 15% lugng
han két ciu, m6i han ranh dugc ding chu yéu dé néi cac cau kién nim trong ciing mot
mat phang (méi néi doi dau hinh 7-4a). Khi méi han rinh duoc ding dé truyén toan
bo tai trong tir cAu kién dugc néi, né phai cé cung bé day véi cac cdu kién. Mai han
nay goi la han rhdu suét. N€u moi han khong phu hét bé day cdu kién thi duge goi 1a
thdu khong suét.

Phéan 16n mai han ranh yéu cdu phai gia cong mép ban thép va s€ dugc dat tén theo
hinh mép gia cong, nhu v&€ & hinh 7-5. Viéc chon hinh thic m&i han ranh thich hop phu
thudc vao phuong phap han dugc sut dung, chi phi vat mép va chi phi han. Quy pham
AWS , AISC cho chi tiét cdc méi han ranh nhim dam bao cho kim loai han cé thé dap va
chdy cing v6i kim loai géc va nhu vay khong cin thi nghiém hay thim dinh gi thém dé
chiing t6 1a ching da hgp céch. M6i han ranh cling c6 thé duge dung trong lién két chix
T nhu 6 hinh 7.4, b.

I

£ I 3

Hinh 7-4. Cdc loai lién két ditng moéi han doi dau

81




= N/ 2 o

a) Thang b) V don ¢) Chir X

/3 = N3

d) Vat don e) Chi K f) Cha U

g) Ukép i) J don i) J kép

Hinh 7-5. Cdc loai méi han déi dau

2. Méi han géc

Moi han géc tiét kiém, dé& ché tao nén dugc dung rong rai nhat : khoang 80% ket cau
han. Moi han géc dp dung nhiéu trong méi néi chong, cling nhu trong cédc trudng hop
khac (hinh 7-6). Cc mat clia méi han ti€p xic véi cau kién goi la canh méi han. Hai
canh méi han thudng bing nhau. Chiéu dai canh goi 1a bé day méi han. BE day 16n nhat
vi nhé nhat dugc phép clia méi han géc duge quy dinh theo AWS . Khi bé day mép cau
kién 1 6,5 mm trd 1én, bé day t6i da cha m&i han nho hon bé day kim loai 12 2 mm. Khi
bé day mép cau kién 12 dudi 6,5 mm, bé day méi han c6 thé bang bé day kim loai (xem
hinh 7-7). Nhung m&i han géc qua nhd so v6i bé day cdu kién s& bat 1gi : lugng nhiét khi
han m6i nhd khong di dé truyén sau vao kim loai day ; su tuong phan giita m6i han
néng va vat liéu nguoi c6 thé gay ng suat kéo va 1am nit m6i han. D€ tranh tinh trang
ndy, Quy pham quy dinh bé day nho nhét clia m6i han tuy theo bé day 16n nhét cla céu
kién dugc han, nhu cho trong bang dudi day :

Quy pham AISC ciing gi6i han bé dai hitu hiéu nhé nhat chia méi han dé xét dén céc
chd 16m & ddu va cuéi méi han : bing bon 14n bé day danh nghia. Néu diéu nay khong
thoa man, trong tinh todn chi xét bé day méi han 1dy bing mot phan tu bé dai cta né.

Bé day 16n nhat clia kim loai co | Bé day t6i thi€u ctia mdi han géc
ban (mm) (mm)
6,4 3
12,7 5
19 6
Trén 19 8
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a) Ban ndi chdng b) Ban dinh c) Lién két xé ranh
d) Lienkétcher T €) cong xon 1) Ban g6i clia dém

T —

) Ban g€ chan cdt h) Lien két ng i) Cong xon dau dam

N —
j) Tiét dien t8 hop
—_ ——

Hinh 7.6. Ap dung dién hinh méi han géc

@_@

lr 1116

1
T T I T

Kim loai co ban day dudi 1/4 in Kim loai co ban day 1/4 hay hon

Hinh 7-7. Bé day t6i da cia moi han géc doc theo mép

1.3. Ki hiéu han

Trén ban vé, loai m&i han, bé day, bé dai va vi tri moi han ciing nhu cic chi dan khac
phai duoc thé hién rd rang dé thong tin cho nha ché tao. Dudi day trinh bay céc cach ki
hiéu m6i han cling nhu cdch ghi vi trf cdc théng tin trén hinh V&, theo quy dinh cia AWS.

Moéi han géc duoc vé bang mot hinh tam gide va méi han ranh duge v€ bang mot ki
hiéu chi 5 loai ranh (xem phén trén cta hinh 7-8). Ki hiéu moéi han dugc v& doc mot
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dudng chudn c6 miii tén chi vao méi lién két. Néu ki hiéu dat bén dudi dudng chudn, c6
nghia a méi han dugc dip vao phia mai lién két ma mii tén chi vao (goi la phia mii tén).
Néu ki hiéu dat bén trén dudng chuén, c6 nghia 12 méi han dugc dap vao phia bén kia coa
méi lién két (goi 1a phia bén kia). Doc theo dudng chuén ghi l4n luot bé day, loai méi han,
" bé dai va khoang cich m6i han. Bén trén hodc bén dudi ki hiéu han ghi 1dn luot: khoang hd
& chan méi han, géc vat, bé mat (phang hay vong) va cich hoan thién. Duoi coa dudng
chusn 14 ghi céc quy dinh ki thuat, phuong phdp han va céc thong tin khdc (xem vi du o}
hinh 7-8). hinh 7-9 cho mot s6 vi du lién két thong dung va ki hiéu méi han; céc lién két
nay khong yéu ciu c6 chi dan gi dac biét nén chi dugc thé hién nhu & hinh vé.

@B || \4 L l/

Bu chan Goc DGidau:vuong  ChirV Chir U Vat
N T
2
3175 E.70
16

L
2
3]

l\ﬁ 16

Hinh 7-8. Ki hiéu tiéu chudn ciia méi han va vi du thé hién mot méi lién két

17 G o [ Vg

a) b) - ¢

-
-
-

J e) )] : 9
7 ! 1
/@—V—* /—Vf 77 ° 7°
L N ¥ 1
\ . .
4 ) Hinh 7-9 ?
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1.4. Cuong do moi han

1. Dién tich hitu hiéu ciia méi han

Cudng do clta moi han dugc tinh theo dién tich hitu hiéu cta né. Dién tich hitu hiéu
clia m6i han ranh hay han géc 1a tich s6 clia bé day 1am viéc t, nhan véi chiéu dai méi
han. B¢ day lam viéc (cdn goi 1a hong) 1a phan bé day dugc gia thiét 1a hiu hiéu dé
truyén luc.

Mot han ranh (hinh 7-10): hong t, clia m&i han thau suét 13 bé day cha cdu kién
mong hon dugc han néi. V6i méi han rdnh khong thau sudt thi hong 1a bang hoac nho
hon bé sau vit mép : ranh vét léch hay chit V véi géc md & chan mdi han nhd hon 60°
nhung khong nho hon 45°, thi hong 1a bé sau ranh trix di 1/8 in ; khi géc m& 1a 60° hay
hon thi hong 1a bang toan bo bé sau vat mép.

M6i han géc (hinh 7-11) : hong t, cia m&i han géc chinh 1a khoang céch ngén nhat tir
chan dén mat moi han. Khi canh m6i han 1a bing nhau va béang a thi hong t, 1a 0,707a.
Néu méi han géc 1a khong doi xing véi canh khong bing nhau thi gid tri t, phai tinh
theo hinh dang hinh hoc cua tiét dién méi han. Néu han géc bang phuong phap hé
quang chim, thi do chat lugng cao hon nén hong duoc 1ay nhu sau :

- Mai han géc c6 canh bang hodc nho hon 3/8 in. (9,5 mm), hong t, dugc 1ay bang bé
day, tic 1a canh a.

- M6i han géc ¢6 canh 16n hon 3/8 in. (9,5 mm), hong t, dugc 14y bang kich thudc
hong 1i thuyét cong thém 0,11 in. (2,8 mm), nghia 13 0,707a + 0,11.

t.=T, t.=T
ann I N
T, <T,
a) b)
= D-%-"(s.zmm) =D
45<a<60’ a>60°
(L7 a
D Vi N\
- tE T <+ & L te T &~
/
Khéng ¢6 khe
c) Vat hay V d) Vat hay V
Hinh 7-10
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1,=0.707a L L
a _ Mat

Canh

Chan
Hinh 7-11

2. D6 bén danh nghia cua moéi han

MB6i han phéi c6 kich thuéc tuy thugc tai trong truyén qua va phdi lam bang vat liéu
han phit hop. Thép clia que han can c6 cung tinh nang v6i thép co ban. Khi tinh nang cac
vat liéu nay la tuong hop véi nhau, kim loai han dugc goi la phi hop (xem bang 7.1 vé
vat liéu han phi hgp). Mai han ranh truyén luc giong nhu trong cau kién dugc han. Moi
han géc thi truyén luc bing tmg suat cat qua dién tich hitu hiéu, bat ké phuong hudng
clia méi han trong mdéi lién két.

Méi han ranh thau sudt bé day dugc coi la ¢6 cung do bén tai dién tich hiru hiéu
ngang véi cau kién dugc lién két. Do bén danh nghia cua méi han dugc tinh theo su chay
cua kim loai co ban, nhu sau :

khikéovanén: Ry, =ILF, (7-1)

khi cat : R, = I1,(0.60F,) (7-2)

Trong d6 | = chiéu dai méi han : t, = hong hitu hiéu ; F, = ung suat chay cia kim loai
co ban .

Luu y rang (0,60F,) mg suat chdy khi cat, dugc lay gén ding 1a 2/3 hay 0.6 cla ung
suat chay phap tuyén.

Po bén R, clia moi han géc dugce tinh trén gia thi€t la phd hoai do cat trén dién tich
hitu hiéu, bat ké ing suat cat duoc truyén song song hay vuong géc véi truc cua moi
han. Gid tri cha R, ¢6 thé dugc viét la:

R, .. = 1t.(0,60F ;) kim loai han (7-3)
R, = 11.(0,60F,) kim loai co ban (7-4)

1.5. Ung suit cho phép cia méi han
Téng tai trong khi lam viéc khong dugc 16n hon do bén danh nghia chia cho hé s6
an toan:
Rnw
FS

R<-

86




Chia ca hai v€ ctia phuong trinh cho dién tich hitu hiéu, s6 hang dau cho ng suit lam
viéc, s0 hang sau cho ting suat cho phép F clia méi han :

=N < peo R
It, it .FS
hay f=E F
It,

(7-5)

Ung sudt cho phép ciia moi han dugc cho trong bang J2.5 ciia AISC/ASD, duoc dich

in dudi day nhu sau :

Trich bang J2.5 ciia AISC: Ung suat cho phép ciia méi han

Loai méi han va dng suit

Ung suat cho phép

Do bén han yéu ciu

Mot han réanh thdu suot

Kéo vuong géc véi dién tich
hitu hiéu

Nhu kim loati co ban

Phai dung kim loai han phu
hop

Nén vuong géc véi dién tich
hitu hiéu

Nhu kim loai ¢o ban

Kéo hay nén song song véi
truc moi han

Nhu kim loai co ban

Cat trén dién tich hiru hiéu

0.3 x cuong do kéo danh nghia
cla kim loai han

C6 thé dung kim loai han vdi
cudng do bang hoac thap hon
kim loai han phii hgp

Mai han ranh khong thau suét

Nén vuong géc véi dién tich
hiru hiéu

Nhu kim loai co ban

Kéo hay nén song song véi
truc moi han

Nhu kim loai co ban

Cat song song v6i truc moi
han

0.3 x cudng do kéo danh nghia
clia kim loai han

Kéo vuong géc vé6i dién tich
hiru hiéu

0.3 x cuong do kéo danh nghia
cua kim loai han, ngoai ra ing
suat kéo trén kim loai co ban
khong dugc qud 0,6 x (ng suat
chay ctia kim loai co ban

C6 thé dung kim loai han véi
cudng dé bang hoac thip hon
kim loai han phu hop

Méi han géc

Cat trén dién tich hitu hiéu

0.3 x cuong do kéo danh nghia
cta kim loai han

Kéo hay nén song song véi
truc moéi han

Nhu kim loai co ban

C6 thé dung kim loai han véi
cudng do bang hoac thap hon
kim loai han phu hop
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Thi du 7-1.

Chon bé day clia ban thép A572 cép 50 va que han phii hop cho mét n6i han ranh chir
V trong hinh vé sau .

T=300kN? T =300 kN

150

NENEEEEUNEARA

Y

Ung suét cho phép trong ban thép : F, = 0,6 F, = 30 ksi hay 20,68 kN/cm?

Tiét dién hitu hiéu : A, =tl.

. T T

Ung suat 1am viéc : f = —ls F,
t

Do dé bé day cdn thiét : 1 = —— = —2__ ~0,97 cm. Ding 10 mm.
IF,  15x20,68
Theo bang7-1. chon dung que han
E70XX. Theo sach Chi dan ctia AISC,
chon diing méi han da dugc thdm dinh

rinh chit V mang ki hiéu B-U2a (B = butt _ , E70-3%
joint, moi n6i d6i dau ; U = unlimited Y 30

N y W
thickness bé day ban khong han ché). ! T

M6i han nay can tam 16t phia du6i. Chi
tiét va ki hiéu han dugc cho trén hinh vé:

Thi du 7-2

Xéc dinh bé day va chiéu dai clia moi han géc clia lién két chong, dung phuong phap
han hé quang chim (SAW). Thép A36 .

F7X-
12 180

16x180 /

400kN : 400kN {
- 1
'

Tam 16

Bé day gidi han cia m&i han : a_;, = 6 mm
A = 16 —2 =14 mm
Ding 12 mm. Vi bé day danh nghia 12 16n hon 3/8 in. hay 9,5 mm, bé day lam viéc
(hong) 12 bing hong li thuyét cong vé6i 0,11 in hay 3 mm :
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t.=(0,707 x 12) + 3=11,5 mm

Theo bang 7-1, ding cap thudc va day han F6X-EXXX. Ung suit cho phép F= 0,3 x
60 = 18 ksi = 12,4 kN/cm®.

Téng chiéu dai yéucdu : L = __ 400 28 cm ; ding méi bén 14 cm.
1,15x12,4
Kiém tra kha nang chiu cit cia ban ma doc m&i han. Ung sust cit cho phép F, =

04F, = 0,4 x 36 = 14,4 ksi = 9,93 kN/cm”.
Ung sut cit doc m6i han :

400

= ———  =893kN/ecm?’< F,, dat.
2x1,6x14

v

II. BULONG VA LIEN KET BULONG
2.1. Cac loai bulong va lién két bulong

1. Cdc loai buléng. Két cau thép thuong ding hai loai buldéng 1a bulong thuong va
bulong cuong do cao.

Buléng thuong duoc dung chu yéu trong két cau nhe, két ciu thi yéu, cic ciu kién
giang, xa go, dam tudng, dan nho va két cau tuong tu khac ma tai trong 1a khong 16n va
tinh. Chiing lam bang thép cacbon thap, vi du ASTM A307, véi do bén kéo khong nhod
hon 60 ksi. Bulong thudng cé nhi€u loai ddu va dai 6¢ (luc gidc, vuong).

Buléng cuong dé cao 1am bang thép cacbon vira, nhiét luyén nhu A325 va thép hop
kim thap A490. Ciing dung thép A449 t6i va ram cho buléng 16n hon 1 Y% in, cho thanh
c6 ren rang va bulong neo. Cudng do kéo clia cac thép nay thay déi theo dudng kinh nhu
cho trong Bang 7-2. Pham vi dudng kinh 1a tir 1/2 in (12 mm) dén 1% in (36 mm) (3 in.
or 76,2 mm doi v6i A449).Duong kinh thong dung nhat trong két cau nha 1a 1/2 in (18
mm) va 7/8 in (22 mm).

Bang 7-2. Tinh chit cia bulong

, Cuodng do kéo R T
. , o orn . | Cudng do chay t61
Tén thép theo ASTM Dudng kinh buléng in. (mm) | 161 thiéu, ksi s 2
) thiéu ksi (kN/em®)
(kN/cm”)
Thép cacbon thap A307 | 1/4 dén 4 (6,4 dén 10,4) 60 (41,3) -
Thép cudng do cao A325 |1/2 dén 1 (12,7 dén 25,4) 120 (82,5) 92 (63.,5)
1 1/8 dén 14 (18,6 dén 38,1) 105 (72,5) 81 (56)
Thép t6i va ram A449 1% dén 3 (6,4 dén 76,2) 90 (63,5) 58 (40)
Thép hop kim A490 2 dén 1Y% (12,7 dén 38.1) 150 (103,5) 130 (89,5)
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Bulong cuong do cao ¢6 mil bulong va dai 6c thuoc loai 16n, c6 ghi ten thép theo
ASTM & trén mii nhu vé ¢ hinh 7-12. Phan 16n bulong cudng do cao dugce xép vao loai I,
loai dac biét duoc x&p vao loai 3 1am béng thép cé do chong an mon cao. Bulong loai 3
c6 mot dudng ké dudi tén thép viét trén mi bulong, vi du A325.

Theo quy udc qudc t€ thi moi loai bulong déu dugc xép theo cdc cap do bén. Ket cau
nha thudng ding buléng thudng cap 4.6 va bulong cudng do cao 8.8 hay10.9.

Chiéu Jai ren
2N
A\ /
~4
H | Chiéu dai bulong
[ {

Hinh 7-12

2. Lién két bulong

Ta xét su lam viéc cta lién két bulong & hinh 7-13, chiu luc kéo. Khi méi dat tai, luc
truyén tir phan t ndy sang phan tr kia nhd luc ma sét giita cdc mat ti€p xtc. Dén mot
gid tri tai nao dé, sé& xay ra trugt (A, hodc B, hoac C). tuy thuéc do 16n cla lyc xi€t va su
ma sdt trén mat tiép xtic. Sau khi trugt, tai trong dugc truyén tir phan tr nay sang phan tur
kia bang su ti ép clia bulong trén thanh 16 va bang su cat cua bulong tai mat phang truot.

Ngudi ta phan biét hai loai lien két. Loai lién két 1i ép. tdi trong dugc truyén bang su
cit va ép lén bulong sau khi xay ra trugt. Trong loai lién két khong trucot, bulong cuong
do cao dugc xiét dén mot luc xiét nhat dinh, du 16n dé tao luc ép 16n va luc ma sit gilta
cdc bé mat ti€p xdc. Lién két truyén luc bang su ma sat gilta cdc mat tiép xdic ; luc dugce
truyén nho hon luc c6 thé gay trugt nén s& khong c6 truot. Lién két khong truot (con goi
[4 lién két ma sat) duoc dung cho cdc méi ndi ¢6 tng sudt thay doi, chiu va cham, chiu
rung hoac khi ma khong duoc phép trugt.

T o o % — 1

T

] —»

\
- | - { 1

] —

-
%

Hinh 7-13. Su lam viéc cua lién két buléng
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Phuong phép lap van duong nhién khac nhau. Trong lién két ti ép, buléng dugc xiét
dén miic khit chat. D6 1a do chat khi moi ban thép trong fién két duogc sét chat vao nhau,
muon vay, mot cong nhan binh thudng phai dung hét sic dé quay mot clé chuan.

Khi dung lién két khong truot hoac khi buléng chiu luc kéo truc tiép, phai xiét bulong
dén luc cang quy dinh (goi la xiét hét mic). AISC yéu cdu luc xiét trudc phai bang 70%
luc kéo dut t6i thi€u, nhu dugc cho trong bang sau (Bang J3.7 ctia AISC/ASD):

Bang 7-3. Luc cang t6i thiéu khi bulong dugc xiét hét mire

Pudng kinh

. Thép A325, kN Thép A490, kN
in. mm
172 12.7 53 67
5/8 15,9 85 107
3/4 19,1 125 156
7/8 22.2 ! 173 218

I 254 ‘ 227 285
V3 28.6 249 356
L3 31.8 3i6 454
| 3 349 378 538
L in 38,1 458 658

C6 bon phuong phdp dé xiét bulong dén luc cang khéng ché. D6 la : quay thém dai
6c, dung clé do luc, lap bulong thay thé va do luc truc tiép khi xiét.

Don gian nhat la phuong phdp quay thém dai 6c. Sau khi bulong da dugc xiét dén
muc chat khit, quay thém dai 6¢c mot khoang nira. Lugng quay thém dai 6c¢ 1a nhu sau :
mot phan ba vong néu bulong dai it hon bon 1an dudng kinh, mot nira vong néu buléng
dai trén bon lan nhung it hon tdm 1an duong kinh, hai phan ba vong néu bulong dai trén
tdm lan nhung dudi muoi hai ldn duong kinh. Chd y la quay thém mot vong tir mic van
chat bang ngon tay s& gan tuong duong vé6i quay thém nita vong tir mirc chat khit. Do
chat khit ban dau c6 thé khic nhau do diéu kién bé mat ban thép khic nhau, nhung diéu
d6 khong anh huong nhiéu dén luc cang cudi cung, vi Iuc cang yéu cau chi tao ra khi
quay them écu lam bulong dan nhiéu. Phuong phap nay sir dung chia van thong thuong
hoac chia van kiéu dap chay dong co.

Phitong phap van bang clé do lee ding clé tay ¢6 dong hd hoac clé may cé diéu
chinh. Clé tay c¢6 dong hd cho biét momen xodn khi van, nén khéng ché dugc momen
xo0an can dé tao ra luc cang muén c6. Clé mdy thi duoc chinh truéc dé khi bulong dat
dugce luc cang quy dinh thi dimg lai. Cdc clé phai duoc kiém dinh hang ngay, véi it nhat
ba bulong cho méi duong kinh. Bén dudi dai 6¢ hay mi buléng bi quay khi xiét phéi c6
vong dém citng dugc nhiét tuyén.
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Hai phuong phdp sau ciing doi hoi phéi ¢6 céc thi€t bi va bulong dac biét, hién chua
c6 & nudc ta.

2.2. Thiét k€ lién két bulong

1. Trang thdi gidi han ciia lién két bulong. Nhu da ndi & trén, c6 hai loai lién két
bulong : loai ti ép (dung bulong thudng va ca bulong cudng do cao), loai khong trugt
(chi diing bulong cudng do cao). Trudc hét, ca hai loai lién két déu duogc chon kich thude
trén co s& sy cat tai tiét dién nguyén ctia bulong , nghia 14 do bén ca lién ket khi truyén
luc qua mat cat giifa cac cdu kién thép la nhu nhau, du 1a lién keét loai ti ép hay loai
khong truot. Nhung lién két khong trugt con c6 thém mot diéu kién sir dung nita 12 duéi
tdi trong 1am viéc, khong dugc xay ra truot. Trong lién ket ti ép, tai trong cho phép so
véi tii trong lam viéc tao ra mot khoang an toan chong phé hoai, con trong lién ket
khong truot thi tao mot khoang an toan chong trugt.

Céc kiéu pha huy cé thé xay ra trong lién ket bulong truyén luc vudng géc voi than
bulong duge v€ & hinh 7-14.

H a,b : Phd huy do cit, titc 12 bulong bi cat doc theo mat phéng truot. Bulong c6 thé
bi cat don (pha huy tai mot mat phéng), hay bi cat kép (phd huy tai hai mat phéng).

H ¢ : Phd huy do ép, tic 12 phd huy clia ban thép tai thanh 16, gay bdi su ép giita mat
cong hinh tru clia thanh 16 va than bulong.

Hc, d : Pha huy vé rach tic 12 su phé huy trong ban thép giifa 16 va mép bién cia ban
do su cit theo phuong clia ti hoac vuong géc véi tai. Sy phd huy nay s& khong xay ra
néu bulong duoc dat cich mép bién ban thép mot khoang kha xa.

e[ - o] -

NN N N\\\'g
. 4 124
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a) b)

LT3 8] [
e 1]

c)

Hinh 7-14. Cdc kiéu phd huy cé thé xdy ra trong lién két buléng
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Quy pham AISC phan biét bon loai 16 :

- L6 tiéu chudn : dudng kinb 16 16n hon dudng kinh bulong 1/16 in. L6 tiéu chudn
phai dugc dung trong moi lién két, trit phi ngudi thiét ké chap nhan loai khéc.

- L6 qud 16n : dudng kinh 16 16n hon duong kinh bulong 1/8 dén 5/16 in. L& nay dugc
phép ding trén mot tam bat ki hodc trén moi tAm ciia lién két khong truot, nhung khong
duoc dung cho lién két ti ép. Bén trén 16 qué 16n clia tAm ngoai ciing phai c6 vong dém
t61 cling.

- L6 ranh ngdn : bé dai 16n hon bé +ong 1/8 dén 3/8 in. L6 nay dugc phép ding trén
mot tam bat ki hodc trén moi tdm cua lién két khong truot, hoac lién két ti ép. Chiéu dai
ranh trong lién két ti ép phai vuong géc véi phuong cla tai .

- L6 ranh dai : chiéu dai bing khoang hai Ian bé rong. Chiing chi dugc phép dung trén
mot tam clia lien ket khong trugt hoac lién két ti ép, tai mot mat tiép xuc riéng 1. Chiéu
dai ranh trong lién két ti ép phai vuéng géc véi phuong cia tai .

2. Cuong do danh nghia cia mét bulong

a. Cuong dg cat : Cudng do cat danh nghia clia mot bulong bing tng sudt cit cuc han
T, nhén vdi dién tich nguyén A, va nhan véi s6 mat cit m, tic 1a

R,=mA,1,=mA, (0,60F) (7-6)

Ung sudt cét cuc han T, dugc tim bang thuc nghiém vao khoadng 62% cudng do bén
kéo ; 6 day dung hé s6 0,60 thay cho 0,62. Néu rang 6c nam trong mat phang cat thi
dién tich tai chan rang 6c s& dugc dung thay cho A, Dién tich tai chan rang dugc 14y
bing 0,75 dién tich nguyén. Vay phuong trinh trén tré thinh

R, =m(0,75A,)(0,60 F?)=0,45m A, F° (7-7)

b. Cuong dé 1l ép : Su phé huy do ti ép lién quan dén su bién dang chung quanh 16
bulong (hinh 7-14c). Quy luat bién déi cia ting suat €p chung quanh chu vi 16 1a phiic
tap, khé xdc dinh, tuy nhién nhim muc dich
don gidn hod dé thiét ké, sy phan bd tng
suat duoc gia thiét 1a déu trén dién tich chir
nhat di qua duong kinh cta than buléng. ]
Con dé xac dinh cudng do ép thi ngudi ta 4 G’:" ID
x€t su phd huy do cat xé rach (hinh 7-14,d) .
rat gan véi phd huy do ép. Cudng do chiu ép
la lyc dat vao canh cla 16 dé xé rach ban
thép. Mat phd huy chay doc dudng cham

cham trén hinh 7-15, nhung dugc thay bing le L. -
dudng thang lién tuc, thién vé an toan.
Cuong d6 danh nghia la : Hinh 7-15
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R,=2t (L—gj T,
2

Trong d6 T, 12 cudng do cat clia ban thép, dugc 1y bang 0,70 cudng do kéo cta ban.
Nhu vay

d L 1
R =2t|L-—}(0,70F)=14F,dt| ———
" ( 2)( ) ! (d 2)

c6 thé viét gan ding la

R, =F,dt %: LtF, (7-8)
Theo kinh nghiém va thong 1€, ngudi ta khuyén nghi khodng céch tim dén tim cua
‘ bulong phai it nhat 1a 22/3 dudng kinh. Khi ding L = 2,67d R,, thanh
R, =3,0diF,

Dé cho 15 bulong khong bi dan dai qua, AISC diing céc cong thic sau

Trong 15 tiéu chudn va ranh ngin :

R, = 2,4 diF, (7-9)
Trong ranh dai vuong géc véi tai :
R, = 2,0 diF, (7-10)

Ung sudt cho phép ciia bulong
a. Ung sudt cat. Téi trong lam viéc clia mot bulong chiu cat bang cudng do cat danh
nghia chia cho hé s6 an toan :
P< 5&
ES
Chia ca hai v€ cho dién tich tiét dién nguyén cha bulong, v€ dau cho tng suat tinh
to4n gay bdi tai trong 1am viéc, v€ sau cho dng suat cho phép

(-2 )
mAb mAb(FS)

FS ldy bang 2,5 déi véi cat.

Khi dudng ren nim ngoai cic mat phang cat :

0,6F° _ 0,6F

= E, =0,25F} (7-11)
mA,2,5 25

A/p dung vao bulong A325 véi FIE’ = 120 ksi, AISC/ASD cho : F, = 30 ksi ; bulong
A490 v6i F° = 150 ksi, AISC/ASD cho : F, = 40 ksi.
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Khi duong ren nam trong cdc mat phéng cit :
045F  0,45F°

F,=mA, = = F, =0,18F° (7-12)
mA,2,5 2,5

v

Ap dung vao bulong A325 vaéi Fl]]J = 120 ksi, AISC/ASD cho : F, = 21 ksi ; bulong
A490 v6i F? = 150 ksi, AISC/ASD cho : F, =28 ksi.

Véi bulong A307, F, = 0,18 F;’ = 0,18 x 58 = 10 ksi, Khong phu thuoc dudng ren
nam trong hay ngoai cdc mat phéng cét.

b. Ung suat ép. Nhu trén dd néi, ting suat ép dugc tinh bang tai trong truyén qua chia cho
dién tich €p gia dinh. Tai trong truyén qua bang cudng do ép chia cho hé s6 an toan FS.

(-5
PTa) T T s
trong do6:

d = dudng kinh danh nghia cla buléng ;
t = bé day clia ban ma bulong ép vao ;

f, = tmg suat ép gay bai tai trong 1am viéc ;
F, = ing suit ép cho phép.
Ding hé s6 an toan bang 2 theo thong 1¢ d6i vdi ép, tng suat ép cho phép sé 13, doi
v6i 16 tieu chudn :

(7-13)

'Dai v6i 16 ranh dai truc vuéng géc véi phuong clia tai :
F,==10F, (7-14)

Khoang cich nhé nhat tir tam buléng dén mép chia 16 lién ké duoc tinh bing phuong
trinh (7-8) :

L=Ra
F,t
. d . .
Thém ban kinh 16 > duogc khoang cich nhé nhat tir tim dén tam :

R, d
s= —0 4 —
Ft 2
Thay cudng do danh nghia R,, béi 2P véi P la tai trong lam viéc clla mot buldéng va 2
la hé s6 an toan, duoc:
s =£ + ﬂ (7-15)
Ft 2
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trong do:

F, = cudng do bén kéo cua bin thép ;

t = bé day cla ban thép ;

d = dudng kinh clia 16 bulong, nhung trong cong thifc nay c6 thé ding dudng
kinh cua bulong.

Trong moi trudng hop, khoang cach s giita céc tam 16 khong dugc nho hon 22/3 lan
dudng kinh bulong d. Khi Fp dugc xdc dinh theo cong thic (7-13) va (7-14), s khong
duoc nho hon 3d.

Khoang céch nho nhat dén mép, theo (7-8), khong dugc nho hon

L 2P

=— 7-16
¢ Ryt (7-16)

va ciing khong nho hon 1,5d.

Bang J3.5 ctia AISC/ASD cho khoang céch nho nhat dén mép.

c. Lién két khong truot

Liéen két khong truot phai c6 di do bén thod mén cdc diéu kién vé img sudt cho phép
khi cét va ép nhu d6i véi lién két ti ép, ngoai ra phai thoa man yéu cdu vé su dung la
khong truot.

Lién két chiu dugc tai 1a nhG ma sat gay bdi luc ép gilta cac tdm dugc lien két (luc ép
bing luc cing clia cdc bulong). Chong lai luc cat 1a lyc ma sat pN, trong d6 p la hé sO
ma st (cdn goi 12 he s6 truot). Gid tri chia p bién déi tir 0,2 dén 0,6 tuy theo diéu kién
mat tiép xuc, nhu 1a c6 hay khong c6 gi can, diu m&, son hay céc phuong phdp xir 1i bé
mat, v.v. Dé viéc thiét k& lién ket khong truot ciing theo cach nhu lién két ti ép, mang
chia luc pN cho dién tich ti€t dién nguyén dé dugc gia tri goi la "lng suat cat" cua
bulong. Theo dinh nghia, ing suat cho phép trong lién két khong truot 1a ing suat cat
16n nhat ma khong xay ra trugt chia cho hé s6 an toan.

Diéu kién khong truot :

(fv = i} < (FV __WN j (7-17)
Ay (FS)A,

Khoang an toan 14y thap hon vi la yéu céu vé sit dung chit khong phai yéu cdu ve do
bén. AISC di 4p dung cho trudng hop nay hé s6 an toan khoang 70% cua hé s6 khi tinh
vé bén. Gid tri FS1a tir 1,1 dén 1,3. Luc cang nho nhét cia bulong xi€t hét mic dugc lay
theo bang 7-3. Trén c6 so phuong phap nay, Quy pham AISC va Hoi dong Nghién ciu
Lién k&t Két cau (Research Council on Structural Connections - RCSC) cho gid tri (ng
suat cho phép ctia lién két khong trugt duge ghi trén bang 7-4.
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Bang 7-4. Ung suit cho phép cua lién keét khong truot, ksi

N ) L6 ranh dai
Dién tich tiép xic Lo tiéu L6 qua 16n va
va loai bulong chuén 16 ranh ngén Ngang Song song
phuong luc phuong luc
A325 17 15 12 10
Lép A
A490 21 18 15 13
A325 28 24 20 17
Lép B
A490 34 29 24 20
A325 22 19 16 " 14
Lép C
A490 27 23 19 16

Ghi chi: Lop A (hé 56 trupr 0,33) — Khong c6 vdy cdn va mdt dugc phun bang l6p phii A.
Ldp B (hé 56 trugt 0,5) Mdt dugc théi sach va dugc phun bing 16p phii B. Lép C : mét dugc ma
nhiing va lam nhdm. Cdc I6p phii dugc xép la A hay B la cdc I6p phii c6 hé s6° triot trung binh

lan luot khong nhd hon 0,33 va 0,50, duoc xdc dinh bdng cdc thi nghiém thich hop.

d. Buléng chiu kéo doc truc.

Trong cau kién kéo, bulong chiu kéo doc truc khéng
kém theo cat khi dudng tic dung luc vuong géc véi cdu kién dugc lién két. Cuong do
danh nghia ctia bulong chiu kéo doc truc béng :

R,=F> (A) = F’ (0,75A,)

Trong d6 A, la tiét dién nguyén cla buléng ; E? = cudng do kéo ciia bulong (120 ksi
doi véi bulong A325 va 150 ksi d6i v6i bulong A490).

Ding h¢ s6 an toan FS = 2, kha nang chiu lyc lam viéc ctia bulong :

R=0,5 F? (0,75A,) = 0,375 F® A,

hay R=F A,

F, 1a iing suat kéo cho phép trén tiét dién nguyén ciia bulong :

F,=0,375 ]

(7-18)

(7-19)

C6 gid tri bang 0,375x120 ~ 44 ksi d6i véi bulong A325 va 0,375x150 ~ 54 ksi déi

v6i bulong A490 (xem chi tiét & bang J3.2 ctia AISC/ASD).

Bulong chiu kéo doc truc phéi dugc xiét dén luc cang theo bang 7-3 du 1a lien két loai

ti ép hay loai khong truot.

e. Kéo va car két hop.  Thiét k& bulong chiu kéo va cat két hop s& duoc xét trong
Quyén 2 vé Thiét ké nha thép tién ché.
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Thi du 7-3. Kiém tra d¢ bén cua Y
. e a1 va i T=310kN
lién két loai ti ép hai ban 16 x 150 mm -—= | | | - —
|
|

thép A572 (cép 50) dé truyén luc kéo &> —&
310 kN. Ding bulong A325 dudng X -
kinh 22 mm. R Ry

Thép A572 (gr.50) ¢6 : Fy =50 ksi ; F, = 65 ksi
Tiét dién nguyén cua ban thép: A, = 1,6 x 15 = 24 cm®
| Tiét dién thuc cta ban véi 18 tiéu chuédn 24 mm : A, = 1,6 (15 — 2x2,4) =16,3 cm.
Dién tich hiu hiéu A, = A, = 16,3 cm’.
Kiém tra do bén cia ban thép :
‘ Trén ti€t dién nguyén :
T _310

| = — = 12,9 KNfem? = 18,7 ksi < 0,6 F, = 30 ksi.
A, 24

g
‘ Trén ti€t dién thuc :
f = — =" =19,0kN/em? = 17,5 ksi < 0,5 F, = 32,5 ksi.
[+ 9
Vi buléng A325 : F, = 30 ksi = 20,68 kN/cm? ; F, = 65 ksi = 44,82 kN/cm?
Kha nang chiu luc cho phép cla bulong :

2
22T 20,68 =78.6 kN

Vécat: R, =mAF, = 1x

Véép: R, = 1,2F dt = 1,2x44,82x1,6x2,2 = 189 kN
Kha nang cba lién két gém 4 bulong : 78,6 x 4 = 314,4 kN, 16n hon luc kéo.

Thi du 7-4. Xéc dinh kha nang chiu kéo clia lién két & Thi du 7-3, néu la lién két
khong truot. Diéu kién bé mat cdc ban la 16p A (mat duge lam sach vay cén).

Kha nang chiu kéo cta ban :
T=FA, =06 x 50 x0,6895x24 = 496 kN
T =F, = (0,5 x 65)(0,6895) 16,3 = 365 kN
Kha nang clia mot bulong cat don trong lién két khong trugt la:

2,2211

R =mF A, = 1x17x0,6895x =44,5 kN

Kha nang chiu lyc cia 4 bulong cla lién két :
T =4 x 44,5 = 178 kN (quyét dinh)
Kha nang chiu tai trong 1am viéc T dua trén sic chong truot la thap hon kha nang dva
trén do bén trong thi du 7-3 bén trén (T = 314,4 kKN)
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DESIGN OF STEEL STRUCTURES

(AISC/ASD METHOD)







Chapter 1
GENERAL PROVISIONS

I. SCOPE

This book covers the design of steel structures using the Allowable Stress Design
method given in AISC/ASD Specifications. The whole name of this AISC Specifications
is The Specifications for Structural Steel Buildings - Allowable Stress Design and Plastic
Design (from here on briefly referred as AISC Spec. or merely Spec.). It is elaborated by
American Institute of Steel Construction (AISC) and approved since 1989 to be used in
the design of steel-framed buildings. Actually, another design method elaborated and
approved by AISC is Load and Resistance Factor Design for Structural Steel Buildings.
Both methods are used alternately.

Some terms are to be defined here :
The term Structural Steel has two meanings :

First meaning is simply the carbon steel, such as ASTM A36, A53, A529, AS570, etc.

The meaning used in this Spec. is the steel elements of a structural frame essential to
the support of the design loads. These elements consist of following items :

- Beams, Girders, Purlins, Girts ; Columns and Posts ; Bracing ; Trusses ; Frame and
its constituting parts : door frames, lintels, hangers, struts, tie rods.

- Floor plates attached to steel frame ; monorail elements, crane rails and stop ;

- Fasteners for connecting structural items : rivets, permanent bolts and pins ; anchor
bolts, shear connectors.

