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P15.1 Use an approximate analysis (assume the location
of a point of inflection) to estimate the moment in the
beam at support B (Figure P15.1). Draw the shear and
moment curves for the beam. Check results by moment
distribution or use the computer program. £/ is constant.
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P15.2 Guess the location of the points of inflection in

each span in Figure P15.2. Compute the values of moment le e 5 kN/im
at supports 8 and C, and draw the shear and moment T_Tgl EL b [
curves. L/ is constant, Al -
Casel L;=3m - e
Case2: L,=12m ! L | foan
Check your results by using moment distribution. p15 2
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P15.2 Continued
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P15.3 Assume values for member end moments and 12 kN
compute all reactions in Figure P15.3 based on your I TSRS
assumption. Given: £/ is constant. If I = 8/,z, how T
would you adjust your assumptions of member end
moments? J'-‘
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P15.3 Continued
Forlgc =81y, then I/l 1/6= 0.1875
loLe 89

Read in Fig. 15.6, Case A, Myc =0.15 FEM =q. I5(-81kN-m) = -12.2 kN-m

and M, = aMy,, where M), = ~Mye
My = Y(12.2kN-m) = 6.1 kN-m

The column (Ef /L= 0. 167) is flexible compared with the girder (£1/L; = 0.89), resulting in My = -12.2kN-m,
whig:h 15 about 10% of wiL /8. The column’s flexibility causes the moment My at the fixed support C to approach
-wL/8, and causes the distance of girder’s left 2./ to approach joint B and right P./. to approach 0.25L from the

fixed support at . Using Fig.15.1d, estimate the location of the girder’s right P./. to be about 95% of 0.25L, we
then can estimate Mg

Approximate location of P./, from the fixed support at C = (0.95)0.25(9m) = 2.138m
And estimate the shear diagram based on the approximated P./., we then estimate Mey.
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-+ 4 !- 3.43wm .} k64,83
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Evaluate member ¢ using statics, results for the approximate analyses for Ipe = 8,5 are:
Msp=6.1 K<N-m Ay = 3.1 kN, Cy=-3.1 kN
Meyg =-115.45 kKN-m Ay= 425 kN
Joint B, My = -12.2kN-m Cy=065.5 kN

Check Approximate Analyses using Moment Distribution,
Moment Distribution for Ipc = Ly
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P15.4 Assuming the location of the point of inflection 24 aps

in the girder in Figure P15.4, estimate the moment at B. 15—
Then compute the reactions at 4 and C. Given: £/ is T
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P15.5 Estimate the moment in the beam in Figure P15.5
at support C and the maximum positive moment in span
CD by guessing the location of one of the points of
inflection in span CD.
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P15.5 Continued

Cheek Approximate Analysis using Moment Distribution:
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Compare Approximate Analysis with Moment Distribution:

+max M @ midspan on CD = +14.4 ft-kips is approximately 10% higher than the approximate analysis
(12.96 ft-kips), and is equivalent to wE/20.

M @ support C = -21.6 ft-kips is approximately 6.7% lower than the approximate analysis (23.04 ft-kips),
and is equivalent to wl¥/13.3.

Actual location of P.I. from supports C and D:
14.4 fi-kips =2 ¥ (L") ? /8
L"=759fi=0632L
Thus, Points of Inflection are 0.184L = 2.21ft. from supports C and D.
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P15.6 Estimate the moment at support C in Figure
P15.6. Based on your estimate, compute the reactions at M kN
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P15.7 The beam is indeterminate to the second degree.
Assume the location of the minimum number of points
Of inflection required to analyze the beam. Compute all

w =3 kipstt

reactions and draw the shear and moment diagrams.
Check your results, using moment distribution.
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P15.7 Continued
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P15.8 The frame in Figure P15.8 is to be constructed

with a deep girder to limit deflections. However, to satisfy
architectural requirements, the depth of the columns

will be as small as possible. Assuming that the moments
at the ends of the girder are 25 percent of the fixed-ended
moments, compute the reactions and draw the moment
curve for the girder.
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P15.9 The cross sections of the columns and girder of
the frame in Figure P15.9 are identical. Carry out an

approximate analysis of the frame by estimating the

location of the points of inflection in the girder. The
analysis is to include evaluating the support reactions

and drawing the moment curves for column 4B and

girder BC.
384y
L 5345

W
® rj’t-lﬂ: . ’ . ;F: ?ZL!. ¢
D
A 1%
7z ] e,
i&l gL
Lz 4 —

Fepo “g g“:

