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P2.1. Determine the deadweight of a 1-ft-long segment
of the reinforced concrete beam whose cross section is
shown in Figure P2.1. Beam is constructed with light-
weight concrete which weighs 120 1bs/ft’.

(OMPUTE THE WEIAWT/F1. oF CRo#% SECTION
@ leavns/ Fr3 .

(OMPAUTE cRP%% SECTIONAL FEEA:
AREAZ (05 V2 (205X 2.61) +
(0.61'%25") + (15X 1)
2 7' Fr*

WEIAHT @F MEMBER PEEL FooT LENATH:
WI/Ff = T5F*x120 \&/Fr3= 400 LB/Fr.
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P2.2. Determine the deadweight of a 1-m-long segment
of the reinforced concrete girder in Figure P2.2 con-
structed from lightweight concrete with a unit weight of

16 kN/m3,
r— 410 mm—*j
180 mm
i Prestress concrete
780 mm bridge girder

P2.2

compule the weight/m of the
- CROSS SECTION
o 41Qmm |
L g e Wt o160 kM /A?
’k Jpar p-] o m
thmm G 227
S —

Arexe (MO x .18) + 218 &2.{14)
FSIBOX A6+ 2190 « . r'ag)
FIBLOw STBOF (114+.196). 120
ETO.36E7 s

WA/ = 0.3682 x 16 k/nf= 5.8 3 kN

e e
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P2.3. Determine the deadweight of a 1-ft-long segment
of a typical 20-in-wide unit of a roof supported on a nom-
inal 2 in X 16 in southern pine beam (the actual dimen-
sions are } in smaller). The 3.in plywood weighs 3 Ib/ft2,

three ply felt
tar and gravel

2" insulation 3/4” plywood
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P2.4. Consider the floor plan shown in Figure P2.4.
Compute the tributary areas for (a) floor beam BI,
(b) girder G1, (c) girder G2, (d) comer column C3, and
(e) interior column B2.

% R S
{
®—1 1 T —¢
Gl G2
2@10'=2
I I~}A
Bl 2@ 10" =20
|
©-1 I =1
! 30 | 25" s}
P2.4

(MBesM BI_ SPAN 30t

METHEO 1 "UNIFORM LoAD OVER 3¢
Ar = 30(S+sh = J0OF o

MEIHOD 2 2 TAPER_LOARS AT ENDS

s R
t—te-58' sl
Ay = oo = 4 (Svsxlh) .=E%%

(bYSIRIER G1 .SPAN 20 ft.
METHOD £ : UNIFORM LoAD

[T}

-

74}'5‘ o I s“}
D e A

AT= lox s = 5O HM

METHD Q. ADD TAPERED LOADS
= AT END3

” ™%
.MM

Av= 150 + (5x5:4)2
AT = \75"’1@*2

COMPUTE TRIBUTARY . AREAS, A,

}b.

Ax= (30}, + 25030 = 215t

WMETHD 2 TAPER LoAD AT ERS

P

o 7

(J)Caﬂ.ﬁﬁﬁfﬁ_‘zm
_kfsﬁié“jz.ﬁ?zf;i""w'“”-‘é""l?5"-f-"l-z

(e)Columi-p2
Py s+128)Ho+0
Ap s-B50-L12
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P2.5. Refer to Figure P2.4 for the floor plan. Calculate
the influence areas for (a) floor beam B1, (b) girder Gl1,
(¢) girder G2, (d) corner column C3, and (e) interior

column B2.
@1 I I
Gl G2 {
2 G[ﬂ 107 =20’
B2
I I I Tt
). 2@ 100 =20
©— I S 1 —l
L 30’ | 25" —]
P2.4

MuH‘xp[H the values of

A n problem P2.4 b\/,
Kre, where K = 4 for
tcolumns and 2 for heams.

