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P2.1. Determine the deadweight of a 1-ft-long
segment of the prestressed, reinforced T

concrete tee-beam whose cross section is
shown in
Figure P2.1. Beam is constructed with 48"

lightweight concrete which weighs 120 Ib/ft3.

1 2//

18"
Section

P2.1

Compute the weight/ft. of cross section @ 120 lb/ft3.

| = |
LT
6” T \:
8"
24"
12”
18"
Compute cross sectional area:
Arma= 05)©6)+ 2(% 05)@ .67)] 067)25)+15Q)
=75
Weight of member per foot length:
w = 7.5(120) =
2-2
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P2.2. A wide flange steel beam shown in

Figure P2.2 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.

8” concrete masonr’
partition

concrete floor slab

piping

mechanical
duct

(. wide flange steel

beam with fireproofing
ceiling tile and suspension hangers

Section

P2.2

Uniform Dead Load WpL Acting on the Wide Flange Beam:

W allLoad:
950.09)=0855klf
FloorSlkb:
100 .05) =050 kiIf

Steel Fram ing, Firrproofing, A rchitectural Features, FloorFinish, and C eiling Tiles:

100024)=024 kIf

M echanicalD ucting, Piping, and E lectrical System s:
10(0.006)=006 kIf
ToalW ,, =166 kIf

2-3

Copyright 2021 © McGraw-Hill Education. All rights reserved.
NdSeduidons \datisabliobHundameniebs oitStrueienabnadysistholeabn.



https://textbooktestbanks.com/products/9781260477245-solutions

P2.3. Consider the floor plan shown in Figure @6 © 6.67" = 40"
P2.3. Compute the tributary areas for (a) floor £ T - IC4
beam B1, (b) floor beam B2, (c) girder G1, & . | Gl T
(d) girder G2, (e) corner column C1, and . B3 | 5@10=20
(f) interior column C2. | o
I G4 L
G2
G3 B1 5@8 =40
©—1I I I i
c3 o c
40— 20
P2.3
s g L4fty 36 ft 4ft
\
Method1:A =|—+—|(40)=|4a, =320 £
amesetia (ges )l T T TN
1 © B1 a0 B1 4
Method 2: 4, = 320—4(—4 (4)}: A =288 £
2 _ 667t 666ft 6671t
667 ‘ ‘ ‘ ‘
b)Method 1: 4, =['—j(20)= A, =667 FT T 1T 1T 771 //l—l_—l\+\Z
2 5 A &
1
M ethod 2: A, =66.7—2(—333(333))= A, =556 f 10ft R (1 S
2 , 5ft 5ft
Right
Side
O Method1:a, =| &7 (20)+1000) . '
C [Sluale] tAL = Left? i i l i ik O~y |
> Side 6.67 1t 6.66 ft 6.67 ft
A, =166 i o
. G1 G1
Method2:4, :166.7—2[—333(333)]+2[—5(5)]
2 36t 36t
A, =1806 f % %
40 O A A, A A A, v v
@) Method 1:4, =(—+—](36) S 2 8 A
g @ @ ©
A, =1080 & 6 @ 6.67' = 40— T
(A)—-1I I I &
M ethod 2: A, =1080+2| =4 @)
’ B2 Gl B3
= 2@ 107= 20’
A, =10% Sing B /
40)( 2 B-I Arce / I+
e A =[— (—] A_ =200 f£ /////
FlzN2) = a3 7 ./A_, 5@ 8 =40’
40 20)( 40 20 p Arci b
VA, =| —+= || =+=|; |A. =900 £ Al
T [2 2J(2 2J : ©-1 I —Swad
| 40 L 20—
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P2.4. Refer to Figure P2.3 for the floor plan. CP @ 667,_4()&@
Calculate the tributary areas for (a) floor @1 T IC4
beam B3, (b) floor beam B4, (c) girder G3, | T
: B2 Gl
(d) girder G4, (e) edge column C3, and (f) B4 B3 2@ 10'=20'
corner column C4. | @
® I = I I
G2
a3 Bl Ts'=4 '
©-1 :‘[c3 Ta
» 40— 20—
P2.3
5ft | 10t | 5t
_ I N
@) Method 1:4, =(10)(20) FT T 17T 7171 L7 ™
A, =200 f ° B3 a0 B3 a
1
M e‘[‘hOdZ:AT —200— 4{5 52} 6.67 ft } 6.66 ft y 6.67 ft
T N T < N e T
A, =150 f S B4 a0 B4 °
b)Method 1:4, =(667)(20)=|A, =1334 £ s ki
41t 41t
M . _ 1 5 <>
ethod2:2, =1334-4| ~333 ]
O A O A
A, =1112 f G3 G3
33.33 ft 33.33ft
€)M ethod 1:4, =(36)(20)=|a, =720 £ Right 3330 23
MethodZ:AT=72O+2(—42j= A, =736 e — e —
2 PN N
Side 4it 361t |41t
@) Method 1: 4, =(4)(40)+3333(0) G4 | G4 |
L =4934 @ @ ©)
6 @ 6.67" = 40"~ [
M ethod 2:4, =493.4—2[§42]+2e3332] A-I I 372375 S
B2 | Gl GhAo
A, =4885 & B4 2@ 10'=20
5 At = I
€ A, =(30)(20); |, =600 £ e o =
G3 ] = o
() 4, =(10)(10); |a, =100 £ 377 uw% d@8=40
A A
‘/C-‘\_ I é{%‘f{l‘ A v
\=/
| | C3 C1
: 40° . 200 !
2-5
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P2.5. The uniformly distributed live load on the CP 5@ 667,_4()&@
floor plan in Figure P2.3 is 60 Ib/ft%. Establish N T C4
. . UNS I I
the live loading for members (a) floor beam B1, | T
. i B2 Gl o,
(b) floor beam B2, (c) girder G1, and (d) girder B4 — B |lr@10=20
G2. Consider the live load reduction if | -
permitted by the ASCE standard. I e I I
G2
G3 Bl 5@8 =40
o1 I I
C3 C1
L 40 NP VR
P2.3
@A, =8040)=320f,K, =2,A K,  =640>400
w
L=60| 025+—>|=506 psf>@,ok
| f6 40 2 v A v v v v v
Q
|w =8(0.6)= 4048 b/ft= 040 kjps/ftl B1 and B2 ~=~
6.67 5 .
b)A, =—" 0)=667 f,K _ =2,A K _ =1334<400,NoReduction
2
667 .
w = ©0)=2001 b/ft= 020 kips/ft
667 5 .
€A, === @0)+1000)=166.7 &, K, =2, K, =3334 < 400,NoReduction
667 .
W= (60) = 2001 b/ft= 020 kips/ft P
w |
pe IVl Coy)  S0COICO) _ 3 ¢ kips
2 \4 A4 \4 * v \4 Y
L G1