El g
V:b14 € \L 3.5 “vsaz_z‘“
F —4?‘? ‘ ; * & L e -

54
l2m 1y

[ —— il

€l

o Y

42,1

dr o M
Fe “pe™:

V= i< R3.4(8): 286"
===

B8
Mg B & 611

2"

&2.2 ]
o

o

=" =
2,8

Fev ~AB" i
an ’*\40!2..5‘“‘“‘
]

o1,

AVt st
189, g4 g =

<r a0

3z
L 3.4 Kujwn
2 20 2

b
»
-
-‘-
QG
£
y
A
>
L~
B/
-?.

! 20m !

X0m !

P15.9

APPROXWATE JldiY9l, dF ERAME

SINLE  COLUMNS ME  ST\FF gRELAT\UE To
THE CAIRZER | AYSUME  PT. N CaRZER
ARE OeATEr QL. FRoOm Enps

QL = C2(40%) 2 Bwm

Ferp of GIRVER Berigel PL.5 &.f
BY Smusney Ve Vo Loay

V= 38/2 + 34 (2m): 62.2%"

FRD 0F CIL0ER PETMESH B jaip P,
L
T,
1ZR

WNa: ¢2.2[3)¢ 28.8(04) = G125 K-m

Va = 288+ 422 ~w

FEep oF Cduwmd

Baser ol &0, phetgR OF Y, hssume
M,y s Mg 2 306.4 1m

SHEML (M coLUMNs

2?4,,-:0; L2k 300, 4— Vg, (5) =0
Visa V-‘“B L3R ¥ T
REALTION S

P15.9 Continued

Page 15-9A




P15.9 Continued -

Check Approximate Analysis using Moment Distribution:
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Compare Approximate Analysis with Moment Distribution:

+max M @ midspan BC =

My and -Mp = 3153 kKN-m is about 2.8%
My and M= -630.6 kN-m is about 2.8%

+469.4 kN-m is about 3.8% lower than the approximate analysis {(487.2 kN-m).

higher than the approximate analysis (306.4 kN-m), and similarly
higher than the approximate analysis (612.8 kN-m).

Location of P.I. from supports 8 and C: )
630.6 kN-m = [91kN - (3.6"™)L")L") + 14 (3.6"¥™y(L’)?

Thus, Points of In

flectionare L' = 8.29 m = 0.207L from supports B and C.
This is within 3.5% of the approximate analysis at 0.2L
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P15.10 Carry out an approximate analysis of the truss in Figure P15.10 by treating 1t as a continuous beam of
constant cross section. As part of the analysis, evaluate the forces in members DE and £F and compute the reactions
at 4 and K.
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P15.11. Use an approximate analysis of the continuous truss in Figure P15.11 to determine the reactions at 4 and
B. Also evaluate the forces in bars a, b, ¢, and d. Given: 2 = 9 kN.
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P15.12. Estimate the deflection at mids

section. The area of both the top and b

ottom chords is

pan of the truss in Figure P15.12, treatin% it as a beam of constant cross

—_—— S — m 1

10in” £ = 29,000 kips/in’. The distance between the

centroids of the top and bottom chords equals 9 ft.
T & o o T d e e o
AR A R A SOOI R UG S
" i A b t B L * NE!F
A T
T !
9.« I 9.!
A p—L |
~J 10k s I
A s iz ufllm
- 0@ 12 =120 | A=10in?
Section A-A
P15.12

TREAT TRUSS AS A (..lm-porm\kj leaded beam
ig 4-255:2 = 0.417 kips/.ﬁ—

1208+

Loav/ey W= Zi.E -

T of 4russ considering Llanges owwy.

where Aaton’, d= ' 45=5¢"

58, 5201h4

0-4M120) 1728 = 4.1510

I= Adx2
2.
I= 10x(54)x2 =
oy =swt? s
3BAET

WVER MEMBERS

EsTiMATED DERL. A = 24115 = 2,2iN

384 x 29,000 % $8320
DovBLE A P Accov

T FoR CoMdTRIBUTOL GF:
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P15.13. Determine the approximate values of force in

D
each member of the truss in Figure P15.13. Assume that BU kips i

the diagonals can carry either tension or compression.