Not included in the classification "Structural Steel" these items which are not
described above, such as :

- Cables for suspension systems, cold-formed steel products, embedded steel parts in
concrete, floor plates not attached to steel frame ;

- Temporary fasteners for assembly or erection :
- Ladders, stairs, grating and metal deck, open - web joists ;
- Tanks and pressure vessels.

Those are the limits of applicability of this Spec.
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II. MATERIAL

2.1 Steel

The Spec. lists 16 ASTM specifications for structural steel approved for use in
building construction. These steels can be grouped in four groups :

1. Carbon steel (or structural steel) :

_ A36, a common all purpose low-carbon steel, widely used in building construction.
The yield point is rather low : 36 ksi or 24.8 kN/cm . The tensile strength varies widely
from 58 to 80 ksi or 40 to 55 kN/cm . (Note : 1 ksi = 0.6895 kN/cm)

- A53, low-carbon steel for pipe, welded or seamless, black or galvanized. Primary
used in buildings, particularly columns and truss members.

- A500 and A501 Structural tubing of round, square, or rectangular shape, cold formed
(A500) or hot-formed (A501), used for bolted and welded general structural purposes.

- A529, carbon steel, for plates and little bars. Its mechanical performances are
higher; used in buildings, especially standardized buildings.

- A570, carbon steel of structural quality, produced mainly in sheet, strip and coil ;
especially used for cold-formed members in buildings. It covers many grades from 30
(Yield stress 30 ksi) to 50 (Yield stress 50 ksi).

2. High strength low-alloy steel :

- A572, a common frequently used steel, with Columbium and Vanadium as alloy
components, produced in shapes, plates and bars. Available in 4 grades : 42, 50, 60, 65.
Used for welded, riveted or bolted construction in all grades ; for welded bridge in
grades 42 and 50 only.

- A44] another similar steel, now replaced by A572.

- Four kinds of corrosion resistant high strength low-alloy steels A242, A588, A606,
A607 : their atmospheric-corrosion resistance is many times greater than that of carbon
steel. These are weathering steels, produced in shapes and plates. Intended for welded,
riveted or bolted construction, primarily for buildings and bridges.

3. Quenched and tempered alloy or low alloy steel © A852, A514. Theses steels have
highest mechanical performances : the yield strength can reach 80 to 110 ksi (55 to 76
kN/cm ). They are weldable with proper procedures. Produced only in plates and
intended primarily for welded bridges and other structures.

4. Structural steel for bridge : A709. This category of steel can be carbon steel, high
strength low alloy steel or heat treated (quenched and tempered) alloy steel. It covers the
strengths from that of A36, A572, A588 and A514, but with the difference in higher
impact resistance.
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This following table gives properties of 16 steels approved for use under the
AISC Spec.

Table 1.1 Properties of 16 steels approved for use under the AISC Spec

. . Minimum yie.ld Tensile strength
ASTM designation stress F,, 21(51 E.. ksi (kN/cm?) Remarks
(kN/cm?)
A36 32 (22) 58-80 (40-55) Thickness over 200 mm
36 (25) To 200 mm
AS53 Grade B 35(24) 60 (41.5)
A242 42 (29) 63 (43.5) Thickness 40 to 200 mm
46 (31.5) 67 (46) 20 to 40 mm
50 (34.5) 70 (48) To 20 mm
A441 Discontinued 1989 ; replaced by A572
A500 Grade A 33 (22.8) 45 (310) Round
Grade B 42 (29) 58 (40)
Grade C 46 (317) 62 (42.7)
AS500 Grade A 39 (26.9) 45 (310) Shape
Grade B 46 (317) 58 (40)
Grade C 50 (34.5) 62 (42.7)
A501 36 (25) 58 (40)
AS514 90 (62) 100-130 (69-89.5) | Thickness 65 to 150 mm
100 (69) 110-130 (76-89.5) |To 65 mm
A529 42 (29) 60-85 (41.4-58.6) | Thickness to 13 mm
A570 Grade 40 40 (27.5) 55 (38)
Grade 45 45 (31) 60 (41.5)
Grade 50 50 (34.5) 65 (45)
AS572  Grade 42 42 (29) 60 (41.5) Thickness to 150 mm
Grade 50 50 (34.5) 65 (45) To 100 mm
Grade 60 60 (41.5) 75 (52) To 32 mm
Grade 65 65 (45) 80 (55) To 32 mm
A588 42 (29) 63 (43.5) Thickness 125 to 200mm
46 (31.5) 67 (46) 100 to 125 mm
50 (34.5) 70 (48.5) To 100 mm
A606 45 (31) 65 (45)
50 (34.5) 70 (48)
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. . Minimum yie'ld Tensile strength
ASTM designation stress Fy,21(51 F,, ksi (kN/cm?) Remarks
(kN/cm?)
A607 Grade 45 45 (31) 60 (41.5)
Grade 50 50 (34.5) 65 (45)
Grade 55 55 (38) 70 (48)
Grade 60 60 (41.5) 75 (52)
Grade 65 65 (45) 80 (55)
Grade 70 70 (48) - 185(59)
A618 GradesI & 11 50 (34.5) 70 (48.5) Thickness to 20 mm
Grade 111 50 (34.5) 65 (45)
A709 Grade 36 36 (50) 58-80 (40-55) Thickness to 100 mm
Grade 50 50 (34.5) 65 (45) Thickness to 100 mm
Grade 50W 50 (34.5) 70 (48.5) Thickness to 100 mm
Grade 100& 100W {90 (62) 100-130 (69-89.5) |Over 65 to 100 mm
Grade 100& 100W | 100 (69) 110-130 (76-89.5) |To 65 mm
A852 70 (48.5) Thickness to 100 mm

2.2. Shapes and plates

Structural steel products are manufactured in shapes, bars and plates.

The common rolled shapes are the angle, the channel and the I. The most widely I
shape used is the W shape (W from "wide-flange"). The wide-flange shape is designated
by the nominal depth in inches and the weight in pounds per foot, such as W18x60
which is nominally 18 in. deep and weighs 60 pounds per foot (in SI units this means
460 mm nominal depth and a mass of 89.2 kg/m). (Note : 1 1b/ft = 1.487 kg/m). There
is a very wide variety of W section. The greatest and heaviest are W44x285, W36x848.
The smallest and lightest are W4x13 and W6x9.

The S shape, once called American Standard beam, or commonly called I beam, has
relatively narrow and sloping flanges and a thick web compare to the W shape. Its sizes
varies from S24x106 to S3x4.1.

An other I shape, called M shape, (M from "miscellaneous™), has dimensions and
weight that differ from that of W shape and S shape. It is used for columns and beams in

lightweight construction. Its sizes varies from M14x18 to M6x4.4.

The channel, called C shape or American Standard Channel, has a slope on their

inner flange surfaces. Its is designated as C15x50 (the biggest) or C3x4.1 (the smallest).
The miscellaneous channel, or MC, is the channel that cannot be classified as C shape.

Its is designated as MC18x58 (the biggest) or MC6x12 (the smallest).
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Angles (equal legs and unequal legs) are designated by the letter L and their leg sizes
and thickness in in., with the long leg first and the thickness last. The biggest is
L9x4x5/8 for unequal leg angle or L8x8x11/s for equal leg angle ; the smallest is
L Ix1x1/8.

One can find other kind of shape such as structural tee, cut from W or M or S shape
(identified by WT, MT, ST). A WT5x44 for example, where 5 is the nominal depth and
44 is the weight in pounds per foot, is cut from a W10x88.

Pipe sections are designated "standard", "extra strong"” and "double-extra strong" in
accordance with the thickness and are also nominally prescribed by diameter. For
example a 8 in. double-extra strong has its outside diameter 8.625 in. and wall thickness
0.875 in. while a 8 in. standard has correspondingly 8.625 and 0.322 in.

Structural tubing is designated by outside dimensions and thickness, such as
Structural tubing 14x6x1/2.

Flat steel is rolled from the ingot and classified according to width and thickness as
bars, plates. Round and square bars are extruded.

Bars and plates are generally classified as follows :
bars : 6 in. or less in width ; 0.230 and over in thickness
6 in. to 8 in. in width ; 0. 203 in. and over in thickness
plates: over 8 in. in width ; 0.230 and over in thickness
over 48 in. in width ; 0.180 in. and over in thickness.
Designation : for example square bare 10 ; round bar 11/4® ; 2!/2 x21/2 flat bar ; plate
Pl 1/2 x 18.

w C L WTor ST
Wide - flange shape American American Angle Structural tee
standard beam standard channel
a) d) e)
b) ¢)

2222222777777

/ /
7 /4
/ 4
/ %
7/ %
/ 4
4 /
/ a
s :

@ 77 7777 77777

Bar

irsrwrrrrerrers

Pipe section Structural tubing Plates
f 9 h) i)
Fig. 1.1 Standard rolled shapes
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[IL. RECALL ON MECHANICAL PROPERTIES OF STRUCTURAL STEEL

To determine the most important mechanical properties of a steel, such as yield point,
ultimate strength and elongation, one should use the tensile test of a standard specimen.
The detailed test procedures are prescribed in ASTM A370.

The typical stress-strain curves for tension are shown in Fig. 1-2 for the three
categories of steel : low-carbon steel, high-strength low alloy steel and heat-treated alloy
steel (or high-carbon steel).

0,2% offset
Tensile strength, Fu
] 1o Heat - freated constructionnal alloy
100 steels: A514 quenched and tempered
. . alloy steel
Minimum yield strength
Fy = 50ksi

=
[=]
= 80 (c) High-strength low-alloy
] carbon steels A572
g
g
2 eoff (b)
v
3
£
@ Fy=50 ksi

40 - Carbon (a)

steels, A36
Fy=36 ksi
20 1T
L L 1 1 I |

0,05 0,10 0,15 0,20 0,25 0,30 0,35

Fig.1.2 Typical stress-strain curves

The curves show a straight line relationship up to a point known as the proportional
limit. This straight line region is the elastic range, where loading and unloading results
in no permanent deformation. The ratio of stress to strain in this straight line region is
known as the modulus of elasticity, or Young modulus, E, which for structural steels
may be taken approximately as 20,000 kN/cm? (29,000 ksi). The proportional limit, on
the two lower curves, practically coincides with the yield point which is the stress at
which there is a marked increase in strain with no increase in load. The increase in strain
may be as large as 1.5 to 2 percent ; this region is called plastic range. In high-carbon or
heat-treated alloy steel, after the proportional limit, a deviation from the straight line
occurs gradually (curve c) ; the tensile stress continue to grow, though with lower rate.
The yield point is not well defined. In this case, yielding is defined arbitrary by a yield
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strength, which is taken to be that stress which leaves the specimen with a permanent set
(plastic elongation) of 0.2 percent when the specimen is unloaded (see Fig.2-3 where the
beginning of the curves is enlarged). This yield strength is called 0.2% offset yield
strength, to distinguish with the 0.5% extension under load yield strength, another
alternative definition by ASTM A370. The term yield stress is the general term to mean
either yield point or yield strength when it is not necessary to make the distinction.

After the plastic range, for two curves (a) and (b), the stress again increases until the
highest stress before the break, which is called rensile strength. This subsequent increase in
stress 1s called strain hardening range. The strain hardening range is not used in design.

The strain-stress curve also indicates the ductility. Ductility is defined as the amount
of permanent strain (i.e. strain exceeding proportional limit) up to the point of rupture. It
is measured by the elongation in percent of the specimen.

0.5% Extension under load yield strength , Fy = 100 ksi
0,2% Offset yield strength , Fy = 100ksi { 800
v
100 |
For Fy = 100ksi; typical for steels with Fy > 65 ksi 1700
5 ] 600
Iu_% 80 |
@
=3
4 0,2% Offset 1 500
= ©
(=% [a
Z 60 i Wi ; i =
& ForFy = 50ksi; typical for most structural steels with Fy < 65 ksi 400 a
] ] @
3 3
pper yield point @ |
40 A36 steel 300
Slope Eg,
Lower yield point { 200
Plastic range
20 .
Elastic range Strain - hardening range o 100
fo max. fensile strength
Slope E
! ! Cqt ! ) t

0.005 0.010 0.015 0.020 0.025

Fig. 1.3. Enlarged typical stress-strain curves for different yield stress

[V. DESIGN BASIS

This AISC Spec. prescribes the method of Allowable Stress Design (ASD) (also
called working stress design). The basis of this method is : all structural members,
connections and connectors shall be proportioned so the stresses due to the working
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loads do not excess the predesignated allowable stresses. The allowable stress is
prescribed by this Spec. to provide a factor of safety against attainment of some limit
stress, such as the minimum specified yield stress , or the buckling stress at which
failure occurs. The allowable stress is obtained by dividing the limit stress such as the
yield stress F,, or the buckling stress F_,, by a factor of safety FS. The factor safety is
required to assure a reserve capacity for structures and structural members. The reserve
capacity is provided to account for the possibility of overload (the load may surpass that
which is expected under normal use), and for the possibility of understrength (this is
caused by deviations in dimensions of steel sections, by the yield strength of steel which
may be in some cases below the minimum specified value).

In determining the FS, various factors must be involved. One may state that the
minimum resistance must exceed the stress caused by the maximum applied load by
some prescribed amount. Suppose the actual stress (or actual load, this is similar)
exceeds the design stress (or the service load) by an amount AS, and the actual
resistance is less than the computed resistance by an amount AR. A structure that is just

adequate would have :

R—-AR =S+ AS, or

1 7))

The safety factor is the ratio of the nominal strength to the design stress, or :

FS=B—= 1+AS/S
S 1-AR/R

This equation illustrates the effect of overload AS/S and undercapacity AR/R, but not
other factors. If one assumes that the occasional overload AS/S may be 40% greater than
its nominal value and that an occasional understrength AR/R may be 15% less its
nominal value, then
_1+04
T1-015

The AISC Spec. uses FS = 1.67 as the basic value in Allowable Stress Design. The
allowable stress is the limit stress divided by this FS, that means :

ES 1.65

Fy/1.67 =0.6 Fy, used for tension members or beams.
Other FS are used for other cases (columns, connections, etc).

Article A5.2 of AISC Spec. prescribes an important provision : allowable atresses
may be increased 1/3 above the values otherwise provided when produced by wind or
seismic loading, acting alone or in combination with the design dead and live loads.
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Chapter 2
TENSION MEMBERS

I. TYPE OF TENSION MEMBERS

Tension members are encountered in most steel structures. They occur as principal
structural members in bridge and roof truss, in truss structures such as transmission
towers and in wind bracing systems in buildings. They frequently appear as secondary
members, being used for example as tie rods to stiffen trussed systems.

The simplest tension members are made of wire rope or cable, round and square bars,
and rectangular bars or plate. In buildings, wire rope, rods and bars are used principally
in bracing systems and sag rods for purlins in sloping roofs.

Single shapes, such as angle, the plate, the W and S shapes, may be uscd as tension
members. When the capacity of a simple rolled section is not sufficient, built-up
members are required. (two or more shapes are combined with connections). The cross-
section of some typical tension members are shown in Fig. 2-1.

. S |
L I —

Round bar Flat bar Angle Double angle - Starred angle
=2 .
- -
Channel Double channel Latticed channels W section S - section
(wide - flange) (American Standard)

r L

L -

[ ]

Fig. 2.1 Cross- section of typical tension members

Built - up box sections
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II. NET AREA AND EFFECTIVE AREA.

2.1. Net area

Whenever a tension member has holes for connection (bolts, rivets), the cross-section
at the connection is reduced. The area of the section deducted the areas of the holes is
called ner area. It will be used in the calculation of the member capacity.

When the holes are lined up transverse to the loading direction (Fig. 2-2,a), the net

area A is determined by :
A, = A, —ndt 2-1)
where
A, = gross area,

t = thickness of the plate,

d = diameter of the hole,
n,= number of holes in a line.

If the fasteners are staggered (not lined up transverse to the loading direction), (Fig.
2-2.,b), many failure paths may occur : or on sections normal to the axis of the member
(section AB), or on zigzag sections (line AC). The controlling failure line is that which
gives the minimum net area. To account the effect of the zigzags in failure path, a
simplified empirical method is adopted : the net area of the zigzag section is obtained by
deducting from the gross area of the section all the areas lost by the holes in the failure

path and adding the quantity (52/4g)t for each zigzag :

2
S
A, = A, - ndt +[4—g]t (2.2)

where
n = the number of holes in the zigzag line ;
s = the staggered pitch, or spacing of adjacent holes parallel to the loading ;
g = the gage, distance between longitudinal hole lines.

In the two formulas above, d is the diameter of the hole to be deducted in calculation.
The standard hole is 1/16 in. (1.6 mm) larger than the diameter of the fastener. But
according to AISC Spec., the width to be deducted is to be taken as the nominal
dimension of the hole plus 1/16 in. (that means, for standard holes, this is the fastener
diameter plus 1/8 in. or 3.2 mm). This is for accounting the damage at the edge of the
hole caused by punching or drilling operation.
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a) b) A

Fig. 2-2 Determining the net area

2.2. Effective net area

The design of tension members is based on the assumption that stress is distributed
over the cross section. In fact, there will be nonuniform distributions at the holes or near
the edge of the section which is far from the loading line. The fracture may occur by a
localized yielding on a effective area. The stresses are assumed to be uniformly
distributed only over this effective area.

The effective area for bolted and riveted connections is given by :
A, =UA, (2-3)
and for welded connections by
A =UA, (2-4)
where |
A, = gross area,
A, = net area,
U = efficiency factor
Values of U are as follows :

- For W, M, or S shapes with flange widths not less than two-thirds the depth,
connected by the flanges, with welds or bolted and riveted connections with at least
three fasteners per line in the direction of the stress, U = 0.90

- For W, M, or S shapes not meeting the conditions specified above, and for all other
shapes including built-up sections, with welds or bolted and riveted connections with at
least three fasteners per line in the direction of the stress, U = 0.85

- For all members with bolted and riveted connections with only two fasteners per
line in the direction of the stress, U = 0.75

- If all the elements of a member cross section are connected, U = 1.

If the load is transmitted by transverse welds to some but not all of the cross-sectional
elements, A, is taken to be the area of the directly connected element.
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1. ALLOWABLE STRESS AND DESIGN OF TENSION MEMBERS

In a tension member, failure may occur by the yielding of the gross section away
from the holes or by the rupture of the net effective section at the connection. The
nominal strength of the gross section may be expressed as :

T,=FA,

b T, divided by a FS must not lesser than the service load T :

FlAisT
FS
As above quoted, for tension members, the FS is 1.67, this is equivalent to a
multiplier of 0.60. So

0.60F,A, < T hay

f, =—T— < 0.60F, (2-5)
Ag
F, = 0.60F, is the allowable stress on the gross section area.
The strength in the vicinity of the connection must be also checked by the ultimate

tensile stress F, on the net section, or the effective net area :
Tn = FUAC
T, divided by a FS must not lesser than the service load T. In this case, the FS of 2.0
will be used for connection design :
RA. <T
ES
0.50F A, < T hay

f= L <050F, (2-6)

€

F, = 0.50 F, is the allowable stress on the effective net section area.

In addition, the end connections of tension members shall be checked by block shear
strength (this will be discussed in Chapter 7).

Example 2.1

Design an A36 steel double angle tension member to transmit 600kN dead load and
live load. Connection to a gusset plate by fillet welds.

Allowable suiesses are :
0.60F, = 0.6 x 36 = 22 ksi = 14.9 kN/cm? on the gross area
0.50F, = 0.5 x 58 = 29 ksi = 20.0 kN/cm” on the net area.
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Since the connection is welded, the net arca equals the gross area. For thi
connection, the value U is 0.85. Therefore
T=149xA,
T=20.0x0.85x Ay =17TxA,
The required gross area of an angle is the greater
A, 600/14.9

£ =7 920015 em,
2 2

The angle is 1o be chosen from the angle tables, for example from AISC Manual or
from Vietnamese Standard TCVN1656-75.

Example 2.2

Determine the tensile capacity of a bar from a 180x110x10 angle, connected by two
rows of bolts M20 in the long leg and one row in the short leg (Fig.2-3). Standard holes
arc used. Steel A572, grade 50.

LG_OJ
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{
|
!
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| | |
I TR N P

65

Fig. 2-3. Example 2-2

The hole diameter to be deducted is 20 + (1/8 in.) = 23 mm

For the purpose of computing the cross-sectionals area, the width of the angle and the

distances between gage lines must be measured along the midthickness line of the cross
section (as if we flatten the two the angle legs in a plane). The width of the angle is the
sum of the widths of the two legs less their thickness, or 180 + 110 — 10 = 280 mm. The

distance between the gage lines in the two legs is 65 + 65 —10 = 120 mm. ‘
The net area of the section ubcde :

6.5 . 6.5°
(4x7.5) (4x12)

(28 x l)—(3x2.3)l+{ }1223.390m2



The net area of the section abde :
(28 x 1) — 2 x 2.3 x 1 =23.3 cm®, which governs
A, = 233cm’; A, =085 x233=19.8 cm’
Steel A572 grade 50 has
F, = 50 ksi = 34.5 kNfem? ; F, = 65 ksi = 44.8 KN/ecm”;
Allowable stresses :
F,=0.6 x 34.5=20.7 kN/cm? on gross area
F,=05x448=224 kN/cm? on effective net area
The smaller of the two allowable loads is the tensile capacity :
T=20.7 x 28.3 =586 kN (28.3 cm? is the true gross section area of an angle)
T =22.4 x 19.9 = 446 kN, this is the tensile capacity of the bar.

[V. TENSION RODS

A common and simple tension member is the threaded rod. Such rods are usually
secondary members, such as sag rods to support purlins in sloping roof, hangers to
support a beam, tie rod to resist the thrust of an arch.

The allowable of threaded rod is
F,=0.33F, ' 2-7)

based on the gross area using the major thread diameter. (The major diameter is that
measured to the outer projections of the threads. In standard dimensions for threaded
fasteners, usually is given the gross area).

So, for steel A36 : F, = 19.1 ksi = 13.3 kN/cm®
for steel AS572 (grade 50) : F,=21.5 ksi = 14.8 kN/cm?

Example 2.3

Design sag rods to support the purlins of a 26.5° sloping roof, with a slope length of
7.5 m. Sag rods are spaced at 1/3 points between roof trusses, which are spaced 7.2 m

apart. Live load on roof : 0.57 kN/m? of horizontal projection. Use A36 steel.
a)Load.  Roofing from corrugated sheet =0.15 kN/m?
Purlin weight given =0.18 kN/m?

Live load, converted to distributed on roof area

=0.57cos 26.5 = 0.51 kN/m?
Total 0.84 kKN/m” .
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b) Sag rod force

Sag rod carries only the component parallel to the roof. The tributary surface is
(7.2/3) x 7.5 = 18 m?.

Load carried by one sag rod : T =0.84 x sin 26.5 x 18 = 6.75 kN.

¢) Select rod diameter :

Allowable stress : F, = 19.1 ksi = 13.3 kN/cm?
Required gross area : A, = f—?’zg- =0.507 cm?.

Diameter greater than d = \/4A/nt = 0.8 cm, should be chosen from Standard Table

for threaded rod. Use 10 mm.
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Chapter 3
COLUMNS AND COMPRESSION MEMBERS

RECALL ON THE BUCKLING OF COMPRESSION MEMBERS

Let’s consider a pin-ended compression member under a axial load. When the load P
attain a value called critical, the member becomes unstable i.c. it may begin to bend. This
phenomena is called the buckling, or lost of stability or longitudinal flexion of the member.

The critical load is given by the Euler formula :
~n-El

l 2
where 1 is the moment of incrtia of the member cross section and E the elastic modulus.

P (3-1)

<l

Dividing two members of the equation by the section area A, one obtains the critical stress:
2
T E

= (3-2)
(/)

or

where 1 =4(I/A) . the radius of gyration of the member cross section. I/r is the
slenderness ratio of the member.

These formulas are valid only lp
h cr
when the stress-strain curve is a

fincar until a vield plateau is ?‘ K
recached. If the critical  stress E
exceeds the proportional  limit, \\ A !
one uses the Engesser formula, \ Fa
in which. the Young modulus E . \3}4—— Z{E
is replaced by the  tangent | 1
modulus E, (given by the slope // £
of the tangent to the stress-strain / 1
curve at this point). Thus. é\ ©
D
A= WL §
(1/ry TPU
the cnitical stress ol inelastic Fig. 3-1

buckting

16




One may obtain a curve of critical stress vs slenderness ratio as shown in Fig. 3-2.
where there is a juncture of the Euler elastic buckling curve (a hyperbola) and the
inelastic buckling curve determincd experin .cnially after formula 3-3.

But, in steel column, there exist always residual stresses due to the nonuniform
cooling after rolling. The residual stresses reduce significantly the column strength. The
AISC spec. uses the research results of the Structural Stability Research Council (SSCR)

which proposed a parabola beginning with a vertex at E., = F, where I/r = 0 and
terminating at the point F, = I /2 where it intersects and is tangent to the Euler

hyperbola (Fig.3-3). The equation of this parabola is

F 2
FC,=Fy(1— ! (1)1 (3-4)
4n°E\T
or
B 2 '
I{1/r
F, =F|1-~| L% 3-4a
cr Yy 2[CCJ ( )

by replacing C_ = «, /(2E/Fy) . C, is the value of I/r corresponding to the maximum

elastic critical stress F, = 0.5F,.

E Parabola

Fj2

Fig. 3-2

II. EFFECTIVE LENGTH OF THE COLUMN

These above formulas are established for a pin-ended member. If the ends are
otherway fixed, the formulas are still available provided the real length 1 is replaced by
the effective length KI, with K the effective-length factor. For simple situations as
shown on Fig. 3-4, the value K1 are established theoretically.
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Fig. 3-4 Effective lengths for some simple cases

One may use the value of K in this table, taken from SSRC Guide (Table C-C2.1 Spec.)

If a column is a part of a frame, its ends are partially restrained, the effective length is
reduced and should be defined in each case. This problem will be treated afterwards.
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III. ASD DESIGN OF AXIAL COMPRESSION MEMBER

The basic strength curve of SSRC divided by a factor of safety is used as the
allowable stress equation for slendemness ratios where inelastic buckling controls (when

KIfr<C,).

The allowable stress on gross section under working load, when Kl/r < C, is :

(K1/r)®
[1_ 22 }Fy
F — C

“ FS

ES = factor of safety, depending on the slenderness ratio.

(3-5)

For very short members, the initial curvature or load eccentricity are negligible, FS is
taken equal 1.67, as for tension members. The larger the slenderness ratio, the greater
the effects of accidental load eccentricity and initial curvature, AISC prescribed and
increasing FS to a maximum of 15% over the basic value, i.e. 1.92. From the value FS =
1.67 for Kl/r = 0 to FS = 1.92 for Kl/r = C_, a cubic equation is used to obtain a smooth

transition :

_5, 3KUr 1Ky’

FS 3-6
8 8 C. 8 203 G0
The complete formula of the allowable stress is (formula E2-1 of Spec.) :
-
1- (Kl/l;) F,
2C
F = £ - (3-7

a

5 3Kk 1KYy
8 8¢C, 8. C

For member with slenderness ratio exceeding C,, elastic buckling controls strength,
according to (3-2). The FS according to (3-6), for Kl/r = C_, equals : FS = 23/12. The
allowable stress is given by (formula E2-2 of Spec.):

2

F, - 12n E2 (3-8)
23(Kl/r)

The safety requirement for axially loaded member, the local stability of which is

ensured, may be stated :

f,<F (3-9)

a a
where :

f, = working load compression stress, f, = P/A,,
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P = working load axial compression force,

A, = gross cross-section area of the member. v '_‘_|

For the proper work of a compression member. the |
slenderness ratio preferably should not exceed 200. |
|

To facilite the calculation, AISC Manual gives X
tables C-36 and C-50 : Allowable Stress for |
compression member of 36 and 50 Specified Yield il s
Stress steel . They are calculate from AISC Spec.
Equations (E2-1) and (E2-2). =

3

Example 3.1 Check the section of a column of 1!;,0
AS572 (50) steel for supporting a load of P = 400 kN.
The column is 18.2 m long. Assume that K = 1 in the
direction of axe x-x and it has many supports in the direction of axe y-y so that the

400
!
|
|
|
|

D

effective length K1, = 3m. The section is given in the following drawing.
Steel properties :
F, = 50 ksi = 34.5 kN/cm’
E = 29000 ksi = 20000 kN/cm®
Section properties :
A=2x15x08+40x 0.6 =48 cm®

0.6 x 40°

I =2x (15 x 0.8x20.4% )+ = 13187cm*

3

I, =2x 0.8x15
12

r,=182cm;r,=3.35cm

Kl
K =100; —L =895

I, T,

=450 cm*

The slenderness ratio K1/ r, = 100 will control.

2
C.- {2xn x20000 _ . K
34.5 I,

Suppose that the local stability is assured. Formula (3-6) :

2
34.5 l_l(ﬂ)
. 2\107 19.43

"5 3100 1(100)3 1915

g 8107 8(107

=10.14 kN/cm?
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Working stress : f, = 400/40 = 10.0 kN/cm® < F,
The section is OK.

IV. LOCAL BUCKLING

The components such as flanges, web which are combined to form a column may
develop wave formations when they are compressed. This is called local buckling. The
critical stress of plates in compression is given by the formula :

n’E
12(1-p*)(bt)*

where k is a constant depending on type of stress, edge conditions and length to width

F,=k

ratio ; p is Poisson’s ratio, and b/t is width-to-thickness ratio.
The basic provisions of AISC require the critical buckling stress of a plate not to be
less than the yield stress of this plate. In other words, plate buckling is prevented prior to

achieving a stress F,, by application of design limits on width-to-thickness ratio. The
design limitation to prevent buckling is

n’E
>F
120 -pu?)br?

Based on this formula, with various values of k for different situations of edge
conditions of plate, AISC Spec. require the width-to-thickness ratios of web and flanges
for columns as follows :

cr

Steel section are classified as compact, noncompact and slender element section. For a
section to qualify as compact or noncompact, the width-to-thickness ratios of its
compression element must not exceed the limiting width-to-thickness ratios given hereby.
Steel section that do not qualify as noncompact are classified as slender element section.

a) For the flanges, considered as projecting element of columns, the limiting values
of noncompact section are :

Rolled section : E < i (3-10
t F
y
Built - up member : b < B (3-10a)
t JE/k,
where k.= Lg% if h—s 70 ; otherwise k_ = 1.0. 3-1D
(h/t)™ t

In these formulas, b is half of the full nominal width ; h is the clear distance between
flanges. F,, the yield stress in ksi
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Table C-36: Allowable Stress
For Compression Members of 36-ksi Specified Yield Stress Steel

Ki F, Kl F, Kl F, Kl F, Kl F,
T s | ¢ G | ¢ Gs) | ¢ ) | r (ks
1 21.56 41 19.11 81 15.24 121 10.14 161 5.76
2 21.52 42 19.03 82 15.13 122 9.99 162 5.69
3 21.48 43 18.95 83 15.02 123 9.85 163 5.62
4 21.44 44 18.86 84 14.90 124 9.70 164 5.55
5 21.39 45 18.78 85 14.79 125 9.55 165 549
6 21.35 46 18.70 86 14.67 126 9.41 166 5.42
7 21.30 47 18.61 87 14.56 127 9.26 167 5.35
8 21.25 48 18.53 88 14.44 128 9.11 168 5.29
9 21.21 49 18.44 89 14.32 129 897 169 5.23
10 21.16 50 18.35 90 14.20 130 8.84 170 5.17
11 21.10 51 18.26 91 14.09 131 8.70 171 5.11
12 21.05 52 18.17 92 13.97 132 8.57 172 5.05
13 21.00 53 18.08 93 13.84 133 8.44 173 4.99
14 20.95 54 17.99 94 13.72 134 8.32 174 493
15 20.89 55 17.90 95 1.1.60 135 8.19 175 4.88
16 20.83 56 17.81 96 13.48 1.75 8.07 176 4.82
17 20.78 57 17.71 97 13.35 137 7.96 177 4.77
18 20.72 58 17.62 98 13.23 138 7.84 178 4.71
19 20.66 59 17.53 99 13.10 139 1.73 179 4.66
20 20.60 60 17.43 100 12.98 140 7.62 180 4.61
21 20.54 61 17.33 101 12.85 141 7.51 181 4.56
22 20.48 62 17.24 102 12.72 142 7.41 182 4.51
23 20.41 63 17.14 103 12.59 143 7.30 183 4.46
24 20.35 64 17.04 104 12.47 144 7.20 184 4.41
25 20.28 65 16.94 105 12.33 145 7.10 165 4.36
26 20.22 66 16.84 106 12.20 146 7.01 186 4.32
27 20.15 67 16.74 107 12.07 1147 6.91 167 4.27
28 20.08 68 16.64 108 11.94 148 6.82 188 4.23
29 2.0.01 69 16.53 109 11.81 149 6.73 189 4.18
30 19.94 70 16.43 110 11.67 150 6.64 190 4.14
31 19.87 71 16.33 111 11.54 151 6.55 191 4.09
32 19.80 72 16.22 112 11.40 152 6.46 192 4.05
33 19.73 73 16.12 113 11.26 153 6.38 193 4.01
34 19.65 74 16.01 114 11.13 154 6.30 194 3.97
35 19.58 75 15.90 115 10.99 155 6.22 195 3.93
36 19.50 76 15.79 116 10.85 156 6.14 196 3.89
37 19.42 77 15.69 117 10.71 157 6.06 197 3.85
38 19.35 78 15.58 118 10.57 158 5.98 198 3.81
39 19.27 79 15.47 119 10.43 159 591 199 3.77
| 40 19.19 80 15.36 120 10.28 160 5.83 200 3.73

Note: C, = 126.1
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For Compression Members of 50-ksi Specified Yield Stress Steel

Table C-50: Allowable Stress

Kl F, Kl E, Kl F, Kl F, K1 F,
T (ksi) T (ksi) Tt (ksi) r (ksi) r (ksi)
1 29.94 41 25.69 81 18.81 121 10.20 161 5.76
2 29.87 42 25.55 82 18.61 122 10.03 162 5.69
3 29.80 43 25.40 83 18.41 123 9.87 163 5.62
4 29.73 44 25.26 84 18.20 124 9.71 164 5.55
5 29.66 45 25.11 85 17.99 125 9.56 165 5.49
6 29.58 46 24.96 86 17.79 126 9.41 166 5.42
7 29.50 47 24.81 87 17.58 127 9.26 167 5.35
8 29.42 48 24.66 88 17.37 128 9.11 168 5.29
9 29.34 49 24.51 89 17.15 129 8.97 169 5.23
10 29.26 50 24.35 90 16.94 130 8.84 170 5.17
11 29.17 51 24.19 91 16.72 131 8.70 171 5.11
12 29.08 52 24.04 92 16.50 132 8.57 172 5.05
13 28.99 53 23.88 93 16.29 133 8.44 173 4.99
14 28.90 54 23.72 94 16.06 134 8.32 174 4.93
15 28.80 55 23.55 95 15.84 135 8.19 175 4.88
16 28.71 56 23.39 96 15.62 136 8.07 176 4.82
17 28.61 57 23.22 97 15.39 137 7.96 177 477
18 28.51 58 23.06 98 15.17 138 7.84 178 4.71
19 28.40 59 22.89 99 14.94 139 7.73 179 4.66
20 28.30 60 22.72 100 14.71 140 7.62 180 4.61
21 28.19 61 22.55 101 14.47 1141 7.51 181 4.56
22 28.08 62 6.2.37 102 14.24 142 7.41 182 4.51
23 27.97 63 22.20 103 14.00 143 7.30 183 4.46
24 27.86 64 22.02 104 13.77 144 7.20 184 4.41
25 27.75 65 21.85 105 13.53 145 7.10 185 4.36
26 27.63 66 21.67 106 13.29 146 7.01 186 432
27 27.52 67 21.49 107 13.04 147 6.91 187 4.27
28 27.40 68 21.31 108 12.80 148 6.82 188 4.23
29 27.28 69 21.12 109 12.57 149 6.73 189 4.18
30 27.15 70 20.94 110 12.34 150 6.64 190 4.14
31 27.03 71 20.75 111 12.12 151 6.55 191 4.09
32 26.90 72 20.56 112 11.90 152 6.46 192 4.05
33 26.77 73 20.38 113 11.69 153 6.38 193 4.01
34 26.64 74 20.10 114 11.49 154 6.30 194 3.97
35 26.51 75 19.99 115 11.29 155 6.22 195 3.93
36 26.38 76 19.80 116 11.10 156 6.14 196 3.89
37 26.25 77 19.61 117 10.91 157 6.06 197 3.85
38 26.11 78 19.41 118 10.72 158 5.98 198 3.81
39 25.97 79 19.21 119 10.55 159 5.91 199 3.77
40 25.83 80 19.01 120 10.37 160 5.83 200 3.73

Note: C,=107.0
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b) For webs in axial compression, the limiting values of noncompact section are :

h 253

2 < (3-12)

ty \/E
In the above example 3-1, the section has :

R =i/2- =9.37 less than (E] = %5 = 9> =13.44,

t 08 t)im  \Fy/ke V50710

k. = 1.0 since h_40 66.7 < 70.

t 06
h 253 . Ny .

But — = 70 > === = 35.8; exceeding the noncompact limiting value, so the section

t V50

is slender. The result of Ex. 3-1 is not right.

For axial loaded members containing elements which have a the width-to-thickness
ratio in excess of the limiting noncompact value, the design shall be as follows :

a) Flanges : The allowable stress of a slender flange shall be subject to a reduction
factor Q,. The value of Q shall be determined by equations (3-13) or (3-14) as
applicable, where b is half of the full nominal width.

95 b 195
< <

k. 1Rk

Q,=1.293 - 0.00309"T F, /K, (3-13)

When

b 195
- >

When :
Fy /k,

_ 26200k, 5-14)

E, (b/t)®

S

b) Webs : a reduced effective width h, shall be used in computing the design
properties of the section.

For webs of I section :

- a3 ]
h, = 253t 1- 4.3 (3-15)
VE L (ot ]
For webs and flanges of rectangular tube sections :
h, 2 253[, 503 ] (-159)
VE L mvE ]
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In these formulas, f is the computed compressive stress in the web, based on the 8ross

sectional area of the actual section : f = P/A, . As prescribed in the Spec., the gross

cross-sectional area and the radius of gyration shall be computed on the basis of actual

cross section. But the strength of the column will be reduced by the factor Q, = effective

area / actual area

The allowable stress for columns containing of slender flanges and slender webs :

0 [ - K JP-‘
F —

2C;

C

53K 1K
8 8 C. 8 C

when Kl/r is less than C;,, where C, ZJZTEZE/QF),

and Q = Qstl
When Kl/r is less than C., :
_ 127°E
L23(KI)?

Example 3.2 Check the section of a column of
A572 (50) Steel for supporting a load of P = 275 kN.
The column has KI = 240 cm in both direction. The
section is given in the following drawing.

Steel properties :
Fy = 50 ksi = 34.5 kN/cm?
E = 29000 ksi = 20000 kN/cm?
Gross section properties :
A=2x10x0.5+24x0.5=22cm?
24°

100

[,=2x(10x0.5% 12.25% )+ 0.5 x 5 2077cm’

I, =2 0.5 x 9.753
12

r, = 3.88 cm

=331 ¢m?

