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ABSTRACT

Academic Year 2014

In term of structure analysis we must have a deepunderstanding about programs

mechanism. We should scoping of the study for convenience and save time to design flat slap.

This study is researching into coefficient of flat slap design, in order to analyze relevance

of moment's coefficient and moment value and compare the highest moment occure between

Finite clement program and Equivalent Fame Method. The result of analysis, there were

coefficient of steel reinforcement from Finite element program. It resulted moment value be

different 38.840 percent compare with Equivalent Fame Method. However, program is reliable

but user have to be sufficient capability and understanding in the structure of the study case.
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4.1.1 n36 Wu = 1590 kg-m

12 =10

44

A13191 4.191ANY 40x40 (MAT spacing 5 @ BIHAT NITBINTH ATUHUINY 0.264A13

ﬂ’mﬁ'uua:ﬁ”mﬂn IAUA 1nuB unucC
colume strips  moment(%) 1.000 0.600 0.750 0.750 0.600 0.750
Mu 54234347 19706.266 44208.794] 43087.576 19211.127 43034.828
middle strips  middle strips
moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0.000 13137511 14736.265] 14362.525 12807.418 14344943
Hnuc HauD HAUE IAUF
0.750 0.600 0.750 0.750 0.600 0.750 0.750 0.600 1.000
43034.828 19232.226 43034.828143056.878 19211.127 43109.626]44230.844 19706.266 54263.747
0.250 0.400 0.250 0.250 0.400 0.250 0.250 0.400 0.000
14344943 12821.484 14344.043] 14352.293 12807418 14369.875114743 615 13137.511 0.000
§
P) B 0.7
< & ) v O &
AN 4.29U1ANU 28x40 LNAT spacing 4 @ TIHAT MUTH ANNHUWY 020405
ﬁ’mf'er"u WA unuB wAucC
colume strips  moment(%) 1.000 0.600 0.750 0.750 0.600 0.750
Mu 75942.616 26562.682 60105,130} 59089.777 26127.936 59059.181
middle strips  middle strips
moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0.000 17708.454 20035.043] 19696.592 17418.624 19686.394
uwnuc unuD i WNUE
0.750 0.600 0.750 0.750 0.600 0.750
59059.181 26127.936 59089.777] 60105.130 26562.682 75942.616
0.250 0.400 0.250 0.250 0.400 0.250,
19686.394 17418.624 19696.592( 20035.043 17708.454 0.100]




1 J ¥
A15197 4.3UU1ANY 28x40 IUAT spacing 4 @ 10UAT G1HENI ATTUHMINY 0.200A5

45

d’mm'z [IAUA IAUB 1puc
colume strips - moment(%) 1.000 0.600 0750} 0.750 0.600 0.750
Mu 49793719 19436.606  42491354]40037.033 18668.291 40820396
middle strips  middle strips
moment(%) 0.000 0.400 0250 0250 0.400 0.250
Mu 0000  12957.737 14163.785| 13645678 12445 528 13606.799
1NUC 1uD IINUE
0.750 0.600 0750] 0750 0.600 1.000
40820396 18668201  40937.033|42491.354 19436.606 49793719
0.250 0.400 0250] -~ 0.250 0400 0.000
13606799 12445508 13645678} 14163785 17957737 0.000
S
3) v, 0.5
o & | v Y A
19199 4.4 YVHIAWY 20x40 INAT spacing 4 @ S14AT ATUAY ANUHUINY 0.214A5
A (INUA INLUB e
colume surips moment(%) 1.000 0.600 0.750]  ~0.750 0.600 0.750
Mu 55333179 . 18619.583 43000.298]42499 577 18423.909 42489.790
niiddle strips middle strips
moment(%) 0.000 0.400 0.250]  0.250 0.400 0.250
Mu 0.000  12413.055 14333433 14166.526 12282.606 14163.263
lltﬂ‘uC unuh LAUE
0.750 0.600 0750  0.750 0.600 1.000
42480700 18423909  42499.577)43000298 18619583  55333.179
0.250 0.400 0250 0250 0.400 0.000
14163263 12282606  14166.526[14333.433  12413.055 0.000




M13197 4.59NANY 20x40 INAT spacing 4 @ 10AT ATHETI ATIHHUINH 0.264A

46

fe

4.1.2 n3al Wu = 1730 kg-m

1)§=1.0

HAUA 1AUB uauc
colume strips - moment(%) 1.000 0.600 0.750]  0.750 0.600 0.750
Mu 61373.123 25151570 54902.659 52336.432 23763.265 52066.832
middle strips  middle strips
moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0000 16767713 18300.886) 17445.477 15842.177 17355.611
HAUC 1puD UAUE
0.750 0.600 07504 0.750 0.600 1.000
52060832 23763.265  52336.432|54902.659 . 251515700 . 61373.123
0.250 0.400 02500 0250 0400 0.000
17355.611 39605442 174454771 1B300.886 ~  16767.713 0.000

1 » w z
A13197 4.6911ANY 40x40 1IAT spacing 5 @ SIIAT NITBINH ATIHHUINY 0.203/715

E )
AMUTULASATUY

LUAUA LUAUB 1HAUC
colume strips - moment(%) 1.000 0.600 0.750 0.750 0.600 0.750
Mu 53171.532 22552.264 51087.012148040.858 20696.031 47565.384

middle strips  middle strips

moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0.000 15034.842 17029.004]16013.619 13797.354 15855.128

HAUC HuAUD IIAUE UNUF
0.750 0.600 0.750 0.750 0.600 0.750 0.750 0.600 1.000)
47565.384 20886.221 47565.384]47565.384 15435.231 48040.858] 51087.012 22552.264 53171.532
0.250 0.400 0.250 0.250 0.400 0.250 0.250 0.400 0.000
15855.128 13924.147 15855128 15855.128 10290.154 16013.619) 17029.004 15034.842 0.000;




2)-=07

' X z &
M99 4.7 VAW 28x40 IUAT spacing 4 @ TINAT AIUFU ATINHUINH 0.201A15

47

A HAVA NUB e
colume strips moment(%) 1.000 0.600 0.750 0.750 0.600 0.750
Mu 76156.821 29877.119 67436.931] 64435.073 28269.570 64138.344
middle strips  middle strips
moment(%) 0.000 0.400 0.250 0.250 0400 0.250
Mu 0.000 19918.079 22478 977] 21478.358 18846.380 21379.448
lnuC (D UNUE
0.750 0.600 0.750 0.750 0.600 1.000
64138.344 28269.570 64435.073|67436.931 29877.119 76156.821
0.250 0.400 0.250 0.250 0.400 0.000
21379448 18846.380 214783581 22478 977 19918.079 0000
A19197 4.8 VAN 28x40 AT spacing 4 @ LOLUAT UL ATIHHUINI 0.201015
AUGT finua (NUB UNUC
colume strips moment(%) 1.000 0.600 0.750[ 0.750 0.600 0.750,
Mu 44810.938 22772.405 48933.925)45243,885 19959.302 44331.001
middle strips middle strips
moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0.000 15181.603 16311.308§15081.295 13306.201 14777.000
(IAUC nubD UNUE
0.750 0.600 0.750 0.750 0.600 1.000
44331.001 19959.302 45243 885148933925 22772405 44810.938
0.250 0.400 0.250 0.250 0.400 0.000,
14777.000 13306.201 15081.295}16311,308 15181.603 0.000;