AGHUME SHEAR OF GOXDIWVIWWES EQUALLY BETWEEN DIAGOMALS

15!

—

Tt

l

Page 15-13




I'15.14. Determine the approximate values of bar force
in the members of the truss in Figure P15.14 for the
following two cases.

{a) Diagonal bars are slender and can carry only tension.
{b) Diagonal bars do not buckle and may carry either
tension or compression.

6 kips

6 kips

6 kips

yE F G

P15.14
lb‘ L% 7
B ~12 £ —18 v -18 EY 1% £ -2 & e )
12 & N e 7 &
Iz / (o / / \ D \ & AN N AL
~
-12 -1 -l - A -b A
& 2 2 SN Ry =
A ~ +12. 1 +12 + & ~
S " - « T B
OE
) 3 W ViALdiALS EFFE CTIVE
fRA‘-\Z“ (2) oMey TENS0 LS EFFE Tl P =a‘<f
™ &% J oY%
. ~{ 2 -5 v -6 £ -5 ¢ -9 S -3 #
Lo 3 3 3 ¥
3 i S SE J3
-l -3 -3 -3 -3
L 713 413 3 3
A
A & i 115 +18 3 118 19 5 43
N hal >y L 4 J
: (b)) PikaoNAL BARS ARRY EVTHERL. TEWSION R domrRession b2
fmﬁ 2% Ry= & 1‘
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P15.15. (a) All beams of the frame in Figure P15.15 have the

same Cross section and carry a uniformly distributed 0 R pod T
gravity load of 3.6 kips/ft. Estimate the approximate value of R|: s i
axial load and the moment at the top of columns AH and ST f L 1 LTI
BG. Also estimate the shear and moment at each end of Py - = M
beams £J and JK. (b) Assuming that all columns are 12 in ' : i

square (I = 1728 in*) and the moment of inertia of all girders
equals 12,000 in*, carry out an approximate analysis of

the second floor by analyzing the second-floor beams and the ‘
attached columns (above and below) as a rigid frame. Hl —

ok

o]

g gb b

e ;'i N
‘flf'j
. .
I

20—

(4] ESTIMATE AxiAL LOAD AuD vavienr w countns AH .
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MUWE'NI; HIMENT Td 10 OF £0\UMM (REATEDR FRIMARILY BY LIAD
oy  IRVER W& AGHUME  MOMENT AT ENO dF MIRPER H& X 0.5 Fam
IF NMILH 45% GTES T¢ BITTOM caWiy AY .

M =0.46 (0,50 W) - 0.45 (050 (3.6 (20))) = 21 Fru
HA Tz L

ESTIMATE AxiM. LOAD ANE VIGMEWNT 4 LdLumy B,

AXIAL LOAD ! A44UME LUAP dF 0.95 KL FRow EXTERgx MIRTERS Mlp
Faadlid S -\ L) ‘N
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w
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QF THE LOLWMN 15 VERY $MALL ¢ MY Mag.
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—

T (B

V @ EAcH ENP = 050 WL = .57 (3.4) 24 = 43,25

P15.15 Continued
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P15.15 Continued

() APPRUXIMATE ANALYSH4 FIK IMPROVED VALUES OF MOMENT,
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P15.16. (@) Use an approximate analysis to compute

B
the reactions and draw the moment curves for column N —

AB and girder BC in Figure P15.16. (b) Repeat the
computations if the base of the columns connects to hinged
supports at 4 and D. £/ is constant for all members.

! ISm
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FIXED SUPPORYS
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P15.17. Using an approximate analysis of the Vierendeel
truss in Figure P15.17, determine the moments and

axial forces acting on free bodies of members 4B, BC, g

40 kips

H

40 kips
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P15.18. Determine the moments and axial forces in Flém ’Ew Vsey fog ”TH nml’é“m{‘ i
members of the [rame in Figure P15.18, using the por- MERODS, munrnp'.[5 INQWPE: PX. WUK@ MIp-
1al method. Compare the results with those produced by

the cantilever method. HE[AM OFCWT“"MW W4 P‘I-@ MIWI'AH"Z[WEN{
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PIG)e NNWUED (PORTM. & CANTILEVER METHZ75)
IMMARY OF PeRTAL MeTUaD:
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P19.15 (INTIMUED (CANTILEYER METHID)
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P19 @NTINVED (CANTILEY ER METHOD):
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F15. 1% (GNTINVED ((ANTILEVER VIETHOD)

