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Introduction

Alm :
A parametric study was conducted to investigate the theoretical behaviour of industrial slab on grade to industrial trucks with single wheel axles loading.

Objective :

1.Applying NLFEA to study the structural response of industrial slab on grade to lift-trucks with single wheel axle loading.

2.The studied parameters were the load position in relation to slab edges, slab proportions, reinforcement content and its method of arrangement, and the modulus of subgrade
reaction.

3.The subgrade was represented by boundary-spring elements of a non-tension feature to simulate the soil-resistance characteristics.

4.The numerical results were compared with the predicted response using the linear finite element

Non-Linear Finite Element Analysis

Finite element model Parametric |nveStigati0n

The code was modified to include boundary-spring elements to simulate The studied parameters were the Ioad_ position In relation
the subgrade as a set of orthogonal springs. The vertical spring is a non-  © slab edges, 3|6_‘b proportions, the reinforcement content,
tension one that is capable of resisting compressive forces only, the method of reinforcement arrangement, and modulus of
oermitting the slab lift-off. The horizontal springs were assigned Subgrade reaction. The panels were subjected to two-point

insignificant stiffness to fulfill in-plane stability. The stiffness matrix for ~concentrated loading representing single wheel axles of
the subgrade springs, K., is given by: lift-trucks with wheel spacing of 1000 mm. High-grade

steel reinforcement with yield strength, f, of 360 MPa was

Kx O 0
_ used. Concrete cube strength, f., was set at 20 MPa.
Ksub=| 0 Ky 0 | (1) _ C cu

0 0 Kz Moduli of elasticity for steel bars and concrete, and

Where K, and K, are the stiffness of the horizontal springs, and K, Is the moduzlus of rupture fozr COnCrete, were assum(_ed as 200 KN
. y = . [ mm4, 19.7 KN / mm#4 and 2.68 MPa, respectively.

stiffness of the vertical spring. ZUZUNZNT
Analysis procedure R]/plclal Zlab pa_nel i f b 9 veed
The numerical solution technique adopted for the analysis was an © ?.a -ca;r_yl_?g ::apamty or Sﬁ. Olli] gtrad% arl;a ys€ LLLLLLL
Incremental load procedure. Incidentally, this procedure was applied to UsIng finear Tinie element approach 1s TiMited by bearing i

the sustained loads whereas the own weight of the slab was considered ~ c2Pacity of the subgrade. According to Bowles |16], the

once at the outset. For each load increment, the iterative solution was & 0Wable bearing capacity, ga is related to the modulus of 2
performed in which the stiffness was reformulated every so often. The subgrage reactl_on, Kz as Tollows:

convergence criterion used was based on the iterative nodal Kz=40Fga ~ KN/m3 (2)

displacements. The convergence tolerance varied from 1% - 2%.

Figure | Fimte element 1dealization of slab panels- a) plate-bending layered element
and +ve directions of bending moments; b) typical mesh of elements

