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FUNDAMENTALS OF
STRUCTURAL ANALYSIS

5th Edition

Kenneth M. Leet, Chia-Ming Uang, Joel T. Lanning, and Anne M. Gilbert

SOLUTIONS MANUAL

CHAPTER 2: DESIGN LOADS AND
STRUCTURAL FRAMING
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D2 1 Doatarmine—the-deadwe

LT IJClcrlllIIIC e UCQU‘VVCight Gf a l ﬁ IGng =
segment of the prestressed, reinforced concrete
tee-beam whose cross section is shown in T LR {6
Figure P2.1. Beam is constructed with e ¢
lightweight concrete which weighs 120 Ibs/f‘g. 1
sekfion
P2.1

Compute the weight/ft. of cross section @ 120 Ib/ft'.

Compute cross sectional area:

Area= (0.5' 6")+ 2 [1/2x 05'x267"+ (067" 2.5)+(1.5'1")
=15

Weight of mézmber per foot length:

wt/ft = 7.5 ft x120 1b/Ft = [900 Ib/ftl
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P2.2. Determine the deadweight of a I-ft-long

segment of a typical 20-in-wide unit of a roof
supported on a nominal 2 x 16 in. southern pine

beam (the actual dimensions are }in. smaller).

The ¥%-in. plywood weighs 3 Ib/ft.

three ply felt

2" insulati 4
insulation tar and gravel 3/4" plywood
| | , | |
I!x C vI
X X X
X X 1 X
X X
- | —— X 15/° X
X X
% "\1 5
—— il 2
20" 20 B
Section
pP2.2

2 INSULATION

.. r’I’YN\\OOU

3FLY FLT
TAR AND GRAVEL

See Table 2.1 for weights
wt/20" unit

Plywood: 3 psf% x1"=51b

Insulation: 3 psf >§x1' =51b

Roofg Tar &G 55 ps' x L1y » = 9171>
12 19.171b

Wood Joist= 37 g
fe Uain/F
Total wt of 20" unit = 1917 +597

=[25.14TbANS]
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P2 2 A \wwide—flanpae—taal-bhesm—achawnm—in-ticHire

P2-3-A-wide-flange—steel-beam—shown—in-Figtre
P2.3 supports a permanent concrete masonry wall,
floor slab, architectural finishes, mechanical and
electrical systems. Determine the uniform dead
load in kips per linear foot acting on the beam.

The wall is 9.5-ft high, non-load bearing and
laterally braced at the top to upper floor framing
(not shown). The wall consists of 8-in. lightweight
reinforced concrete masonry units with an average
weight of 90 psf. The composite concrete floor slab
construction spans over simply supported steel
beams, with a tributary width of 10 ft, and weighs
50 psf.

The estimated uniform dead load for structural
steel framing, fireproofing, architectural features,
floor finish, and ceiling tiles equals 24 psf, and for
mechanical ducting, piping, and electrical systems
equals 6 psf.

j 8 concrete masonry
= partition
==
.
% o concrete floor slab
=
s
_— L4 g
e R AT AR DR 2 2]
AU i
piping
mechanical

duct

flange steel
beam with fireproofing

ceiling tile and suspension hangers

Section

P2.3

Uniform Dead Load W.Acting on the Wide Flange Beam:

Wall Load:

9.5'(0.09 ksf) =0.855 kif
Floor Slab:

10'(0.05 ksf) = 0.50 kIf

Steel Frmg, Fireproof'g, Arch'l Features, Floor Finishes, & Ceiling:

10'(0.024 ksf) = 0.24 kIf
Mech'l, Piping & Electrical Systems:
10'(0.006 ksf) = 0.06 kf

Total W,, = 1.66 kf

2-4
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P2.4. Consider the floor plan shown in Figure -a?
P2.4. Compute the tributary areas for (a) floor ms

! 4
beam BI, (b) floor beam B2, (c) girder Gl, =1 : (F:
(d) girder G2, (e) comer column CI, and B2 ‘ Gl g3
o B4 2@ 10°=20'
(J) interior column C | -
I G4
G2
c3 Bl @8'=40
[y | e +
I
40 20 +1

P2.4

«cawe-[ ;)to)-[i-s0i] - L, A <

BI BI
V'
[ I |
6 7
(b) Method 1. AT= ( = 320) =IAT =66.7 ft' |
Method2: AT =320-4( ; 4(4))=1AT =288ft’| 6661 6671
I '
10 ft 10 ft
Method 2 AT = 66.7 - 2 (5 3.33(3.33)) = |AT =556 ft'|
Right
Side
]
(c) Method 1. AT = (——3-20) +10(10) it corn oo A
[S,—166.71N] Gl

