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Wishbng to continue my study of steel construction, I decided
to analyze the roof structure of Berkey hall to determine if it

were adequate enough to carry the roof loars,

I wish at this time to express my gratitude to the Building
and Utilities Department of Michigan State College for the use of
their plans and svecifications, and to Mr, Shermer for his advice

and suggestions on this work,
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INTRODUCTICN

The roof of Berkey hall is supported by a system of stecl
rafters and trusses. The roof is composed of re-inforced g psum
slabs covered with roofing felt and slate., The gypsum slabs weigh
20 pounds per square foot, the roofing felt, according to snecifi-
cations, weighs %0 pounds per square, and the slate weighs 15
rounds per square foot. The total weight per square foot of the
roofing materials is 35,3 pourds, There are four tynecs of purlines
used in the roof framing. They are a 7"9.8 chamnel, a 8"11.5
channel, a 9"1%,.,4 channel, each with a 13x1:x3 angle welded to tle
back, and a 8B10 section, As the purlins are fastened to the rafters
with standard connections, there was no need to determine the type
of~oonnections to be used. The average weight per square foot of
roof surface of these purlins is 2.9 pounds, so I used an average
roof load of 38 pounds per square foot.

Using the value of 38 pounds per square of roof as the dead weight
Ifigured thke reactions for each length of purlin, For purlins framing
into valley rafters, I figured the loaded roof area as a trapezoid
with the purlin length as the average of the sum of the bases,

In analyzing tlhe members of the roof structure, I used tle Lansing
Building and Safety code, which was used in designirg the structure,
It cpecifies a maximum fiber stress in bending of 18,000 pounds pe r
square inch, a maximum shearing for steel beam webs of 12,000 pouncs

per square inch, amaximum tensile stress of 18,000 pourds per square

inch, a shearing stressof 13,500 pounds per square inch in rivets and

bolts,'a bearing stress on rivets in single shear of 24,000 pounds pe r



square inch, and a bearing stress on rivets in double shear of
30,000 pounds per square inch, It provides that when wind load

is used in figuring stressed <that all stresses shzll bte increased
331 /2%. The Lansing Building and Safety code also specifies that

the live load on a roof is to be figured as Z0 pounds per sguare
foot, and that the horizontal wind load is to be 20 pounds per

square foot. The live load and the wind load on the roof were figured

in the same manner as the dead load,

SCHEDULE OF PURLIN EirACTIONS

Length Area Dead Load LIve Load Wind Load
2 8.56 330 257 171
2.8 14,7 560 441 294
3.16 16.6 630 498 322
3.5 18.4 700 554 68
3.8 20 760 800 400
5.5 28.8 1090 864 576
7 25.7 956 756 S04
7 36,8 1400 1100 736
8 41.5 1580 1245 8730
9 47 1720 1420 844
9,25 48,5 1840 1460 970
10,5 55 2090 1650 1100
11 39.6 1500 1190 792
11 57.7 2190 1730 1154
11.5 6C.4 2300 1810 1208
11.58 60,7 2300 1821 1214
12 €3 2400 1880 126C
12,5 65.5 2490 1965 1710
13 68.3 2600 2050 1266
15 78.8 3000 2760 1575
16 84 3200 2520 1680
17 89.3 3400 2680 1786
19.5 102 3880 3060 2040

Q2 115 4760 2450 2300



As there are no secti:.n moduli fur charnels with 1:x1ix, angle
welded on the back given the 4.1.5.C. handbook, I had to figure the
section moduli of tlese 'murlins before I éould determine the stresss s.
They cre as follows:

aArea of channels 2,85 in:”: Area of angle = .69 In2.

1 I ," " =i I "o =4 ind
}r l Iy—y " no= .08 in4. xXory 2 .47 in,
: | x " " _ .55 in,
' Y » o 5.5 in.
x----}u----x |
‘ ¥122.85x5.54.69x.47/ 3.54:2.82 in,
: X = 2.85x.55+,69x.47+ 5,545 .55 in,
; L2 21.142.85x(.68)% .69x(2.35)" » 26.5 1n*
___i._. I,y* +984 2,65x.04+,14 ,69x1~ 1.92 in:
Y
Zy x = 26,3/2.8229,4in3
Zyy® 1.92/2.05 = .94 inS
|Y Area o® 8" channel= %,36 in%
I e " " e2.% in:
Ly " " 21,5 int
X " " = ,88 in,
X y " " =4 in,

y; 2 8.86x4 4 69x.47/4,052 3.4 in,

x1t5.56x.580.69x.47/4.05 8,56 in,

I,x® 32.3 114 5.56x.56+.69x(2.95)2=59,57 in%
IY~Y= 1'5‘5-56x.04'.69x(l.05)2~' 2.2 int

>
e

2x-x2 39.57/5.48 11,6 ind

i

Z,_§ 2.5/ 2,062 1.12 ind



Area of 9" channelz=3,.89 in%

—<

| . 4
l ILx" " =47,5 in,

| Ly " " T L8 in}
x " ". = (61 in,
y " = 4.5 in.

¥ 3.89x4,5 &.69xf47/4.56=5.95.n.

11‘5.89}(.61!: 69x.47/4.58=59 in,

I_® 47,3 & 146.89x.%6$.69(3.439 856.9 in-

Iy..y‘l.8+5.88x.04+.69(1.06)2.2.87 in?

