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Problem 2-3

3 (a):

3 (b):

(a) Determine the factored axial load or the required axial strength, Py of a column in an office
building with a regular roof configuration. The service axial loads on the column are as follows

Po = 200 kips (dead load)

PL = 300 kips (floor live load)
Ps = 150 kips (snow load)
Pw = +60 kips (wind load)

Pe = +40 Kkips (seismic load)

(b) Calculate the required nominal axial compression strength, P, of the column.
Pu = 1.4 Pp = 1.4 (200K) = 280 Kips

Pu =12Pp+1.6P_+05Ps
= 1.2 (200) + 1.6 (300) + 0.5 (150) = 795 Kips (governs)

P =12Pp+16Ps+ 0.5P
= 1.2 (200) + 1.6 (150) + 0.5(300) = 630 kips

Pu =12Pp+1.6Ps+0.5Pw
=1.2 (200) + 1.6 (150) + 0.5 (60) = 510 Kips

P =12Pp+10Pw+05P.+0.5Ps
= 1.2 (200) + 1.0 (60) + 0.5(300) + 0.5 (150) = 525 kips

Pu =12Pp+1.0Pe+05P_+0.2Ps
=1.2 (200) + 1.0 (40) + 0.5 (300) + 0.2 (150) = 460 Kips

Note that Po must always oppose Pw and Pe in load combination 6

6: Py = 09Pp+1.0Pw

= 0.9 (200) +1.0 (-60) = 120 Kkips (no net uplift)
T Py =0.9Pp+1.0Pe

= 0.9 (200) + 1.0 (-40) = 140 kips (no net uplift)
¢Pn > Py
d)c =0.9

(0.9)(Pn) = (795 kips)

Pn = 884 Kips
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Problem 2-4

(a) Determine the ultimate or factored load for a roof beam subjected to the following service

loads:

Dead Load = 29 psf (dead load)

Snow Load = 35 psf (snow load)

Roof live load = 20 psf

Wind Load = 25 psf upwards /15 psf downwards

(b) Assuming the roof beam span is 30 ft and tributary width of 6 ft, determine the factored
moment and shear.

Since, S = 35psf > L = 20psf, use S in equations and ignore L.
1: Pu =1.4D =1.4 (29) = 40.6 psf

2: pp  =12D+16L+05S
=1.2 (29) + 1.6 (0) + 0.5 (35) = 52.3 psf

3 (a): Pu =1.2D + 1.6S + 0.5W
=1.2 (29) + 1.6 (35) + 0.5 (15) = 98.3 psf (governs)

3 (b): pp =12D+16S+05L
= 1.2 (29) + 1.6 (35) + (0) = 90.8 psf

4: pb =12D+10W+L+05S
= 1.2 (29) + 1.0 (15) + (0) + 0.5 (35) = 67.3 psf

5; pp =12D+1.0E+05L+0.2S
=1.2 (29) + 1.0 (0) + 0.5(0) + 0.2 (35) = 41.8 psf

6: Pu =0.9D + 1.0W (D must always oppose W in load combinations 6 and 7)
=0.9 (29) + 1.0(-25) (upward wind load is taken as negative)
= 1.1 psf (no net uplift)

7 Pu =0.9D + 1.0E (D must always oppose E in load combinations 6 and 7)
=0.9 (29) + 1.6(0) (upward wind load is taken as negative)
= 26.1 psf (no net uplift)’

wy = (98.3psf)(6ft) = 590 plf (downward)

downward No net uplift

V, = W;L - (590;(30) = 8850 Ib.

2 2
M, =2 L :(590)8(30) = 66375 ft-Ib

= 66.4 ft-kips




Problem 2-5

Occupancy Uniform Load (psf) Concentrated Load (Ib)*
Library stack rooms 150 1000

Classrooms 40 1000

Heavy storage 250 -

Light Manufacturing 125 2000

Offices 50 2000

*Note: Generally, the uniform live loads (in psf) are usually more critical for design than the

concentrated loads

Problem 2-6

Determine the tributary widths and tributary areas of the joists, beams, girders and columns in
the roof framing plan shown below.

Assuming a roof dead load of 30 psf and an essentially flat roof with a roof slope of %" per foot
for drainage, determine the following loads using the ASCE 7 load combinations. Neglect the
rain load, R and assume the snow load, S is zero:

a. The uniform dead and roof live load on the typical roof beam in 1b/ft

b. The concentrated dead and roof live loads on the typical roof girder in Ib/ft
c. The total factored axial load on the typical interior column, in Ib.

d. The total factored axial load on the typical corner column, in Ib

Member

Tributary width (TW)

Tributary area (A7)

Interior Beam

24 ft/4 spaces = 6 ft

6 ft x 32 ft = 192 ft°

Spandrel Beam

(24 t/4 spaces)/2 + 0.75°
=3.75ft

3.75 ft x 32 ft = 120 ft2

Interior Girder

32ft/2+32ft/2=32ft

32 ft x 24 ft = 768 ft?

Spandrel Girder

32ft/2+0.75 ft =16.75 ft

16.75 ft x 24 ft = 402 ft?

Interior Column

32 ft x 24 ft = 768 ft?

Corner Column

(32 ft/2 + 0.75)(24 ft/2 + 0.75) ft = 214 ft?

