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> F,=0 C? =A% +B? —2ABcosy n( radians ) =180°
ZF -0 A _ B _ C _—bi\/b2—4ac
Y sina  sing  siny X= 2a
i 0]
> M=0 sm49=ﬁ y=mx+b
F, =Fcosé cosazA m=J2" %
H Xp =%
F, =Fsing tané?:9 X= Z(xA)
A 2A
F=/F2+F’ p=2ar = Q, =XA= XA
i=1
F 2 v
tang = - A:ﬂfzzﬂd }7=M
F, 4 ZA
M = Fd A=W 1=t-d Q. =VA=Y VA
i=1
g:9.81r%2 V=W-h-l=A-l I =1 +Ad?
s(t)=v(0)t + %at? F =mg =21, +>Ad?
av r= L d, =%-X
dx A
am _ —V% d, =y-y
dx =V X = W y=Y—Y
_N _kg-ry _
_ i—1Ib -_kiV
1kPa=1,000 Pa psi Aﬂz ksi="7 ,
—1kN in— in =
1kPa=1 Az 1kip=1000Ib 12in =1 ft
1 MPa =10° Pa 1GPa =10° Pa 1 m=1000 mm
¢ _P _ultimate )
A ~ " allowable L
AT A A td
f :E:E fV:T:T_p f:éE
A W J L
My VQ P
f,=—= fv—ave:_ vV A A
Y I Ib 2A
I PL
S=— f = — o=——
c vmax = o p for a rectangle AE
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f o Me _M forex = = —— foran|beam o =a(4T)L
| S A\Neb twd
M
Sreq ZF_b gy :gz :—!JEfX ET :a(AT)
w=A W= W= A
wl w3
nFconnecmr > VQconnIectedarea . MlLl +2M 2('—1 + L2)+ M3L2 =- 14L1 _%
M,L +2M, (L + L, )+ M,L, ==> R (n, —nd )-SR, L2(n, —nf)
V;Q PP PP
Vlongitudial = TTAX V= T f =7=G- L
B T B TL 3 TL
Fmax = ab? ¢ c,ab’G T
T b= TL 3 Tt
"X 1 ab? 1 ab®G "X 1y sht?
T TL S, TL
o =l >, /= emy
%:% A= HM(X)dx 2n=b+3
12D + 16(L, or SorR) +
R, =Py +Pyyp <P, 14D (L(orr 05W) )
12D + 10W + L +
L. =Kl 12D + 16L +05(L, or SorR) 05(L, or S or R)
an| ’EA | AISC - ASD: | 127°E
cor 2 L R / > C F = cr =
e ( /) R, < %2 " FS. 23(K/)2
Kl
(L /) c F, r=e Ta 2C2 |FS.
3
P = FoA L. '—%
P Mc n—oery /
£ =0 M FS.=8{+3r 1|t
3 /8 8
Al Q =1.67 (bending) Ce C
Q =1.67 (beam shear P,
fa+%31.o ( ) sp 20 P 9 N MM <1.0
a b Q) =2.00 (bolt shear) | "° " / / e
Q =2.00 (weld shear) P, M
fmax E+Mly+M : ¢P 2:2PP + MMX +M y <1.0
A I I Q =1.50 (bearing) ¢n %) ”%2 ”VQ
f

Q =1.67 (compression)
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ACI-318: _ A, _A
A f, =0.85f ba 0.85f1 "~ b
< = -8 '
M, <oM, ﬂfy(d 4) min;pgz?"/f_‘:(bd), not IessthanAszﬁ(bd)
$=0.9 fy fy
6./f’ 3 f
. M, T, min: A = ‘/_C(bwd), not less than A, = ‘/—°(bfd)
bd? f, f
slab (<60):
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slab (60): A, =0.0018b(t or h)

V, <V, +V, ¢=0.75

one-way: V, = 2\/f_c'bwd

_MCV
v, ="V

(c):1, = ———X <0.0003d,F,
Ji

E, =w'°33,/f/
. dey
two-way: V, =4./f/b,d E, =57,000,/f; HO: o= g 5
dh —
f.

