| = University Of Technology
2, fﬁ \ Building and Construction Eng. Dept.
e, { Final Exam —201§/2016

Subject: Structural design (steel) Class: 4™
Branch : Building Eng. and Project Management Division Time : 3 Hrs ‘

Examiner: Dr. Igbal N. Gorgis & Dr. Mohammed A. Elaiwi. Date : 7/6/2017

" Note: Solve only three qustions, Use the AISC specifications.

Q. 1: A bar (2 1/2* 7/16 )" of A 36 steel is used as a tension member as shown in fig.

below, it is connected to a 3/8" thick gusset plate with two 3/4 " diameter A 307
bolts (fv = 10ksi), assume that bolt spacing and edge distances are satisfactory and
determine the allowable load (P) (fu==58ksi). :

--""'--.. Bar 2 1/2 ¥ 7/16

P

- e —r

// 3/8 gusset plate

Q. 2: The simply supported beam ab with section W 12*65, the section is compact with
top flange has a full lateral support. The beam supports a load of (D.L.= 1" and L.L.

=2 %" and with A36. Check the section adequacy for shear, flexure and deflection if

the maximum total allowable deflection is A = %6 )

a 1 ‘;' L

R

| Q.3: Select an S- shape for the tension member shown in Figure below. The member will
be connected between two plates with eight 78-in. diameter bolts. The total tension
' load is 180 kips, and the length is 12 ft. Use A36 steel. (Fu = 58 ksi).




Q.4: Solve either A or B:

A) Find the compressive axial load capacity for the built-up column that has a cross
section as shown below. (Use steel A36 and k recommended = 0.8)

AL 12Z2ZN6S

i
/4" Plates

B) Choose W12 section for AB column shown below, using A36. Assume the system is
| braced in a transverse direction to the frame shown (ky =1).

260 kip

21
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2z - 2
Q.1: Single shear 4,,;, = ”j = T2 0.442 in? ‘
kip
Fv*A=10x0.442 = 442
bolt

Bearing Fb * Agpgpest = 1.2Fu+d * tg,,, = 1.2 * 58 *43 *g = 19.575 kip

Capacity for two bolts = 2*4.42 = 8.84 kip

Capacity of tension member=0.6* fy* Ag=0.6*36%2.5%7/16 = 24 kip

3 1. 7
‘ Pnet = 0.5+ Fu *de = 0'5*58*[2'5—[Z*Z]*E=20'6kip

Then max. load 8.84 kip controls

Q.2:
‘ Full laterally supported L,=0 total load 3 +0.065=3.065 kip/ft

R=Vu at face of support=3.065 * 20/ 2=30.65 kip
wi? _3.065 * 202

‘ M= = 153.25 k. ft ‘

8 8
Fb = 0.66fy = 23.76 = 24 ksi
153.25+12 . 3
M=Sx*fb Sx=————=176.625in
24
‘ Choose W 12 65
Web Fange Distance
Deslg- | Area Depth Thickness | 4, Width Thickness T | & | & ‘
natlon A d t, 2 b, &
In.2 in. " . In. In. In. n. | In. | .
| |wizx 72| 211 | 1225 | 12v | 0.430 | % | % 12040 [12 [ 0670 | e | 9% 1% | 7
| x 65| 191 [ 1212 | 12% 0380 | % | % 12000 112 10605 | % | 9% 1% | 1%,

Nom-|  Compact Section . . Plastic

w?] ~ Criteria ] Elastic Properties Modulus
. r Axls X-X Axis Y-Y

per -22;- ' 4 £ i - s 2z, Z
Ft ' b Ar I s | r I s | r : 7
Lb, Ksi Ks| | In. m* [ m2 !t | [ m? in. | In2 | In3
s 9.0 | 9523 | 285 -_ 329 | 1.52| 597 974 | 531 | 195 324 |3.04 | 108 49.2
65 99 | 430 [ 31.1 — 328 | 167 533 879 | 528 | 174 291 |3.02 96.8 | 44.1
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450,000 00
980,000.00
505,000.00
-1,999 595 000 00
90,000.00
69,000.00
1,000,000.00
145,000,00