R> = 1.0 (flat roof)

Member R1 Lr
Interior Beam 1.0 20psf
Spandrel Beam 1.0 20psf
Interior Girder 0.6 (0.6)(20) = 12psf

Spandrel Girder

1.2-0.001(402)
=0.798

(0.798)(20) = 15.96psf

Interior Column

0.6

(0.6)(20) = 12psf

Corner Column

1.2-0.001(214)
= 0.986

(0.798)(20) = 19.72psf




Member pu=1.2D+1.6Lr Wu (pIf) Pu (Kips)

Interior Beam | (1.2)(30)+(1.6)(20) = | (68psf)(6ft) = 408plf | -
68psf

Spandrel Beam | (1.2)(30)+(1.6)(20) = | (68psf)(3.75ft) = -
68psf 255plf

Interior Girder | (1.2)(30)+(1.6)(12) = | - (55.2psf)(6ft)(32ft) = 10.6
55.2psf Kips

Spandrel Girder | (1.2)(30)+(1.6)(15.96) | - (61.5psf)(6ft)(32/2ft) = 5.9
= 61.5psf Kips

Interior Column] (1.2)(30)+(1.6)(12) = | - (55.2psf)(768ft?) = 42.4 Kips
55.2psf

Corner Column | (1.2)(30)+(1.6)(19.72) | - (67.6psf)(214ft?) = 14.5 Kips

= 67.6psf




Problem 2-7

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: 2" and 3" Floor Loads:
Dead Load, Droot = 20 psf Dead Load, Dsigor = 40 psf
Snow Load, S = 40 psf Floor Live Load, L = 50 psf
Member | At (ft.?) | KiL | Lo (psf) | Live Load Red. Factor Design live load, L
0.25 + 15/(Ki Ar) orS
40 psf
d - - -
3" floor N/A (Snow load)
_ i 15 | (0.667)(50)
2" floor (12%5112)2 4 40 psf 0.25+ ———{=0.667 = 34 psf
I V(4)(324) | >0.50 Lo = 25 psf
2 floors x i l (0.545)(50)
Ground 15
(18)(18) = 40 psf | |0.25+ —=—— |=0.545 = 28 psf
Fir. stz | 4 | J(9)(648) | > 0.40 Lo = 20 psf
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Problem 2-8

(a) Determine the dead load (with and without partitions) in psf of floor area for a steel building floor
system with W24x55 beams (weighs 55 Ib/ft) spaced at 6'-0" o.c. and W30x116 girders (weighs 116
Ib/ft) spaced at 35' 0.c. The floor deck is 3.5" normal weight concrete on 1.5" x 20 gage composite steel
deck.

e Include the weights of 1" light-wt floor finish, suspended acoustical tile ceiling, Mechanical and
Electrical (assume an industrial building), and partitions.

e Since the beam and girder sizes are known, you must calculate the ACTUAL WEIGHT in psf of
the beam and girder by dividing their weights in 1b/ft by their tributary widths)

(b) Determine the dead loads in kips/ft for a typical INTERIOR BEAM and a typical INTERIOR
GIRDER. Assume the girder load is uniformly distributed because there are 4 or more beams
framing into the girder.

(c) If the floor system in (a) is to be used as a heavy manufacturing plant, determine the controlling
factored loads in Kips/ft for the design of the typical beam and the typical girder.
e Use the Limit States (LSD) load combinations
e Note that partition loads need not be included in the dead load calculations when the floor
live load is greater than 80 psf.

(d) Determine the factored, V, and the factored moment, My for a typical beam and a typical girder.
e Assume the beams and girders are simply supported
e The span of the beam is 35 ft (i.e. the girder spacing)
e The span of the girder is 30 ft.

Part (a): Dead Loads

W24x55 55plf/6ft = 9psf
W30x116 116 plf /35 ft = 3psf
Floor deck

(4.257/12)(145pcft) = 51psf

metal deck = 3psf
light wt. floor finish = 8psf
susp. ceiling = 2psf
M/E (industrial) = 20psf
Partitions = 20psf

YpL = 116psf (with partitions)
oL = 96psf (without partitions)

Part (b):

dead load on interior beam:
(116 psf)(6”) = 696 plf = 0.70 kips/ft. (with partitions)
(96 psf)(6”) = 576 plf = 0.58 kips/ft. (without partitions)

dead load on interior girder:
(116 psf)(35’) = 4060 plf = 4.1 Kips/ft. (with partitions)
(96 psf)(35”) = 3360 plf = 3.4 kips/ft. (without partitions)

Part (c): Heavy Mfr.: Live Load = 250psf



1.4D = (1.4)(96) = 134.4psf
1.2D + 1.6L = (1.2)(96) + (1.6)(250)= 515psf < controls

Design Load on Beam:
(515psf)(6 ft) = 3091 plf = 3.1 Kips/ft

Part (d)
Design Load on Girder (assuming uniformly distributed load):
(515psf)(35 ft) = 18032 plf = 18.0 kips/ft
Factored concentrated load from a beam on a typical interior girder:

(3.1 kips/ft)(35°/2 + 35°/2) = 108.5 kips

Part (d):
Beam: Vv, b (3@ 54.3 kips
2 2
2 2
M, = C _BDGO) _ 4747 f-kips
Girder: V :W”L :(18'0)(30) =270 Kips

b2

M, ="
8

2 2
w, L :(18'02(30) _ 2025 ft-kips



Problem 2-9

The building with the steel roof framing shown in Figure 2-16 is located in Rochester, New York.
Assuming terrain category C and a partially exposed roof, determine the following:

a) The balanced snow load on the lower roof, Ps

b) The balanced snow load on the upper roof, Ps

c) The design snow load on the upper roof, Ps

d) The snow load distribution on the lower roof considering sliding snow from the upper pitched
roof

e) The snow load distribution on the lower roof considering drifting snow

f) The factored dead plus snow load in Ib/ft for the low roof Beam A shown on plan. Assume a
steel framed roof and assuming a typical dead load of 29 psf for the steel roof

g) The factored moment, My and factored shear, V, for Beam A
Note that the beam is simply supported

h) For the typical interior roof girder nearest the taller building (i.e. the interior girder supporting
beam “A”, in addition to other beams), draw the dead load and snow load diagrams, showing all
the numerical values of the loads in Ib/ft for:

a. Dead load and snow drift loads
b. Dead load and sliding snow load

i) For each of the two cases in part (h), determine the unfactored reactions at both supports of the
simply supported interior girder due to dead load, snow load, and the factored reactions. Indicate
which of the two snow loads (snow drift or sliding snow) will control the design of this girder.
HINT: Note that for the girder, the dead load is a uniform load, whereas the snow load may be
uniformly distributed or trapezoidal in shape depending on whether sliding or drifting snow is
being considered.

