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Theory of Failure of a 40-column Grillage ( Fong - Filliben - Heckert, 2008) i b Lt ™ - '
™ 1) K '
Nom inal dim ensions of Grillage: 3.05m square by 0.2m high. . M
Dimensions of each column: 3.464 cm square by 15 cm high.
Cross-sectional area of each column: 12.0 sq. cm. .. . ) .
. i I ‘
Total area of support = 40 x 12.0 = 480.0 sg. cm. I- : . R . .
1 P Lo = oM rooo I B
" IEETINTE S T ol X I E I
L— . ‘l— . |~ LI v [‘..‘U 1§
' P & ’.'1’ N i . ' .(_ v
oYL PRI [
ofi: 2008_02_16_fong_test_40c,jpg .
S O 1 [T
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: R Vo L e
i ! )
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e oem Tl TR T T e . N T ror RO Y
pmen e eeot a7 N
o4 » nma=105 TestLoad to Failure Data b ! v v
for ‘ v It T, ) [
Class 3 Column (area = 12.0 sq cm) 0w ) s . ~ 1 o
TestNo.  Failure Load s € 1 I S -
03 1 3.0
2 4.0 ' v, . ol ko T
3 50 . ' . .
4 5.0 . a v [ P t (oo N T
- 5 8.0 S
i . '
o1 - . B . -
X T . I (O ol o 1 :
— . R T [
[ B | x
1 s B I‘ N 1 L. '
3 4 5 3 B - 1 c - T *
=30 = 2786309 sdp > =7 e “ . 1 At . .
pp1=2819902 ppS =2.93751 ppil = 3114288 ' ' !
plot weipdi(x,gamma ppad,ppat) for x = ppad .01 10 1 .
[ R x
B Y
. : 1.4 - (.
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45 — . 1 L.
r-‘ i |
i 4= '
T oas ‘
) 1 t 1 tnef
_J 1 W
; PR [ "
) o, W ooz N -
| = | E*y-J3E 0
Plot Chi =C L St ommeTE o= T
It ) 1.
o Soir ting
v T ' - ' : P 1
i N '
b N N » v § L [T
L 1 t b Y 1
' L 1 ' iz !
oo agrof o Lait vy Clilla i [For 3T el Lk, TLI8
divor n a1 Rean Strength =5 |
L-~c - Rate = 1.0 per minute |
|
- |
2 5 \
) \
< " [
, |
1 |
l [ [
' [
- ' e -
= - “ . . | |
H . ~ 4 |
v f wto= \
| - [P .. . ->ASED Model Result: |
F Ll =S ,: + Time = 200.0 Min. |
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"t Mast” ri" - »nfa ")-column Grillage (Fong-Filliben-Heckert, 2008)

Tot w40  MEAN-BASED Model Resuit:

! . : h ‘=8 Time to Collapse = 200 Min. -——--+-- .
T J = minute |
STOCHASTIC Model Results: ;
- Time to Collapse (100 samples) /
- e Mean = 118.9061 Min. /|
(I3 SD = 4.742716 Min. /|
- Median = 117.607 Min. | / |
- < l* -------------- Minimum Collapse Load ? \
= 11H| = 1137 ! |
o | Load Capacity Reduction | |

:[ = 55.9 % H
I ] |
il N
] | ;‘(l |
(I \
, LLEAECELRA P
[ 135 1675 200 Prmambie- |
oAl

Ai tr-yram of Collapse Time (Min.)

I'*n .. Akistogam ..o ssetre cfadr ol 0 ge na lU-sime ation ex) ~riment a5 t™= vvate~ tank or
F.iLg d.ec 2tthorat. 57 ..0. luvil »rmr= i 1 1 ! errdnistic m del witt  me=r f e strength of "¢ .
w.i’ sovesainn oredicva o lonetT = 2T .00 0 - LU0 ain., whereas a ~iochastic n ode” wity |, Weibull distritt ¢

tt Al catenge | re esaminir tn e Coreas e liyge e at 1777 and " 18 9 units, e vective .