£ B0 ol
A07,500 00
816,000 00
436,044 00
500,000 00
30,000 oo
1.042,000.00
134 EO6.00
183,971,259.00
410,000.00
4,301,752,688.00
209,000.00
4.000.00
26,325,333.00
1,000,000.00
83,000 00
29.000.00
1.000.000.00
25,000.00
6,178 00
567.00
99,900.00
515,500.00
2,095 577.00
B81.479.00
200,000.00
850,000 Q0
580,000 00
29,000.00
B80,000.00

L 1QD
000
0.00
000

-1,898,595,000.00
0.00
000
000
040
0.00
0.00
000
000
000
coo
000
000
oco
0.00
0.00
000
0gQo
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0,00
000
000
000
0.00
0.00
0.00
000

25-10-2014
5710

o2 1D
450,000.00
980,000.00
505,000 00

0.00
90,000.00
69,000.00

1.000,000.00
145,000.00
975,000.00
802,500.00
816,000.00
436,044 .00
500,000.00
30,000.00
1,042,000.00
134.500.00
183.971.259.00
410.000.00

4.301,752,688 00

$09,000.00
4,000.00
28,325,323.00
1.000,000.00
83,000.00
29,000.00
1,000,000.00
25,000.00
6,178.00
567.00
99,900.00
516,500.00
2,085,577 00
8147800
200,000.00
850,000.00
$80,000.00
29,000.00
80,000.00



Sx =879in > 76.625 in?
24
M=Sx+fb=2879+% = 1758 kip. ft > 153.25 kip. ft o. k.

V=104fy+d+tw=04+36+1212+039 = 60.06 kip > 30.65kip

d—2tf _ 380

1212 -2+ 0.605 _ 380
0.39 = V36

—- 1797 <£63.333 o.k.

Deflection:

3
Sxwxl*  Sx5%(20%12)* 20412
= = <
384«E«[, 384%29000+533 = 240

2

*12 . . .
22— 1in then the section is adquate

‘ A= 0.6987 <
240

. L 1212
=6.207in2 1. — —
6.207 in® Tinin 240 240

180 . 180
g= =8.33in? Ade=
0.6+36 0.5¢58

= 0.6in

Try S 12%31.8
Ag =935 >833in? 1,,;, =1.> 0.6 inok.

An=935-2%1%035=8.65in> Usell = 0.7 table D3.1 then

Ae = 0.7 *8.65 = 6.055 in? not 0.k < 6.207in2

Use S12 * 35
Ag=103>833in? 1, =0.98> 0.6 inok.
An =103 —2%1+035=9.6 in* UseU = 0.7 table D3.1 then

Ae = 0.7+9.6 = 6.72 in? not 0.k < 6.207in?