Kl
Iy

'
— AX g,
s

;

NI
‘M

(3-16)

(3-17)




Check the local buckling
b 95 h 240

For flanges : 2 - 722 =19andk =1 since — = — =48<70
: t 5 ty, 5
% = 2 =13.4<19and
JE /K 50
195 _ 195 276519
JE /K, 50
Reduction factor Q. = 1.293 — 0.00309 x 19 /50 =0.878
For web : L=%£E=48>£3—=2—53=35.8

t, S \/5\56

Effective width of web :

h, = 223X 0t [1 43 } —23.2cm < h =24cm
J18.13 48418.13
Effective area:  A,=2x 10x 0.5 +232x0.5=21.6 cm’
Reduction factor ~ Q, = g;—;— =0.988

Total reduction factor Q = Q, x Q, = 0.878 x 0.98 = 0.862

2
- J@xa?x20000 _ | o Kl
(0.862x 34.5) ‘

y

2
0.862x50| 1 - l(glﬁj
. 20115 36.86

T 5 3619 1(61.9]3 1.849

_+______
8 8115 8 115

=19.9ksi

f = 18.13 ksi < F,, the section is OK
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Chapter 4
BEAMS AND FLEXURAL MEMBERS

I. BEHAVIOR OF A BEAM UNDER LOAD

A beam is considered to be any member subjected principally to transverse loading,
which involve a bending moment. So, a beam is a combination of a tension element and
a compression element. In general, the compression element (one flange) is braced
perpendicular to the plane of the web to avoid the overall buckling. In this case, the
beam is said as laterally supported.

Let’s consider 1 beam subjected to increasing moment. The stress distribution is
shown on Fig. 4-1. At the bending moment in the service load range, the section is
clastic (Fig. a). The maximal stress at the extreme fiber is computed as

M
f=—o 4-1
S (4-1)

X

where S is the section modulus, defined as the moment of inertia I divided by the
distance from the center of gravity to the extreme fiber (The subscript x indicates axis x
about which the moment of inertia is computed). The elastic condition exists until the

stress at the extreme fiber reaches the yield stress F, (Fig.b). The nominal moment

strength is referred to as the yield moment M, and is computed as
M, =S,F, (4-2)

After, increasing strain in extreme fibers induces no increase in stress (Fig.c). The
section is in elastic-plastic range. When every fiber has reached the yield stress (Fig.d),
the whole section is in the plastic range. The nominal moment strength is referred to as

the plastic moment M, and is computed as

M, =F, [ydA=F 2 (4-3)

where Z = IydA may be called the plastic modulus. One may note that Z is equal to

twice of the static moment of the half section about axis x.

Once the plastic moment strength has been reached, the section can offer no
additional resistance to rotation. It behaves as a hinge but with constant resistance M,,
which is known as a plastic hinge. A plastic hinge will make a statically determinate
beam collapse.

127




1=F

Plastic

CEge f——
Entirely plastic

y ER——

Plastic
} M=M

Fig 4-1

The ratio £ = M/M,, shows how bigger the moment capacity computed in plastic
range in comparison with the ordinary one computed in elastic range :

M
g:_L:Z_ (4-4)

This ratio is independent of the material property. It is a property of the cross section

shape and is called the shape factor. Shape factors & of some cross sections are the
following :

Rectangular @ 1.5 ; circular : 1.7 ; W shape : 1.10 to 1.18 : thin walled rectangular
tube : 1.12.

The values of section modulus S and Z for standard shapes are given in Tables (fc
ex. in AISC Manuals).

II. ALLOWABLE STRESS DESIGN OF LATERALLY SUPPORTED BEAMS

As said above. a beam is laterally supported when there exist lateral support (such as
concrete floor slab, cross bracing at intervals) on its compression flange to restraint its
overall buckling out of its plane.

The safety requirement of a beam is as follows :

M< Mo
FS

where
M = service load bending moment,
M. = nominal moment strength ,
FS = safety factor in beam design, taken equal 1.67.

Or in stress format, by dividing both sides by the section modulus S :
S (I'S)S
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To define M,,, one must distinguish compact, non compact and slender section of the beam.

Compact sections : if there is no local buckling of the compression element making
up the cross section, the beam can stable until the plastic hinge occurs and the nominal

moment strength is the plastic moment strength M,.
M,=ZF, =¢& SF,

For strong axis bending of I shaped sections, a value of & is selected as 1.10.

el

Substituting in Equation 4- and using FS = 1.67, gives the allowable bending stress F, :
F = &SF, _ 1.10SE, _
(FS)S  (1.67)S

For weak axis (y-y) bending, the I shape behave essentially as a rectangular section,

0.66F,

(4-6)

the shape value of 1.5 should be used, but the allowable bending stress F, is taken a little
lower than that can be obtained by this shape value. AISC Spec. gives :

F, = 0.75F, @-7)

A compact section must have the width-thickness ratios of its elements not exceeding
the limiting values as follows :

Flanges in rolled or built-up beams :

b _ 65

< (4-8)

2t; \/E

Webs in flexural compression :
4 . % (4-9)

N
where be = flange width ; d : full depth of web.

Noncompact sections : when the width-thickness ratios exceed the compact limits
(but do not exceed the noncompact limits as given hereunder), the nominal strength will
not reach M. The noncompact limits are intended to assure the section of reaching the
yield stress at the extreme fiber. Thus, the nominal strength is the yield moment M,. The
allowable stress become :

SE E

F,=— =X -060F ' (4-10)
*T(FS)S 167 y
The limiting values of noncompact section :
Flanges in rolled beams : b = 25 4-11)

2t R,
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b 95

Flanges in built-up beams : — = (4-11a)
2t (R /K,

Webs in flexural compression : —h— = —7—62 4-12)
tw Fy

al%%(?—gif% <70 and k, = 1.0
C

where h is the clear distance between flanges ; k. =
otherwise.

When the width-thickness ratios exceed the compact limits but are less than the
noncompact limits, the moment strength lies between M,, and M. The allowable stress
can be linearly interpolate between those limits (Fig. 4-2).

For members with webs that are compact but with flanges that are

6 . b o kLN he allowable stress is

JE 2 R
- bf
F, =F, [0.79—0.002[2th ‘/Fy] (4-13)

For built-up members with webs that are compact or noncompact, and with flanges
that are noncompact :

65 _ b _ 95
\ﬁ:; 2t Fy/kc

the allowable stress is

b
F, =F, [ 0.79-0.002—" JE /K, (4-14)
2t
Fy Partiall’! compact
*Compact’ ASD-F1.2
0,66F, ,\l\/"Noncompact"
|
060F, |- ———=~————————~ = -
| i
! | ASD Axis of
Fb : : Appendix B : bandlng
| |
| | - —
| |
I | LN L
65 95 2 ! T .
T

Fig. 4-2
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Slender sections : if the width-thickness ratio exceed the limiting noncompact , value,

the section is slender. The allowable stress shall be reduced by a factor Q.

For compression ﬂanges of beam :

195
When br
F k. 2tf /Fy /K,
b
Q,=1.293 - 0.00309(5::) E /K, (4-15)
b 195
When £ 5 :
2t /kc/Fy
= %LOkzc (4-16)
Fy (b/t)
. . ) ] h 760 ) )
For webs : if the width-thickness ratio : — > \/_F__ , the beam is considered as a plate
ty b

girder which will be treated in Chap.6.

Example 4-1. Select the lightest W section to carry a uniformly distributed load of
750 daN/m (including the assumed weight of the beam), on a 6 m simply supported
span. The beam has continuous lateral support by decking. Using steel A572 with
F, = 50ksi (34.5 kN/cm?).

Suppose the section is compact and the allowable stress: F, =0.66 x 34.5 = 22.8 kN/cm>.

Moment : 750 x 6%/8 = 3375 daNm = 3375 kNcm

Required section modulus : S, = 3375/22.8 = 148.02 cm® = 9.05 in°

From the W shape table, choose the lightest for this section modulus is W10x12. Its
section modulus S, = 10.9 in’ (or 178.6 cm®) > 9.05 in°

Check the compact conditions :

Web : i:M—519< ﬂ-%%weblscompact
t, 0.19 J50
bs 3.96

Flanges : = = 9.42, comprised between

2, 2x0.21

65 95
—= =9.19 and —= =13.43 > flanges are not compact.
V50 V50
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The allowable stress will be :
F, = F, [0.79 - 0.002x9.42 /50 ] = 0.657 F, = 32.85 ksi = 22.65 kN/cm’

The working stress : f = 13718736 = 18.9 kN/cm? < Fy = 22.65 kN/cm?

The selection remains valid.

II. LATERAL TORSIONAL BUCKLING

In beams, the moment of inertia about the major principal axis is considerably larger
than that about the minor principal axis. So a beam is reactively weak in resistance to
torsion and bending about the minor axis, it may become unstable under load. The
instability may occur as a sideways bending, accompanied by twist. This phenomena is
called lateral-torsion buckling or shorter, lateral buckling (Fig. 4-3).

Fig. 4-3 Lateral-torsion buckling of a I beam

1. General. The moment at which lateral buckling begins is the critical moment. The

value of which is given by the formula :

Tl?2 7'54
M = Coyf 7 EL G, + T ELEC, 4-17)

In this formula :

L = the laterally unbarred length

J;; = the torsion constant of the cross section. If the section is composed of rectangular

elements, J, can be determined by the sum of that of each element : J, = bt’/3 ;
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G = shearing modulus of elasticity : G =

: Poisson’s ratio
200 (n )

C,, = the so called warping constant of the cross section. For a I section, C,, is

determined as : C,, = Ifh2/2, where I is the moment of inertia of one flange about axis y-y
of the section.

C, is a factor for adjusting for the variation in moment along the span.

The critical bending stress is :

= (4-18)

For shallow thick flanged sections, torsional strength predominates (so called
torsionally strong sections), we may neglect the second term in the formula of M., the

critical bending stress is :

P oM mELGY,

cr Sx — b LSX
By substituting the geometrical characteristics of the section by their approXimate values:
3 2
L= 2t1b23 s J= 2';: (by considering only the flanges) ; S, = 2% = bid;

where b = flange width, t = flange thickness, d= beam depth, and A; = bt
_ 0,21CymE _ 20000C,

T (LA (Ld/A[)

Since F_, must not exceed F,, so greatest unbraced length L that assure the lateral
stability of the beam is :

L= 20000, or when C is taken conservatively equal 1 :
(F,d/A¢)
L= 20000 (4-19)
F d/A¢

For deep sections having relatively thin flanges and web, column strength of the
compression flange predominate ( case of torsionally weak sections), the first term in the

formula of M, may be neglected, the critical bending stress is :

b oM, GO JELGC,,
SX

Ccr S

X
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],d?
By substituting C, = y4 and J = Ary2 , C, = 1 and the condition F_, < F:

w

L/, = |(n°E2F,) (dA/S,)

Giving to (dA/S,) a low value of 1.5, taking E = 29000 ksi and rectifying the ratio

L/r, by experimental data, we obtain :

L _ 30

5

Taking r, approximated as 0.25b, finally:

< .16b (4-20)

JE
AISC/ASD required that : for a section is considered as compact and designed for
F, = 0.66F,, the lateral unbraced length (i.e. the spacing between lateral supports) must

not exceed the smaller of the two values of L given by the following:

20000
= (4-21)

¢ Fd/A;
76b 422)

LCS—\/TF;-

2. Beams with L > L. In these beams, the yield stress can be achieved at the
extreme fiber prior the lateral buckling (the moment strength is M, = F,S), but the

plastic moment M, = F,Z can’t be reached. The allowable stress is 0.6 F,. The critical
bending stress is determined by equations (4-17) and (4-18). By substituting the
geometrical characteristics of the section by their approximate values and G = E/2.6, we
have with rounded values

2 2
3E 14E
E=fl——1I|+ 5 (4-23)
Ld/rt; (L/x,)
If the second term is neglected, giving :
3E _ 0.66E

F = - by taking r. = 0.22b. . A= b
“" Lamt,  Ld/A (by taking r, s Ar = bity)

Taking E = 29000 ksi, dividing by FS = 1.67 and inserting C,, finally obtain the
allowable stress :
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_ 12000C,

4-24
Ld/A, (#24)

b

If the first term is neglected, givihg :

- _14E
(,/L)?

cr

Since only the compression flange is column, the radius of gyration logically should
be that of the compression flange and some portion of the adjacent web. AISC

introduces the symbol rr for this portion, defined as “radius of gyration of a section
comprising the compression flange plus one third of the compression web area, taken about
an axis in the plane of the web”, Appromacxitely, r; may be taken as 1.2 1,. Replacing ry in
the above formula obtain the equation very closely to the Euler column one :

n’E

F. =
(L/rp)?

cr

(4-25)

For large value of (L/ rp), elastic buckling controls. The equation (4-25) is used for
the design basis. Dividing it by FS = 1.67 and inserting C, for moment gradient gives :

_E,  7’EC,

=—=———2_ orclosel
" FS  167(L/r)? Y

g _170x10°C,

S (420
T

In case of inelastic buckling, the buckling stress above F,/2 is taken according to the
SSRC parabola (see equation 3-4) :

of{)e]

The allowable stress is taken equal to 2/3 of F.., this gives (with insert of factor C;)

2
2 [2 Fy L
F=F| - 7— o

By replacing E value and adjusting some coefficient, The final AISC formula

becomes :

F (L/t,.)? '

F = Z__y(# F 4-27)
3 1530x10 C, Y
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The value of (L/ ry) at the transition between elastic and inelastic buckling can be
found by equalizing the allowable stresses in egs. (4-26) and (4-27) :

2 E(Lir) | 170000 C,
Fb = y =

3 1530x10°C, | (Lfe)?

from which is obtained :

3
L_ ,SIOxlO C, (4-28)
o E,

The biggest unbraced length L, that the beam can reach M, before lateral buckling
can be found by equalizing the allowable stress in (4-24) and (4-27) with F, = 0.6 F:

_12000C,, SL = 20000

06F, = ——° = C, = 1 by Spec 4-29
Y~ TLa/A, T (WAL, (G, = 1 by Spec) (4-29)
F, (L/e; )? | 3
06 F, =F, 3——y(—T)3— > L, =1 102x10°C, (4-30)
3 1530x10°C, F,
The bigger length is L.

A summary of the allowable bending stress depending of unbraced length is as
following :

1) When L does not exceed the smaller value from :

[ 20000 - _76b
°T(@WADE, R

soF,=0.66 F, (Equations (F1-1) and (F1-2) of AISC/ASD)

(4-21) and (4-22)

2) When L does not exceed the larger value from :

3
102x10°C, or L 20000

_ 20000 4-29) and (4-
T @d/AF, (4-29) and (4-30)

L, =x
y

SO F,=0.60F, (AISC/ASD F1-5)

3
3) When L exceeds L, but smaller than r; ’ S—IOLFI—O& , the larger from two values
y

F,, will controls :

R =|2 EL/m) |0 o6k (4-26) (AISC/ASD F1-6
v 7137 1530x10°C, | 7T Y ) )
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p _12x10°C

= ® <0.6F 4-24) (AISC/ASD F1-8
= TaA ; (4-24) ( )
3
4) When L exceeds r;, ’ ﬂ% , Fy, is the larger value from (4-24) and (4-26)
y
3
_12x10°G, 0.6F, (4-24) (AISC/ASD F1-8)
Ld/A;
3
F,=010C, o6k (4-27) (AISC/ASD F1-7)
(L/x) T

The value of Cy, is determined from the equation :

2
Co=175+1.05| M| o3[ M) (2
| M, 2 3

where M, is the smaller and M, the larger bending moment of the unbraced length,
taken about the strong axis of the member. The ratio (M,/M,) is positive when M, and
M, have the same sign and negative when thev are of opposite signs. When the bending
moment at any point within the unbraced length is larger than at both ends of this
length, the value of C, shall be taken as unity. When the span has many lateral-brace
point spacing uniformly, values of C, are given below, for simply supported beams
under uniformly distributed load.

Intermediate braces G
None 1.0
At midspan 1.75
At third point 1.0
At quarter points 1.13
At fifth points 1.0
At sixth points 1.05

Example 4-2. Select a W shape for a simply supported beam of 9 m span, with

adequate intermediate bracings, to carry a dead load of 750 daN/m, live load of 2250
daN/m. Use steel A36

Assume the proper weight of the beam 100daN/m. Total load :
750 + 2250 + 100 = 3100 daN/m = 31 kN/m
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31x92

Moment M= =313.87 kNm.

Assume the section is compact and sufficiently braced, so
F, = 0.66F, = 0.66 x 36 x 0.6895 = 16.38 kN/ cm®
The required section modulus :

S= 31123887 = 1915 cm = 116.86 in® (Note : 1 in® = 16,387 cm’)

Select the section W 21x62, the section modulus of which is 127 in’. Its weight 62
1b/ft = 92 daN/m, close to the assumed one.

Check the compact conditions

_bL=_8£'4_=6,7<£ =6—5- =10.8
2t 0615 N
d 21 640 _ 640

— = =525<— =— =106

t, 04 \/ﬁ 6

The section is compact.

Check the bracing spacing to satisfy the compact conditions : it’s the smaller from

two values L :

20000 20000 .
= = =1341in.
Fd/A;  36[21/(8.24x 0.615)]

L < 76b= 76 x8.24

Fy

= 104 in = 264 cm, which governs.

Use 3 braces at 2.25 m.

Example 4-3. Check a W21x44 shape for a simply supported beam of 9 m span, with
intermediate bracings, to carry a dead load of 750 daN/m, live load of 2250 daN/m. Use
steel A572 gr.65

The proper weight of the beam 44 1b/ft = 65daN/m. Total load :
750 + 2250 + 65 = 3065 daN/m = 30.65 KN/m

2
M= J065%97 231033 kNm.

For the first step, assume the section is compact and sufficiently braced, so

F, = 0.66F, =0.66 x 65 x 0.6895 = 29.58 kN/ cm”
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The required section modulus :

g 310.33

= = 1049 cm’ = 64 in> (Note : 1 in’ = 16.387 cm®)
29.58

The actual section has S = 81.6 in’, largely sufficient. This section is compact since :

ﬁ=6;5=7,2< ﬂzi = 8.06
2t; 045 JE 65
4 _2086 o, 640 _ 640 o .

t, 035 JE V65

The bending stress :

31.033

= T 1 aan = 23.2<0.6F, = 0.6 x 65 x 0.6895 = 26.6 kN/cm?
(81.6x16.387)

b

It is less than maximum allowable stress for noncompact section. So lateral bracing
need be spaced only to obtain the necessary allowable stress by eqgs. (4-24) and (4-26).

Try 3 braces spaced 2.25m. Then C, = 1.13. Section W21x44 has rp = 1.57 in, so
L 225

=—"" __ =564
iy 1.57x2.54

It’s larger than

102000C,, =\/102000><1.13 a1
F, 65

but less than _|210000C, =\V/510000><1.13 042
F, 65

So, the allowable stress is the larger from two values by (4-24) and (4-26) :

- E (L/rp)? 42
F, =F, Z—LQ =65 | 2064 |4 56
3 1530x10°C, 3 1530x10°x1.13

= 24.52 kN/cm>.

_ 12000C, _ 12000x1.13
*T Ld/A, 625

= 21.6ksi

Ld 225 20.66

where : — = x
A 2.54 6.5x0.45

=625
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F, = 24.52 < f, = 23.2 kN/em®
The section is OK.

IV. DEFLECTION

When beams are used in long spans or shallow sections, deflection restrictions may
control the design. Excessive deflection on a floor may cause the feeling of softness, and
also damage to attached element such as plaster, or undesirable vibrations. These are
serviceability requirements.

The maximum deflection of a beam may be expressed as :

_pwr’
EI

A

where
W= total service load on the span ;
L = span length;
E = modulus of elasticity (29000 ksi or 20000 kN/cmZ);

B = coefficient which depends upon the degree of fixity at supports, the
distribution of loading.

3
For a uniformly loaded simply supported beams, this equation becomes : A = g::;l
2 2
which upon substitution M = —w;—, f= %:— and c = %, gives A = SfL (4-31)

This is a good approximation of A for any simply supported beams, when the
maximum stress occurs near midspan.

The ratio L/d of beam span to beam depth which corresponds to a specific ratio A/L
can be determined from this Equa.

- =222 4-32)

There is no standard value for tolerable deflections in Specifications. The acceptable
amount must of necessity depend on the type and arrangement of materials being
supported. AISC Spec. states “Beams and girders supporting floors and roofs shall be
proportioned with due regard to the deflection produced by the design loads. Beams and
girders supporting plastered ceilings shall be so proportioned that the maximum live-
load deflection does not exceed 1/360 of the span.”

For the limitation of L/360, using E =29000 ksi or 20000 kN/cm?, equation. (4-32)
becomes :
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5 f 360 f

24 29000 1 387
< —x X

5 f 360 f

L

d

L 24 20000 1 267
or —< X X
d
where f is in ksi in the first case or in kN/cm? in the second case.
As a guide only, AISC/ASD Spec. suggests the following rules :

Floor beams and girders, fully stressed :

L < 800 (4-33)
d  F (ksi)

Roof purlins, fully stressed, except flat roof :
L < 1000 (4-34)
d F (ksi)

It should be noted that the deflection limits discussed above are not mandatory.

Example 4-4. To check the section of the beam from Ex. 4-3, for the limiting live-
load deflection is 1/300 of the span.

The bending stress from live-load is defined by multiplying the service bending stress

fy, by the ratio between live-load and total load :

f=2320x 220 _ 17.03 kN/cm® = 24.7 ksi
30.65

The span -to -depth ratio required for 1/300L limiting live-load deflection :
L 24 29000 1

—=— —— —=18.78
d 5 f 300
The actual span -to -depth ratio : L = 20072,54 =17.15 < 18.78, so the deflection is

20,66
less than the allowable value.
IV SHEAR IN BEAMS
1. Shear stress

Shearing stress is seldom a factor in the design of a steel beam. It is calculated only
as a check after the beam has been designed for bending. Shear may govern very short
beams supporting heavy concentrated loads near bearing spots.
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Shear stress is determined by the familiar equation :
\Y/
,=JQ (4-35)
It
where
V= shear force at the considered section ;

Q = the first moment of area about the x-axis of the cross-sectional area between
the extreme fiber and the particular location where the shear stress is to be determined.

In practical procedure of steel design, shear

stress is computed as the average value over the S I = g 1047
gross area of the web, neglecting the effect of any
fastener holes. Thus :
o X 14.2
f, V.Y (4-36) g
A, dt, s
Example 4-5. Determine the shear stress L
distribution on a W24 x 94 beam subjected to a g_—T

service load shear force of 1000kN.

I 1.3%57.6°
12

2
+2x(23x2.2)x£592'8j =111177 cm*

Stress at the junction of flange and web :
Q=23x22x299=1513cm’

10001513

v, = =0.59 kN/cm2 in flange
P 111177%23 ( ge)

1000x1513

v, = = 10.47 kN/cm? (in web)
111177x1.3

Stress at neutral axis :

57.6 576 1

Q= 1513 + 212x1.3x 22 x= =2052 cm”.
2 2 2

1000 x 2052

Vs = = 14.2 kN/em’
111177x1.3

Shear force carried by flanges :

0.59

2x23x2.2x% =29.8 kN, only 3% of the total shear force.
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Shear force carried by web :

1000 - 29.8 = 971.2 kN, i.e. 97% of the shear force.
This illustrates that in a I shape beam, most of shear is carried by the web.
The average shear stress on web :

V. 1000

v = = 12.4 kN/cm®, that means 12.7% below the maximum stress.
dt, 62x1.3

2. Allowable shear stress

The safety requirement for shear may be stated :
f, <F, ‘ 4-37)
where
\% \Y%

f, = service load average shear stress : f, = — = —
w

F, = allowable shear stress, which can be determined as the shear yielding stress
divided by a FS.

The shear yielding stress T, equals the normal yield stress divided by V3, ie. in

round t, = 0.6 F, . Taking for the FS the value 1.67, the allowable shear stress equals :

F
F,=06 % =0.36 F,. AISC Spec. takes

F,=04F, (4-38)

. - . : . 3
This applies for beams without transversal stiffeners and with L < 380 .
t,, [,

When E— >

380
t, \/E

critical stress for the case of pure shear is given by :

, may occurs the shear buckling of the web (Fig. 4-4,a). The

n’E
" 120 - p?)ht,, )?

Tcr -

where k, is a factor depending on the ratio of the short to the long dimension of the
plate (web with stiffeners) :

5.34

(a/h)? @

for %s 1 (Fig. 4-4,b), k =4.0 +
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4.0
a/h)?

Designing C, as the ratio of the shear stress at buckling t,, and the shear yield stress T,:

for % > 1 (Fig. 4-4,c), k=534+ ( (4-40)

C = Tﬁ = | kVTtZE
Yoo, ty12(1—u2)(h/tw)2

| ——————————— -} A \ ¥
| N | Stiffeners
| | ) S P < -~
| I h : 1 " Stffeners — |
| | - / -~ - / -
|

I ____________ ») A

: ] ——

a) b) ¢)

Fig. 4-4

Substituting of E = 29000 ksi, p = 0.3, 7, =0.6 F,, gives

k, x 1% x 29000
0.6F, x 12(1-0.3%)(ht,,)*

v =

45000 k,

x (4-41)
F, (h/t,,)

v =

This is C, for elastic stability, when the critical limit 7, does not exceed the proportional

limit t,,,, which is taken as 0.8t,i.e. when C, <0.8. The allowable shear stress :

Tor C1y CF, CF

F = = = =
""ES  FS 1673 289
AISC/ASD gives :
C,F
,= —~ <04F, (4-42)
2.89

When C, > 0.8, the buckling occurs in the range of inelastic strain. One takes the
critical shear stress according to the formula :

Ter = o TproTer Where 7/_is the elastic critical shear stress. Or

0.81 (rc,)45000 k,

\ /O 8ty T = \f
E (hty)
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So. C, = e o [08x45000k, _ 190 o
S F (b, )* b, VY

AISC gives, when C, > 0.8 :

.= 1%0 [k, (4-43)
hit, \E
The maximum h/t,, value with which beams without stiffeners can be design using
F,=04 F, is found by comparing equation. (4-38) and (4-42).

C,F,
L =04F
2.89 Y

With C, by (4-43) and k, approaching 5.34 (without stiffeners):

F
y _ 49 = 0.4F,

2.89 (hit,,)\[F,

h 380

and: t—w— < \/Fy—

It’s the limit value quoted above for formula (4-38).

Example 4-6 Check the shear for a beam supporting a uniform load of 30kN/m on
the span of 9 m. Using W21x62, A36 for the first alternation and W21x44, A572 gr.65
for the second one.

30x9 _13.5kN.

The reaction (maximum shear force) : V =

1) Section W21 x 62 : br=8.24in, t;=0.615in,d =21 in, t, =0.41in
Slenderness ratio of the web :

h  21-2x0.615 380 380

T T= 43..4 less than \/ﬁ = —6— =63.3
F,=0.4F, =0.6 x 36 = 14.4 ksi = 9.93 kN/cm?
Webarea: A, =21 x 0.4 =84 in’=54.2 cm?
Shear stress on web :
f, = ;3—2 =249 kN/em® < F, = 0.4 F, = 9.93 kN/cm?
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2) Section W21 x 44 : by = 8.24 in, tr = 0.45 in, d = 20.66 in, t,, = 0.35 in

h _ 20.66 —2x0.45 = 56.5 bigger than ~o2 380

t 0.35 \/— J65
Using (4-41)

c = $000k, _ 45000x3.34 ", 155508

E,(ht,)*  65x(56.5)°

=47.1

C, must be recalculated by (4-43)

c =10 334 _ 0.96>08, OK
565 V 65

Allowable shear stress by (4-42) :

_CF  096x65
V289 2.89

Web area :
A,, =20.66 x 0.35 = 7.23 in® = 46.65 cm*
Shear stress on web :

f, = 135 =2.89 kN/cm? <F, —217k51—1496kN/cm
46.65

For shear resistance, the section is OK.

=21.7<0.4 x 65 =26 ksi
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Chapter 5

BEAM-COLUMNS AND
COMBINED STRESSED MEMBERS

I. BEHAVIOR OF A BEAM-COLUMN UNDER LOAD

Nearly all members in a structure are subjected to both bending moment and axial load,
either tension or compression. A member subjected to axial compression and bending is
referred to as a beam-column. When axial compression is present, beside the given
moment, arises a secondary bending moment equal to the axial force times the deflection.

A initially straight pin-ended column subjected to axial forces P and end moments
M, is shown on Fig. 5-1. The differential equation of the deflection y gives :

q2
M, =-EI -
dx
where M, is the bending moment at the location x which equals the primary moment

plus the secondary one caused by the deflection : M, = M, + Py;

Fig. 5-1
d2y
So: —EI¥=M()+PY
Dividing by EI gives :
dy B _ M
dx*> EI El
Using the notation k? = P/EL the equation becomes :
dy K’M,
— 4+ k = - 5'1
0 y P (-1
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The solution of this equation is
y = Asin kx + Bcoskx — MPQ

With the boundary conditions y = 0 at x = 0 and x = L, this solution becomes :

sinkx

y =%—(1— kL) + M, (coskL —1) (5-2)
p P
The bending moment at any point is determined from M, = — EI (dzy/dxz). The
maximum value is found to be :

M

max

= Msec % (5-3)

This is called the secant formula.

The value of /sec(kL/2) is the magnification factor of the bending moment due to the
compression force. This factor varies with each case of loads, such as unequal end
moments, transverse loading, etc. Another-useful formula which is only approximate :

M, .« 5-4)
lI-a
2
where o= P and P = =El , the Euler force.
: P 1z
When the end moments are unequal : M; <:M,, a factor C,, is inserted :
c, M
M =—— (5-3)
I-a

M is the moment from working loads.
The value of C, will be discussed below
The maximum stress should not exceed the yield stress :

f=£+M_C__<F
A S 1-a

Dividing by F, and putting A F, = P, ; SF,=M,, gives

Py is the extreme value of P when M=0 and My is the extreme value of M when P=O .

‘Since there is the buckling, elastic or inelastic, we change the value P, by the critical P_,.

P MG o, (5-6)
P M, 1-« .

cr y
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This formula applies when the maximum moment is in the middle of the span. When
the maximum moment is at one end, there is no amplification factor. The beginning of
yield on the extreme fiber is given by : '

P M

f= — + —maX <[
A S Y
or: £+—M—S1 (5-7)
P M,

Both cases should be checked because we don’t know what case will control.

II. ALLOWABLE STRESS FORMULA FOR BEAM-COLUMNS

AISC Spec. uses Egs. (5-6) and (5-7) for the beam-column in structures designed on
yield basis.

1. In the first case, if P and M are defined as service-load (working-load) values and
n is the factor of safety, nP and nM should be substituted for P and M in Eq. (5-6) :

WM Gy
PCl' My l—nP/PE

Dividing P, Pg and P, by the cross-sectional area A and M and M;, by the section
modulus S, we write this equ. in the form :

fa + fb . Cm =1
Fom Emn _ §
Fe/n

where f, and f,, are service-load stresses. The stresses which are divided by the factor
of safety are the allowable stresses, so :

L,5 Co _, 55
Fa Fbl_fa/FI’E :

F, - is the axial compressive stress that would be allowed if there were only the

axial force P ;

Fy, - is the bending compressive stress that would be allowed if there were only
the moment M ;

_12 2B 14900
23 (KLy/r,)*  (KLy/r,)°

this expression, Ly, is the actual unbraced length in the plane of bending and r, is the

Ft ksi, Euler stress divided by a factor of safety ; in
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corresponding radius of gyration, K 1s the effective length factor in the plane of bending.

As in case of F,, F, , F’; may be increased 1/3 when calculated with wind load.

The amplification factor C,, shall be taken as follows :

a. For compression member in frames subject to joint translation (sidesway), C, = 0.85

b. For rotationally restrained compression member in frames braced against joint
translation and not subject to transverse loading between their supports in the plane of
bending

M

2

C,=06-04 (5-9) .
where (M,;/M,) is the ratio of the smaller to larger moments at the ends of that

portion of the member in the plane of bending under consideration. (M;/M,) is positive
when the member is bent in reverse curvature, negative when bent in single curvature.

c. For compression member in frames braced agains't joint translation in the plane of
loading and subjected to transverse loading between their supports, C,, may be taken.
equal : C, = 0.85 when the member ends are restrained against rotation in the plane of

bending and C,, = 1 when unrestrained.

2. In the second case, if the equation (5-7) is used, by the same change, we obtain :

L, + fy <1.0 (5-10)
06F F
If the axial force is small, in case L < 0.15, AISC allows the following simpler

a

formula to be used in lieu of egs. (5-8) and (5-10) :

LS (5-11)
Fa Fb

In the most general case, when exist bending moments on both directions about the
strong axis M, and the weak axis M, the three equations (5-8), (5-10) and (5-11) become :

fofh G Foy G (5-12)
F, Ry 1-(L/F) By 1-(L/F)

PR PR TP (5-13)
06F,  Fy Fy
Gyt Ty <10 (5-14)
Fa Fbx I::by
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In these equations, the subscripts x and y combined with subscripts b, m, and e

indicate the axis about which a particular stress or design property applies.

Example 5-1

Check the section of column in a portal frame under vertical load. Assume the
moment of inertia of the rafter is twice that of the column. The columns are braced at
top and bottom against y-axis displacement and at midheight against y-axis buckling.

—»]

}JA
(

360

A36 steel.
180KN 22Nim 180KN- 273kNm 1 e
O O O N~ A i
[ _ —
B3
MB
| 15m — <

of

Compression force and bending moment in the column :

P=180+22 x 125 = 345 KN

M =273 kNm
For y-axis buckling, K = 0.5, KL, =0.5x 6m = 3m
For x-axis buckling, K = 2.0 (approximately) KL, =2 x 6 =12 m
Sectioh properties :

A=324x12+2x36x 18 = 168.5 cm®.

3 .
324 _ 41297 cm*.

L = (36 x 0.8 x 17.1%) + 1.2x

[,=2x18x 22 =13997 cm*.
12
r,=15.65cm; I, = 9.1 cm.

Slenderness ratios :

KL
y _ 300 . KL, _ 1200 =76.7, which governs.

9.1 . 1565

From Table C-36 (Chap.3) : F, = 15.72 ksi = 10.83 kN/cm?>

Assume the limit unbraced length is greater than KL, =3m, so F, =0.66 F, = 0.66 x 36

=24 ksi = 16.55 kN/cm?.

151



14900 _ )53 ysi = 17.44 kN/cm?.

-
E =

76.72
L= o8 05 KNJem? ; £, = 27300 x I8 119 kNem?
163.5 41297
, . £ 2.05 . .
The ratio — = ﬁ = 0.18 > 0.15, formula (5-11) is not permitted. Both formulas

a

(5-8) and (5-10) shall be used.

Since C,, = 0.85 for compression members in frames subject to joint translation,
formula (5-8) gives :

205 0.85x11.9

+
1083 o ssf(_ 205
17.44

=0.88

For formula (5-10) : 0.6F, = 0.6 x 36 =21.6 ksi = 14.89 kN/cm?

2.05 N 1.9
1489 16.55

The section is OK for this load case.

Example 5-2

Check the section of column in this portal frame under vertical load and wind load .
Assume the wind load is concentrated at the column top to simplify the problem. The
bending moment diagram and reaction forces are shown on the drawing.

120kNm ) 120kNm

—

1 166N 16KN

Compression force and moment :
P =346 + 16 =361 kN
M =273 + 120 = 393 kNm.

Stresses :  f, = 36l _ 2.14 kN/cm? ;

168,5

£, = 39300% —o
41297

=17.12 kN/cm?.
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The allowable stress can be increased for one-third for wind load and load
combinations that include wind. Therefore, Eq. (5-8) gives :
2.14 N 0.85x17.12 =087
10.83x(4/3)  16.55x(4/3)(1~ 2.05/17.44 x (4/3))

For formula (5-10) : O.6Fy =0.6 x 36 = 21.6 ksi = 14.89 kN/cm?

2.14 11.9
+

=0.88
14.89x(4/3)  16.55x(4/3)

The section is OK for this load case.

III. AXTAL TENSION AND BENDING

Member subject to both axial tension and bending stresses shall be proportioned at all
points along their length to satisfy the following equation :

f_a.|.fb_x

f
+ 2 <10 (5-15)
Ft I::b

X Fby

where f;, is the computed bending tensile stress, f, is the computed axial tensile stress,
F, is the allowable bending stress and F, is the governing allow. ble tensile stress defined
according to Chapter 2 (i.e. 0.6 F, on gross area znd 0.5 F,, on effective area).

At tue same time, the computed berding compressive stress arising from an

independent load source relative to the axial tension, taken above, shall not exceed the
applicable value required in Chapter 4.
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Chapter 6
PLATE GIRDERS

1. GENERAL FEATURES OF PLATE GIRDERS

1.1. Components of a plate girder

A plate girder is a beam built up from plate elements to achieve longer span and
heavier load carrying capacity than rolled beams. In a simplest form, the plate girder is
composed from two flange plates welded to a web plate to form an I shape section (Fig.
6-1,a). Box girders (Fig 6.1,b) are also used. Another form is a bolted plate girder,
composed of cover plates and flange angles (Fig 6.1,c), where the connections by
ancient rivets are actually replaced by high strength bolts.

Plate girders are used in buildings where long span are needed over large areas such
as auditoriums. Generally , simple spans of 20 to 50 m are traditionally the domain for
plate girders. They are also used in bridges for spans from 15 to 100 m and more.

In a plate girder, the web is always slender (i.e. the depth-thickness ratio is large), so
it is often reinforced by stiffeners. There are intermediate transversal stiffeners along the
span and bearing stiffeners at the supports (Fig.6-1.d).

fiange

| M | | —
fF intermediate

stiffener
plate %
web

- 1 L — E“:F EE::]

a) b) ¢) d

Fig 6-1

1.2. Difference between beam and plate girder

A plate girder is a deep beam. The depth and the depth-thickness ratio of the web of a
plate girder is always much larger than that of a beam. A beam is often made from
rolled shapes. Most rolled shapes are either compact or noncompact. If the flange is
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slender, flange local buckling may occur and a reducing factor Q<1 must be used in the
bending allowable stress Fy. If the depth-thickness ratio h/t, of the web exceeds the
noncompact limit, the web is slender, and this beam must be treated as a plate girder.
Plate girders are distinguished from beams on the basis of this web slenderness ratio.
When this value is smaller than 760/\/Fb, they are beams ; when greater, they are plate
girders. Fig 6-2 shows the distinction between local buckling conditions (compact,
noncompact, slender) of flanges and webs, where the bending allowable stress is
dependent from their slenderness ratio.

FLANGE WEB

|

t

[

I

' ) lend

| I\\ slender
compact : noncompact : \/

1 | A

| | -

] l

6404F, 760N, hit,

Fig6-2

The flexural and shear strengths of a plate girder are largely related to the web. The
slender web may cause several problems :

1. Buckling due to bending in the plane of the web will reduce the efficiency of the
web to carry its part of the bending moment.

2. Buckling of the compression flange in the vertical direction due to the inadequate
stiffness of the web to prevent such buckling.