40 20 ,
@A, =| —+7-[36=1080 &, K, =2,4 K, =2160> 400

L=60| 025+ 1o
V2160

L =344 psf

60
=34.4>?,ok

40 20

P P PP
P:8(34.4)(?+?j:8256 Tos= 826 kips 1 1 1 1
eom A
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P2.6. The uniformly distributed live load on the CP 5@ 667,_4()&@
floor plan in Figure P2.3 is 60 Ib/ft2. Establish n ; o I IC4
the live loading for members (a) floor beam B3, B | Gl T
(b) floor beam B4, (c) girder G3, and girder G4. B4 B3 2@ 10'=20"
Consider the live load reduction if permitted by | -
the ASCE standard. I e I I
G2
a3 BI 5@8 =40
©o—1I I I
C3 c1
» 40’ | 20—
P2.3
@A, =10@0)=200 f, K, =2,A K, =400> 400
L:60(O25+ 1o ]:60psf w
7400 i
|W =10 (©60)= 600 b/f=0.60 kjps/ftl (5 \ 4 vBs vd = \4 A4 v
NNNN ar]

b)A, =66720)=1334 #,K,, =2,A K =2668< 400,No Reduction

|w =6.67(60)= 4002 b/ft= 040 kjps/ftl

©A,=36@0)=720 ,K, =2,A K, =1440> 400

il

15 60
L=60(O.25+ J=38.7psf> —, ok
J1440 2
_qW )@, ) 3878)@0) ~ ,
P= > = = 6192 bs= 619 kips [~ 5@8 =40 |
G3
8
aa, :(E] 40+3333(0)=4933 #, K,, =2,A, K, = 9866> 400
1
L= 60£O25+ ° j: 43.7>@,ok
Jo866 2
w =437 4)=174 8 bft= 017 kips/ft
437667 R0
p:%:zmwbs: 2 91 kip p P P P P
W T
| 6@6.67 =40 |
G4
2-7
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P2.7. The building section associated with the
floor plan in Figure P2.3 is shown in Figure P2.7.
Assume a live load of 60 Ib/ft? on all three
floors. Calculate the axial forces produced by
the live load in column C2 in the third and first
stories. Consider any live load reduction if
permitted by the ASCE standard.

3 @ 12"'=36’ 4,‘

C3 Cl1
42—
Building Section
P2.7
40 20)( 40 20
@ AT - (?+?j(?+?j =900 ftz’ KLL = 4’ATKLL =3600> 400
15 60 - .
L=60l 025+ =30 psft=—,0k fn InIm um pem itted)
J3600 2
| B, = 900 30) = 27000 Is= 27 kipg
| B = 6)900 B0) = 27000 Ios= 81 kips
@® @ ®
6 @ 6.67 = 40 [ o4
A—1I I I,
ol | ] ] 1
B2 /, 2@ 10'=20
B—1I / Ar, _J‘
G3 Prid Ferad £l 5@8 =40
?AT,C1 r l
©)— —*
=/ f |3 Tcn
. 40° | 200 !
|
/IfSrd
t Py
I
c2
ELEVATION
2-8
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P2.8. The building section associated with the
floor plan in Figure P2.3 is shown in Figure
P2.7. Assume a live load of 60 Ib/ft? 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.