3)%: 0.5

: ¥ % &
M99 4.9 VANY 20x40 1IAT spacing 4 @ SIUAT AIUTH AN 0,209

48

46143.966 19972.608

46244.046)47812.161

20691.082 57039.555

0.250 0.400
15381.322 13315.072

0.250 0.250 0400

15414.662{15937.387

13794,054 0.000

0.000

Ay HAUA (INUB e

colume strips  moment(%) 1.000 0.600 0.750 0.750 0.600 0.750

Mu 57039.555 20691.082 47812.161146244.046 19972.608 46143.966
middle strips  middle strips

moment(%) 0.000 0.400 0.250 0.250 0.400 0.250

Mu 0.000 13794.054 15937.387]15414.682 13315.072 15381.322
e upubD UAUE

0.750 0.600 0.750f 0.750 0.600 1,000}

A15197 4.10 VNAWY 20x40 INAT spacing 4 @ 100187 FIHENT ANUNUITY 0200715

fuen HAA ItAUB HAUC
colume strips moment(%a) 1.000 0.600 0.750 0.750 0.600 0.750
Mu 51738.876 30116.858 63803.11258411.883 25177.154 56544.645
middle strips - middle strips
moment(%) 0.000 0.400 0.250 0.250 0.400 0.250
Mu 0.000 20077.905 21267.704{19470.628 16784.770 18848.215
AUC upuD UAUE
0.750 0.600 0.750 0.750 0.600 1.000
56544.645 25177.154 58411.883]63803.112 30116.858 51738.876
0.250 0.400 0.250 0.250 0400 0.000
18848.215 16784.770 19470.628)21267.704 20077.905 0.000
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4.2.1 N30 Wu = 1590 kg-m
S
D==10

: X 2 X
A15197 4.11 YINANY 40x40 1UAT spacing 5 @ SINAT NITBIATH ATTUHHINY 0.2(4AF

Suduagdne Moment A AL
S = 81AT kgm) | dwlszand | Tuwud
Tuud (¢)

Aeliloa2d1u | Column strips | MMaxs99uon | 3765.120 0.037 %
M+Maxgiaalu 4070.400 0.040 %

MeMaxtoquen | 7581120 . 0,075 L

M-Max3331u 8954.880 0.088 L

Middle strips | M#+Max¥23lu 3103.680 0.031 %

M-Max#3411 1602.720 0.016 L

deiilea3dn | Colummstrips | M+Maxyasuon | | 3205440 0.032 f;_];
M Maxai 341U 3358.080 0,033 ?_]é

M-Max37318n | 7123.200 0.070 0.000

M-Max¥2331u 8369.760 0,082 0.000

Middlestrips | M+Maxy41u 2493.120 0.025 %

M-Max¥23Tu 1679.040 0.017 0.000

Aeliloaadn | Column strips | MtMaxyaln 3332.640 0.033 .12:
M-Max3141u 7937.280 0.078 L

Middle strips | MMax31Tu 2391.360 0.024 ;

M-Max123111 1399.200 0.014 0.000




S
Z)E

= 0.7

A13191 4.12 VUIANWY 28x40 (UAT spacing 4 @ TIHAT ATHTH ANTMHUINY 0,215

dudu Moment i SRS
S = 7R keem) | dwilszand | Tuond
Tuud (c)
Aelilea281u | Column strips | M#Max¥aeuen | 2711270 0.035 .'2:
MMl | 288270 0.037 %
M-Max¥WUBN | 5547.190 0.071 L
M-Max3 u 7198.884 0092 | L
Middle strips | M+Max3241u 1791.930 0.023 %
M-Maxa34 0.000 0.000 0.000
aeliloa3dm | Column strips | MfMaxgaguen | 2430.700 0.031 ;
MtMaxy231u 2524.280 0.032 ;
M-Max¥aauen. | 5266720 0.068 0.000
M-Max¥ 1311 6809.330 0.087 0.000
Middle strips | M+Max#alu 1480.290 0.019 ;
M-Max334 11 0.000 0.000 0.000
aeliloa4dn | Column strips | MtMaxgaalu 2477.540 0.032 %
M-Max3231u 6513.280 0.084 0.000
Middle strips | M+Max3141u1 1308.890 0.017 %
M-Max34 1 0.000 0.000 0.000




1 » &
A13197 4.13 WNANWY 28x40 1UAT spacing 4 @ 104AT AIHENI ANUHMINH 0.211A3

e Moment oR AN
S = 10WAS (kg-m) Fnlszans Tuus
Tuud (¢)
aetiloa2d | Column M+Max¥9uen | 6288.570 0.040 ;
strips M+Max¥73 11 6317.090 0.040 ;
M-Max#9u8n | 12338.790 0.078 L
M-Max1241u 13682.260 0.086 L
Middle strips | M+Maxaiaalu 5900.960 0.037 Sk
200
M-Max#4 11 5473.920 0.034 L
deiiloasdn | Colims M+Max¥NUen | | 5569.420 0.035 %
strips M#Maxsadlu 5543.190 0.035 %
M-Max39uon | 11358420 0.071 0.000
M-Max¥W 11 12473.080 0.078 L
Middle strips | M+Max¥1a1y 4967-070 0.031 'E‘
M-Maxg1aTu 5481.430 0.034 0.000
Aeriies4d s | Column M+Maxaaalu 5435.510 0.034 %
strips M-Max# 1 1u 12250.590 0.077 0.000
Middle strips~ || M+Max3aalu 4945.100 0.031 _;.
M-Maxy2411 5698.600 0.036 0.000




s
3)E

=0.5

54

! X - &
A19197 4.14 VUIAWY 20x40 1UAT spacing 4 @ SINAT AIUTH ANUHUINY 0.214AF

dudu Moment fin ERIATLI
S = 514A5 (kg-m) #ulszang Tuud
Tuud (c)

aeliloa2@mu | Column strips | M#Max39auon | 1001.700 0.025 ;
M+Max3 111 1003.500 0.026 %

M-Max¥29u80 | 3323.100 0.084 L

Moty | | 4300.950 0.108 L

Middle strips | M+Max3331u 961.950 0.024 %

M-Max¥331u 0.000 0.000 0.000

ﬁﬂtﬁﬂ%ﬁ'm Column strips MMax¥1uan 922.200 0.023 .g.
M Max3211u 842.700 0.021 %

M-Max¥NUBA . | 3243.600 0.082 L

M-Max3331u 4118.100 0.104 0.000

Middle strips | M+Maxaalu 906,300 0,023 %

M-Max¥2411 0.000 0.000 0.000

Aetiloaddn | Colimn strips | MeMax¥aahu 866.550 0.022 ;
M-Max¥7311 3982.950 0.100 0.000