3. Buckling due to shear.
These problems will be treated in the design of a plate girder.

The most distinguishing feature of a plate girder is the use of regularly spaced
transverse stiffeners. Stiffeners increase the strength of the web to carry shear. Even
after the buckling of the web has occurred, it does not mean that the web has lost its
capacity. There will be a post-buckling strength of the web. This post buckling strength
in both bending and shear is permitted to be taken into account by the AISC Spec.

II. BEND BUCKLING OF PLATE GIRDER WEB

Since bending stresses are compressive over part of the web of the plate girder, they

may cause local buckling of the web, especially when the web has a high ratio hft,,
(Fig.6-3). The elastic buckling stress of any plate is represented by the equation :
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n°E
12(1 - p?)(b /1)

—
where in this case b=h, the web depth. { 7 L

The value of k varies with the ratio a/h , h

I'::Cl'

and with support conditions along the
edges. If the plate can be considered to
have full fixity (against edge rotation) T a ]
along the edge joined to the flanges, the i '
minimum value of k is 39.6 for any a/h
ratio. If the flanges are assumed to offer no
resistance to edge rotation, the minimum
value of k is 23.9.

Thus the critical stress (using E = 29000 ksi) may be said to lie between

_ 627000 for k = 23.9 (simple support at flanges)

(h/t)
_ 1038000
cr (h/t)2

Welded flange to web connections are nearly fully restraints against rotation. One
may arbitrarily select a k value close to 39.6, say 80%, this gives the critical stress when
elastic buckling occurs due to the bending in the plane of the web:

954000
(hst)"

Such bend buckling cannot occur if :

Fig.6-3

cr

for k = 39.6 (full fixity at flanges).

F. =

cr

h _ [954000 _ 975

t E, N
AISC/ASD substitutes F_ by 1.67 Fy, the allowable bending stress, this gives :
h _ 760

This is the limit ratio that makes distinction between beam and plate girder. When the
h/t ratio exceeds this limit, there will be a buckling of web before the extreme fibers
reach yield stress. But buckling of the web does not end the usefulness of the girder.
Subsequent to elastic buckling, post-buckling strength develops and may be considered
in determining the ultimate strength of the girder.

(6-1)
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The web in the buckling region is
neglected, the section is reduced to an
effective one, with the web depth equal only
30t (Fig. 6-4). The neutral axis can be
determined, and the moment of inertia I, of
the effective section can be computed.
Assuming the extreme fiber in compression
reaches to the yield stress, the nominal

moment strength M, equals :

M, = FL/, c is the distance from the
web extreme fiber in compression to the
neutral axis.

Fig 6-4

Of course, this moment is smaller than the yield moment strength M, of a entire

section with the extreme fiber stress equal to F,. The relation between two moment

values can be expressed in a linear form, after some simplifying assumptions and
comparisons with tests :

M o005 [Lﬂ}

M, Ar (t R

Where A,, and A; are respectively the area of the web and a flange.

This equation can be expressed in terms of an equivalent stress foq = Mc /I where I is

the moment of inertia of the gross cross section. Thus, dividing M and M, by I/c, we get:

f ,
1005 [L&J

T Aft\/g_

f
Using a factor of safety 1.67, the allowable bending stress F, = % is

F, = 0.6F, | 1-0.0005 2w [ h_ ﬁ]

Aft\/g

But 0.6F, is the maximum allowable bending stress F,, for a plate girder with a fully

effective web. Therefore, substituting F, =1.67F,, we get :

F, = 0.6F, [ 1-0.0005 2w (E - @H (6-2)

A (t R
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This is the formula (G2-1) of AISC Spec. for non-hybrid (only from one kind of
material) girder :

F,=F, Ry 6-3)
With Ry, =1-0000s2w [B_T01 o9
Ag JE,

F, for the compression flange is defined as the allowable bending stress according to
formulas (4-21) to (4-27) of Chapter 4, by which lateral-torsional buckling is taken in
account. For the tension flange, F, = F,.

III. VERTICAL BUCKLING OF COMPRESSION FLANGE

If a plate girder web is to slender, its

stiffness is not big enough to prevent the ' ' mg}iﬂzﬁm
compression flange from buckling LY

vertically. One may imagine that the

flange is a compression member h Y h
independent of the rest of the girder

(Fig. 6-5). When the girder is bent, the ‘ .
curvature gives rise to flange force —

components that cause compression on Fig 6-5

the edges of the web adjacent to the
flanges. When the web remains stable when subject to those force components, the flange
cannot buckle vertically.

Consider a vertical element of unit width of a plate girder which is stressed to its

yield moment (Fig.6-6).The extreme-fiber strain € produce a relative rotation o = (T/i;

of the vertical edges of the element. Equilibrium of the flange forces F A¢ requires a
vertical compression V = (F A tga). The vertical compression stress :
’ ‘e vV _FAgtga F,Ae
Ixt t (h/2)t
must not exceed the critical stress for a web in compression with hinged ends
_ n°E
121 - phw’

cr

From f<F_ , gives

(3)2_ wE Ay 1
t 24(1-p?) A €F,
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a) b)
Fig. 6.6

Because of the residual stress in the flanges, the extreme-fiber strain € must exceed the
yield strain &, = F,/E by an amount sufficient to offset the residual strain of opposite sign in
order to obtain uniform yielding of the flange. Therefore : € = gy + & = (F+F)/E where F,
is the residual stress. By substituting the ratio A, /A; taken at 0.5 and the residual stress
taken at 16.5 ksi, gives (Equation G1-1 of AISC/ASD):

h _ 14000 6-4)

t JE(F +165)

This is the limit value of h/t which prevents the compression flange from buckling
vertically. It applies for webs without transverse stiffeners or with stiffeners spaced more
than 1.5 times the web depth (distance between flanges). When stiffeners are spaced less
than 1.5h, the limit is taken according to test results as (Equation G1-2 of AISC/ASD):

h < 2000

= < (6-5)
Example 6-1
Check the section of a plate girder of 15m span for resisting i B

a bending moment of 4125 kNm. The girder is laterally
supported at third points by two beams. Use stee] A36.

1700
<
1
b

Moment of inertia :

1x170°
12

;

+2x35%x5%87.5% =3089104cm*
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Section modulus :

_ 3089104
87.5

S = 34323 cm’
Bending stress :

_ 4125030 ~ 12.02 kKN/cm?

Check the compact section limit :

Flange : be = 350 =3.5< 0 = 10.8, compact ;
2, 2x50 36
Web : —ll =170< 14000 = 322, the web slenderness less than the limit.

t \36(36+16.5)

Check the unsupported length :

Lo _ 76 _ 7% 12661, =1266x35=443cm
b E 6 |
o 20000 20000 _ 539 o, since 4 _ 180 oo
F,(d/A;) 36 x1.028 A, 5x35

Thé unsupported length between two bracings is 500 cm, bigger than the smaller
from two values of L_, so the girder is not compact, i.e. F, < 0.66 F,. But its does not

exceed the bigger from two values of Ly, :

= 20000C, _ 50000 x — x 1.028 = 539 cm and
F, (d/A¢) 36
Lo=ry [102000Cs g3y [102000_ o5 e,
F, 36

where Cy =1

3
Ir = Sx35/12 =937 cm
(3x35)+ (170x1/6)

So, the allowable bending stress F, < 0.60 Fy= 0.6 x 36 = 21.6 ksi.

But the web slenderness h/t = 170 greater than 760/ \/Fb' = 163.5, this girder is a plate
girder, and the allowable bending stress is defined by : '
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K=F xRy = 21.6[1— 0.0005 % (170—163.5)]= 21.5 ksi = 14.8 kN/cm?,
bigger than the bending stress. The section is OK.
IV. SHEAR BUCKLING OF PLATE GIRDER WEB

As said in Chapter 4, the critical stress of a web under shear is given by :

_ k,n°E
12(1-p?)(htt,, )2

TCI‘

where k, is a factor depending on the ratio of the short to the long dimension of the plate
(web with stiffeners) :

5.34

for <1 k=40+ s (4-39)
h (a/h)

for 221 k=smu+ 22 (4-40)
h (a/h)

Based on these formulas, AISC gives the following allowable shear stress of a beam
or a plate girder :

C,F
F,= Y <04F, (4-41)
2.89
where: C, = &Ok; when C, < 0.8 (4-42)
E, (h/t,,)
190 -
and C,=—, /kV/Fy when C, > 0.8 (4-43)

h/t

The maximum average web shear stress f, = V/dt must not be greater than the

allowable stress F,.

As known, shear is seldom a determining factor in the design of rolled- section
beams. But plate girder web slenderness h/t is usually much larger than that of rolled
beam, so transverse stiffeners are often used to increase the shear-buckling strength.
AISC specified that intermediate stiffeners are required when the ratio h/t is greater than

260 and the maximum average web shear stress is greater than F,. The spacing of
intermediate stiffeners, when required, shall be such that the web shear stress will not

exceed the value of F, and

2 <20 2 <30 (6-6)
h (h/t) h
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The stiffeners must be strong enough to prevent them from buckling with the web.
AISC gives the value of the moment of inertia of a pair of stiffeners about the web center

h 4
2| — 6-
(1) o

. . . : : .. b _ 95
In addition, the width-thickness ratio must satisfy the non-compact condition n < —\/;— .
y

But web buckling does not determine the ultimate strength of a plate girder. A plate
girder stiffened by flanges and transverse stiffeners has considerable post-buckling
strength. After that the web buckling has occurred , the plate girder behaves in a manner
similar to a truss. The compression forces are carried by the transverse stiffeners and the
tension forces are carried by the tension action of the web (referred to as tension-field
action) (Fig. 6-7). The tension-field action increases the shear strength of the web from
that based on buckling.

Tension

N
Vil

| L | ‘ —L ),]T Stiffeners

4dn

Fig. 6-7 Tension-field action

The nominal shear strength V, may be expressed as the sum of the shear buckling
strength V_, and the post-buckling strength V¢ from tension field action
Vn = Vcr + th
The shear buckling strength V, is given by the equation :
V. =1,Chty
The shear strength V arising from tension-field action in the web develops a band of
tensile forces that occur after the web has buckled under diagonal compression
(principal stresses). Equilibrium is maintained by the transfer of forces to vertical
stiffeners. The angle of the tension forces v is such to give the greatest carrying capacity.
One found that tan 2y = h/a where a = stiffener spacing. The equilibrium conditions of
tensile forces and the shear strength V¢ give, after a lot of calculation transformations :
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cht,,
2 \/1+(a/h)?

where o, is tensile stress developed in the web.

Vig=

By the failure condition of a web element under both shear stress T., and normal

stress G,, one may find that :

o,=(1-C)F, (6-8)
T T
with C= L =_—9
3 F/3

Substituting these equations in that of V_, and using T, =F, / NG , gives :

v, =F| Sy 126G Iy
TV afe@m? |
The allowable shear stress when tension-field action is used is based on this strength.

By dividing the strength V by the factor of safety 1.67 and by the web area A, =ht,,
the AISC/ASD allowable stress shear stress F, is :

F —
F,=—|C, + 1-C (6-9)
2.89 1.15y/1 + (a/h)?

which is AISC/ASD-Formula (G3-1).

The allowable shear stress including tension field action given by this equation is
permitted in lieu of the Equation (F4-2), when intermediate stiffeners are provided and if
C, < 1. The tension field action is
not permitted in end panel,
between the bearing stiffener and — — —
the first intermediate one.

iy
i
raliy

The force P in the stiffener is =
. ) . /
found by using the vertical force <3| — ]
equilibrium in Fig 6-8: a %}a-
. . P
P, = (o,t,,asiny)siny SL/'/ >\ P Mid depth
o . . : LY
Substituting the trigonometric % AL /V\u )
e 1 —cos2 F l TT_.FW 7
identity sin®y = ~— %Y and the AP 4R, —— —F
equation for o, (see 6-8), gives :
Fig 6-8
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L _BO-Coa, [1 a/h } 6.10)

2 J1+(@/hy?

which is the force in the stiffener when nominal shear strength V is reached, including
tension-field action.

The area required for the stiffener is obtained by dividing the force Pg by the yield
stress Fy of the stiffener : Ay = Py / Fy,. Letting Fy/ F,; =Y and introducing the

multiplier D which accounts for the eccentricity of the stiffeners relative to the web,
gives the formula (G4-2) :

2
A _l—C\[a (a/h)

"2 b fir@rmy

D is taken : D =1.0 when stiffeners are furnished in pairs ; D= 1.8 for single angle
stiffeners and D = 2.4 for single plate stiffeners.

}YDhtw (6-11)

When the greatest shear stress f,, in a panel is less than that permitted by Equation (6-9),
the reduction of this gross area requirement is permitted in like proportion.

Intermediate stiffeners may be stopped short of the tension flange if they are not
needed to transmit a concentrated load. The weld by which intermediate stiffeners are
attached to the web shall be terminated not closer than 4 times nor more than 6 times the
web thickness from the near toe of the web-to-flange weld. When single stiffeners are
used, they shall be attached to the compression flange to resist the torsion in the plate.

V. COMBINED SHEAR AND TENSION STRESS

In the majority of cases, the strength in bending M, is not influenced by shear, nor the -

shear strength V_ influenced by moment. Particularly, in very slender webs where bend-
buckling may occur, the bending stress is redistributed as discussed in Section II so that the
flanges carry an increased share. In thicker webs, no bend-buckling may occur but high
web shear in combination with bending may cause yielding of the web adjacent to the
flange ; so resulting in a transfer of part the web’s
share of the bending to the flange. In such case, a
strength in combined bending and shear need to
be defined.

When subjected to high bending moment, the b | — 1 Y.
web yields adjacent to the flange and is therefore
unable to carry shear. In the mid-depth region of
the web, the shear causes yielding ; thus this part F
of the web is unable to carry bending moment.
The distribution of normal stress and shear stress
is supposed to be as in Fig. 6-9. Fig 6-9

Fy T,

t

L]

Normal stress Shear stress
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The nominal shear strength V/ in the presence of bending moment may be expressed as
vV, = TyYolw

When no bending moment is present, that is y, = h, the nominal shear strength V_
should be :

Vo=t h

From this : Yo = V—"

n

The nominal moment strength M’ in the presence of shear from Fig. 6-91is :

M, =AEh+E, 22 g YoYo
Y22 2 2
which upon substitution of Yo and letting A =ht,, gives
)
M, =F A¢h 1+1A— 1- Yo
4 A; V

n
The nominal moment strength M,, equals M, when the extreme fiber reaches the
yield stress F,, and with the web fully participating is :

1A,
6 A

Dividing these two equations term by term, gives :

1+1p1 (VJ
M, 4 \'A

M, =M, =FhA; +—

M 1
y 1+—
3 &
where =ﬂ.
Ag
Approximately, and using a conservative value of P = A,/A=2, this equation gives :
When Vn <0.60, M =M
\Y4 y
n
When % =1, M, =0.75M,
n
Ones can rewrite the equation for M, /My, by using a lin. - relation in lieu of the

rational expression, as :
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M, =1—é (y—"‘—Oﬁj <1
My 8 \ 'V,

or Mn+ 2 X“— <10+ §-0.6 =1.375
My 8 V, 8

where

M, is nominal flexural strength in the presence of shear
V' is nominal shear strength in the presence of flexure
M, is maximum nominal flexural strength (yielding moment)
V_ is maximum nominal shear strength.
In AISC/ASD, M), equals a service load moment M times a factor of safety FS, the
yielding moment M, equals F,S,, V! equals the service load shear times FS and the

nominal shear strength V, equals T.A,,, then the above equation becomes :

+0.625 [y—(@} <1375

cr-w

M(FS)

E,S,

Replacing the terms with the service load bending stress f,, for M/S,, the maximum
allowable stress in flexure for a plate girder 0.60F, for E,/FS, the service load shear

stress f, for V/A,, and the allowable shear stress F, for 1,/FS, the equation becomes :

f, f

+0.625 2X<1.375
0.6013y F,
ASD Formula {G5 -1)
i, (0825-0375,:1)F,
10 0,60f, 0,60F,
f
=1,375-0,625 -
FV
015 f——————————————-
1
[
b I
0,60fy ||
|
[
i
I
f
|
1
Fig. 6-10 Relationship for 06 10
) ; f

combined shear and tension FV—
v
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solving for £, gives :

f
f, < [0.825 -0.375 F—Vj F, <0.60F, (6-12)

v
which is AISC/ASD formula (G5-1). F, is the allowable web shear stress according to
Equation (6-9) or (G3-1) of ASD.
The relation between the maximum flexural stress f, and the average web shear stress
f, according to this formula can be shown in Fig. 6-10
Example 6-2. An overall checking of a plate girder

Check the section on bending moment and shear and placement of stiffeners for of a
plate girder as shown on the drawing. Flanges : two plates of 440 x 24 mm ; web : plate
of 1700 x 8 mm. The compression flange will be supported laterally only at points of
concentrated loads. Using steel A36.

Given : maximum bending moment : 2480 kNm

Maximum vertical shear : 580 kN o o 40K
Flange area A; = 105.6 cm? [ _]
Web area A, = 136 cm? i 5m | am | 5m %
Moment of inertia I, = 1896842 cm® | | | K
Modulus of section S, = 21703 cm? 580 360

Steel F, = 36 ksi = 24.8KN/cm® a5 ”

1. Compact section conditions \l\_l__/l/
b, 440 2400

2480

Flange: — = =9.166, to be compared with
2t 2x24
95 4.05
where kc = 046 "

F /k, (h/t)~

Here 2 =179 5155570 and k = 2 0344
t 8 V (212.5)~
95

——=——= = 9.28 > 9.166, OK. The flange slenderness does not exceed the
V36/0.344

noncompact limit. We can use F, = 0.60F,.

Web : h =212.5> 760 = — 760 = 162. The web is slender, this girder must be
JB,  /0.60x36

t

considered as a plate girder, with reduction of bending allowable stress by the factor Rp.
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But this web depth-thickness ratio is still lesser than the limits given for a plate girder
without intermediate stiffeners :

h

T=2125<260
and B 51400 MO0 s
t JE E,+165)  |36(36+16.5)

Check flange bending stress
Moment of inertia of the flange plus 1/6 web about y-y axis :

2.4(44)
L, =
12

=17037 cm*;

Area of this part : 105.6 + % 170x 0.8 = 128.3 cm?

’ 7
Radius of gyration : rp = 1T7298§3— =11.52 cm

Maximum bending stress at midspan :.

_ 248000
b~ 21703

M,,,, greater than M, and My, so G, = 1

1 _ 400 —347 < 102000C,, _ 53
rp - 11.52 F,

Allowable stress based upon lateral buckling criteria :
F, =0.6 F, =21.6 ksi

Reduced allowable bending stress in compression flange

Ro=1- 0.0005-’3&(9—1@9}

=11.42 kN/cm2

At R
_1-00005s 128 21252 | =068
105.6 J216

F{ = 21.6 x 0.968 = 20.9 ksi = 14.42 KN/em” > f;,, dat.

Check at the 5m panel, with M = 2400 kNm :
Maximum bending stress :

240000

)= = 11.06 kN/cm®
21703
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2
G, =1.75+1.05 M, +03 M, =1.75, since M, =0
M, M,

o 11.52 \ 36

Allowable stress in this panel based upon lateral buckling criteria
F,=0.6 F, =21.6 ksi
Reduced allowable bending stress in compression flange
Fy =21.6 x 0.968 = 20.9 ksi = 14.42 kN/cm® > f,, OK.
3. Stiffeners

Bearing stiffeners : necessary at supports and under concentrated loads. The design of
these stiffeners will be discussed in chapter 8.
Intermediate stiffeners :
Check shear stress in unstiffenered end panel :
h a_ 500

—=2125; 2= 2" 2204,
t "’ h 170

K,=534+ —=580:
2.94

_ 45000k, _ 45000 x 5.80

C, > = — - =0.16<0.8
E, (h/t) 36(212.5)
Allowable shear stress
F,
F,= —LC, =36 x 228 99 ksi = 1.38 kN/em?
2.89 2.89
. vV 58 2
Maximum shear stress : f, = " = 136 = 4.26 kN/cm", greater than allowable. So,

.
provide intermediate stiffeners.
In the end panel where tension-tield action is not permitted, the spacing of the first

intermediate stiffener is chosen such to ensure the allowable shear stress not lesser thiin
the maximum shear stress :

F, = 4.26 kN/cm? = 6.18 ksi.
6.18 = i C, - C,=0496= f‘j(.)%\)
2.89

i
k,=17.92=4+23%

(a/h)?
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2
(ij ~062 > =038 - a=105cm.
h h

Use a = 100 cm.

Check for other additional stiffeners :

Shear at first intermediate stiffener :
V=580-(40x1)=540kN; f, = ijg 397kN/cm

Distance between this stiffener and that one under the concentrated load :
a=500-100 =400 cm

E = i(_)g =2235

h 170

k, =534+ =6.06;C, = 45000 x 696 _ 167 <08
2.35° 36 x 212.52

F, = 369 0.167 = 2.08 ksi = 1.64 < f, = 3.97 kN/cm®.

So, provide intermediate stiffener, say at the middle of this panel :
a=2390_s00¢
2

a_200_ 47,

h 170

K =534+ — =826:C,= 45000 x 826 _ 92708
1.17% 36 x 212.52

F, = 2—353 0.227 = 2.82 ksi = 1.95 < f, = 3.97 kN/cm’.

v

Here, the tension-field action should be accounted to increase the allowable shear
stress according to (G5-1). The ratio a/h = 1. 17 does not exceed the maximum in (6-6) :

3117 < 2602 = 2602 = 1.49 and a/h < 3.0

h (t)? 2125
F —

F, =—| 0,227+ 1-0227 = 8.26ksi = 5.7kN /cm?®
2.89 L1541+ (1.17)?

F, > f,, dat
Combined shear and tension stress : Check interaction at concentrated load in
tension-field panel :
V =380 kN ; M = 2400 kNm

170




f, = 389 _ 5 79 kNfem? ;
136
Allowable bending tensile stress according to (6-12):
F, = (0.825 -0.375 If:—V)Fy = (0.825 - 0.37525'—779—)36 =23.08 ksi

< 0.60F, = 21.6 ksi.
F,=15.91 > f, = 11.06 kN/cm?, dat

The placement of stiffeners is shown as follow :

im 2m 2m 4m 2m 2m m _’

B - D o

d. Intermediate stiffener size :

The required area for a single plate stiffener, according to (6-11) :

_ 2
A =1=Cela_ @ yny
2 [ Ji+@my
_ 2
= ﬂ[l.n —L}ZAX 170 0.8 = 35.3cm?
V1+1.172
This area may be reduced by the ratio L = % , SO
Ay =353 _ 246 cm?
‘ 5.70
Try plate 180 x 24, A , = 25.2 cm?
Check width-thickness ratio :
b - 180 =128< Ll = %:15.8,0K
t, 24 JE 36

Check moment of inertia :

h

4
I§=11.4x183=2722cm4> LI
3 50

50

Because single plate is used, the stiffener must be welded to compression flange and

4
) =133 cm*, OK.

web. The minimum web weld length required : 170 — (6 x 1) = 164 cm.
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Chapter 7
CONNECTIONS AND FASTENERS

;. WELDING
1.1. Remind on basic weld processes and materials

1. Shielded metal arc welding (SMAW) or manual arc welding. In this process, the
coated electrode is placed in an eclectrode holder to establish electrical contact, an
electric arc between the electrode and the materials being joined accomplishes the
heating. The coated electrode is consumed as the metal is transferred from the electrode
to the base metal, so the electrode wire become filler material. Shielding is obtained by
the gas produced by the coating in the heat of the arc : this gaseous shield exclude the
air and thus, protect the molten weld from oxygen and nitrogen in the air. The coating
also forms a slag which float from the top of the molten pool and the solidified weld to
protect it from the atmosphere while cooling.

The electrode material for this process is specified under Specifications of AWS
(American Welding Society) : Each electrode is identified by a code number EXXXXX
where E stands for electrode and each X represents a number. The first two or three
numbers indicate the tensile strength in ksi of the weld metal. The next number denotes
the position in which the electrode can be
used, the number 1 meaning all positions,
the number 2 flat and horizontal fillet Coating on
weld, and the number 3 flat welding only. electrode
The last number denotes the type of Molten arc pool
covering, type of current, etc. For the Gaseous shield
common base metal (A36, A570, A572,
A709, A588), electrodes E60XX, E70XX
should be used. Higher strength electrodes
E80XX, E100XX and E110XX are used
for welding steel of grades 65 and higher :
A572 grade 65, A514 grade 90 and 100,
A709 grade 100.

2. Submerged arc welding (SAW). In this process, the bare wire electrode is fed
automatically through the welding head at a rate to maintain a constant arc length. The
welding is shielded by a blanket of granular, fusible material which is fed onto the work
area in an amount sufficient to submerge the arc completely and it while fusing, forms a

Electrode wire

Slag

)ﬁc stream
)

Weld !

Base metal

Fig7.1
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covering over the weld. This process
produce high-quality welds at very
high welding speeds. Slag

Electrode

The combinations of bare-rod
electrode and granular flux are
classified under AWS. They are
designated by the letter F followed
by two digits indicating the tensile
strength and impact strength of the
weld, and followed by EXXX
classifying the electrode. For the common base metal (A36, A570, A572, A709, A588),
the combination F6X-EXXX and F7X-EXXX are used. For steel of grades 65 and
higher ( A572 grade 65, A514 grade 90 and 100, A709 grade 100), are matched F8X-
EXXX, F10X-EXXX, and F11X-EXXX.

3. Gas metal arc welding (GMAW). In this process, the welding is performed
without flux. The arc and the weld region are shielded from the atmosphere by a inert
gas mixture (argon, carbon dioxide, etc) which is heavier than air. The electrode is a
continuous wire that is fed from a coil through the electrode holder, a gun-shaped device
(Fig. 7-3). The distinguishing features of this method are the high rate of welding, the
entirely protection of the molten weld from atmospheric elements that make the weld
stronger, more ductile and more corrosion-resistant. The electrodes for this method are
identified by the AWS notation : ER70S-X for using with common base steel, where 70
is the tensile strength in ksi of the metal filler, S means solid and the last letter identifies
the chemical composition ; ER80S, ER100S and ER110S for higher strength steels.

4. Flux-cored arc welding (FCAW). In this process, shielding is provided by a flux
contained within a tubular continuos electrode which is fed automatically. The core material
produces a relatively thin slag covering to protect the solidifying weld metal. Flux-cored arc
welding is a useful procedure for field welding in severe weather. The electrodes used for

obtaining weld metal having

Weld

Base metal

Fig7-2

@ Collof wire minimum specifled yield
= strengths of 60 ksi or less are
Flggirode Gas designated E6XT or E7XT
(tensile strengths 60 and 70
Gas supply ksi respectively); to produce
Shielding gas Gas openings weld metal having yield
strength exceeding 60 ksi,
| 7 U3 Ground are used electrodes ES8XT,
T Besemoerd 3 Weldng chine E10XT and E11XT, having
tensile strengths 80 and 100

Fig 7-3 and 110 ksi respectively.
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In general, the electrode material used in welds should have properties of the base
material, in this case, the weld material is referred to as matching weld metal. The
matching weld metal for many ASTM structural steels are given in Table 7-1 (next page).

Table 7-1. Matching filler metal requiréments

Welding process
Base metal steel specification Shielded metal| Submerged | Gas metal Flux-cored
arc welding | arc welding | arc welding | arc welding
(SMAW) (SAW) (GMAW) (FCAW)
ASTM A36, A53 Grade B, E60XX or F6X or F7 ER70S-X E6XT-X or
A500, A501, A529 E70XX X-EXXX E70T-X
A242, A572 Grades 42 and 50
’ ’ E70XX F7X-EXXX | ER70S8-X E7XT-X
A588, A709 Grade 50
AS572 Grades 60 and 65 E80XX F8X-EXXX ER80S E8XT
AS514 and A709 Grade 100,
and A709 Grade E100XX | FIOX-EXXX | ER100S | EIOXT
over 2 /2 1n.
A514 and A709 Grade 100,
- race EI10XX | FIIX-EXXX | ER110S | ELIXT
2 Y, in. and under

1.2. Types of welds

Two main types of weld : groove and fillet welds ; other types : slot and plug welds.

1. Groove welds . Representing 15% of welded construction, groove welds are used
principally to connect structural members that are aligned in the same plane (this is
called butt joint, Fig 7.4,a). Since groove welds are usually intended to transmit the full
load of the members they join, the weld should have the same strength of the pieces
joined. Such a groove weld is known as a full penetration groove weld. When the groove
welds do not extend completely through the thickness of the pieces, they are referred to
as partial penetration groove joint.

Most groove welds require a specific edge preparation and are named accordingly, as
shown on Fig. 7.5. The selection of the proper groove weld is dependent on the welding
process used, the cost of edge preparation and the cost of making the weld. The details
of many groove welds are given in AWS Code and AISC Specifications, which allow
weld metal to be deposited and fused to the base metal and require no test and
qualification to demonstrate their adequacy. Groove welds can be used in tee connection
as shown in Fig 7.4, b.

- | -

£ T 3

Fig.7-4
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=
a) Square
d) Single bevel

g) Double U

b) Single - v

&) Double bevel

i) Single - J

¢) Doble - V

L VA

f) Single - U

4
| 7
3
H S

i) Double - J

Fig 7-5

2. Fillet welds

Fillet welds owing to their overall economy, ease of fabricating are the most widely used
: about 80% of the welded construction. Fillet welds are used most commonly in lap joints,
and also in many various cases (Fig 7.6).The faces of the weld which are in contact with the
parts joined are called its legs. The legs are usually equal. The length of the leg is called the
weld size. To ensure a full weld thickness, the size of the weld should be less than the
thickness of the edge of the connected part. The maximum size of the fillet permitted by
AWS along the edges of material 1/4 in (6.5 mm) or more in thickness is 1/16 in (2 mm)
less than the thickness of the material. Along the edges of material less than 1/4 in. in thick,
the weld size may be equal to the thickness of the material. (See Fig. 7-7). But a fillet weld
that is too small compared with the thickness of the material being welded is affected
adversely: the amount of heat required to deposit a small weld is not sufficient to produce
appreciable expansion of the thick material ; the contrast between hotter weld and cooler
material may tend to cause tensile stress and crack of the weld. To avoid this situation,
Specifications limit the size of the weld which may be deposited on the basis of the
maximum thickness of the parts to be joined, as shown in the following table :

AISC Specifications also limits the minimum effective of fillet welds, to take account of
the tapering off at the ends of a weld : it is four times the nominal size. If this requirement is
not met, the size of the weld shall be considered to be one-fourth of the weld length.

Maximum thickness of base metal Minimum size of fillet weld
(mm) (mm)
6.4 3
12.7 5
19 6
Over 19 8
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a) Lapped plates b) Stitch plates ¢) Slotted connection
IL :L
d) Tee connection : e) Brackets

f) Beam bearing plates

)

T —

g) Column base plates h) Pipe connection i Beam brackets

1
j) Built up sections
c — | S———

Fig 7.6. Typical uses of fillet welds

@

1

§

T % T )

Base metal less 1/4 thick Base metal 1/4 or more in thickness

Fig. 7-7. Maximum size of fillet weld along edges

1.3. Welding symbols

On drawings, type, size, length and location of welds and other instructions must be
given clearly to communicate to the fabricator. The standard welding symbols and standard
location of elements of a welding symbol, as adopted by AWS, are given herein.

The fillet weld is shown by a triangle and the groove weld by a symbol denoting the
type of groove (see the upper part of Fig. 7-8). The symbol for a the type of weld is
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drawn on a reference line which has an arrow pointing to the joint. If the symbol is on
the lower side of the reference line, the weld is deposited at the side of the joint to which
the arrow points (this side is called Arrow side). If the symbol is on the upper side of the
reference line, the weld is made on the other side of the Joint. (this side is called Other
side). Along the reference line are shown in this order size, type, length and space of
weld. The tail of the reference line contains specification, process and other reference.
Just above or under the weld symbol are given, in the order from the symbol : root
opening, groove angle, contour (flush or convex) and finish. Fig. 7-9 gives some
exanples of common connections and uses of welding symbols ; these connections do
not require special instructions and are typically specified as shown in this Figure.

= N Il VvV U V

BACK FILLET SQUARE v v BEVEL (GROOBE)

E.T0

N

Fig. 7-8. Standard symbols of welds and an exemple of weld connection drawing

a) b)
A 145 A A A
¥ ¥ 8 I ¥ ¥ G ¥
1 G
|| /8 |4 | || ﬂ | h 4
AV ‘V AV . lV ‘V ¥ ‘V
d) e) f g

-

h) ] /]
Fig 7-9
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1.4. Weld strength

1. Effective areas of welds

The strength of various types of welds are based on effective areas. The effective areas of
a groove or fillet weld is the product of the throat dimension. t, times the length of the weld.
The throat is the part of a weld which is assumed to be effective in transferring stress.

Groove welds (Fig. 7-10): the throat dimension t. of a full penetration groove weld is
the thickness of the thinner part joined. For a partial joint penetration groove end may be
equal or less than the depth of the chamfer : when bevel or V joint grooves have an

included angle at the root of the groove less than 60° but not less than 45°, the throat is

the depth of the chamfer less 1/8 in ; when the included angle is 60° or more, the throat
is the full depth of chamfer.

Fillet welds (Fig. 7-11) : the throat dimension t, of a fillet weld is nominally the
shortest distance from the root to the face of the weld. When the fillet weld has equal
legs of nominal size a, the throat dimension t, is 0.707a. If the fillet weld is designed to
be unsymmetrical with unequal legs the value of t, must be computed from the
geometrical shape of the weld. For fillet welds made by SAW process, the throat
dimensions are modified as follows to account for the superior quality of such welds :

For fillet welds with the leg size equal to or less than 3/8 in. (9.5 mm), the throat
dimension t, shall be taken as equal to the leg size a.

For fillet welds larger than 3/8 in. (9.5 mm), the throat dimension t, shall be taken as
the theoretical throat dimension plus 0.11 in. (2.8 mm), i.e. 0.707a + 0.11.

L=T, =T
i) L1 I B It 7
Ty <Ty
a) b)
t = D-%“(&me) t,=D
45<a <60 @260
a a

2 <2

D \\ II \\\ ’/
1 LAT_L_{% . [ o NI ]

~

c) Bevel or V joint d) Bevel or V joint

No gap

Fig. 7-10

178




t
= _ ab
— t.=0.707a t, t,= —
a Face > a+b

Leg size /
4

Fig. 7-11

2. Nominal strength of welds

Welds must be sized accordingly the load transmitted through it, and be formed from
the correct electrode material. The electrode material used in welds should have
properties of the base material. When properties are comparable, the weld metal is
referred to as matching weld metal (see 1.1 on matching weld metal). Groove welds
transmit loads exactly as in the pieces they join. Fillet welds are assumed to transmit
loads through shear stress on the effective areas no matter how the fillets are oriented on
the structural connection.

Complete joint penetration groove welds are considered to have the same strength on
the effective area as the pieces being joined. The nominal strength of a weld is based on
yielding of the metal base, which gives :

for tension or compression : R,y =1tFy 7-1)
for shear : R,y =1t(0.60F, ) (7-2)
where 1 = weld length ; t_ = effective throat ; Fy = yield stress of the base metal.

Note that (0.60F, ) is the shear yield stress which is taken as approximately 2/3 or 0.6
of the direct yield stress.

The strength R,,, of a fillet weld is based on assumption that failure is by shear on the
effective area whether the shear transfer is parallel to or perpendicular to the axis of the
line of fillet weld. The value of R, may be expressed

R, = 1t,(0.60Fgyy ) weld metal (7-3)
R, = 1t.(0.60F, ) base metal (7-4)

1.5. Allowable stress design of welds
The total service load must be not greater than the nominal strength divided by the
factor of safety.
R

R < —ow
ES
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By dividing the two terms of this equations by the effective area, the first term gives
the stress f at service load and the second term gives the allowable stress F of the weld :

= _13_ < F= Bﬂ_
It, 1t FS
or f=E <F
It,

(7-3)

The allowable stress on Welds is given in Table J2.5 of AISC/ASD, which is

reprinted herein :

. Table J2.5 of AISC (adapted) Allowable stress on welds

Type of weld and stress

Allowable stress

Require weld strength

Complete- penetration groove welds

Tension normal to effective
area

Same as base metal

Matching weld metal shall be
used

Compression  normal to

effective area

Same as base metal

Tension or compression
parallel to axis of weld

Same as base metal

Shear on effective area

0.3 x nominal tensile strength
of weld metal

Weld metal with a strength
level cqual to or less than
matching weld metal is
permitted

Partial-penetration groove welds

Compression  normal  to

effective area

Same as base metal

Tension or compression
parallel to axis of weld

Same as base metal

Shear parallel to axis of weld

0.3 x nominal tensile strength
of weld metal

Tension normal to effective
area

0.3 x nominal tensile strength
of weld metal, except tensile
stress on base metal shall not
exceed 0.6 x yield stress of
base metal

Weld metal with a strength
level equal to or less than
matching weld metal is
permitted

Fillet welds

Shear on effective area

0.3 x nominal tensile strength
of weld metal

Tension or compression

parallel to axis of weld

Same as base metal

Weld metal with a strength
level equal to or less than
matching weld metal is
permitted
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Example 7-1.

Select the required thickness of the plates (A572 grade 50) and the proper electrode
material assuming a single V-groove weld for the member in this figure.

T=300kNZ T=300 kN

150
\

AITTTTTTT

i

The allowable tensile stress in the member : F, =0.6 F, =30 ksi or 20.68 kN/cm?

The effective section : A, = tl.
. T
Working stress : f = —l—S F,
t

Therefore, required thickness : t = I = __300 =0.97 cm. Use 10 mm.

IF,  15x20.68

From Table 7-1. choose electrode
E70XX. From AISC Manual, select a
prequalified single V-groove designated E70- XX
B-U2a ( B = butt joint ; U = unlimited
thickness of the plate). This weld requires t W T
a backup plate to be used. The detail and
welding symbol are shown on figure.

10
8

Example 7-2

Determine the size and length of the fillet weld for the lap joint, using the submerged
arc (SAW) process. The plates are A36 steel

16 x 180 . /

400kN %

Plate 16

400kN
-

—t—— -

Weld size limits : minimum a = 6 mm
maximuma= 16 -2 =14 mm

Use 12 mm. Since the nominal size is over 3/8 in. or 9.5 mm, the effective throat
dimension is equal to the theoretical throat plus 0.11 in or 3 mm :

t.=(0.707 x 12) + 3=11.5 mm
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From Table 7-1, use F6X-EXXX flux-electrode combination. Allowable stress
F=0.3x 60 = 18 ksi = 12.4 kN/cm?.

Total length required : L = __400 =28 cm ; use 14 cm on each side.

1.15x12.4

Check the shear capacity of the gusset plate along the welds. The allowable shear
stress is F, = 0.4F, = 0.4 x 36 = 14.4 ksi = 9.93 kN/cm”.

Shear stress along the welds :

400

f,= ——— =8.93kN/cm® <F,, OK.
2x1.6x14

II. BOLTS AND BOLTED CONNECTIONS

2.1. Types of bolts and bolted connections

1. Types of bolts. Two commonly used types of bolts for steel structures are the
unfinished bolt and the high-strength bolt.