«a——["10»)e], )

[ » —SS0.6N]

(d) Method 1:A = (‘&-—20) (36) G2 G2
)

[s,~10s0N] 2_..%7 Qi

H I
‘ |
Method2: AT =1080+2( ; 4(4)) 82 Gl g

2@10=20'
- o
|, —too6in] HI

5 1 s -
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mailto:2@10

GM— 4" 20> 20) B —9o0n

C A0 ] 20— 1
.@.7
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P2.5. Refer to Figure P2.4 for the floor plan. %?
Calculate the tributary areas for (a) floor beam miEw CyC4

B3, (b) floor beam B4, (c) girder G3, (d) girder =1 | F%
G4, (e) edge column C3, and (J) corner column B2 ‘ 2@10'=20

ca. B""' t
Cc2 I

S 1 Ga I |
BI 5@8'=40
1
G3 G2
L | I
— 40 PO
P2.4
(@ Method 1A, = (10)(20) . TC I
s,-200] RN o
Method 2 AT =200—-4(;5") 667F 666 6.67
s r + .
s-50] A N )

(6) Method L:A, = (6.67)(20)=-[4, =1334 f‘ s

36 ft
Method 2: AT =133.4 -4 (5 3.33 > — .
5 G3 G3
[-ul

33.33 ft

_ 1
@ Menhod 1:4, - (36)(20)—[4, - 720 t] Rant
Method2: AT =720+2( ; 4')=1AT =736ft"| ' o ‘
Left t
Side
G4 G4
(d) Method 1:A, =(4)(40) +33.33010)

s,- 0. +0] 2....9 @
=—W-[r);r) @' | v

s, - UStS«] GA., -(0)(10) [4,=toore]

DA, -(30y20): [4,=-600]
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P2.6. The uniformly distributed live load on the %CO a’)
floor plan in Figure P2.4 is 60 Ib/ft. Establish - .l 1C4
the loading for members (a) floor beam BI, = 1 [
(b) floor beam B2, (c) girder G1, and (d) girder - | | ‘ ‘ ¢l B3
. ’ S — 2@ 10'=20'
G2. Consider the live load reduction if | =
permitted by the ASCE standard. 4 +
G2
& BT 5@8'=40
©- 1 e +<J|
— . |
P2.4
= o) A
L =60\0.25+ 2~ | =506 psf> J ok LRI R
QO A, = 8(40) = 320 ft, K, =2,A,K,, = 640 > 400 w
6 Bl and B2
2
t /640 2
w = 8(50.6) = 404.8 Ib/ft = 0.40 kips/ft!
6.67 ) .
(b) A, = 5 (20) =66.7ft,K,, =2.4,K,, = 1334 <400, No Reduction
6.67 . P
w = 2—(60) = 200.1 Ib/ft= 0.20 kips/ft l
| 667 _ : _ _ g &
O)A, = (20)+10(10) = 1667 £, K., =2 A K, = 3334 < 400, No Reduction
w = 6'24%50)= 200.1 Ib/ft = 0.20 kips/ft
W
" 4W,%%)  60(10)(20) .
pP=- = = 6000 Ibs = 6 kips % P !
2 — 2
Gl
@A F 160 > 400
L oeitn V60
= ou(u.za-r — =344 > ;OK

p p p p
V2160 2 L I I I
L = 34.4 psf
ps 0 1

5 spaces @ 8' each

p =8(34.9)]40 = 20 =8256 Ibs = 8.26 kips

= G2



mailto:5@8

2-7

Copyright© 2018 McGraw-Hill Education. All rights reserved.
No reproduction or distribution without the prior written consent of McGraw-Hill Education.



P2.7. The uniformly distributed live load on the %CO a’)
floor plan in Figure P2.4 is 60 Ib/ft. Establish - .l 1C4
the loading for members (a) floor beam B3, =1 [
(b) floor beam B4, (c) girder G3, and girder G4. N | | ‘ ‘ ¢l B3
BT 2@ 10'=20'
Consider the live load reduction if permitted by 1 =
the ASCE standard. S = i -|-
53 Y 5@8'=40
©- e i
— 10 20—
pP2.4
(@) A, = 10(20) = 200 F, K, =2, A,K,, = 400 > 400
—I— _W_. —— —
25 1 !
B3 andB4

W=10(60) = 600 Ib/ft = 0.60 Kips/t]