BEAM B
METHOD 3 K, Mr=2(300M1%) =000 FT*
METHOY 2 K br-2(500F*)=500 FT

AIRPER a4l
MEMep 1 Kubr=2(190 Ft*)=2e0p>
METHED 2 Kuht=2(175 Fr*)= %50 pr*

AIRPER 42
METHeD ) Ku Af = 2(275 PrY) =550 PI*
metHoy 2 Ky Ag 2 2(325F%) =050 F1*

COLUMMN €3 Kuhre4(125F™)= GO0FT>
COWWN B2 Rybr=4(550F%)=2207F1*
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P2.6. The uniformly distributed live load on the floor
plan in Figure P2.4 is 60 Ib/ft2. Establish the loading for
members (a) floor beam B1, (b) girder G1_and (c) girder
G2. Consider the live load reduction if permitted by the
ASCE standard.

7 T

@1 I 1
Gl G2
2@10" =20
B2
T I I
Bl 2@ 100 =20
Cc3 _1
©—1x I I
b0 — 25—
p2.4

Valyes op Ay are evaluated Th-
BEAE 24 Use siapified “loading

() 0ading, For .B1
'&LAT T 2% 308 = GO0 > 400

- ‘E:b‘ (’9”%’5_""‘ e . R

K. Ar

15 = 5[-1 lb/‘F{"

Lwe: ngzé S ﬁlz‘lm_.__o"‘:ﬂ Yt

w=c.snk/r4
Y+ + ¥ 3 I 1

T

R=T170 kips

mm&bamum_"___._;-
KAt = 2x180=300<c 400
o No BEDUCTION ALLAWED

_CLoampuTE Reactimnl FRoM BEAM BI

W= _ GOLVFr

{ i e

tr= shps

ohie-te

LOAD TO GEDER &1~ From-8l
!rips
— 20—

Esrasrisi _Loap Fop G2. wteHd SUPPRTS
BEAKS. OF .25  AND 30 AT ITS CE})TER

KieAr =2 Uof30/ +25,7] = 5508 5400
L= colars 415 ) 53410k .

Lnve 18 5 534 k18 = DB 20 tes
R4 —TO%QLQ DBy
W= 0534 Ker W= 0,534 Ker

-__}

s
8aol's R,

i IEE

Ry=6.675kK

(£ Load 1o qirbep G2

LRi+Ra= 14,685 kops

— 20'
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P2.7. The elevation associated with the floor plan in
Figure P2.4 is shown in Figure P2.7. Assume a live load
of 60 1b/ft? on all three floors. Calculate the axial forces
produced by the live load in column B2 in the third and

first stories. Consider any live load reduction if permit- q) @ @
ted by the ASCE standard. @1 I T oo
[ al |c2 |
1 . | 2@
E 2 B2
= T e I
¢ Bl 2 T
C3
b e 1 @-— I I It
b 30— 95— k ENG b 25—
P2.7 P2.4

ComPUTE THE LIVE LOAD

FoRCES |14 coLumMy B2 1
P2.4 W, = 6alb/pr2

‘f[PlS.Sl“
J.!fti%.o; :
A= (%*4-5}??? '

ku. Ar = 4x550 = 2 zooﬂz> %os*

3R 44 Yy iRedeceiiv,
wes Wy [0.25 + 15 ]
KLA

= eolo.25 + 18 341
{ 2(30] 995?
sinee 84.19> o, sw,_cgo usc34.(9psf
Fesibiai

Coromu suppor:rs 3 F’Looks

WK AT = 4(550x3)= 66060 £
(outae /. Redoce Wi

W= 66l0.25 + 15
[ =1 26.08 of

Sidce 2¢.087.4 (9),Use 26.08 psF
P=wAr = 2¢.08(3x55)
43.03 1pS

o
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P2.8. A five-story building is shown in Figure P2.8. Fol-
lowing the ASCE standard, the wind pressure along the
height on the windward side has been established as
shown in Figure P2.8(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 moment of the building.

