Chapter 2 Solutions S2-1

2-1.  Calculate the total uniformly distributed roof dead load in psf of horizontal plan area for
a sloped roof with the design parameters given below.

o 2x8 rafters at 24" on centers

o Asphalt shingles on 72" plywood sheathing

e 6" insulation (fiberglass)

e Suspended Ceiling

e Roof slope: 6-in-12

e Mechanical & Electrical (i.e. ducts, plumbing etc) =5 psf
Solution:

2x8 rafters at 24” on-centers = 1.2 psf

Asphalt shingles (assume Y4” shingles) = 2.0 psf

¥ plywood sheathing = (4 x 0.4 psf/1/8” plywood) = 1.6 psf

6” insulation (fiberglass) = 6 x 1.1 psf/in. = 6.6 psf

Suspended Ceiling = 2.0 psf

Mechanical & Electrical (i.e. ducts, plumbing etc) =5.0 psf
Total roof dead load, D (psf of sloped roof area) = 18.4 psf

The total dead load in psf of horizontal plan area will be:

/ 2 2
Wpp = D{Gﬂz} , psf of horizontal plan area

12
=18.4psf (1.118) = 20.6 psf of horizontal plan area

2-2.  Given the following design parameters for a sloped roof, calculate the uniform total load
and the maximum shear and moment on the rafter. Calculate the horizontal thrust on the
exterior wall if rafters are used.

Roof dead load, D= 20 psf (of sloped roof area)
Roof snow load, S = 40 psf (of horizontal plan area)
Horizontal projected length of rafter, L, =14 ft
Roof slope: 4-in-12

Rafter or Truss spacing = 4’ 0

Solutions:

(24122
Sloped length of rafter, Ly = {414512}(14&):14.%



Chapter 2 Solutions S2-2

Using the load combinations in section 2.1, the total load in psf of horizontal plan area will be:

L :
W = D[L;] + (Lr or Sor R), psfof horizontal plan area

- 14.8'

—20psf[14,j + 40 psf
= 61.1 psf of horizontal plan area

The total load in pounds per horizontal linear foot (Ib/ft) is given as,

wrL  (Ib/ft) wrL (psf) x Tributary width (TW) or Spacing of rafters
61.1 psf (4 ft) = 244.4 Ib/ft.

h = (4/12) (14 ft) = 4.67 ft
The horizontal thrust H is,

_WTL(LZ)[LZZ] ) 244.4Ib/ft(14')(12¢J -
N s = 5129 Ib,

The collar or ceiling ties must be designed to resist this horizontal thrust.
L.=14

The maximum shear force in the rafter is,

Vinax = Wr ["ZZJ = 244.4(13'] = 1711 Ib

The maximum moment in the rafter is,

v _wr (L) _ 244.4(14)
max 8 8

= 5989 ft-1b = 5.9 ft-kip

2-3.  Determine the tributary widths and tributary areas of the joists, beams, girders and
columns in the panelized roof framing plan shown below. Assuming a roof dead load of
20 psf and an essentially flat roof with a roof slope of %" per foot for drainage,
determine the following loads using the IBC load combinations. Neglect the rain load, R
and assume the snow load, S is zero:

The uniform total load on the typical roof joist in Ib/ft
The uniform total load on the typical roof girder in 1b/ft
The total axial load on the typical interior column, in Ib.
The total axial load on the typical perimeter column, in Ib

oo
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Solution:
The solution is presented in a tabular format as shown below:

Tributary Widths and Tributary Areas of Joists, Beams and Columns

Structural Member | Tributary Width (TW) | Tributary Area (TA)

Purlin 10,1019 10° x 20° =200 ft’
Glulam girder 20' L 20' _ 5y 20° x 60° = 1200 ft’

2 2
Typical interior 20", 20')(60', 60" _ 2
Typical [ 0, % ][ 0, & J_ 1200 ft
Typical perimeter 20", 20')( 60" _ 2
Column [ 2 72 ][ 2 J_ 600 ft

Since the snow and rain load are both zero, the roof live load, L, will be critical.
With a roof slope of %4 per foot, the number of inches of rise per foot, F = % = 0.25

Purlin:

The tributary width TW = 10 ft and the tributary area, TA = 200 ft2 < 200 ft2
From section 2.5.1, we obtain:R; = 1.0 and Rz = 1.0,

Using equation 2-4 gives the roof live load, Ly =20 x 1 x 1 = 20 psf

The total loads are calculated as follows:
wrL (psf) = (D + L) = 20 + 20 = 40 psf
wrL (Ib/ft) = wrL (psf) x tributary width (TW) = 40 psf x 10 ft = 400 Ib/ft

Glulam Girder:

The tributary width, TW = 20 ft and the tributary Area, TA = 1200 ft2
Thus, TA > 600, and from section 2.4, we obtain:

R1= 0.6, and
R2=1.0
Using equation 2-4 gives the roof live load, Ly =20 x 0.6 x 1 = 12 psf

The total loads are calculated as follows:
wre (psf) = (D + L) =20 + 12 = 32 psf
wrL (Ib/ft) = wr (psf) x tributary width (TW) = 32 psf x 20 ft = 640 Ib/ft

Typical Interior Column:
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The tributary tributary area of the typical interior column, TA = 1200 ft2
Thus, TA > 600, and from section 2.4, we obtain:

Ri1= 0.6, and
R.=1.0
Using equation 2-4 gives the roof live load, Ly =20 x 0.6 x 1 = 12 psf

The total loads are calculated as follows:
wrL (psf) = (D + Lr) =20 + 12 = 32 psf

The Column Axial Load, P = 32 psf x 1200 ft2 = 38,400 Ib =38.4 kips

Typical Perimeter Column:

2-4.

The tributary tributary area of the typical perimeter column, TA = 600 ft2
Thus, from section 2.5.1, we obtain:

R1= 0.6, and
R2=1.0
Using equation 2-4 gives the roof live load, Ly =20 x 0.6 x 1 = 12 psf

The total loads are calculated as follows:
wrL (psf) = (D + L) =20 + 12 = 32 psf

The Column Axial Load, P = 32 psf x 600 ft = 19, 200 Ib = 19.2 kips

A building has sloped roof rafters (5:12 slope) spaced at 2’ 0" on centers and is located
in Hartford, Connecticut. The roof dead load is 22 psf of sloped area. Assume a fully
exposed roof with terrain category “C”, and use the ground snow load from the IBC or
ASCE 7 snow map

(a) Calculate the total uniform load in Ib/ft on a horizontal plane using the IBC.
(b) Calculate the maximum shear and moment in the roof rafter.

Solution:

The roof slope, 6 for this building is 22.6°,

Roof Live Load, L;:

From Section 2.4, the roof slope factor is obtained as,

F=5

- R2=1.2-0.05 (5) =0.95

Assume the tributary area (TA) of the rafter < 200 ft?, S~ R1=10
The roof live load will be,

L = 20R;R2 = 20(1.0)(0.95) = 19 psf
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Snow Load:

Using IBC Figure 1608.2 or ASCE 7 Figure 7-1, the ground snow load, Py for Hartford,
Connecticut is 30 psf.

Assuming a building with a warm roof and fully exposed, and a building site with terrain
category “C”, we obtain the coefficients as follows:

Exposure coefficient, C. = 0.9 (ASCE 7 Table 7-2)

The thermal factor, C¢ = 1.0 (ASCE 7 Table 7-3)

The Importance Factor, | = 1.0 ASCE Table 7-4

The slope factor, Cs = 1.0 (ASCE Figure 7-2 with roof slope, 6 = 22.6° and a warm roof)

The flat roof snow load, Pf=0.7CeCt1Pg =0.7x0.9x1.0x1.0x30=18.9 psf
Minimum flat roof snow load, Pm = 20Is = 20 (1.0) = 20 psf (governs)

Thus, the design roof snow load, Ps=CsPs = 1.0 x 20 = 20 psf

Therefore, the snow load, S = 20 psf

The total load in psf of horizontal plan area is given as,
L :
W = D[Ll] + (Lror SorR), psfof horizontal plan area
2

Since the roof live load, L (18 psf) is smaller that the snow load, S (20 psf), the snow load is
more critical and will be used in calculating the total roof load.

N 2
Wy =22psf [SEHJ + 20 psf

= 43.83 psf of horizontal plan area

The total load in pounds per horizontal linear foot (Ib/ft) is given as,
wrL  (Ib/ft) wrL (psf) x Tributary width (TW) or Spacing of rafters
43.83 psf (2 ft) =87.7 Ib/ft.

Assume L, =14’

The maximum moment in the rafter is,
_wp (L) 87.7(14Y

M max 8 8

= 2149 ft-1b = 2.15 ft-kip
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2-5. A 3-story building has columns spaced at 18 ft in both orthogonal directions, and is
subjected to the roof and floor loads shown below. Using a column load summation table,
calculate the cumulative axial loads on a typical interior column with and without live
load reduction. Assume a roof slope of ¥4 per foot for drainage.

Roof Loads:
Dead Load, Droot = 20 psf
Snow Load, S =40 psf

2" and 3™ Floor Loads:
Dead Load, Dfioor = 40 psf
Floor Live Load, L =50 psf

Solution:
At each level, the tributary area (TA) supported by a typical interior column is
18° x 18’ = 324 ft?