(b) A, = 667(20) = 133.4 ft,K,, =2,A,K,, = 266.8 < 400, No Reduction

lw = 6.67(60) = 400.2 Ib/ft= 0.40 kips/ft |

() M, = 36(20) = 720 ft, K,, = 2.A,K,, = 1440 > 400

60
L = 60[0.25 +  ——] = 38.7 psf = =
V1440 2

_é@ = 3848406y _ 6192 Ibs = 6.19 kips
2 2

-

@-8—each

G3

@) A, = (3/4) 40 + 33.33(10) = 4933 ft', K. =2.4,K, = 9866 > 400

L=60[025+ ——]=437> ,o0k

= 986.6 2

[ 4374 = 1748 Ib/it = 0.17 Kips/ft|

43.7(6.67(20) ..

29148 ths=—291kips

6 spaces @ 6.67' each

G4
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P2.8. The building section associated with the
floor plan in Figure P2.4 is shown in Figure I
P2.8. Assume a live load of 60 Ib/fi2 on all three

floors. Calculate the axial forces produced by

the live load in column C1 in the third and first | If
stories. Consider any live load reduction if

permitted by the ASCE standard. |

Building Section

- 40 20

P2.8

@A = 40+420)(40+420) = 900 ft', K = 4,A K = 3600 > 400
L=60 025+ r=1=30psf- | » _
ok (minimum permitted)
T ( 2 2 2 2 T T LL
6 3
[ /3600 2 '
JP,, =900(30) = 2700 1bs = 27 kips] | f
P, =200(30) = 27000 tbs = 81 kigs] 20

PLAN

Cc2

ELEVATION

2-9
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P2.9. The building section associated with the
floor plan in Figure P2.4 is shown in Figure

P2.8. Assume a live load of 60 Ib/ft2 on all three
floors. Calculate the axial forces produced by

the live load in column C3 in the third and first |
stories. Consider any live load reduction if

permitted by the ASCE standard. | |
C3 Cl
— 40 0 W
Building Section

P2.8

@A = 422020 =600ft, K “=4,AK =2400 > 400
(2 2 .

AT _ 60
L =60\025+ 7= "=334 st — ok
V2400 2

IP,,=600033.4) = 21040 Ibs = 4.0 Kips]

P,,=()600033.4) = 60120 ibs = 60.1 kip

t
1P
tt

|

C3

ELEVATION
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P2.10. A five-story building is shown in Figure c. @ A O
P2.10. Following the ASCE standard, the wind @- " vV & =
pressure along the height on the windward side I 'r
has been established as shown in Figure
P2.10(c). (a) Considering the windward pressure S ¢
in the east-west direction, use the tributary area é
concept to compute the resultant wind force at A
each floor level. (b) Compute the horizontal ©- =
base shear and the overturning moment of the J
building. D
4@25'= 100" — I
Plan
C)
: =
| 20
z ég ‘__‘_ 15
% e :: 13
lp VR . . T %
Building Section wind pressures
in lo/Ft
(b) (©
P2.10
a) Resulant Wind Forces
Roof 20 psf (6 x 90) = 10,800 Ib (WIND PRESIURE
5" floor 20 psf (12 x 90) = 21,600 b l.
" _ 4
4" floor 20 psf (2 x 90) + 15 (10 x 90) = 17,100 1b P yte SO SR TR

3" floor 15 psf (10 x 90) + 13 (2 x 96) = 15,800 Ib

2" floor 13 psf (12 x 90) = 14,040 Ib

b) Horizontal Base Shear \~ » = 2 Forces at Each Level =

10.8" + 21.6" + 17.1"' + 15.8' + 14.04'=

- ...=[9.30]
Overturning Moment of the Building =

2(Force @ Ea. Level x Height above Base)
10.8' (60")+ 21.6 (48) + 17.1 (36) +
15.8\(24")+ 14.04'(12") =

M overturning = [} 848"

@)

S

j20 paf tP‘;’B'
-au

-CU

'3P$r -84

WIND
s

» AaMD.
: ELI.VA]& &- RS ﬁdml AT FLocR
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shown in Figure P2.11. The framing consists of

P2.11. A mechanical support framing system is - 10 .
-

unit

|
|
| mechanical
|
|

steel floor grating over steel beams and entirely 7 g e s O armne (swown dashet)
supported by four tension hangers that are 2
connected to floor framing above it. It supports

hanger

light machinery with an operating weight of 25 O

4000 Ibs, centrally located. (a) Determine the hi A SRS TECHAnical support framing
impact factor | from the Live Load Impact m I. ,

Factor, Table 2.3. (b) Calculate the total live ] il

load acting on one hanger due to the machinery i % oot ARG Biie supports

and uniform live load of 40 psf around the T 1 [ T]

machine. (c) Calculate the total dead load acting P\ mechanical _ ertia lateral racing beyond

support framing

on one hanger. The floor framing dead load is
25 psf. Ignore the weight of the hangers. Lateral
bracing is located on all four edges of the

hanger

mechanical floor framing Tor stability and
transfer of lateral loads.