Unfinished bolts are primarily used in light structures, secondary or bracing members,
purlins, girts, small trusses and similar applications in which the loads are small and static
in nature. They are made of low-carbon steel for example ASTM A307 the tensile strength
of which is not less than 60 ksi. Unfinished bolts are also called common, machine or
rough bolts and may come with various heads and nuts (hexagon, square).

High- strength bolts are made of heat-treated medium carbon steel A325 and alloy
steel A490. Occasionally, quenched and tempered steel A449 are used for bolts larger 1 2
in and for threaded rod and anchor bolts. The tensile strength of these steel varies with
the diameter of the bolt as given in Table 7-2. The diameter range is from 1/2 in (12
mm) to 1% in (36 mm) (3 in. or 76.2 mm for A449).The most common diameters used
in building construction are 1/2 in (18 mm) and 7/8 in (22 mm).

Table 7-2. Properties of bolts

Minimum tensile | Minimum yield

ASTM designation Bolt diameter, in. (mm) strength, ksi strength ksi

(kKN/cm?) (KN/cm®)
Low carbon steel A307 1/4t0 4 (6.4t010.4) 60 (41.3) -
High-strength steel 1/2t0 1 (12.7t0 25.4) 120 (82.5) 92 (63.5)
A325 11/81t0 1% (18.6 10 38.1) 105 (72.5) 81 (56)
Quenched and 5
tempered steel A449 1% 10 3 (6.4 10 76.2) 90 (63.5) 58 (40)
Alloy steel A490 Vato 1v2(12.7 to 38.1) 150 (103.5) 130 (89.5)

182




High-strength bolts are heavy hexagon head bolts with heavy hexagon nuts,
identified by the ASTM designation on the top of the head as shown on Fig.7-12. While
almost all high-strength bolts are classified as of Type 1, a special type, called Type 3, is
made from weathering steel having high corrosion resistance. Bolt of type 3 has a
underlined identification marking on head, for example A325.

Note that bolts of any kind are classified by international convention into strength
grades. In building construction are usually used grades 4.6 for common bolts and grade
8.8 or 10.9 for high-strength bolts.

Thread length
I

7 |1\

Fig. 7-12

2. Bolt connections

Let consider the behaviour of a bolt joint in Fig. 7-13, where joint displacement is
plotted against tensile force. At initial application of load, the forces are transferred from
one element to the other by friction along the contact surfaces. At a certain value of
load, a slip occurs (A, or B, or C). depending upon the magnitude of the clamping force
and the friction on the contact surfaces. After slip is completed, the load is transferred
from one element to the other by bearing of the bolt on the hole and by shear of the bolt
at the plane of slip.

Two types of connection are recognized. In the bearing-type connection, the load is
transferred by shear and bearing on the bolt, after slip occurred. In the slip-critical
connection, high-strength bolts are tightened to a specific tension, large enough to
provide high clamping force and friction between contact surfaces. Thus, the connection
transmit the force by friction produced between contact surfaces ; this force is smaller
than the load at which slip occurs, so there will be no slip. Slip-critical connection (once
called friction-type) are recommended for joints subjected to stress fluctuation, impact,
vibration, or where slip is objectionable.

The installation procedures are different for each type of connection. In the bearing-
type connection, it is only required that the bolts are to be tightened to the snug-tight
condition. This is a tightness that exist when all plies in a joint are in firm contact, this
may be the result of a the full effort of a man using an ordinary spud wrench.
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Fig. 7-13 Behaviour of bolted joint

When slip-critical connections are required and when the bolts are subject to direct
tension, bolts must be tightened to ensure the specific pretension (or fully-tightened).
AISC requires a pretension equal to 70% of minimum tensile, as given in the following
table (table J3.7):

Table 7-3- Minimum bolt tension for fully tightened bolt

Bolt size

- A325, kN A490, kN
in. mm

172 12.7 53 67
5/8 159 85 107
3/4 19.1 125 156
7/8 22.2 173 218

1 25.4 227 285
11/8 28.6 249 356
13/4 31.8 316 454
13/8 349 378 538
1172 38.1 458 658

There are four methods for tightening high-strength bolts to obtain the prescribed
tension. These are : turn-of-the-nut tightening, calibrated wrench tightening, installation
of alternate design bolts and direct-tension-indicator tightening.

The simplest is turn-of-the-nut method. After the bolts have been tightened to the
snug-tight condition, they are given an additional specified rotation of the nut. This
additional turn of the nut is taken as followings : one-third turn if the bolt length is less
than four diameters, one- half tum if the bolt length is greater than four diameters but
less than eight diameters, two-thirds turn if the bolt length is greater than eight
diameters but less than twelve diameters. Note that one full turn from a finger-tight
condition corresponds approximately to the one-half turn from snug-tight condition.

184




Although initial tightness can vary due to the surface condition of the pieces being
tightened, this variation does not significantly affect the clamping force, because this
required clamping force occurs only with a large bolt elongation, produced by a turn of
the nut. Ordinary spud wrenches or standard-power impact wrenches can be used for
this method.

Calibrated wrench tightening uses manual torque wrenches or adjustable-power
impact wrenches. Manual torque wrenches have a torque-indicating device so that the
torque required to produce the initial tension is measured. Impact wrenches are set to
stall when the prescribed bolt tension is reached. The calibration should be <hecked
daily, on at least three bolts of the same diameter. A hardener washer mus: be used
under the nut or the head which is turned when tightening.

Two last procedures require special devices or fasteners which are not available in
our factories or erection sites.

2.2. Design of bolt connections

1. Limit states of bolt connections. As said above, there are two types of bolt
connections : bearing type (using ordinary bolts and high-strength bolts) and slip-critical
type (using only high-strength bolts). Both types are proportioned on the basis of the
shear on the gross area of the bolt, i.c. the strength of all connections in transmitting
forces across a shear plane between steel elements is the same, whether the connection
is of a bearing type or a slip-critical type. The slip-critical connection has in addition the
serviceability requirement that slip must not occur at service load. The permitted force
versus the service one provides a margin of safety against failure of the fastener in the
case of all joint types and a additiona] margin of safety against slip in the case of the
slip-critical joint.

The possible mode of failures that occur in bolted joints with transmitted force
perpendicular to bolt shanks are shown on Fig. 7-14.

Fig a,b : shear failures that means failure in which the bolt are sheared along the
planes of slip. The bolt is in single shear (failure in one plane) or in double shear (fajlure
in two planes).

Fig ¢ : a bearing failure, that means failure of the plate at the hole, caused by
compression between the cylindrical surface of the plate hole and the bolt.

Fig ¢, d : tearing failures - failure in the plate between the hole ‘and the end of the
plate by shearing in the direction of the load or transverse the load. These failures are
unlikely to occur if the bolt is placed at a distance far enough from the end of the plate.

AISC Spec. distinguishes four categories of holes :

- Standard holes : the hole size is 1/16 in. larger than the diameter of bolt. Standard holes
shall be provided in all connections, unless other types are approved by the designer.
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Fig. 7-14. Possible modes of failures of bolt joints

- Oversized holes : the hole size is 1/8 to 5/16 larger than the bolt. They are permitted
in any or all plies of slip-critical connections, but shall not be used in bearing-type
connections. Hardener washers shall be installed over oversized holes in an outer ply.

_ Short-slotted holes : the length is 1/8 to 3/8 greater than the width. They are
permitted in any or all plies of slip-critical connections or bearing-type connections. The
slot length shall be normal to the direction of the load in bearing-type connections.

- Long-slotted holes : the length is about 2 times of the width. They are permitted ir:
only one of the connected parts of either a slip-critical or bearing-type connection at arn
individual contact surface. The slot length shall be normal to the direction of the load in

bearing-type connections.
2. Nominal strength of a bolt

a. Shear strength : The nominal strength of a bolt will be the ultimate shear stress T,

across the gross area Ay, of the bolt times the number m of the shear planes ; thus,
R, =m A, , = m Ay (0.60 EY) (7-6)

- The ultimate shear stress T, was found experimentally to be about 62% of ultimate
tensile strength ; here the practical coefficient 0.60 is used instead of 0.62. If threads are

in the shear planes, the area at the root of the threads should be used in place of A,. This
root area is taken as 0.75 of the gross area. So the above equation becomes

R, = m(0.75A,)(0.60 F})=0.45m A, F (7-7)
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b. Bearing strength : The bearing failure

relates to deformation around a bolt hole
(Fig. 7-14,c). The variation of the -

compression stress around the perimeter of < E :I:D
the hole is unknown, but for design purpose, —

the stress distribution is assumed uniform T
over the rectangular section passing the
diameter of the bolt shank. But determine the
bearing strength, one considers a shear tear- |« L
out failure (Fig. 7-14,d) which is closely
related to a bearing failure. The bearing
strength is the force applied against the side
of the hole to split or tear the plate. The failure planes will be along the dash lines shown
on Fig. 7-15, but it is conservatively to use continuous straight lines as the failure
planes. The nominal strength is :

R,=2t (L—g) T,
2

where 1, is the shear strength of plate material, which is taken as 0.70 of the tensile

Fig. 7-15

strength of the plate material. Thus,

R,=2tfL-3 (0.70F) = 1.4 F, di| -1
2 d 2

which may be approximated as
R,=F, dt %z LtF, (7-8)

Experience and tradition has recommended that the center-to-center spacing of bolts
be a minimum of 2 2/3 diameters. When L = 2.67 d is used, R becomes
R, = 3.0 dtF,
To prevent the hole from excessive elongating, AISC uses the following equations : |
In standard and short-slotted holes :

R, =2.4 diF, (7-9)
In long-slotted holes perpendicular to the load :
R, =2.04dtF, (7-10)

3. Allowable stress on bolts

a. Shear stress. The service load for a bolt in shear equals the nominal shear strength
divided by the factor of safety :
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P<u
FS

By dividing two sides by the total bolt cross- section area, the first side give the
compute stress at service load, and the right side gives the allowable stress

(o) = [~ mves)
mA, mA, (FS)

FS is taken equal to 2.5 for shear.

When threads are excluded from the shear planes :

b b
F,=mA, 06F, _O8F, _ p —0258" (7-11)
mA,25 2.5

- Applied to A325 bolts with Fl‘,’ = 120 ksi, AISC/ASD gives : F, = 30 ksi ; to A490
bolts with F,}’ = 150 ksi, AISC/ASD gives : F, = 40 ksi.
When threads are included within the shear planes :

045F° 045
= =

F, =0.18F (7-12)
mA,2.5 2.5

Applied to A325 bolts with Fll,’ = 120 ksi, AISC/ASD gives : F, = 21 ksi ; to A490
bolts with Fﬁ’ = 150 ksi, AISC/ASD gives : E, = 28 ksi.
For A307 bolt, F, = 0.18 Ff,’ =0.18 x 58 = 10 ksi, not regarding whether threads are

excluded or included.

b. Bearing stress. As said above, the bearing stress is computed as the load
transmitted by bearing, dividing to the assumed bearing area. The transmitted load
equals to the bearing strength divided by a factor of safety FS.

P R,
(fp' EE) ) (F" i dt(FS)j

d = nominal diameter of bolt ;

where

t = thickness of the plate against which bolt bears ;
f,= bearing stress under service load ;

F,= allowable bearing stress.

When the factor of safety of 2 traditionally used for bearing is applied, allowable
bearing stress would be, for standard holes :
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24F.dt
F = “_ -]2F (7-13)
P 2.0dt !

In long slotted holes with the axis of the slot perpendicular to the direction of load :
F,==10F, (7-14)
The minimum distance from the center of a bolt to the edge of the adjacent hole is
found from Equation (7-8) :
L = &
Ft

Then, adding ike radius d/2 of the hole, gives the minimum center-to-center spacing :
s= (R, /F,t)+d/2

Substituting the nominal strength R,, by 2P where P is the service load per bolt and 2
represents the factor of safety, gives

R d

n

—+_
Et 2

S§=

where

¥, = tensile strength of the plate material :
t = thickness of the plate material ;
d = dinacter of the bolt hole, but the diameter of the bolt may be used in this formula.
In any case, tnc Jistance s between centers of holes shall not be less than 2 2§ times
the bolt diameter ¢. When Fp is determined by Equations (7-13) and (7-14), s shal} 1.t
be less than 3d

The minimum cdge distance, after (7-8), shall not be less than

S =% + g (7-15)
nor less than 1.5d.
See Table J3.5 of AISC/ASD for minimum edge distance.
c. Slip-criiical connections.

Slip-critical connections must have adequate strength by satisfying the allowablc
stress limitations for shear und bearing given above for bearing-type connections, and in
addition 1t satisfy the scrviceability requirement of slip resistance.

This coaiection resists load by (viction due to the clamping force between pieces to
be joined (equal to the pretension N of bolts). The resistance to shear is a frictional force
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uN, where p is the coefficient of friction (or slip coefficient). The values of u varies
from 0.2 to 0.6 depending on the surface condition, such as presence of mill scale, oil,
paint or surface treatments, etc. In order to permit design of slip-critical connections
using the same general approach as for bearing-type connections, the friction force uN
is divided by the bolt gross cross section area to obtain the so- called “shear stress “ on
the bolt. By definition, the allowable stress in slip-connections is the maximum shear
stress at which no slip occurs, divided by a factor of safety.

The condition of non slip :

[fv = —P—J < [FV - W j (7-17)
A, (ES)A,

The margin of safety is lower since slip is a serviceability requirement rather than a
strength requirement. AISC has used for this situation a safety factor against slip about
70% of that used for strength. The range of FS varies from 1.1 to 1.3. The tension N is
the minimum for fully-tightened bolts from Table 7-3. Based on this approach, AISC
Spec. and Research Council on Structural Connections (RCSC) Spec. gives the allowable
stress for slip-critical connections as shown on Table 7-4.

Table 7-4 Allowable stress for slip-critical connections, in ksi

. Long slotted holes
Contact surface of bolted Standard Oversize & short
parts and bolt types holes slotted holes Transverse Parallel
load load
A325 17 15 12 10
Class A
A490 21 18 15 13
A325 28 24 20 17
Class B
A490 34 29 24 20
A325 22 19 16 14
Class € 490 27 2 6
| A49 3 19 1

Note : Class A (slip coefficient 0.33) - Clean mill scale and blast-cleaned surfaces with
Class A coatings. Class B (slip coefficient 0.50) - Blast-cleaned surfaces and blast-cleaned
surfaces with Class B coatings. Class C - Hot dip galvanized and roughened surfaces. Coatings
classified as Class A or Class B include those coatings which provide a mean slip coefficient not
less than 0.33 or 0.50 respectively, as determined by appropriate testing.

d. Bolts in axial tension. Axial tension occurring without simultaneous shear exists in
bolis for tension members, when the line of action is perpendicular to the member to
which it is fastened. The nominal strength for a bolt subject to axial tension is given as :

R = F° (A= F} (0.75Ay)
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where Ay is the gross section of the bolt ; F? = the tensile strength of the bolt (120
ksi for A325 and 150 ksi for A490 bolts).
Using the factor of safety FS = 2, the service load capacity of a bolt :

R =0.5 F? (0.75A,) = 0.375 E° A,
or R=F, A, (7-18)
F, s the allowable tensile stress on the gross area of the bolt :

F,=0.375 F° (7-19)

which equals 0.375x120 ~ 44 ksi for A325 bolts and 0.375x150 ~ 54 ksi for A490
bolts (see Table J3.2 of AISC/ASD).

Bolts subject to axial tension must be pretensioned according to Table 7-3 whether
the design is for a bearing-type or slip-critical connection.

e. Combined shear and tension. The design of bolts subject to combined shear and
tension will be discuss afterwards in Vol 2 - Steel Design of Pre-engineered Buildings.

Example 7-3. Check the resistance of the bearing-type connection of two plates 16 x
150 mm of A572 (grade 50) steel to transmit a tensile force 310 kN. Using A325 bolts
of 22 mm diameter.

|
T : &-—¢ T=310kN
— N | kL
& —&
B/ 5%

For A572 (gr.50) : Fy =50 ksi ; F, = 65 ksi
Gross section area of the plate : Ay, =16x15=24 cm?

Net area of the plate (use standard hole 24 mm) : A, = 1.6 (15-2 x 2.4) =16.3 cm?.
Effective area A, = A_=16.3 cm?.

Check the resistance of the plates :

On gross section :

f= =29 C 129 kNiem? = 18.7ksi < 0.6 F, =30 ksi.
A, 24
On net section :
T 31
f,=—= 13—2 =19.0 kN/em® = 17.5 ksi < 0.5 F, = 32.5 ksi.
. 16
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For A325 boit : F, = 30 ksi = 20.68 kN/cm? ; F, = 65 ksi = 44.82 kN/cm?

The allowable capacity of a bolt :

2.2%n

On shear : R, = mAF, = 1x x20.68 =78.6 kN

On bearing : R, = 1.2F dt = 1.2(44.82)1.6(2.2) = 189 kN
The strength of this 4 bolt connection : 78.6 x 4 = 314.4 kN, which is greater than the
tensile force.
Example 7-4. Determine the tensile capacity of the connection in Example 7-3, if it is
a slip-critical one. The surface condition of the plates is of Class A (usual clean mill
scale surface).
The tensile capacity of the plates :
T=FA,=(0.6x 50)(0.6895) 24 = 496 kN
T=FA, = (0.5 x 65)(.6895) 16.3 = 365 kN

The capacity per bolt (single shear) in the slip-critical connection is

227

R = mF,A, = 1x17x0.6895x =44.5 kN

The tensile capacity of this 4 bolt connection :
T =4 x 44.5 = 178 kN (controls)

This service load capacity T based on slip-resistance is lower than the capacity based
on bolt strength computed in Ex. 7-3 above (T=314.4 kN)
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Phu luc
CAC BANG QUY CACH
THEP HINH CAN NONG CUA Mi

(trich trong Manual of Steel Construction -
Allowable Stress Design. AISC 1993)
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THEP HINHW
. i d X X |T
KiCH THUGC

t Y

Y l Kk

_w ]t

Dién Bé cao Bung Céanh

6 hiéu tich d Bédayt, |t/2| B&rongby Bédayt, | T k| Kk
In.2 in. In. n. | In. In. in. In. in. in. | In.
Waa <285 | 838 | 4402 | 44 | 1024 | 1 | % | 11811 [ 11% [ 1772 1% | 38% | 26 | 1%
x 248 728 | 4362 | 43% | 0865 | % | 7 | 11,811 | 11% |1,575| 1%e | 38% | 2% | 1%
x 224 658 | 4331 | 43% | 0737 | Wi | e | 11,611 | 11% 1,416 e | 38% | 2% | 1%e
x 198 580 | 4201 | 426 | 0709 | i | % | 11,811 | 11% [1220| 1% | 38% | 2% | 1%
W40x328 | 964 | 4000 | 40 | 0910 | % | % | 17,910 | 17% | 1,730 1% | 33% | 3% [1'Ve
«208 | 876 | 3960 | 39% | 0830 | e | s | 17,830 | 177% [ 1575 1%e | 33% | 3 | 1%
«268 | 788 | 3937 | 39% | 0750 | % | % | 17,750 | 17% 1,415 1% | 33% | 2'%s | 1%s
«244 | 717 | 3006 | 39 | 0710 | ™e | % | 17,710 | 17% [1,260| 1% | 33% | 2% | 1%e
«221 | 648 | 3867 | 38% | 0710 | s | % | 17,710 | 17% [ 1,065 | 1Y%e | 33% | 2% | 1%s
«192 | 565 | 3820 | 38% | 0710 | e | % | 17,710 | 17% [ 0830 1%e | 33% | 2% | 1%e
W40 x655° | 1920 | 4362 | 43% | 1970 | 2 | 1 | 16,670 | 16% | 3,540 | 3%e | 33% | 4'%e | 2%
<503 | 1740 | 4290 | 43 | 1790 | 1% | 1 | 16690 | 16% |3,230| 3% | 33% | 4% | 2%
(5312 | 1560 | 4234 | 42% | 1610 | 15 | e | 16510 | 16% | 2,910 | 2154 | 33% | 4% | 2
«480° | 1400 | 4181 | 41% | 1,460 | 176 | % | 16,360 | 16% [2640| 2% | 33% | 4 | 2
«436° | 1280 | 4134 | 41% | 1,340 | 1%s | "4e | 16,240 | 16% | 2,400 | 2% | 33% | 3%e |1'%e
<397% | 1160 | 4095 | 41 | 1,220 | 1% | % | 16,120 | 16% |2.200 | 2% | 33% | 3% | 1%
«362° | 1060 | 4055 | 40% | 1120 | 1% | %s | 16,020 | 16 |2010| 2 | 33% | 3% |1%s
«324 | 953 | 4016 | 40w | 1,000 | 1 | % | 15905 | 15% [ 1,810 | 1%s | 33% | 3% | 1%
x 297 67,4 39,84 39% 0,930 316 Yo 15,825 15%% | 1,650 1% 33% 3 |16
«277 | 813 | 3069 | 39% | 0830 | 6 | % | 15830 | 15% | 1,575 1% | 33% | 3 | 1%
«249 | 733 | 3938 | 39% | 0750 | s | s | 15,750 | 15% | 1,420 | 1% | 33% | 2%s | 1%s
«215 | 633 3898 | 39 | 0650 | % | % | 15750 | 15% [1,220| 1% | 33% | 2% | 1%
<109 | 584 | 3867 | 38% | 0650 | % | %s | 15750 | 15% [ 1,065| 1% | 33% | 2%s | 1%
W40x183b | 537 | 3898 | 30 | 0650 | % | %e | 11,810 | 11% {1220 1% | 33% | 2% |1%s
«167 | 491 | 3859 | 38% | 0650 | % | %e | 11,810 | 11% [1,025| 1 | 33% | 2%s | 1%s
«149 | 438 | 3820 | 38% | 0630 | % | % | 11,810 | 11% |0830 | W | 33% | 2w | 1%

a: S6 higu a chi nén diing lam cdt, cu kién nén, Dling lam loai cau kién khac cén ¢6 quy trinh han va cét riéng.

b: S6 hiéu b cling dugc mét s& hang ché tao vdi ching loai ndng han.
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THEP HINH W d X X T
CAC PAC TRUNG J b
] k
g $
TL danh| Tiéu chudn tiét dién dsc Béc trung dan héi Médun déo
nghia rr True X-X True Y-Y
L VR B BN A | s r | s A
2t, 2t,
Lb. ksi ksi In. in4 In> in. in4 In.2 in. n2 | ind
285 133 | - 430|357 295]210 | 24600 | 1120 | 17,1 | 490 | 830 | 2.42 | 1310 | 135
248 | 37 | - | 504 | 260 | 296 | 2,34 | 21400 | 983 | 172 | 435 | 740 | 244 | 1150 | 118
224 1 42 | - 550|218 | 296|259 | 19200 | 889 | 171 | 391 | 66,0 | 2.44 | 1030 | 105
198 | 18 | - | 605|180 | 294 | 298| 16700 | 776 | 169 | 336 | 570 | 241 | 902 90,0
328 | 52 | - | 440|342 1473 129 | 26800 | 1340 | 167 | 1660 | 185 | 415 | 1510 | 286
298 | 57 | - | 478|289 | 470 | 141 | 24200 | 1220 | 166 | 1490 | 167 | 412 | 1370 | 257
268 | 63 | - | 525|240 | 467 | 157 | 21500 | 1000 | 16,5 | 1320 | 149 | 400 | 1220 | 229
244 1 70 | - 1550 218 | 463 | 1,75 | 19200 | 983 | 16,4 | 1170 | 132 | 4,04 | 1100 | 203
221 | 83 | 611 | 545 | 223 | 456 | 205 | 16600 | 858 | 160 | 988 | 112 | 390 | 967 | 172
1921107 1 37,1 538 | 228 | 443 | 260 | 13500 | 708 | 155 | 770 | 7.0 | 369 | 807 | 135
685 1 24 | - 1221 - | 443|073 | 56500 | 2590 | 17,2 | 2860 | 330 | 3.86 | 3060 | 541
°93 1 26 | - 1240 - | 438|080 50400 | 2340 | 17,0 | 2520 | 302 | 381 | 2750 | 481
531 | 28 | - 1263 - |433|088 | 44300 | 2090 | 16,9 | 2200 | 266 | 375 | 2450 | 422
480 1 31 | - 1286 - |428|097| 39500 | 1890 | 16,8 | 1940 | 237 | 372 | 2180 | 374
43 1 34 ) - 13091 - | 424|106 35400 | 1710 | 16,6 | 1720 | 212 | 367 | 1080 | 334
397 | 37 | - 1336|586 |421|115| 32000 | 1560 | 166 | 540 | 191 | 365 | 1790 | 300
362 | 40 | - 1362|504 | 417 | 126 | 28900 | 1420 | 165 | 1380 | 173 | 361 | 1630 | 270
324 1 44 | - | 402|410 | 4,14 | 1,40 | 25600 | 1280 | 16,4 | 1220 | 153 | 3,57 | 1480 | 239
297 | 48 | - | 428|360 |41,11| 1,53 [ 23200 | 1,170 | 16,3 | 1090 | 138 | 354 | 1330 | 215
277 | 50 | - | 478|289 | 413 | 159 | 21900 | 1100 | 6,4 | 1040 | 132 | 358 | 1250 | 204
249 1 55 - 5251240 410|176 19500 | 92 | 163 | 926 | 118 | 356 | 1120 | 182
215 | 85 | - 600 | 184 | 400 (203 | 16700 | 858 | 162 | 796 | 101 | 354 | 963 | 156
199 | 74| - 1595|187 | 404 [ 231 | 14900 | 769 | 160 | 695 | 882 | 345 | se8 | 137
183 | 48 ] - | 600 | 184|290 | 271 | 13300 | 682 | 157 | 336 | 56,9 | 2,50 | 781 | 896
167 1 88 | - | 594|187 | 291 | 319 | 11600 | 599 | 153 | 283 | 47,9 | 2.40 | 692 |76,
149 | 7| - | 606 | 180 | 284|390 | 9780 | 512 | 149 | 229 | 388 | 229 | 507 | 622
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KicH THUGC
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Y t
Dien Bé cao Bung Canh Khoang cach
S6 hiéu tich d Bédayt, |tJ/2| Bérongby Bédayt, | T k| Kk
In.2 In. In. In. In. In. In. n. | in.
W 36 x 8482 2490 | 4245 | 42% (2,520 | 2% 1% | 18,130 | 18% | 4,530 4% | 31 5 | 2%
x 798° 2340 | 41,97 42 2,380 | 2% 1% | 17,990 18 14,290 4% | 31% 5%e | 2%s
x 720° 2110 | 41,19 A1V 2,165 | 2% | 1% | 17,775 17% 13,900 | 3% | 31% | 5% |2V
x 6502 190,0 | 40,47 40% 1,970 2 1 17,575 | 17% | 3,540 | 3%e | 31 % | 4. 2
x 5882 172,0 | 39,84 | 39% 1,790 [ 1% | 1 17,400 | 17% | 3,230 3% | 31% 4% | 178
x 527° 154,0 | 39,21 39% 1610 | 1% | e | 17,220 17% 2,910 21556 | 316 | 4Yie | 1%
x 4852 1420 | 38,74 38% 1,500 | 1% Ya 17,105 | 17'% |2,680| 2" | 31 % | 3% | 134
x 439° 128,0 | 38,26 38V 1,360 | 1% | e | 16,965 17 | 2440 278 | 31 | 3%e | 1%
x 3932 115,0 | 37,80 37% 1,220 1 | %e 16,830 | 167 12,200 | 2%e | 31 % | 3% | 1%
x 3597 105,0 | 37,40 37% 1,120 | 1% | Y%e 16,730 | 16% | 2,010 2 31% 3% | 1%e
x 3282 96,4 37,09 37 1,020 1 173 16,630 | 16% | 1,850 1% | 31 ) 3 12
x 300 88,3 36,74 | 36% 0,945 | ¥ b3 16,655 | 16% | 1,680 1"s | 31'% 2% | 1%
x 280 82,4 36,52 36% 0,885 % e | 16,595 | 16% | 1,570 1%e | 31% 26 | 1%
x 260 76,5 36,26 36Y% 0,840 | s | e | 16,550 | 16% 1,440 17 | 31% | 2%s | 1%
x 245 72,1 36,08 36'% 0,800 | e | e | 16,510 | 16% 1,350 1% | 31 % 2% 1 1%
x 230 67,6 3590 | 35% 0,760 Ya % 16,470 | 16% [ 1260 1% | 31% 2% | 176
W 36 x 256 75.4 37,43 37% 0,960 1 % 12,215 | 121 [1,730] 1% | 32% 2% | 1%
x 232 68,1 37,12 37% 0,870 % 6 12,120 | 12% | 1,570 1%e | 32% 2% 1'% B
x 210 61,8 36,69 36% 0,830 | %6 | e 12,180 | 12% {1,360 1% | 32% 2% ‘1%
x 194 57,0 36.49 36% 0,765 Y % 12,115 | 1216 [ 1,260 | 1% | 32% [ 2%e 1%
x 182 53,6 36,33 36% 0,725 3 % 12,075 12 (1,180 | 1% | 32% | 2V 13,/16
x 170 50,0 36.17 36% 0,680 | Ve % 12,030 12 |1,100] 1% | 32% 2 1%6 |
« 160 47,0 36,01 36 0,650 % Y16 12,000 12 | 1,020 1 32% | 1"%e | 1
< 150 442 35,85 357 0,625 % %6 11,975 12 10,940 s | 32% 1% 1%
x 135 39,7 3555 35% 0,600 % Y6 11,950 12 10,790 | s | 32% [ 16 | 1" '
|
i \
| |
| \ |
lﬁ a: S6 hiéu a chi nén dung lam cdt, cau kién nén. Dung lam loai cau kién khac can c6 quy trinh han va cit riéng.




THEP HINH W

d X |7
CAC DAC TRUNG
4 i : k
L

TL Tiéu chudn tiét dién dac Dic trung dan héi Mbédun déo
:;:72 . el | Truc X-X Truc Y-Y

O I I I I A | s r [ s r S

2t, 2t,

Lb. ksi ksi | In. m* L omE | m o m3 | n | nd | md
848 | 20 | - 1168 | - | 484|052 | 67400 | 3170 | 16,4 | 550 | 501 | 427 | 3830 | 799
798 | 21 | - [ 178 | - | 480|054 | 62600 | 2080 | 16,4 | 4200 | 467 | 424 | 3570 | 743
720 1 23 | - | 190 | - | 473 | 059 | 55300 | 2690 | 16,2 | 3680 | 414 | 418 | 3190 | 656
650 | 25 | - 1205 | - | 467 | 065 | 48900 | 2420 | 16,0 | 3230 | 367 | 412 | 2840 | 580
588 | 27 | - (223 - | 462 071 43500 | 2180 | 159 | 2850 | 328 | 407 | 2550 | s17
527 | 30 | - 244 | - 467|078 | 38300 | 1950 | 158 | 2490 | 289 | 402 | 2270 | 454
485 | 32 | - 1258 | - 1453|085/ 34700 | 1790 | 156 | 2250 | 263 | 3.98 | 2070 | 412
439 1 35 | - | 281 | - |449| 092 | 31000 | 1620 | 156 | 1990 | 235 | 3.95 | 1860 | 367
393 1 38 | - 310 - |445 102 | 27500 | 1450 | 155 | 1750 | 208 | 3.90 | 1660 | 325
359 | 42 | - (334592442 | 1,11 | 24800 | 1320 | 154 | 1570 | 188 | 387 | 1510 | 202
328 | 45 | - | 364|500 (439|121 22500 | 1210 | 153 | 1420 | 171 | 384 | 1380 | 265
300 1 50 | - 389|437 |439 | 131 | 20300 | 1110 | 152 | 1300 | 156 | 3.83 | 1260 | 241
280 | 53 | - 413|388 | 437 | 1,40 | 18900 | 1030 | 151 | 1200 | 144 | 381 | 1170 | 203
260 | 57 | - 432354 | 434 (152 17300 | 953 | 150 | 1090 | 132 | 378 | 1080 | 204
245 | 61 | - |451 (325 432 | 162 | 16100 | 895 | 150 | 1010 | 123 | 375 | 1010 | 190
230 1 65 | - | 472|296 |430 | 1,73 | 15000 | 837 | 149 | 940 | 114 | 373 | 943 | 176
256 | 35 | - 1390|434 314 1,77 | 16800 | 895 | 149 | 528 | 86,5 | 265 | 1040 | 137
232 | 39 | - 427|363 311|195 15000 | 809 | 148 | 468 | 772 | 262 | 936 | 122
210 | 45 | - | 442|338 | 309 | 221 | 13200 | 719 | 146 | 411 | 675 | 258 | 833 | 107
194 | 48 | - | 477 | 290 | 3,07 | 239 | 12100 | 664 | 146 | 375 | 61,9 | 256 | 767 | 977
182 51| - 15011263 | 305255 | 11300 | 623 | 145 | 347 | 576 | 2,55 | 718 | 907
170 | 55 | - 1532233304273 10500 | 580 | 145 | 320 | 532 | 2,53 | 668 | 838
160 [ 59 | - | 554|215 302|294 9750 | 542 | 144 | 295 | 491 | 250 | 624 | 77.3
150 | 64 | - 1574 1201|299 | 318 | 9040 | 504 | 143 | 270 | 451 | 2.47 | 581 | 709
135 [ 76 | - 1593)188 (293|377 | 7800 | 439 | 140 | 225 | 377 | 2,38 | 500 | 597
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Dién Bé cao Ba day

SG higu tich /2 | Bérongb B& day T k k

? tw f 1
In.2 In. In. in. In. In. In. In. In. In. In.

W33 x619° | 181,0 | 38,47 | 38% [ 1,970 | 2 1 16,910| 167 | 3,540 | 3% | 29% | 4% 1%
« 5672 | 166,0 | 37,91 | 37h 1810 | 1"%e | 1 16,750| 163% | 3,270 | 3% 29% | 4V 1%

%« 5152 | 151,0 | 37,36 | 37% 1,650 | 1% %16 16,590 165% | 2,990 | 3 29% | 3% | 1%

x 468° | 137,0 | 36,81 | 36% 1,520 | 1% Ya 16,455| 16'2 | 2,720 | 2% 29% | 3% 1%s

x 424° | 124,0 | 36,34 | 36% 1,380 | 1% e 16,315| 16% | 2,480 | 2% 29% | 3%e 176

x 387a | 113,0 | 35,95 | 36 1,260 | 1% % 16200 | 16" [ 2,280 | 2% 29% | 3% 1%

« 3542 | 104,0 | 35,55 | 356% 1,160 | 1%e % 16,100| 16% | 2,090 | 2%se 29% | 2% 1%
«318% | 93,5 | 35,16 | 35% 1,040 | 1Y Y16 15,985 16 1,890 | 174 29% | 2Ws | 1%

x291 | 856 | 34,84 | 34% |0,960 |1 % 15,905 15" | 1,730 | 1% 29% | 2% | 1%
x263 | 774 | 3453 134% 10870 7% e 15,805| 15% | 1,570 | 1%e 29% | 2% 1%
x241 | 70,9 | 34,18 | 34% | 0830 | Ve e 15,860| 15% | 1,400 | 1% 29% | 2%e 1%e
x221 1650 |3393|33% |0775|% % 15,805! 15% | 1,275 | 1% 29% | 2% | 1%s

x 201 | 59,1 3368 | 33% | 0,715 ) Ve ¥ 15,745| 15% | 1,150 } 1% 20% | 1% | 1%

W33« 169" | 495 | 33,82 |33% | 0670 | Ve i 11,500( 11%% [ 1,220 | 1% 20% 2% | 1%

x152 | 447 | 33,49 |33% (0635 |% %6 11,565 11% | 1,055 | 1% 29% |1 1%
%141 | 416 | 33,30 |33% | 0605 | % $1s 11,535| 11% | 0,960 | % 29% | 1% 1V

x 130 | 38,3 | 33,09 33% |0,580 | %e Y16 11,510( 11% | 0,855 | 4 20% | 16 | 1V
%118 | 34,7 3286 | 32% | 0,550 | % %6 | 11,480( 1% | 0,740 | % 29% | 1% | 146
W 30 x 5812 | 170,0 | 35,39 | 35% 1,970 | 2 1 16,200| 16% | 3,540 | 3%s 26% | 4%s 116

x 526% | 154,0 | 34,76 | 34% 1,790 | 16 | 1 16,020( 16 3,230 | 3% 26% |4 1%
%4772 | 140,0 | 3421 [ 34% [ 1630 | 1% 36 15,865| 157 | 2,950 | 3 26% | 3% 1%s

%« 4332 | 127,0 | 33,66 | 33% 1,500 | 1% Ya 15,725| 15% | 2,680 | 2'vie | 26% 3%s 1%

« 3912 | 114,0 | 33,19 | 33% 1,360 | 1% e 15,590 | 15% | 2,440 | 2% 264 3% 1%6

%3572 104,0 | 32,80 | 32% 1,240 | 1% % 15,470| 15% | 2,240 | 2% 26% |3 1%
%x326° | 95,7 | 32,40 | 2% 1,140 | 1% Y6 15,370| 15% | 2,050 | 2%s 26% | 2Vie 1%s

%x202% | 857 {3201 |32 1,020 | 1 Y 15,255| 15% | 1,850 | 1% 26% | 2% 1Y
x261 | 76,7 |3161|31% | 0930 | %e Y 15,155] 15% | 1,650 | 1% 26% | 2%6 1%
x235| 69,0 |31,30|31% |0830 | e e 15,055| 156 1,500 | 1% 26% | 2% 1Vis

x211 62,0 | 30,94 [ 31 0,775 | % % 15,105| 15% | 1,315 | 1% 26% | 2% 1%

x 191 | 66,1 30,68 | 30% | 0,710 | Ve ¥ 15,040| 15 1,185 | 1% 26% | 2%s | 1Vie

x 173 | 50,8 | 30,44 [ 30% [0655 | % %6 14,985| 15 1,065 | 1% 26% 1% 1%e

a: S5 hiéu a chi nén diing lam cft, cau kién nén.