Solution:
(a) Lower Roof: Balanced Snow Load, Pt

Ground snow load for Rochester, New York, Py = 40 psf (Building Code of New York State, Figure
1608.2)

Assume:
Category | building s =1.0
Terrain Category C & Partially exposed roof Ce = 1.0 (ASCE 7 Table 7-2)
Slope factor (6 ~ 0 degrees for a flat roof) Cs=1.0 (ASCE 7 Fig 7-2)
Temperature factor, Cit=1.0 (ASCE 7 Table 7-3)

Flat roof snow load or Balanced Snow load on lower roof is,
Pt lower =0.7 CeCi Is Pg =0.7 x 1.0 x 1.0 x 1.0 x 40 psf = 28 psf

(b)  Design snow load for lower roof, Ps lower = P Cs = 28 psf x 1.0 = 28 psf



(c) Upper Roof: Balanced Snow Load, Pt

Ground snow load, Pgq = 40 psf

Assume:
Category | building s =1.0
Terrain Category C & Partially exposed roof Ce=1.0 (ASCE 7 Table 7-2)
Roof slope, 6 = arc tan (6/12) = 27 degrees
Slope factor, Cs=1.0 (ASCE 7 Fig 7-2)
Temperature factor, Ct=1.0 (ASCE 7 Table 7-3)

Flat roof snow load or Balanced Snow load on upper roof is,

Prupper = 0.7 Ce Ct Is Pg = 0.7 x 1.0 x 1.0 x 1.0 x 40 psf = 28 psf

Design snow load for upper roof, Ps upper = Ps Cs = 28 psf x 1.0 = 28 psf

(d) Sliding Snow Load on Lower Roof

(€)

W = distance from ridge to eave of sloped roof = 20 ft

Uniform sliding snow load, Ps.  =0.4 Psupper x W/ 15’
= 0.4 x 28 psfx 20°/15* = 15 psf

This sliding snow load is uniformly distributed over a distance of 15 ft (Code specified )

measured from the face of the taller building. This load is added to the balanced snow load on
the lower roof.

Total maximum total snow load, S on the lower roof over the Code specified 15 ft distance =28
psf + 15 psf ~ 43 psf

Beyond the distance of 15 ft from the face of taller building, the snow load on the lower roof is a
uniform value of 28 psf.

Average total snow load, S on beam A = 28 psf (balanced snow) + 15 psf ~ 43 psf
Drifting Snow Load on Lower Roof

v = density of snow = 0.13 Py + 14 = 0.13 x 40 + 14 = 19.2 pcf

Hp = Ps (lower)/ y = 28 psf/19.2 = 1.46 ft

H = height difference between low roof and eave of higher roof = 15 ft
Hc=H —Hp =13.54 ft

The maximum height of the drifting snow is obtained as follows:

Windward Drift: length of lower roof =80 ft and u =0.75



Ha= p (0.43 [L]*® [Pg + 10]" - 1.5)

= 0.75(0.43[80]*3 [40 + 10]" —1.5) = 2.6 ft (governs)

Leeward Drift: length of upper roof =40 ftand un=1.0

Ha=1.0 (0.43 [40]*3 [40 + 10]* —1.5) = 2.4ft

The maximum value of the triangular snow drift load,

Psp= yHq =19.2 pcf x 2.6 ft =50 psf

This load must be superimposed on the uniform balanced flat roof snow load, Pt

The length of the triangular portion of the snow drift load, w, is given as
follows:

Hq = 2.8 ft <Hc= 13.54 ft, therefore
w=4Hy =4x2.6ft=10.4ft (governs) <8H.=8x 13.54 =108 ft

This triangular snow drift load must be superimposed on the uniform balanced snow load on
the lower roof.

e Therefore, Maximum total snow load = 28 psf + 50 psf = 78 psf.

e The snow load varies from the maximum value of 78 psf to a value of 28 psf (i.e.
balanced snow load) at a distance of 10.4 ft from the face of the taller building.

e Beyond the distance of 10.4 ft from the face of taller building, the snow load on the lower
roof is a uniform value of 28 psf.

(f) Factored Dead + Live Load on Low Roof Beam A

From geometry, the average snow drift load on the low roof beam A is found using similar
triangles:

(50 pSf / 10.4 ft) = SDaverage /(104 ft -4 ft)
SDaverage = 31 psf = average “uniform” snow drift load on beam A

Average total snow load, S on beam A = 28 psf (balanced snow) + 31 psf = 59 psf

NOTE: This average total snow load is greater than the value of 43 psf for sliding snow obtained
in part (d). Therefore, the S value for snow drift is more critical and therefore governs!