Middle strips | M+Max3241u 826.800 0.021 %

M-Max34 11 0.000 0.000 0.000




1 5 W
M131971 4.15 YINANY 20x40 131A5 spacing 4 @ 1010AT AIHETI ANNHHINY 0.203AF

AU Moment A MU
S = 10AT (kg-m) duilszans Tuus
Tumud (¢)
Aelilea2dm | Column strips | M+Max329uon | 4061260 0.026 %
M+Max323 11 3990.840 0.025 .;‘.
M-Max%2418n 6786.120 0.043 L
M-Max%34 1y 7259.550 0.046 L
Middle strips | M+Max3aslu-|-4022.690 0.025 %
M-Max24 11 4401.090 0.028 L
AeLile3d | Coldme strips | MMaxsauan | 4714870 0.023 %
MiMaxaiaau 3635.800 0.023 12‘.
M-Max329Uan | 6368.820 0.040 L
M-Max3 11 6721.680 0.042 0.000
Middle strips | M+Max#231u 3593.670 0.023 %E
M-Max3131u 4400.750 0.028 0.000
aelfloadd | Column strips | M+Maxiaalu 3628.400 0.023 ;
M-Max¥3411 6614.722 0.042 0.000
Middle strips” | MtMaxgaalu | 3615530 0.023 12.10_"
M-Max3241u 4515.160 0.028 0.000




4.2.2 N3 Wu = 1730 kg-m
S
1)*{: = 1.0

! ] ) X
131491 4.16 VIANY 40x40 14T spacing 5 @ 8IUAT NIABINU ANURUINY 0.204AT

SuFunazdiue Moment i ERIIIER
S = 81AT (kg-m) Funlszant Taud
Tuwud (c)

Ao1ites2d1u | Column strips | M¥Max¥2auen | 4096.640 0.037 %
M+Max3 3¢ 1u 4428.800 0.040 %

M-Max¥29Uen | 8248.640 0.075 L

M-Max¥311u 9771.040 0.088 L

Middle strips | M+Max¥alu 3376.960 0.031 %

M-Max 34114 716,160 0.016 L

AO1H893AY | Columnstrips | M+Max¥aauan | | 3487680 0.032 %Ié
M-+Maxai24 11 3653.760 0.033 ?_2

M-Max3i7318n | 7695040 0.070 0.000

M-Maxairalu 9079.040 0.082 0.000

Middle strips | M+Max3331u 2712.640 0.025 %

M-Max¥13 11 1826.880 0.017 0.000

Aeliipwd cOmﬁmstﬂps Mr+Max324 111 3626.080 0.033 12‘.
M-Max241u 8608.480 0.078 L

Middle strips - | M+Max%33Tu 2601.920 0.024 12“.

M-Max3 23T 1522.400 0.014 0.000




2)

[l 7]

. P % %
A13197 4.17 VNAWY 28340 1IAT spacing 4 @ TINAT ATHEY ANUHUINY 0,210

Muduy Moment i AL
S = 7UAT kgm) | dnlszAnd | Twwud
Tuud ()
Aeuiiea2d1 | Column strips | M*Max¥99uen | 2941.000 0.035 ;
M+Max#39tu 3153.440 0.037 %
M-Max¥NUDN | 6035.620 0.071 L
M-Max333 11 7815.790 0.092 2
Middle strips | MMax3a3]u 1949.710 0.023 ;
M-Max3a1) 0.000 0.000 0.000
A0ii1093@ | Columnstrips | M+Max¥a3uan | | 2644.820 0.031 %
MiMaxdaalu | 2746550 0,032 %
M-Max31348n | 5764.360 0.068 0.000
M-Max#341u 7442.810 0,088 0.000
Middle strips | M+Maxs23lu 1610.630 0.019 .12:
M-Max323 1u 0.000 0.000 0.000
aeiiloadd | Columnstrips | MiMaxsaty 2695.690 0.032 .'2:
M-Max3141u 7086.770 0.084 0.000
Middle strips- | MtMax3Tu 1424.140 0.017 %
M-Max124 11 0.000 0.000 0.000




1 b3 5
M17197 4.18 VUIANY 28340 1UAT spacing 4 @ 10IUAT UL ANUWNNY 0.211A5

FY 1 o ]
A1U877 Moment A1 ATLHUA
S = [0WAT (kg-m) Futlyzans Taiiud
Tumud (¢)
A '
AoIH1992¢NY | Column strips | M+Max24 6838.430 0.040 %
uan
M+Maxinlu | 6869.650 0.040 %‘.
M-Max¥ 1 13501.980 0.078 L
Hon
M-Max3i33lu- |- 14972.270 0.087 L
Middle strips | M+Maxilu | 6421.750 0.037 el
200
M-Max¥lu | 5843.730 0.034 L
L A !
Av111093A M | Column strips—| M+Max¥13 6058.020 0.035 %
HON
M+Max¥19 1 | 6029550 0.035 ;
M-Max¥19 12288.160 0.071 0.000
uan
M-Maxt 11U | 13680.010 0.079 L
Middle strips | MiMaxtnalu | 5404.390 0.031 %
M-Max¥1alu | 5957170 0.034 0.000
AB11189461U | Column strips. | MMaxiivlu | 5911 740 0.034 %
M-Max¥ NI 13282.030 0.077 0.000
Middle strips. | M#Max¥231u_| ~5381,290 0.031 %
M-Max¥31h | 6192450 0.036 0.000




S
3)'[:

= 0.5

; % A &
M13197 4.19 VUIAWY 20x40 IMAT spacing 4 @ 5AT ATHTH ANUTHINY 0213405

dud Moment a SRIATATR
S =51un3 (kg-m) Futlszant Tuua
Tumua (c)

Aelites2diu Column strips | M+Max¥33uen 1107.200 0.026 ;
M+Max 33411 1124.500 0.026 %

M-Max¥39U80__ | 3633.000 0.084 L

M-Maxa24u 4688.300 0.108 L

Middle strips | M+Max3331y 1055.300 0.024 %

MMax¥9l | 0.000 0.000 0.000

Aeuiloa3d1u | Column strips | MMaxsasan | 003,400 0.023 %
Mt Maxai 11 916.900 0.021 ;

M-Max¥NUon. | 3529.200 0.082 L

M-Maxt iy | 4472.050 0.103 0.000

Middle strips | M+Max3alu 986.100 0.023 35_'“

M-Max¥24 11 0.000 0.000 0.000

detiledd | Column strips | MMaxypelu 942.850 0.022 1_2:
M-Max3# 7311 4333.650 0.100 0.000

Middle strips | Me-Max33a1u 899.600 0.021 .3.’51:

M-Max3 2411 0.000 0.000 0.000




, i z
A13197 4.20 VHIAWY 20x40 INAT spacing 4 @ 10UAT ATHENT ANUHHINY 0.203015

e Moment i1 AU
S = 101A5 (kg-m) Sunlszans Tusma
Tuud (¢)
AoIiea2811 | Column strips | M+Max32ausn | 4422 470 0.026 %
M+Max13411 4346.130 0.025 ,21:
M-Max¥94Uef | 7514.600 0.043 L
M-Max3241u 7912.610 0.046 L
Middle strips | M+Maxgaahu|-4375.200 0.025 ki
200
M-Max124 lu 4788.010 0.028 s
feiiloa3d | Coltimn strips | M+MaxsIuan | 4043950 0.023 %
MiMaxaiadu 3957.760 0.023 ;
M-Max329on | 6952260 0.040 L
M-Max3 191U 7313.660 0.042 0.000
Middle strips | M+Maxa331u 3909.950 0.023 12_10[‘
M-Max312 Ty 4788.330 0.028 0.000
Aeliio4d M | Column strips | M+Maxaalu 3950.370 0.023 ;
M-Max¥3411 7190.200 0.042 0.000
Middle strips” [ MtMaxsioslu 3934,100 0.023 %
M-Max¥747u 4916.630 0.028 0.000