Z® 56.9/5.9%14.5 in’

b
|
t
|
!

e e e e e e e
+
|
|
|
|}
>

7 - 2.87/2.0921.37 in>

Y Iy

Ag the wind load ras no component parallel to tke roof, it is onl y

necessary to determinethe stresses in the purlins due to the dead 1load
plus live load. This stress is determined by finding the muments due to
the loading in a normal direction and a parallel d irection to the rocof.
In the plane of the roof the sag rods act as supnorts for tre purlins
and the puriins act as beams between sag rods. The stress in the p rlih
is thus the sum of the stress due to the moment due to the loa d
component normal to the roof a nd the grecates t mome rt due to tre
load comconert parallcl to the rcof,

Stresses in the 8" channel

D.L.+L.L. 68x5,25x.707s252 # /ft,

M
lczszxe(ls-e)xlz,/z.-sl,oo;. in.lb,

Miow252x16x12/8¢6050 in,lb,

S291,000/11.6¢6050/1,12312 ,900 /in%



Stresses in the 8B10 section.
D.L.3LsLi2 68x5,25%,707x122 304 0F
Mi=5040x12x12/8=54,900 in. 1b,

M= 1010x4x12/8=6060 in,1b,
Se54,900/7.,79%6060/1,01=13 , 00 /in%

Stresses in the 9" channel,
D.L#L.Leos /et
th252x10x(22-10)x12/2=181,000 in.1b,
M= 252x16x12/826100 in,1b.

2
S=181,000/14.506100/1.57:16,Qsdt/in%
Stresses in the 7" channel,
D.L.t L.L.=252#/ft.
My= 252x5.4x(11.5-8.4)x12/2245,600 in.1b.
N&f252x16x12/8=61001n.1b.

25 ¢ ¥, o
5245,600/9,446100/,94=11,350 /in{
The sections are adequate.

The sag rods must take the component of the dezd load end live load
which is parallel to the roof. They must be des igned to carry the
largest possible load to come on any one of them, consequently I used
the sag rod at the peakin the wides t bay to deterrine the size of
sag rod necéssary in this build ing,

DeLetLoeLez40x4x68x,707277001bs.,

P=18,,00047700 A%3,144°/4
3
42,428 in® d=(44/5.14)% -
d=(1.712/3.14)"
d=.74 in,

To get an adequate cross-section at the rcot of the tireads, a

one inch diameter rod should be used,



The d ormer not being an integral part of

the roof I did not attempt to determine the
B

24900
t— 690
ht—F6 5

A r - Y | stress in its' members, but did determine

13ﬂ3 o' the effect of the dormer weight on the roof

'\355 ‘ﬁ members. For this purpose I assumed the weight
N

d the dormer roof to be 38 pouncs ver square

foot and the masonry walls to weigh 20 pourd s
per square foot, The wind load acts normelto the roof surface, but
due to the fact that the design load is given as a horizontal force
it has to be transposed into a force normal to thke rocf. Grinter in
Degign of Modern Stéel Structures pagel8l suggests the use of the
formala P, PQ/45 where P is the load in pounds per s quare foot on
a verticalsurface Pn is the load normal to the roof surfacein pounds
per square foot, and ® is thke angle of inclination in degrees. As
the angle of inclination of this roof is 45degrees, P, B 20 pound s
per square foot of roof surface. The dormer walls are made of masonry
covered with slate so the dead load is 40 pounds per square foot.
Dead load on dormer 6.5x6.5/2x40 6,5x3.52x3.8 1716
L.L. 6,56x%,52x70 690 b.L. L.L. 2400 D.L. L.L. 288 at valley encs.
Wind load on the dormer front is 340 pounds, as this load is horizontal
it has a component normal to the beam, this comporentis =2410#
W.L, on roof is 455# As the dead load of the dormer acting through its !
center of mass 1s roughly equivalent to the actual loud on the beam, I
used this load in determining the bending moment in the beam, which is an

8"11.5 channel,
D .Ls&L.L.

11Rb =2400x%#680x3 . 75 +968x7 . 55+268x9, 75 =19, 650
Rb21790 Ra = 4336-179022545
Uz2546x34146x.65¢7733 f£t.1b,

EXSTROXERNZ 27755x12/18 ,00025,15 Ind

(3



B Dormer beam continuecd:

DeLoriL.L.#W.L.
11 Rb = 2686x% +820x3.65+1110x7 35! 300x9. 75222 , 282

Rbe2020 Ra34900-2020#2880

A7/ [/ [T Mz 2880x3#200x 6528770 ft.1b.

Z»8770x12/24,00024 .37 in°
The be ams that support the wa3d and roof of the dormer fra mes

into purlins that act as beams carrying the end reactionsof the cormer

beams,

D,L.tL.L. upper beam

Roof load=54.6x68a.707/1322C2#/ft.

My=(1250x3.84202x169/8)12:108,00¢ in,.lb.

Mp2 202x16x12/824848 in.lb.

S=108,000/11.6*4848/1.12315,600#/1n€

RRa:Rb=1250f202x15/2=2565 13 ft.span, Ra®Rb=12508202x11/22263 11 ft.

