EXAM #1 - CE 342 - Fall 2000

Please use additional paper when necessary. Do not try to cram everything on the pages
provided and do not write on the back of the pages.

Problem #1. (25 points)

The office building shown below is being design to be built in Sandpoint, Idaho. The flat roof snow
load calculated for this location is 63 psf. There are no adjacent structures and parapet walls are not
high enough to cause drifting; however the penthouse can cause drifts on the third story roof. The
drift load in the E-W direction is 34 psf for windward drifts and 96 psf for leeward drifts. The
horizontal width of the windward drift is 5.0 ft; the horizontal width of the leeward drift is 14.2 ft.
The drift load in the N-S direction is 20 psf for windward drifts and 84 psf for leeward drifts. The
horizontal width of the windward drift is 4.3 ft; the horizontal width of the leeward drift is 12.4 ft.

Determine the snow loads to be considered in the design of the roof joists in the penthouse and
between grid lines 4 and B and grid lines 2 and 4 for the third-story roof. Ignore ponding and rain-
on-snow surcharges. Assume the concrete framing is cast-in-place.
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Problem #3. (25 points)
Find the maximum displacement in the beam shown below. Use the integration method. Assume £
=200 GPa and /= 1000 mm®.
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Problem #4. (25 points)
Draw the shear, moment and axial force diagrams for the frame shown below.
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Snow load calculations using IBC 2000
RJN 9/13/02

Exam problem Fall 2000 Ibf

Determine ground snow load ft
From snow load map

Ibf
ngsl := 0.05-—3

ft

from Topozone.com
elev := 2000-ft

Pg := ngsl-elev Pg = 100 psf
Importance factor (Table 1604.5)
Ig:=1.0
Exposure Factor (Table1608.3.1)

Kip,:= 1000-Ibf

Based on the site description, use Exposure C, and assume the roof is fully exposed.

C.:=09
Thermal factor (Table 1608.3.2)

Since roof is flat and there is no attic space, assume the roof is unventilated. Office space
can be assumed to be heated. The R-value does not exceed 25.

Ci:= 1.0
Flat roof snow load

ps:=0.7.-Ce-Cy Is'pg pr = 63 psf

Rain-on-snow surcharge is ignored

Base snow load

Joists
Tributary width
sj:= 30:in
Ibf
Wj = Sj'pf WJ =1575—
ft
Interior Beams - grid lines B, C & D, except at penthouse.
Tributary width
Sy := 33-in
Ibf
Wy == SpPs Wy = 173.25 ?

Exterior Beams - grid lines A & E, and B & D at penthouse.

Sb
Spe == -
2

The tributary width for the beams was
not shown in the problem statement as
assigned. It was corrected to make the
dimensions add up, but it will not be
considered in your homework score.
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Ibf
Whe = Spe'Pt Whe = 86.625 ?

Interior Girders, penthouse grid line 3 & roof level grid lines 2-4

Sg = 24-ft

Ibf
Wy = Sq-Ps Wy = 1512?
Exterior Girders, penthouse grid lines 2 & 4, roof level grid lines 1 & 5
Sge = 12:ft
Ibf
Wge 1= Sge'Pt Wge = 756 —
ft
Drift load

Drift load caused by penthouse on lower roof

Calculate density of drift. Ignore rain-on-snow while calculating drift loads.

— wpg+14ﬁ YZZ?E
i i
If y exceeds 30 psf, use 30 psf
An= if|y > SO'E,SOE,V Ibf
e [y
ft
Calculate depth of base snow
p
hy = — h, = 2.333 ft
Y

Input height of obstruction (in this case, the penthouse wall)
h:= 8-ft
Calculate height of cornice
he:=h - hy h, = 5.667 ft

If base snow "buries" the cornice, ignore drift loads.
h
h_c =2.429 If h./h, < 0.2, ignore drift loads
b
Wind in long direction of building (East-West)

Calculate height of drifted snow.

Leeward direction

Iu.lee = 48-ft
0.43 3 1 4

N lee = 3_'\/|u.|ee' 4—~Jpg + 10-psf ||-ft — 1.5-ft
Vit Vpsf

hgjee = 3.561 ft
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haew = N lee

Windward direction
lyw = 24-ft butl,,, mustbe >=25ft. | = if(l,, < 25-ft,25-ft, I, )

311043 3 1 14
hgw = _'[_'\/ Iu.w'( yPg + 10~psfﬂ~ft - 1'5'ft} The 2003 IBC increased this to

4 3 4
Vit \ psf 3/4's of h 4 rather than 1/2.

how = 1.929 ft

lw = 25ft

hwdew = Ngw

Since wind can come from either direction, the windward and leeward directions can be reversed.
This drift load can be applied to either the East or West wall.