61

4.3 nl3sumesuamnsmuan1danis Equivalent frame method taz 35 91n11/56053 Finite

£ 1
element tazr o SIFUARIINUANAI VINTUMITN 4.2

o o ]
WosruanINuanA1e =

Mequi*Mfinite x100%

4.3.1 738 Wu = 1590 kg-m

1)%:1.0

Meql.li

4.2)

1 " g v
A13199 4210 FoumeuTuenan taany 40x40 (AT spacing 5 @ 81IAT T1IaBIATY A

&
HHUIWH 0.2LU4A 35

duua Mu Mustmps(ey) | Mubiops(ime) | % AR
AouiDaAY Vi max Mo 9853.133 496567 765,120 B3
Wemax I 19706.266 4926567 4070400 17379
column slrips
Mema 1130 ML (3558567 BILIL 44186
Wema S4T4UT 13558387 8954350 31,054
Wemax T 13137151 384,288 313,690 5499
midldle strips
Memax 14736.265 3634066 1602720 56496
Ao Vimax 116 9616113 4808057 305840 1132
Wetan i 19232.226 4808057 1358,050 30,157
column strips
Memax o 20517414 10758907 7123200 3,791
Memax 1 43014828 10758.707 8369.760 2,205
Mma 12821484 3205371 193120 0.2
midldle strips
Memax i 14344943 35%6.236 1679.040 53181
AatiowdAT Memax T 19232.226 4808057 3132640 30,686
column strips
Vema 43034 828 10758707 937280 %25
Memax 12821 484 3205371 2301360 25395
midldle strips
Memax 1 14344 943 3586236 1399.200 60,984
ANRAN%ATIANAT 1048




z)%: 0.7

62

M13190 4.220fFeufouTunuai ViAWY 28x40 AT spacing 4 @ 7IAT AUTU A

&
HWHIWU 0.214815

A Mu Museips(eq) | Musmipstfinie) | %ATHUAAAN
Aoiioadm Mrmax 100 13281341 5312536 271,268 48,965
Memas T 26562.682 5312536 2882670 45.738
column strps
M-max 100 117174 10846.869 5547192 43.859
Memax i 75042616 15188523 7198884 52603
Mmax Ty 17708.454 3541691 1791.930 49405
midldle strips
Mozt T 20035043 4007.009 0000 0.000
ﬁﬂlﬁmﬁm Mmax Wan 13063.968 5225.581 430,792 53483
Memay Ty 26127936 5225587 2524104 51,694
columa strps
M-max 46A 29544 889 11817.955 5266716 55435
Memas 39089.777 11817.955 6809.334 42381
Memax T 17418624 MBS 1480.290 57508
midldle strips
Memas 1 19696.592 3939318 0.000 0.000
Aotilnaam Mémax 1 16127936 5225581 477358 52.588
column strips
Memas 1o 59089.771 11817.955 6513.276 4887
Meaay i 17418.624 3483.725 1308888 62428
midldle strips
Vemax 19696.502 3930.318 0.000 0.000
ARAIAIIARAT 5129
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A
HHIWH 0.204A5

A Mu Mulstnps(eq) | Mu/strips(fimte) | R0 N
simﬁauﬁ’m M+max 18 9718303 5553316 6288566 13.240
Mmax T 19436 606 $553.316 6317089 13,783
column strips
M-max 1101 217174 15495.528 12338.794 20372
M-max 114 49793.719 142267177 13682.260 1827
M+max 114 12057.737 3702211 5900.957 59.390
midldle strips
Memax I 14163.785 4046.19 471392 35,066
émﬁaaaé’m Mtmax 1an 0334.146 5333.707 5569.423 4418
Mniax 1 18668.201 33797 5543 189 3926
columm strips
M-max 10 20468.517 11696.295 |1358.423 2889
M-max 1 40937.033 11696.205 12473080 6.641
M 12445.528 3555.865 4967.074 10.687
midldle strips
M-max 11 13645678 3808.765 5481431 40.594
émﬁam’m Mimax 1y 1§668.291 5333.797 5435514 1.907
¢oluran strips
M-max 1y 40937.033 11696.295 12260.594 4825
Wemay T (2445528 3555 865 4045,997 30,094
midldle strips
M-max T 13645.678 1898.765 5698.603 46.164
ARATHATIIARAT 21000
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A
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i Mu Mustipsleq) | Muwips(ini) | % Aumnan
Aguiond Memax 160 9309.792 MBI 1001.700 B0l
Memax Ty 18619.583 BN 1033500 U1
column strips
Memax 400 M1 10846869 1100 69,364
Memax 5533347 11066.63% 4300.950 61.136
Memax 413,055 82611 961,950 61,252
midldle strips
Ve D 4333433 2866637 0,000 0.000
AetiaA Mmax 10 9211955 (842301 92200 19,045
Mtmax 18423909 1684752 842,700 T.130
cofunn strips '
Vmix 1100 21249.789 R499.915 323600 61840
Va1 449957 §499915 4118100 51551
Muax D 12082606 1S6521 906300 63106
midldle strips
Vemay 1 14166526 2833305 0.000 0000
AatilawAy Mmax 1 18423909 3684752 866530 76483
column strips '
Mo Ly 42499577 499,915 3982950 3,141
Mema i (2282606 45652 326800 66343
midldle strps
Vema i 14166526 2833305 0.000 0.000
AURAL%AT AN 64357
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&
HHINY 0.204A7

fum Mu Musrips(eq) | Muistips(nite) | %ATmanan
AoiBaA MeHmax 190 6287893 5030314 $122512 61471
Mmas Tu 515157 10060.628 1981680 20,664
columa sirips
Memax 19N 33896.467 MM 357,032 49,950
Memax Tu 6131312 2454949 14519.096 40857
Mmax 1 16767.713 6707085 8045372 19.953
midldle strips
Memax Tu 18300.888 0355 802,150 0243
AallBBAN Memax 100 5040 816 152651 7420744 56328
Mimag Iy 23763265 9505.306 71604 2500
column strips
Meuax 18R 13084.108 10467.287 12737648 21,69
Memax T 5133649 20934573 13443.35) 35784
Memax 15842178 6336471 7187340 13421
midldle strips
Memax L 17197978 6879.101 8501492 2794
Aaliloa4A Mrmas 263,265 9505306 7056504 23,655
column strips :
Memax T 52336433 20934573 13220444 36306
Memax Ty 15842.178 6336871 731052 14111
midldle strps
Memax 1y 17197978 6879.191 0030324 31270
MRAI%A AT 31103
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A195197 4.26 1BaumauTumuai YNANWY 40x40 (NAT spacing 5 @ SINAT NITBIATU AN