Roof Live Load, L;:

From section 2.4, the roof slope factor is obtained as,

F=% =0.25 .. R2=1.0

Since the tributary area (TA) of the column = 324 ft?, .. R1=1.2-0.001 (324) = 0.88
The roof live load will be,

Lr = 20R1R2 = 20(0.88)(1.0) = 17.6 psf < Snow load, S = 40 psf
The governing load combination from Section 2.1.1 for calculating the column axial loads is D +
L + (Lr or S or R). Since the snow load is greater than the roof live load, the critical load

combination reducesto D + L + S.

The reduced or design floor live load for the 2nd and 3rd floors are calculated using the table
below:

Reduced or Design Floor Live Load Calculation Table

At Unreduced | Live Load
Member Levels (summation Floor live Reduction | Design
supported | of floor KrLo load, Lo Factor floor live
tributary (psf) load, L
area) 0.25 +
15 (KL
AT)
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3" floor Floor live
Column Roof only | load - - - 40 psf
(i.e. reduction (Snow
column NOT load)
below roof) applicable to
roofs!!!

2" floor
column 4 0.67 x 50

1 floor + 1 floor x 324 50 psf 0.25 + = 33.5 psf
(i.e. roof f?=324ft2 | Ku Ar= 15M(4x | =0.50 Lo
column 1296 > 324) = = 25 psf
below 31 400 ft .. 0.67
floor) Live Load

reduction
allowed

Ground or
15t floor 4 0.25 + 0.54 x 50
column 2 floors + 2 floors x 324 50 psf 15N(4 x =27 psf

roof ft> = 648 ft? KiL At = 648) = >0.40 Lo
(i.e. 2592 > 0.54 =20 psf
column 400 ft2 ..
below 2" Live Load
floor) reduction

allowed

The column axial loads with and without floor live load reduction are calculated using the
column load summation tables below:
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Column Load Summation Table
Unfactored Unfactore
total load at | d Column
Design Unfactored each Axial Maximum
Live Load | total load at | level,ws2 Load at Cumulative
Live each level, each level, | Cumulative | Cumulative | Unfactored
Tributar Load, Roof: Sor | ws Roof: P= Unfactored | Unfactored | Axial
y area, Dead Lo(SorLs | LrorR D+0.75S (TA)(ws1) | Axial Load, | Axial Load,
(TA) Load, D |orRon Floor: L Roof: D Floor: or 2Pp+L Load, >P
the roof) Floor: D+ L | D+0.75L (TA)(ws) S PD+0.75L40.
Level | (ft?) (psf) (psf) (Kips) 755
(psf) (psf) (psf) (kips) (kips)
(Kips)
With Floor Live Load Reduction
Roof 324 20 40 40 20 50 6.50r16.2 | 6.5 16.2 16.2
39FIr | 324 40 50 335 73.5 65.1 23.8 or 30.3 37.3 37.3
21.1
2" FIr | 324 40 50 27 67 60.3 21.7 or 52 56.8 56.8
19.5
Without Floor Live Load Reduction
Roof 324 20 40 40 20 50 6.50r16.2 | 6.5 16.2 16.2
Third 324 40 50 50 90 775 29.2 or 35.7 41.3 41.3
floor 25.1
Secon | 324 40 50 50 90 77.5 29.2 or 64.9 66.4 66.4
d floor 25.1
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2-6. A 2-story wood framed structure 36 ft x 75 ft in plan is shown below with the following
given information. The floor to floor height is 10 ft and the truss bearing (or roof datum)
elevation is at 20 ft and the truss ridge is 28 ft 4" above the ground floor level. The
building is “enclosed” and located in Rochester, New York on a site with a category “C”
exposure. Assuming the following additional design parameters, calculate:

Floor Dead Load = 30 psf
Roof Dead Load = 20 psf

Exterior Walls = 10 psf
Snow Load (Pf) = 40 psf
Site Class = D
Importance (le)= 1.0

Ss = 0.25%
S = 0.07%
R= 6.5

(a) The total horizontal wind force on the main wind force resisting system (MWFRS) in
both the transverse and longitudinal directions.
(b) The gross vertical wind uplift pressures and the net vertical wind uplift pressures on
the roof (MWFRS) in both the transverse and longitudinal directions.
(c) The seismic base shear, V, in kips
(d) The lateral seismic load at each level in kips
Solution:
(a) Lateral Wind
Roof Slope: Run = 18’, Rise = 8’-4”, 0 = 25°
Assuming a Category Il building
V =115mph (ASCE 7 Table 26.5-1A)
Wind Pressures (from ASCE 7, Figure 28.6-1):

