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The introduction of the evaluation method for welded joints in car body
structure by the manual analysis
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ABSTRACT

The objective of the review is to introduce the evaluation method of welding joint designs
by using forces extracted from FE models. This evaluation method is currently being used for
the Southeastern Pennsylvania Transportation Authority (SEPTA) project in the United States
by request of the customer Engineer. The evaluation method was applied to critical joints
connected by Fillet or Partial Joint Penetration (PJP) welds in car body structure for SEPTA
project. The additional manual analysis is required based on the fact that Technical
Specification in the United States requires the Contractor to apply Complete Joint Penetration
(CJP) welds to all structural connections in Car body. However, in the car body design for
Septa project there are some areas where CJP welds are not applied due to structural and

manufacturing problems.
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2.1 718
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(1) &85 3¢9 (AWS D1.1:2006, Table 2.3)

Allowable Stress
(318 &9)

Type of Applied Stress Required filler Metal Strength Level

PJP  Groove Welds (3% &¢ &4)

Tension normal to the effective | 0.30 x classification tensile strength of | Filler metal with a strength level equal

area filler metal to or less than matching filler metal
may be used.
Compression normal to | 0.90 x classification tensile strength of
effective area of weld in joints | filler metal, but not more than 0.90 x
designed to bear yield strength of the connected base
metal.

Compression normal to effective | 0.75 x classification tensile strength of
area of weld in joints not | filler metal
designed to bear

Shear parallel to axis of | 0.30 x classification tensile strength of
effective area filler metal except stress on base metal
shall not exceed 0.4 x yield stress of
base metal.

Fillet Welds (2% 4%)

Shear on effective area or weld 0.30 x classification tensile strength of | Filler metal with a strength level

filler metal except that the base metal net | equal to or less than matching filler
section shear area stress shall not | metal may be used.
exceed 0.4 x yield strength of basemetal.
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2.3 A=Y gk 7=
A Ql A= APz, S5 FF, A @ W T2 A Jdon, 2 ALS ffs] A

H Foe= dAg=dd el Alel A(Center Sil)I A2 F-A(Cross bearer)e] 4AX-o]t},

Z 9l 0 1= (Low Alloy, High Tensile steel) ¥ 2H 122~ ZAI(ANSI 301 L)=

2 S ($A%E © AF ) 8§, 42 B AusHE F9HE 2 oo
Ag g AgHs 352 A S Qolok vl AAe A FRF2E olFl, AN Y F
8% w95 & & vk
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(2) Ale} 2(Center Sill) @ 27AS A 2|9
of Atk E2Eet e ddste 7xEE, 7t
Aol ddates JTE ok

(3) A2 ¥ (Cross Bearer) : AlE} 2 (Center SilD¥} Alo]= 2 (Side SilDS AZ3] 5= <t
zyQle] g FAjolm, wjE& A s 9AF A AES A FERE AL Ak S8
71eks 2 A AuE eksd 22 A (Vertical Load) & FAMAI7]1H, Alo]= AojlA] 71a A
= &ts(Lateral Load)& AH == AA|weo]

2l ZFA¢l |, ANSI 301L-1/2H & 1/4H=Z A&
ZYRRE AEd 5 2 4552 dd ZH Y

N9

i

Center Sill

Cross bearer

91, A2y d (Cross bearer + Center Sill Connection)

2.4 SRl &H &9 ALt
(1) A= &4 o] : Cross bearer + Center Sill

CENTER SILL

CROSS BEARER

192, Cross bearer + Center Sill Connection
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(2) 34 ¥4 (Welding configuration)

CROSS BEARER 5.91
1/8H, 0.17"

CENTER SILL GUSSET
1744, 0.16"

0.16"

CENTER SILL & CROSS BEARER(A-A)