Wind in short direction of building (North-South)

Leeward direction
but Iu.Iee must be >= 25 ft. m;: if(IU.Iee < 25-ft,25-1t, Iu.lee) lutee = 361t

| R = 36-ft
0.43 3 1 4

Sovtss= || e 7= \[Pg ¥ 1075 ||t~ 151
Vit Vpsf

My jee = 3.008 ft
hans = N.lee

Windward direction

= 18-ft but I, must be >= 25 ft. L= 1F(luw < 25:76,25-ft, 1) 1y = 25t

31(]0.43 3 1 4 . .
i || G e AR 10 o208 e
ft psf d :
haw = 1.929 ft
hwans = Ndw

Since wind can come from either direction, the windward and leeward directions can be
reversed. This drift load can be applied to either wall.

Calculate drift load surcharge

Leeward direction
Short direction of building

Pd.Ns = Nansy
Pans = 83.65 psf

Long direction of building
Pa.ew = hgewy
Pg.ew = 96.145 psf

But drift load is ignored if base snow "buries" the cornice

h
—if| =2 , h
AR 'f[h <0.2,0 psf,pd.ij D= if(hc <O.2’O,psf,pd_NSj
b

b

Pg.ew = 96.145 psf Pd.Ns = 83.65 psf
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Windward direction

Long direction of building Short direction of building
Pwd.EW = NwdEwY Pwd.Ns = Nwa.Ns'Y
Pwd.ew = 52.081 psf Pwd.ns = 52.081 psf
But drift load is ignored if base snow "buries" the cornice
. hC h
Russss= 1| 1+ < 0.2.005% - Pugew DS, if(h—c < O.Z,O-pSf,pwd.NSj
b
Pwd.ew = 52.081 psf Pwd.ns = 52.081 psf

Calculate width of leeward drifts

Long direction of building Short direction of building
If hy doesn't bury cornice
Wy ew = 4-hgew Wy Ns = 4-hgNs
Wy pw = 14.244 ft Wy ns = 12.393 ft
If hy buries cornice
2 2
ha.ew ha.Ns
Wagw = 4 Wo Ns = 4
hC hC
Wo ew = 8.951 ft Wo NS = 6.775 ft
Determine which case applies
Wew = if (Nggw > No. W gw. Wi gw) wys = if (g ns > Ne, Wa s, Wy ns)
Wpy = 14.244 ft Wys = 12.393ft

If width of drift exceeds the width of the lower roof, truncate the drift at the far edge. (In this
case, it doesn't).

Calculate width of windward drifts

Long direction of building Short direction of building
If hy doesn't bury cornice
Wit.ew = 4-hyg ew Wiwt.Ns = 4Nwgns
Wy pw = 7.716 ft Wy1 s = 7.716 ft
If hy buries cornice
2 2
hwa.Ew Pwd.Ns
Wiz ew = 4 Wizns = 4
hC hC
Wy pw = 2.626 ft Wyo ns = 2.626 ft

Determine which case applies
Woew = i (Nwd ew > No. Wiz Ews Waut £w) Wns = i (Nwans > Nos Wiz s s Wavt s )

Wygw = 7.716 ft Wyns = 7.716 ft
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If width of drift exceeds the width of the lower roof, truncate the drift at the far edge. (In this
case, it doesn't).

Design loads for drift case
Joists spanning between grid lines 2, 3 & 4

Maximum drift snow load on joists nearest grid lines B & D (slightly conservative)

Ibf
Wid == Sj"Pd.NS Wjq = 209.126 —

ft Apply the new
Total snow load .

Ibf numbers to this
Wit := Wjg + W w;j; = 366.626 r sketch

Beams on grid lines B & D similarly carry the maximum drift load on half their tributary widths
between grids lines 2-4.

Sp Ibf

Wy = —- Wyg = 115.019 —

bd > Pa.Ns bd ft
Total snow load

Ibf

Wbt = Wbd + Wbe Wbt = 201.644 f_t

Joists spanning between grid lines 1 & 2 and between grid lines B & D have drift loads from the E-W
drifts.

The maximum drift snow load is

Ibf
Wid.ew = Sj"Pd.Ew Wig.ew = 240.363 ?
Total snow load
Ibf
Wit = Wiggw + W wj = 397.863 f_t
Tapering down to the base snow load of w; = 157.5 I;ﬁ atadistance wg,, = 14.244 ft
t
On the windward side
Ibf
Wiwd.EW = SjPwd.EW Wjwgew = 130.202 ?
Total snow load
Ibf
Wiwt = Wjwd Ew + Wj Wit = 287.702 ry
Tapering down to the base snow load of w; = 157.5 I;ﬁ atadistance  wgy = 7.716 ft
t

The beam spanning between grid lines 1 & 2 along grid line C has a similar drift load with

Maximum drift load

Ibf
Whd.EW = Sp'Pd.EW Whg ew = 264.399 ?