&) @ 0 I
© @& 9 0 @ :
O
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I
o :
@ ‘l
| 4@25 =100' —
(a)
P2.8

WD PRESIVRE

PLAN -’F - VARIESCSEE: BRLOW

“EL E“"IM

r—S@ 12'=\‘t[.|’-—-1

;._g;q.ﬁul‘ant_w md Forces

_b) HorIZONTM, BASE SHEAR Viess®

60’ ~—|

20

15

| 13

|
|
p—3@20

1
i
1
4
1

wind pressures
in Ib/fi2

() ©

P2.8

Zoof [20psF(Gx3d =10,3001b

8 Floor lz0 psf (12290 = 21,600 b
fler 20psF(2x90) +15(10x99 = 17,100 b
13" Ploor | 15psF (10x90) + 13(2 x99 15,8001b
2% -ﬂoor'-’il's' psflizx9¢) = 14,0401b

SFoRcES AT EAcH LEVEL =
10.8%4 21.6%4+ 1T.1K ¢ 158K + |4.04ts

Vease= 79.34"

QVERTURM IN4 MOMENT oF THE
BuoINgG = F(FORCEGTA LEVEL x
HEIAHT ABOVE BASE)
10.8% (6T)+ 21.0(48')+ 171 (36')4
15.8%( 24) + 14.04%(12') =

M ovERTURNIN, S 2!9“"*
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P2.9. The dimensions of a 9-m-high warehouse are
shown in Figure P2.9. 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, 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
warchouse?

4.6, 4GC,

/7
20 m
v

s

| 40m |
(not to scale}

P2.9

Ustr=4L
__a@;ay.__(mz_z.gh)_
iy - 0.¢13040" = o>
%—z*-%e—lkz—lizt—"zh
qa <MK 0= 83Tk,

2= 8337(0.85) = 106.6 K,
2= B¥37 (080)=750.3 2,

6l -Tem: 9&3;..333:1.(0.94)_,733 .7%
Te=9m: g;= G3TT(0.98)E 18\7. | U/sp

O-46m:
446-CIm 2

—_———————————x=

p=0s GCp CEXZT)

A1

whebe GCp=.c.85(0%= 068

p=0.6BOs
o=Agm p=_ 488 7T
gr=gara = 5l1@ 2 NARE
CI=TGmp = 532 9°N/mb
TL=9n p=-555.6 KA

Mmc.c,_ﬁ;,_rmnmum—mm

Fo= 48184k 28] ¥ 510.2 (1.5 %25T

—F5329[15 %281 4555.6 [LEx 2
Fu=191 180N

ECE CEEWARD WALL

=%bc?c?-, ESTRIEeR-) TN
mgk‘szi;gzi:sln: 817.1 N> I@bav;)

p=_8i1 {88 =02)==1389N/2

TOTAL WIND FORSE,f7 OGN LEEWARD
WALL

E = (20%9)=1389) = -25,00a "

TATAL FOREE = Foy+ Fp
= 91,\90N+ 25,003

= g 1635 N

’E&m{_ FLAND E, Act IN SAME
DIRrZrior.
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P2.10. The dimensions of a gabled building are shown
in Figure P2.10a. The external pressures for the wind
load perpendicular to the ridge of the building are shown
in Figure P2.10b. 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 P2.10, where plus and minus signs signify
pressures acting toward and away from the surfaces,
respectively. Where two values of C, are listed, this indi-
cates that the windward roof slope is subjected to either

(a)
TABLE P2.10

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 6. But interpolation should
only be carried out between values of the same sign.
Establish the wind pressures on the building when posi-
tive pressure acts on the windward roof. Use the follow-
ing data: basic wind speed = 100 mi/h, wind exposure
category =B, K, = 0.85,K,=10,G=085,and C, =
0.8 for windward wall and —0.2 for leeward wall.