Section

(b)

P2.11

a) Live Load Impact Factok= 20% _ X
b) Total LL
Machinery = 1.20 (4 kips)
Uniform LL=((10' 16)—(' 10'))(0.04ksf) = 4.4
- Total LL ::928'

- Total' LL Acting on One Hanger = 9.2'/4 Hangers =f2.3]
c) Total DL T
Floor Framing= 10" x 16" (0.025 ksf)
- Total DL Acting on one Hanger = 4/4 Hangers = ]| Kip]

-. Total DL + LL on One Hanger = 2.3' +1' = 3.3 kips

2-12
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P2 192 The-i

menctiane—af-a-O0-mhiah
4. LZ., TTICUunricrisivurns Ul

warabare
a Ity vwarcimoust

are shown in Figure P2.12. The windward and
leeward wind pressure profiles in the long
direction of the warehouse are also shown.
Establish the wind forces based on the following
information: basic wind speed = 40 mis, wind
exposure category = C, K,=0.85, K,= 1.0,

G =0.85, and C, = 0.8 for windward wall and
-0.2 for leeward wall. Use the K values listed in
Table 2.4. What is the total wind force acting in
the long direction of the warehouse?

4.GC,
o 200
“'E on| B g |/
r {not40 scate) ~
P2.12

9,6C,

Use I= |

g, =0.613V/ (Eq. 2.4b)
-0.613@0 - [950.5MKI
=, IKKK,
q,=980.8 ((K,K (0.85) = [833.7K,]
0—4.6m: q, = 833.7(0.85) = 708.6 N/m
4.6—6.1m:q, =833.7(0.90) = 750.3 N/m
6.1 =7.6 m:q, =833.7(0.94) = 783.7 N/m
7.6 =9m:q, =833.7(0.98) = 817.1 N/m
For the Windward Wall

P=<e GC, (Eq.2.7)

where GC, = 0.85(0.8) = [0.68]

p =0.68 q,

0-4.6m p=481.8N/m
46-6.1m p=510.2 N/m’
6.1-7.6m p=532.9 N/m
7.6--9m p=555.6 N/m

Total Windforce, Fw, Windward Wall

e, =4818[4 6 20] +510.2[1.5 x 20]

+532.9[1.5 X 20] + 555.6[1.4 X 20]
F, =91,180 N

For Leeward Wall

_p=, GC.=q, (0.85)(-0.2)
, =0,atom =817.1 NM (above)
p = 817.1 (0.85)(-0.2) = 1.38.9 N/m

Total Windforce, F, on Leeward Wall

—— F=(20%9)/—138:9) =25 003N ]
Total Force=F, +F,
= 91,180N + 25,003

= [116.183.3 N]

Both F, and F, Act in Same Direction.

2-13
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p2.13 imensions of an enclosed gabled
building are shown in Figure P2.13a. The
external pressures for the wind load
perpendicular to the ridge of the building are
shown in Figure P2.13b. Note that the wind
pressure can act toward or away from the
windward roof surface. For the particular
building dimensions given, the C, value for the
roof based on the ASCE standard can be
determined from Table P2.13, where plus and
minus signs signify pressures acting toward and
away from the surfaces, respectively. Where two
values of C, are listed, this indicates that the
windward roof slope is subjected to either
positive or negative pressure, and the roof
structure should be designed for both loading
conditions. The ASCE standard permits linear
interpolation for the value of the inclined angle
of roof 0. But interpolation should only be
carried out between values of the same sign.
Establish the wind pressures on the building
when positive pressure acts on the windward

roof. Use the following data: basic wind speed =

o A%%me

Section
(b)

4,GC,

100 mi/h, wind exposure category = B, K,= P2.13

0.85, K,= 1.0, G =0.85, and C, = 0.8 for

windward wall and -0.2 for leeward wall.
TABLE P2.13 Roof Pressure Coefficient C, *0 defined in Figure P2.13

Windward Leeward
Angle O 10 15 20 25 30 35 45 >60 10 15 >20
C -09 -0.7 -0.4 -03 -02 -0.2 0.0 0010 --05 -05 -06
0.0 0.2 0.2 0.3 0.4

sSacrece 1 iy, ..,
48

Consider Positive Windward Pressure on Roof, i.e. left side.