Roof Dead Load = 29 psf (given)
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Using the ASCE 7 strength load combinations, the factored load on the roof is:
Wy roof = 1.2 X 29 psf + 1.6 x 59 psf = 129.2 psf
Tributary width of beam A =4 ft (see roof plan)

Factored load on beam, Wy = Wuroot X Beam Tributary width
=129.2 psf x 4 ft = 517 Ib/ft

(g) Factored Moment and Shear for the Low Roof Beam A

Span of beam = 20 ft

My =w,L¥8  =(517 Io/ft) x (20 ft)%/8 25.9 ft-Kips

Vi =weli2 = (517 Ib/ft) x (20 fi)/2 5.2 kips

(h) Loading diagram for Typical Interior Low roof Girder that frames into the Taller Building
column

Consider both the snow drift and sliding snow loads and then determine which of these
loads is more critical for this girder

(1) Snow drift on typical interior girder

Shalanced = / Ssp max =
28 psfx 20° TW 50 psfx 20° TW
=516 Ib/ft \ /ﬂf = 1000 Ib/ft
/ v v
- | | | | o Dead Load
i = 29 psf x
J{ | | 20 TW
| =580 Ib/ft
i
R1 : R2
20t —
! «—Face of Taller
| L . .
96ft 10.4 ft  Building

(i.e. “w”)

Using principles from statics, we can calculate the girder reactions as follows:

Ri1p =580 Ib/ft x (20°/2) = 5800 Ib = 5.8 Kips
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R2p =580 Ib/ft x (20°/2) = 5800 Ib = 5.8 kips

RiL = 560 Ib/ft x (20°) x (20°/2) + ' x 1000 Ib/ft x 10.4” x (10.4°/3)
20°
= 65011Ib = 6.5 Kips
RoL = 560 Ib/ft x (20°) + % x 1000 Ib/ft x 10.4° — Ry L.

= 9899 Ib = 9.9 kips
The factored reactions are calculated using the factored load combinations from the course text,
Riu=12Rip+16RiL =12x58kip+1.6x65kip =17.4Kkips
R2u=12R:p+16R2L =1.2x58kip+1.6x9.9kip  =228Kips

(2) Sliding snow on typical interior girder

=560 Ib/ft =300 Ib/ft

Shalanced = / SsL=
28 psfx 20’ TW \ 15 pst X 20° TW

Dead Load

|
i =29 psf x
J{ ; | 20 TW
!
i
|

=580 Ib/ft

R1 R2

20 ft —

: «—Face of Taller
| L

5 ft : 15 fit - Building
(Code specified)

Using principles from statics, we can calculate the girder reactions as follows:

R1oL =580 Ib/ft x (20°/2) = 5800 Ib = 5.8 Kips
R2 oL = 580 Ib/ft x (20°/2) = 5800 Ib = 5.8 Kips

RiLL = 560 Ib/ft x (20°) x (20°/2) + 300 Ib/ft x 15° x (15°/2)
20°
= 7288 Ib = 7.3 Kips
RaL = 560 Ib/ft x (20”) + 300 Ib/ft x 15° — Ry L

8412 1b = 8.4 Kkips

The factored reactions are calculated using the factored load combinations from the course text,
Riu=12Rip+16RiL =1.2x58kip+1.6x7.3kip =18.6 kips
R2u=12Rop+16RoL =1.2x58kip+1.6x84kip =20.4Kkips
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Problem 2-10

An eight-story office building consists of columns located 30 ft apart in both orthogonal directions.
The roof and typical floor gravity loads are given below:

Roof loads:

Dead Load (RDL) = 80 psf;
Snow Load (SL) = 40 psf

Floor Loads:

Floor Dead Load (FDL) = 120 psf
Floor Live Load (FLL) = 50 psf

(a) Using the column tributary area and a column load summation table, determine the total
unfactored and factored vertical loads in a typical interior column in the first story neglecting
live load reduction.

(b) Using the column tributary area and a column load summation table, determine the total
unfactored and factored vertical loads in a typical interior column in the first story
considering live load reduction.

(c) Develop a spread sheet to solve parts (a) and (b) and verify your results.

Solution:

Column load summation table using tributary area

GIVEN: 8-story building; Typical Interior Column Tributary Area per floor = 30 ft x 30 ft = 900 ft?

Roof Loads: D=80psf S=40psf
Typical floor loads: D =120 psf L =50 psf
Floor Live Load Calculation Table
At Unreduced N -
Member suI;_)E)\:JerI:ed (summation KrLL Floor live Design I::/e load*,
of floor TA) load, Lo (psf)
8" floor Roof only Floor live load | -
Column reduction 40 psf (snow) 40 psf (snow)
(i.e. column NOT
below roof) applicable to
roofs!!!
7% floor 1 floor + 1 floor x 900 4
column roof ft2 = 900 ft2 50 psf 0.5x50=
(i.e. supports KiL At = 3600 > 25 psf
(i.e. column | the roof and 400 ft? = >0.50 Lo =
below 8" the 8" floor) Live Load 25 psf
floor) reduction
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allowed