>#6: 1, :db%o =

S o tied: ¢,P, =¢,(0.8P,) 4, =0.65 P, =0.85f/(A, —A)+ f,A,
P .
qu = Au\ Splral: ¢an = ¢c(085po) ¢C = 075 qnet = qallowable_hf (7(: _75 )
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zBY, $, =0.65
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2N 4 7 7 7
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Ivlovenurning sliding v v 2
Wood: ,
F'=C,C\,Cr ... xXF .y uiated Kee = 0.3 sawn, 0.418 glulam P, =FA

Fc' = Fc*Cp = (FCCD )Cp
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KeE
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AISC-LRFD: ¢ =0.9

M, <¢M, =09F,Z

I\/Iult = Mp = fyszl = fyZ

2
Lp :1_76ry E Mmax _ WequivalentL
V Fy 8

V, <¢,(0.6F,A,) ¢, =10 |

> 4oobig I

reqd = A trial e (K%)z

£ 7°E

Pu = ¢c I:crAg ¢c =0.90

F,>044F, F,

Fy
= [o.asa : }Fy

P =(N+25k)F,t =1.0
e = Fobe ¢ F,<044F, F, =0877F,
I:)n(max—interior) :(N +5k)watw ¢ :10
R, <#F A ¢ =09 M
HA 4 Roso: b 8 Mo My | g
R, <¢F,A ¢ =075 ¢.P, P 9 aM, 4M,
R, <$0.6F Tl ¢=0.75
! M
M R <0.2: R + M., +—>_1<1.0
Cm:0.6—0.4[ %A) ¢.P, 26.P, (4Mn  aM,,
2
S . C . B ?EA
=A — +tZ— =—0 < el =
A=Ay = A aithores 4q 1 1-(P,/P,) 1 (K%)E
Ae = AnU Ru S¢(0'6|:u'6\w_f_UbsFu'Ant SO'6|:y'6‘gv_'_UbsFuAnt) ¢=O75
Masonry: _ fab(kd) f_bd? jk
plain: F, =% f/ Afs=—— My ==
plain: FV:3.0\/f—n§ when M/(Vd) > 0.25

F, =15, f, <120psi

Fy=2.0,/f/ when M(Vd) > 1.0

I/

1 M 7|, a4 P
R +F, Fim = EK4.0—1.75(V ; n\/ﬂ }o.zsx F - O_S(AVFsdj
AnS
h
f,—f, <F ’ P, =[0.25f'A +0.65A,F.]1-
,—f. <F hr<99 P, =[0.25F/A A, { (140r”
70r )’
fo+rf<F hr>99 P =[0.25F'A +O.65&th( o ]
e, =M h'/r <99 F, =0.25f 1—(ljz B> 99 F, =0.25¢ 1O 2
toP : " \140r 2 "




ARCH 614

Final Examination

Reference Diagrams

S2013abn

Support or Connection Reaction /_
g g j / -

Rollers Rocker Frictionless t

surface
=2 N | 2 25%
Short cable Short link
Frictionless pin Rough surface I 75%
or hinge
- 25%
Fixed support

Reference Beam Diagrams

SYMMETRICALLY PLACED

9. SIMPLE BEAM—TWO EQUAL CONCENTRATED LOADS

R4

v,[ ]

-

I Total Equiv. Uniformload . . . . . = 8_;’:
<—x$| P P
R=V o e oe w Ge & e e et e P
R R
a- M max.(between Ioads) e o o s ¢ = Pa
? ””l Mx (whenx<a) e« o o o = Px
sh ‘l'
T | I I I I Y Amax. (at center) i = —2% (312 —4az2)
Minex Ax (when x < a) - ?PEXT (3/a—3az —x2)
Moment Ax (when x> aand < (I—a)) P —GPEiI (3Ix —3x2 —a2)
12. BEAM FIXED AT ONE END, SUPPORTED AT OTHER —

UNIFORMLY DISTRIBUTED LOAD

Total Equiv. Uniform Load
Ri=V;: .
/ég 1 1

R, Rz = Va max.
U vy

M max. .

3
<—Bl—;

Shear

>

B~

M.

Mx

Moment \k

Amax. (atx = 1—‘6- (14+v33) = .421 51) )

= wl
3wl
8

_ 5wl

T8

= H1 - WX
wi2

8

wx2

= Rux———
__wit
~ 185EI

w.

x
= Z8ET (13 —3Ix2 4 2x3)
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Table 3-8 ACI Provisions for Shear Design*
V, V,
R s Vo> Ve
Required ¢ st A none 50bws Mu—¢Ve)s
equired area of stirrups, e - e
q P v fy ¢fyd
A
Required _ Ay _AVd
50Dy, Vi, — Ve
Recommended
Minimum — — 4in.
Stirrup spacing, s
— Soraain | Joraain for(Vy - oVc)<44yE bud
Maximumtt 2 2
aximum
(ACI 11.5.4)
%or12in.1or(vu—¢\fc)>¢4\jg bwd

*Members subjected to shear and flexure only; ¢V, = ¢2 ngwd, ¢=0.75 (ACI 11.3.1.1)

**Ay = 2 X Ay for U stirrups; f, < 60 ksi (ACI 11.5.2)

TA practical limit for minimum spacing is d/4

ttMaximum spacing based on minimum shear reinforcement (= Af,/50by,) must also be considered
(ACl 11.5.5.3).