Interpolate 1n Table P2.10

oy, (3369-30)
C;—O 3530

C, =0.27386R00f on]y)
From Table 2.4 (see p48 of text)

~ &k i K,=0.57,0-15'
i =0.62, 15" —20'
Mean Roof Height, h = 24 ft =0.66, 20' —-25'
o=tan"')=3369° (for Table 2.10 =070, 2%~
e ( ) - 0.76, 30" —32"
2-14
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P2.13. Continued

K,=1.0, K, =0.85,1=1
g, =0.00256 V (Eq 24a)
., =0.00256000y - [3sorrel
-=0,IK,K,K,
0-15;q, = 25.6(1)(0.57)(1)))- 85)
=12.40 b/ft
15-16";q, =13.49 1b/ft
h =24;q, =14.36 b/ft
Wind Pressure on Windward Wall & Roof

P=q, GC,
Wall 0-15" P =12.40 x 0.85 x 0.80

P =[8.43 psf]

Wall, 15'-16"p = 13.49 x0.85 x0.8 = [9.17 psf]

Roof P = 14.36 x 0.85 x 0.2738
P =[3.34psf ]

Wind Pressure on Leeward Side

For Wall P=q, GC,
For h = 24" q,=q,=14.36 b/ft
C,=0.2for wall = 0.6 for roof
For Wall P = 14.36 (0.85)(0.2)
P=2.44 1b/ft
For Roof P =14.36 (0.85)(- 0.6)
=[=7.32 1/f(plifp]

2-15
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D2 14 Fctahlich—thearnd
2 S CStaoT ST aiic— Wit

building in Problem P2.13 when the windward
roof is subjected to an uplift wind force.

wac an tha
eSO T

q,GC, q,GC,

NS

l/;G},—,E 1’ E GG,

Section
(b)
P2.13
TABLEP2.13 Roof Pressure Coefficient C, *0 defined in Figure P2.11
Windward Leeward
Angle 0 10 15 20 25 30 35 45 >60 10 15 >20
C, -0.9 -0.7 -04 -0.3 -0.2 -0.2 0.0 0.010 -05 -0.5 -0.6

0.0 0.2 0.2 03 0.4

See P2.13 Solution
Windward Roof (Negative Pressure)

0=33.7°
Interpolate between 30° and 35° for negative C, value in Table P2.12

C, =-0274
p=., GC, =21.76(0.66) 0.85(--0.274)
=[-_3.34 Ip/Ft] (suction)

Note: Wind pressures on other 3 surfaces are the same as in P2.13.

2-16
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P2 15 (a\ Datermine

thowind—preccrra
P2-15—(a)-Determine—the-wind-pressure
distribution on the four sides of the 10-story
hospital shown in Figure P2.15. The building is
located near the Georgia coast where the wind
velocity contour map in the ASCE Standard
specifies a design wind speed of 140 mph. The
building, located on level flat ground, is
classified as stiffbecause its natural period is
less than 1 s. On the windward side, evaluate the
magnitude of the wind pressure every 35 ft in
the vertical direction. (b) Assuming the wind
pressure on the windward side varies linearly
between the 35-ft intervals, determine the total
wind force on the building in the direction of the
wind. Include the negative pressure on the
leeward side.

leeward

A

< >

140"

wind

140 mph_~*¥

80

(@) Compute Variation of Wind Pressure on Windward
Face

-=, IKK,K, EQg2.8
g, =0.00256\V Eq 2.6a
- = 0.00256(140)
g,= 50.176 psf; Round to 50.18 psf
"1 =1.15 for hospitals
K,=:K,=0.85

K, Read in Table 2.4

Compute Wind Pressure on Leeward Wall

pP=qGC; Use Value of g, at 140 ft. ic. K,=152

c,=O5 q, =49.05(1.52) =[74:556]
p=74.556 GC, = 74.556(0.85)(--0.5)
p=]=3t68psf]  ANS.Wind

Pressure on Side Walls p=qGC,

=l L) O laYmil w/all L WaYmd 140
CIEV. (1Y U oJ (A% 1UJ 150

4 N 1 10 4 4 a4 4 59
K 1.US 1.19 1.54 1.85 1.94

. =50.18 (1.15)0K,) 1 (0.85)
q,=49.05K_

Compute Wind Pressure "p" on Windward Face

p™GC, =4905K,GC,
where G =0.85 for natural period less than ! sec.