Duing Iam loai cau kién khac can cb quy trinh han va cét riéng.
b: S6 hiéu b cling dugc mét s8 hang ché tao véi chiing loai nang han.
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CAC bAC TRUNG
ty
I K
A

TL Tiéu chudn tiét dién dic Di4c trung dan héi Médun déo

dan~h b; d r Truc X-X Truc Y-Y

nghia| — | fr — | Fr T 4 z z

1t 2 Y 2t v A ] ] r | S r X 4
Lb. ksi ksi | In. in4 m3 | i | mn* | nd In. | m3| 1n3
619 | 24 - .| 195 - | 451|064 | 41800 | 2170 | 152 | 2870 | 340 | 3,98 | 2560 | 537
567 | 26 - 209 - 146 | 069 | 37700 | 1990 | 151 | 2580 | 308 | 3,94 | 2330 | 485
515 | 2,8 - | 226 | - |442|075| 33700 | 1810 | 149 | 2290 | 276 | 3,89 | 2110 | 433
468 | 3,0 - | 242} - | 437|082 30100 | 1630 | 14,8 | 2030 | 247 | 3,85 | 1890 | 387
424 | 33 - [ 263} - |433]090 | 26900 | 1480 | 147 | 1800 | 221 | 381 [ 1700 | 345
387 | 35| - | 285| - |430|097 | 24300 | 1350 | 147 | 1620 | 200 | 3,79 | 1550 | 312
354 | 38 - | 306 | - | 427|106 ] 21900 | 1230 | 145 | 1460 | 181 | 3,74 | 1420 | 282
318 | 42 - | 338|578 | 424 | 1,16 | 19500 | 1110 | 144 | 1290 | 161 | 3,71 | 1270 | 250
201 | 46 - | 363|501 | 4211127 | 17700 | 1010 | 144 | 1160 | 146 | 3,69 | 1150 | 226
263 | 50 - | 397 419 4,18 | 1,39 | 15800 | 917 | 14,3 | 1030 | 131 | 3,66 | 1040 | 202
241 57 - 41,2 | 389 | 417 1,54 14200 829 14,1 932 118 3,63 939 182
221 | 62 - | 438 | 345 | 415 | 168 | 12800 | 757 | 14,1 | 840 | 106 | 359 | 855 | 164
201 | 68 - | 4711298 | 412} 186 | 11500 | 684 | 140 | 749 | 952 | 356 | 772 | 147
169 | 47 - | 5051259 (295|241 | 9200 | 549 | 137 | 310 | 539 | 2,50 | 629 | 844
152 | 55 - | 527 | 237 | 294 | 274} 8160 | 487 | 135 | 273 | 472 | 2,47 | 559 | 73,9
141 | 6,0 - | 550 | 21,8 | 292 | 301 | 7450 | 448 | 134 | 246 | 427 | 2,43 | 514 | 66,9
130 | 67 - | 571|203 | 288|336 | 6710 | 406 | 132 | 218 | 37,9 | 2,39 | 467 | 595
118 | 7.8 - | 597 | 185 | 284 | 387 | 5900 | 359 | 130 | 187 | 326 | 2,32 | 415 | 513
581 | 23 - | 189 | - 1434|062 33000 | 1870 | 139 | 2530 | 312 | 3,86 | 2210 | 492
526 | 25 - | 194 ] - 1,29 | 0,67 | 29300 | 1680 | 13,8 | 2230 | 278 | 3,80 | 1990 | 438
477 | 27 - 210 - |424}0,73| 26100 | 1530 | 13,7 | 1970 | 249 | 3,75 | 1790 | 390
433 1 29 | - | 224 | - |1,20]|0,80]| 232001380 |13,5| 1750 | 222 | 3,71 |1610]| 348
391 | 324 - (244 - |4,16 0,87 | 20700 | 1250 | 13,5 | 1550 | 198 | 3,68 |1430| 310
357 | 35 | - |265| - |4,12|0,95| 18600 | 1140 | 13,4 | 1390 | 179 | 3,65 [1300| 279
326 | 37 | - |284| - |409|103]| 168001030 | 13,2|1240| 162 | 3,61 [1190| 252
292 | 4.1 - |314] - |406 (1,13 | 14900 | 928 | 13,2 | 1100 | 144 | 3,58 | 1060 | 223
261 | 416 | - {340 57,2|4,02|1,26| 13100 | 827 | 13,1 959 | 127 | 3,54 | 941 | 196
235 | 50 | - |[37,7|46,4|4,001,39 11700 | 746 | 13,0 | 855 | 114 | 3,52 | 845 | 175
211 | 57 | - | 399|414 (3,99 |1,56 | 10300 | 663 | 12,9 | 757 | 100 | 3,49 | 749 | 154
191 | 6,3 | - | 432|354 (3,97 (1,72 9170 | 598 | 12,8 | 673 | 89,5 | 3,46 | 673 | 138
173 | 7,0 | - | 46,5306 (3,94 |191| 8200 | 539 | 12,7 598 | 79,8 | 3,43 | 605 | 123
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Dién B& cao Bung Céanh Khoang

SGhigu | tich d Bédayt, | /2 | Bérongby Bé dayt,, T k Ky
in2 In. in. In. in. in. In. In. In.
W30 x 148° | 435 | 3067 | 30% | 0650 | % | %e |10.480| 10% | 1,180 | 1% | 26% | 2 1
«132] 389 | 3031 | 30% |0615| % | %6 [10545| 10% | 100 | 1 | 26% | 1% | Ve
«124| 365 | 30,17 | 30% | 0585 | %s | % [10515| 10% | 0,930 | e | 26% | 1 | 1
«116| 342 | 3001| 30 [0565| % | % (10495 10% | 0850 | % | 26% | 1% | 1
«108| 317 | 2083 | 20% |0545| 1 | s [10475] 10% |0760 | % | 26% | 1% | 1
x99 | 20,1 | 2065 | 29% | 0520 % v [10.450| 10% | 0670 | s | 26% | 1% | 1
«90| 26,4 | 2053 | 29% {0470 | % % |10,400| 10% | 0610 | % | 26% | 1% | 1
W27 x 5397 | 158,0 [32,52| 31% {1970 | 2 1 |15255| 15% {3540 | 3%e | 24 | 4% | 1%
ca04®| 1450 | 3197 | 32 1810 1% | 1 [15005| 15% {3270 | 3% | 24 4 | 1%
«448® | 1310 | 31,42 | 31% | 1650 | 1% | % |14940{ 15 |2900| 3 24 | 3vie | 1%
<407° | 1190 | 3087 | 30% | 1520 1% | % [14800 14% |2720| 2% | 24 | 3% | 1V
«368° | 1080 | 30,39 | 30% | 1380 | 1% | e |14665| 14% |2480| 2% | 24 | 3% | 1%
«336% | 987 | 3000| 30 [1260| 1% | % (14545 14% | 2280 | 2% | 24 3 | 1%
«307°| 902 | 2961 | 20% | 1,160 | 1% | ® |14.445| 14% | 2000 | 2% | 24 | 2% | 1%
«281° | 826 | 2929 | 20% | 1,060 | 1% | % |14,350| 14% | 1,930 | 1'% | 24 | 2% | 1%
«258| 757 | 2898 | 29 |o0980| 1 % |14270| 14% | 1770 1% | 24 | 2% | 1%
«235| 691 | 28,66 | 28% | 0910 | s | % [14,190| 14% | 1,610 | 1% | 24 | 2% | 1%
«217| 638 | 2843 | 28% | 0830 | ¥ | 4 |14.115] 14% | 1,500 | 1% | 24 | 2%e | 1%
«194| 57,0 | 28,11 | 28% 0750 | % % 114035 14 |1340| 1% | 24 | 2% | 1
x178| 52,3 | 2781 27% {0725 | % % |14.085| 14% | 1,190 | 1% | 24 | 1% | 1%
«161| 474 | 2750 | 27% | 0660 | e | % [14020] 14 | 1,080 | e | 24 | 1% [ 1
«146 | 429 | 2738 | 27% | 0605 | % | % (13965 14 [0975| 1 24 | e | 1
W27 x12¢° | 378 | 2763 | 27% [ 0610 | % | % |10010{ 10 | 1,100 | 1% | 24 | 1'% | e
«114] 335 | 2720 | 27% | 0570 | % | %s [10070| 10% {0930 | Wi | 24 | 1% | %
«102| 30,0 |27,00| 27% |0515| % v 10015 10 | 0830 | e | 24 | 1% | W
«94| 2717 | 2602 | 26% | 0490 | % v |9990| 10 [0745| % | 24 | 1% | %o
«84| 248 {2671 | 26% |0460] 6 | W |9960| 10 |0640| % | 24 | 1% | e

a: S& hiéu a chi nén dung lam cdt, c4u kién nén. Diing lam loai cau kién khac cén c6 quy trinh han va cét riéng.
b: S6 hiéu b cling Judc mét s& hang ché tao véi chiing loai néng han.
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THEP HINH W
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CAC DAC TRUNG
| k
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TL Tiéu chuén tiét dien dac Dic trung dan héi Médun déo
:;;‘Tg Fr Er p Truc X-X Truc Y-Y

{0 U LA - N 2 L B v T B P s | r | &%

2t 2,

Lb. ksi ksi | In. m* fm3 | m (| | mB | il
148 44 - 47,2 | 29,7 | 2,70 | 2,48 | 6680 | 436 12,4 227 433 | 2,28 500 68,0
132 53 - 493 | 272 | 2,68 | 287 | 5770 | 380 12,2 196 37,2 | 226 437 58,4
124 5,7 - 516 | 248 | 266 | 3,09 | 5360 | 355 12,1 181 344 | 223 408 540
116 6,2 - 53,1 | 23,4 | 264 | 3,36 | 4930 | 329 12,0 164 | 31,3 | 2,19 | 378 | 49,2
108 6,9 - 54,7 | 22,0 | 2,61 | 3,75 | 4470 | 299 11,9 146 | 279 | 215 | 346 | 439

99 78 - 570 | 203 | 2,57 | 4,23 | 3990 | 269 11,7 128 245 | 2,10 312 38,6

90 8,5 58,1 62,3 16,7 | 2,56 | 465 | 3620 | 245 11,7 115 22,1 2,09 283 34,7
539 2,2 - 16,5 - 4,10 | 0,60 [25500| 1570 | 12,7 | 2110 | 277 3,66 | 1880 | 437
494 2,3 - 17,7 - 4,05 | 0,65 | 22900 144,0 | 12,6 | 1890 | 250 361 | 1710 | 394
448 2,5 - 19,0 - 4,01 0,70 |20400| 1300 | 12,5 | 1670 | 224 3,57 | 1630 | 351
407 2,7 - 20,3 3,96 0,77 (18100] 1170 | 12,3 | 1480 | 200 3,52 { 1380 313
368 3,0 - 22,0 - 3,93 | 0,84 [16100| 1060 | 12,2 | 1310 179 3,48 | 1240 | 279
336 3,2 - 23,8 - 3,39 | 0,90 | 14500| 970 12,1 | 1170 | 161 345 | 1130 | 252
307 3,5 - 25,5 - 3,86 | 0,08 |13100| 884 12,0 | 1050 | 146 342 | 1020 | 227
281 3,7 - 276 - 384 | 1,06 |11900| 811 12,0 953 133 3,40 933 206
258 4,0 - 296 - 3,81 1,15 | 10800 | 742 11,9 659 120 3,37 850 187
235 4.4 - 31,5 - 3,78 | 1,25 | 9660 | 674 118 768 108 3,33 769 168
217 47 - 343 | 56,3 | 3,76 1,34 | 8870 | 624 11,8 704 998 | 3,32 708 154
194 52 - 375 | 470 | 3,74 | 1,49 | 7820 | 556 1,7 618 88,1 3,29 628 136
178 59 - 384 | 449 | 3,72 | 166 | 6990 | 502 11,6 555 788 | 3,26 567 122
161 6,5 - 418 | 378 | 3,70 | 1,82 | 6280 | 455 11,5 497 70,9 | 3,24 512 109
146 7.2 - 453 | 322 | 3,68 | 2,01 | 5630 | 411 114 | 443 | 635 | 3,21 461 975
129 45 - 453 | 322 | 2,59 | 2,51 | 4760 | 345 11,2 184 368 | 2,21 395 576
114 54 - 479 | 288 | 2,58 | 2,91 | 4090 | 299 11,0 159 315 | 2,18 343 49,3
102 6,0 - 526 | 239 | 256 | 3,26 [ 3620 | 267 | 11,0 | 139 | 278 | 2,15 | 305 | 434
94 6,7 - 549 | 219 | 253 | 362 | 3270 | 243 10,9 124 248 | 2,12 278 38,8
84 7.8 - 58,1 19,6 | 2,49 | 4,19 | 2850 | 213 10,7 106 21,2 ) 2,07 244 332
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3 Bung Canh Khoang céach
, Digntich|  °°$%° — \ _ g
S6 higu Bédayt, | L/2 | Bérongby Bé day t,, T k kq
in.2 in. In. In. In. in. In. in. in.
W24 x 492 | 144,0 | 2065 | 29% | 1970 | 2 1 |14115| 14% | 3540 | 3% | 21 | 4% | 1%
450° | 1320 | 29,00 | 20% | 1,810 | 1% | 1 |13955| 14 | 3270 | 3% | 21 | 4V | 1%
(408%| 1190 | 2854 | 28% | 1650 | 1% | e [13,800| 13% | 2990 | 3 21 | 3% | 1%
. 370°| 1080 | 2799 | 28 [1520| 1% | % |13660| 13% | 2720 | 2% | 21 | 3% | 1%
(335%| 984 | 2752 | 27% | 1380 | 1% | e [13,520| 13% | 2480 | 2% | 21 | 34 | 1%
L 306°| 898 | 2713 | 27% | 1,260 | 1% | % [13,405| 133/6 | 2280 | 2% | 21 | 3%s | 1¥e
(275%| 820 | 26,73 | 26% | 1,160 | 1%s | 5/8 [13305| 13% | 2,090 | 2%s | 21 | 2% | 1%
«250%| 735 | 2634 | 26% | 1040 | 1% | %e [13185| 13% | 1,890 | 1% | 21 | 2'e | 1%
«229| 672 | 2602 | 26 |0960} 1 % [13110| 13% | 1,730 | 1% | 21 | 2% | 1
x207| 60,7 | 2571 | 25% | 0870 74 7 |13.010| 13 | 1570 | 1% | 21 | 2% | 1
«102| 563 | 2547 | 25% | 0810 | e | 74s [12950( 13 | 1460 | 1% | 21 | 2% | 1
%176 517 | 2524 | 25% [ 0750 | %a % 12,800 12% | 1,340 | 1%6 | 21 | 2% | 1%e
«162| 477 | 2500 | 25 |0705| s | % 12955 13 | 1,220 | 14 | 21 2 | 1%
«146| 430 | 2474 | 24% | 0850 | % | %6 [12900] 12% | 1,090 | 1% | 21 | 1 | 1%
«131| 385 | 2448 | 241 |0605| % | %1e [12855| 12% | 0960 | e | 21 | 1% | 1%
«117| 344 | 2426 | 2a% | 0550 | %6 | %6 [12800| 12% | 0850 | % | 21 | 1% | 1
x104| 306 | 2406 | 24 |0500| ' ve (12750 13% | 0750 | % | 21 | 1% | 1
W 241x103°| 303 | 2453 | 24% (0550 | %s | e 90001 9 | 0980 1 21 | 1% | e
«04| 277 | 2431 | 24% | 0515 | Y2 v, |9065| 9% | 0875 | W | 21 | 1% | 1
« 84| 247 | 24,10 | 24% 0470 | 2 Ya | 9,020 0770 | % | 21 | 1%s | "%e
« 76| 224 | 2392 | 23% | 0440 | e | v |8990| 9 | 0680 | " | 21 | 176 | Ve
«68| 201 | 2373 | 23% |0415| e | Ve |8965| 9 | 0585 | %e | 21 | 1% | Ve
W24x62| 182 | 2374 | 23% [ 0430 16 | Y | 7,040 0590 | % | 21 | 1% | e
x 55| 162 | 23,57 | 23% | 0395 | % Ys | 7,005 0505 | % | 21 | 1% | ¥

a: S6 hiéu a chi nén ding lam cot, cau kién nén. Dung lam loai c3u kien khac can c6 quy trinh han va cat riéng.
b: S& hiéu b cling dudc mét s6 hang ché tao véi chiing loai nang hon.
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TL Tiéu chusn tiét dién dac Bac trung dan hoi Maédun déo
darr:_h ] N . Truc X-X Truc Y-Y
R0 = A T A R T P L s [ r | &%
2t, 2t
Lb. ksi ksi | In. I I I W T IS S IV
492 2,0 - 15,1 - 380 | 0,59 {19100 1290 | 11,5 | 1670 | 237 341 | 1550 | 375
450 21 - 16,1 - 376 | 0,64 |17100| 1170 | 11,4 | 1490 | 214 3,36 | 1410 | 337
408 2,3 - 17,3 - 371 { 0,69 |15100| 1060 | 11,3 | 1320 | 191 3,33 | 1250 | 300
370 2,5 - 18,4 - 3,67 | 0,75 [13400| 957 11,1 | 1160 | 170 3,28 | 1120 | 267
335 2,7 - 199 - 3,63 | 0,82 [ 11900| 864 11,0 | 1030 | 152 | 3,23 | 1020 | 238
306 29 - 21,5 - 3,60 | 0,89 | 10700| 789 109 | 919 137 | 3,20 | 922 214
279 3,2 - 23,0 - 357 | 096 | 9600 | 718 10,5 | 823 124 | 3,17 | 835 193
250 3,5 - 25,3 - 353 | 1,06 | 8490 | 644 10,7 | 724 110 | 3,14 | 744 171
229 3,8 - 27,1 - 3,51 1,15 | 7650 | 588 10,7 651 994 | 3,11 676 154
207 41,1 - 29,6 - 3,48 | 1,26 | 6820 | 531 10,6 578 88,8 | 3,08 606 137
192 44 - 314 - 3,46 1,35 | 6260 | 491 10,5 530 81,8 | 3,07 559 126
176 4,8 - 337 | 58,2 | 3,44 | 1,46 | 5680 | 450 10,5 | 479 | 743 | 3,04 | 511 115
162 53 - 355 | 525 | 345 1,58 | 5170 | 414 10,4 443 68,4 | 3,05 468 105
146 5,9 - 38,1 456 | 3,43 1,76 | 4580 | 371 10,3 391 60,5 | 3,01 418 93,2
131 6,7 - 40,5 | 403 | 3,40 | 1,98 | 4020 | 320 10,2 340 53,0 | 2,97 370 81,5
117 7,5 - 44,1 339 | 337 | 223 | 3540 | 291 10,1 297 46,5 | 2,94 327 71,4
104 8,5 58,5 | 48,1 28,5 | 335 | 252 | 3100 | 258 10,1 259 40,7 | 291 289 624
103 4.6 - 446 | 332 | 233 | 2,78 | 3000 | 245 9,96 119 | 265 [ 1,99 | 280 | 41,5
94 52 - 47,2 | 296 | 2,33 | 3,06 | 2700 | 222 9,87 109 | 240 | 198 | 254 | 375
84 59 - 51,3 | 251 | 2,31 3,47 | 2370 | 196 979 |1 944 | 20,9 | 1,95 | 224 32,6
76 6,6 - 544 1 223 ( 229 | 391 | 2100 | 176 969 1 825 | 184 | 1,92 200 28,6
68 7,7 - 572 | 202 | 226 | 452 | 1830 154 955 | 70,4 15,7 1,87 177 245
62 6,0 - 552 { 21,7 | 1,71 | 572 | 1550 | 131 923 ( 345 | 980 | 1,38 153 15,7
55 6,9 - 59,7 | 185 | 1,68 | 6,66 | 1350 | 114 911 | 29,1 | 830 | 1,34 134 13,3
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Dién Bé cao Bung Canh Khoang cach

S8 hiéu tich d B&dayt, | t/2 | Bérongby B& day t, T k Ky
_ In2 n. In. In. in. In. In. In. In.
W21 %402 | 1180 | 2602 | 26 | 1730 1% | % [13405] 13% |3,130| 3% | 18% | 3% 176
<3645 | 1070 | 25.47 | 25% | 1590 | 1% | e |13265| 13% | 2850 | 2% | 18% | 3% 1%
3330 | 970 | 2500 25 |1460| 17 | % [13.130| 13% | 2620 | 2% | 18% | 3% 1%
.300° | 882 | 2453 | 24% | 1320 | 1% | e [12990 13 |2380| 2% | 18% | 3% 1%
(o75° | 808 | 2413 | 24% | 1.220| 1% | % |12890| 124 | 2,190 | 2%e | 18% | 3 %6
coase | 728 | 2374 23% | 1100 | 1% | e 12775 12% | 1,990 2 | 18% | 2% 1%
«223 | 654 |2335| 23% [ 1,000 [ 1 % [12,675] 12% | 1,790 | 1%e | 18% | 2%s | 1%
.201| 502 |2303| 23 |0910| W | % [12575| 12% | 1630 | 1% | 18% | 2% 1
(182 | 536 | 2272 | 22% | 0830 | e | e |12575| 12% | 1480 | 1% | 18% | 2% 1
«166 | 488 | 22,48 | 2212 | 0750 | % 3% |12,500! 12% | 1360 | 1% | 18% | 2% | 1%
«147 | 432 | 2206 | 22 |0720| % 3% [12510] 12% [ 1,150 | 1% | 18% | 1% | 1%s
132 | 388 | 2183 | 217 | 0650 | % | %e [12440| 12% | 1,035 Ve | 18% | 1%s | 1
<122 | 359 | 2168 21% {0600 | % | %e [12390| 12% | 0,960 | e | 18% | 11Ve 1
<111 | 327 | 2451 | 21% {0550 | %e | % (12340 12% {0875 | " | 18% 1% | e
«101| 298 | 21,36 | 21% [ 0,500 | % v [12200] 12% | 0,800 | e | 18% | 1% | W
W21x93 | 273 | 2162 | 21% |0580 | % | %6 |8420| 8% | 0930 | ' | 18% | 17 1
«83| 243 | 2143 21% |0515| % v |8355| 8% |0835] e | 18% | 1% | e
«73| 215 | 2124 | 21% |0455| s | W |8205)| 8% |0740| % | 18% ) 1% 1546
(68| 200 | 2113 | 21% | 0430 | % | W |8270| 8% 0685| ‘e | 18% | 1Vs %
(62| 183 | 2000 | 21 |o0400| % | e |8240| 8% |0615) % | 18% | 1% %
W21x57 | 167 |2106| 21 |0405| % | % |6555| 6% |0650| % | 18% | 1% %
50| 147 | 2083 | 20% [0380| % | %e |6530| 6% |0535| %e | 18% | 1% |
a4 | 130 | 2066 | 20% {0350 | % | % [6500| 6% |0450| % | 18% 1% |

a S6 méu a chi nén dung lam cdt, cau kién neén. Duing lam loai cdu kién khac cin co

quy trinh han va cAt riéng.
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TL Tiéu chudn tiét dién dac Dic trung dan héi Médun déo

T e [ e | . [T e |,

1ft i Y 2 Y A I S r I S r %
Lb. ksi ksi | In. In. S T T T S (TR S R A BT
402 | 21 . 150 | - 363 | 062 |12200| 937 | 102 | 1270 | 189 | 3,27 | 1130 | 296
364 | 23 - 16,0 - | 359 | 067 |10800| 846 | 10,0 | 1120 | 168 | 3,23 | 1010 | 263
333 | 25 - 17,1 - 3551 073 | 9610 | 769 | 991 | 994 | 151 | 319 | 915 | 237
300 | 27 - 18,6 - 351 | 078 {8480 | 692 | 981 | 873 | 134 | 315 | 816 | 210
275 | 29 - 198 | - | 348 | 085 | 7620 | 632 | 971 | 785 | 122 | 312 | 741 | 189
248 | 32 - | 216 - | 345 | 094 6760 | 569 | 963 | 694 | 109 | 3,00 | 663 | 169
223 | 35 - | 234 | - |[341 102|595 | 510 | 954 | 609 | 96,1 | 3,05 | 589 | 149
201 | 39 - | 253 | - |338 | 112 5310 | 461 | 947 | 542 | 86,1 | 3,02 | 530 | 133
182 | 42 - | 27a | - 336 | 1,23 | 4730 | 417 | 940 | 483 | 77,2 | 300 | 476 | 119
166 | 46 - 30,0 - 1334|133 4280 | 380 | 936 | 435 | 70,1 | 2,98 | 432 | 108
147 | 54 - 306 - | 334|153 3630 | 320 | 917 | 376 | 601 | 2,95 | 373 | 92,6
132 | 60 - 336 | 586 | 331 | 1,70 | 3220 | 295 | 9,12 | 333 | 535 | 293 | 333 | 823
122 | 65 . 361 [ 506 | 3,30 | 1,82 | 2060 | 273 | 9,090 | 305 | 492 | 2,92 | 307 | 756
1M1 | 7.1 . 39,1 | 432 | 328 | 1,99 | 2670 | 249 | 9,056 | 274 | 445 | 290 | 279 | 682
101 | 7.7 - | 427 | 362 1327 | 217 | 2420 | 227 | 902 | 248 | 403 | 289 | 253 | 617
93 | 45 - 1373|475} 217 | 276 | 2070 | 192 | 870 | 929 | 221 | 1,84 | 221 | 347
83 | 50 - | 416 | 381|215 | 307 | 1830 | 171 | 867 | 81,4 | 195 | 183 | 196 | 305
73 | 56 - | 467 [ 303 | 213 | 346 | 1600 | 151 | 864 | 706 | 170 | 181 | 172 | 266
88 | 6,0 - 1491 | 274 | 212 | 3,73 | 1480 | 140 | 860 | 64,7 | 157 | 1,80 | 160 | 244
62 | 67 - 525 | 240 | 210 | 4,14 {1330 | 127 | 854 | 575 | 139 | 1,77 | 144 | 247
57 | 50 - 520 | 244 | 164 | 494 | 1170 | 111 | 836 | 306 | 935 | 1,35 | 129 | 148
5 | 6,1 - 548 | 220 | 1,60 | 596 | 984 | 945 | 818 | 249 | 764 | 130 | 110 | 122
4 | 72 - | 590|190 | 157 | 706 | 843 | 816 | 806 | 207 | 636 | 1,26 | 954 | 102
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THEP HINH W d X x |1
KiCH THUGC
4
1 I Kk
Y
b *
Dién Bé& cao Bung Céanh Khoang cach

S6 higu tich d Bédayt, | t /2 B rong by Bé day t,, T k ky
In2 in. In. In. In. In. In. in. in.
W18x311% | 91,5 {2232 | 22% | 1520 | 1% | % [12005| 12 [2740 | 2% | 15% | 3% | 1%e
«283° | 832 | 21,85| 21% | 1,400 | 1% | e [11890| 11% | 2500 | 2% | 15% | 3% | 1%
«258% | 759 | 21.46] 21% [ 1,280 | 1% | % [11.770| 11% [ 2300 | 2%e | 15% 3 1%

«234% | 688 | 2106 | 21 |1,160 |13/ | 5 [11650| 1% | 2110 | 2% | 15% | 2% 1

<2112 | 621 | 2067 | 20% | 1,060 | 1% | %16 [11,555| 11% | 1,910 [ 1'%s | 15% | 2% 1
x192 | 56,4 | 20,35 20% | 0960 | 1 1, 111455| 11% | 1,750 | 1% | 15% | 2% | "%

x175| 51,3 | 2004 | 20 [0890| % e |11,375] 11% | 1590 | 1%e | 15% | 2% %
x158 | 46,3 | 1972 | 19% | 0810 | s | e 11300 1% | 1,440 | 1%s | 15% | 2% T/
x143 | 421 11949 | 19% | 0,730 | ¥ 3% 11,2200 1% | 1,320 | 1% | 15% 2 346
«130 | 382 | 1925 | 19% | 0670 | e | ¥ [11,160 11% | 1,200 | 1%s | 15% | 1% | Ve
W18x119 | 351 | 1897 | 19 |0655| 5% | 51 |11,265| 1% | 1,060 | 1% | 15% | 1% | e
«106 | 311 | 18,73 | 18% | 0590 | %s | %e [11200| 11% | 0,940 | "% | 15% | 1% | %16
x97| 285 | 1850 | 18% | 0535 | %6 | %e [11,145| 1% | 0870 | % 5% | 1% |

«86| 253 | 18,39 | 18% | 0,480 | 1% % 111,000 11% | 0770 { % 15% | 176 |
«76 | 223 | 1821 | 18% | 0425 | 746 | Ve [11,035] 11 | 0680 | e | 15% | 1% | Ve
w18 x71| 208 | 1847 18% 0495 | % % | 7635| 7% | 08101 W | 15% | 1% T/
«65| 191 [1835| 18% | 0450 | 716 | Ya | 7590 | 7% | 0750 | % 15% | 17 |
«60| 176 | 1824 | 18% | 0415| 716 | Ve | 7555 | 7% | 0695 e | 15% | 1% | 'Vie
«55| 162 | 1811 18% | 0390 | % | 346 [7530 | 7% {0630 | % 15% | 1%6 | "¥1e
x50 | 147 | 1790 18 [0355| % | % |7495| 7% | 0570 | % | 15% | 1% | "Ve
W18x46 | 135 | 1806 | 18 |0360| % | %6 | 6060 6 | 0605 % 15% | 1% | Ve
x40 | 11,8 | 17,90 | 17% [ 0315 | %8 e | 6,015 6 0,525 Y% 15% 1%e 1316

«35| 103 | 1770 | 17% | 0300 | %16 | ¥4 |6,000| 6 |0425| T4 | 15% | 1% Y,
W16x100 | 294 | 1607 | 17 |0585| 516 | %16 |10,425| 10% | 0985 1 13% | 11%s | %6
«89| 262 | 16,75 16% | 0525 | %6 | % {10,365| 10% | 0,875 | 13% | 1% | "6

x77 | 226 | 1652 | 16% | 0455 e | Y [10,205| 10% | 0760 | % 13% | 17 | 4
«67 | 197 | 1633 | 16% | 0395 | % | %6 [10235| 10% | 0665 | s | 13% | 1% | "V
W16x75| 168 | 1643 | 16% | 0430 | 746 | 4 | 7120 7% [ 0715 | W | 13% | 1% T
x50 | 147 | 1626 | 16% | 0380 % | % |7070| 7% [0630| % 13% | 1%6 | Y16
«45| 133 | 1613 | 16% | 0345 | % | % |7035| 7 |0565| % | 13% | 1% | 'V
«40| 118 | 1601 16 |0305| %46 | %1 |6995) 7 |0505| % 13% | 1%6 | Ve

«36| 106 | 1586 | 157% | 0295 | %16 | % | 6985 | 7 10430 | s | 13% | 1% Y

a: S6 hiéu a chi nén dung lam cét, cau kién nén. Ding lam loai c&u kién khac cdn c6 quy trinh han va cat riéng.
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THEP HINH W d X X |7
CAC DAC TRUNG
y
i l k
y
by t
TL Tiéu chudn tiét dién dc Biéc trung dan héi Modun déo
danh . o |, . True X-X Truc Y-Y
ngnia ” —_— " £
T sz' R R | s r | s r R
f
Lb. ksi ksi | In. O R I B B B
311 | 22 T M7 - 1326 068 6960 | 624 | 72 | 795 | 132 | 205 | 753 | 207
283 | 24 - | 156 - 1323 074 | 6160 | 564 | 861 | 704 | 118 | 291 | 676 | 185
258 | 26 - | 168 | - 1319|079 | 5510 | 514 | 853 | 628 | 107 | 288 | 611 | 168
234 | 28 - | 182 - ] 316 | 086 | 4900 | 466 | 844 | 558 | 958 | 2.85 | 549 | 149
211 | 30 - 1951 - 1313|094 (4330 | 419 | 835 | 493 | 853 | 282 | 490 | 132
192 | 33 - o[22 - 310 ) 102 (3870 | 380 | 828 | 440 | 76,8 | 279 | 442 | 119
175 | 36 T &5 - 1307 ) 1,11 | 3450 | 344 | 820 | 391 | 688 | 276 | 398 | 106
158 | 3,9 T %43 - | 305 121 /3060 | 310 | 812 | 347 | 614 | 274 | 356 | 948
143 | 42 T | %7 | - | 30313212750 | 282 | 809 | 311 | 555 | 272 | 322 | 854
130 | 46 T | BT - | 301 | 144 ) 2460 | 256 | 8,03 | 278 | 49,9 | 270 | 201 | 767
119 | 53 T |30} - 1302 | 159 12190 | 231 | 790 | 253 | 449 | 269 | 261 | 691
106 | 6,0 T 3T p - 1300 | 178 | 1910 | 204 | 7,84 | 220 | 394 | 2,66 | 230 | 60,5
97 | 64 T 347 1847 1299 | 192 | 1750 | 188 | 7,82 | 201 | 36,1 | 2,65 | 211 | 553
86 | 7.2 © | 38314501 207 | 215 | 1530 | 166 | 7,77 |- 175 | 31,6 | 263 | 186 | 484

76 8,1 642 | 428 | 36,0 | 295 | 243 | 1330 | 146 7,73 | 152 | 276 | 2,61 163 | 42,2

71 4,7 - 373 | 474 | 1,98 | 299 | 1170 | 127 750 | 60,3 | 158 | 1,70 | 145 | 24,7
65 5,1 - 408 | 397 | 197 | 322 | 1070 | 117 749 | 548 | 144 | 169 | 133 | 225
60 54 - 440 | 342 | 196 | 3,47 | 984 108 | 7,47 | 501 | 133 | 1,69 | 123 206
55 6,0 - 464 | 306 | 195 | 382 | 890 983 | 741 | 449 | 119 | 167 | 112 18,5
50 6,6 - 50,7 | 257 | 1,94 | 421 | 800 889 | 738 | 401 | 107 | 165 | 101 16,6
46 50 - 502 [ 262 | 1,54 | 493 | 712 788 | 725 [ 225 | 743 [ 129 | 90,7 | 1 1,7
40 57 - 56,8 | 20,5 | 1,52 | 567 | 612 684 | 721 ) 191 | 635 | 127 | 784 9,95
35 71 - 59,0 | 19,0 | 1,49 | 6,94 | 510 576 | 704 | 153 | 512 | 1,22 | 66,5 8,06
100 53 - 29,0 - 281 [ 1,65 | 1490 | 175 | 7,10 | 186 357 | 2,51 198 | 54,9
89 59 - 31,9 1 649 | 279 | 185 | 1300 | 155 705 | 163 | 314 | 249 | 175 | 48,1
77 6,8 - 363 | 501 | 277 | 211 | 1110 | 134 7,00 | 138 | 269 | 247 | 150 | 41,1
67 7.7 - 413 | 386 | 2,75 | 2,40 | 954 17 | 69 | 119 | 232 | 246 | 130 355
57 5,0 - 382 | 452 | 186 | 323 | 758 922 | 672 | 43,1 | 121 | 1,60 | 105 18,9
50 56 - 428 | 36,1 | 1,84 | 365 | 659 | 81 01668 (372 105 | 159 | 920 16,3
45 6,2 - 46,8 | 302 | 1,83 | 406 | 586 727 | 665 | 328 | 934 | 157 | 823 14,5
40 6,9 - 525 ( 240 | 182 | 453 | 518 64,7 | 663 | 289 | 825 | 157 | 729 12,7

36 8,1 64,0 | 538 | 229 | 1,79 | 528 | 448 56,5 | 651 | 245 | 7,00 | 1,52 | 64,0 10,8
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b :
THEP HINH W d X x |T
KiCH THUOC
|
| fk
Y
P
Dién B& cao Bung Céanh Khoang cach
SGhieu | tich d B& day 2 | Bérongb B& day T k k
f 1
in.2 In. In. In. In. In. In. In.
W16 x31| 912 | 1588 | 15% | 0275 | % % | 5525| 5% 0440 | e | 13% | 1% | °m
«26| 768 | 1569 | 15% [ 0250 | % w |5500] 5% |0345| % | 13% | 1% | n
W14x30| 2150 | 2242 | 22% {3070 | 3%e | 1%e |17.890| 17% | 4,910 4% | 1% | 5% | 2%
L 665| 196,0 | 2164 | 21% | 2830 | 2%e | 1% |17.650| 17% | 4520 | 4% | 11% 5% | 2ve
(605! 1780 | 2002 | 20 | 2595 | 2% | 1% |17.415| 17% | 4,160 | 4%s 1% | 4% | 15
550 1620 | 2024 | 20% | 2,380 | 2% | 1% |17.200| 17% | 3820 | 3'%s 1% | 4% | 1"
. 500| 1470 | 1960 | 19% | 2190 | 2% | 1% [17.010| 17 |3500 | 3% M | 4% | 1%
«455| 1340 | 1902 | 19 [2015| 2 1 |16835| 16% | 3210 | 3% | 1% | 3% | 1%
W14 x 426 | 1250 | 1867 | 18%s | 1875 | 1 | e |16695 16% | 3,035 | e 1M% | 3e | 1%
l
x 398 117.0 | 18.29 18% | 1770 | 1% | % |16590| 16% |2845| 2% | 1% | 3% | 1%
3701 1000 | 1702 | 17% | 1655 | 1% | %e [16475| 16% | 2660 | 216 | 11% 3% | 17
342°| 1010 | 1754 | 17% | 1540 | 1% | e |16,360| 16% | 2470 2% | 11% % | 1%
311 914 | 1712 | 17% } 1410 | 1% | % |16.230| 16% | 2,260 2% | 41% | 2% | 1%
83| 833 | 1674 | 16% | 1290 | 1% | " |16.110( 16% | 2,070 e | 1% | 2% | 1%
2573| 756 | 1€38 | 16% | 1175 | 1% | % |15995( 16 1800 | 1% | 11% | 2% | 1%
x233| 685 !16,04 16 11070 | 14 | % |15890| 15% | 1720 | 1% | 1% | 2% | 1%
x211| 620 | 1672 | 15% | 0880 | 1 % |15800| 15% | 1,560 | 1%s | 11% | 2% | 1%
«193] 568 | 1548 | 15% [ 089 | & e |15710] 15% | 1440 | 1% | 11% | 2% | Ve
c176| 518 ' 1522 15% | 0830 | s | e [15650| 15% | 1.310 ) 1%s 1 | 2 | 1%
x 150 46.7 ',14,98 15 | 0745 | % % |15565| 15% | 1,190 | 1%e | 11% | 1% 1
«145| 42,7 1478 | 14% {0680 | " | % 115500| 15% 100 | 1%e | 1% | 1% 1
|
i_ ;
L !
‘ !
| i
i )
! 1

a: S6 hiéu a chi nén dung lam cot, cau kién nén. Dun

g lam loai c&u kign khac cdn c6 quy trinh han va cat riéng.
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4 ol et
THEP HINH W ; X x |
CAC DAC TRUNG g
! k
Y
by f
TL Tiéu chudn tiét dién dac Déc trung dan héi Médun déo
danh
nghia | 20 | g 9 Lo | True XX Trye Y- z, | z,
11t | 2 Y 2 Y A I S r ] [ r
Lb. ksi ksi | in. O I I B T S T
31 6,3 - 57,7 19,8 1,39 | 6,53 375 47,2 | 6,41 12,4 | 4,49 117 | 54,0 | 7,03
26 8,0 - 628 | 168 | 1,36 | 8,27 301 384 | 626 | 959 | 349 | 1,12 442 | 548
730 1.8 - 73 - 4,99 | 0,25 | 14300 1280 | 8,17 | 4720 | 527 4,69 | 1660 | 816
665 20 - 7.6 - 492 | 027 |12400) 1150 | 7,98 | 4170 | 472 4,62 | 1480 | 730
605 2,1 - 8,1 - 485 | 0,29 (10800| 1040 | 7,80 | 3680 | 423 4,55 | 1320 | 652
550 23 - 8,5 - 479 | 0,31 | 9430 | 931 763 [ 3250 | 378 | 449 | 1180 | 583
500 24 - 8,9 - 4,73 | 0,33 | 8210 | 638 748 [ 2880 | 339 | 4,43 | 1050 | 522
455 26 - 94 - 468 | 035 | 7190 | 756 7,33 | 2560 | 304 | 4,38 936 468
426 28 - 10,0 - 464 | 037 | 6600 | 707 7,26 | 2360 | 283 4,34 869 434
398 29 - 10,3 - 461 | 0,39 | 6000 | 656 7,16 | 2170 | 262 4,31 801 402
370 3,1 - 10,8 - 4,57 | 0,41 | 5440 | 607 7,07 | 1990 | 241 4,27 736 370
342 3,3 - 11,4 - 454 | 043 | 4900 | 559 6,98 | 1810 [ 221 4,24 672 338
311 3.6 - 12,1 - 450 | 0,47 | 4330 | 506 6,88 | 1610 199 4,20 603 304
283 3,9 - 13,0 - 4,46 0,50 | 3840 | 459 6,79 | 1440 179 4,17 542 274
257 4,2 - 13,9 - 443 | 054 | 3400 | 415 | 6,71 | 1200 | 161 4,13 | 487 246
233 46 - 15,0 - 440 | 059 3010 | 375 | 6,63 | 1150 | 145 410 | 436 221
211 5,1 - 16,0 - 4,37 | 064 | 2660 | 338 6,55 | 1030 130 4,07 390 198
193 55 - 17,4 [ - 435 ) 068 | 2400 | 310 | 6,50 | 931 119 | 4,05 355 180
- 176 6,0 - 18,3 - 432 | 074 | 2140 | 281 6,43 | 838 107 | 4,02 320 163
159 6,5 - 20,1 - 430 ) 081 [ 1900 | 254 | 6,38 748 96,2 | 4,00 287 146
145 71 - 21,7 - 428 | 088 { 1710 | 232 | 633 | 677 87,3 | 3,98 260 133
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THEP HINHW