q.GC,

&)
P2.10

Roof Pressure Coefficient C,

*g defined in Fig. P2.10

Windward teeward

Angle 6 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 0.018* —0.5 ~-0.5 ~06
0.0 0.2 0.2 03 0.4
¢ N?”é}»\ T 2= gs T Ka Ky K
A 5 16 o-ls_;-q.i = 25.6.(4Xo.57)(1)(0.25) .
\ 18=16+ =

45ce e 5= 5 2= 13.49 1b/gi2

h=o gy 1430 b/gy?
e 7 Y

| 4864 l

_MEAM ROOF HEIGHT, h = 24+t

&.;Ti‘,an‘.‘y .‘f‘-:,

24

ConsSIDER PosiHVE WINDWARD PRESSURE
%g_.&gq;:‘ e left side,

ILTBRPLATE 1N TABLE P26
[C o= 0.2 + (33.69 -3°)x0.\
Cp=0.213%  (Reop oMLY
EROM TABLE 2.4 (SEE PAR of TEXT)

Ky = 0.87, O-Is’
© Fo.e2, 15-20
T = 0.66, 20'-28
= 0.6, 25-30
0.7¢, 36-32
K_z.t_:-..)..Q.‘) Kd" 0.85% s IT=1
= 0.00256V? (EQ249).

c“_z__a._c.ozs 6600)2- 25.6 b {-'-i-z'

).-_—_, 33.69° (for Table 24

\isip PRESSURE ON WINDWARD WaLL ¥ ROOE

R Cp
WALL, O-I5 P = 12,46 X O.85 x OO
p=_8.43psF

—TTETTTT

WAL, 1546 0 =1349x085 x08 =917 psf
Roof: y P= 14.36 x 0.835x02732

VAND PRESSURE ON LEEWARD SIDE

FaR watl- P.—_g"qCP

For h = 24‘; 3'1: %%z {4.3Q":/-FJ‘2
Cpz —O.2 Fornwatl =0O0.6 For Reof
Fon P = 14.3¢ (0.25(0.2)

WasS P ~2. 44/

Lt ————————______J
o Reof p= 43¢ (035)—09
()
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P2.11. Establish the wind pressures on the building in
Problem P2.10 when the windward roof is subjected to
an uplift wind force.

quCE % q‘GCP

(b)

p2.10
TABLE P2.10
Roof Pressure Coefficient C, *6 defined in Fig. P2.10
Windward Leeward
Angle6 10 15 20 25 30 35 45 =60 10 15 =2
G, -09 -07 ~04 -03 -02 -02 00 0016+ -05 05 06
00 02 02 03 04

GEE  SEE P20 S0LUTIoN
WinDuARD. Rook (NEGATIVE  PRE4SURE)
&= 33.7°
Inferpolafe between 30°and a5°
£ar neqative Cp valie 1n Table P20

C.P = ~0.LT4

P = %.q.cp,..zt.‘/(e..(al(.a) 0.35¢-0.274)
‘s ﬂﬁz@unwu)

NOTE: W/ind pressbres_on. &ther

3 surfaces are the same as 0
P2.4>
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P2.12. (a)Determine the wind pressure distribution on
the four sides of the 10-story hospital shown in Figure
P2.12. The building is located near the Georgia coast
where the wind velocity contour map in Figure 2.15 of
the text 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 wind-
ward 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.

(ad) COMPLYE VARIATION OR WIND
TPRESSUR CWINDWARD FACE
q,i..n. .qs I_Ki Kapg Ko ERZ.C
_;is_;mm:_sca.vi _ EQ2.40
_ s QO:?.S;GO.Q-_O)‘_Z__._____ -
Agz SOl Ps&' 5 'R‘ouwl"re‘ﬁgg%

I = L15 £oF hd’spﬁzds‘
5 a_'~0-—35—
Rz 5 READ N TABLE 2.4

105l140 |
o llsa| 1441152

L 35" | 70"

ELEV.(FY1l o
——
= sas(LasXKe) 1i(0es).
Ehe =49 OSK,

CoM BOTE WikS PRESSURE " D OM
WINDWARD FACE

1.03

PEQ; GCp = 49.05 KeGCp

where G= .85 for natural pered
(ess than 4.-sEc.