T 0.204713
Az Mu Muistrips(eq) | Mustips(finite) | % ATAAAN
AonipI2A Mémay 100 1276132 563,066 4096640 7340
Mmax 11l 22552.264 5638.066 4428 800 11,448
column strips
M-max Han 26585.766 13292.883 8248 640 37.047
M-max 11l 53171.532 13292.883 9771.040 26494
M+max 111 15034.843 58711 3376.960 10.156
midldle strips
M-max 114 17029.004 4257.251 1716.160 39,689
Aanipa3AT M 104 (043,111 501,555 3487680 33206
M+max ]1! 20886.221 5221555 3653.760 30023
colunin strips
M-max 10 23782.692 11891.346 7695.040 35289
M-maxlu 47565384 11891.346 9079.040 23650
M+max 11! 13924147 3481.037 2712.640 22074
midldle strips
M-max 111 15855.128 3063.782 1826.880 53011
AonioI4AY Memax 20886.221 §201 555 3626080 30,556
column sirips
Vemax 1 47565 384 11891346 8608 480 1607
M+max 111 13924 147 3481.037 2601.920 25,254
mididle strips
Memax 11[ 13853.128 1963.782 1522400 61.592
AR ATIARAT 32,800
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A
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A Mu Musmps(eqi) | Mustrips(init) | %ATIARAR
aliiaaan Mtmax Hon 14938 560 597544 2949.99 50.631
Mémax 1 20877.119 597544 3153444 41226
colunn strips
Mema ¥8A M1 10846.869 6035.624 4336
Memax Ji 76156.821 15231.364 7815.79 4368
Memax 19918.079 3983 616 1949710 51.057
midldle strips
Memas Ty 1478971 4495795 0,000 0.000
Hl’f]lﬁﬂﬂﬁ‘ﬂl M+max 180 14134.785 5653.914 2644824 5.2
Memax 28269.570 5653.914 2746.548 51422
column strips
Memax a1 30217537 12687.015 5764.360 55.270
Memay Ty 64435073 12887.015 7442806 4246
Mimax i 18846.380 3769.276 1610.630 5120
midldle strps p==
Moz T 21478358 4205672 0.000 0.000
Aatiigsay Mema 1 28269570 5653.914 2695686 5232
column srips
Ve i 64435073 12887015 7086.772 45,008
Mémax 1 18846.380 3769.276 1424136 62217
midldle strips
Memax Ty 2478358 4295672 0.000 0000
AIRALYATTLUARATY 50.841
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A
HUIWH 0.214A 3T

Aoy Mu Musrps(eq) | Mustipstinie) | %anuuanan
Aaciiaa2An Meizx 1400 11386203 6506401 6838 434 5,103
Memax 1y 2112405 6506.401 6869.654 558
column strips
Memax 160 TVAL! (5495.528 13501.983 12,865
Memax T 18933925 13981.121 149m 7089
Mmax T 15181603 BN601 6421746 18048
midldle strips
Mo T 16341308 4660374 5843.79 2539
Arigan My 1100 0979.651 502658 6058023 6232
Mtax 1 19959302 5702658 629,551 573
colum strips
M-max N 20621983 (2926824 12288160 4941
Meniax 11 45243 885 12926.524 13680011 5807
Memax by 13306201 80170 5404386 42154
midldle strps
M-mas T 15081.295 4303.941 5957174 38251
Aoiilowan Memax 1995930 5702658 5911743 3,666
column strips
Moz T 15243893 10926824 13282.026 2748
Mema i 13306.201 BOLTT 5381289 4154
midldle strips
Menax T 15081.295 4308941 6192451 2871
ARAYATTIATATY 18.681
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A
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A Mu Musiipsleqi) | Mustrips(finite) | % AR
Rotlas2dny Mémax 10 10345.541 4138.216 1107200 7245
Memax 20691082 4138.216 124,500 7.8
column strips
Memax 67 7174 10346869 3633.000 66,506
Memax §7039.555 1407911 4633.300 58903
Mmax T (3794054 2758811 1055.300 61748
midldle strips
Vemay T 15937387 3187477 0.00 0.000
Aadilevsanu Miay Kon 9986.304 3904522 1003 460 481
Memay T 19972 608 3994322 916,900 77,046
column strips
M-max 18 B122.083 0248 809 1529.200 61.842
Meatax 11 46244046 9248509 72050 51641
Memax T 1331507 2663014 986,100 62971
midldle strips
Memax 1 15414 692 1082.936 0.000 0.000
Antlasd Mmay T 19972608 3094322 042850 7639
columa strips -
Memax Ty 46244.046 9248.809 233,650 53,144
Memax T 13315072 2663.014 899,600 66210
mid!die strips
Mmax T 15414682 3082936 0000 0.000
ARAL%ATINANATY 6595
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o) Mu Mustipsieqi) | Musips(inite) | % ATIUARAT
AORIDLATI Mema 1100 15058 429 623372 8844 944 46844
Memax 1y 10116858 120467143 8692264 1846
column strps
Memay 10 M1 MITIH 15029192 43T
Memax 1y 63803113 2501245 15825220 37992
Mmax 1y 20071905 8031 162 $750.408 956
midldle strips
Memax 1y 2167705 8507082 9576020 12565
dauilasaa Mémax 107 12588.578 5035491 8087.904 60.620
Memax Ty BIT7155 10070.862 7915520 21402
¢olumn strips
M-max 480 29205 941 11682377 13904520 19021
Memax L SILER | T 14627320 1739
Mémas 16784770 6113908 7819.897 16473
midldle strips
Memax 1 (6784.770 788251 9576664 0.000
AoipuAT Mmax I 16784770 10070.862 790,740 21549
column strps
Memax T 6784770 2364753 14380 400 13453
Memax 16784770 6713.908 7868.196 17.192
midldle strips
Memax 1 16784.770 78851 0833 260 26258
AIRAT4ATTIARA 7132

o 4 { ! o 1 A
MNSHIAURAEAIIUANANYD TN UATENINIT Equivalent frame method 1Az 35019

SR 'lel 3 1 o 0
Finite element ‘F]ﬂTﬂ’ﬂlll.l.ﬁﬂﬂ'l\i‘i]ﬂ\?illlllﬂﬂlﬂ'lﬂﬂ 38.430 /O
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13190 5.1!lﬁﬂﬁﬂ1ﬁuﬂﬁzﬁﬂﬁiﬂlﬂuﬂ (C) muay

Sudu
Tud 1A 197 VB49ATIAIU m = %
1.0 0.7 0.5
018281 | Column strips | M*Max¥aauan 0.037 0.035 0.025
M+Max74 U 0.040 0.037 0.026
M-Max319u8n 0.075 0.071 0.084
M-Max3341u 0.088 0.092 0.108
Middle strips | M+Max¥34lu 0.031 0.023 0.024
M-Max#141u 0.016 0.000 0.000
doiilea3d i | Colume strips | M*Maxtaauen | 0,032 0.031 0.023
M+Max¥9 1y 0.033 0.032 0.021
M-Max33310n 0.070 0.068 0.082
M-Max7341u 0.082 0.088 0.104
Middle strips | MMax¥1:1u 0.025 0.019 0.023
M-Max#131u 0.017 0.000 0.000
Aoliloeddnu | Column strips | M-+Maxaals 0.033 0.032 0.022
M-Max324Tu 0.078 0.084 0.100
Midd[er strips M+Maxa1aTu 0.024 0.017 0.021
M-Max334 T 0.014 0.000 0.000