Total snow load

Ibf
Wis = Wod.ew + Wp Wi = 437.649 f_t
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Tapering down to the base snow load of  w, = 173,25E atadistance wg, = 14.244 ft
t

On the windward side

Ibf
Whwd.EW = Sh"Pwd.Ew Whwa ew = 143.222 ?
Total snow load
Ibf
Wowt = Wjwd.Ew + W Wyt = 303.452 —
Tapering down to the base snow load of w; = 157.5 I;ﬁ atadistance  wgy = 7.716 ft
t

Since the wind can reverse direction, the joist and beam snow loads should be "mirrored."

Drift load for girders on grid line 3 between

The maximum drift snow load is

Ibf
ng.NS = Sg'pd.NS ng.NS = 2007.6 F
Total snow load
Ibf
Wyt := Wgg.ns + Wy Wyt = 3519.6?
Tapering down to the base snow load of W = 1512% atadistance wyg = 12.393ft
On the windward side
3 Ibf
Wowd.NS = SgPwd.NS Wowd.NS = 1.25x 10 f_t
Total snow load
Ibf
Wgwt = Wowd.Ns + Wg Wgwt = 2761.9 f_t
Tapering down to the base snow load of W = 1512% atadistance  w\g = 7.716 ft

Griders on grid lines 2 & 4 between grid lines A & B and D & E only have a drift load on half their
tributary width since there is no drifting between grid lines 1 & 2 and 4 & 5.

The maximum drift snow load is

S Ibf
Wadse= ?g-pd_EW Wygns = 1.154 x 10‘°’f—t
Total snow load
Ibf
Was, = Wgd.Ns + Wy Wyt = 2665.7 —
Tapering down to the base snow load of W = 1512% atadistance wyg = 12.393ft
On the windward side
S Ibf
MawdNoi =~ Pwd.Ns Wowa.ns = 624.971 "y
Total snow load
Ibf

Wans= Wowd.Ns + Wg Wgwt = 2137 —

ft
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Tapering down to the base snow load of W, = 1512% atadistance  w = 7.716 ft

Girders on grid lines 2 & 4 also have drift loads from the joists spanning between grid lines 1 & 2 and 4
& 5.

As with the tributary area calculations, assume the joists are simply supported. From the drift load
calculations for joists spanning from grid line 1 to 2 we have

Summing moments about grid line 1

24 1 1
R2.24.ft — W124ft?ft — EWEWWjdEW(ZLlﬁ — EWE\N) =0

Solving fo R,
1 1728wft2+72w Wi ft —w, 2w
-Wj- “WewWjd.ew Tt — Wew -Wjd.ew
Ryi= —- ! ! ! R, = 3263.2 Ibf
144 ft
Distributing this over the joist's tributary width
Ry Ibf
ngBD =— ngBD = 1.305 x 103—
Sj ft
Total load
Ibf
WgtBD = ngBD + Wge WgtBD = 20613f_t

Drift loads due to parapet walls
Recall that the height of the base snow is:

hy = 2.333 ft

Since the parapet wall is only two feet tall, it is "buried" by the base snow load, and no drifts are
formed.



The load equation is:
Elyog= W(x) = - 1Xx- 4)*

Integrating to find the shear equation
Elyat= S(x) = - 15(x- 4)°+C,

From gtatics, we know that the reaction at the left-hand end is10 kN upwards. Using this as a boundary
condition

S(0) = 10= - 15x0+ C,
C,=10

Integrating to find the moment equation
Ely¢= M(x) = - 1Xx- 4"+ 10x+ C,

From gatics, we know that the moment at the left-hand end is zero. Using this as a boundary condition

M(0) = 0= - 15x0+ 1050- C,
C,=0
Integrating to find the dope equation
15 10
Ely¢=g(x) = - E(x- 4)% + ?xz +C,

Integrating to find the displacement equation

5 5
Ely= - E(x- 4y° +§x3+ Cxx+C,

Displacement boundary conditions are y(0) = y(12) =0

5 5
Ely(0)= 0= - 50+ 30+ G0+ C,
C,=0



Ely(12) = 0= -
C3

5
(8)°+ 5(12)3 +C,x12
- 13333

N | o

The dope and displacement equations are thus:

q(x) = El|§ D ape5x 13333H

16 5 . 5,
= Aw — - +_ - ’
y(x) = 2(x 4) 2 13333XH

By ingpection, we can see that the maximum displacement occurs to the right of the point load.
Therefore we will assumethat x > 4 m, and solve for the location that provides a zero dope (which is

where the maximum displacement occurs) and then calculate the displacement at thislocation. Since
we have assumed that x >4 m, we can tregt the discontinuity function asa*“standard” polynomid.

Solving for the point of zero dope
0= =& Z(x- 224+ 5¢- 1333‘3tj

0= - 75x% + 60x- 120+ 5x*- 13333
0=- 25x? + 60x- 25333
x?- 24x+10133=0

The roots to this equation are X = 5.468 m and x = 18.53 m. The second root is not on the beam, so
we select thefirgt root. The displacement at thislocation is

_1é > 5 3 u
y(5468) = =T 2(5468 4)°. 3(5.468) 13333(5.468)H

4645
Yma = Ty
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