W | Flange ' Distance | #;: Elastic Properties
ﬁ‘“ Ama | Dopth | Thickness |£. Width | Thickness _| T | & |G f:: Aorls XX Ais Y-¥
el I - W K L . | el Flglelels
it | I . (] In i fin | ) Wt [0 e [ m*nd]n,
§12<3 103 |1200 (12 |0428] 1o [0 | 5078 [5% 054 | e | 9%
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251600 o iyjip Clie Qo 00011060007 Sl 38 50 R 428,929.00 0.00 428,929 00
00011070002 Ja il 385,50 R 100.626 00 0.00 100,626.00
00011080008 a3 5 R 955.000 00 0.00 955,000 00
00011110001 i 6,0 ) R 7.855,000 00 0.00 7,855,000 00
00011130002 gl a8 ,a ) R 60,000.00 0.00 60,000.00
00011140008 Cualh 3,5 R 130,340,000.00 0.00 130,340,000 00
00011160009 O yehall 38 53 R 4,000.00 0.00 4,000 00
00011170004 el 1855 R 2 975,000 00 0.00 2,975,000 00
00011200008 Sanall 28,3 R 358.200,000.00 0.00 358,200,000 DO
00011210002 B ga pall 35 2 R * 1,000,000.00 0.00 1,000.000.00
00011230003 a8 ga jall 36,5 R 1,000,000.00 0.00 1.000,000.00
00011250004 b all 26 5 R 1,320,000 00 0.00 1,320,000.00
00011260000 slaadd M, R 38,441.00 0.00 38,441.00
00011270005 Jhamall 38 55 R 25,000 00 0.00 25,000.00
00011300007 bl 4S5 B 100,000 00 0.00 100,000 00
00011310003 o pmmalh K 5 = — 4,999,755,000.00 0.00 4,999,755,000 00
00011320009 il 38 R 1,500, 00000 0.00 1,000,000.00
00011370006 ol A8 % R 89,1 BE - 0.00 £9,186.00
00011380002 ) Sl R 1,900,00000 0.00 1,900,000.00
00011400008 R R 775,000.00 0.00 775,000.00
00011410004 LW R 990,000.00 0.00 990,000.00
00011430005 B g pult 5l R 507,750.00 0.00 507,750.00
00011440001 L R 675,756.00 0.00 675,756 .00
00011450006 SR R 79,000 00 0.00 79,000.00
00011480003 FrUELYEN] R 358,800,000.00 0.00 358,800.000.00
000711510005 el i, R 374,204.00 0.00 374,284 00
00011520001 AL R 9,477,124.00 0.00 8,477,124 00
00011540002 s s R 70,000 00 0.00 70,000.00
00011550007 el 5l 2K 5 R 8.089,627.00 0.00 8,089,627 00
00011580004 TSI R 79.000.00 000 79,000.00
00011590000 INWE N R 118.000.00 0.00 118,000.00
00011610008 48038 5 R 243,870.00 0.00 243,870.00
00011620002 Jg ol as R 3,975,000.00 0.00 3,975,000 00
00011640003 PR ECOEN R 264,000.00 0.00 264,000 00
00011650008 TS T R §4.000 00 000 54,000.00
00011660004 LY, R 500,000.00 0.00 500,000.00
00011670009 RIS R 120,250,00 0.00 120,250 00
00011680005 gl Eod R 1,000,000.00 000 1,000,000.00
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0.75 * 12,123 _
I, =533+2 | = 756 in* controls

12,12 + 0.753 ,
I, =174 +2 1’; —+12.12+0.75 6.382J = 914.85 in*

Atotal =19.1 + 2[0.75 % 12.12] = 37.3 in?

Ix F;

X = £=Jﬁ=4.5m
kL 0.8+18%12
— = =384 < 2000.k.
r 4.5
2emcF 2+ » 29000 kL
e = [———— = — =126.1 > — inelastic buckling
fy 36 r

Table C-36 for f‘—"‘ =38 Fa = 1935ksi and for-’i—L =39 Fa=1927ksi

From interpolation Fa= 19.318 ksi
Then P=19.318%37.3 =720.56 kip

Q4-B) ky =1 Lx=20" and Ly =15 for point B Gg =10

31/20
Gy = 5%45 =3 fromchart kx = 2.26

Assume ﬁr’: =100 Table C—36 Fa=12.98 ks

_ 260 — 20,031 in? _ 2.26*20*125424_ '-1*15*1218'
T 1298 UMY TX=E /oy R Ty =g 18in