3 Qs - 4; J
M15191 5.2 uaaamanlszanglasiua (©) Muen

AUE
Tausd AR 9T Ve8ATIAIU m = %
1.0 0.7 0.5
A81i199287 | Column strips | M+Max¥auan 0.037 0.040 0.026
M-+Max#1a 11 0.040 0.040 0.025
M-Max32418n 0.075 0.078 0.043
M-Max3341u 0.088 0.086 0.046
Middle strips | M+Max3ia41u 0.031 0.037 0.025
M-Max191u 0.016 0.034 0.028
deiflea3din | Column strips | M*Maxyaaan 0.032 0.035 0.023
M+ Max¥33 11 0.033 0.035 0.023
M-Max3941400 0.070 0.071 0.040
M-Max#741u 0.082 0.079 0.042
Middle strips | M+Max¥13lu 0.025 0.031 0.023
M-Max141u 0,017 0.034 0.028
Aeliloa4@Iu | Column strips | M+Maxaaahs 0.033 0.034 0.023
M-Max 4Ty 0.078 0.077 0.042
Middle strips’ | M+Maxa3au 0.024 0.031 0.023
M-Max2aTu 0.014 0.036 0.028
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ESTIMATION OF SERVICEABILITY DEFLECTION
OF EDGE SUPPORTED SLABS
PART 2: COEFFICIENT METHOD

B. Ahmed*, Bangladesh University of Engineering & Technology, Bangladesh
S. R. Chowdhury, Ahsanullah University of Science & Technology, Bangladesh

Abstract

Calculation of design moments are based on coefficient method for edge
supported slab systems. The design procedure for edge supported slabs lacks from
the checking of the serviceability deflection of slabs using simple techniques like the
calculation of strip moments using coefficient. A companion paper [1] summarises
the methods available for calculating slab deflection, described the development and
verification of a finite element model for simulating slab response. The model so
verified has been employed in this paper for deflection of slab centre for various
support cases and span rations. These have been consolidated into tabular form
which forms the basis for calculating the slab deflection using coefficient method and
forms a method that is consistent with the moment coefficient method of ACI.
Results obtained using the proposed method have also been compared with Finite
Element results for continuous slab systems. Finally 2 comparison of slab deflection
for various span ratios and support cases have been performed with some of the
available methods.

Keywords: Deflection, edge supported slab, coefficient method, strip moment, ACI method

1. Introduction

It has been shown in a companion paper [1] that there are several methods available for the
calculation of deflection of the edge-supported slabs. It was observed that ihe available methods such
as Lavey and Simpson described by Ugral [2], Chang and Hwang [3], Polak [4], Vanderbilt et al [5]
are either very difficult to use or oversimplifies the conditions such as strip method described by Ugral
[2], ACI method [6]. A companion paper described the development and verification of a FE model
using ANSYS [7] to simulate slab response. Results obtained from the FE model was converted into
strip method of the ACI moment coefficient. This has been used to verify the FE result with ACI
results by extracting results for various span ratios and all the nine support conditions. Results
presented in the companion paper shows that the model can represent the behaviour of edge
supported slab with sufficient accuracy. This paper utiises the developed model, to study the
deflection pattern of such slabs under various conditions, results of which has been consclidated to
develop a simple procedure to calculate the deflection in away similar to the moment calculation
procedure.

2. Development of Coefficient Table for Slab Deflection
Considering the two central strips of a rectangular plate with short span I, and long span I, supparting
a uniform load w. Equating the centre deflections of the short and long strips gives:

Swit swi*
o b b

384EI  384E]
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w=w +w,
solving
;¢
w o= w ﬁ—- ; thus for a given slab:
a 17+ 1 i
w, = w.k (1
Where:

W, = share of load w carried in the short direction
W, = share of load w carried in the long direction

Again midpoint deflection in short direction can be expressed in the following form:

5w l* 5w 1
5 = a a = a a E
384 E1
3842
g2
14
S| s
34— | ¢
12
wi*
_ a
=C,— (2a)
In the same way midpoint deflection in long direction is:
wl:
= Cb '—;3— (Zb)

Equations 2{a) and 2(b) are developed considering simply supported slab only while the
philosophy and the final form of the equation is same for ail the cases

4
w i
ie. 0 =K 13 8; E, where K; depends on end restraint condition
4
wl
d=C =
L
wi :
ord = Cb 5

t

Thus using equations 2(a) or 2(b) it is possible to calculate deflection of slab having any support
condition and span ratio provided a proper coefficient is available.

Using the verified model for slab; it is possible to obtain the deflection of slab centre for all
support cases and span ratios and these can be used to compute the deflection coefficient as follows:
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(i) When short direction is used:

C =5i (3a)
a

t!

(i) When long direction is used:
c < Be (3b)

5 4
wi
b

t3

A complete set of FE analyses has been conducted and the results of the analyses have been
transformed using equations 3(a) and 3(b). Table 1 shows the coefficients to be used in short and
long direction for different slab span ratio to calculate the immediate deflection of slab centre
uniformly disiributed load. For using these tables the magnitude of load to be used consists of self-
weight of the slab and the applied load.

Table 1 Coefficient of immediate deflection of two-way edge supported slab centre, using short or long

direction
Sp_an Case1 | Case2 | Case3 (Cased |(Case5 |Case6 |[Case7 | Case8 |Case9
:ﬁf W/l | (10") J(10™) | (10™) | (107°) | (10™%) | (10™) | (10™) | (10™) | (10™)
C. [1.103 10348 |0524 [0552 0523 |0.755 |0.755 |0.436 |0.436
1o Cp | 1103 [0.348 {0523 [0552 [0523 |0.756 |0.755 | 0436 |0.436
Ca. [1.307 [0407 [0687 [0697 [0569 |0862 |0958 |0552 |0.494
0% Cp |0.892 [0.278 {0476 |0476 [0.389 |0.589 |0.654 |0.377 |0337
C. | 1.8000 [0.552 [1.132 [0.900 [0.639 |1.045 |1.423 |0.784 |0.589
078 Cp {0570 [0.175 [0.359 [0285 {0202 |0.311 0451 |0.248  |0.187
C, (2382 [0667 [1779 |1144 [0699 [1.239 |2.065 |1.080 |0.667
o0 C, [0.308 10.086 |0.230 |0.148 |0.090 |0.160 |0.267 |0.140 | 0.086
C, | 2.762 0.697 2.313 1.283 0.716 1.335 2.534 1.232 0.707
. Cp, [0.173° ]0.044 [0.145 [0080 |0.045 |0.083 {0.158 | 0.077 |0.044

3. Verification of Developed Coefficient Method for Various Realistic Conditions
The coefficient table (Table 1) developed for calculating slab centre immediate deflection may be
used for span ratio other than span ratio 0.50, 0.60, 0.75, 0.80, 1.00 and for continuous of siab
systems. Following sub sections describes the verification of the proposed coefficient table.

