CE 470: Design of Metal Structures - Solution by Keith ]. Kowalkowski

Solution to Homework 6:
Problem 1:

Given and Required

7.7-2 A plite b9 % 6% of A36 steel is used d a tension member as shown in Fipure P/
The gussel plate 15 Y-ineh-thiek and s also of A6 steel. The bolls arel -1
diameter A28, No slip is permitted. Dewrmine the maximom fuctored load, £,
can be wesisted, Investigate afl possible faflire modes,
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FIGURE P7.7-2
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In regards to checking everything, the dimensions of the gusset plate are uncertain,
therefore check; (a) gross yielding of plate, (b) net fracture of plate, (c) block shear of
plate, (d) shear strength of bolts, (e) bearing strength in gusset, (f) bearing strength in
plate.

Solution
tp:=05 in tg:=§ i
Lp:=6.5 in db :=1.125 in

fy:=36 ksi fu:=58 ksi
Gross Yielding of Plate:

Ap :=Lptp Ap =325 in

Pny :=0.9Ap-fy ¢Pny =105.3 Kips

Net Fracture of Plate:

An:=Ap -2 db+£\tp An =2 in
8)

U:=0.75 Ae :=U-An

¢Pnf:=0.75Ae-fu  ¢Pnf =65.25  Kkips

Shear Strength of Bolts (At factored loads)
ShearStrength = 4.20.9—» 83.6  Table 7-15
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Bearing Strength Check, Gusset
s <sfull  Therefore, for non edge holes BSNE:=94.6tg BSNE=59.125 kips Table 7-12

For Edge Holes BSE:=73.4tg BSE=45.875 kips Table 7-13

¢Rn := 2.BSNE + 2-BSE ¢Rn =210 kips ok

Bearing Strength Check, Plate

s <sfull  Therefore, for non edge holes BSNE:=94.6tp BSNE=47.3 kips Table 7-1Z
For Edge Holes BSE:=73.4tp BSE=36.7 kips Table 7-13

gRN:=2-BSNE+ 2BSE  ¢Rn=168  kips ok

Block shear strength of plate

.2
Agv = 25tp Agv =5 n
1
Any = Agy - [3-(db ; g)-tp:| Apy = 3.125 in?
.2
Agt:=31p Agt=15 in
1 .
fu-Apt = 50.75 Kips & 0.6-fu-Apy = 108.75  kips
Since, FuAnt < 0.6FuAnv, Equation with fracture shear path governs....
¢Rn = 0.75(0.6 fu-Apy + fy-Agy) R = 122.063 kips
¢Rn = 0.75(0.6-fu-Apy + fu-Apt) Ry =119.625 kips  governs

Therefore, the shear strength of the bolts governs,$Rn = 67 kips
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Problem 2:
Given and Required

7.7-4 A C9 x 20 is used as a tension member and is connected to a ¥-inch gusset plate as
shown in Figure P7.7-4. A242 steel is used for the tension member and A36 steel is
used for the gusset plate. The member has been designed to resist a factored load of
175 kips. If the connection is to be slip critical, how many 1%4-inch-diameter A325
bolts are needed? Show a sketch with a possible layout. Assume that the member ten-
sile and block shear strengths will be adequate.

t=1"
/—

t——> P, =175*

C9x 20
FIGURE P7.7-4
Solution:
¢Rn =317 ¢Rn =31.7 kips
n:= Fu n=5521 Use 6 bolts for Channel Section
RN

Edge Distance  Le:=1.25db Le= 1719 in Use 2in. Table J3.4
Spacing smin:=2.67.db smin=3.671 in SpecJ3.3
spref :=3-db spref =4.125 in Spec J3.3
sfull := 4 + 136 sfull = 4.188 Table 7-12 Chose s :=4.25in
Bearing Strength Check, Gusset
s >sfull  Therefore, for non edge holes BSNE:= 144 tg BSNE=72 kips Table 7-12
For Edge Holes BSE:=66.9tg BSE=33.45 kips Table 7-13
¢oRn :=4.BSNE+ 2-BSE ¢Rn =354.9 kips ok
Bearing Strength Check, Channel
s >sfull Therefore, for non edge holes BSNE:= 144;_:.“,\, BSNE=77.859 kips Table 7-1Z

70 .
For Edge Holes BSE:= 66.9§-tw BSE=36.172 kips Table 7-13
¢Rn:=4-BSNE+ 2.BSE  ¢Rn=2383.782 kips ok

Original Number of Bolts ok



CE 470: Design of Metal Structures - Solution by Keith ]. Kowalkowski

M

4 O O O ,
4.2510 O O v -




CE 470: Design of Metal Structures - Solution by Keith ]. Kowalkowski

Problem 3:

Design a 30 ft. long double angle tension member and its connection for:
- Service dead load of 34 kips and a service live load of 102 kips.

- The member will be connected to a 3/8 in. thick gusset plate.

- Design the connection to be slip critical at service loads.

- Use A325 bolts and A36 (36 ksi) steel for both the angle and the gusset plate.