«— 3 @ 12'=36’ 4,‘

C3 C1
42—
Building Section
P2.7

40 20
@A, :(?+?jzo =600 £, K, =4,A K,  =2400> 4000

L:60{025+ ]:33.4 psf:%,ok

15
72400

|P3ﬂ = 600 33 4) = 20040 bs= 200 kjps|

| B = 8)600 B3 4)= 60120 Ios= 601 kip

(D (2) ©)
6 @ 6.67" =40~ 1
ca
A Im————1 TEIA A T
B2 Gl Ao I
"{Ii. 2 @ IO’:EOJ
B—I : I— I —%
G3 -
y/r 5@8 =40
—_— -AT,as 7, J
©- - L
|
T P3rd
ELEVATION
1
C3
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P2.9. Consider the floor plan shown in Figure
P2.9. Compute the tributary areas for (a) floor

P9 ?

’4718’4>1<—4 @6= 24’—»1
I

beam B1, (b) floor beam B2, (c) girder G1, @i T =
(d) girder G2, (e) corner column C1, and il e
(f) corner column C2. e 61 B B6
o
T o3 [
® i I— ]
g G B3
T c3l
@ . B4
P2.9
@Methodl: A, =| L4+ (18)=|a, =126 #
enoG Mk 2 9 |t T <3.5)Tt 11ft (3.5{3:
1
Method2: A =126-4|=435)|=|4, =98 £ Cl, N i 8 L 3
2 B1 B1
6 6
b)Method 1: 4 =[—+—j(31)= A_ =186 s I
2 2 Py b N
1 9 A O A
M ethod 2:4, =186—4(E3<3)): A, =168 f B2 B2
) Method 1: A, =(3)(31)+140)
A, =219 f# - -
- . . A D D D A ) B D LN
Method 2 : A, =219—2(§32j+2{5352) Lett
141t 35n| 14 ft 3,5.&
A, =22225f 61 61
12t 12 ft i
E BEL
@ Methodl: A, =(6)(12 =[72 # Tﬂ N
1 5 P) Q = a0 O = A
Method2: A, =242 -3 | |4, =Bl & 2 62
31 D
©aAa, =(12)(—j,- A, =186 &£ |
2 ) i-—l&"——i-——l @6'=24"—-s
31 31 W=
(£) A, =(12)(1—)+(9)(?j— ©) 0); e
_H
A =2355f _ I
(AL}
f
I‘Bii
1 G2 B3
B4
2-10
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P2.10. Refer to Figure P2.9 for the floor plan. CP C? @P
Calculate the tributary areas for (a) floor beam e 4@
; . A —
B3, (b) floor beam B4, (c) girder G3, (d) girder @TI% P o
G4, (e) corner column C3, and (f) exterior il e
column C4. ® o B 56
o
1 c )
® £ G3 I
E G2 B3
2
P2.9
€3ﬁ9| 6 ft : 3ft
P11 1 1110311
o 2 2 - Ift J 6t 3t
15 2 | S—
1 \
Method?2 : A, =36—4| =30) :m {4 1 1l .l T 11
=56 320) o g
B4 B4
'3ft ) 18 ft ”3&
6 - PN sle s
b)Method1: A, = E(6)=AT=18fc \
Right
1 P Side A v : & v :
Method2: A, =18-2| ~36) |=|A, =9 ¥ & i) N V.
Side 121t I Bft 3
31 6 G3 G3
©Method1: A, =(18)[—j+12(—j =|A, =315 &
2 2 4 ft 35ft 14 ft 52 3.5 ﬂ)
1 2 1 2 2
wetcaz:a, = 15-2( 23 |+o[ 13 )-[a, - a5 2]
- . - A O A
18 G4 G4
dMethod1: A, = (14)(5 JA =126 fF et ~ e
| et = N
1. 2 | |
Method2: A =126+2| =35 |=|A, =13825 ) o
2 B i 18 i 41@6'=24 ——l
(A ——+1 I I
~ T c6 cs |Gs Cl
= Bl
18 (o]
@A, :(6)(?} A, =54 & o
i Gl B6
(A Ll
18 31 ~ Bs | | s
05, ~(6) 12 2 - RN
2 2 I o | EE= >
=2 S B B et 2
A G3
] C"
: -
:|' Arca
@ -

2-11
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P2.11. Consider the floor plan shown in Figure CP C? @P
P2.9. Compute the tributary areas for (a) floor S
beam B5, (b) floor beam B6, (c) girder G5, (d) @Tlcﬁ 15T o
exterior column C5, and (f) corner column C6. il e
g G1 B2 B6
O
® % c2I - (‘A:
% G2 B3
T sl
© : B4
P2.9
351t 111t (351t
) 3 7 3 . p < > <
oneetoass a, = 2Jas)-[a e 2] (TT T Iiy L aTTTd
(o] a¥ (o] A
1 BS B5
Method2: A =63-2 535(3.5) =AT=50.75fl‘:2 3Ift 3ft
25 ft
|
i i P 4 b b i Ll N
o A
b)Method1: A, = (Ej(ﬂ) - B6 B6
1
Method2:AT:93—2(E3(3)j= A =84 fF n e Ut
31 Q . PaN Q a
) Method1: A, =(18) ?j, G5 G5
1
Method2: A, =279+ 2(5 32] qA, =288 0 /N Ty
NS I £ | " \ | o
31 21118 B 3" 4@6'=24'"—-n
@A, =(12) = |+| = | = |/|A, =2805 £ (A T
7z
21)(18 ! A e
e A, =(—]{—], e B2 B6
%) Ll
- 1 c2 c4
{ \F y T
3 G3
] CW
o "1 B3
) i csl
©0—- I