Transverse (6 = 25°):

Horizontal Vertical

Zone A: 26.3 psf Zone E: -11.7 psf
Zone B: 4.2 psf Zone F: -15.9 psf
Zone C: 19.1 psf Zone G: -8.5 psf

Zone D: 4.3 psf Zone H: -12.8 psf
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Longitudinal: (6 = 0°):

Horizontal Vertical

Zone A: 21 psf Zone E: -25.2 psf
Zone B: N/A Zone F: -14.3 psf
Zone C: 13.9 psf Zone G: -17.5 psf
Zone D: N/A Zone H: -11.1 psf

End Zone width:

0.1 x least horizontal dimension of building
0.4 x mean roof height of the building and

0.04 x least horizontal dimension of building
3 feet

IV IV IA A

a <0.1 (36’)=3.6" (governs)
- 04 2EZ) o

>0.04 (36°)=1.44
> 3 feet

Therefore the Edge Zone =2a=2 (3.6’)=7.2’
Average horizontal pressures:

Transverse:

_( (end zone )(end zone pressure ) + (bldg width —end zone )(int erior zone pressure)
o (bldgwidth)

(7.2)(26.3psf ) + (75'-7.2")(19.1psf)
(75)

Oy (Wall) =[ j: 19.8 psf (Zones A, C)

(7.2')(4.2 psf ) + (75'— 7.2')(4.3psf)
(75

U,y (roof ) :( ]= 4.3 psf (Zones B, D)
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Longitudinal:

(7.2")(21psf ) + (36'— 7.2')(13.9 psf)
(36)

Oy (Wall) =[ j: 15.32 psf (Zones A, C)

Design wind pressures:

Height and exposure coefficient:

=242

Mean roof height = (%j

A =1.35 (ASCE 7 Figure 28.6-1, Exposure = C, h=25’)

Transverse wind:
P = Qavg)
Pwan = (19.8 psf)(1.35) = 26.73 psf
Proof = (4.3 psf)(1.35) = 5.81 psf
Longitudinal wind:
Pwail = (15.32 psf)(1.35) = 20.7 psf
Total Wind Force:

Transverse wind:

R =[(26.73psf )(10'+10") + (5.81psf )(8.33")](75") = 43.7 kips (base shear,
transverse)

Longitudinal wind:

P =(20 “+ %) (20.7 psf )(36") = 18.0 Kips (base shear, longitudinal)
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(b) Wind Uplift
Average vertical pressures:
P= qavgk

From Part (a), base uplift pressures:

Transverse: Longitudinal:

Zone E: -11.7 psf Zone E: -25.2 psf

Zone F: -15.9 psf Zone F: -14.3 psf

Zone G: -8.5 psf Zone G: -17.5 psf

Zone H: -12.8 psf Zone H: -11.1 psf
Transverse:

P, avg :{(—11.7 psf —15.9 psf)(7.2')(%j +(—8.5psf —12.8 psf)(75'—7.2')(%ﬂ(1.35)

=-39,922 Ib.
-39,9221b )
=———— = -14.8 psf (gross uplift, transverse
qu,avg (75')(36 .) p (g p )

Longitudinal:

P, avg :{(—25.2 psf —14.3psf )(7.2") (%j +(-17.5psf —11.1psf )(36'-7.2") (?)}(1.35)

=-56,097 Ib.

-56,097 Ib . L
=—— = -20.8 psf (gross uplift, longitudinal
qu,avg (75')(36 |) p (g p g )

Net factored uplift (Longitudinal controls):
qnet =0.9D+W

=(0.9)(20psf) + (-20.8psf) = -2.8psf (net uplift)
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S2-13

(c) Seismic base shear

Calculate “W” for each level

Trib. Height . . Whotal
Level | Area (ft.2 Wit. Level (kip)* Wit. Walls (Ki X
(ft.5) (ft) (kip) (kip) (kip)
roof | 15X36 | (g g | (2700 ft2) x [20psf + (52 (’%13";2;‘ @) I‘;’?E:
= 2700 ft. (0.2x40psf)] = 75.6k 11k ey
L7 x36 | 102)+072) | (2700 12) x 30psf) | (107X (10psh) x| 810k +
L ) o A 2)x (75’ +36) = | 22.2k =
' ' 22.2k 103.2k

>W =86.7k + 103.2k =

189.9k

* Note: Where the flat roof snow load, Py, is greater than 30psf, then 20% of the flat roof snow
load shall be included in “W” for the roof (ASCE 7 Section 12.14.8.1 )

Seismic Variables:

Fa= 1.6 (ASCE 7 Table 11.4-1)