D.L.#3L.L#W.L. upper beam

D,L#%L.L.2156#/ft. DoLo+iL.Lo+W.L.3240#/Ft,

M;:1425x3,86240x169/8210475 ft.1b,

M2 156x16 x12/833740 in,1b S=10,745x12/11.606750/1.12814,OQO#/in%

Ra=Rb=1425+240x13/2-2995# 13ft. svan,Ra=Rb=-1425#240x11/2=2750¢# 11Tt.s pan,

D,L# L.L. lower beam,

Roof load=83,35x68x.707/132123#/f't,

MI{1800x3,8 122x.69/8) x12¢115,000 in.lb, My2( 128x27,6/8)x12¢5100 in.1b,

S2115,000#5100 =13,550 #/in?
11.6 1.12

Re" R b=18001123x13/2226004 13 ft. span. Rarhbclaooolszli/2t2475 11ft.



DLt .odbigue 1oier beaa

DeLob=LoleBO6E/ft. ¥.0Lo® Lobe®i Les147( /T,

i =(2040x7..B+147x163/8)x12=37C, 500 1n.lb,

857 96x1¢x12/432. 0T in.1b, 32130,500/11.652 CO/l.R*lI"-,SOOé‘/in%
RaTHb220404147x13,/225268  13ft. s:un

Ra® Eb=0040+147x11/7 11 ft. 8 pan



In this rcof structure tnere are sever:l rafters which zct as
beams spanning the distanc.e fror the eave to the ridge, suprorting
the rocfing material, In the north end on the north side thire are
two rafiers sunvorting a section of the foof and half of one
dormer lcad, and two supporting one dormer load, these are designated
by me as N-2 and N-2 resoective’y. In the northend tlere ere a 1s o
two rafters suovorting the s~uth side of th= rcof, these are dcsignuated
by me as N-3, The vaelley rafters where tke main north and south rcof
frames into the east and west rcof on the north end are des igna ie d
by me as N4,

Vhere the main east and west roof frames into the main rorth and
south roof there =re two rafiecrs at the north side each carrying a
section of roof and one half of one dormer load, which a re desigr-ted
by me as M-l, On the south side of this inters._ciion there arefour
rafters, iwo of which carry a section of roof and one half of a dermer
load, and two of which carry a section of rcof nlus the‘rea ction
from the load carried by the valley raf'er on the ~outh sid=2, thr-e
are Accigrated by ne osM-2 and KE-3 respectively., The valley rafter
on the nortl is designuted as M-& -4, and the valley rafter on the
south is designated as M-6, This :tructure is supported nea r tie
peak by two trusses, truss T-1 suprorts the valley on the north and
truss T-2 su»ooris the valley on the north,

The valley rafter at the east end where the ma ir eas t and wcst
roof frames into the north and south roof on the east end I have
des ignutedas E-1, On the east side of this roof are fowr raft-rs, two
of which carry a scction of roof and one hz1lf a dormer load and iwo
of which carry one dormer load . Ihave designated these rafiers £-2

and E-3 respectively.



The rafters N-1, N-2, M-1, -2, and H-3 zre all the same lerg:ih

and cross-section, N-=1l is the most heavily loaded of these fafters
and has the greatest moment, so I analyzed N-1 and figuwred the reactions
for N-2, M-1, ¥-2, and M-Z and noted these r-acti.ns with tre analy<is
of N-4, as Ineed these reactions to analyze the ridgcs and trusses
supporting the several rafte rs .

The rafters E-2 and E-Z a~e of the same length and croas-section
but E-2 is more h-avily loaded, 8 o I analyzed E-2 and figurcd the
reaction of -3 and noted it with analysis of E-Z, as I need this

rcaction to analyze the ridge,

Rafter N-%
D.L. 3,75RB31310x 5.2 4156 0x 1" .5 M350~ 15 ,75257,700
Eb=2760# Vert.=3200#
{22760 x3+960x5.26=1%,250 ft.1b.
L.L. 18.75Rb=1030x5.25412.25x10,5#1170815.752%6 ,0/.0
Rbs192(# Vert.c2710#
He1520x A #790%5.2529910 £t.1b,
Wol, 18.75Rb=97725,25+1146x10,541273x15.75 = 23,340
Rb220404# Vert.=1440#
M=22040x3 #702x5.2529820 ft.1b,

D.L.+L.L. WM=23,260 £t.1b, 2 227,260x12/18,CC0%15.5 in>

D.L.t3L.L4W,L . M=28,120 ft.1b., Z=8,120x12/24,000814 in>
Rafier N-1
D,L.#.L. 31.25 Rbs4493x2#653x7 .25#2653x12 ,5+4398x17,755320,560
Rb=10,250#  Vert.=14,500¢
Wz10,250x3+6710x5 .25/ 5170x5,25262,70C £t.1b.

2282,700x12/18,0002551n>

10



B.L.+3L,L.+W,L. 31,25Rb=4200Ux2¢3118x7,2504015x17.75
B 44221x2344251x28.25 7359, 700

=1150C# Ve rt.s16,250¢

M=11,5C00x3 #7269::5, 25 $8(Z8x5,25288,500 ft.1b.