2-12
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P2.12. The uniformly distributed live load CP C? @P
on the floor plan in Figure P2.9 is 100 Ib/ft2. e 4o
Establish the live loading for members (a) floor @Ticﬁ =10 oL
beam B1, (b) floor beam B2, (c) girder G1, and il e
(d) girder G2. Consider the live load reduction if ® o B 56
permitted by the ASCE standard. @#Jﬁi o
7 C2 c4
® i I— 3
E @ B3
3
P2.9
77 5
@A, =| S+ |18)=126 &, K, =2,A, K, =252<400;
N o Reduction
w = 7(00) = 700 /ft= 0.70 kips/f] w
6 6 \4 \4 \4 \4 \4 \4 A\
b) A, = (EJFEJ Bl)=186 £, K,, =2,A_ K, =372<400; Lo B3 and B4
N o Reduction
|w =6(00)= 600 b/ft= 060 kjps/ftl
PB5 PB1 PB1
6 18 .
€A, =| 7 |31+| | @I=282 &, K, =2,A,K,, =564> 400
w
L =100 025+ = J=882>@,0k l i Y l i l y
J564 2 L G
_ _ _ : \ | \
w =882Q3)=264.,6 b/ft= 026 kips/ft 0 @7 =21 \
882(7) (L8) .
p = T = 55566 bs= 556 kips
- —882 G5)8) =27783 bs=2.78 kips
P P
d)A,=18(6)=108 f£, K, =2,A, K, =216< 400
N o Reduction
1 2
P=%=3600]b5= a—%v ﬂ%v
| 3@6' =18 |
G2

2-13
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P2.13. The uniformly distributed live load on CP C? @P
the floor plan in Figure P2.9 is 100 Ib/ft. i 4062y
Establish the live loading for members @i ST ol
(a) floor beam B3, (b) floor beam B4, il e
(c) girder G3, and girder G4. Consider the © 61 B B6
live load reduction if permitted by the ASCE @#Jﬁi =
standard. =
® % c2I - (‘A:
E @ B
a
P2.9
6 6 -
QA =| S+ |02)=T2 %, K, =2,A,K,, =144< 400; .
NO Rajucuon \4 \4 \4 \4 \4 A4 i
w = 6(00)= 600 b/ft= 0.60 kips/f A B3 and B4 AN
6 2
b) A, =| ~ [12)=36 &, K, =2,4,K,, =72<400;
N o Reduction P P
w =3(00)= 300 b/ft= 030 kips/H] P
w
— 6 2 31 — 2 =2 _ A \ \ v
@4, =| > |12+ = |48)=315 &, K, =2,4,K,, = 630> 400 g
15 100 ! |
L=100(025+ J=84.76>—,ok 4@6 =24
V630 2 G3
w =84.763)= 2543 b/ft= 025 kips/t
477 1
p= 34700081 _ J00) 68 bs= 758 kips P p
18 5 l l
@A, :14[—) =126 , K, =2,A K =252< 400
2 Q JANS
N o Reduction \T\ |
100 7) 48) @7 =271
P=—=6300 Ibs=|63 ki

2-14
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P2.14. The building section associated with the (?
floor plan in Figure P2.9 is shown in Figure

—&

P2.14. Assume a live load of 60 Ib/ft? on the f
roof and 100 Ib/ft? on the floor. Calculate the X
axial forces produced by the live load in column ll
C2 in the first and second stories. Consider any ®
live load reduction if permitted by the ASCE o
standard. |

c3 C4 c1

e 18—k 31" N

Building Section

P2.14

31 31
A, :(12){5}(9)[7—10] = 2355 ,K, =4,A K _ =942> 400

L= 60(025+

Lﬂoor:100[025+

> J:443> psf:%,ok

1
\942

1 Pana

5 100
}: 739> psfz?,ok

1
V942

=2355(43)=104327 bs=104 kjps|

=2355@43)+2355(73.9)= 27836 bs=2738 kas|

18" 4@6" =2

X

-
|

T

21 —;‘
~n

Bl

T

Al}

\ H —

B3

«3 @ 6'= |8 —sle—]0—sle—3 @

B4

_7T Py

c2

2-15
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P2.15. The building section associated with the
floor plan in Figure P2.9 is shown in Figure
P2.14. Assume a live load of 60 Ib/ft? on the
roof and 100 Ib/ft? on the floor. Calculate the
axial forces produced by the live load in column
C4 in the first and second stories. Consider any
live load reduction if permitted by the ASCE
standard.

?