Fv= 2.4 (ASCE 7 Table 11.4-2) )

Sms= FaSs
Svi= FaS:

= (1.6) (0.25) = 0.40
= (2.4) (0.07) = 0.168

Sps= (2/3) Swms = (2/3) (0.40) = 0.267
Sp1= (2/3) Sm1 = (2/3) (0.168) = 0.112

Base Shear:

_FSpsW
R

\Y

v (1:D(0267)(189.9) _

(6.5)

8.58k
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(d) Seismic Forces at each level:

- FS. W,
R
- (1.0) (0267)(86.7) _ 4 .
(6.5)
- _(L1(0.267)(1032) _ ,

? (6.5)
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2-7 (see framing plan and floor section)

a) Determine the floor dead load in PSF

b) Determine the service dead and live loads to J-1 and G-1 in PLF

¢) Determine the maximum factored loads in PLF to J-1 and G-1

d) Determine the factored maximum moment and shear in J-1 and G-1
e) Determine the maximum service and factored load in kips to C-1

5 |=
BV
:T )
=4 _—J-1:13/4"11 1/4"
=+ - LVL's @ 16" O.C.
s Pk = : 2600F-1.9E
So3 o wam fl
s - N 2z -
1.5" gypsum fill— s 7;(?.] 0
3/4" Sheathing—, ', : 'S
heathing '| \ o B
) z
/ - L \'\. = O
A \ (=] ccupancy:
1 3/4°x11 114"~ | Q) i Light Storage
LVL's @ 16" O.C. \ Rea0 Tt = i
” -+ Insulation
— 3—17‘:: — — Iif y
Mech./Elec. < Channel susp.—""/ ,
ceiling ceiling '
Typical Floor Section # 1640 _ 4

Floor framing plan
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Dead Loads

- (I.Sin)-(ﬁ

- b ) ooy
Veyp' o [P
ft"-in

oty = (0.75in)(0.4ps = 2.4:ps
Weht == ( 75m)( 4psf)( O.IZSin) 4-pst
WME = Spsf Wins'= 4psf Welg™= 2psf
(5.7plNH)
w = = 4.286-psf
LVL™= "33 P

DL := Wgyn+ Wy + WpE + Wing* Weg+ WLy, = 26.7-psf

Loads to J-1:

Lj = 16ft

TWj = 16mn

Wpj = TWjDL = 35.6-plf

wpj= TWiLL = 166.7-plf

\\'Sj = \\-Dj + “Lj = 2022[)"‘ part b

“'uj = lz)(“'DJ) +( lﬁ’( “’Lj) = 309.p]f /'ll"’ ¢

~
\Vsj'l.j
Mg; i= ———— = 6472-ft-Ib
“r.,.L.
e e .
Vsj= S 1618 Ibt
1.2
“’ N =
M, = —L _ 9900.fi-Ib
uj 8
part o
wosL;
Vyii= —— = 2474.91bf
uj b}

Load to C-1:

PS = 2'\"50 = 16052 Ibf

Pu =2

LL = 125psf
S O O ) (O
e 2
s L )

part

Loads to G-1:

L= 13f1
TWq = 8fi
wpG = TWqg DL +(3)-(7.1plf) = 234 8-plf
WG = TWe LL = 1000-plf
WgG = WpG T WLG = 1234.8-plf part b
wuG= (12)(wpg) +(1.6)(wy g) = 1882-pIf  parre
, 2
Mg = “LGS_LE = 26085-fi-1b
Service Loads
VgG = & = 8026 1bf
L2
MyG = il = 39752-t-1b
Factored Loads
VuG = w“‘f a = 12231 1bf e

part ¢

VG = 24463 Ibf
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Problem 2.8
b= 1.875in d:= 12.51n G:=105
.2
A= b-d = 23.438-in
2 3
b-d . b-d .
SX = —— = 48.8-1n Ix = = 305.2-1114
6 12
Wself == Ay G62.4pef = 5.1plf
Ly, = 174t TW = 16in
DL = 15pst LL := 40psf
wpp = TW-DL + w_ 15 = 25.1-plf wpp = LL-TW = 53.3-plf
. 2 .
wrL Ly wrL Ly
My, = T = 2833-ft-1 Vi, = = 666.4971bf

My,
fj, == — = 696.1psi
X

part a

parth

part ¢

part d
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2-9. w = 500plf; Ly = 20ft

Case 1: continuous over support

0 Epi

MO 09jh

RS T
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Case 2: hinged over support

M3 ) =5 Kip MIIE2500pa)

Case 1 would have less deflection

Case 2 is easier to build; 40ft section might be hard to get or ship/handle on-site
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12-7%"

qg4'Ye ¥

a) List each truss member in a table (B1, B2, T1, T2, W1 to W6) and list the following: size,
length, species, grade, density, weight).