Su:chasy . -ailur .o df 0 e Qi o (Fong-Fill"tan-He ~kort, 23970)

I 0. v Rir ulations iC

40
=" abJdo.wColi.unie = .
= """1 .3
- C. o= .81
M Aanz
o= v fieey le oroosrs
4 00->0..p! .
I
3 20 [ = an alas™
[]
Y= oo eesTt o
| v P = Ny M-t Ty
R et beg RTomost
10 . I 3Bl = 0. eleast -obust.”
[ |
1 TT
T
0 I 1| l LI

10 20 30 40
Fiaz, vaufiue 2 o-iled L umns at ollapse

F= . Ahic yrary¢ F:wvr ot Jied Zolue  at. “qp .o foa 10)-sim.lation Jxp riment © lie ..atertai tc o

bory edichorars ek 10D mitrosaino e, Lot o 1) 0, =30 M= 40,and . =4.38, he RBI equals 6!
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Theory of Failure of a 20-column Grillage ( Fong - Filliben - Heckert, 2008 )

Nom inal dimensions of Grillage: 3.05 m square by 0.2 m high.
Dimensions of each column: 4.899 cm square by 15 cm high.
Cross-sectional area of each column: 24.0 sq. cm.

Total area of support = 20 x 24.0 = 480.0 sq. cm.

Theory of Failure of a 80-column Grillage ( Fong - Filliben - Heckert, 2008 )

Nominal dimensions of Grillage: 3.05 m square by 0.2 m high.
Dimensions of each column: 2.449 cm square by 15 cm high.
Cross-sectional area of each column: 6.0 sq.cm.

Total area of support = 80 x 6.0 = 480.0 sq. cm.

Ref.: 2008_02_16_fong test_20cpg

Ref.: 2008_02_16_fong_test 86cjpg

Vi A e tioviesof ol i s o Ly Fi.'. £ p _onutive .6 o0 . J0-coxan v . _. L
g .M " PBL. te gt {: a ca. s L. ca 'tc v d- igncd .o supLort the wiight of . ve er iuuk citop .k .
di.. 0 2 mide lar atthe. o O Lol Lol mibhat

is wng Uledu at Lacit. of . wuil Jdad p.. minut..

Theory of Failure of a 60-column Grillage ( Fong - Filliben - Heckert, 2008 ) Theory of Failure of a 100-column Grillage ( Fong - Filliben - Heckert, 2008 )

Nominal dimensions of Grillage: 3.05 m square by 0.2 m high. Nominal dimensions of Grillage: 3.05 m square by 0.2 m high.
Dimensions of each column: 2.828 cm square by 15 cm high.

8.0 sq.cm.
Total area of support = 60 x 8.0 = 480.0 sg. cm.

Dimensions of each column:
Cross-sectional area of each column:

2.191 cm square by 15 cm high.

Cross-sectional area of each column: 4.8 sq.cm.

Total area of support = 100 x 4.8 = 480.0 sq. cm.

Ref.: 2008_02_16_fong_test_60cjpg Ref: 2008_02_16_fong_test_100cjpg
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Thioory ot "lobu-!" Encii.: it g L:uign ( For g-Fillik- n-Hecke1t, 2028 )

Let M = Total humber of columns in a grillage. Let N =Sample size.