10

Figure 3.8.1 Strength curves (R, vs p) for singly reinforced rectangular sections. Upper limit of

curves is at ftensile strain of 0.004)
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TABLE 9.5(a)—MINIMUM THICKNESS OF

o
NONPRESTRESSED BEAMS OR ONE-WAY SLABS “IJ \
UNLESS DEFLECTIONS ARE COMPUTED & ﬁt w%
o
Minimum thickness, h % mg §§ 4 -
Simply sup-| Oneend | Both ends NS i N L b
ported continuous | continuous | Cantilever o : 8 'Q
Members not supporting or attached to partitions or % 8 ® a : 3 f‘j
other construction likely to be damaged by large ' L | I 8
Member | deflections. |l ;6 N i &
Solid one- NE Pz b
way slabs /20 /24 /28 £/10 8 | h > 3
Beams or a =T = 425 =3
ribbed one- 37 o - &
way slabs L1186 £/18.5 e/21 ¢/8 S - t!

iNotes:
Values given shall be used directly for members with normalweight concrete
and Grade 60 reinforcement. For other conditions, the values shall be modified

£ 5Ee
fagems
ag
! ooay |
£ Ma
e b
Pl
=1

as follows:

a) For ight concrete having equilibrium density, w,, in the range of 50 .

o 115 , the values shall b iplied 1.55—-0.%05 but not |

- * fniipted by { S DUBATION OF LOAD (Tme)

o fyoihrthan 60,000 psi th vales shall bemulipid by (0.4-+ ,100000)

TABLE 13.6 Areas Provided By Spaced Reinforcement

Bar
Spacing
(in.) No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.l1l

3 020 044 080 124 176 240 316 4.00
35 0.17 038 069 106 151 206 271 343 435
4 015 033 060 093 132 180 237 300 38l 4.68
4.5 0.13 029 053 083 117 160 211 267 339 4.16
5 0.12 026 048 074 106 144 189 240 3.05 3.74
5.5 0.11 024 044 068 09 131 172 218 277 3.40
6 0.10 022 040 062 088 120 158 200 254 3.12
7 0.08 019 034 053 075 103 135 171 218 2.67
8 007 016 030 046 066 090 118 1.50 1.90 2.34
9 007 015 027 041 059 080 105 133 169 2.08
10 006 013 024 037 053 072 09 120 152 1.87
11 005 012 022 034 048 065 086 1.09 138 1.70
12 005 011 020 031 044 060 079 100 127 1.56
13 005 010 018 029 040 055 073 092 117 1.44
14 004 009 017 027 038 051 068 086 1.09 1.34
15 004 009 016 025 035 048 063 080 101 1.25
16 0.04 008 015 023 033 045 059 075 095 1.17
18 003 007 013 021 029 040 053 067 085 1.04
24 002 005 010 0.5 022 030 039 050 063 0.78

Area Provided (in.%/ft width)

Table 3.7.1
Total Areas for Various Numbers of Reinforcing Bars

Nominal Number of Bars
Bar Diameter Weight
Size (in.) (Ib/ft) 1 2 3 4 5 6 7 8 9 10

#0375 0376 0.11 022 033 044 055 066 077 088 099 110
#4 0500 0668 020 040 060 080 100 120 140 160 180 200
#5 0625 1.043 031 062 093 124 155 18 217 248 279 3.10
#6  0.750 1.502 044 088 132 176 220 264 308 352 396 440
#7 0875 2044 060 120 180 240 300 360 420 480 540 6.00
#8  1.000 2670 079 1.58 237 316 395 474 553 632 71k 790
#1128 3400 100 200 300 400 500 600 700 800 900 10.00
#0 1270 4303 127 254 381 508 635 762 889 1016 1143 12.70
#11 1.410 5313 156 312 468 624 780 936 1092 1248 1404 1560
$#14° 1693 765 225 450 675 9.00 1125 1350 1575 18.00 2025 22.50
18 2257 1360 400 800 1200 1600 2000 2400 2800 3200 36.00 40.00

* #14 and # 18 bars are used primarily as column reinforcement and are rarely used in beams.