SUMMARY @F CAMTILEVER METHOD

Vewslod® Mepz 02 Fre-
20% . % 1 ¥ rt
V‘b.- IDK_:d.Eﬁ_ .
Moo [N RIZHT SIPE OF AXI6: SHEAR
& MOMENT ARE EAUAL T LEPT 6F

F =la.7h3 STRVLTURE . AXIAL FORCES ARE

b , ERVAL IN MIANITVDE, BT 2rpoae
Mep.=10s, IN DIREZTION . THVS, chM NS
Ve =10k \"“/’; Mae]-lﬁv”" PE ¢ EF ARE IN ZOMPRES%ION.

(¢) THE RESULTS
THE PoRTAL

AX% OF $TRVUCTVRE
SYMMETRY

FROM CANTILEYER MUETHOD ARE THE SAME A%
METHOY FoR THI2 FRZBLEM.
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Vi5.19 (aNTINVED : RISA RESULTS
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P15.18 Continued

The Portal Method and Cantilever Method yield essentially the same results for this particular problem consisting
of a singlebay, unbraced, rigid frame with pinned supports. A comparison of the member end force magnitudes
for the approximate Portal and Cantilever Methods versus the RISA Program resulis are provided in the Table
below.

SUMMARY TABLE for problem P15.18

MEMPBER METHOP BAAL | SHEME | MIOMENT | MOMENT
(Top ar.LEPT) | (BT RUAHT)
lw* ”5" Fo RTiL lG.Cﬂk ok 10O Pk |20 Bk
‘BE & “vE LEYER
(M24 W) | Risa 275" | ~100 | 106.57" 93,5 Frk
BEAM PORTAL & ot Wl | ~looFrE |28 ik
“ep© CANTILEVER
(M) Risk ~10% | TSR 1pa Rk | 1265 FR
BEAM PARTA. Frk | &0 Frr
Frag® mmwﬁeki 0 30t | I8¢
) RsA ~o | 29| s mr | |1z
N5 g o
‘f&m—‘sgn F'E -, m&{/i&g 4!'1-((? 1ot 90 Pk
| (M14M5) | Risk A4 LT ~loF | BOFik o

The primary difference between the approximate methods (Portal and Cantilever Methods) versus RISA Program
is due to variation in locations of the points of inflection (PI) of the upper columns “BC™ and “DE”.

¢ Compared with the exact analysis, the approximate methods result in about 6% lower values in axial forces
and top end moments 1n columns “BC™ and “DE”; and 6% lower values in shear for the upper girder “CD”.
' This is due to the assumed location of the PI at mid-height of the upper columns BC and DE in
the approximate method, which generates a shorter moment arm and thus a smaller moment at
the top of the columns, i.e. Vg x10 f t.= 100ft-kips, compared with the exact analysis, which
generates a moment of V¢p x10.65 ft.= 106.5ft-kips. The variation in shear values in the
adjoining girders are due to equilibrating the column end moment magnitudes. Exact analyses
account for the variation in stiffness of all frame members, and influence the locations of Pls.
Stiffness’ in this problem vary by the member lengths only.

e Approximate methods result in about 7% higher values in moment at the bottom of the upper columns “BC”
and “DE”; as well as, 3.7% higher values in shear and moment in the lower girder “BE™;
' As discussed above, this is due to the difference in location of the P.L in columns “BC” and
“DE” in the approximate vs. exact analyses.

The results of the approximate methods of this problem, a single bay, rigid frame, could provide reasonable
information for estimating initial member sizes; or would be useful for verifying relative accuracy of an exact
analysis.

For highly indeterminate structures, such as multi-bay and multi-story rigid frames, the approximate methods
may yield more significant differences in the results (10-20%) compared with an exact analysis utilizing
computer software.
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P15.19. Determine the moments and axial forces in
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P15.20. Analyze the two-story frame in Figure P15.20 by the portal method. Repeat the analysis using the cantilever
method. Assume the area of the interior columns is twice the area of the exterior columns. Assume the baseplates

connecting all columns to the foundations can be treated as a pin support.
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P15.20 Continued (R)ANALISYS  BY CANTLLEVER  WETHOW
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