6" floor 2 floors + 2 floors x 900 4
column roof (i.e. ft2 = 1800 ft? 50 psf 0.43 x50 =
supports the KL At =7200 > 22 psf
(i.e. column | roof, 8" and 400 ft? = >0.40 Lo =
below 7t 7" floors) Live Load 20 psf
floor) reduction
allowed
5% floor 3 floors + 3 floors x 900 4
column roof ft> = 2700 ft2 50 psf 0.394 x 50 =
(i.e. supports KL ATt =10800 20 psf
(i.e. column | the roof, 8", > >0.40 Lo =
below 6" 7" and 6% 400 ft> = 20 psf
floor) floors) Live Load
reduction
allowed
4" floor 4 floors + 4 floor x 900 4
column roof ft> = 3600 ft2 50 psf 0.375x50=19
(i.e. supports KiL At = 14400 psf
(i.e. column | the roof, 8", > >0.40 Lo =
below 5™ 7" 6™ and 400 ft? = 20 psf
floor) 51 floors) Live Load
reduction
allowed
3 floor 5 floors + 5 floor x 900 4
column roof ft2 = 4500 ft2 50 psf 0.362 x 50 = 18
(.e. supports KL Ar = 18000 psf
(i.e. column | the roof, 8", > >0.40 Lo =
below 41" 7t gt 5 400 ft> = 20 psf
floor) and 4" Live Load
floors) reduction
allowed
2" floor 6 floors + 6 floor x 900 4
column roof ft2 = 5400 ft2 50 psf 0.352 x50 = 18
(i.e. supports KL At = 21600 psf
(i.e. column | the roof, 8", > >0.40 Lo =
below 3™ 7t et 5t 400 ft> = 20 psf
floor) 4" and 3 Live Load
floors) reduction
allowed
Ground or | 7 floors + 7 floors x 900 4
15t floor roof (i.e. ft> = 6300 ft2 50 psf 0.344x50=17.3
column supports the KL At = 25200 psf
roof, 81, 71, > >0.40 Lo =
(i.e. column | 6™, 5" 4t 400 ft> = 20 psf
below 2" 3dand 2" Live Load
floor) floors) reduction

allowed
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L =Lo[0.25 + {15/ [KiL AT]°® }]

> 0.50 L, for members supporting one floor (e.g. slabs, beams, girders or columns)
> 0.40 L, for members supporting two or more floors (e.g. columns)

Lo = unreduced design live load from the Code (ASCE 7-02 Table 4-1)

KL = live load factor (ASCE 7-02 Table 4-2)

At = summation of the floor tributary area in ft? supported by the member, excluding the roof area
and floor areas with NON-REDUCIBLE live loads.

The COLUMN LOAD SUMMATION TABLES are shown on the following pages for the two cases:
1. Live load reduction ignored

2. Live load reduction considered



Wu1 Wu2
(LC2) | (LC?3)
& C‘%\ —

— 38 ge 8 -

e o x|gz |8n |53 3

o & o|co - — T |23 o

5 [<B] j + + ;3 ;3 ~—~ ~—~ I\

g J Z2 5|28 QR | == 2 8 | e

D lal S5 S| o g | 2Z K S | 3

S ~ e %5390 | 68 S 9 | N O

D < ~ | 2 35| d » O o o o o 9o 5 a O a O
| [ Q| J4J1 3 Aol | xw o o | N =
(b) With Floor Live Load Reduction
1
Roof | 900 | 80 | 40 40 1160 | 160.0 1(1)3';‘ Jr | 1044 | 1440 | 1440
ghFir | 900 | 120 | 50 | 9 25 1840 | 157 122'(?9‘” 270 | 284.9 | 284.9
7Er | 900 | 120 | 50 | 943 213 178 | 155.0 1?25? 430.3 | 4241 | 4303
6" FIr | 900 | 120 | 50 | 94 20 176.0 | 154.0 1?2'84 > | 5887 | 5627 | 588.7
shFlr | 900 | 120 | 50 | 94 20 176.0 | 154.0 1?2';6:“ 7471 | 701.3 | 747.1
4 Flr | 900 | 120 | 50 0.4 20 176.0 | 154.0 1?2'; bf’r 9055 | 839.9 | 905.5
39 Flr | 900 | 120 | 50 0.4 20 176.0 | 154.0 1?2'; bf’r 1063.9 | 978.5 | 1063.9
ond Elr | 900 | 120 | 50 0.4 20 176.0 | 154.0 1?2'; bf’r 12223 | 1117.1 | 12223
(a) (b) Without Floor Live Load Reduction

Roof | 900 | 80 | 40 1 40 116 160 132';‘ (;’r 104.4 | 1440 | 144.0
8 Flr | 900 | 120 | 50 1 50 224 | 169 Z%flor 306.0 | 296.1 | 306.0

25



201.6 or

7" Flr | 900 | 120 | 50 50 224 169 152 1 507.6 | 448.2 | 507.6
6 FIr | 900 | 120 | 50 50 224 | 169 Zgéflor 709.2 | 600.3 | 709.2
5" FIr | 900 | 120 | 50 50 224 | 169 | 2000 | o108 | 7524 | 9108
4" Fir | 900 | 120 | 50 50 224 | 169 | 9000 11124 | o045 | 11124
39FIr | 900 | 120 | 50 50 224 | 169 | 20000 13140 | 105656 | 1314.0
2" Flr | 900 | 120 | 50 50 224 160 | 29L60" 145156 | 1208.7 | 1515.6

152.1

26
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Problem 2-11 (see framing plan and floor section)

Framing Members:
Interior Beam: W16x31
Spandrel beam: W21x50
Interior Girder:W24x68

Floor Deck: see below
Assume Office occupancy, LL=50psf

a) Determine the floor dead load in PSF to the interior beam

b) Determine the weight of the perimeter wall (brick & stud wall) in PLF

c) Determine the service dead and live loads to the spandrel and interior beams in PLF

d) Determine the factored loads to the spandrel and interior beams in PLF

e) Determine the factored maximum moment and shear in the to the spandrel and interior beams
f) Determine the factored loads to the interior girder

g) Determine the factored maximum moment and shear in the interior girder

B-LOK 15" x6"deck F,=40ksi f' =3ksi 145 pcfconcrete

Studs are not 8"

rEqUired for . e . . . - . P - . .

composite slab s 4 DA e on S N a_t.‘ R "

action. Studs on lag - A : ) B o . PN slab depth
the cross-section 11/2" ; . R

indicate that it is ]: —f u u \—l

possible to install | |
studs at the beams. f f

36" cover preferred (30" available)