2=83,500x12/24 ,000=44 ins

Rafter N4

D.L. Rb=762x2.8+1350x9,1#5,000x15.4#1280x21.7¢5,00Cx28

#1110x34,52295,250 -
- Rb=7880#* Vert .=9850¢
L.L. 38Rb=600x2,.8+1070 x9,1+3680x15.4+1000x21,7¢5980x28#880x74,3 #231,420
Rb=6lo0#  Vert.=7650#
W.L, #8Rb=500x2.86892x9,14#2470x15.4#839x21,7#2275x2 .8 ¥84x34,%-147,400
Rb=3890#  Vert.=8100#
D.L&4L.L.  M=1%,980x3.6$12,000x6 .343020x6.5#149,250 ft.1b.
72149,250x12/18,0008991n%
D.L. ¢ 3L.L.#W,L, M=14820x3.6 H2540x6,3¢5170x6 .3 +650x6.3 155,000 ft.1b.
2:155,000x12/24,,000477,7in%
DeLeblele S #1%,980/2,98 34 ,700¢ /in%
D.L.#4L.LaW.L. S, ® 14,820/2.9834,960#/1112.
Reactions of N-2,H-1,M-%,M-2 at point where the frame into
ridge or truss, .
N-2:D,L.*L.L.12,300# D.L.+3L.L.+¥,L.=15,000#
M-1: D.L#L.L.*13,000# D.La# iL, L#W,L.%5,500
M-3: PEE¥ BRI 4756# D.L.54750 L.L.23750 W.L.~2160

M-2 D.L.#L.L&a9900 DQLO"%'LtLo+w .L.213 ,300#



D.L. 38,9 Eb=R64x2,8+878x9.1 H450x15,4 +1990x21.7
# 2560x2843100x24,3%251 ,444

. Rb#8450#

M26450x4 ,5 #6350x6 .3 #790x6 . 5355 ,000ft. 1b.
L.L. 38,9Rb=205%2,8#690x9,1#135x15,4 #1510x21,7
#+2020x28+2450x34 ,%=197,655

\ / | Rbs 52604

3?,&5'/* M-8200x4 .5#2650x6 .3$6350x6 . 324%,000 ft.1lb.

W.L. 3$8.9Rba71x2.84676x9,1+944x15,4+1310x21.7 H1680x2842040x%4,.5-165,620
Rb=4250#
M=4250x4,5t2210x6 , 3#630x6.3236,380 ft,.1b.
D.L#L.L.: M282,440  2882,440x12/18,000%6 in3
D.L#3L.L.#W, L, M=87,025 ft.1b., Z<87,025x12/24,000%43,5 in)
The reactions at 2 being necessary to determine the ¥# load on trus s
T-2 I found them as follows:
D.L# L.L.& ¥,388,9 R,-469x2,8 - 1565x9.1 - 2665x15.4 - 3500x21.7-
&580x28 - 5550x34.5 - 82,45030
38.9 Roe531,544
R, =13,650#
Z Mg =8,1R,-1116x4-82,450=0
8.1 R;=86,914
R;=10,750 Total-=24,400¢ Vert,t30,560 4
D.L.&%—L.LJ»‘I-‘.L.£M1¢58.9R2-757x2.8- 1794x9.1- 2941x15.4- 4055x21.7-
5250x28-6265x34 .3-94, 14520
38.9 R,=610,064
<15,650#
= Mg=8.1R,-1264x4-94,44520

8.1R5299,550
R,212,300#  Totals=27,9504 Vert.s30,900#

12



Rafter M-5 is situated the same as rafter ¥—4,?it is of a different
section so I hid to analyze it. I us ed the same method of analysis as
in M4, and found the reactions <n trussT-1 and taflerif-Z in the same
manner,

D,L, £3.41b=715x6.361270x12,.6¢1830x18,93255,000
Rbe2250#

422250x4.,5#520x8 .3 213,880 ft.lb,

L.L. 27.4Rb248,6x6.341000x]12,.6€1%25x18,9241,400
Rb=1765#
U=1765x4 .54#400x6 ,5220;270". £, 10,

W.,L, 23,4Rb=472x6,3+840x12,6+1200x18,923€,200
Rb=15507
M=1550x4 ,5#850x6 . X #0200 ft.1b,

D.L#L.L. M48,650 £t.1b. 2<18,650x12/18,000¢12,4in%

D.La3L.L#+W. L. M=R1,625 ft.1b. 2=21,635x12/24,000=10.8 in?.)
Reaction of M-§ on M-3

D.L# L.L.=21750# Vert.312507

D,L.#:L LMW, L.22045#  Vert.=2260#

Reaction of “¥—8 on truss T-1

D.L.*L.L.22760#. Vert 97004

DQLQ*'%LQLOH‘.L.=QOOO# Vert 0:10,2‘1’0#

13



N 5 § 5 Rafie~ E-1
N N
D.L. 28Rb2350x2.34&1035%9.111590x15.442245x21.7
A 8 = 83,620

Rb=22990Q¥ Vert.a3750#

L.L. 28Rb2276x2.84815x9.,1#1260x15,4#1695x21.7

W 264,574
] Eb=230(# Vert. 2880#

sxg40'"

W.L, R2B8Fb=229x2,.8#682x9,1#1049x15,4#415x21.7

253,690

Rb=1950# Vert.=1560%
D.L. L.L. M{5290x6.541745x6 ,544,%250 ft.1b,
7%44,%50x12/18,000s29.5 ino

D.L#3L.L4AW.L, ME5 M=6580x6,3#+2265x6.355,840 ft.1b.