Where F Is a safety factor

Results and Discussion
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Table 1. Slab panels: details and analytical results = o ® o . ®
Non-Linear Analysis = T% = T% T - -
- - - - =] =]
Series Panel Load® Thickness™ Side Reinf Subgrade Cracking Bearing Failure Pg Anv BearingX Py Pg 700 = 5 e = e
e — - (] E L’ > =]
Id. Position (mm) Length Reaction Load. P, Load. Py Load. Ps P,  atFailure Load. P, P, P, 600 T § 7 o tE 8§ /S
(mm) Nmm?) (Kn)  (Ko)  (Ka) (mm)  (Kn) = w 25 _ s
Typical RP Comer 150 6000 5Y8/m’ T 0.020 480 68.0 108.0 1.59 0.442 70.2 0.97 1.54 = ' z ™ s o
LPIE // to Edge 150 6000 5Y8/m'T 0020 60.0 1514 2280 151 0.582 1549 0.98 147 g 0 z’ _ _ =p
A LP2E - to Edge > 60.0 184.4 312.0 1.69 0.480 196.8 0.94 1.59 ~ 300 — 0 g — TED
LP3C Centre 120.0 4372 768.0 1.76 -1.524 470.6 0.93 1.63 200 — RP %0 -- TH2S
—  LPIE B . ’
TH20 Comer 200 6000 5Y8/m’ T 0.020 84.0 95.3 156.0 1.64 0.575 96.6 0.99 1.61 o e & | v mruw
TH25 - 250 - ” ” 108.0 1243 216.0 1.74 0.750 1240 1.00 1.74 J . LP3C X | & THL®
B TH30 300 ” - - 156.0 154.2 288.0 1.87 0.959 151.4 1.02 1.90 . » 25 o ° 5‘ o s » ” o
TH1.25 150/ 187.5 . 72.0 81.0 144.0 1.78 0.519 82.1 0.99 1.75 Maxinmm Settlement (uun)
TH1.50 150/ 225 84.0 93.2 192.0 2.06 0.655 93.1 1.00 2.06 b) Series B
SL300 Comer 150 3000 5Y8 /m’ T 0.020 480 64.0 108.0 1.69 -1.361 66.8 0.96 1.62 o 1 .
C SL400 ” ” 4000 ” ” 480 68.0 108.0 1.59 0.749 70.2 0.97 1.54 1‘.; £ 0 i-é’ .:‘2;
SL500 ” 5000 ” ” 48.0 68.0 108.0 1.59 0.522 70.2 0.97 1.54 o — :“E} = %
T PLAIN  Comer 150 6000 - T 0020 480 679 960 141 0401 702 097 137 - 2 |'§ 100 ‘5 5
RT10 - 5Y10/m" T " 480 68.0 108.0 1.59 0.435 70.2 0.97 1.54 7 :‘“ e _ =
D RT12 - ” - 5Y12/m’ T - 480 68.0 108.0 1.59 0.427 70.2 0.97 1.54 Z 80 | z ¥
RTBS - ” ” 5Y8 /m T&B ” 480 68.0 108.0 1.59 0.439 70.2 0.97 1.54 E - B e
RBS 5Y8 /m’ B - 480 679 96.0 141 0393 70.2 0.97 1.37 - — A DAl
KO.5 Comer 150 6000 5Y8S/m’ T 0.005 480 27.0 60.0 2.22 1.036 29.9 0.90 2.01 40 —  SL300 4 — RTIO
E K1.0 0.010 480 438 96.0 2.19 0.791 45.6 0.96 2.11 " SLAOO » - Ra
K3.0 - . . . 0.030 48.0 85.3 108.0 1.27 0.293 90.9 0.94 1.19 - i’m - Egg
K5.0 - ” = 0.050 60.0 99.5 120.0 1.21 0.213 126.5 0.79 0.95 o : . . - - ™ 0 - . : - '
- - 1 1 0 5 10 15 20 25 3
* Refer to Fig. 1 for positions of fork-lift load Maxnmun Settlanent (o) Maxnman Settlanent (uun)
*  For panels TH1.25 and TH1.50, a margin strip of 500 mm width was thickened c) Series C d) Series D
X Load at the allowable bearing capacity according to Eq. 2. resulting from linear finite element analysis and neglecting the slab reinforcement 140 -g E
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Figure 4 Load-settlement response of the slab panels
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Conclusion

x5 Based on the study presented herein, the following conclusions can be

' drawn:
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/ 1- In the practical range of subgrade modulus, adequate results are expected

G
,{/j//// In case the safety factor of bearing capacity is assigned a value close to 7.
.

capacity.

3- Reinforcement has an insignificant influence on the structural response. It
L ... is sufficient to provide the steel reinforcement on the basis of serviceability
requirements.

4- Linear finite element analysis yields acceptable load-carrying capacities as
compared to the results of NLFEA. Essentially, a typical load-settlement

i response lasts linear beyond the bearing failure criterion set by Equation 2.

Figure 2 Typical slab panel. RP- a) Load-settlement response: b) Slab cracking at failure:
¢) Slab deformation at failure
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- ; 2- Slab thickness has a dominant effect on the results of load-carrying
/ /]

%
7

¢

g, g i At e — St L e T et ek e )

'.‘.'.E.’,‘.l.'.‘.'['.".‘;'.".‘.[.'.'.].'.'.‘['.'."j‘.'.’. «Te". Y,
...................................

.....................................................................

)
X
A
X
X)
A

A
0:0
X
X
X!
:o:
%

0:0
X
00
X
0
W%
A8
!
-

;
"

T L T M M M T R B T I D B S e B T B T e e
. e RS (B T M B R T M D I
. — . s — o — — . — s — -

(/
\

AR
%
A
A
5
A
A
A
N
W
N
X
0

:o
gi
h

- 2250 E-2

9
()
K

<
«-“.

-3000 E-2

Figure 3 Bending moments at failure- a) moment My: b) moment My,