1 g ¢ X X
KICH THUGC
y
: |
Y
by f
Dien Bé cao Bung Canh Khoang cach

sshieu | fieh d Bédayt, | tJ/2 | Bérongby B& day t,, T k Kq
In.2 In. In. In. In. In. In. in. In.
W14 x132| 388 | 1466 | 14% | 0645 % 546 |14,725| 14% | 1,030 1 1% | 1V %6
%« 120| 353 | 14,48 | 14% | 0,590 | %e S | 14,670| 14% | 0,940 | '%e 11% 1% %6
x109] 32,0 | 14,32 | 14% 0,525 % Va 14,605| 14% | 0,860 s 11% 1%6 »

x99| 29,1 | 1416 | 14'% | 0,485 Y% Ya 14,565 14% | 0,780 Ya 11% 176 s

x90| 26,5 | 14,02 14 0,440 "6 Ya 14,520| 14% | 0,710 | "4e 11 3% %

W14 x82| 241 | 1431 | 14% | 0,510 % Va 10,130| 10% | 0,855 % 11 1% 1
x74( 218 | 14,17 | 14'% | 0,450 4% Va 10,070| 10% | 0,785 | '3 11 1%6 %46
x 68| 20,0 | 14,04 14 0,415 6 Va 10,035 10 0,720 Y% 11 1% %6
x61| 17,9 | 13,89 | 134 | 0,375 3% Y6 | 9,995 10 | 0,645 % 1" 176 1346
W14x53| 156 | 13,92 | 13% | 0370 % e | 8,060 8 0,660 | s 1" 176 %46
«48| 141 | 13,79 | 13% [ 0340 | %e %s | 8,030 0,595 % 11 1% %

x43| 126 | 1366 | 13% | 0305 | ¥e Ye | 7,995 8 0,530 % 11 1%16 %
W14x38| 11,2 | 1410 | 14% | 0310 | %s Y% | 6,770 6% | 0515 Y% 12 1V4e £
x34} 10,0 | 13,98 14 0,285 e %6 6,745 7 0,455 The 12 1 %

x30! 8,85 | 13,84 ‘ 13% | 0,270 Va % 6,730 | 6% | 0,385 % 12 e %
W14x26| 769 | 13981 [ 13% | 0,255 i Y8 5,025 0,420 120 12 1546 Y16
x22| 6,49 | 13,74 | 13% | 0,230 Va Y 5,000 5 0,335 | %e 12 % Y6
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THEP HINH W g x |1
CAC PAC TRUNG
; k
Y
b
TL Tiéu chudn tiét dién dic Bac trung dan hoi Médun déo
:g;’g . . | 4 Truc X-X Truc Y-Y
q T — z z
| 2 ! g A | ] r | s r X y
2t 2t |
Lb. ksi ksi In. nt | n3 In. n* | ind In. n3 | .
132 | 7,1 - | 227 | - | 405|097 [ 1530 | 209 | 628 | 548 | 745 | 376 | 234 | 113 |
120 | 78 - | 245 | - | 404|105 1380 | 190 | 624 | 495 | 67,5 | 374 | 212 | 102
109 | 85 | 586 | 273 | - | 402 | 1,14 | 1240 | 173 | 622 | 447 | 612 | 373 | 192 | 927
99 | 93 | 485 | 292 | - | 400 | 1,25 | 1110 | 157 | 6,17 | 402 | 552 | 3,71 | 173 | 836
9 | 102 | 404 | 319 ) - | 359 (136 | 999 | 143 | 6,14 | 362 | 499 | 370 | 157 | 756
82 | 59 - | 281 - [ 274|165 | 882 | 123 | 6,05 | 148 | 293 | 2,48 | 130 | 448
74 | 64 - |35 - 272 | 1,79 | 796 | 112 | 604 | 134 | 266 | 248 | 126 | 406
68 | 7.0 - | 338|577 | 271 | 1,94 | 723 | 103 | 6,01 | 121 | 242 | 246 | 115 | 369
61 | 7.7 - | 370 | 481 [ 270 | 215 | 640 | 922 | 598 | 107 | 215 | 245 | 102 | 328
53 | 6,1 - | 376 | 467 | 215 | 262 | 541 | 778 | 589 | 57,7 | 143 | 192 | 871 | 220
48 | 67 - | 406 [ 402 | 213 | 289 | 485 | 70,3 | 585 | 514 | 128 | 1,91 | 784 | 196
43 | 75 - | 448 1329 | 212 | 322 | 428 | 627 | 582 | 452 | 11,3 | 1,80 | 696 | 173
38 | 66 - | 455 319 | 177 | 404 | 385 | 546 | 587 | 26,7 | 7.88 | 1,55 | 615 | 12,1
4 | 74 - | 491274 | 176 | 456 | 340 | 486 | 583 | 233 | 691 | 1,53 | 546 | 106
30 | 87 | 553 | 513 | 251 | 1,74 | 534 | 291 | 420 | 573 | 196 | 582 | 149 | 473 | 890
2% | 60 - | 545 222 | 128 | 650 | 245 | 353 | 565 | 891 | 354 | 1,08 | 402 | 554
2 | 75 - | 597 | 185 | 125 | 820 | 199 | 200 | 554 | 7,00 | 280 | 1,04 | 332 | 439
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r —
THEP HINH W d X x |1
KiCH THUGC
\ i ‘t k
vt
Dién B& cao Bung Canh Khoang cach
S6 hiéu tich d Bédayt, | tJ/2 | Bérongby Bé day t,, T k Ky
In.2 In. In. In. In. In. In. in.
Wx336° | 988 | 1682 ] 16% | 1775 | 1% | % [13,385| 13% | 2955 | 2'%s | 9% | 3%e | 1%
(350° | 896 | 1632 ] 16% | 1625 | 1% | 1, [13.235| 13% | 2705 | 2'%e | 9% | 3%s | 1%
279° | 819 | 1585 | 15% | 1530 | 1% | % [13,140| 13% | 2470 | 2% | 9% | 3% | 1%
(252 | 741 [ 1541 | 15% | 1305 | 1% | ™e [13005{ 13 |[2250| 2% | 9% | 2'%s | 1%s
«230° | 677 | 1505 | 15 [1.285| 1% | 'ws |12895| 12% | 2070 | 2%s | 9% | 2% | 1%
2102 | 618 | 1471 | 14% {1,180 | 1% | % |12790| 12% | 1900 | 1% | 9% | 2% | 1%
100 | 558 | 14.38 | 14% | 1,060 | 1% | %e [12670] 12% | 1735 | 1% | 9% | 2%s | 1%e
170 | 500 | 14031 14 |0960| e | 1 |12570| 12% | 1560 | 1%e | 9% | W | 14
152 | 447 | 1371| 13% | 0870 % | 746 [12,480| 12% | 1400 | 1% | 9% | 2% | 1%
136 | 30,9 | 13.41| 13% | 0790 | s | 716 [12,400| 12% {1250 | 1% | 9% | 1'% | 1
120 | 353 [ 1312 | 13% |0710| e | % [12,320| 12% | 1105 | 1% | 9% | 1'% | 1
«106 | 312 | 1289 | 12% |[0610| % | %e [12220] 12% 0990 | 1 9% | 1" | e
« 96 | 282 | 1271| 12% | 0550 | %s | %e [12,160| 12% |0900| % | 9% | 1% | %
<87 | 256 | 1253 | 12% |0515| % % [12125) 12% {0810 | e | 9% | 1% | %
x79 | 232 | 1238 | 12% | 0470 | % v |12,080 12% |0735| % | 9% | 1% | %
«72 | 211 | 1225 | 12% |0430| e | W [12040| 12 |0670| e | 9% | 1% | %
«65 | 191 {1212 | 12% | 0390 | % | % [12000] 12 |0605| % | 9% | 1% | 'Y
W12x58 | 170 | 1219 | 12% | 0360 % | %6 [0 | 10 |0640| % | 9% | 1% | Ve
«53 | 156 | 1206| 12 |0345| % | % [9995| 10 |0575| %s | 9% | 1% | Ve
W12x50 | 147 | 1219] 12% [ 0370 | % | % |8080| 8% (0840| % | 9% | 1% | e
<45 | 132 |1206| 12 |0335| %6 | % [8045| B |0575| %e | 9% | 1% | %
«40 | 118 |1104] 12 |0205| %6 | % |8005| 8 |0515| % | 9% | 14 | Ve
W12x35 | 103 | 1250 | 12 | 0300 | % | % |6560| 6% [0520| % | 10% | 1 %
«30 | 879 | 1234 12% [ 0260 | % % 1652 6% |0440| e | 10% | e | %
x26 | 765 | 1222 12% (0230 % % |6400| 6% {0380 % | 10% | % %
W12x22 | 6,48 1231 | 12% | 0,260 | % % |4030| 4 |0425| e | 10% | % %
«19 | 557 [ 1216 | 12% [ 0235] % % |4005| 4 [0350| % | 10% | ¥ | %
«16 | 471 | 11,99] 12 [0220( % % |3000| 4 |0265| W | 10% | % %
<14 | 416 | 1191 | 11% |0200| %6 | % |3970| 4 10225| % | 10% | e | %

a: S& hiéu a chi nén dung tam cdt, cau kién nén. Dung lam loai cdu kién khac cén cé quy trinh han va cit riéng.
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Yook
‘ tf%_ — ,'4_—'1J )
THEP HINH W d X X |T
CAC PAC TRUNG \
]!
TL Tiéu chudn tiét dién dac Dic trung dan héi Médun déo
:;272 . B tr d Truc X-X Truc Y-Y
| 2 v d |k A, [ s r [ S r N
2t, 2t
Lb. ksi ksi in. m* { w2 m* w3 m | w3 nd
336 | 23 - 9,5 - | 371 | 043 | 4060 | 483 | 641 | 1190 | 177 | 3,47 | 603 | 274
305 | 24 - [ 100 - | 367|046 (3550 | 435 | 620 | 1050 | 1159 | 342 | 537 | 244
279 | 27 - | 104 | - | 364|049 |3110] 393 | 6,16 | 937 | 143 | 338 | 481 | 220
252 | 29 - | 10| - | 359|053 |2720| 353 | 6,06 | 828 | 127 | 334 | 428 | 1%
230 | 3,1 - | 17| - |35 | 056 (2420| 321 | 597 | 742 | 115 | 331 | 386 | 177
210 | 34 - | 125 | - | 353|061 |2140| 2902 | 589 | 664 | 104 | 328 | 348 | 159
190 | 37 - | 136 | - | 350 | 065|189 | 263 | 582 | 589 | 930 | 325 | 311 | 143
170 | 4,0 - | 148 | - | 347|072 | 1650 | 235 | 574 | 517 | 823 | 322 | 275 | 126
152 | 45 - | 158 | - | 344|079 | 1430 | 209 | 566 | 454 | 72,8 | 319 | 243 | 111
136 | 50 - | 170 | - | 341|087 |1240| 186 | 558 | 398 | 64,2 | 3,16 | 214 | 980
120 | 56 - | 185 | - | 338 |09 |1070| 163 | 551 | 345 | 560 | 3,13 | 186 | 854
106 | 6,2 - | 211 - 1336|107 | 933 | 145 | 547 | 301 | 493 | 311 | 164 | 751
% | 68 - | 231 | - | 338|116 | 833 | 131 | 544 | 270 | 444 | 309 | 147 | 67,5
87 | 75 - | 243 | - | 332|128 | 740 | 118 | 538 | 241 | 397 | 307 | 132 | 60,4
79 | 82 | 626 | 263 | - | 331|139 | 662 | 107 | 534 | 216 | 358 | 305 | 119 | 54,3
72 | 90 | 523|285 | - | 329|152 597 | 974 | 531 | 195 | 324 | 304 | 108 | 492
65 | 99 | 430 311 | - | 328|167 | 533 | 879 | 528 | 174 | 291 | 302 | 968 | 44,1
58 | 7.8 - 1339|576 | 272|190 | 475 | 780 | 528 | 107 | 214 | 251 | 864 | 325
53 | 87 | 559 | 350 | 541 | 271 | 210 | 425 | 706 | 523 | 958 | 192 | 248 | 77.9 | 29,1
50 | 63 - | 329|609 | 217|236 | 394 | 647 | 518 | 563 | 139 | 196 | 724 | 21,4
45 | 70 - 1360 |51,0| 215|261 350 | 581 515|500 | 124 | 194 | 647 | 190
40 | 78 - 1405403 | 214 | 290 | 310 | 51,9 | 513 | 44,1 | 110 | 1,93 | 575 | 168
35 | 63 - | 417 | 380 | 174 | 366 | 285 | 456 | 525 | 245 | 7.47 | 154 | 512 | 115
30 | 74 - | 475 | 293 | 173 | 430 | 238 | 386 | 521 | 203 | 624 | 152 | 431 | 956
26 | 85 | 579 | 531 | 234 | 1,72 | 495 | 204 | 334 { 517 | 17,3 | 534 | 1,51 | 372 | 8,17
22 | 47 - | 473 | 295 | 102 | 719 | 156 | 254 | 491 | 466 | 2,31 | 0847 | 293 | 3,66
19 | 57 - | 517 | 247 | 100 | 867 | 130 | 21,3 | 482 | 3,76 | 1,88 | 0822 | 247 | 2,98
16 | 75 - | 545|222 |09 | 113 ] 103 | 17,1 | 467 | 282 | 141 0773 | 201 | 2,26
14 | 88 | 543 | 596 | 186 | 095 | 133 | 886 | 149 | 462 | 2,36 | 1,19 [ 0753 | 17.4 | 1,90
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S6 hiéu tich d Bédayt, |t,2 | B&rongb; B& day t,, T k| K
In.2 In. In. in. | In. in. In. in. In.
W10x112 | 329 | 1136 | 11% | 0755 | % | % | 10415 | 10% | 1250 | 1% | 7% | 1% | "%
«100 | 294 | 1110 11% | 0680 |'as | % | 10,340 | 10% | 1120 | 1% | 7% | 1% | %
«88 | 259 | 1084 | 10% | 0605 | % | %e | 10,265 | 10% | 0990 | 1 7% | 1% | Ve
«77 | 226 | 1060 | 10% | 0530 | 2 | % | 10190 | 10 | 0,870 | % | 7% | 1% | e
x 68 | 200 | 1040.| 10% | 0470 | %2 | % | 10,130 | 10% | 0770 | % | 7% | 1% | %
x60 | 176 | 1022 | 10% | 0420 | 76 | % | 10,080 | 10% | 0680 | " | 7% | 1% | %
x54 | 158 | 1009 | 10% | 0370 | % | %6 | 10030 | 10 | 0615 | % | 7% | 1% | e
x49 | 144 | 998 | 10 | 0340 | %16 | %e | 10,000 | 10 | 0,560 | %e | 7% | 1% | e
W10x45 | 133 | 1010 | 10% | 0350 | % | %6 | 8020 | 8 | 0620 | % | 7% | 1% | e
x39 | 115 | 992 | 9% | 0315 | %6 | %6 | 7985 | 8 | 0530 | % | 7% [ 1% | Ve
x 33 9,71 973 9% 0,290 | %6 | Y6 7,960 8 0,435 Y6 7% 1% | Wie
W10x30 | 884 | 10,47 | 10% | 0300 | %46 | % | 5810 | 5% | 0510 | % | 8% | e | %
x26 | 761 | 1033 10% [ 0260 | % | % | 5770 | 5% | 0440 | e | 8% | % | %
«22 | 649 [ 1017 | 10% | 0240 | % | % | 5750 | 5% | 0360 | % | 8% | % | %
W10x19 | 562 | 1024 | 10% [ 0250 | % | % | 4020 | 4 | 0305 | % | 8% | Y6 | %
«17 | 499 {1011 ] 10% [0240 | % | % | 4010 | 4 | 0330 | % | 8% | % | %
x15 | 441 | 999 | 10 |0230| % | w | 4000 | 4 [ 0270 | % | 8% | Wi | s
x12 | 354 | 987 | 9% | 0190 | %s | % | 3960 | 4 | 0210 | % | 8% | % | e
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THEP HINH W

CAC PAC TRUNG

TL Tiéu chudn tiét dién dic Dac trung dan héi Mbdun déo
‘r?g;?g - Eo rr d Truc X-X TrucY-Y
1ft b ! g4 ! A, | S r I S r & &
2t; 2t

Lb. ksi ksi | In. m* {2 m P | 3| il
112 4,2 - 15,0 - 2,88 | 0,87 716 126 4,66 236 453 | 2,68 147 69,2
100 46 - 16,3 - 2,85 | 0,96 623 112 4,60 207 40,0 | 2,65 130 61,0
88 52 - 17,9 - 2,83 1,07 534 985 | 454 179 348 | 2,63 113 63,1
77 59 - 20,0 - 2,80 1,20 455 859 | 449 154 30,1 260 | 976 | 459
68 6,6 - 22,1 - 2,79 | 1,33 394 757 | 4,44 134 264 | 259 | 853 | 40,1
60 7.4 - 243 - 2,77 1,49 341 66,7 | 4,39 116 230 | 2,57 | 746 | 350
54 8,2 63,5 | 27,3 - 2,75 | 1,64 303 60,0 | 4,37 103 206 | 256 | 666 | 31,3
49 8,9 53,0 | 294 - 2,74 | 1,78 272 546 | 435 | 934 187 | 254 | 604 | 28,3
45 6,5 - 28,9 - 2,18 | 2,03 248 49,1 432 | 534 133 | 2,01 549 | 20,3
39 75 - 31,5 - 2,16 | 2,34 209 42,1 427 | 450 11,3 1,98 | 46,8 17,2
33 9,1 50,5 | 336 | 58,7 | 2,14 | 2,81 170 350 | 419 | 366 | 9,20 194 | 388 | 14,0
30 57 - 349 | 54,2 1,55 | 3,53 170 324 4,38 16,7 | 5,75 1,37 366 | 8,84
26 6,6 - 39,7 41,8 1,54 | 4,07 144 279 | 4,35 14,1 4,89 1,36 | 31,3 | 7,50
22 8,0 - 424 | 36,8 1,51 4,91 118 23,2 | 4,27 11,4 | 3,97 1,33 | 26,0 | 6,10
19 51 - 410 | 394 1,03 | 645 | 96,3 188 | 414 | 429 | 214 [ 0874 | 216 | 3,35
17 6,1 - 421 37,2 1,01 764 | 819 | 16,2 | 405 | 3,56 1,78 | 0,844 | 18,7 | 2,80
15 7.4 - 434 | 350 | 0,99 | 925 | 68,9 138 | 3,95 | 2,89 145 | 0810 16,0 | 2,30
12 9,4 475 | 519 | 245 | 0,96 11,9 | 53,8 10,9 | 3,90 | 2,18 1,10 | 0,785 | 12,6 1,74

215




THEP HINHW X X |T
KicH THUGC
N T
Y
DL
Dién B& cao Bung Canh Khoang cach

56 hieu tich d Bédayt, |t«2 | Bérongby Bé dayt, T Kk Ky
in.2 In. In. In. | In. In. In. In. In. In.
W8x67 | 197 | 9,00 9 | 0570 | %6 | %6 | 8280 | 8% | 0935 | e | 6% | 1% | 1%e
«58 | 171 | 875 | 8% | 0510 | % | % | 8220 | 8% | 0810 | e | 6% | 1% | 1%
«48 | 141 | 850 | 8% | 0400 | % | % | 8110 | 8% | 0685 | M | 6% | 1Ye | %
<40 | 117 | 825 | 8% | 0360 | % | % | 8070 | 8% | 0560 | %e | 6% | 1% | %
x35 | 103 | 812 8 | 0310! % | %e | 8020 | 8 [ 0495 % | 6% 1 Y6

«31| 913 | 800 | 88 | 0285 | %6 | 31 | 7995 | 8 | 0435 | Vs | 6% | e | Ye
wsx28 | 825 | 806 8 | 0285 | % | % | 6535 | 6% | 0465 | e | 6% | e | %e
«24| 708 | 703 | 8% | 0245 | % | w | 6495 | 6% | 0400 | % | 6% | & | Ye
W8x21| 616 | 828 | 8% 0250 | % | % | 5270 | 5% | 0400 | % | 6% | e | %
<18 | 526 | 814 | 8% [ 0230 | % | % | 5250 | 5% | 0330 | % | 6% | % | Ye
W8x15 | 444 | 811 | 8% | 0245 | % | % | 4015 | 4 | 0315 | %e | 6% | % %
x13 | 384 | 799 8 {023 | % | % | 4000 0255 | v | 6% | we | e
«10 | 206 | 789 | 7% | 0170 | e | % | 3940 | 4 | 0205 | % | 4% | % | Ve
W6x25| 734 | 638 | 6% | 0320 %6 | % | 6080 | 6% | 0455 | Vi | 4% | Ve | Y
«20 ! 587 | 620 | 6% | 0260 | % | w | 6020 | 6 |0365| % | 4% | % | Ve
x15 | 443 | 599 6 10230 | % | % | 5990 | 6 | 0260 ]| % | 4% | % %
W6x16| 474 | 628 | 6% | 0260 | % | % | 4030 | 4 | 0405 | % | 4% | % | e
x12 | 355 | 6,03 6 | 0230 % | % | 4000 | 4 |0280| % | 4% | % | %

«0| 268 | 590 | 5% | 0170 | %s | % | 3940 | 4 | 0215 | % | 4% | e | %
W5x19 | 554 | 515 | 5% | 0270 | % | % | 5030 | 5 | 0430 | e | 3% | e | e
x16 | 468 | 501 5 [0240 | % | % | 5000 0360 | % | 32| % | %
Wax13| 383 | 416 | 4% | 0280 | % | % | 4060 | 4 | 0345 | % | 2% | e | %
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THEP HINHW

CAC PAC TRUNG

TL Tiéu chudn tiét dién dac Pac tnung dan héi Médun déo
:;:TZ . d . rr d Truc X-X Truc Y-Y
. a w d 7
11t ;Tf Y 2t v A, I S r I S r % %
f -

Lb. ksi ksi | In. nd  m3 | md | i | 3| nd
67 4,4 - 15,8 - 228 | 116 | 272 | 604 | 3,72 | 88,6 | 214 | 212 | 70,2 | 32,7
58 51 - 17,2 - 2,26 | 1,31 228 520 | 3,65 | 75,1 183 | 2,10 | 598 | 27,9
48 59 - 21,3 - 223 | 1,53 184 | 433 | 361 | 60,9 | 150 | 2,08 | 49,0 | 229
40 7.2 - 22,9 - 2,21 1,83 146 355 | 3,53 | 491 12,2 | 2,04 | 39,8 | 185
35 8,1 64,4 | 26,2 - 2,20 | 2,05 127 31,2 | 351 | 426 | 106 | 2,03 347 | 16,1
31 9,2 50,0 | 28,1 - 2,18 | 2,30 110 275 | 347 | 37,1 9,27 | 2,02 | 30,4 | 141
28 7,0 - 28,3 - 177 | 2656 | 980 | 243 | 345 | 21,7 | 663 | 162 | 27.2 | 10,1
24 8,1 64,1 324 | 630 | 1,76 | 305 | 828 | 209 | 3,42 | 183 | 563 1,61 23,2 | 8,57
21 6,6 - 33,1 | 60,2 1,41 3,93 75,3 18,2 349 | 9,77 3,71 1,26 | 20,4 5,69
18 8,0 - 354 | 527 | 139 | 470 | 61,9 | 152 | 343 | 7,97 | 3,04 | 1,23 17,0 | 4,66
15 6,4 - 33,1 | 60,3 | 1,03 | 6,41 480 | 11,8 | 329 | 341 1,70 | 0,876 | 136 | 267
13 7.8 - 347 | 54,7 1,01 783 | 396 | 991 3,21 273 | 1,37 10843 114 | 2,15
10 9,6 458 | 464 | 30,7 | 0,99 | 9,77 | 308 | 7,81 322 | 209 | 1,06 {0,841 | 887 | 1,66
25 6,7 - 19,9 - 1,66 | 2,31 534 | 16,7 | 270 | 171 5,61 1,52 18,9 | 8,56
20 8,2 62,1 238 - 164 | 282 | 414 | 134 | 266 | 13,3 | 4,41 150 | 1492 | 6,72
15 115 | 31,8 | 26,0 - 1,61 385 | 291 972 | 256 | 932 | 3,11 1,46 | 10,8 | 4,75
16 50 - 24,2 - 1,08 | 3,85 | 32,1 102 | 260 | 443 | 2,20 (0,96 | 11,7 | 3,39
12 7.1 - 26,2 - 105 | 538 | 22,1 7,31 249 | 299 | 150 [0,918 | 8,30 | 2,32
9 9,2 503 | 347 | 548 | 1,03 | 69 | 164 | 556 | 2.47 | 2,19 | 1,11 0,905) 6,23 | 1,72
19 58 - 19,1 - 138 | 238 | 262 | 102 | 217 | 913 | 363 | 128 | 116 | 553
16 6,9 - 20,9 - 137 | 2,78 | 21,3 | 8,51 213 | 7,51 3,00 | 1,27 | 959 | 4,57
13 5,9 - 14,9 - 1,10 | 2,97 11,3 5,46 1,72 3,86 1,90 1,00 | 6,28 | 2,92
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Sehieu | tich d B&dayt, | t42 | Bérongb, | Bédayt, | T k [xietBL o
In.2 In. In. In. In. In. In. In. In. In. In.
M 14 x 18| 5.10 |14.00| 14 |0.215| s | % {4000 4 [0270| % | 12% | % | % | %
M 12 x 11,8 | 3.47 12,00 12 [0177 % | % |3,085| 3% 10,225 "% | 10% | %e | A .
M12x 10,8 3.18 |11,97] 12 |0160| %s | % [3.065| 3% (0210 % | 11 | % | A iz
M12x 10| 2,04 [11.07] 12 [0149]| % | % |3.250| 3% (0,180} s | 11 | Yo | Ye iz
M10x 9| 2,65 |10,00] 10 [0,157| ¥%e | % |2690| 2% (0206| % | 8% | % | Y -
M10x8|235|995! 10 (0141 % | % |2690| 2% |0,182) ¥s | 9% | Y | Yo %
M10x7,5] 2211999 | 10 [0130] % | % 12690 2% |0173| %e | 9% | %s | Yo %
M8x65|192|800| 8 |0135] % | e |2,281] 2% 0,189} ¥e | 7 v | %
M6x44|129|600] 6 [0114) % | % [1844) 1% [0171] %5 | 5% | % | Yo
M5x 189|565 |500| 5 [0316] % | %s (5003 5 |0416] % | 3% | % | e |
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TL Tiéu chusn tiét dién asc Biéc trung dan héi Hing Médun déo
:g;;g Er Eo rr . Truc X-X Truc Y-Y sJé'
1% | br v da Ar | s . | s JxodnJ Z, |z,
2t, 2,

Lb. ksi ksi | In. L I W R I m* | n3 | m3
18 | 7,4 T | 6871156 | 091 | 130 | 148 | 21,1 | 538 | 264 | 1,32 [0,719| 0,11 | 249 2,20
118 | 68 - | 678 144 1068 | 174 | 71,9 | 12,0 | 4,55 | 0,980 | 0,639 0,532 0,05 | 14,3 | 1,00
108 | 7.3 - | 748 1181069 | 186 | 650 | 10,9 | 4,55 | 0,905 | 0,501 | 0,537 | 0,04 13,2 | 1,05
10191 510803 | 102|074 | 205|616 | 103 | 457 | 0,004 06120576 | 0,03 | 12,2 | 1,00
9 | 65 - | 837|163 1 061 | 180 | 388 | 7,76 | 3,83 | 0,609 | 0,453 | 0,480 | 0,03 9,19 | 0,765
8 | 74 ] - 1706|1331 061|203 345|694 | 382 |0537 0,399 /0,427 | 0,02 | 8,17 | 0,665
75 | 78 T | 768 1121060 | 215 | 328 | 657 | 3,85 | 0,498 | 0,370 | 0,474 | 0,02 | 7.73 0,623
65 | 60 T | 93188 ) 053 | 186 | 185 | 462 | 3,10 | 0,343 | 0,301 | 0,423 | 0,02 | 542 0,502
44 | 54 T | 5261238 044 | 190 | 7,20 | 240 | 2,36 | 0,165 0,179 | 0,358 | 0,01 | 2.80 0,206
189160 | - 1158 - 129|240 | 24,1 | 963 | 208 | 7.86 | 3,14 119 | 0,34 | 110 | 502
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Dién B cao Bung Canh Khoang cach |o 5 da cgrl;h

SGhieu | tichA d Bédayt, |tw2| Bérongb, | Bédayy, | T | K xigt BL o
in.2 In. In. In. In. In. n. | .| In in.
W24 x121| 356 | 2450 24 | 0,800 | 1316 4 | 8,050 8 1,090 | 1% | 20% 2 1% 1
x 106 31,2 | 24,50 | 24% 0620 58 S | 7,870 | 77 | 1,080 [ 1 Yie | 20% 2 1% 1
S524x100| 29,3 | 24,00 24 0,745 | 34 % 7,245 | 7¥ | 0,870 A 20% | 1% A 1
x 90| 26,5 | 24,00 24 0,625| 58 S | 7,125 | 7% | 0,870 /8 20% | 1% % 1
<80| 23,5 | 2400 24 0,500 | 12 % | 7,000 7 0870} % | 20% | 1% [/ 1
S20x 96| 28,2 | 20,30 | 20% 0,800 | 13/16 | %3 7,200 | 7' | 0,920 1546 | 16% | 1% 1546 1
x86] 25,3 {2030 20% 0660 | 117116 | % 7,060 7 10920 %16 | 16% 1% %416 1
S20x 75| 22,0 | 20,00 20 0635 58 56 | 6,385 | 6% | 0,795 1346 | 16% | 1% | Ve %
x 66| 19,4 | 20,00 20 0,505 12 Ya 6,255 | 6% | 0,795 1346 | 16% | 1% 136 /8
S18x70| 20,6 | 18,00 18 0711 1116 | % 6,251 | 6% 0,691 e 15 1% Wis %
x54,7| 16,1 | 18,00 18 0,461 | 7716 Y | 6,001 6 0,691 | e 15 1% e %8
S15x 50| 14,7 | 15,00 15 0,550 | ¥16 | Y. 5640 | 5% | 0,622 5% 12va | 1% Y6 Ya
x42,9| 12,6 | 15,00 15 0,411 | 7/16 Ya 5,501 5% | 0622 % 12V | 1% Yis Ya
S12x 50| 14,7 | 12,00 12 0687 1116 | % 5,477 5% | 0,659 | tie | 9% 176 | Ve Ya
x40,8| 12,0 | 12,00 12 | 0,462 | 7/16 | 5252 | 5% | 0,659 e | 9% | 176 % %
S12x35] 10,3 | 12,00 12 0,428 | 718 Va 5,078 | 5% | 0,544 %16 9% | 1%e Yo Y%
x31,8| 9,35 | 12,00 12 0,350 | 38 ¥e | 5,000 5 0544 Y18 9% | 1%e % %
S$10x35] 10,3 | 10,00 10 0,594 | 58 %6 | 4,944 5 10491 2 7% 1% 2 Ya
x254| 7,46 | 10,00 10 0,311 Y16 36 | 4661 | 4% | 0,491 Y 7% 1% Y2 Ya
s8x23( 6,77 | 8,00 8 0,441 | e 1% | 4171 | 4% [ 0,426 | Y 6 1 /16 Ya
x18,4! 541 | 8,00 8 0,271 Ya Y 4,001 4 10426 %e 6 1 /16 Ya
S7x20]| 588 | 7,00 7 0,450 The Ya 3,860 | 3% | 0,392 % 5% 1546 Y 5s
x15,3| 4,50 | 7,00 7 0,252 Ya % 3662 | 3% | 0,392 % 5% %6 % 5%
S6x17,25| 507 | 6,00 6 0,465 % Ya 3,565 | 3% | 0,359 3% 4%, % 38 5
x12,5| 3,67 | 6,00 6 0,232 Ya % 3,332 | 3% 0359 % 4 % s -
S5x1475] 4,34 | 500 5 0,494 Y2 Ya 3,284 | 3% | 0,326 56 3% s | %6 -
x10] 2,94 | 5,00 5 0,214 | %1 % 3,004 3 0,326 | % 3% e | %16 -
S4x95) 2,79 | 400 4 0,326 %46 Yo | 2,796 | 2% | 0,293 %e 2% Ya 516 -
x7.71 2,26 | 4,00 4 0,193 | ¥%e % 2,663 | 2% | 0,293 Y6 2% Ya 516 -
s3x75! 2,21 3,00 3 0,349 % e | 2,509 | 2% | 0,260 Ya 1% e Ya -
x57( 1,67 | 3,00 3 0,170 | %1e % | 2,330 | 2% | 0,260 Ya 1% | W Va -

220




Y
1,
4 r ™ H_‘[
THEP HINH S d X —l—x It
CAC DAC TRUNG t,
-— i
¢y e
STy F
by
TL Tiéu chudn tiét dién dic Dac trung dan hai Hiing Médun déo
danh o
- Truc X-X Truc Y-Y s6
nghia |, | Fy d | Fr T e - - xoan J A
1Mt | — — Ar i s r I S r
2t 2t,
Lb. ksi ksi In, n* | n3 | m n* | m3 | in n* [ nd | m3
121 3,7 - 30,6 - 186 | 2,79 | 3160 | 258 | 943 | 83,3 | 20,7 | 1,53 12,8 | 306 | 36,2
106 3,6 - 395|423 | 1,86 | 2,86 | 2940 | 240 | 9,71 77,1 ( 196 | 1,57 | 10,1 | 279 | 33,2
100 4,2 - 322 | 636 | 1,59 | 3,81 | 2300 | 199 | 9,02 47,7 | 13,2 | 1,27 | 7,58 | 240 | 23,9
90 4,1 - 384 | 448 | 160 | 387 | 2250 | 187 | 9,21 449 1 126 | 1,30 | 6,04 | 222 | 22,3
80 4,0 - 48,0 | 287 | 161 | 3,94 | 2100 | 175 947 | 422 | 12,1 ( 1,34 | 4,88 | 204 | 20,7
96 39 - 25,4 - 163 | 3,06 | 1670 165 | 7,71 | 50,2 | 13,9 133 1839 | 198 | 249
86 3.8 - 30,8 - 163 | 3,13 | 1580 | 155 | 7,80 | 46,8 | 13.3 | 1,36 6,64 | 183 | 23,0
75 4,0 - 31,5 - 143 | 394 {1280 | 128 | 762 | 298 | 9,32 | 1,16 459 | 153 | 16,7
66 3,9 - 396 421 | 144 | 402 | 1190 | 119 783277 1885119 | 358 | 140 | 153
70 4,5 - 25,3 - 1,36 | 4,17 | 926 103 | 6,71 [ 241|772 | 1,08 | 415 | 125 14,4
547 4,3 - 39,0 | 433 | 1,37 | 4,34 | 804 894 | 707 | 208 | 6,94 | 1,14 { 2,37 | 105 12,1
50 45 - 27,3 - 1,26 | 428 | 486 | 64,8 | 575 | 15,7 | 5,57 1,03 1212 {771 | 9,97
429 | 44 - 36,5 | 496 | 126 | 4,38 | 447 | 59,6 595 1 144 | 523 | 107 | 1,54 | 69,3 | 9,02
50 4,2 - 17,5 - 125|332} 305 | 50,8 | 4,55 | 157 574 | 103 ] 282 | 61,2 | 10,3
40,8 4,0 - 26,0 - 124 | 346 | 272 | 454 | 4,77 | 136 | 5,16 106 | 1,76 | 63,1 | 8,85
35 47 - 28,0 - 1,16 | 434 | 229 | 38,2 | 4,72 | 9,87 3,89 10980 1,08 | 448 | 6,79
31,8 4,6 - 343 [ 56,2 | 1,16 | 441 | 218 36,4 | 483 | 936 | 3,74 | 1,00 | 0,90 | 42,0 | 6,40
35 50 - 16,8 - 1,10 | 4,12 | 147 | 29,4 | 3,78 | 8,36 | 3,38 0,901 1,29 | 354 | 6,22
254 | 47 - 322 1639 | 109 | 437 | 124 | 24,7 4,07 [ 679 | 291 (0,954| 0,60 | 284 | 4,96
23 49 - 18,1 - 095 | 451 | 64,9 | 16,2 | 3,10 431 | 2,07 |0,798 | 0,55 | 19,3 | 3,68
18,4 47 - 29,5 - 094 | 470 | 576 | 144 | 3,26 | 3,73 1,86 10831( 034 | 165 | 3,16
20 4.9 - 15,6 - 088 [ 463 | 424 | 121 | 269 | 3,17 164 10,734| 0,45 | 145 | 2,96
153 | 4,7 - 27,8 - 087 | 488 | 36,7 | 105 | 2,86 | 2,64 | 1,44 | 0,766 0,24 | 121 | 2,44
17,25 5,0 - 12,9 - 0811} 469|263 | 877 | 228 | 231 | 1,30 [ 0675 0,37 | 106 | 2,36
12,5 4,6 - 25,9 - 079 | 502 ) 221|737 ] 245 | 1,82 1,09 (0,705( 0,17 | 847 | 1,85
14751 5,0 - 10,1 - 0,74 | 466 | 152 | 6,09 | 1,87 | 1,67 101 10620| 0,32 | 742 | 1,88
10 4,6 - 23,4 - 072 | 510 | 123 | 492 | 2,05 | 1,22 0,809|0643) 0,11 | 567 | 1,37
9,5 48 - 12,3 - 065 | 488 | 679 | 3,39 | 1,56 | 0,903 | 0,646 0,569 0,12 | 4,04 | 1,13
77 45 - 20,7 - 0,64 | 513 | 6,08 | 3,04 | 1,64 {0,764 0,574 0,581 | 0,07 | 3,51 [ 0,964
7,5 48 - 86 - 0,59 | 460 | 293 | 1,95 | 1,15 | 0,586 | 0,468 0,516 | 0,09 | 2,36 | 0,826
57 4,5 - 17,6 - 057 | 495 | 2,52 | 1,68 | 1,23 | 0,455 | 0,390 0,522 0,04 | 1,95 {0,653
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Dién |B8 cao Bung Canh Khoang cach B& day cerm