3 8 W 72 55,840x12/24,000227,9 inS
R ; Rafter E-2
A 8 D,L#L.L., 24
) 24Rb=3180x24+1930x7,25#930x12 ,5¢4083x17,75%116,860

Rbz4875¢# Vert.:6900¢
o gro’d M=4875x6 .25 }792x5.25 24,450 ft.1lb.

cd
Z3%4,450x18/18, 000 ® 23 in

D.L.f%L.L.&W.L. 24Rb B685x242390x7 .25#R390x12 .5 ™625x%17,.752136,170
Rb=5660# Vert.=8,C00#
M=25660x6,254+10635x5,25=40,850 ft.1lb,

2:40,850x12/24,000220.4 in

The vertical reaction of rufter E-3 at the ridzce is 67C0¢ D.L.+L.L.

and 7900# D.L. f'}LoLo"woLo



The main east and west roof ends in a gable on
the eas t end, The roof at this end is supvorted

by an 8WF17 section. T!is section is used because

>

N

2

g

A

> 3
S\

there is an air duct at this end, and the section

,y“' gives clearanceto the duct and adequate support

&
.Q 4o the roof.

D.L.*L.L. 19.2Ra22150x3.34%150x8.55$42150x13,8#55,200

Ra#2860#
M22860x5 , 256 710x5 .25#18,630 £t.1b.
2+18,650x12/18,000-12.4 in>
D.L#AL.LoW.L. 19,2 Ra=2568x3,5¢2568x8.5562568x1%.8265 ,890
Ra =2830¢
M*2850x5, 2548555 . 25222 ,340 t.1b.,
7+22.340x12/24,000:11.1 ino
Shear inrafter: D L.+ L.L. S -5590/1.69-2150#/1n?
D.LALL.LaW.L. S:4294/169-25404/in%

Ridge on east end.

710 :
8§00 3 D.L.L.L.2357#/ft. D L.4LL.LW.L,%3504/¢t.
q/ Mas onry load ®144#/ft.
. g
A D.Le+L.L. 25Rb36900x1284000x18.1#357x18.1x 9
& A
'k'fb" +144x6 ,9x21.552234,000
zuk\"t‘_‘ﬁ 7400 Rb=°400 Ra=18%55-2400=8250
- 3
y “3' "ol 2=(9400+610C%144/2) /18,000=58 in>
p A D.L.#3L.L&%.L. 25Rb28,000x12#8990x18,1#230x18.1x9
Shear on rafter: +995x2155= 245,150
D.L.‘L.LO . 2
S_s 9400/2.7¢3500#/in% Rb=9800

DLiL (LML,

Sq #9800/2,7= 5640#/1112. Z =(980015830x144/2) /24 ,000247 in®



Section E-E is shown in plate 10 . I analyzed it as follows:
D.L.*tL.L.
17.75Rb=3180x2 W 930x7,2541930x12 .5%44,300
Rb22500#
M 22500x5,25#570x5,25 16,000 ft.1b,

DuLo#+:L.L.HW, L.

17.75 Rb=3685x22590x7,25+2390x12,554,670
Rba3080#
M: 3080x5 ,256690x5 .25 219,820 £t.1b.
D.L.#L.L.
\ — 2,>6.,25R,-11,8000 ZM,26,25R;~1180020
H,700"" Ry? 1900¢ R,=-1900¢#
ZU,=17,75R,-5180x2~ 1950x7,25-1950x12.5-11,800:0

17 .7532: 56,100
R=5160 Totale9145# Hel3,000#

Value of 2 angl es 2x2'x;=29,500# in compression.

DoLet L. Lo+W . Lo ZNp=6.25R5 14, 70020 £14,26 2582 -14,700=0
Ry 228504 R,=2350#
ZMg=17.75Ry-3685x2-2390x7,25-2330x12,5-14,700-0
R,25900# Total310875# H<e15,400¢

Value of 2 anglss 4x4x;252,750# in compression,

The load on the angle in this section is 7,2254. The value of one
bolt in shear is 5950# and in bearing, single shear, it is 6750#. As
there are nine bolts and the load may be assumed to be applied to each
equally it is obvious that no bolt is overstressed, The size a nd
nunber of bolts was determined by the bond betw:sen the bolts and the
masonry,



The main roof triss I analyced as a %
span continuous beam sunnorterd at the o.nel
points. I found the reictions at the nanel
nointe in the same manner as in rafter M-5
and used these reactions as loacds on tle
roof.,

)

Do LepL.Le 15 ft. span
Myr1160x26x17,/45021140 £t ;lb .
M,=2080x7.25x7.75x22.25/45055880 ft.1b.
M2¢2525x12.5x25x27.5/450=48'50 ft.1b.

D.L#1L.L.#V.L, 15 £t. span

M= 1386326x17/450=1365 ft.1b.

H2= 2485x7,25x7,75x22.25/8506850 ft.1lb,

M_® 3012x12 ,5x2 .5x27.,5/45086765 ft.1b.

4
D.L#L.L. center span
Mzt 2970x2,75x81/139 %700 ft.1b. Mss 2970x7.55x9/139 21450 ft,1b,
M2=5410x8114 .4/129:2825 ft.1b, M3 23410x64x%, 8/159 25960 ft.1b,
Total = 7525 ft.lb. Total #7410

D.Le#3L.L.#.L, centerspan

M2:5547X2 .75x81/139=5625 ft.1lb. Mz23647x7, 55x9/13931730 ftllb.