Try W12*72 A=21.1in ry =3.04in rx = 5.32
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251600 s he s QD 00010440002 ITEWELN R 4,033,000 00 000 4.033.000 00
00010450007 Jsiad 88 54 R 8,570,000.00 000 §,570,000.00
00010460003 36 53 R 75,000.00 000 75 000,00
00010490000 el 36,0 R 43,700 00 0.00 43,700 00
00010510006 a3l S 55 R 179,000.00 0.00 179,000 00
00010520002 PR R 28,500.00 0.00 28,500.00
00010530007 it 35 50 R 200,000.00 000 200,000.00
00010540003 pladl 46,0 ) R 700,000.00 000 700,000.00
00010560004 1y maiid 365 R 69,000.00 0.00 £9,000.00
00010570009 gl 35 R 445,514 00 000 445,514 00
0001 0600001 Dhyalas s R 454,000,00 000 454,000.00
00010620003 a4 R 2,975,000.00 0.00 2,975,000.00
00010630008 £l 355 R 37.361.00 0.00 37.381 00
00010640004 el 655 R’ 519,500 00 000 519,500 00
00010650009 gl 3655 " 570,000,00 000 570,000.00
00010680006 JROULIN R 40,000 DO 000 40,000.00
00010650002 PRUEN N R 200,000.0 0.00 200,000.00
00010710008 B ol 4,5 R 158, 250,000, 00 0.00 358.250,000,00
00010720004 PRTELIN R 1.500,000.00 0.00 1,000,000 00
00010730009 B sk 3€ 2 R 100,000 00 000 100,000 00
00010740005 J bl 3650 R 332,351.00 0.00 332,351 00
00010770001 R BTy R 1,800,000.00 0.00 1,800,000 00
00010780007 pad 35,2 R 247.580.00 000 247 580 00
00010790003 FIMELIN R 479,000.00 0.00 479,000 00
00010800003 pakalh 33 R 4,000.00 0.00 4,000.00
00010830000 RETRN i) 1,000,000.00 0.00 1,000,000 00
00010840006 b 3,3 R 358,600,000.00 0.00 358,600,000 00
00010850007 ELION R 404,900.00 0.00 404,900 00
00010890004 S a3 R 500,000.00 0.00 500,000.00
00010910001 B3N 8 i R 2,013,000 00 0.00 2,013,000.00
00010920007 5934038 R 1,760,000 00 0.00 1,760,000 00
00010930002 il 16,2 J R 4,000 00 0.00 4,000.00
00010950003 R ESN R 358,200,000 00 000 358,200,000.00
00010960009 B A, R 11,850 00 0.00 11,850.00
00010980000 D sl 850 R 475,000.00 0.00 475,000 00
00011000003 e JiD S 55 R 500,000.00 000 500,000 00
00011030000 WENE R 4,053,304 00 .00 4,053,304.00
00011050001 JANEE0 R 1,612,537.00 000 1,812,537.00
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=280 12322 ksi
fa =917 = 12322 ksi

kL  226+20%12
—_— = 533 = 101.95 = 102 controls

304 = 78.95

From Table C-36 Fa= 12.72 ksi
fa 12322 =097 =10k 4 .
— 12.72 ~ U097 =1o0.k. good section
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79,000.00
56.500.00

200,000 00
995.000.00
1,000,000.00
1,240,000 00
4,000.00
1,800,000 00
500,000.00
250 00000
16,010 06
453.450,00
50,000 00
40,050 00
4,000 00
175.000.00
379,000.00
£72,000.00
40500000
32,882.00
6.220,000.00
24,362,208.00
2.975,000.00
140,000.00
730,006 00
66,100.00
617,350 00
100,000.00
2,975,000 00
29,000 00
1,443,400 00
200,000 00
358,250,000 00
715,000 00
17.504,951.00
12.650,000.00
250,000.00
363,400,000 00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
000
0.00
000
000

0.0

000
000
000
0.00
000
000
0.00
0.00
0.00
000
oon
000
-17,504 951.00
0.00
000
000
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76.000.00
$6,500.00

200.000.00
995.000.00
1,000,000.00
1,240,000.00
4,000.00
1,800,000.00
500,000.00
250,000 00
10,010 00
253,450 00
880,000 00
40,050 00
4,000 00
175,000.00
379,000 00
§72,000.00
405.000.00
32,992.00
6,220,000 00
24,362 208 00
2,975,000.00
140,000.00
730,006.00
68,100 00
617,350.00
100,000.00
2,975,000.00
29,000.00
1,443,100.00
200,000.00
358,250,000.00
715,000.00
0.00
12,850,000 00
250,000 00
363,400,000.00