11
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I 0 MR
L I 1] — Integral
Slmple 2 = 2 = 2 with
Support Wuly Wulh Wulh Support
1 16 14 e
End Span Interior Span End Span
Figure 2-3 Positive Moments—All Cases
i In In ’n
I A T ..4.|.
Integral
Simple 1 i Support
S rt . *
Hepo Wu [% Wu fzn Wuf% Wue% Wueﬁ Spandre|
10 11 11 10 24 Support
*wy £2 wu /2 Column
(2spans) ——1 6 Support
Figure 2-4 Negative Moments—Beams and Slabs
e
| In o In | e In
I | N
u JLJI —|Integral
Simple ] ‘gggpo "
Support wy £2 wyl2 wyf2 wyl? wyl2
: 12 12 12 12 12
Figure 2-5 Negative Moments—Slabs with spans < 10 ft
|I= Qn _i le Qn =|] ﬂn
i |
wy /2 wyl? wyf2 wyl? wyl2 wyl2
12 12 12 12 12 12
Figure 2-6 Negative Moments—Beams with Stiff Columns (2K /2K}, > 8)
T
le n ol n 1 tn
| N |
[ 11 u - |Integral
Slmple Wu/n 1.15wyln Wuln Wufn 1.15wuln Wufn ‘g{:;pon
Support 2 2 2 2 2 g
-+-
End Span Interior Span End Span

Figure 2-7 End Shears—All Cases
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Maximum Reinforcement Ratio o for Singly Reinforced Rectangular Beams
(tensile strain = 0.005) for which ¢ is permitted to be 0.9
Ffe=3000pst  f/=3500pst F/=4000ps1 f,=5000pst  f) =6000pst
A B, =083 B, =085 B =085 G =080 & =075
40.000 pst 0.0203 0.0237 0.0271 0.0319 0.0359
50,000 psi 0.0163 0.0190 0.0217 0.0255 0.0287
60.000 psi 0.0135 0.0158 0.0181 0.0213 0.0239
fl=20MPa  f/=25MPa  f/=300MPa f/=35MPa f =40)MPa
£ £, =085 £ =085 £ =085 8, =081 5 =077
300 MPa 0.0181 0.0226 0.0271 0.0301 0.0327
350 MPa 0.01355 0.0194 0.0232 0.0258 0.0281
400 MPa 0.0135 0.0169 0.0203 0.0026 0.0245
500 MPa 0.0108 0.0135 0.0163 0.0181 0.0196
Table 7-1
Available Shear
Strength of Bolts, kips
Nominal Boft Diameter, d, in. *Is ¥ e 1 Available Strength of Fillet Welds
Nominal Bolt Area, in.2 0.307 0.442 0.601 0.785 per inch of weld (@)
ASTM | Thread ﬂ(;';? &i”n' Load- nQ | o | RIQ | o | WQ | o | RIQ | on Wel_d Size E60_XX E7O_XX
Desig. | Cond. ing (in.) (k/in.) (k/in.)
ASD |LRFD ASD |LRFD | ASD |LRFD | ASD |LRFD | ASD [LRFD y 358 418
N |10 |a0s | 8 | 828|124 [ 19179 16223 212 318 16 ' '
Group : “ | D | 166|249 | 239 [ 358 | 325 | 487 | 424 | 636 Y 4.77 5.57
A s | 104|157 [ 150 | 225 | 204 | 307 | 267 | 400
X [M005% | b |209|313 301451 | 409613 | 534 | a0 s 5.97 6.96
s | 104|157 [150 ] 225 [ 204 | 307 | 267 [ 400
gop | M [0S0 5 o009 {313 | a0 | 451 | 409 613 | 534 ] 0 % 7.16 8.35
B s [129[193 [ 186 | 278 | 2527 37.9 | 330 | 495 7
X | #2080 o | 268 | 387 | a1 | 557 | 505 | 757 | 659 | 989 As 8.35 9.74
_ S | 414 623| 507| 897( 811] 122 | 106 | 159 % 9.55 11.14
Aso7 185 1203 | o | g29] 125 | 119 | 179 | 162.| 244 | 212 | 319
Nominal Bolt Diameter, d, in. 1% 1Y 13 12 % 11.93 13.92
Nominal Bolt Area, in.2 0.994 1.23 1.48 1.77 ¥ 14.32 16.70
ASTM | Thread ':'::,? g;’;; Load- | W/Q | OF | Wi | Of | MIQ | of | @I | 0h (not considering increase in throat with
Desig. | Cond. i
¢ ASD |LRFD | ' | ASD |LRFD | ASD |LRFD | ASD | LRFD | ASD |LRFD submerged arc weld process)
5 | 268|403 | 332|498 | 400 | 599 | 478 | 717
Group s 270 | 905 | o | 637 | 805 | 664 | 995 | 799 |120 | 956 |143
A s |338 507 | 418|627 | 503 | 755 | 60.2 | 903
X |30 15100 o gz |01 | 836 Jizs |11 |11 120 |is
s | 338|507 | 418627 [ 503|755 | 602 | %023
Group N 01510 D 67.6 |101 836 |125 101 151 120 [181
B s | 417 626 | 517 | 775 | 622 | 93.2 | 743 12
X% 800 o |gas 125 |18 |55 |124 186 |19 |os
_ s | 134]202 [ 166 ] 250 | 200 | 200 | 239 [ 359 | |
Aso7 8351203 | p | 268 | 404 | 332 | 499 | 400 | 601 | 478 | 719 | |
ASD LRFD | For end loaded connections greater than 38 in., see AISC Specification Table J3.2 footnote b, 1'
Q=200|0=075 I
|
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ARCH 614 Final Examination S2013abn