M2: 4077x8x14,.4/1393338Q ft.1b. Mz® 4077x64x3.8/17957140 ft.1b.
TotaleS000 ft.1b, Total = 8880 ft.1lb.

D.L#L.L. end span D.L.+iL.L.tW.L. end span

M2= 3850x15.2x22,3/27824700 ft.1b. Ms'—4597x15 .2x22,%/27826115 ft.1b.

MS: 4155x55.2x1705/278 %8960 ft.1b, Mg=24965x35.2x17,08/278 20,720 ft.1b,
Total=13,660 ft.1lb. Tota 116,835 ft.lb.

D.L.#L.L. Z=10,110x12/18,00026, 754>

D.L&L.Lo+i.LZ:12,000x12,/24 00056 .05 1n>

Vertical recactions used as loads on the truss.

D’L. L L.
R1=1480# R 11654 W.L, normal to the roof
R,=5500/ . R1$4550¢ Ry =1025#
271504 , 52‘5065#
) 14854 F3 5800/ Koe 57404
4 4= 12504 RS, _ o



Frame "D" is made similarly to the main roof truss and I analyzed

it in the same way.

» L]

D.L#L.L.

M, -1235x21x14,5/51231200f t . 1b,

M,¢1880x2,25x5.25x19.75/31234525 ft.1b.

D,L.iL.L. W,L.
M;31750x21x14.5,/512 21700 ft.1b.

"2’ 1979x2 .25x5.R6x19,7524767 ft. 1b.

Z24160x12/18,00022,77in° D.L.+L.L.

3

2=4685x 12/24,0002.34 in, D, L4 3L L4 TeLe

Reactig%s used as loads

D.L.
R 21190#
R, 2000¢

R,=-900#

L.L.
R,=920¢
#.7 1700
Ry “-740#

Shearing stresses in the beam

W.L.
R® 6357

R~ 1008#
Rg-406#

D.L.+L.L, S=11,500/2.12=54OQ§‘/111€ D.L. # 3L L.#¥.L. S12884/2,12:6000#/1in%

Detatl "s-A" is used as the base for the rafters and the main truss.

&

N4

The loads cn this section that I used in

analyZzingit are the greatest that I figured

8wi
Y &

15x12 ¥ % Base F/1:

as coming on the section.

D.L.+L.L, 324,403

DoLupiL.L.#W,L. 225 ,476#

According to the lansing Building and Safety

node, if the web of a girder or beamis 60

times its' thickness or greater, the allowa ble

8,000

Shearing stress is to be determinedby the formula; ly _ 4~  in which

18
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h is the Aistance between the flangesand t is the thickness of the web
In this section h is 7.134" , t is .233" 60t is17.28" . The allowable
shearing #&# stress in beams where the height does not exceed 60t is
12,0004 /in%

The allowable load on this sectiorn is 12,000x7.,1%ix,288 or
24,600 pounds. The section is not overstressed.

The rafter is welded to the 8iiFZ1 section and the section is welded -
to the base plate. The necessary lergth of weld is24,400x.707/50CCx 425
or 13.8 inches. The welds are longer thun this, so the& a re not ofer-
stressed,

Check base plates
Bearing value of tase plate=24,400/1803136#/In] D.L.+L.L.
M=136x2x1s272 in.1lb./in.
v(em/bf% = (6x272/18,0u0)%=.301"
Bearing value of base plate= 25,476/180:142#/1n€ D.L4%L. L.#W.L.
M=142x2x1-284 in.lb./in,
tz(GM/bf)%=(61284/24,000)%=.508" A3/8" ba se plate is necessary
for this plate,
 Bheck bolts: D.L.#L.L. on each bolt=24,400/4=6100#
Shear=6160/.44 #15, 850#/in% Be aring=610C/.28s21,800# /1n£:
DoL.#5L.L.#Hi. L. on each bolt=6400#
Shear=64oo/.44=14,ecoﬁ'/inz. Bearing 640@/.28:25,0;0#/1&'

The bolts are not overstressed,

19
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Atthe intersection of tle two main roos there are

four ridges carrying the roof bteiween the ncar-st truss

, | and the inters~-tion of the valley rafters. These ridges
42,788 ,
are the same length and cross-section and ca rry the

same load,

D.L. D'LO*LOL'
5.8 Rb=750x1.9 =43,400 in,1b.
Rb=250# Ea=500¢

L.L'

2=4%,400,/18,00022.4 in®

D.La#3L.L#W,L,
5.8 Kb=645x1,9
M=42,780 in,1b.
Rb=215# Ra=430# z
Z=42,75C/24,0C0#1,79 in%
W.L.
Shear in beams:

5.8 Rb=300x1.9
D.L.+L0L0

Rb=100# HKa=20(#
S:950/.655=1420#/in%
DL 3L.L.HW,L .

S:915/.655=140L#/In?

A 6Jr 4,4 section should be used for this ridge.

20



Ag Ridge at thke north end

50 DsL#L.L.2204#/ft/
D.La zLeLotW L,=1807 /FT,

lklco\‘ 13,25

D.L.#L.L. Ra=21,100x15.25/:.8.254204x28.25/2=14,20C#

21300001 |
Rb=26800-14,200 4.2 ,600#
M={14,200411,550)2)x13x12=2,010000 in,1b.
2=2,010,000/18,000=112 in,
D.Lafuebet s L. S hear
Ra=22,950x15.25/28.25+130x28.25/2 914 ,850# D.L.+L.L.
Rb=28,050-14,850-13,250# 5%14,200/7#2028¢ /in%
M=z(14,850 11,510/2) x13x1-2=2,120,000 in.,1b, D.L4#AL.L.#W.L.
Z=2,120,000/24,000-89 inS S« 14,850/7-212]#/in2.

