Design of Steel Structures |I

Text: Jack C. McCormac, Stephen F. Csernak; Structural Steel Design - Fifth Edition, Pearson
International Education
In all of the following problems, Fy = 2400 daN/ cm? and Fu= 3700 daN/cm?, unless noted
otherwise.
All answers are to be provided in Iranian customary units (tons, Kgf or daN, m, cm, etc.) using
steel sections available in Iran (IPE, IPB, L, U, etc.). Derive metric properties of steel and use
1MPa~10daN/cm?, unless noted otherwise. Also, if necessary, convert the US customary units to
metric units:

lyd=3ft 1ft=12in lin~25cm 1 kip = 454 daN 1 ksi~ 70 daN/cm?

1 ft~30 cm 1 kip/{t=1488 kgf/m 1 psf =~ 4.9 daN/m?

Homework Set #4

Problem Number Comments

Use only LRFD method to solve the following questions.

12-2 Bolt size=M24, convert dimensions to cm.

12.6 Bolt size=M?22, convert dimensions to cm.

12.12 Pp=25 ton, P1.=50 ton, plate thickness=16 mm, bolt size=M20,
Fy=3500kg/cm?, Fu=4900kg/cm? convert other dimensions to cm.

12.15 Bolt size=M20, upper & lower plate thickness=1.4 cm, middle plate
thickness= 20 mm

12.18 Use UNP300, gusset plate thickness=25 mm, bolt size=M20, convert other
dimensions to cm.

12.21 P.=180 ton, bolt size=M?22, Plates are 40x2.2 cm & 40x1.6 cm, convert other
dimensions to cm.

12.24 Bolt size=M22, PL22x1.8 cm, use IPB700, Wp=15 ton/m, W1 =20 ton/m,
span=7.5 m.

12.26 V=300 ton, bolt size=M24, L.=3.8 cm, plates are 50x1.2 cm & 135x1.6 cm,

use L20x20x1,2cm, the web plate is just connected to the angles,
Fy=2400kg/cm?, Fu=3500kg/cm2, convert other dimensions to cm and take
lin=2.5cm.
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1215 Problems for Solution 423

Example 12-5

Repeat Example 124 if the plates have long-slotted holes in the direction of the load.
Assume that deformations of the conneciions will cause an increase in the eritical load.
Therefore, design the connection to prevent slip at the limit state of slip.

Solurion

B =% kand F, = 67.5 k from Example 12-4 solution.

Nominal strength of 1 bobt

Ry = pDfrsTin,

= 0.3 for Class A surface
0, = 1.13 multiplier

fir = 100 factor for filler

Ty = 51 k minimum balt pretension
n, = 1.0 = number of slip planes
R, = (0.30)( L13)(LO)(51){1.0) = 1729 k/bolt

Number of bolis required for long-slotied holes

LEFD ¢ = 0.7}

#R, = (0L70)(17.29) = 1210k | LA

a7

Mote: Shear and bearing were checked in Example 12-4 and are obviously ok here
as they are higher than they were before.

Ans,  Use % balis Llse bz,

PROBLEMS FOR SOLUTION

For each of the problems histed, the following information is to be used, unless otherwise indi-
cated (2) AISC Specification: (b) siandard-size holes: (¢) members have clean mill-scale surfices
(Class A {d) F, = 3 ksi and F, = 38 ksi unless otherwise noted, () deformation at service
locvds 15 o design consideration. Do naot consider block shear, unless specifically n:quu.h:d.
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424  Chapter 12 Bolted Connections

12-1 tor 12-35.

12-1.
12-4,
12-3.
12-4.
12-5,
126 e 12-10

126
127
18
120

12-10

Dreteremivie the LREFL design tensile strength and the ASD aliowable tensile strength
for the pember thown, aisuming a bearing-fype conmecion,
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FIGURE P12-1 10 12-5

AEIS %-in halts, threads excluded from shear plane. (Are 2020 k, 1347 k)
A325 [-in bolts, threads excluded from shear i’.'ll.TIlE.

A430 1-in bolws, threads not excluded from shear plane. (Ans 2806 k, 190.7 k)
;-'nl AZDS bolts, threads excluded from shear plene.

3im A4 bolts, threads not excluded from shea: plane. (Ams H20 K, 1347 k)
Derermine the LRFD design revvrile sirength ared the ASTY allowable tensile sirengrh
for the memtber and the bearing-type connection:
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FIGURE P12-6 ta 12-10

A325 1-in bolts, threads excluded from shear plines.
.l\d'i'lg-in balts, threads not excluded from shear planes. {Ans. 38088 k2587 k)
A450 L-in bolts, threads excluded from shear pline.

A steel with F, = 50 ks, F,, = M ks, j-in A4490 boits, threads excluded from
shear plane, (Ars 4725k, 315k)

& stesl with .F,. = 50 kai, F, = T ksi, 1-in A4S bolls, threads excluded [rom
shear planes
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12-11 te 1215,

12-11,
12-12,
12-135

1204 10 12-16.

12-14.
12-15.

12-16.
i2-1v.