I;_--:d_gc;—nﬂwm‘dmta;ﬂd;
PE 4Y05 ke (G as R ¥ 33,354 G

Comptd'e:‘ﬁ-ﬁcv- “VARIOUS ELEVATIOKS

—

ggv;@n:.._g:_ss,%z@; G

P Aps£)]34.3¢ 39SNEE LT 4% .0 50T

Conpore i PRESRE Gk LEENRY—
L
e
Cp= 0.5 4= 49.02(15)= 14556
= TATS56 G0y = T4:556(0.05 -0.5)
p= -~3Ls8 psf. ANS..

RESSORE |

pag‘ﬁgnd-&:as(mzﬁ:;%‘ﬁé{a:ﬁ
p==4¢ 3L psf

(o) R
WIROWARD ARD LEEWARD 'SIDES.

T CEHPOTE. ToTAL WaiD FORCE (ks
=507 +48.03 [35xc0T = 276..42 kips:
2

[ferel-4

o _,gsﬂ;xL&}:t.ZSQ,bz.k._

1000
Be= 32.69. +2 34.36 [35x1 ggg}?.m*ss.&

Fow 3168/ [40x1ee) = Tog.3k:

Tlooe
Taral \anh EorGe =) Eof; vf -»AfAiF,‘.,

:—&—6—8%
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P2.13. Consider the five-story building shown in Fig-

QR R

ure P2.8. The average weights of the floor and roof are
90 1b/ft? and 70 Ib/ft2, respectively. The values of Sps

® 9

and Sp, are equal to 0.9g and 0.4g, respectively. Since
steel moment frames are used in the north-south direc-
tion to resist the seismic forces, the value of R equals 8.
Compute the seismic base shear V. Then distribute the

base shear along the height of the building.

%t

b s@25 =100 ——

(@)
P2.8

r——salz'.w‘—ﬂ

i
i

- 2
W= 4/( Mﬁo)gq.w;%_um@lcﬂ%z
= 3,870,000ibs = 3,810 Kips

b)
V= Sp W Tx1 for office blos, P2.8
T (R

v hr—*"???-‘__iﬁ = 258 kips

Vevn= 0,0441-T S W
=n0431{TYo3 28710)
t#eERefoRE . USE V= 258 ks
kﬁ?ﬂﬁg‘m
Ekai*i'l%
L Wi v
ForcEs AT EAcH FlLooR LEVEL

WEIGHT  FLAOP HEGET k. | Wi h -
FlooR {“Wg;lkips'f gy | wh &2’——“! TR T B lXed

* = o

RaeE T [7Ye) __G3oal _L_GJQ..Q,’? R -9
Sth | & 10 48 L2019 | 0.205 Tl
T (L I’ a i

| Slo. . 36 45638 | 0.213 | S&o
73&#—] --Bo- - 24 28922 | 035
M —————1—2—"——-- -_% ---L—Q‘—Q-G?' -
LR RIS =TT T=258

e 3 @30 = 90 ——

2, —

15
ll3
pressures
in BvA2
(©

E: I'—3@20'n60’—~'
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P2.14. (a) A two-story hospital facility shown in Fig-
ure P2.14 is being designed in New York with a basic
wind speed of 90 mi/h and wind exposure D. The
importance factor 7 is 1.15 and K, = 1.0. Use the sim-
plified 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 facil-
ity, with an average weight of 90 1b/ft* for both the floor
and roof, is to be designed for the following seismic fac-
tors: Sps = 0.27¢ and Sp, = 0.06g; reinforced concrete P2.14
frames with an R value of 8 are to be used. The impor-

tance factor I is 1.5. (¢) Do wind forces or seismic

forces govern the strength design of the building?