The center ridge on the north end is the same as the center ridge
on the east end, It is more heavily loaded with vertical loa ds but
the sag rod# loads are the same, I analyzedthis ridge the same as I
did the purlins, using dead load plus live load and combining the strcsses
in the horizonteland vertical direction.

D.L=114#/ft. L.L.F9CH/ft.
M2114(11.58)%#12/8  M#90(11.58)%x12/8
4z23,0004n.1b, M«18,000 in,1b.
B.L4 L.L. S=41,000/74.1212004/1n"

Sag rod loads D,L.t*L.L.

Pz22x ,707x20x2042x , T07x38x20+202xZ,89 H12%x3 ,89/2=15954

i1=1595x3,97x12=75,000 in.1b.
8=73,000/5,1<14 , 200#/1n% Total stress=15,500¢/in"

Loads on north end column: D .L *L L.=46,170#
Do Lot ZLeLePT, L.o47 ,658

Golumn va lues136,500#

Loads on east end column: D.L. + L.La¥,L.»~ 97007/
211 oLe# zL.Le*W.L.=11,700# column veluesl04,500¢



Tre main roof truss is srown in Plute 1. The analy-is of ivs!
members is based on tle loads tsbulated tlrere.

member 1-2, & 12 WF27 section, wiich acts as a colurn s u.rortiig
the truss, is the most highly stressed..As it is tle lorgest membe r
of this cross-section in this trus:, if it is not cvers tressed the
other, similar, members will not be overstressed, The allowable leca 4

3,00CA

on this section is determined by the formula P:lf L .
18,000r

in which P is the allowable loed in pounds, L is the ursus orted
lergth in inches, A is the cross—sectional area of the section in
square inches, and r is the least radius of gyration of the
member. In thLis member P= 15,00:x7,97/1s(180)%/18,000x(1.44)% =
76,700# . The member is not overst:essed.

iemberUgL, is made up of 8argles 33xR3xg. Its ' value is 25,000f
compresaion, It is fastenedto the cther members by a gusset pla te
with 7 inch bolts. The vélue of one bolt in shear is 1%,500x.44=
5950f . The number of bolts needed is 9000/5950= 1.5. As the minimum
number of bolts used is three, the bolts will not shear. The value of
one bolt in bearing in single =hear is 24,000x;x2,/8=67507, tlierefore
the joint will not fail. As this member is not in tension, the net a rea
of the gusset plate need not be figured,

Member U;Lu is made up of 2 angles2hx2ﬂx%and is in tension its!
value in tension is 43,000# . It has loads of 1%,C0C (D.L.sL.L.)
and 15,0004 (D.Le#L.Le+W.L.), It is not overstressed. ..s neither
of these loads is more than three times the value of one bolt, the
bolts will hold the loads., The net width required is 17,000x8/18,CCCx%
= 1.92", As there has to be an edze distance éf 1:" on each sice of

the bolis, the net width has to be 3-Z/8 inches.



The lower clord is in tension, it is a 6B15.5 sectionand its’

value is £%Z,0007 in tension, it is not overstressed.

Frame "D" is similar to the main truss (see Platef) excent that
its' ## urver chord is altliF21 section whose value is 64,C00%, its !
load is 2%,00#C so it is not overstressed, The lower chord is a
6B15.5 section witha value of 8%,000# in tension,

MemberUsL4 is nede up of 2 angles 2'x2ixgy it has compres.ive o
loads of 40C¢# (D.L.+L.L.) and 40787 (D.L.#:o.Le#%.Le), 43 both of
thes e leads are les: than the value of one bolt, the three tolts
will kold the memter,

Menter U4L4 is made up of 2 angles2'x2:x;, it has tensile locads
of 5800¢ (D.L.4L.L.)and 5900# (DeLe42L.Les%.L.). It has a value of
42,900# tension, therefore it is not overstressedand the three bolt
minimumwillhold the loads. The loads are so smsll tha t the minimum
width of 3-%/8 inches for the gusset plate controls in selecting

a gusset plate.

' Frames "b" and "E1" are similar. The members are rade up of
2 angles Zﬁxiﬁxﬁ « The value of the longcst m-mber in bothe frames
in compression is 14,2007, the value of a member in tension is
3%,800#, as none of the mewbters have lcads of this mugnitude threy
will not fail. The three bolt minimm and the minimum vidth #dth
of gusset rlate will take theloads that come upon the structure.

Frame "C" is made up of memters which are 2 angles £3x27%:.
The longest membe r is 7.75 feeé long, its' value is 11,600+ in
compression,,it is not overstressedwith a 1 oad of 900(#(L.L.+L.L.)
The value of the tension members is 8B,800#, they are not overs tres-ce
sed. The tlree bolt minimum and the adnimum width of 3-3/8 incles

for the gusset plate take care of the loads.