Cp = 0.8 on windward side

p =49.05 k, [-85)(0.8)=[33-354K]
Compute 'p" for Various Elevations

Elev. (ft) 0 35 70 105 140

P (psf) 34.36 | 39.69 | 44.69 | 48.03 | 50.70

=49.05(1.52)(0.85)(--0.7)

p=_14436sf]

(b) Variation of Wind Pressure on Windward and
Leeward Sides
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P2.15. Continued
Compute Total Wind Force (Kips)

F = 50.7+48.02[35x160]=-p.doki
, > 000 270 2 p

F = 48.03+44.69[35x160]=59 5ok
2 1000

2

F = 44.69+39.69[35x160] = 236.26 k
5 2 1000

F = 39.69+34.36[35x160] =57 39K
—2—— —1060—

+

31.68(1401 60)

. — — {0963

Total Wind Force =2F +F, +F, +F, + F,
= 168927 &3]

2-18

Copyright© 2018 McGraw-Hill Education. All rights reserved.
No reproduction or distribution without the prior written consent ofMcGraw-Hill Education.




P2.16. Consider the five-story building shown eV 9O
in Figure P2.10. The average weights of the ®- A 4 B
floor and roof are 90 Ib/ft and 70 Ib/ft, I N
respectively. The values of S%, and S% are equal
to 0.9g and 0.4g, respectively. Since steel S %
moment frames are used in the north-south C
direction to resist the seismic forces, the value €
of R equals 8. Compute the seismic base shear ©- J
V. Then distribute the base shear along the
height of the building. P — J
Plan
@
g’ 'g’ 20
A I 15
8 €
" € E‘w
Opwm  wem o - - |
Building Section wind pressures
in Ib/ft
(b) (c)
P2.10

Fundamental Period

T=Cl,,, [C,=0.035 for steel moment frames]
T =0.035(60),
T =[0-75seel

W = Z(T00%90) 90 Ib/ft* + (100 x 90) 70 1b/Ft
=3,870,000 1bs = [3,870-kips]

V= é’\LV— I = 1 for office bldgs.
T(R/1)

4(81)
==
0.75(8/1)
Sos W 0.9(3870)

[45in

*,=0.04411S, W
" = 0.0441 (1)(0.9)(3870)

=[153:6kips]
Therefore, [Jse-v——=-258kips]

—11-05_125
_
Wi

l_ i=1 ii I

1
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P2.16. Continued

Forces at Each Floor Level

w i
Floor Weight W,, (kips) Floor Height h, (ft) w.J, 2W,ht F, (kips)
Roof 630 60 63,061 0.295 76.1
5" 810 48 63,079 0.295 76.1
g 810 36 45,638 0.213 56.0
3" 810 24 28,922 0.135 34.8
28 810 12 13,261 0.062 16.0
2=3,870 2=213961 =258
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P2.17. When a moment frame does not exceed 12 stories in height and the story height is at least 10 ft,
the ASCE standard provides a simpler expression to compute the approximate fundamental period:

T=0.1N

where N = number of stories. Recompute T with the above expression and compare it with that
obtained from Problem P2.16. Which method produces a larger seismic base shear?

ASCE Approximate Fundamental Period:
T =0.IN
N=5

. T =0.5seconds
V = 0.3x6750 =810Kis
05(577) p

The simpler approximate method produces a larger value of base shear.
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P2 1Q « i.ln

P2 18—(a)-A-two-story—hespitat—facitity—shewn—in
Figure P2.18 is being designed in New York
with a basic wind speed of 90 mi/h and wind
exposure D. The importance factor Iis 1.15 and
K,= 1.0. Use the simplified procedure to
determine the design wind load, base shear, and
building overturning moment. (b) Use the
equivalent lateral force procedure to determine
the seismic base shear and overturning moment. =
The facility, with an average weight of 90 Ib/ft EL m BB
for both the floor and roof, is to be designed for | 100/ E
the following seismic factors: S,,= 0.27g and P2.18
S, =0.06g; reinforced concrete frames with an
R value of 8 are to be used. The importance
factor 1 is 1.5. (c) Do wind forces or seismic
forces govern the strength design of the
building?

|

,}*

|2 = =N = = -
=] =]