—&

=28"—

2 @ 14’

C3

L; 18"

c4
o 31

C1

Building Section

P2.14

T

L f=60[0.25+ > j:44o> o= 20 ok
OO0 2

1
960

15
L, =100| 025+

- J960
| B, =240 (44.0)=10560 Jos=10.6 kipg

100
=734> psf:T,ok

| B, =24044.0)+ 240 (73 4) = 28176 Ibs= 28 2 kips

)

,
l
|

=

a :(6)(1—28j+(12)(%1J =240 %, K, =4,A K, =960>400

0
&

1

Bl

2

G4

7

ALl}

H

Ccs5

Gl

"

P

Plst

—.Igp—_

B6

6'= I8 »le—]0—»=3 @

.3 (@

2-16
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P2.16. A five-story building is shown in (P @ @ GP @
Figure P2.16. Following the ASCE standard, the @ _ T
wind pressure along the height on the N
windward side has been established as shown
in Figure P2.16(c). (a) Considering the windward ?;
pressure in the east-west direction, use the =
tributary area concept to compute the resultant ©— ©
wind force at each floor level. (b) Compute the
horizontal base shear and the overturning l
moment of the building. -
\ 4@25= 100 ——
Plan
(@)
T T 20
] 3
Il (D
s g s
- o
TSt ¢ gls
Building Section wind pressures
in Ib/fi2
® ©
P2.16

ResultantW ind Forces:

Roof: 20 () (90) =10,800 b
5" floor: 20 (12) (90) =21,600 b
4" floor: 20 2) Q0)+15(0) (90)=17,100 b
3 floor: 15 (10) 90)+13 @) (96)=15,996 b

f— & —|

2" floor: 13 (12) (90) =14,040 b A _
— l«— Vaies (Seebelow)
Wind
Plan Pressure
H orizontal B ase Shear @ (®)
V., =108+ 216+ 171+ 158+ 1404 + Foot R
: 20pst 21.60k :21
V,,e = 7934 kipg s ek
12
3 4 1710k _§
; 15 psf 12
. o ® 3 580k _y
Overtuming M om entof the Building: ©

N 14.04k

M =108®0)+216@8)+ 17136)+158@24)+14.04(12) 2 ] 13psf - 1

le——I

le—1

M = 2848 kips £ o S e D c

Elevation Wind Pressure Wind Forces
(©) (d) at Floor Level

(e
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P2.17. A mechanical support framing system is gt [ = " g
shown in Figure P2.17. The framing consists of -
steel floor grating over steel beams and entirely | ** o 7‘7“7 gerial s braciog ocaiod on
supported by four tension hangers that are i } mechanical /]
connected to floor framing above it. It supports \ - }
light machinery with an operating weight of 25 D‘ 77777777 e
4000 Ib, centrally located. (a) Determine the mgﬁ/ N dge of mechanical support framing
impact factor I from the Live Load Impact Meshanical Foor ln
Factor, Table 2.3. (b) Calculate the total live @
load acting on one hanger due to the machinery /S floor framing above supports
and uniform live load of 40 psf around the £ 1
machine. (c) Calculate the total dead load acting ] D[] vertical Iateral bracing beyond
on one hanger. The floor framing dead load is %—’/Mgﬂ
25 psf. Ignore the weight of the hangers. Lateral hanger — sl Mé foor grting
bracing is located on all four edges of the [LE dll
mechanical floor framing for stability and | 1 1 | .
transfer of lateral loads. Soppor faming
Section
®)
P2.17

a) Live Load Impact Factor = 20%

b) Total LL

M achinery=120(4) =4 8 kips
Unifom LL=[1006)-500)] 004) =44 kips
ToalLL =92 kips
TotalLL acting on one H anger= 9742 =
c) Total DL

FloorFmm ing=10 (6) 0 025)= 4 kips

4
TotalD L acting on one H anger= Z =|1 kipsg

ToalDL+LL on one Hanger= 33 kips
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P2.18. The dimensions of a 9-m-high warehouse
are shown in Figure P2.18. 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
m/s, wind exposure category = C, Ky = 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?

q,GC

. - /
T EE 9L11 H H 20m
L 40 m n‘
(not to scale)
P2.18

thCp

Usel=1
g, =0613V° Eg.24b)

=0613@0)° =
q =9 KKK,
q,=9808() K ,) (1) 085 = [8337K ]

0-4.6m:q,=833.7(085)=7086 N fn*
46-61m:q, =8337(090)=7503 N fn*
61=76m:q =8337094)= 783N h°
76=9m:q =8337(098)=8171Nm’
For the Windward Wall

p=gq GC, Eg.2.7)
where GC, = 0850.8) = [0.68]

p=068qg
p=4818N fn >
p=5102N fn”
pP=5329N fn’
pP=5556N fn>

Total Wind force, Fw, Windward Wall
F, =4818(46)(20) + 5102(15)(20)

+532.9(1.5)(20)+ 555.6(14)(20)
For Leeward Wall

p=g, GC =g, 085)¢02)
g, =g, atIm =8171N A’ @bove)

p=8171 085)(-02)=|-1389N M’

Total Wind force on Leeward Wall

F, = €0)0)(-138 9)=[-25,003 1]

TotwlForce=F, +F,
=91,180N + 25,003

Esama]

*Both F, and Fy Act in Same Direction.
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P2.19. The dimensions of an enclosed gabled
building are shown in Figure P2.19a. The external
pressures for the wind load perpendicular to the
ridge of the building are shown in Figure P2.19b.
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 P2.19, 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 pressures, 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 quZ%
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 = 100 mi/h, wind exposure P2.19
category =B, K;=0.85, K»»=1.0, G=0.85, and C, =
0.8 for windward wall and —0.2 for leeward wall.