Trusses T-1 and T-2 are the same except thal members U2L5 a nd U5L3
are heavier in truss T-2. 411 members in T-2 are more heavily loaded
than in T-1 so I will use the loads on the memlers of T-2 in &nalyzing
the truss., The gusset plates used throughout this truss are ;" thick
and the members are bolted into it with 3" bolis . The value of one
bolt in bearing in single sh.ar is £4,C00xix3— 9000#.

Herber UpL, is in compres-ion, its' value is 49,5004, it has loads
of 48,953# (D.L.4L.L.) and 50,106# (D.L.#zL.L.+0.L.),
No. of bolts neede d to resist shear: 48,953/5350 8,25
No of bolts needed for bearings: 48,952/000C= 5,45 Nine bolts shorld
be used in tkis joint.

idember Ugl.; Value: 42,5074 Loads: 3%,290# (D.L.sL.L.), 44,25C#
(DeLe#3L.Les.Ls). No, of bolis to resist shear: 3%,290/5950= 5.6
No. of bolts for bearings 3%,290/9000= 3.7 Six bolts should be used
in this joint,

derber U2U5, valueld9,00(# is not overctressed with 147,5C0#
(DeLesiL.L.#W.L.), As it is the longest unsupported section of the
upper ckord und also the heaviest loaded, the otier memvters of
the truss with cross-section are not cverstressed either, It is
a continuous member so there are nc joints to analyze, Memter L213
which is of the same cross-section is in tension, Its' value in
tension is 207,000#, As it bas the same loading as U2U$ it is not
overstress=d, and as it is continuous there are no joints to
analyze.

Member U;L,; value: 103,0C0# tension Load: 80,0004 (D.LesL.L.)

82,500# (D.L.#3L.L.#W.Le), No, of bolts neededto resist s hear=
80,000/5950-13.4. No. of bol*s needed in bearing=80,000/2000=8.9
14 bolts should be used, Net width- 80,000-18,C00xixb, b=8,9"

Gross width should be 9,775".



Member U,Ly; value 96,000 tension; loads:91,000¢ (D.L.gL.L.)
93,000# (D.L.33L.L.#W.L.), No.,ofbolts to resist sheer:91,000/5950=15.3
Nos ©of bolts need ed in bearing: 91,000/9000= 10,1 sSixteen bolts
should be used. Net width= 91,000x2/18,000~10,1" Gross width should
be 11",

In trussT-1, members U2L5 and USLS vere made liglter tian the same
members in truss T-2 due to their lighter loads.

Member UzL,; value: 22,800# compression; louds: 20,605 (DeLesL.L.)
and 20,900 (D.L.43L.L.sW,.L.).
No. of bolts required to resist shear: 20,895/5950=3,5
No. of bolts needed in bearing: 20,695/9000- 2.% Four bolts should
be used,

Member U Lg; value:61,000¢ tension; loads: 46,00(# (D.L.sL.L.)
and 60,000# (D.L.sL.L.4¥.L.),
NO. of bolts required to resist shear: 60,0C0/5950=10,1
No. of bolts needed in bearing: 60,000/9000=6,7 Eleven bolts should
be used. Net width:60,000x2/1 8,000=6,7" Gross width ef the guss t
plate should be 7.5"

Truss T-3 (Plate 7) carries the ends of the purlins on the main
north and south roof,

dember UpU,; values 24,700 @empression; loads 8600# (D.L.+LL.)
and 93C0# (D.Le43LeLe4W.Lo), A8 neither of these loads are greuter
than three times the value of one btolt in sh:ar or bearing, the
threebolt minimum will hold the member,

Member U;L,; value 17,5007 compression; loads: 1400# (DeL.+L.L.)
and 1700# (DoL.#3L.L.#%,L.), The three bolt minimum will hold this

member as well as member U,L, , which has a load of 2400f(D.L. +L.L.)

2
and 29004 (D.L.#3L.L.#W.L.),

Member Lol s value: 28,200# tension; loads: 8600#(D.L.sL.L.)

25
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and 10,400¢(C.Le#iL.Le#¥.L,), The three bolt minimum will hold
this member in rivet shear and be aring, Net width: 8600x8/18,00(x3=
1.275". Due to the necessity of having al: edge Aistance at each
side of the balts the gusset plate has to be at least 2-3/8 incles
wide,

Member Ugly; vulues 61,000r tension, it is loaded the same as
member LOLl' The three bolt minimum will kecld the mecmber, and the
gusset vlate has to be at least 3-3/8 incles wide.

The wind bracing diagonals take only tension, the value of the
members is 19,100f, as there are no diagonals loaded this high, the
diagonals are adequate, The struts in the wind bracing have a value
of 18,730# compression, as mo struts are loaded this high, the
struts are adequzate. The three bolt minimum in the gusset plate is

sufficient to hold the members,






COHGLUSION

The roof structure of this building is adecquate for suprorting
the load that is upon it, It will be noticed that most of the
members are understressed, This is due to the fact that the framing

was designed to carry a metal lath and vlaster ceiling. 4s I was

analyzing the roof structure with reference only to the roof loads,
most of the members are not cariying as much lo:d a:s they are
capable of carrying.

Azcording to the Lansing Building and safety code, tkis build-
ing is classified as class D, and the metal lath :nd plaster
ceiling on the trusses and pur’ins is not necessary for fire-
proofing in this type of building, Therefore I did not consider
the ceiling load in analyzing the roof structure, However, I
believe the members would be able to carry the ceiling if it were

apvlied,
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