=R \=R
K@@

I+

(a) Wind Loads Using Simplified Procedure:
Design Wind Pressure P,—K, IP,
2.= 1.66 Table 2.8, Mean Roof Height = 30'

Zones P, P, =1.66(1)1.15P ,= 1.909P,
A 12.8 psf 24.44 psf
C 8.5 psf 16.22 psf

Resultant Force at Each Level, Where Distance a= 0.1(100') = 10*; 0.4(30") = 12 3'

a =10"Controls & 2a = 20"Region(A)

- 200 _ oo
lr:nb&r Zone(A): 3:24.44 psf) 1000 - 3.67
Zone (C): 2 (16.3psf 80 =9.78'

L 2

FE, Resulant = 13457

1
4 15 =733
Foi Zone (A): 15 t24.44 psfa%o |

80
Zone (C): 15'(16.3 psf) — =1956
(C). 15'(16.3 p f)1000

F,',‘ Resulint=-26-89"]

Base Sheak 2= +F,,= [#.34]
Overturning Moment M,,, = 2Fh,

M,,, =13.45:00" + 26.89"015 " = [§0«9(@]
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P2.18. Continued
(b) Seismic Loads by Equivalent Lateral Force Procedure Given; W = 90 psf Floor & Roof;

$,=0.27g. S,, =0.069:R=8,1= 15
S,W
Base Shear, = =Rl
Where W Total Building Dead Load =
W,r = 90 psf (10072 = 900
W,,, =90 psf (10072 = 900
W,| = 1800
And T =C,hy =0.342 sec.
C, =0.016 Reinf. Concrete Frame
X = 0.9 Reinf. Concrete Frame
h =30' Building Height

0.06(1800") 50.2°
Viee = T0387556@715) © W Comtrols.
$,W  027(1800°)
Viax, = —RH— = —(ghs)— =
\/,=0.044%,1W = 0.044) . 27)(L5)(1800")
—00178W = 32.1

0.051w = 91.1

Sy A8
Force @ Each Level F, :Wh V,,, WhereV, =592

ne

T<05Sec. ThuskK = 1.0

Level W, H, My wil Force @ Ea. Level:
D £ faYaYall 20 27000 faWadadw C e Wa Yol aud |
NUUT JUU oU ZTUUU U.OUT N =—39J9
20 faYaYall 10 12000 N9 = 1076
& JUU 19 1oVUU U.009 ,—1I9.70
= =v.__ =592
IWh = 40500 g i

overturning Moment M,,, = Fh,

M,, =39.5"(30")+19.76" (15)=[1.481.4 ft |
(c) Seismic Forces Govern the Laterat-Strength Design.
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P21

O—ln-thea—rt
rZ.1Lo.17ru

the-gabledroof-struecture—shown-in
Figure P2.13, determine the sloped roof snow
load P. The building is heated and is located in
a windy area in Boston. Its roof consists of
asphalt shingles. The building is used for a
manufacturing facility, placing it in a type 1l
occupancy category. Determine the roof slope

factor, C, using the ASCE graph shown in
Figure P2.19. If roof trusses are spaced at 16 ft
on center, what is the uniform snow load along a
truss?

1.0

roofs with
obstructions or
non-slippery
surfaces

C 0., Ihstr——\
! slippery

| surfaces with \
thermal resistance\

L R > 30Ehf/Btu \

(5.3Cm/wv) for

0.4

0.2 |- unventilated roofs \
orR > 20Fh¥/Btu
r (3.5°Cm/wv) for
0 | ventilated roofs
TR e o

Roof Slope

Roof slope factor C,
with warm roofs and C, < 1.0

P2.19

@%Nm

AN

q. (i(IE T E q,GC,

Section
(b)
P2.13

Sloped Roof Snow Load P = Cs pf
Where pf Flat Roof Snow Load
pF=0.7 CC,1pg
Ce= 0.7 Windy Area
Ct = 1.0 Heated Building
I = 1.0 Type Il Occupancy
Pg= 40 psf for Boston

1

C= Based on Roof Slope 0 = Tan' é% )= 33.7°

From Fig. P2.17 C is Approximately 0.9 (Non-Slippery
Surface)

P, =0.7 (0.7)(1.0)(1O)(40psf)=19.6 psf
P,=CP=09 (19.6psf)= [17.64 psf]

Uniform Load Acting on Trusses-Spaced @ 16'0.c.
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P2.20. A beam that is part of a rigid frame has end moments and mid-span moments for dead, live,
and earth-quake loads shown below. Determine the governing load combination for both negative and
positive moments at the ends and mid-span of the beam. Earthquake load can act in either direction,
generating both negative and positive moments in the beam.