3.1 For Single Slab with Different Support Case
A slab with span 6.096m x 7.62m (20ft x 25ft), i.e., span ratio 0.67 has been selected for the first set
of analyses. The slab has been modelled using 10x12 elements. Analyses show the insignificant
variation considering all possible support cases (maximum of 4.4%) of result obtained using
coefficient (by interpolation from Table 1 with result obtained from numerical model). Only for case 3
slight variations is observed though it is on safer side. So from above it can be concluded that Table 1
can be used for any slab span ratio.

3.2 Continuous Slab System
Table 1 for calculating the deflection of slab centre contains coefficients for all nine cases, which
simulate the support conditions either to be fixed or simple support. But for continuous slab,
coefficient of Table 1 should be checked to verify whether it could be used for such cases. For this
purpose two types of slab with different span ratio and support conditions are discussed herein.
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Figure 1 shows a three-span slab. This slab has been analysed using Finite Element method for
various edge conditions (exterior supports either rigid or simple support and span ratios (0.50, 0.67,
0.75 and 1.00). The analyses have been classified into three categories namely cases a to c. In ‘case
a’ all exterior supports are fixed and span ratio varies for all the three slabs at the same time. ‘Case b’
represents analysis of case-a with exterior support as simple support. In all these cases (a to ¢)
results have been extracted for the middle slab thus ‘case a' represent case 2, and thus ‘case b’
represent case 3 of ACl moment coefficient method respectively. ‘Case ¢’ represent the same FE
analysis but results have been extracted for the exterior slab which represent case 7 of AC! moment
coefficient method. Table 2 summarises all the necessary data for FE model.

Table 2 Different cases of Complete FE Modei for Three-Span Slab Based on Figure 1

Case Slab Support | Span of individual slab (laxls) Span Case
(defined in case ratio (as per
complete AB coeff.
FE model) =3 e SER method)

3.05m x6.10m 3.05m x 6.10m 3.05m x 6.10m 0.50
Allfour "3 05mx4.67m | 3.06m x4.5/m_ | 3.05m x 4.57m | 0.67

Cossm | BCRG Sges | B0smx406m | 305mx406m | 3.05mx406m | 075 | €252
3.05m x 3.05m 3.05m x 3.05m 3.05m % 3.05m 1.00
3.05m x 6.10m 3.05m x 6.10m 3.05m x 6.10m 0.50
Allfour  "305mx4.57m | 3.05m x4.5¢m | 3.06m x45/m_ | 0.67
Caseb | BCFG m%f 305m x4.06m | 3.06mx406m | 3.05m x4.06m | 075 | case3
3.05m x 3.05m 3.05m x 3.05m 3.05m x 3.05m 1.00
305mx6.10m | 3.06m x6.10m | 3.05mx6.10m | 0.50
Casec ABGH [ Altfour ["305m x4.57m | 3.06m x 457m | 3.06mx4.57m | 0.67
edges Case 7

or
CDEF hinge 3.05m x 4.06m 3.05m x 4.06m 3.05m x 4.06m 0.75
3.05m x 3.05m 3.05m x 3.05m 3.05m x 3.05m 1.00

Center point deflection
H asm -6 \ F ~45Tm E
3.05m
6 divisions
A 8! 4.5Tm Tec D
N

For real support condition this two support lines are hinge but for
proposed coefficient method these two support lines are fixed

24 divisions

Figure 1 Slab selected for comparing deflection from FE analyses and coefficient method

3.3 Comparison of Results
Figures 2 to 4 compares the results obtained from FE analyses with that of the proposed coefficient
method of analysis for the studies described in this section. It can be seen from these figures that the
proposed method produce quite reasonable results for various cases that may occur in real slab
systems and thus is suitable for using in design purpose.
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4. Comparison with Other Methods
Figure 5 compares the results obtained from developed coefficient method with that of the different 4
methods such as Strip method, Simson’s method and Levy’s method referred by A.C. Ugral [2] also
method described by Winter and Nilson [9], in terms of deflection ratio. Figures 6 to 9 compares the
result with two different methods Strip method and the method described by Winter and Nilson, for the
remaining eight cases.

in Figure 5 deflection ratios of slab centre have been obtained by dividing deflection of any slab
by the slab centre deflection of that slab computed from strip method. In Figures 6 to 9 deflection
ratios of slab centre have been obtained for different cases (cases 2, 4, 6 and 8) and different span
ratios, dividing deflection of slab centre obtained from different methods by deflection of slab centre of
simple support (case 1) of respective span ratio.

It can be seen from the finite element analyses results as well as from these results that strip
method overestimates the deflection for cases 1 and 2 [10]. For these two cases the available simple
equations provide satisfactory results. For cases 3 to 9, presently available methods always
underestimate the slab deflection. Thus it can be concluded that the developed method always
provides better results and is simple to use.

I T L E il ] 1 - i 1

! ! ! | i —8— Complete FE model
== <xX\NT1 A T R
| ; | ! —A—Pmposedcoe!ﬁclemmmod_

A= |
8004 — —f ——4 == Rl et T TPt B

6.50 4= == =

[/ Sy TS Ty ISy Ey, L, TSRS S T [—
I
5,00 4= = epde R L <L LM o4 L0\ B ) C T D

Deflection coefficient (E-11)

4,5o«r--.-..L__L_._L_-J..._.I.__J..._

] I i 1 1 1 1

dloo Rd - L2020 L0 N S sadilde WL LY. 4 29920 - =

| ] I | I 1 | i

LA pWAWI O W i WA RELOLO. DN ey SRYAW IWEYER A, .
& o R AV o Ve d e
3.00 | I i L 1 | 1 1 !

050 055 060 065 070 075 080 08 080 095 1.00

Span ratio

Figure 2 Comparison of deflection between complete FE mode! and propased coefficient method
for case a of Figure 1

28,00 L] I 1 T ! I T T T
: : : : : —8— Complets FE model
1O 1\l A VA
23.00 === T=—T——q=—q—- Proposed coefficient method
= I 1 | | | | i I
. I I 1 1 | | I
2 aioe N R L | A7
2 " T T | == o - -r--
E | I 1 i i |
3 I i 1 I 1
5 13.00- ! —: -—--—:—--—-:»——:——w
g | I I
|

8.00 4

3.00

Figure 3 Comparison of deflection between compiete FE model and proposed coefficient method
for case b of Figure 1

207



°
o (7]
=y -
8 2
E g
E e
-m =4 = . d v T
g E 12 8 , ﬂ :
M o “ m i i B
o
m —— —— 8 o b= 'M m e M m.uu
s 3 ° g ! Tg “ B
: 8 g _ 8 0 3.4 -3 m._.
B m oy Lllll:ﬂ, e L g ) ] i @ ©
s 3 " ; 5= i ! mw ]
s & 3 g 2 {2 & 5 I \Y ! B ]
Pl R - 2\
) “ o | I
1 I
I B I T S _ls B = s 8 o 'L T
" = ..m “ F—t i L
2 2 3 1 1 I {
! ——4e 9L ! o BT Sow K s S S
S L T s m. .m r =1 m. m I |ﬂl i I 1
" ol B “ .% ] I I I
B o S Ll | - £ £ -t
- - : SF : ¥/
=t -
/A e e L 128 ST 7/ .
i I g & [ 41 ) I8 mmm HD2 N
e e Ei et EE TR - S - d 52 &= ING —_—m et
L g Eaiiil, s e
i (]
———b e e 8 mm ) H @ 2 m o~ o e P e
NN 83 trtte)l” &g L
} } | | g =k i 8 an'® -
g & g 8 g8 8° BD g SR B M BLREW 8 2 & & = 3 =
3 g = o e o 7 S B . s a8 s o ° o' 6 & 8 & & & & e
(11-3) WeRR0s LORIBYRT W m NG 2 ..m Opel iorReUeq
£ &%
0 u E
<t un
g
i iC