DECK PROPERTIES

Gage t w As Ip So S $Rre Rw dVn studs
22 0.0295 1.6 0.470 0.158 0.189 0.191 1290 1690 2830 0.52
20 0.0358 1.9 0.570 0.205 0.233 0.241 1830 2440 3420 0.63
19 0.0418 2.3 0.670 0.251 0.276 0.283 2420 3270 3980 0.74
18 0.0474 2.6 0.760 0.294 0.317 0.322 3040 4140 4500 0.84
16 0.0598 3.3 0.960 0.380 0.406 0.408 4620 6390 5620 0.84

COMPOSITE PROPERTIES

Slab M As Val. w Ss lev Mno OV AT e ) i Aot
Depth ink in? i psf in® in¢ ink Ibs. span s span iné/ft
4.00 4543 | 213 0.255 a7 0.96 4.0 3266 | 8970 5.31 7.10 7.19 0.028
o 450 5342 | 248 0.207 43 1.16 5.7 3948 | 4610 5.04 6.76 6.84 0.027
o 5.00 61.41 283 0.339 49 1.87 7.8 4648 | 5280 481 6.47 6.54 0.082
@ | 550 69.40 32.1 0.380 55 1.58 104 | 5361 5820 4.61 6.21 6.28 0.036
9 6.00 77.39 36.0 0.422 61 1.79 134 | 6083 6180 4.45 5.99 6.06 0.041
N 650 8538 | 401 0.464 67 2.00 170 | 6814 | 6560 434 5.79 5.85 0.045
6.75 89.87 | 422 0.484 70 2.11 19.1 7181 6760 4.29 560 5.76 0.047
7.00 9337 | 448 0.505 78 2.22 218 | 7550 | 6960 4.24 561 567 0.050
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ovcrhang'l
N B R R 0 -
T = ™ . N
- e 1 spandrel beam
© EE : \comer column
§ | interior beam
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! ™
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I
22ga composite deck —L| T

\_/interior column

1.5" deck plus 3.5" concrete
(5" total thickness)

/
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Floor framing Plan

Perimeter wall:

2x6 studs @ 16"

Partitions 5/8" gwb each sidc\ X
R-19 batt insul

4" brick, 156"
high

A
ANNNNNY

Mech./Elec. =/ Channel susp-/

ceiling ceiling

Typical Floor Section
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Dead Loads w
Wdeck = 1.6psf Hyyap = 1551t | | | " 1 !
Weone = 49psf Wetuds = 1 4pst A A
Wpart = 15pst Wing = 3psf Ve L 7
WME = Spsf Wowh = 2-(5psf)-0.625 = 6.25pst

) . LL := 50psf
Wclg = 2psf wbl‘iCk = 40psf

DLf1o0r = Wdeck * Weone + Wpart * WME + Welg = 72.6psf

DLW&H = wStUdS + Wins + Wng + Wbl’iCk = 50.65 pSf WW&“ = Hwa]l'DLwa]l = 785.1 plf Part (b)
Loads to Interior Beam: Loads to Spandrel Beam:
TWp = 71t TWgp = 3.5t + 6in = 4ft
31plf . 50plf
DlLyg = DLgooy + o = 77pst  Part (a) DLgp = DL{oop + —o— = 85.1psf
TWiB TWsB
Part (c)

wyig = (12)(wpyg) + (1.6)(wp ig) = 1207-pIf

w L 2
ulB*~1B .
Myg = T = 136-ft-kip

w, L
ulB*~1B .
VuIB:: —— = 18.1-kips

Load to Interior Girder:
PG =2V = 36.211kips Part (f)

VUG = PUG = 362111(1])5
Part (g)

P L
MG = % — 253.5ft-kips

Lg = 21ft

wygp = (1.2)(Wpgp) + (1.6)(wy gp) = 1671-plf
2
VusBLsB
Mysp = UT = 188-ft-kip
wspLsp . Part (e)
Vuspi= ———— = 25.1kips
P ‘P
1 ]
{ 21" (girder) {

Part (d)



Problem 2-12

Given Loads:
Uniform load, w
D =500plf

L = 800plf

S = 600pIf

Beam length = 25 ft.

EQ

1

Do the following:

30

Concentrated Load, P

D =11k

S =15k

W = +12k or -12k
E = +8k or - 8k

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.



Uniform Loads

Conccentrated Loads

wp = 500plf Pp = 11kips
wp = 800plf Pg = 15kips
wg = 600plf Pyy = 12kips PWup
Pf = 8kips PEup
wry L 2 Pp-L
DB DB
Mp, = ” + = 108 ft-kips Myy =
wilg’ :
M = = 62 ft-kips My =
wg L 2 Pq L
S'*B S'-B
Mg = 2 + = 141ft-kips
LC1 = (1.4-Mp) = 151 ft-kips

LC2 =

LC3a = (1.2-Mp) +(0.8:Mp ) + (1.6-Mg) = 404 fr-kips

LC3b i= (1.2:Mp) +(0.8-Myy) +(1.6-Mg) = 414 ftkips

(1.2-Mp) +(1.6:My ) +(0.5-Mg) = 300ft-kips

LB = 251t

—12kips
—8kips

PwLp

= 75ft-kips

PrL
Elp
—— = 50ft-kips

LC4 = (12:Mp) +(1.6Myy) + (M) +(0.5-Mg) = 382ft-kips

1.2Mp) + (M) + (M) +(0.2-Mg) = 270 ft-kips

0.9-Mp) +

(
=

LC6 = (0.9-Mp) + (1.6-Myyyp) = ~23ft-kips
=

(Mpyp) = 47 ft-kips

Max = max(LC1,LC2,LC3a,LC3b,LC4,LC5) = 414 ft-kips

maXUp

= min(LC6,LC7) =

—23 ft-kips

B PEup'LB

31

= —50 ft-kips
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Problem 2-13

Given:

Beam is HSS8x8x3/8, Length = 28 ft.