S6 higu tichA) d Bédayt, | /2 | Bérongby Bé day t,, T ko [xetBL| oy
In2 In. In. In. in. In. In. In. In. In.
W 15x 50 14,7 115,000,716 | e % 3716 3% | 0,650 % 12% | 178 % 1
x 40 11,8 | 15,00 | 0,520 Y2 Ya 3520 | 3% | 0,650 % 12% | 178 % 1
x 33,9 9,96 | 15,00 | 0,400 % Y%e | 3,400 | 3% | 0,650 % 12% | 17 S 1
C 12x30 8,82 | 12,00 | 0,510 Y Ya 3,170 3% | 0,501 173 9% 1% % %
x 25 7,35 112,00 | 0,387 % e 3,047 3 0,501 12 9% 1% Y %
x 20,7 6,09 | 12,00 | 0,282 e % 2,942 3 0,50,1 12 9% 1% Y2 %
C 10x30 8,82 { 10,00 | 0673 " Y6 3,033 3 0,436 | s 8 1 A6 Y%
x 25 7,35 | 10,00 | 0,526 % Ya 2886 2% [0436| 7. 8 1 A6 Ya
x 20 5,88 | 10,00 [ 0,379 % Yie | 2739 2% |0436| Ve 8 1 e Y
x 15,3 4,49 | 10,00 | 0,240 Ya % 2600 | 2% |04361 e 8 1 6 Ya
C 9x20 588 | 900 | 0448 | " Ya 2648 2% | 0413 | Ve 7% 7 The Ya
x 15 4,41 9,00 [0285| % % 2485| 2% |0,413 e 7% e 6 Ya
x 13,4 394 | 900 | 0233 Ya % 2,433 2% | 0,413 e 7% %46 “he Ya
C8x18,75 5,51 8,00 | 0,487 173 Ya 25271 2% | 0,390 % 6'% %46 £ Ya
x 13,75 4,04 | 8,00 | 0,303 %6 % 2,343 2% | 0,390 % 6% %6 % Ya
x 11,5 3,38 | 8,00 | 0,220 Ya % 2,260 | 2% | 0,390 % 6% %46 % Y%
C7x1475 433 | 7,00 | 0419 | Ye Y | 2,299 214 | 0,366 % 5% % % %
x 12,25 360 | 7,00 (0,314 %s Yie | 2,194 | 2% | 0,366 % 5Ya % % %
x 9,8 2,87 | 700 {0210 ¥ Y4 2,090 | 2% {0,366 % 5% s % %
C 6x13 3,83 | 6,00 | 0,437 6 Y16 21571 2% 10,343 e 4% 36 %6 %
x 10,5 309 | 6,00 | 0,314 56 Y6 2,034 2 0,343 Y6 4% 346 % %
x 8,2 2,40 | 6,00 | 0,200 Y6 % 1,920 1% | 0,343 e 4% 1316 516 %
C 5x9 264 | 500 | 0325 | % e 1885! 1% | 0,320 %6 3% Y %6 %
x 6,7 1,97 | 500 | 0,190 [ ¥%e % 1750 | 1% [0,320 | % 3% Y - -
C4x725 2,13 | 4,00 | 0,321 A6 Y6 1721 | 1% | 0,296 %6 2% 46 %6 ‘ %
x 5,4 159 | 4,00 | 0,184 Ve Y 1,584 | 1% | 0,296 %6 2% A6 - -
C 3Ix6 1,76 | 3,00 | 0,356 % 36 1,596 1% | 0,273 Ya 1% e - -
x5 147 | 3,00 | 0,258 Ya Y 1,498 | 1% | 0,273 Ya 1% Wie - -
x 4,1 1,21 3,00 {0,170 | % Yie 1,410 1% | 0273 Ya 1% e - -
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THEP MANG TIEU CHUAN T X d
CAC PAC TRUNG .
i } Grip 4
k r
€ Y -~ by !
TL danh Vi tri tam g True X-X Truc Y-Y
nghia X cét eo Al
11t | S r | S r
Lb. In. In. In* In2 In. In.* In.? In.
50 0,798 0,583 6,21 404 538 5,24 11,0 3,78 0,867
40 0,777 0,767 6,56 349 46,5 5,44 9,23 3,37 0,886
33,9 0,787 0,896 6,79 315 42,0 5,62 8,13 3,11 0,904
30 0,674 0,618 7,55 162 27,0 4,29 514 2,06 0,763
25 0,674 0,746 7,85 144 24,1 4,43 4,47 1,88 0,780
20,7 0,698 0,870 8,13 129 215 4,61 3,88 1,73 0,799
30 0,649 0,369 7,55 103 20,7 3,42 3,94 1,65 0,669
25 0,617 0,494 7,94 91,2 18,2 3,52 3,36 1,48 0,676
20 0,606 0,637 8,36 789 15,8 3,66 2,81 1,32 0,692
15,3 0,634 0,796 8,81 67,4 13,5 3,87 2,28 1,16 0,713
20 0,583 0,515 8,22 60,9 13,5 3,22 2,42 1,17 0,642
15 0,586 0,682 8,76 51,0 11,3 3,40 1,93 1,01 0,661
13,4 0,601 0,743 8,95 47,9 10,6 348 1,76 0,962 0,669
18,75 0,565 0,431 8,12 44,0 11,0 2,82 1,98 1,01 0,599
13,75 0,553 0,604 8,75 36,1 9,03 2,99 1,53 0,854 0,615
11,5 0,571 0,697 9,08 326 8,14 3,11 1,32 0,781 0,625
14,75 0,532 0,441 8,31 27,2 7,78 2,51 1,38 0,779 0,564
12,25 0,525 0,538 8,71 24,2 6,93 2,60 1,17 0,703 0,571
9.8 0,540 0,647 9,14 213 6,08 2,72 0,968 0,625 0,581
13 0,514 0,380 8,10 17,4 5,80 2,13 1,05 0,642 0,525
10,5 0,499 0,486 8,59 15,2 5,06 2,22 0,866 0,564 0,529
82 0,511 0,509 9,10 13,1 4,38 2,34 0,693 0,492 0,537
9 0,478 0,427 8,29 8,90 3,56 1,83 0,632 0,450 0,489
6.7 0,484 0,552 8,03 7,49 3,00 1,95 0,479 0,378 0,493
7.25 0,459 0,386 7,84 4,59 2,29 1,47 0,433 0,343 0,450
54 0,457 0,502 8,52 3,85 1,93 1,56 0,319 0,283 0,449
6 0,455 0,322 6,87 2,07 1,38 1,08 0,305 0,268 0,416
5 0,438 0,392 7,32 1,85 1,24 1,12 0,247 0,233 0,410
4,1 0,436 0,461 7,78 1,66 1,10 1,17 0,197 0,202 0,404
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\
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THEP M‘:’ANG 1l X X
KHONG TIEU CHUAN KIiCH THUCC 5
| O 1 | N A
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) Bung Canh Khoang cach |
Dién |BE cao B4 ron Bé da Bé day cgﬁh
56 hidu tichA| d Bé day t, 1,2 b. 9|. t, Y T k |xiétBL max
f

In2 In. in. In. In. in. In. In. in. In.
MC 18 x58| 17,1 | 18,00 0,700 e % 4,200 4Ys | 0,625 % 15Va 1% % 1
x51,9| 15,3 |18,00| 0,600 $ Y6 4,100 4% 0,625 % 15Va 1% % 1
x45:8| 13,5 |18,00| 0,500 The Ya 4,000 4 0,625 % 15% 1% % 1
x427| 12,6 | 18,00| 0,450 36 Ya 3,950 4 0,625 % 15% 1% % 1
MC 13 x50{ 14,7 | 13,00 | 0,787 %6 % 4,412 4% | 0,610 5% 10vs 1% % 1
x40] 11,8 | 13,00| 0,560 The Va 4,185 4% 0,610 % 10%a 1% %6 1
x35| 10,3 113,00 ( 0,447 % Ya 4,072 4% 0,610 % 10Y%4 1% %8 1
x31,8] 9,35 13,00 0,375 Y16 %e 4,000 4 0,610 % 10 1% %8 1
MC 12x 50| 14,7 | 12,00| 0,835 e e 4,135 4% 0,700 | " 9% 1% e 1
x 45| 13,2 {12,00( 0,712 %6 % 4,012 4 0,700 | e 9% 1%6 Wis 1
x40| 11,8 [12,00| 0,590 Y8 %6 3,890 3% 0,700 "W 9% 1%s 16 1
x35] 10,3 | 12,00| 0,467 e Ya 3,767 3% 0,700 | e 9% 1%46 V16 1
x31] 9,12 {12,00{ 0,370 % Y 3,670 3% 0,700 | e 9% 1%46 e 1
MC 12 x 10,6| 3,10 | 12,00] 0,190 %6 % 1,500 1% 0,309 | Y. 10% e - -
MC 10 x 41,1| 12,1 | 10,00 | 0,796 e % 4,321 4% |0575] s 7% 1% %8 %
x 336 987 |10,00| 0,575 % %8 4,100 4% 0,575 | %e 7% 1Va “%e %
x285| 8,37 [10,00]| 0,425 he Y6 3,950 4 0575 | %8 7% 1 %8 %
MC10x25| 7,35 {10,00| 0,380 % Y1s 3,405 3% 10575 Y. 7% 1% Y16 %
x 22| 6,45 | 10,00 0,290 6 ¥ 3,315 3% 0575 | %e 7% 1Y Y16 [/

MC10x8,4| 2,46 [10,00| 0,170 e Yie 1,500 1% | 0,280 Ya 8% Wie -

MC 10x6,5| 1,91 |10,00| 0,152 % Y16 1,127 1% 0,202 1 %e 9% Y6 -
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TL da_nh Vi tri tam Truc X-X Truc Y-Y
nghia X citeo d
1t A | S r | S r
Lb. in. In. In? in3 n. n.? In? n.
58 0,862 0,695 6,86 676 75,1 6,29 17,8 5,32 1,02
51,9 0,858 0,797 7,02 627 69,7 6,41 16,4 5,07 1,04
458 0,866 0,909 7,20 578 64,3 6,56 15,1 4,82 1,06
427 0,877 0,969 7.29 554 61,6 6,64 14,4 4,69 1,07
50 0,974 0,815 4,133 314 48,4 4,62 16,5 4,79 1,06
40 0,963 1,03 5,09 273 42,0 4,82 13,7 4,26 1,08
35 0,980 1,16 523 252 38,8 4,95 12,3 3,99 1,10
31,8 1,00 1,24 5,33 239 36,8 5,06 1.4 3,81 1,11
50 1,05 0,741 4,15 269 449 4,28 17.4 565 1,09
45 1,04 0,844 4,27 252 42,0 4,36 15,8 5,33 1,09
40 1,04 0,952 4,41 234 39,0 4,46 14,3 5,00 1,10
35 1,05 1,07 4,55 216 36,1 4,59 12,7 4,67 1.1
31 1,08 1,18 4,67 203 33,8 4,71 11,3 4,39 1,12
10,6 0,269 0,284 25,9 55,4 9,23 4,22 0,382 0,310 0,351
41,1 1,09 0,864 4,02 158 31,5 3,61 15,8 4,88 1,14
33,6 1,08 1,06 4,24 139 27,8 3,75 13,2 4,38 1,16
28,5 1,12 1,21 4,40 127 25,3 3,89 11,4 4,02 1,17
25 0,953 1,03 5,11 110 22 3,87 7.35 3,00 1,00
22 0,990 1,13 5,25 103 20,5 3,99 6,50 2,80 1,00
8,4 0,284 0,332 23,8 32,0 6,40 3,61 0,328 0,270 0,365
6,5 0,180 0,167 43,8 22,1 4,42 3,40 0,112 0,118 0,242

225
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THEP MANG )
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KHONG TIEU CHUAN T
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Dién [Bé cao Bung Céanh Khoang cach Bé day I’3L

< tichA| d 5 g 5 s < s xiét L | canh

S6 higu Ic Bédayt, | t42 | Bérongb; | Bédayt, T k max
n2 | In In In. In. In. in. in. In. In.
MC9x 254 | 7,47 | 900 (0,450 7. Y4 13500 3% |0,550] %6 6% 1%6 %16 )
x239 | 7,02 | 9,00 (0,400| % %e [3,450| 3% |0,550| % 6% 1346 Y6 %
MC8x228 | 6,70 | 8,00 {0,427 | 746 %6 |[3,502| 3% (0,525 % 5% 1%s Yo %
x214 | 6,28 | 800 (0375 % %e | 3,450 3% |0,525] ‘- 5% 1% 73 %
MC8x20 | 588 | 8,00 | 0,400} 3 e | 3,025 3 0,500 '» 5% 1% Ya %
x18,7 { 5,50 | 8,00 {0,353 3 e | 2,978 3 0,500 ¥ 5% 1% Yo %
MC8x85 | 250 | 800 | 0,179 ¥s Ye |1874( 18 (0311 %e 6% 3 516 %
MC7x227 | 667 | 7,00 |0,503| % Ya 3,603 3% [0,500] % 4%, 1% % %
x19,1 | 561 | 7,00 | 0,352 3% 3% {3,452 3% |0,500 ¥ 4%, 1% 173 /3
MC6x18 | 529 | 6,00 0,379 3% Ye (3,504 3% 0,475 % 3% 1ve e n
x153 | 4,50 | 6,00 |0,340| % Y6 |3,500( 3% [0,385| % 4V, %8 ) %
MC6x16,3 | 4,79 | 6,00 {0,375 % % | 3,000 3 0475 %» 3% 1Vie Y2 £
x151 | 444 | 6,00 {0,316 % Ye | 2,941 0475 % 3% Ve Ya 3
MC6x12 | 3,53 | 6,00 | 0,310 % _% 2497 2% (0,375 % 4% 36 % %
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€ ‘Y _ bf 4
TL danh Vi tri tam Truc X-X Truc Y-Y
e X | ddteo | g
1ft v | S r | S r
Lb. In. In. In? in2 In. in? In3 in.
25,4 0,970 0,986 4,68 88,0 19,6 3,43 7.65 3,02 1,01
23.9 0,981 1,04 474 85,0 18,9 3,48 7,22 2,93 1,01
22,8 1,01 1,04 4,35 63,8 16,0 3,09 7,07 2,84 1,03
21,4 1,02 1,09 4,42 616 15,4 3,13 6,64 2,74 1,03
20 0,840 0,843 529 54,5 13,6 3,05 4,47 2,05 0,872
18,7 0,849 0,889 5,37 52,5 13,1 3,09 4,20 1,97 0,874
8,5 0,428 0,542 13,7 23,3 5,83 3,05 0,628 0,434 0,501
22,7 1,04 1,01 3,89 47,5 13,6 2,67 7,29 2,85 1,05
19,1 1,08 1,15 4,06 43,2 12,3 277 6,11 2,57 1,04
18 1,12 1,17 3,60 29,7 9,91 2,37 5,93 2,48 1,06
15,3 1,05 1,16 4,45 25,4 8.47 2,38 4,97 2,03 1,05
16,3 0,927 0,930 4,21 26,0 8,68 2,33 3,82 1,84 0,892
15,1 0,940 0,982 4,29 25,0 8,32 2,37 3,51 1,75 0,889
12 0,704 0,725 6,41 18,7 6,24 2,30 1,87 1,04 0,728
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X
z ™
THEP GOC
DEU CANH VA KHONG DEU CANH X X
CAC DAC TRUNG BE THIET KE T TRV
o\
z
Y
Bé rong va K |TLmot| Dién Truc X-X Truc Y-Y Truc Z-Z
bé day canh ft tich | s R T | s R X R

In. m ol | m2 mé w2 [ n [ w w2 n | n|mn Tang o
L9x4x% 1% 26,3 | 7,73 | 649 | 11,5 | 290 3,36 | 832 | 265 1,04 (0,858 | ,847 | 0,216
% | 1% | 23,8 | 7,00 | 591 10,4 | 2911 333 | 763 | 241 1,04 | 0,834 | ,850 | 0,218

Y4 1 213 | 625 | 53,2 | 934 | 292 | 3,31 6,92 | 217 | 1,05 | 0,810} ,854 | 0,220
L8x8x1% 1% 56,9 16,7 | 98,0 175 | 242 | 241 98,0 175 | 242 | 241 1,56 | 1,000
1 1% 51,0 | 150 | 89,0 | 158 | 2,44 | 2,37 | 89,0 15,8 | 2,44 | 2,37 | 1,56 | 1,000

) 1% 45,0 13,2 ‘79,6 140 | 245 | 232 | 796 140 | 245 | 2,32 1,57 | 1,000

Ya 1% 389 | 114 | 69,7 | 122 | 2,47 | 2,28 | 69,7 12,2 | 2,47 | 2,28 | 1,58 | 1,000

% 1% 32,7 | 9,61 59,4 103 | 249 | 223 | 594 10,3 | 249 | 2,23 | 1,58 | 1,000

9 | 1% | 206 | 868 | 541 | 9,34 | 250 | 2,21 | 54,1 9,34 | 2,50 | 2,21 1,59 | 1,000

173 1% 264 | 775 | 486 | 836 | 250 | 2,19 486 | 836 | 250 | 2,19 | 1,59 | 1,000
L8x6x1 1% 442 13,0 | 80,8 15,1 249 | 265 | 388 | 892 | 1,73 1,65 1,28 | 0,543
% 1% 39,1 11,5 | 72,3 134 | 2,51 2,61 349 | 794 | 1,74 1,61 1,28 | 0,547

Ya 1V 338 | 994 | 634 | 117 | 253 | 256 30,7 | 692 | 1,76 | 1,56 | 1,29 | 0,551

% 1% 285 | 8,36 | 54,1 987 | 254, | 252 | 263 | 588 | 1,77 1,62 1,29 | 0,554

%6 16 257 | 7,56 | 493 | 895 | 255 | 2,50 240 | 534 | 1,78 1,50 1,30 | 0,556

Yo 1 230 | 6,75 | 443 | 8,02 | 256 | 247 | 21,7 479 | 1,79 1,47 1,30 | 0,558

e | 1546 | 202 | 593 | 39,2 | 7,07 | 257 | 245 | 193 423 | 1,80 | 1,45 1 1,31 [ 0,560
L8x4x1 1% 374 | 110 | 696 { 141 | 252 | 3,05 | 116 394 | 1,03 | 1,05 | 0,846 | 0,247
Ya 1Va 287 | 844 | 549 | 10,9 | 255 | 2,95 9,36 | 3,07.| 1,05 | 0,953 | 0,852 | 0,258

Y6 146 219 | 6,43 | 428 | 835 | 2,58 | 2,88 7,43 2,38 1,07 | 0,882} 0,861 | 0,265

1] 1 196 | 575 | 385 | 749 | 259 | 2,86 6,74 | 2,115 | 1,08 | 0,859 | 0,865 | 0,267
L7x4x% 1% 262 | 769 | 378 | 842 | 222 | 2,51 9,05 | 3,03 1,09 1,01 | 0,860 0,324
% 1% 22,1 648 | 324 | 714 | 224 | 246 | 7,84 258 | 1,10 | 0,963 | 0,865 | 0,329

Yo 1 179 | 525 | 26,7 | 581 225 | 242 | 653 | 2,12 | 1,11 0,917 | 0,872 | 0,335

3% 4 136 | 3,98 | 206 | 444 | 227 | 2,37 | 51 0 163 | 1,13 | 0,870 | 0,880 | 0,340
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X Y
~
THEP GOC
PEU CANH VA KHONG DEU CANH X X
CAC DAC TRUNG BE THIET KE kt y
B
z
Y

Bédr‘('sng'\lé bé K ITL mot il D’ién Truc X-X Truc Y-Y Truc Z-Z

ay canh T tich [ S RI| T | s R X R
In. mob fmZ2 ot  mE e nf | m® ] om In n |9
L6x6x1| 1% | 374 | 110 | 355 | 857 (180|186 | 355 | 857 | 1,80 | 1,86 | 1,17 | 1,000
% 1% | 331 | 973 | 319 | 763 | 181182 31,9 | 763 | 181 | 1.82 | 1,17 | 1,000
Y| 1% | 287 (844 | 282 | 666 [183)1,78| 282 | 666 | 1,83 | 1,78 | 1,17 | 1,000
%| 1% | 242 | 711 | 242 | 566 | 184|173 242 | 566 | 1,84 | 1,73 | 1,18 | 1,000
%ie| e | 21,9 | 6,43 | 221 | 514 |185[1,71 221 | 514 | 185 | 171 | 1,18 | 1,000
Yof 1| 196 | 575 | 199 | 461 | 186|168 199 | 461 | 1,86 | 1,68 | 1,18 | 1,000
Tie| e | 17,2 | 506 | 17,7 | 4,08 (187 |166| 177 | 4,08 | 1,87 | 1.66 | 1,19 | 1,000
% % | 149 | 436 | 154 | 3,53 | 188|164 154 | 353 [ 1,88 | 164 | 1,19 | 1,000
Yie| e | 12,4, | 365 | 13,0 | 2,97 | 1,89 (162 130 | 297 | 1,89 | 1,62 | 120 | 1,000
L6xdxms| 1% | 272 | 798 | 27,7 | 7,15 186 |212] 975 | 339 | 1,11 | 1,12 | 0,857 | 0,421
%| 1% | 236 | 694 | 245 | 625 |1,88(208| 868 | 297 | 1,12 | 1,08 | 0,860 | 0.428
%| 1% | 200 | 58 | 21,1 | 531 | 190|203 7,52 | 254 | 1,13 | 1,03 | 0,864 | 0,435
%e| 1 | 181 | 531 | 193 | 483 | 1,90 |201] 691 | 231 | 1,44 | 1,01 | 0866 | 0,438
Yol 1 | 162 | 475 | 17,4 | 433 [191[199| 627 | 2,08 | 1,15 | 0,987 | 0,870 | 0,440
Tie| s | 143 | 418 | 155 | 383 | 192|196 | 560 | 185 | 1,16 | 0,964 | 0,873 | 0,443
%| % | 123 | 361 | 135 | 332 (1,93]|194| 490 | 1,60 | 1,17 | 0,941 | 0877 | 0,446
%ol 1%e | 103 | 303 | 11,4 | 279 (194192 418 | 135 | 1,17 | 0,918 | 0,882 | 0,448
L6x3%x| 1 | 153 | 450 | 166 | 4,24 [192(208| 425 | 1,59 | 0,972 | 0,833 | 0,759 | 0,344
| % | 117 | 342 | 129 | 324 | 194|204 334 | 1,23 | 0988 0,787 | 0.767 | 0,350
Ye| 1% | 98 | 287 | 109 | 2,73 [195(201| 2,85 | 1,04 | 0,99 | 0,763 | 0,772 | 0,352
L5x5x%| 1% | 272 | 798 | 178 | 517 [ 149|157 | 178 | 517 | 1,49 | 1,57 | 0973 | 1,000
Y| 1 23,6 6,94 15,7 453 11511152 157 4,53 1,51 1,52 | 0,975 1,000
%| 1% | 200 | 586 | 136 | 3,86 | 1,52 1,48| 136 | 386 | 1,52 | 1,48 | 0,978 | 1,000
%l 1 | 162 | 475 | 11,3 | 3,16 |1,54| 143 | 113 | 3,16 | 1,54 | 1,43 | 0983 | 1,000
Ts| e | 14,3 | 4,18 | 100 | 2,79 |155{141| 100 | 279 | 1,55 | 1,41 | 0,986 | 1,000
%| % | 123 | 361|874 | 242 | 156|139 874 | 242 | 1,56 | 1,39 | 0,990 | 1,000
%e| e | 10,3 | 303 | 7,42 | 2,04 | 157|137 | 742 | 204 | 1,57 | 1,37 | 0,994 | 1,000
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z D
THEP GOC
DEU CANH VA KHONG DEU CANH X X
CAC DAC TRUNG DE THIET KE y
k4 S
D)
Z
Y
Bérongvabé | | |TLmét) Dién Truc X-X Truc Y-Y Truc Z-Z
day canh ft tich | S R T | ) R X R

in. In. tb. | in2 1 . n im bm | m® | nd In. In In. Tanga
L5x3%x¥%| 1% 198 | 581 | 139 428 155|175 | 555 2,22 10977 | 0,996 0,748 0,464
% 1% 16,8 | 492 | 120 365 | 156|170 | 483 1,90 | 0,991 | 0,951 | 0,751 0,472

Y% 1 136 | 400 | 9,99 299 (158|166 4,05 1,56 1,01 | 0,906 | 0,755 0,479

The | e 12,0 | 3,53 | 890 264 | 159|163 3,63 1,39 1,01 | 0,883 | 0,758 0,482

3% ) 104 (3,051 7,78 229 | 160|161 | 3,18 1,21 1,02 | 0,861 | 0,762 | 0,486

%6 | Ve 87 | 256 | 660 194 | 161|159 | 2,72 1,02 1,03 | 0,838 | 0,766 | 0,489

Ya Y 70 |206| 539 157 | 162|156 | 2,23 0,830 | 1,04 | 0,814 ( 0,770 0,492
L5x3x% 1 15,7 | 461 | 114 355 | 157 | 1,80 | 3,06 1,39 | 0,815 | 0,796 | 0,644 0,349
173 1 128 | 3,75 | 9.45 2,91 1,591 1,75 | 2,58 1,45 | 0,829 | 0,750 | 0,648 0,357

The | 1% 11,3 1331 | 843 258 | 160173 | 2,32 1,02 | 0,837 | 0,727 | 0,651 0,361

% % 98 (286 | 7,37 2,24 | 161|170 | 2,04 | 0,888 0,845 | 0,704 | 0,654 | 0,364

S| Wie 8,2 240 | 6,26 189 | 161168 | 175 0,753 | 0,853 | 0,681 | 0,658 0,368

Ya Ya 6.6 194 [ 511 153 1162|166 | 144 0,614 | 0,861 | 0,657 | 0,663 0,371
L4x4x%| 1% 18,5 | 5,44 | 7,67 281 | 119 1,27 | 767 2,81 1,19 1,27 | 0,778 1,000
% 1 157 | 461 | 6,66 240 |120] 123 | 666 2,40 1,20 123 | 0,779 1,000

% % 128 | 3,75 | 556 197 11,221,118 | 556 1,97 1,22 1,18 | 0,782 1,000

The | Y8 11,3 13,31 | 497 175 | 1,23 | 1,16 [ 4,97 1,75 1,23 1,16 | 0,785 1,000

% Ya 9,8 286 | 4,36 1,52 | 1,23 1,14 | 4,36 1,52 1,23 1,14 | 0,788 1,000

S | e 8,2 240 [ 3,71 129 |124(112) 3,71 1,29 1,24 1,12 | 0,791 1,000

Ya % 6,6 1,94 [ 3,04 105 | 125|109 | 3,04 1,05 1.25 1,09 | 0,795 1,000
L4x3%x¥%| e 11,9 | 3,50 | 532 1,94 | 1,23 |125( 3,79 1,52 1,04 1,00 | 0,722 0,750
e % 106 | 3,09 | 4,76 1,72 | 1,24 { 1,23 | 3,40 1,35 1,05 | 0,978 | 0,724 0,753

Bt Ve 9,1 267 | 418 149 | 125|121 | 2,95 1,17 1,06 | 0,955 | 0,727 0,755

e |, Yo 7,7 2251 3,56 126 | 1,261,148 | 2,55 | 0,994 1 1,07 0,932 | 0,730 | 0,757

Ya| e 6,2 1811 29 1,03 | 1271116 | 2,09 | 0,808 1,07 | 0,909 { 0,734 0,759
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X Y
2N
THEP GOC
DEU CANH VA KHONG PEU CANH X
CAC DAC TRUNG PE THIET KE ;
k
P\
V4
Y
Bé rong va bé K |TLmot Dien Truc X-X Tryc Y-Y Truc Z-Z
day canh ft tich | s R T | s R X R
Tan,

In. In. . | n2 | m* | ind in. In. n? | ins in. In n. 9
L4x3x % 46 11,1 3,25 5,05 1,89 1,25 1,33 2,42 1,12 (0,864 ( 0,827 | 0,639 | 0,543
[ % 9,8 2,87 4,52 1,68 1,25 1,30 | 2,18 | 0,992 | 0,871 | 0,804 0,641 | 0,547

%l ¥ 8,5 2,48 3,96 1,46 1,26 1,28 1,92 | 0,866 | 0,879 | 0,782 | 0,644 0,551

%6 Y4 7.2 2,09 | 3,38 1,23 1,27 1,26 165 [ 0,734 | 0,887 | 0,759 | 0,647 | 0,554

Yal e 58 1,69 2,77 1,00 1,28 1,24 1,36 | 0,599 | 0,896 0,736 | 0,651 | 0,558

L 3%x 3%x 4 4 1.1 3,25 3,64 1,49 1,06 1,06 3,64 1,49 1,06 1,06 | 0,683 | 1,000
The | 134 9.8 287 | 3,26 1,32 1,07 1,04 | 3,26 1,32 1,07 1,04 | 0,684 | 1,000

% % 8,5 2,48 | 2,87 1,15 1,07 1,01 2,87 1,15 1,07 1,01 | 0,687 | 1,000

%6 | e 7.2 2,09 [ 245 | 0976 | 1,08 0990 | 2,45 ) 0,976 | 1,08 | 0,990 | 0,690 | 1 ,000

Va % 58 1,69 2,01 [ 0,794 | 1,09 | 0,968 2,01 [ 0,794 | 1,09 | 0,968 | 0,694 1,000
L3%x3x¥%| 1% 10,2 3,00 | 345 1,45 1,07 1,13 2,33 1,10 1 0,881 10,875 0,621 ] 0,714
e % 9,1 265 | 3,10 1,29 1,08 1,10 | 2,09 | 0,975 | 0,889 | 0,853 0,622 0,718

%| %6 79 2,30 2,72 1,13 1,09 1,08 1,85 | 0,851 | 0,897 | 0,830 | 0,625 | 0,721

%6 % 6,6 1,93 2,33 10,954 1,10 1,06 1,68 | 0,722 | 0,905 | 0,808 | 0,627 | 0,724

Ya| Wi 54 1,56 191 | 0,776 | 1,11 1,04 1,30 | 0,589 | 0,914 | 0,785 | 0,631 | 0,727
L3%x2%x¥%| % 9.4 2,75 3,24 1,41 1,09 1,20 1,36 | 0,760 | 0,704 | 0,705 | 0,534 0,486
6 % 8,3 243 | 2,91 1,26 1,09 1,18 1,23 10677 | 0,711 | 0,682 | 0,535 | 0,491

3% W 7.2 2,11 2,56 1,09 1,10 1,16 1,09 | 0,592 | 0,719 | 0,660 | 0,537 | 0,496

%46 Y 6,1 1,78 2,19 |.0,927 | 1,11 1,14 | 0,939 | 0,504 | 0,727 | 0,637 | 0,540 0,501
Ya| e 49 1,44 1,80 (0,755 | 1,12 1,11 {0,777 | 0,412 | 0,735 0,614 0,544 | 0,506
L3x3x¥!| 13 94 275 | 2,22 1,07 {0,898 | 0,932 | 2,22 1,07 10,898 | 0,932 | 0,584 | 1,000
"6 % 8,3 2,43 1,99 (0,954 [ 0,905 | 0,910 | 1,99 | 0,954 0,905 | 0,910 | 0,585 | 1,000

%| e 7.2 2,11 1,76 {0833 (0913]0888 | 1,76 | 0,833 | 0,913 0,888 | 0,587 | 1,000

546 % 8,1 1,78 1,51 | 0,707 [ 0,922 [ 0,865 | 1,51 | 0,707 | 0,922 0,865 | 0,589 | 1,000

Ya| Y 4.9 1,44 1,24 | 0,577 | 0,930 | 0,842 | 1,24 | 0,577 0,930 | 0,842 | 0,592 | 1,000

Y16 P73 3,71 1,09 (0,962 | 0,441 | 0,939 | 0,820 | 0,962 0,441 ] 0,939 | 0,820 | 0,596 | 1,000
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z ™
THEP GOC
PEU CANH VA KHONG DEU CANH X X
CAcC DAC TRUNG DE THIET KE T \ y
B\
Z
Bérongvabé | | |TLmot| Dién Truc X-X Truc Y-Y Truc Z-Z
day canh ft tich | S R T | s R X R
Tang a
In. bl w | n2 | m® | w2 ] n | mn | m®| w3 | | N 9

L3x2%x% % 8,5 2,50 | 2,08 1,04 10913 | 1,00 1,30 | 0,744 | 0,722 | 0,750 | 0,520 | 0,667
e | Y6 7.6 2,21 1,88 | 0,928 | 0,920 | 0,978 | 1,18 | 0,664 0,729 | 0,728 | 0,521 | 0,672

3% Y - 6,6 1,92 166 | 0810|0928 | 0,956 | 1,04 | 0,581 0,736 { 0,706 | 0,522 | 0,676

S| "ie 56 1,62 142 {0,688 { 0,937 | 0,933 | 0,898 | 0,494 0,744 | 0,683 | 0,525 | 0,680

Va 5% 4.5 1,31 1,17 | 0,561 | 0,945 | 0,911 | 0,743 | 0,404 0,753 | 0,661 | 0,528 | 0,684

6| Y6 3,39 | 0,996 | 0,907 | 0,430 | 0,954 0,888 | 0,577 | 0,310 | 0,761 | 0,638 | 0,533 0,688
L3x2x%| e 7.7 2,25 1,92 100 [ 0924 | 1,08 | 0,672 | 0,474 | 0,546 | 0,583 0,428 | 0,414
/e Ya 6,8 2,00 1,73 [ 0,894 | 0,932 | 1,06 | 0,609 | 0,424 0,553 | 0,561 | 0,429 | 0,421

B e 59 1,73 1,53 | 0,781 10940 | 1,04 | 0,543 | 0,371 0,559 | 0,539 | 0,430 | 0,428

%6 % 5,0 1 ,’46 1,32 | 0,664 | 0,948 | 1,02 | 0,470 | 0,317 | 0,567 0,516 | 0,432 | 0,435

Ya| %6 41 1,19 1,09 | 0,542 | 0,957 | 0,993 | 0,392 | 0,260 0,574 | 0,493 | 0,435 | 0,440

Yie Yo 3,07 | 0,902 | 0,842 | 0,415 | 0,966 | 0,970 0,307 | 0,200 | 0,583 | 0,470 | 0,439 | 0,446

L2% x2%x | % 7.7 2,25 123 | 0,724 10,739 | 0806 | 123 | 0,724 | 0,739 0,806 | 0,487 | 1,000
%| e 59 1,73 | 0,984 | 0,566 | 0,753 | 0,762 | 0,984 0,566 | 0,753 | 0,762 | 0,487 | 1,000

%6 % 5,0 146 | 0,849 | 0,482 | 0,761 | 0,740 | 0,849 0,482 | 0,761 | 0,740 | 0,489 | 1,000

Va| e 41 119 | 0,703 | 0,394 | 0,769 | 0,717 | 0,703 0,394 | 0,769 | 0,717 | 0,491 | 1,000

%6 % 3,07 | 0,902 ] 0,547 | 0,303 | 0,778 0,694 | 0,547 | 0,303 | 0,778 | 0,694 | 0,495 | 1,000

L2% x2V%x3%| "W 53 1,55 | 0,912 | 0,547 | 0,768 | 0,831 0,514 | 0,363 | 0,577 1 0,581 | 0,420 | 0,614
%6 % 4.5 1,31 1 0,788 | 0,466 | 0,776 | 0,809 | 0,446 0,310 | 0,584 | 0,559 | 0,422 | 0,620

Va %6 3,62 1,06 | 0,654 | 0,381 | 0,784 | 0,787 | 0,372 | 0,254 0,592 | 0,537 | 0,424 | 0,626

Y6 % 2,75 | 0,809 | 0,509 | 0,293 | 0,793 | 0,764 0,291 | 0,196 | 0,600 | 0,514 | 0,427 | 0,631
L2x2x% % 4,7 1,36 | 0,479 ] 0,351 | 0,594 | 0,636 | 0,479 0,351 | 0,594 | 0,636 | 0,389 1',000
Se| %o 3,92 1,15 | 0,416 | 0,300 | 0,601 | 0,614 | 0,416 0,300 | 0,601 | 0,614 | 0,390 | 1,000

Va % 3,19 | 0,938 | 0,348 | 0,247 | 0,609 | 0,592 0,348 | 0,247 | 0,609 | 0,592 | 0,391 | 1,000

%e| 6 2,44 | 0,715| 0,272 | 0,190 | 0,617 | 0,569 | 0,272 0,190 | 0,617 | 0,569 | 0,394 | 1,000

% % 1,65 | 0,484 | 0,190 | 0,131 | 0,626 | 0,546 | 0,190 0,131 | 0,626 | 0,546 | 0,398 | 1,000
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THEP GOC
DEU CANH VA KHONG DEU CANH X "X
CAC DAC TRUNG DE THIET KE T \ y
| B
b4
Y
Bérongvabé | | | TLmot| Dién True X-X TrucY-Y Truc Z-Z
day canh ft tich | S R Y I S R X R
Tang o
Lb. In. . {mZ2 | m* | m® i m w2 N in In. g
L1%ax1%x%| % | 277 | 08130227 | 0,227 |0,529|0,529] 0,227 | 0,227 | 0,529 | 0,529 | 0,341 | 1,000
x¥%e| e | 212 |0621|0,179 | 0,144 |0,537(0,506| 0,179 | 0,144 | 0,537 | 0,506 | 0,343 | 1,000
L1%ex1lx¥| s | 2,34 |0,688 | 0,139 | 0,134 |0,449(0,466| 0,139 | 0,134 | 0,449 | 0,466 | 0,292 | 1,000
x%e| % 1,80 | 0,527 | 0,110 | 0,104 |0,457|0,444| 0,110 | 0,104 | 0,.457 | 0,444 | 0,293 | 1,000
L1%x1¥x%| s | 192 | 0,563 | 0,077 | 0,091 |0,369]0,403| 0,077 | 0,091 | 0,369 | 0,403 | 0,243 | 1,000
xYe| % 148 | 0,434 | 0,061 | 0,071 {0,377|0,381| 0,061 | 0,071 | 0,377 | 0,381 | 0,244 | 1,000
L1%=1%x%| 72 | 0,900 | 0,266 | 0,032 | 0,040 |0,345[0,327| 0,032 | 0,040 | 0,345 | 0,327 | 0,221 | 1,000
Lix1x%| % | 0,800 {0,234 0,022 | 0,031 |0,304/0,296| 0,022 | 0,031 | 0,304 | 0,296 | 0,196 | 1,000
KHOANG BULONG THONG DUNG TREN THEP GOC, in DOAN UGN
g 8 | 7 |6 |5 | 4 |3%] 3 |2%| 2 |1%(1%]1%|1%]| 1| b=ts1t
min =2
fo | g (4% | 4 |3%] 3 (26| 2 [1% |13 |1%| 1| % ]| % ]| % | %

*]]
g | 9 3 | 2% 2% 2

% | 3 3 [2%| 1%
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