100
P Let n1 = No. of first-failing column causing grillage to collapse.
E » Let m = mean of failing column distribution in a 1000 - sample run.
- 80 Let RBI = (N-n1)*(M-m)*100/(N* M) ( Best = 100, Worst = D.)
4 70 R R CTS  S
)
2 e
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( Based on the classical Pratt Truss as
shown in Fig. 4.3(b) on page 99 of a
1974 book on bridge design by Tall [5].)
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Simulation of a Loaded Double-Truss Bridge [g c. recute

«—<—  456.in. AJ- " P3t.in. = 266.in. — -

}
12@38. =

10,000 Ibf concentrated force

t each upper chord node

One of two piers supporting
the Right Approach Span

1

—
-~
-

“*— Main Span

Very high
tensile
forces

P ——

§ Eam

s

[

2

Very high
1 3 compressive

forces

of Euler buckling load )

Analysis of a Simplified Truss Bridge

8
f
)

i

§ M
EREIMURIA A+ 1
Skugias

fil

ight E SF, SF1

r R pprgo:‘u . ‘147¢404 (Avg: 75%)
o 18302104 +6.079e+04
| E;l’ill‘ : +6.079e404 +4,832e+04
Noder 130 o +3.585e+04
Min: -8.890e+04 +2.337e+04
Nodey 18 " +1.030e+04
-1.577e+03
-1,405e+04
~2.653e+04
- 3.900e+04
5. 147et04
-6.395e+04
-7.642e404
-8.690e+04

Max: +6.079eH '
Elem: PART-])
= L Node: 130

Min: -6.890e+( .

Elem: PART-1 ...t

One of two pier supports Node: 118
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Double-Truss Bridge - Model 1 (Fong, 2008
SF, aFl
(Avg: 75%) - N—=20— )
+6.079e+04 _2°  /laas — g Y
o 11 841 /J . = 210
+4.832e+04 "‘\“‘--3{}8._’.;‘_‘\ e T é\g 846~ /|
+3.585e+04 |\ /] /7W“"’7369'*~ N\ 288 —
+2.337e+04 || Il /I /T x ——w A
+1.090e+04 | | 41(-/ \ 4}({' AN A A
o | 838 ' /
1.577e+03 | A _ h Fa y
-1.405e+04 837 L Y e & 419 420
-2.653e+04 515 516 | 878 77N 853
-3.900e+04 1,842 sig 47 \ |/ 852
| 453 519 | 2
-5.147e+04 ) 0 | 5, 522
-6.395¢+04 | 2
Sdiet04 | 840 ; \ /
-8.890e+04 _ﬁagg;_ﬁ,.z_m~—6iﬂ-/ =
Max: +6.079e+04 aas——— | 8567

Elem: PART-1-1.614
=T For E = 3e+4 ksi, A = 2.25 sq in,
r=0.433 in, Le = 38.0 in (pinned)
Buckling Load = 86.5 kpf

(Mott, 1978, pp. 549-562.)

Chord 608

Coonve+04
- 88.9 kpf

Pm L AT-1-1.608
Node: 118

A IS L S T PR SR 19 B ) S W T VIR b i 1) B
S DD e e SO R A B O A B O Ty

S
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tinued)

SF, SF1

Double-Truss Bridge - Model 1a (Fong, 2008)

(Avg: 75%)
+8.25%¢e+04
+6.556e+04
+4.852e+04
+3.149e+04
+1.445e+04
-2.580e+03
-1.961e+04
-3.665e+04
-5.368e+04
-7.072e+04
-8.775e+04
-1.048e+05
-1.218e+05

Max: +8.259e+04
Elem: PART-1-1.308
rode: .-

Chord 608 removed for Model 1a X

208

.
.
B
~

Chord 709, the next high, - 121.8 kpf

T -12.8e 100 : .
o iV ifm © L7 / (higher than Euler Buckling Load.)
N ce:r .9 Ref.: a8218_new29a_102.jpg
v
SF, SF1 Double-Truss Bridge - Model 1b (Fong, 2008) /L
Avg: 75%
( g*i'i?“‘é? Chord 608 removed 2”7 X
+1.12%e+
153570104 - for Model 1a
+7.423e+04 831 A 208
+5.490e+04 /248 836
+3.557e+04 547 : 245 gaq 210
+1.623e-+04 Wiy o e —
-3.102e+03 el G 209 851 ;
-2.24;e+84 513832 838 41 : 252
-4.177e+04 :
-6.110e+04 Mgy B ) 420
-8.044e+04 , 90815 \ | /] sk2 . A
-9.977e+04 | 834 AT i AN ¢
532 |
Max: +1.322e+05 707 g9 344_:_ K o\=
Elem: PART-1-1.845——7— | B St
Node: 118 / s 22 1l
Min: -9.977e+04 > |Chord 845, the Z
" Elam: PART-1-1 720 next high, Ghond 708, ransoved
Mode: 1 +132.2 kpf for Model 1b
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Fig. 19. A histogram plot