Pipe 6 STD is hung from the beam and is full of water (assume load is uniformly distributed)
5/8" thick ice is around the HSS8x8 and P6

Find:

a) The uniform load in PLF for each load item (self wt., ice, water)
b) The maximum bending moment in the beam

l l J l l l L l E] HSS8x8 beam
O

P6 STD

— e

! Hangers
/ { (neglect wt.)
L w
HSS8x8 beam/



Dead Loads
wgyg = 37.61plf Yice = S6pcf
Wpg = 19plf

p6 = 7P Vwater = 62-4pef
0 4:, = 6.63in .

dia fie := 0.625in
Idla = 6.07in

. . .2
Ajcesx8 = fice (H(8in +0.625m) = 21.563-1n

(e VP o, ﬂ
AiceP6 = W'HOdla+(2 tTﬂ Cin | _ 1y s.i?

Wice8x8'= Vice Ajcesxs = 8-385-plf

WiceP6 = Vice Aiceps = 3-54-pIf

2
. T ldia
Wywater = Ywater — = 12.34-plf

Wiotal = Wice8x8t WiceP6 T Wwater ™ Wexg + Wpg = 83.075-plf

2
Wiotal LB
Mg = % = 8.14lftkip  parth

Wiotal LB .
V= —2 = 1.16-kips

33

L
Ly = 28ft



LC2 =

(1.2:Mp) +(1.6M ) +(0.5-Mg) = 300ft-kips

LC3a = (12:Mp) +(0.8:My ) +(1.6:Mg) = 404 fr-kips

LC3b = (1.2-Mp) +(0.8-Myy) +(1.6:Mg) = 414 ft-kips

Uniform Loads Conccentrated Loads Ly = 25ft
wp = 500plf Pp = Ilkips
wy = 800plf Pg = 15kips
wgq = 600plf Pyy == 12kips PWup —12kips
Pp = 8kips PEup —8kips
wryL 2 Py L Py L
D*B DB W'*+B
Mp = . + = 108 ft-kips My = = 75ft-kips
2
= = ki E™B
ML 62 ft-kips Mp = —— = 50ft-kips
E 4
wg L 2 Pq L
S*+B S™~B .
Mg = " + = 141 ft-kips
LC1 = (1.4-Mp) = 151 ft-kips

LC4 = (1.2-Mp) +(1.6Myy) + (M) +(0.5-Mg) = 382ft-kips

LCs =

1.2:Mp) +

M ) ( )+(0,2-MS) = 270 ft-kips

(
- (o 9. MD) +(1.6- Mwup) = —23ft-kips
(

LC7 := (0.9-Mpy) + (M) = 47frkips

M

MmaxUp

min(LC6,L.C7) = =23 ft-kips

max = max(LCI,LC2,LC3a,LC3b,LC4,LC5) = 414 ft-kips

Mwup =

MEUp =

1:'Eup' Ly

PWup' Ly

34

= —75 ft-kips

=50 ft-kips
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Problem 2-14 (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:

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

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

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

(Assume G1 is uniformly loaded)
g. The total factored axial load on column C1, in Kips
h. The total factored uniform load on W1 in PLF (assume trib. length of 50 ft.)

250

I

25!_0"
Gl

I_.‘///Column Cl

50!_0"

Wi

Bl

25!_0!1
Gl

I

OSSR SAS A A S,

45!_0”

Roof Framing Plan

K {




Slope:= 25 F= lZ-tan(Slope%) - 5.596

Ry = 1.2 - (0.05-F) = 0.92
Part (a):

.2

L
B 2

L
B 2
TACl = LG? = 563 ft

L

B 2
TWyyp = TWyr—= = 11251

Part (b):

36

Lp:= 45t TWg = 5t D := 25psf
Lg = 251t TWyy = 2-Lg =501t
0.001-TAg
R =12 -—— =00975
1BI1 >
It
0.001-TAg,
R =12 -——— =0638
1G1 P
11t
0.001-TA¢
R =12 -—— =0.638
1C1 3
11t

Lig1 = maxl_().6-20psf,(RIBI-RZ-ZOpsfﬂ = 17.9-pst

Part (c):

Ly = max] 0.6:-20psf, (R ;- Ry 20psf) |

LB
wpGl = ?-D = 563-plf

Part (d):

WLTGl = TLI'Gl = 270])1['

12-psf

L

Lycy = max] 0.6-20psf, (R} 1-Ry20psf) | = 12-psf

Ppcy = TAcy'D = 14-kips

Part (e):

Prrct = TAcrLicy = 7kips

Puct = (1:2Ppcy) +(1.6P o) = 28-kips

Lywi = may 0.6:20psf (R yyRy20psf) | = 12psf

Lp

WLIW1 =

L

wygy = (1.2wppg)) +(1.6:Wp ) = 294-pIf

wuGl = (12wpg1) + (1.6WreGgy) = 1107-plf



Problem 2-15
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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.

Roof Loads:
Dead, D = 20psf
Snow, S = 45psf

2nd & 3rd floor loads
Dead, D = 60psf
Live, L = 100psf

All other loads are 0

Column Load Table

L1= 25 ft
L2= 25 ft
Cumulative

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

() [ osh)| (psh | (psh] (psf) [ (ps) | (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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Problem 2-16

Using the floor plan below, assume a floor live load, Lo = 60psf. Determine the tributary areas and the
design floor live load, L in PSF by applying a live load reduction, if applicable.