b) Calculate the total weight of the truss using the table in (a).
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Member| Size |Area (in.)| Length (ft.) | Species / Grade v | density (pcf) | weight (Ib.)
W1 2x4 5.25 291 SPF / #2 0.42 26.2 2.8
w2 2x4 5:25 9.02 SPF / stud 0.42 26.2 8.6
w3 2x4 5.25 6.94 SPF / stud 0.42 26.2 6.6
w4 2x4 5.25 9.83 SPF / stud 0.42 26.2 9.4
W5 2x4 5.25 114 SPF / stud 0.42 26.2 10.9
Wé 2x4 5.25 12.61 SPF/2100F-1.8| 0.46 28.7 13.2
B1/B2 2x4 5.25 1941 SPF / #2 0.42 26.2 18.5
T1/T2 2x4 5.25 21.7 SPF / #2 0.42 26.2 20.7
= 90.8 Ib.
Plates | I(in.) | w(in.) t (in.) vol (in.%) v | density (pcf) | weight (Ib.)
3x6 3 6 0.125 2.25 7.85 490 0.638
3x4 3 4 0.125 1.5 7.85 430 0.425
3x6 3 6 0.125 2.25 7.85 490 0.638
5x5 5 5 0.125 3.125 7.85 490 0.886
4x5 4 5 0.125 2.5 7.85 490 0.708
3x4 3 4 0.125 1.5 7.85 490 0.425
3x4 3 4 0.125 1.5 7.85 490 0.425
3x4 3 4 0.125 15 7.85 490 0.425
4x7 4 7 0.125 3.5 7.85 490 0.992
= 5.563 Ib.
2X = 11.1 Ib.
Total truss wt. = 101.9 Ib.
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c) Draw a free-body diagram of the truss and indicate the uniformly distributed loads to the top
and bottom chords in pounds per lineal foot (plf) and indicate the supports.
d) Calculate the maximum possible reaction using the controlling load case Dead + Snow.

Trib width = 2 ft. Wrce

Top chord:

wp = (2)(10) = 20plf
wir = (2)(20) = 40plf
ws = (2)(30.8) = 61.6plf

Bot. chord:
wp = (2)(10) = 20plf

Wp = 20+20 = 40 plf

ws = 61.6 plf

Rmax =

(20 + 20 + 61.6)(19.41)
2

=986 Ib.

d) What are the maximum compression loads to W2, W5, and W6 and what is the purpose of the
single row of bracing at midpoint?

W2 -860 Ib
W5 — 899Ib
W6 — 354 Ib

The bracing limits the unbraced length of the members being braced and prevents buckling under
compression.
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2-11:
Given Loads:
Uniform load, w Concentrated Load, P
D =500plf D =11k
L = 800plf S =15k
S = 600plf W = +12k or -12k
Beam length = 25 ft. E =+8k or - 8k
E E
Ve Q 7 Q '
P
W

Vi

Do the following:

a) Describe a practical framing scenario where these loads could all occur as shown.
b) Determine the maximum moment for each individual load effect (D, L, S, W, E)
c) Develop a spreadsheet to determine the worst-case bending moments for the code-required

load combinations.
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a) Transfer beam that has loads transferred from the roof down to a floor level.
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Load Combinations
Uniform Loads Concentrated Loads Lg = 25ft
Wp = 500pl Pp = 1ikips
w_:= 800plf Pg = 15kips
wg = 600plf Py = 12kips PWup:: —12kips
Pg = 8Kips PEup = —8Kkips
2
wplg Pplp Pw'ls Pwupls
Mp = + = 108 -ft-kips My = = 75-ft-kips M = = —75-ft-Kips
D 8 2 p W 4 p Wup 2 p
2
Wils Pe-L PeyoL
M, = = 62-ft-Kkips E™B . Eup™-B
L P Mg = 7 = 50-ft-Kips MEup = f = —50-ft-Kips

2
We-L Pe-L
S B + S8 = 141 -ft-kips
8 4

LC1 = (1.4-MD) = 151 ft-kips
LC2 = (12-Mp) + (16-M ) + (05-Mg) = 300 -ft-kips
LC3a := (1.2-|\/|D) +(1-|v||_) +(1.6-|\/IS) = 417 -ft-kips

LC30 := (12:Mp) + (05-Myy) + (16-Mg) = 392 ft-kips

LCA = (12-Mp) + (16-Myy) + (M) + (05-Mg) = 382 ft-kips
LC5 = (12-Mp) + (Mg) + (M) + (02-Mg) = 270-ft-kips
LC6 = (0.9-Mp) + (10-Myyyp) = 22-ft-kips