Table 1. Distribution of Room Temperature Yield Strength of A285 Steel, of the room temperature
Grade C plates, 6 to 50 mm (1/4 to 2 in.) thick, as purchased from 6 mills vield strength data given
with 224 heats by one fabricator during a period of 8 years (Fletcher [12]) b\ Table 1 on the left for
| Room. Temperature Yield Strength Y, (ksij No. of Heats - gg‘:.f{f/‘ftf Zpg‘l‘)es
i 33 3 ) B
] 35 37 , -
| 37 %9 ]
" 39 74 = j -
! 1 8 L — .
j 13 ; 0 3
! 4H l S — ‘
! 17 | - —
! 9 | ) : ]
Yoo gte

Heat-to-Heat Variation, ASTM A285 Grade C Steel

—
1 Shape Parameter = 1.8 ‘
Location Parameter = 33.0
- Sigma = 6.0
02 { f
0.1%
0.y
d
005
1 N

» » a0 a

Room Temperature Yield Strength (ksi)
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Fig. 21. Young's Modulus of AISI 4340 and comparables of ASTM A36 Steels
at temperatures 20 C to 685 C (Timken [13], ASM [14]). Note that the mean
Young's Modulus of 4 samples at 20 C = 30,200,000 psi (see Fong, et al [15])

| o i T LI | i i
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i g
©
I
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. £
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J— 300 a0 o0 §00 790 L1
Temperature (deg. C.)
AlSI A4340 and other 30.22
comparables of A36 E}(T) . 'I 7310,
- et 1+ ezp (“f575)
‘—:. - | Interpolated & @
) D.. ...... 3o :
no» :
ST Toltaegg, |
o o o

i\
9
0

95 % Prediction Limits-

.00 0 08 7000 1500
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An Alternate Bridge Design, Model_Bridge_2
(with two web chords near each support switching ends
to form a V-shaped configuration over support.)
_’10,000 Ibf at each
upper chord node

3

"
A7
}
'
‘
£l

B
- o d.q"

. ,\-\‘ﬁ...;;;........

Span Left Ap oroach

Sgan

Tig. 3. Loperpeci .. 6o mporiaa o ..oac 2l hridge, Model-2. betv.ze 1 its Main ad
Yicht A\pputoach <7375 mitha eoneent.oic1 1.1 £ 10,000 Ibf ~ppl'ed a each fi. upper chor
roces exe2t. owecth: woard-iotsh o o vhiir oonly 5,670 Ibfis pplied

Structural Analysis of o on
Bridge_Model_2 A major Increase 15 amas
- - in tensile forces - Thete 1
in upper chords Bigateiod
cdmpen over support St SF, SF1
ertical chord 133885851 (Avg: 735%)
vover support Pl 1.0 +8.839e+04
Elem: FRRT-1-1.208 +7.608e+04
Nin, -5.929e408 +6. 378e+04
Moy 115 St +5.147e+04
+3.916eH04
[~ +2.686e104
T +1.455e+04
e +2.243e+03
[ -1.006e+04
~2.237e+04
- 3.468e+04
~4.698e104
~5.929e+04
Max: +8.83%e+04
Elem: PART-1-1.208
- Node: 1&
Min: -5.929e+04
3 1 Elem: PART-1-1.608
\__—An approx. 50% reduction in Node: 118
compressive forces in 4 chords
: I o L L ST e e
- i ! 1- N . »r\vrn. |, - 'A\
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+8.839e+04 remove Chord 208 for Model 2a /
+7.608e+04 ;
+6,.378e+04