(@) HIND Laaps U4ING SIMPUIFIEY PRICEDVRE
PESIAN WIND FPREFHURE Fy= Kat I Bsso
Aclll TMBLE 1.8 MEAN ROF HEIAHT = 30°

Zones  FPazp fa= I-bb(l)t.l‘if’su:lﬁd& Fsso_ .*r
A [2.8psF 24,44 PsF ’ iz
¢ 5515 1622 POF F ICX] o

RESULTANT FZRCE AT EXCH LEVEL; WHERE zoue@/ 26,

PTANCE o= 0.1(100')=10; 0.4 (30)=12; 3’
&z10' covTROLS £ 24+ 20° REAIONR)
Froop: zone (B 12 (2444p4r) 204 ppo= 3. 07"
T 2oMe ©): 15 (L31F) 80 oo = 9. T8
2

Frosp RESULANT = 1245*

Fovo: zone @ °15'(24.44p5F)20 4000 = 7.33%
== zonNE ©): I5'(163 PSF)8a)i0so = 19.56%

FoMP RESULTANT = 26.89%

BAsSE SHEAR Vmg'- me +Fawp = 49.34%

OVERTURNINA MOMENT M,1 =ZF h.
Mo.1.> 1% 45 (30 + 24-89%(15") = B0& TR

F2.14 GNTINUED
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F2.14 CaNTINUED

(b) gEi9MIc Larvs BY EQUIVAVENT LMERAL FPRZE PROCEPVRE
AWEN: W =905F FLaoR 4 RooF ; 674:0.171,5m=0,66’; K—'SI‘I=I.‘;

BASE SHEAR Vs = %

WHERE T T2TAL BULDINA DEAD L@AD=
Wrooe = 9¢ 5k (100)%= 900
Wow = 90pE (1000 900
Wrotae = 1®ge*
MD  TeCrhp = 2347 42,

C1:20.016 REINE. CONCRETE IRAME
x - 0‘9 o 7] 1"

h=3%0" BUILPINA HEI4HT

Verss = 2.26 (1800%) . gp3» W =59.2%
(024724ec)(BA.5) CQNTROLS F
Ymax.= 20 N - ¢27(180¢%) s a05tW=91. ¥
R/T (8/19)
VHMIN. = Q.044 Sps LW =0.044 (0.27)(15 )(1800%)
= Q.OUTISW = 32,1k
FoR/E@ EMH LEVEL Fi= %“'E‘; Vesse, HHERE Viues=59.2

T< 2.5 Sec. THUS K:=l.¢

LEVEL | Wy | hi | Wih* | Hxhasnikk | FPRCE® EA. LEVEL:

RogF |900% | 30'| 27000 Lot Froog- 39.5%

24p 9a9* | 15' | 12500 | ©.333 Fowp =19.76"
ZWi "= 40500 ZF = Vgagg = 59.2 %

NVERTURNING MOMENT Mo.t. =ZF:h;
Mar. = 33.55(32)+ 196515 = | 481.4 Frk

(€) SE15MIc FarRcES AOVERM THE LATERAL STRENATH DESLAN.
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P2.15. When a moment frame does not exceed 12 sto-  where N = number of stories. Recompute T with the
ries in height and the story height is at least 10 ft, the  above expression and compare it with that obtained from
ASCE standard provides a simpler expression to com-  Problem P2.13. Which method produces a larger seis-
pute the approximate fundamental period: mic base shear?

T=0.IN

AoCE NPPREXIMATE FUNDAMENTAL PERISD:

T = O.IN
N=58 .. T=0.5 stconos

Vo= 2:3x% 6150 _ gigkirs
0.5 (5/1)

THE SIMPLER AFrRoXIMATE METHOD PROMIEES A LARAER
V&LUE oF BAMSE SHEAR.
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