40!_0” 40!_0"
+ ax B-2 as B-1, interior beam
\/c_z B-2, Spandrel beam
G-1, interior girder
= C-1, interior column
=]
= C-2, corner column
B-1 A
\Jc-l
- 3
Qo >
(8]

Ly := 40ft Lg = 30ft TWg = 10ft L, := 60psf

2 I i .
TABI = LBTWB = 400 ft KLLB[ =2 LB] = min LO’LO' e —— = 4682p5t
Kppe1TAgy
i 1 |
_ TWg 2 _ T 15 '
TAgy = Lg—— = 200 ft Kiips = | Ly = min| Ly, Ly 0.25 + ————|| = 60-psf
Ky g2 TAR)
i 12 i
_ Ly 2 _ T 15 ,
TAG| = 4-TWB-7 = 800t Kirgl =2 LGy = min| Ly,Lg | 025+ —————| = 37.5.psf
KrrgrTAG
| 1
_ 2 _ . K 15 | .
TAc| = Lg'Lg = 12001t Kipcp =4 Loy = max (0.5-L0),L0v 025+ ————— || = 30-psf
KprerTAgy
i 112 |
L L - .
G Ll 2 15
TAC.’Z = ?7 = 300ft KLLC2 =2 LCZ ‘= max (O.S-LO) ,LO- 0254+ —— || = 51.7-psf
Kipe2 TAc?
L lft2 i
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Problem 2-17

NOTE: Use the NYS snow map for this assignment (see
http://publicecodes.cyberregs.com/st/ny/st/b200v07/st_ny st b200v07_16_par085.htm).

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 in psf

b) Sliding snow load in psf

c) Determine the depth of the balanced snow load and the sliding snow load on B-1 and B-2 in feet.
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
10 /asphalt shingle roof

o

Y 1}
=60 ft. 9 L6
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Problem 2-17

10\ [ 180
P, = 60psf Ce =10 Ci=10 ;=10 0= atan(—j—[—j = 39.806
& 0
5 6
Cio=——-—=0.782 Wqr = 60ft
ST 3 45 SL
Ppi= O.'/‘pg-Ce-C,[-lS = 42.psf Py = PpCy = 32.848-psf part (a)
0.4-P-W
T YYSL
Pgp = ————— =67.2-psf art (b
SL sh p part (b)
013
Ysnow = W-pg + 14pcf = 21.8-pef
Py PsL
hy, . := = 19271t hgy = = 3.083 ft part (c)
bal SL
"snow “snow
Lg = 30ft TW = 6ft D := 25psf

wp = TW-D = 150-plf ~ wgq = TW-Pg = 252-plf wgq = TW-Pqp = 403.2:-plf part (d)

wyi= (1.2wp) +[ 1.6:(wg +wgp | | = 1228.3-pIf

2
WuLB ' WULB
M, = 3 = 138.2-ft-kips V= 5

= 18.4-kips part (e)
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Problem 2-18

NOTE: Use the NYS snow map for this assignment (see
http://publicecodes.cyberregs.com/st/ny/st/b200v07/st_ny st b200v07_16 par085.htm).

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 g

S
= J-1
Z TW = 8ft.
L = 100ft.
N

L=150 ft. L=200 ft.
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Problem 2-18

Pg = 70pst + 10psf = 80-psf Ce=10 C =10 I..=1.0

Pp = 0-7pg'ce'ct'Is = 56-pst part (a)
1 1

Lyw 3 Py + 10psf 4
LuW = 2001t de = 0.751t:| 0.43. | || — —1.5| = 4.6841t

1psf
! ! part (b)
LuL 3 Py + 10psf 4
Ly = 150ft  hyp = 1ft{ 043 —| || =——] |-1.5|=5537f
11t 1psf
Py
~ = ——p, + 14pcf = 24 .4-pcf hypap = = 22951t
SNOwW 1§t '8 bal Nsnow
wyy = 4hgy = 18.736ft wy 1= 4hg =22.148ft  part (b)

The Leeward drift will control the desien

SD : hgp = 135.1-psf part (c)

= Ysnow’
LB = 1001t TW = 8ft D := 20psf

wpy = TW-D = 160-plf  wg = TW-Pf = 448-plf  wgpy := TW-SD = 1081-plf

wy = (1.2:wp) + [1.6-(ws + WSD)] = 2638-plf part (d)

wyg = 1.6:(wg +wgp) = 2446-plf



Factored - Dead Load; ws = 160plf

43

-0.192[Kip/ft] -0.192[Kip/ft]

Factored - Snow Load; ws = 448plf, wSD = 1081plf
45[Kip/ft]

1£0.538[Kip/ft]

Factored - Shear
V/2=56.06[Kip]

V2=18.76[Kip]
V2=18.76[Kip] -

?&SG.OB[Kip]

Factored - Moment

M33=750.54[Kip*ft] M33=991.63[Kip*ft]
M33=750.54[Kip*ft]

7F¥38.04[Ki

V2=-38.04[K

ﬁ3=0.000031[xip*ﬁ1
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Using the values from the previous section, draw a free-body diagram of J-1 assuming the 150" and 200’
buildings are separated by a distance of 6ft. Use the maximum drift load from the leeward side only for

this part.
-
&
Z J-1
L=150 ft. 6' 1 L=200 ft. ,
o
S = oft SDg = —lﬂiw = 757plf
22154t
16.151t
/WSD=1081p1f
T e Wep=757pIf
\i\w { | Ws =448plf
| wp=160plf
L=150 ft. 6 L=200 ft.

1 T 1

At elevation 1500, pg = 70psf + (2)(1500-1000)/100 = 80psf (Pottersville)

Visit TestBankDeal .comto get conplete for all chapters



https://testbankdeal.com/download/structural-steel-design-a-practice-oriented-approach-2nd-edition-aghayere-solutions-manual/