LC7 = (0.9-Mp) + (Mgyp) = 47-ft-kips

Mippx = MX(LCL,LC2,LC3a,LC30,LC4,LC5) = 417-ft-kips

Mrra)Up = min(LC6,LC7) = 22-ft-kips
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2-12 (see framing plan)
Assuming a roof dead load of 25 psf and a 25 degree roof slope, determine the following using
the IBC factored load combinations. Neglect the rain load, R and assume the snow load, S is
zero:

e. Determine the tributary areas of B1, G1, C1, and W1

f.  The uniform dead and roof live load and the factored loads on B1 in PLF

g. The uniform dead and roof live load on G1 and the factored loads in PLF

(Assume G1 is uniformly loaded)
h. The total factored axial load on column C1, in Kkips
i. The total factored uniform load on W1 in PLF (assume trib. length of 50 ft.)
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= 4 ‘ni=35 =2
Slope =25 F.:= |2-:an[51opol) = 5.596 Ejpeash Tijjeon DawZapet
120 Lgi=25t  TWyy=2Lg = 50ft
Ry = 12— (0.05-F) = 0.92
Part (a):
X 0.001-TAg,
TABl = LB-T\NB =225t RlBl =12~ ey = 0975
1"
Lg 2 0.001 TAG
TAGI = LG’T = 56251 R]G' =12 —_’ = 0.638
- 1t
LB >
= AL ] - 0.001-TA~
TAc = Lg— = 3638 Rigis 12 ’Au —
1t
== IO
MWy = TWyy— = 1125 Ryw) i= 0.6
Part(b):
Legp = max 0.6:20psf,(Ryg Ry 20psf) | = 17.9-psf
\\’DBI = T\VB'D = IZS-plt' erBl = T“'B'Ll'Bl - 90-pr wuBI = (|2WDB|) + ( "b'erBl) = .’Np"‘
LGl = nmxl'o.b-l()psf.(RlG,-R2-20pst')] = 12:psf
Lg Lp
wpG1 = ‘:-’_'D = 563-pif WLGL = _2""LrGl = 270-plf WuGl= ("2'WDGI) +( "6'“"LrGl) = 1107-plf
Part (d):

Licy = max] 0.6:20psf Ry oy Ry 20psf) | = 12:psf

PDC] = TAC'D = l"l\lpS P[,I’C| = TAC]LICI = 7,\1[)3 PUC] = (I.’!PDCI) +( lb‘Perl) = ’Sklpb

Loy i= max 0.6:20psf (R "Ry 20psf) | = 12:psf

Lp g
YDW1 = T'D = 563-pif WLrw1 = T'Lr\\'l =270.pIf wywy = ( |.2-WD\V|) + ( "ﬁ'er\Vl) = 1107.plf
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2-13. A 3-story building has columns spaced at 25 ft in both orthogonal directions, and is
subjected to the roof and floor loads shown below. Using a column load summation table,
calculate the cumulative axial loads on a typical interior column. Develop this table using a
spreadsheet. Submit a hard copy that is properly formatted with your HW and submit the XLS

file by e-mail.

Roof Loads: 2nd & 3rd floor loads
Dead, D = 20psf Dead, D = 60psf
Snow, S = 45psf Live, L = 100psf

All other loads are 0

Column Load Table

Cumulative

Level] TA D S L | wut| wu2 Pu1 Pu2 Pu1 Pu2 Max. Load

(ft*) | (psh)] (psh) | (psh] (psh) | (psh) | (kips) | (kips) | (kips) [ (kips) (kips)

Roof | 625 | 20 | 45 0 | 46.5| 96 | 29.06 | 60.00 | 29.06 | 60.00 60.00

3rd | 625 | 60 0 | 100 232 | 122 | 145.00| 76.25 | 174.06 | 136.25 174.06

2nd | 625 | 60 0 | 100§ 232 | 122 | 145.00| 76.25 | 319.06 | 212.50 319.06

Pu1, wu1 =1.2D+1.6L+0.5S
Pu2, wu2 = 1.2D+0.5L+1.6S
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2-14 Using only the loads shown and the weight of the concrete footing only (yconc = 150pcf),
determine the required square footing size, BxB using the appropriate load combination to keep
the footing from overturning about point A (i.e. - either load combination 6 or 15 Chapter 2 of

the text). Loads shown are service level (My = 0.6W = 45k-ft)
P, = 10kips

——

/0L O\ M= 45 k-t

\

"\

2 4 RO T _~Ftg. base
:T \ ¢ : // P = AN
o o Y oint ‘A
Hn : .//
BxB
Pp := 10Kips My == 45ft-kips Y conc:= 150pct

B:=767ft  H:= 13Bft Pfrg= B-B-Hy conc = 118-kips

Overturning Moment Resisting Moment

_ B .
OM := My = 45-ft-kips RM := (PD+ Pﬂg)-E = 83.5-ft-kips

ASD Load Comb LRFD Load Comb

(0.6-RM) (0.9-RM)

%)

= 1.002

UnltyA\SD = =1.113 Unlt)LRFD =

Use B=7.28ft for ASD and 7.67ft for LRFD

must be greater than 1.0
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2-15.