1215 Problems for Solutlon 425

How many bolts are required for LEEFI and ASD for the bearing-type conmnec-
tlaw st (f Py = 300E and Py = 100&7

-in FL

_.E & .
=-in FL
t/- i IR s O #
po-— | ] |1 | T'lfp
L1 11 | o o &

Jp— | —l  —
|2in| 3in | 3in |Zin
Ll T

FHGURE P12-11 to 1213

A5 ﬂ-in bodis, threads excluded from shear plane. CAss 10 both LRFD and ASD)
F, = Hiksi, F, = Tksi, f—in A325 hobis, thresds excluded from shear plane,
A4 |-in bolis, threads not excluded from shear plane. {Ans. 6 both LEFD and
AL

How many bodis ere reguired (LRFD and ASD) for the bearing-type conneciion
show if Pp = 120k and F; = 150 k?
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FIGLPRE P12-14 o 12-16

AJ2S fr-in baolis, threads excluded from shear planes.

A4 5-im bodis, thresds nod excluded from shear planes. (Ass 9 or [0 both LRFD
ard ASD)

AJ2E 1-in bolis, threads not exeloded (rom shear plances.

The truss member shown in the accompanying illustration consists of bwo
C12 = 255 (A3 sieel) connected to a I-in gussen plate. How many %-in AL2S
bales {threads excluded from shear plane) are required to develog the full design
tensile copacity of the member if if 5 used 3% 2 bearing-Lype connection” Assume
LI = 085 Use both LEFD and A5 methods. (Ars. 8 both LEFD and ASD)

== I |
[ ] o o a : ]
‘pu | Fl"
S |
— = S
L//ll/
|:il:|| Yin | lim |2 inl

FRaURE P12-17
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12.15 Problems for Solution 427

connection &t 8 section where the external shear Vg = 80k and ¥V = 160 kT
LEFD} and ASDy Assume £, = L300, (Ass 8 in both LEFD and ASD)

The cover-plated section shoswn in the acoompamying ilustratbon & used Lo support
a uniform load wg = 10 k' (includes. beam weight effect amd w, = 12.5 ki for
an 24-ft simple span). If {-in A325 bolts (threads excluded) are used in a bearing-
tvpe connection, work out a spacing diagram for the cotire span, for LRFD only.
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FIGLIRE F12-24

For the section shown in the sccompanving illustration, determine, for ASD anly,
the requined spacing of :-in A48 bols (threads excluded) for @ beanmg-tvpe con-
nection if the member consists of AS72 prade 6 steel (F, = T5k51).V, = 100K
and ¥y = 140k, Assume Class A surfaces and L, = Liin (A#xs 6 in both)

S—

- PLL % 48

! 1
Lsh = 4 % 3
{short legs back L back)

FIGURE P12-25
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428 Chapter 12 Bolted Connections

12-26.  For an external shear Vo, of 600 k. determine by LEFD the spacing reguired for
1-in ASS web bolts {threads excluded ) in a beanng-type conmection for the buili-
up section shown in the accompanying illestraton, Assume that /. = 1.5 m and

A6 steel,
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FIGURE P13-2E

12-27. Determine the design strength P, and the allbwable strength P, for the con-
nection shown af i—'in AJSLS bolts {threads exduded) are used 10 a shp-cotwal
connection with a factor for fllers, h,l' = L0 Assume A3 steel and Class B By
ing surface and standard size holes, (Ans 1320 k. B8] k)
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FIGURE P12-27

©M Ahmadizadeh, PhD, PE, Sharif University of Technology



Design of Steel Structures ||

7|Page

12-28 10 12-33,

12-28,
12-29,
12-30
12-31.
1232,
12-33,
12-34 and 12-35.

1234,
1235,
12-36.

12-37

12,15 Problems for Sclution 429

Repear these probilems, using e loeds giver and determeine the mumber of bolts
required for a slip-crincel connection. Assume Class A surfaces, standard-size
ol by = 1,060, g § valwes of 150 in, UNGL

Prob. 12-6. Py = 1Mk, Py, = 150k

Prob 12-11. P o= 30k, P, = 100k (Ans 24 both LRFD, ASI)

Prob 12-13. P, = 75k, P, = 160k

Prob.12-14, P, = 120k, P; = 150k {Anx 16 both LRFD, ASD)

Prob. 1216, Py = 40k, Py = 100k

Prob. 12-20. {Ans, 11 LRFI 12 ASDH

Usinig the bearing-type connection from each problem given, determine the rum-
ber oof F-in A9 bolts regueired, by LRFIY and ASD, for a slip-critical connection,
Assime long-sloried Roles in the divection of the load, Class A faying surfaces,
o= 100, @nd {, = 1.25 in.

Prob. 12-12.

Prab. 12:15 {Anc 11 or 12 LRFID, 12 ASDY

Drgtermine the design tensile strength Py and the allowakde tensale strength P,
of the connection shown if cight g-'m A5 bearing-type bolis (ihreads excluded
from shear plane) are wed in each Nange. Include block shear in your calcu-
lations. A3 a1eel is used,
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FIGURE F12-36

Repeat Prob, 12-36, using 2-in A490 bearing-type bolls, Fy, = 50ksi and
F, = 65 ksi {Anz 8KLEk 4032 k)
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