PROBLEM 2. DESGH A 30-FT LonG DPODBLE ANGLE TEWSIow MEMBER ANp TS
CordMECTION Fof -
- A SERVICE DEAP LoAD of 34 Wips ANP A SERVICE LWE LOAR oF 108 Wips
* THE MEMBER WILL BE ComMeCTED To 4 /g -0 THICK SUSRET PLATE.
*DESISH THE MEMBER To BE L CRWIKAL AT SERVICE  LodDS.
Fy=Zoks.__ * UBE A3l STEEL FoR ANGLES AND GUSSET PLATE , 4328 BOLTS
Tz 0% ke
FIRST T IWD TATTORED LOAD (oM.
- | 4T
=HAD Y+ L L = .,;(341@?&} + I-{a{m;'k'-.pﬁ = 20 Kips
# K
* Albheush Hhe masmbar s 2 Yension Wemoer, 4 Sechion, Was selecred wit Sendesness
Mﬂﬂ , ewce ks potsiple fhak vnpedicled \o2ding, could
create. 3 comprssve covinion on e Wenloel, Tor fenson members | Wl < 200
M by osed, buk a rmote onserEine approada W3 s Yalken.
¢ Thus, fromVable 4-10 and Table 37, 8 ALT461%Y =edhon was selecked. The desioyn
process wWas faoitiahed winiin Yoo, stradegd B?re.a,k@nﬂl(li.ﬂﬂai for W 3@5.1,51\
projed— n ofdes 4o averd cedesian Steps. ¢ Ver %. nggl;;ﬁajz-ﬂ@ . 1434 < aco

() SELECY S\TE Auwn wumBEE oF BO)TS: Verity KL - (30802E) . 4554 200
T4 24T

DESIeN SLF RESTANCE @R | For SUP CRMIGAL AT SERVICE LOAD:
FRom TRIAL AND ERRRE USING SPREADSHEET AWD TRELE :'-I(C,j
SELECTED 1:'11,m.IIJt : L9

From Table F-lo, FoR DOOBLE SWEAR conpimem, @Re=e0) Kips [bolt
Sevvice Lead = 3§ je2F = f_&.‘c .I'f
o FiND Ny, numece oF BoLys, ./ PUTE be il huve. 2
P XEohiueslt . 333 ~ 2.29 bohs.
T ~lsN] *

So selety 4 ‘eohs (4225, V=i diameker ) & Hboths ave more than mm;e"i-
—_— e

M, =

BoLT A
B WEAR PR (601 Wl bt ) 4 oelis) = 290 Kips 7R kpy 9%
136 kips —
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Fom TaswE T2.4:
' Far o dieon e eoits Cm\"ﬁ&hf_&_ﬁ[a‘, . E&I&L &-:L!-hﬁﬂ"l"l'.ﬂ. =| 150,
- Seleey Le® Hin v
» ChackK max. Lo" 1At £&in.
BETC N ETATS
T o and,

—

FRoM Sfec. T3.3:
erm. s = 2% d . = (@Y 18- Hin,

- PREFERRED 5 = 34w = (3005 = 45ia
s CHoRSE 5= Hhin

THuS, conn EcTion LENGTH, L = 35 = 3H5a)= V55 in
(Asmorme | fow o U lestis)

3E) VERIEY TENS/ON YIELDInNG STRENGTH FoR MEMBEE

From TagLe 1-%F FI&= (2 Aqﬂ.u}f"l .ﬁﬁt'ﬂta’aﬂa'le\) = 988 n*
B (07IAT = AN RAB Y30 ks) = 697.35 ks > 204 kips ok

(1) yeRIF TENSKN RUPUAE STRENSTH FoR MEMBER

FREM TABLE 1-3, K= 1.50 .
Us V-2 = - 80 < o g
e o fud
Ao Ay = 2054 %) (Fdin) = 135407

Eavﬁ'ﬁ
bo= DA, = (0.884)(17.59m2) 2 15.52 10>

bR, = (07B)A, Fu = (07350 (15528 '5RK) " 675 kips > Jodkips oK
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{2 DESIEM GUSBRET PLATE
ewen: t=%8in. 5, Alls e\
- Lt
Since PR 2 a4 Kips , choose L bated on Lj'-.ﬁ.'la,'l.-'tﬁ {:’T{Encﬁﬂ-\ :

PR, :(0A) AT, = 09 LaTy

L_,E ﬂﬁp-n - qﬂgﬂH:E} - - = ]':n-‘q'ql W, "E}{\Q;\' L"'-.“.':ln_.
0AeTy AN ) (3oks)

@ GUSSET PIATE VELDING STRENETH
¢ R =£Q'q}(ﬁ.gﬂf}l:3.fa -,;){3&'&5'1} = a0W.5% kips o%

® GuSer PiAYE RUTTURE STRERGTH

A+ g = @03y ¢ Hi) s i)
= |?i-ﬂ~]-|f'3.l'l$.'|n)‘- {I.Eﬁﬂ# I"'E.ﬁﬁ"]llijl"ri 'ﬂj = 511 'Ing' = D‘KE P.a - 5."'".1“«1
“Te e thizona

PR, > 03A T =(0BNE42. (SR e = 1353F Wpa> AU ks oy

(1) pLoc SHEAR OF GUISET PLATE
anfe o wSin
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Ty TR

Ajﬁ =115 + 4 .\}f”iiﬁ\‘ll (—]Lludﬁ)= [_,,E{E.Qnt

fqn\' E -'ﬁlﬁi = [3‘5 h‘EE\:'\("'E'Hn#.LflL'm\JfaﬂfE iﬂ..}i"l bh‘:k) - 4."3-1[-,'1'
ot T

-P'lal (8 -E"H':]'P-"g;n\ﬁlfl Hur.";} = 3%t

At = "*3@ - (2 b X LB in + Yo e iad L hock) = 888 in?