193, Welding Configuration
(3) &7l &2 &HoloF 51859
- 84 WH(Welding Type) : 2 &4
- &7kl (Filler metal) : ER308LSI(AWS A5.9)
- 8714 AFHE (Tensile Strength of filler metal) : 93 ksi
- B4 : Cross bearer (ANSI 301L-1/8H) + Center Sill Gusset (ANSI 301L-1/4H)
- o]&X 3 g&-2H(Allowable Stress on Welded area) : 0.3 x €7FA A&7 %=(93 ksi)
= 28 ksi (AWS D1.1,Table 2.3)
(4) 73445 EA X (Properties of weld group)

U/F T0OP
Lo
c.q X Z
Do o
<t
<
;y;L/jx\ oo
NS ol—
et L&

= 7‘\20

/~201.2
&~ 7.92
- Welding properties (Calculated by CATIA V4)

i) Weld Leg Size = 0.16", ii) Weld Throat Size = 0.11",

iii) Weld Area = Weld throat size x weld length = 2.6 in

4 4 4

iv) ley= 8.3 IN" | v) Igz= 17.0 in” | vi) J =253 in
vii) &85 T4 (Center of Gravity) :Chottom=1.91", Cip=2.42"

6G) 3 F= 49 2 == e (FesdsRE)

(Cutting Line From FE Model and Node numbers at Cutting line)
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194, Cutting line(#) 2 Node numbers at Cutting line (%)
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7 Stress from Fx, Fy, Fz (compression and shear)

oy =— X 825 3190 psi = 3.2ksi
WeldedArea 2.6
o, =— Y 1814 eognsi— 0.7ksi
WeldedArea 2.6
Fz 429 _ 165 psi = 0.2ksi

O'Z = =
WeldedArea 2.6

L} Stress from My (acting as a bending)

_M,C18801x2.42

O vix |
Gy

8.3

=5.5ksi

t}h Stress from Mz (acting as a bending)

_ M,C  38632x(7.92/2)

Omx1 =

IGZ

17

= 9.0ksi

- Mxa(H)Z Mxo(-)= a2 o2 Altell A A<l E

- Welded Area, ey lgz
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R
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L3 1 FE 39 RUES A
Fx Fy Fz Fx Fy Fz
Lateral Longitudin Vertical
(Ibf) al (Iof) (Ibf) Mz My1 M Mxz
Compression Load
e 8295 (1814) 429 (38632) (18801) (849) 910
(A F3lE)
: 1949 AHE(Nodes)ZH-E] F=49 33 wulE9 3
5) f3 a% M LURNE $2% 99 LUES o] &¥ SHY o AN
Z
i
X
Mx2
Fz Fx
Y
_ _ Fy My
Mx1 CG of WEDL GROUP
Y Mz
195, Forces and Moments diagram on CG of Weld Group(Z=3%1 #=%)




(6) €45 &%= A4 (Resultant Stress on Welded area)

Oy

2 2 2
o, =\/(GX +0Oyx +Oux1) +0,° +0,

J(32+55+9.0)% +0.72 +0.22
17.7

(7) et A4~ (Safety Factor of Welded Area)
_ AllowableStressOfFillerMetal 28

S = =1.58
resultanStress(oy) 17.7
3.4 8
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Abgoll BAlE BE ke EstelA, BE AAS] SRR dielA ek 2 FrhAY &R &
g ALS sk A2 U B2 AR w=e] dadh Wik ofye}, w2 Fojndirta & 5 9
O shARE, B HapAQl AAl SHelA wets W, AAAE A7tshe Fa F-91(Critical joints)
o, 724 ¢d &Y &HE olE F e Fode A BE ANE FIAA &4 WH(Weld
method) Bl &% A5(Weld size)E Aob= 2ol drel4olm, BgAoln b &4 JAE A7
Woletal & 4 S Aolth

1. =" : Welding Joint Calculations and Stress Analysis Report for SEPTA

2. AWS D1.1:2006, Table 2.3

3. Section 7.4 "Determining Weld Size" in Design of Welded Structures Structure published by
THE JAMES F.LINCOLN ARC WELDING FOUNDATION.
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