End Moments (ft-kip) Mid-Span Moments (ft-Kip)
Dead Load -180 +90

Live Load -150 +150

Earthquake 80 0

Load Combinations-Factored Strength
End Moments

1.4DL =1.4(-180ft.k) =252ft.k
1.2DL+1.6LL+05 —— =1.2(—180)+1.6(—150) = —456ft-k'
1.2DL £LOE +LL +0.2 (B =12(--180)+(-80)+(~150) = 446ft.k

Mid-Span Moments

1.4DL= 14(+90ft.k) =+126ft.k
1.2DL +1.6LL +0.5(L,0ors)"=12(+90)+1.6(+150) = +348ft.k
1.2DL +1OE +LL +0.2 (f=12(90)+0+(150) = +258ft-k

Beam Needs to be Designed for Max. End Moment= -456 ftk
Max. Mid-Span Moment = +348 ftk
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P2.21. Calculate the vertical hydrostatic load on
the 5100-Ib empty shipping container in Figure
P2.19 subjected to a tsunami inundation height
of 3'. Assuming the container is water-tight, will
the tsunami wave be capable of carrying away
the container as debris?

V

F=I y =70.413)(8)120)
F, =33792 Ibs
Ir,=232 kipg]
33.8 kips> W1« =51 kips
Yes, the container will be carried away ]
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30"

P92 29 Cancider—the-hbHildina—in—ien P2 29
.2, CUTiIidct Uic Uuuuulg LLI I_IuUIC rL.zL,

which has a width into the page of 35 ft.
Maximum inundation height, h,, and flow

velocity, 5 J have been determined as 33 ft "
16' ( ' ( :
and 20 ft/sec, respectively. Calculate the 1B SETE| P -LTE ||y
hydrodynamic and hydrostatic resultant load and s st
location on the walls ABC and IJKL for Load O W 167 e ==k
Cases 2 and 3, due to both inflow and outflow ~. —
directions. If windows are inundated, calculate (,p,;qx/
the expected hydrostatic loading on the adjacent 16’ o e o =,
outside walls due to water retained by the floor,
or floors. Finally, calculate the debris impact 29
load to be applied to the free-standing column '
CD. Assume I,= 1.0and C.= 1.25.
Load Case 2: Load Case 3:
ghma =h_=22ft 1 " - o T3 _D .
u_=u, = 20 fisec g u_ = 6.67 ft/sec [ S—
3ty 4 I 6 ft s

Hydrodynamic, Load Case 2
IN = Trib height =8 +6 = 14 t

dl

2
E=. 1 _Kc,KC,MB«h,, ,020"

F =170.4(1.0)(1.25)01.0)035)(14)020)

\.,, = Trib height =1+8 = 9t

Hydrodynamic, Load Case 3

F =;70.4(1.0)(1.25)01.0)(35)(9)(6.67)

. [--a«0.»

2 s {
o D — l:
: Z - )) Trib height =8+8 = 16 ft
| | |
F, :i70.4(1.0)(1.2'l)(1.0)(35)016)(6.67) R— -
ft
] «
_ — 1096.2 kih | . o
Hyd i inferior walls L 096.2 kigh 3t k1 |—s—ﬁt F.K
8 ft
F =lybn’ =1704(35)3" L s
=_ybh_ =704@%)3
[r’=1_1 OpS] —_——— Load Case 3
[ |
1
Debris Impact on CD — 31t
3ng . +/I

E, =330C,I, = 330(0.65)01.0)

r, =2145 pS]




Hydrostatic on inside walls
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Figure 2.5
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Figure 2.5(Continued)
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Figure 2.6
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Figure 2.7
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Figure 2.10
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Figure 2.12
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Figure 2.14

cable
|)
I anger
spoiler
\
11\/‘ rh

Copyright© McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education. 19



Photo 2.3
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Figure 2.17
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Figure 2.19(Continued)
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Photo 2.4b
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Figure 2.21

270 T-05

1.5
1.2

0.5

| | 1 | 1 |
0 05 089 15 20 25 130

T (seconds)

Copyright© McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education. 31



roof
floor

5th floor

4th floor
3rd floor

2nd floor

= o8

(@)

20 40 60 80
force (Kips)

(b)

Figure 2.22



Copyright© McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of McGraw-Hill Education.

32



Figure 2.23
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Figure 2.26
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Figure 2.28
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Figure P2.19
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