(@)

e— =
4
Q
Kol

Section

®

TABLE P2.13 Roof Pressure Coefficient Cp *0 defined in Figure P2.13
Windward Leeward
Angle6 10 15 20 25 30 35 45 260 10 15 220
Cy -0.9 -0.7 -0.4 -0.3 -0.2 -0.2 0.0 0.016* -0.5 -0.5 -0.6

0.0 0.2 0.2 0.3 0.4

6l

%6
An S

2

1w Consider Positive Windward Pressure on Roof,
4G G WL i.e.left side.
Interpolate in Table P2.10

%6 i (3369-30)
] C =02+————=(01
- I \ » (35-30) (04)
Mean Roof Height, h = 24«ft C_=02738 Roofonly)
0=tn" @—ij =3369° (rTablke210) From Table 2.4 (see p51 of text)

K_=057,[0-15
=062,]15-20
=066,[20-25
=0.70,[25-30

=0.76,]30—32]

2-20

Copyright 2021 © McGraw-Hill Education. All rights reserved.
NdSeduidons \datisabiobundameniebs it oeienabnadysistholeabn.



https://textbooktestbanks.com/products/9781260477245-solutions

P2.19. Continued
K, =10,K,=0851I=1
q,=000256 V* Eq24a)
g, = 000256 (L00)* =
q.=q K, K, K,
0-15 g =256 (1) 057) @) 085)
=1240 bA?
g, =1349 b/
q, =14 36 b/

Wind Pressure on Windward Wall & Roof

P=g GC,
w a1f 0-15);
P:12.40(O.85)(O.80)=

W all15-1d);
P=1349(085)(08)=

Roof;

P=1436(085)(02738) =

Wind Pressure on Leeward Side

ForWall P=g, G Cp
Forh=24'; g, =q =1436 b/’
Cp,=-0.2 for wall = 0.6 for roof

ForW all P=14236 (085)02)
P=244 b

ForRoof P=1436 (085)0.06)
=|-7232 bA¥ (uplift)
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P2.20. Establish the wind pressures on the
building in Problem P2.19 when the windward
roof is subjected to an uplift wind force.

(@)

e— =
4
Q
Kol

Section

®
P2.19

TABLE P2.13 Roof Pressure Coefficient Cp

*@ defined in Figure P2.11

Windward Leeward
Angle6 10 15 20 25 30 35 45 =60 10 15 =20
Cp -0.9 -0.7 -0.4 -0.3 -0.2 -0.2 0.0 0.016* -0.5 -0.5 -0.6

0.0 0.2 0.2

0.3 0.4

See P2.13 Solution
Windward Roof (Negative Pressure)

6=33.7°

Interpolate between 30° and 35° for negative C,

Cc =-0274

P

p=g, GC, =2176066) 085¢0274)

- (Suction)

value in Table P2.12

Note: Wind pressures on other 3 surfaces are the same as in P2.13.
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P2.21. (a) Determine the wind pressure
distribution on the four sides of the 10-story
hospital shown in Figure P2.21. 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 stiff because 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.

B
A leeward
C +
D
F
140’
E
<
wind =
140 mph 160" ; 2
\/H\/
P2.21

(a) Compute Variation of Wind Pressure on
Windward Face

g=q K K K, Eq28
q,=000256V* Eq2.6a
= 000256 (140)’
g, = 50176 psf; Round to 50 18 psf
I=1.15 for hospials
K, =1;K,=085

K., Read in Table 2.4

Elev. (ft) 0 35 [70 [105 | 140
K, 1.03 | 1.19 | 1.34 | 144 | 1.52
g =5018 (L15) K )1 085)

g, =4905K

Compute Wind Pressure “p” on Windward Face

p=qGC = 4905 K, GC,
where G = 0.85 for natural period less than 1 sec.

Cp= 0.8 on w indw ard side

p=4905k (085)08)=|33354 K,

. n

Compute “p” for Various Elevations

Elev. 0 35 70 105 140
(ft)
p 34.36 | 39.69 | 44.69 | 48.03 | 50.70
(psf)

Compute Wind Pressure on Leeward Wall
p =q, GCp; Use Value of g, at 140 ft. i.c. K, =152

sz—0.5 g, =4905(0152)=[74556

p= 74556 GCp =74556(085)05)
p=[igeps] ans.