+5.147e+04 el

/|

{

+3.916e+04 A
+%.ggge+gz 288 g51
1222401 419 310 i
+2.244e+03 450 i
-1.006e+04 e 853
-2.237e+04 M /A,
323833182 513) /_;21@10,,53_16% 522
-5.92%e+04 , 359, - ‘
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sF, SF° Double-Truss Bridge - Model 2b (Fong, 2008)

e W3
+9.205e+04
+7.882e+04
+6.559+04
+5.236e+04
+3.913e+04
+2.590e+04
+1.267e+04
-5.617e+02
-1.37%e+04
-2.702e+04
-4,025e+04
-5.348e+04
-6.671e+04

Max: +9.205e+0<
Elem: PART-1-1.751)

Node: 42 .

Min: -6.671e+04
Elem: PART-1-1. . i
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Double-Truss Bridge - Model 2b (Fong, 2008) /i
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- Chord 308 removed for Model 2b
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A 2nd Alternate Bridge Design, Model_3
(with two web chords near each support added in
a V-shaped configuration fo strengthen bracing.)
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Newly-added web-
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Structural Analysis of 2nd Alternate [or. oms v- -
Design, Model-3 . —l
(with two web chords added at each support to help bracing) i i
e SF, SF1
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SF, SF1 Double-Truss Bridge - Model 3 (Fong, 2008)

(Avg: 75%)
+7.587e+04
+6.364e+04

+5.140e+04

+3.917e+04
+2.694e+04
+1.470e+04
+2.46%e+03
-9,765e+03 837
-2.200e+04 515

-3.423e+04
-4.647e+04
-5.870e+04
-7.094e+04

Max: +7.587e+04 =
Elem: PART-1-1.208
Node: 18

—2 e z/Lx

: =209
841 i o 7
/ / 1| 248 846
———3g9. /| N\ _—

210
o8 ger

b 370/ i
u T P fr—e=—£
416 k] /

466 j 418 "

843 468 848 / | \$#%. &3

Min: -7.094e+04
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Chord 208, + 75.57 kpf, is less than
Tensile Yield ( 36 kpf x 2.25 = 81.0 kpf)

Node: 118 Z—Chon'.l 608, - 70.94 kpf, is less than Euler ( - 86.5 kpf)
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Double-Truss Bridge - Model 3a (Fong, 2008)

SF, SF1

(Avg: 75%)
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|Chord 308, + 82.0, is 1% over Tensile Yield (31.0) |

Copyright © 2008 by ASME and U.S. Government



2
a ) .
I N . o ] I
" T . N
' , 1
! ' . ] R
o
. .
! — 1 . 1 E R .
‘ . I .
% P oA - 1
- L LS Jl .
B 1
. . I ! |
-
' ) "
! \ L o)
' } 1 s T -
| R it Y " 1. -oa L
- . _ v . (IS Leo
r .
. N ' \ ¥ C
! 1 Al 1
e | T A
. , % .- - a "Ly '
‘ LI | 1
L v
N "« . 5 1
. v
' R ‘ e
| '
i 4, b L
.
s
" Ci B r .
. '
- Y R .
! 1 S -
1 . Y
gy
- N " ' ' Ll " » ]
1 . )
L - ! "
| . N
' . il '
= L L d ' Lt } Y ) '
" R )
. -
r ‘ LU . \
: ' v : 1
I
1
I-H 1
1
.
v
!
.
AL RAANE WAAW AWAIAI WA W VALLAWE BSVAA Va WGAANS WS WAke A ARIASAR Ya WAR ! e
- asr 1 . ~

Copyright © 2008 by ASME and U.S. Government



http://www.itl.nist.gov/div898/software/dataplot.html
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