Reference Diagrams

(a) (b) (¢) (d) (e) (r

LU ; % EEI Co p CIJ
/ \ |
Buckled / / \ | / |
shape of / | \ / / |
column / | ‘| / | I'
shown by | \ | / | |
dashed \ \ ! / /
; \
line \ / /
/ /
T | T T |
Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0
Recommended design values when
ideal conditions are approximated 0.65 0.80 1.0 1.2 2.10 2.0
11(/1 Rotation fixed, Translation fixed
End Rotation free, Translation fixed
conditions
code ;] Rotation fixed, Translation free
7 Rotation free, Translation free

VA K Ve Va k Ve
co oo a0 .
- oo — 200
50.02y 10 g 500 100.0 — 100 [ 100.0
10.0_: 4 = 10.0 50.0 — '_—50.0
5.0 - 5.0 30.0 5.0 —30.0
3.0 —109 L 30 20.0 — 4.0 - 20.0
2.0 + — 2.0 § B
100 3.0 — 1Q.
] i 9.0 - §§
—T1-08 8.0 — 8
1.0 — - 1.0 7.0 — 7.0
0.9 — g.g 6.0 - 6.0
0.8 T — 0. B
0.7 — 0.7 5.0 - .
0.6 — 1oz — 0.6 4.0 2.0 — 40
— - 0. 7 =
0573 C o i 3.0 — 3.0
0.4 1 — © . |
0.3 — — 0.3 2.0 — 2.0
. - 1.5 i
0.2— T°® oy
. 3 1.0 — 1.0
0.1 -+ — 0.1 ] i
0 —1—-05 .0 0 1.0 — 0
(a) (b)
Nonsway Frames Sway Frames
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I, = bk’ b
1 3 X = /
= o " -
(XL, [, =%b°h y=hy
-2 _md?
Area= 7ir° = 4
Circle I.=1= ‘111,.,.4
Jo = qmr X =0
y =0
I =0.1098r
2 2
- ) Area = 7 5 = 7d A
Semicircle I vz nrt /8
N X - \V2 = 47
S X=0 y 3
I, =0.0549r¢ . ﬂr7 _ 7pd7
X Area g 16
=0.0549r4
Quarter circle y X = 4 %ﬂ-
vV = 47
y 3
I, = ymwab’ Area = 7ab
Ellipse -}: - },mf‘b ~
Jo Jlj'mb(a2 + ) )i =0
y =0

Triangle

Final Examination

Reference Geometry

S2013abn

L, = b

I, = bk

T 1,51 about
Rectangl I =ty 8
cc.tdnge i x «: ’ : bOttom

L Z bR et

Jo = 5bh(B? + B

Area =bh
X =b/2
y =hi2

Area = b%

Semiparabolic
area

Parabolic area

| =16ah3,/175

|, =4ad%h /15

be
"

o

<
I

Vs

Parabolic span-

drel

I =37ahs /2100

|, =a%h,/80

v =300
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