Wind Pressure on Side Walls

pP= qZGCp =4905(@1.52)(085)0.7)

(b) Variation of Wind Pressure on Windward
and Leeward Sides

50.70 31.68

F1
48.03

Fy

44.69 Fs

F,—

39.69
— ]

F,——

34.36

Wind Pressure (psf)
(a)

Elevation

P2.21. Continued
Compute Total Wind Force (Kips)
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50.7+ 48 02[ 35160
F= (60) =276 42 kips
2 1000
48 03+ 44 69[ 35060) |
F = GO0) 1 _ o596k
2 | 1000 |
44 69+ 39.69[ 350160
F = G601 _ 53626k
2 | 1000
3969+ 34 36| 35060)]
F = G60) 1 _ 507 30k
2 | 1000 |
31.68( 140) 160))
F = =709.63k
1000
Toalw jndFome=ZF1+Fz+F3+El+F5
=[168927kipg
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P2.22. Consider the five-story building shown (P @ @ (‘P (?
in Figure P2.16. The average weights of the A T
floor and roof are 90 Ib/ft? and 70 Ib/ft?, T N
respectively. The values of Sps and Sp: are equal L
to 0.9g and 0.4g, respectively. Since steel %
moment frames are used in the north-south =]
direction to resist the seismic forces, the value ©— ©
of R equals 8. Compute the seismic base
shear V. Then distribute the base shear along l
the height of the building. @©—
| 4@25=100—
Plan
@
! =T
3 3
] 1}
S g
- e
T | g 13
Building Section wind pressures
in Ib/f2
® ©
P2.16
Fundamental Period V.. =0044115, W

T=C,h; C_,=0035andx=0.75 forsteelm om ent fram es. — 00441 (1) 0.9) B870)

T = 0.035 60)™ ,
7 =[075 =] :

W = 4(100)(90)(90)+(100)(20)(70) Therefore, |Use v=2% @4
= 3,870,000 bs=[3,870 kipg k=1+ I_205=1125
_ Spi W _ . W h*
V= TR/ I=1 forofficebldgs. F = ﬁv
=1 11

04(3870) :

. S 09(3870)
" R/T il

[
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P2.22. Continued
Forces at Each Floor Level

Floor W(Eiﬁl;‘;)l/l/i Floor (l-;gight hi w ihik Wx_hj (kfpxs)
(Kips.ft) Sw
Roof 630 60 63,061 0.295 76.1
5th 810 48 63,079 0.295 76.1
4th 810 36 45,638 0.213 56.0
3rd 810 24 28,922 0.135 34.8
2nd 810 12 13,261 0.062 16.0
2.=3,870 >.=213,961 >.=258
2-26
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P2.23. 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 P2.22. Which method produces a larger seismic base shear?

ASCE Approximate Fundamental Period:

T=0IN

N =5 .. T = 05seconds
03(6750)

V=—>2=810kips
056A)

The simpler approximate method produces a larger value of base shear.
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P2.24. (a) A two-story hospital facility shown

in Figure P2.24 is being designed in New York
with a basic wind speed of 90 mph and wind
exposure D. The importance factor /is 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? for both the floor and roof, is to be
designed for the following seismic factors: Sps =
0.27g and Sp1 = 0.06g; reinforced concrete
frames with

an R value of 8 are to be used. The importance
factor /is 1.5. (c) Do wind forces or seismic
forces govern the strength design of the

(== = = = A = =

BEBE ] BB

100 -

P2.24

(a) Wind Loads Using Simplified Procedure:
Design Wind Pressure Ps= A K;: IPs30
A =1.66 Table 2.8, Mean Roof Height = 30’

Zones P, P =16601)115P, =1909F,,
A 12 8 pst 24 A4 pst
C 85 pst 1622 pst

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

a=10"Contols & 2a=20"Region @)

15 20
F_ _:Zone @ ):—|2444 )|—— =367 kips
ot 2( )1000 ®
15 80
Zone C):—(163)—— =9.78 kips
2( )1000 P

| P, Resulant=1345 kipg

F .

2nd*

20
Zone @& ):15(24.44)m =733 kips

Zone C):15(163)%

Resultant= 2689 kjpsl

OverumingM oment M, =X Fh,

M, =1345Q0)+ 2689 (15)= 8069 ftkip

=1956 kips

F

2nd

=F

mwof

BaseShear V,__

2-28

Copyright 2021 © McGraw-Hill Education. All rights reserved.
NdSeduidons \datisabiobundameniebs it oeienabnadysistholeabn.



https://textbooktestbanks.com/products/9781260477245-solutions

P2.24. Continued

(b) Seismic Loads by Equivalent Lateral Force Procedure Given: W =90 psf Floor & Roof;

Sps=0.27g, Sp1=0.06g; R=8,1=15
w

D1
BaseShearV, =———=

(R /)
Where W Total Building Dead Load: W =90000Y = 900

W, =9000)*= 900

T = C, b = 0342 sec. W,  =|1800 kip

C, =0016 Reinf.Concrete Fram e

X =09 Rehf.Concrete Frame
h=30" Buiding H eight
0.06(1800) _
=—— 7/ _=0033w =592 kips (contwls)
(0342)(8n15)
v, = Sos _ 027(1800) =005 =911kips
" RA 8/A5)
V., =00445, 7 =0044(027)(15)(1800)
= 00178/ =321kPps

k
w
Force@ EachLevelF, =——V__,WhereV__ =592 kips

base

zw ihik pase!
T<0.5Sec. Thus K=1.0
Level wi hi w R w R /w R* Force @ Ea. Level
(kips) (ft) (kipls-lft) S (kips)
Roof 900 30 27,000 0.667 Froof=39.5
2nd 900 15 13,500 0.333 Fana=19.76

Zw H= 40,500

OverumingM omentM |, =XF h,

M. =39530)+19.76 15)=|1,481 4 kips.f]

(c) Seismic Forces Govern the Lateral Strength Design.