Given:

Location - Massena, NY’; elevation is less than 1000 feet

Total roof DL = 25psf

Ignore roof live load; consider load combination 1.2D+1.6S only
Use normal occupancy, temperature, and exposure conditions
Length of B-1, B-2 is 30 ft.

Find:

a) Flat roof snow load and sloped roof snow load

b) Sliding snow load

c) Determine the depth of the balanced snow load and the sliding snow load on B-1 and B-2
d) Draw a free-body diagram of B-1 showing the service dead and snow loads in PLF

e) Find the factored Moment and Shear in B-1.

12
|| 0 [asphalt shingle roof

5

o

V1%
L=60 ft. ]‘“‘6-“7"—‘6‘—7"
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Problem 3-1

C e _— » LR
Py = 60psf  Cei= 1.0 Cy=10 =10 9= awn{lz)-( = ) = 39,806
5 0
Cym === =4,782 Wgp = 601t
573 45 o
Pgi= 0-7Pg'ce'ct"s = 42psf Pg = PpCg = 32.848psf part ()
0.4PW
Pgp. = % = 67.2psf part (b)

0.13 ‘ _
Tsnow = Ty Pe 14pef = 21.8 pet

Pg PsL
hy a1 = = 19271t hgy = = 3.083ft part (¢)
bal SL
Vsnow “snow
Lg:= 30ft TW = 6ft D := 25psf

wp = TW:D = 150plf  wgq:= TW-Pg=252plf  wg; = TW-Pg; = 403.2plf part (d)
Wy, = (I.2-wD) +|—l.6-(ws + “'SL)] = 12283 plf

2
wilp w, L
U8 o s2ftkips V= = B isdkips  pant(e)

M, =
u 8
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2-16.

Given:

Location - Pottersville, NY; elevation is 1500 feet

Total roof DL = 20psf

Ignore roof live load; consider load combination 1.2D+1.6S only
Use normal occupancy, temperature, and exposure conditions

Find:

a) Flat roof snow load

b) Depth and width of the leeward drift and windward drifts; which one controls the design of J-
1?

c) Determine the depth of the balanced snow load and controlling drift snow load

d) Draw a free-body diagram of J-1 showing the service dead and snow loads in PLF

leeward drift windward drift
e
~—
oo J-1
2% TW = 8ft.
L. = 100ft.

L=150 ft. L=200 ft.
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Py = 70psf + 10pst = 80-pst C.:=10 C =10 I;:= 1.0
Pg = 0.7py Co-Clg = 56-pst  part (o)
1 1
3 4
L = 2001t h = 0.75ft-| 0.43 Low meSf — 1.5 = 4.6841
u\:“? . - d’v\‘? . . . Iﬁ lpsf . .
1 1 part (b)
3 4
L. P+ 10pst
Ly = 150ft hyp = 1043 — | || ——— — 1.5| = 5.537#
11t 1psf
P
0.13 f
Ysnow = o ‘Pgt ldpef = 24.4-pef a1 = = 22951t
Ift = " snow
The L.eeward drift will control the design
SD = Ygpow g = 135.1-pst part (c)
Ly = 100ft W := 8ft = 20psf

wp i= TW-D = 160-plf wg = TW-Ps = 448-plf  wgp := TW-SD = 1081-plf

wy = (12:wp) +[ 1.6:(wg + wgp) | = 2638-plf

part (d)

Wys = L6:(wg+Wgp) = 2446-plf
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Problem 2-16 Part (e)

S, =(135.1psf) x (8') = 1080 pif

100-0"

Factored Reactions and Maximum Moment:

Ra = 63.18 kips
Re = 46.85 Kips

Mu, max = 1207.6 ft-Kips (occurs at 51.55 ft from B)

r’— Spe= (1080)(1.6) = 192 plf (factored)

EREREEREERERERRREED!

N

| ]
open web steel joist

= |

22.1% \'

/S=(56psf) x (8') =448 plf
- S .= (448)(1.6) = 192 plf (factored)

D = (20psf) x (8') = 160 pIf

Dy= (160)(1.2) = 192 pif (factored)

Ry