TF =V, =592kps
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P2.25. In the gabled roof structure shown in
Figure P2.19, determine the sloped roof snow
load Ps. 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 Il
occupancy category. Determine the roof slope
factor, C; using the ASCE graph shown in Figure
P2.25. If roof trusses are spaced at 16 ft on
center, what is the uniform snow load along

a truss?

1.0

0.8 roofs with

\ obstructions or -
\ non-slippery
0.6 \ surfaces
C | " unobstructed \
: slippery
0.4 |- surfaces with \ _
thermal resistanc&

- R >30°F-hft%/Btu \
(5.3°C-m%W) for  \
| unventilated roofs \
| or R > 20°F-h-ft%/Btu
(3.5°C-m?/W) for

0 |- ventilated rloofs |
0 30° 60° 90°
Roof Slope

0.2

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

P2.25

thCp thCp

9/4%%&&@

qza;g % thCP

I

Section

P2.19

Sloped Roof Snow Load P, =C _p,
Where p, Flat Roof Snow Load
p,=07CC. I,
C.=07W indyAma
C,. =10 Heated Building

I=10 Type IO ccupancy
p,= 40 psf forBoston

16
C_.=Basedon RoofSlope 0 = an" (Z] =33.7°

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

p, =07 (07)(10)(10)(40 pst) =196 pst
p,=C_P.=09 (196pst)=

Uniform Load Acting on Trusses Spaced @
16’o.c.

W_, =1764(016)=|2822 kips/ft
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P2.26. A beam that is part of a rigid frame has end moments and mid-span moments for dead, live,
and earthquake 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

14D :1.4(—180 i k) =252 kipsft
12D +16L=12(-180)+1.6(-150) =—456 kipsft
12D+10E+1L =12(—180)+(—8o)+(—15o) =446 kipsft

Mid-Span Moments

14D :1.4(+9o) = +126 kipst
12D +16L=12(+90)+1.6(+150) = +348 kipsft
12DL+10E+L=12(9)+ o+(15o) =+258 kipsft

Beam Needs to be Designed for Max. End Moment = —456 kips-ft
Max. Mid-Span Moment = +348 kips-ft
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P2.27. Calculate the vertical hydrostatic load on
the 5100-Ib empty shipping container in Figure
P2.27 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?

F, =YV, =7040)8)Q0)
F, =33792 bs

F, =338kip

338 kips> W =51 kips

container

|Y es, the containerw illbe carried aw ay
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P2.28. Consider the building in Figure P2.28,
which has a width into the page of 35 ft. A
Maximum inundation height, hmay, and flow
velocity, Umax, have been determined as 33 ft
and 20 ft/sec, respectively. Calculate the
hydrodynamic load applied at floor level on

the wall IJKL for Load Cases 2 and 3, due to
outflow. If windows are inundated, calculate
the expected hydrostatic loading on the
adjacent outside walls due to water retained by
the floor, or floors. Finally, calculate the debris
impact load to be applied to the free-standing
column CD. Assume /iy = 1.0 and Cy = 1.25.

30'— 30" —
- E I
A
16’ g N
VRN 7 N
i B —==x| | E==== I
16’ N N
c 3| ==|G === || K
7F N 7
\\\ ///
16 OPEN ><
Ve N
oll .~ ~ ||z === ||,
P2.28

LoadCase2:

2

Zh,_ =h_=22f
3

u_=u, =20 fi/ec

max

Hydrodynamic, Load Case 2

h,_, =Trbheight=8+6=14 ft

des,
1

F,=>-v.(I,)C,)C.)B) 0, )00") F

2

1
F, =~70400)125)00)65) 14) 0%)

F, = 8624 kip

Hydrostatic on interior walls

1,2 _1 2
F, = VP, = 2704693

F =111kp

I[\)

Debris Impact on €D
F,=330C,I_ =330065) (0)
F =2145 kipg

Load Case 3:
h_=h_=33f
1

—u _ =u, =667 fleec
3

Hydrodynamic, Load Case 3

des,]

dJ

F, = 616 kips

h,, . = Trib height = 8+ 8= 16 ft

F =

dK

N | =

—romy|

3ft$

Hydrostaticon inside walls

= Trib height = 1+ 8= 9 ft

%70.4(1 .0)(1.25)(1.0)(35)(9)(6.67%)

70.4(1.0)(1.25)(1.0)(35)(16)(6.67%)

3ft J K

Load Case 2

J 1ft

,,,,,,,,,,,,,,,,,,,

3ft] K

Load Case 3

33 ft
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