5 0.80 0.85 0.90 0.95 1.00
ple support) in various

0.7

Span ratio

Effect of span ratio on deflection ratio (deflection/deflection for sim

methods for case 2

080 085 070
208

0.55

0.50

Figure 6



Figure 7

Figure 8

Figure 9

T | 1 1 T T 1 T T
I 1 I i i i I | I
i | |
0.50 - - = L
L 1 | 1 | ) [
oo L et |
L 7 T t ¥ 1 ~-- 1
£ I | 1 i | | | [} |
g i 1 I | I I | | 1
LR et e B L e e e REE S
g i i I i I i i I I
1 1 1 | 1 | I | |
0.20 fom = o = e
| 1 1 1 I —&— Other available method
| | | | i
010+ === o — == — }o—— | —¥—Strip method
: : : : : —&— Finite element method
0.00 -1 e 1 ! | ! f T T

0.50 0.55 0.60 0.85 0.70 0.75 0.80 0.85 0.80 0.95 1.00
Span ratio

Effect of span ratio on deflection ratio (deflection/deflection for simple support) for
various methods for case 4

T i L 1N I/ 4P il | i R
i i i I i i ] I i
et s L e A e P
I 1 I ]
AN T (1)

1
gu.su L Sda l X S
1 I i I
A . G SN (EVIR R W et Il
Su | 1 I | 1
5030 — 2 —seedbere M4 SO SRS SE A Sl T
| | I | 1 1
0.20 _—{'“—'}‘_'JI"-'IL—‘i"——'}'— ~—4— Other available method
olle N STV U NN AT
T ¥ A N T T —— Finite element method

I | i I { I
0.00 + 1 t 4 ¥ + t + -
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.85 1.00

Span ratio

Effect of span ratio on deflection ratio (deflection/deflection for simple support) in
various methods for case 6

0.50 T i ¥ ™ T T 41 I | B

i 1 | i | | 1 i i
“ﬁgir q T B ) ks e '4 7. N | P 47
i o B Iy MR NN D e

] 1 ¥ b

035 4 — = Aty B -1 R KA o g g
. g : — i | |
0304 = = = = of = o Dl = = = = - —
H | 1 ] 1 1 1 1 [
R e e R e e faat
§0.20-———I — l__ l___l 1 ____' 1 _ | _
T T =1 (i r T i A e
n.ts--——-:--—-}—--{---:—-—-}-—- —4—Other available method
oot L
°‘°5"'"":""":‘““""I"':"_:"" —&— Finite element method
0.00 - ' " : 7

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 080 0.95 1.00
Span ratio

Effect of span ratio on deflection ratio (deflection/deflection for simple support) in
various methods for case 8

209



5.

Conclusions

The finite element mode! described in the companion paper [1] has been employed to study the
deflection behaviour of edge supported slabs. Equations are derived for converting the FE moments
and deflections into deflection coefficients. Studies have been conducted for understanding slab
response; results of which have been converted in to deflection coefficients. A comprehensive table
has been formulated for using in conjunction with the ACI moment coefficient tables. To verify this
table further FE investigations have been conducted with continuous slab system having variable
span ratios. It has been observed from the comparison of results that quite satisfactory resuits are
obtained using the coefficient table and thus concluded that it can be incorporated in to future design
practice. Finally results have been compared with available simple methods which demonstrated the
accuracy of the proposed method.
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Computer Program for Analysis and Design of
Rectangular Edge-Supported Two-Way Slabs by
Coefficient Method

Hayder Mohammed Kadhim Al-Mutairee
Department of Civil Engineering/ College of Engineering/ University of Babylon
Abstract

A computer program to analysis and design any rectangular edge-supported two-way slab under
effects of uniformly distributed load is presented here. The program which called (POTWS — Program Of
Two-Way Slabs) analyzes the two-way slab according to the coefficient method (or method three) and
satisfies all design requirements of the (ACI 318M-2008). The deflection computes and compares with the
permissible limit. QuickBASIC language used to construct the program. The analysis sieps and design
results concern middle strip of the slab. The main program with related external file briefly discussed. The
program results were accurate, precise and coincide with hand calculations results. The present program
facilitates the designer job and makes him gain the time as well as opens the way to study the effects of
many design parameters easily.
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1- Introduction

This research is limited to analysis and design a two-way rectangular slabs supported
on stiff beams or wall. Two-way slabs are rarely statically determinate in their internal
moments and shears. Such slabs most highly indeterminate of all ordinary structures, thus
require a three dimensional approach for analysis, even single panel simply supported
[Ferguson, 1981].

An exact analysis of forces, moments and displacements in a two-way slab is
complex due to the fact of highly indeterminate nature; this is true even when the effects
of creep and nonlinear behavior of concrete are neglected [Hassoun, 1985]. Numerical
methods such as finite elements can be used for analysis of the two-way slab but it is
required mesh of finite elements which leads to a lot of input data which it is not suitable
for everyday practical design. The application simplicity of ACI Code methods
(coefficient methods: Method Two , and Method Three [Nilson and Winter, 1986] ) made
these methods suitable for practical design as well as some designers believe that these
methods are still valuable design methods [Ferguson, 1981] and [Syal and Goel, 2004].

2- Coefficient Methods

The complexity of the generalized approach for two-way slabs, particularly for
systems that do not meet the requirements permitting analysis by the "direct design
method" [Nilson et al., 2004], has led many engineers to continue using the coefficient
methods [[Syal and Goel, 2004], [Nilson and Winter, 1986] and [Vazirani and Chandola,
2004]] for special cases of two-way slabs supported on four sides of each slab panel.

174



[« () abal / @) 2acl / Guunied agled /7 Jd; dedy dha

Though coefficient was not a part of the [ACI 318M-2008] or later ACI Codes, its
use is permissible under the current code provision that a slab system may be designed by
any procedure satisfying conditions of equilibrium and geometric compatibility, if it is
shown that the design strength at every section is at least equal to the required strength
and the serviceability requirements are met [[Ferguson, 1981], [Nilson and Winter, 1986]
and [Amer et al., 2008]].

3- Deflection Control
The [ACI 318M-2008], section 9.5.3, specifies a minimum slab thickness in two-

way slabs to control deflection, this specification as illustrated in references of [Nilson et
al., 2004], depend on properties of (beams around the slab), therefore, eliminate here.
Alternative to the use of minimum slab thickness equations, the deflection at the center of
a slab panel can be calculated, and results compared against limitations of ACI-Code,
Table 9.5 (b), as explained in Reference [Nilson and Winter, 1986], and as illustrated in
steps of main program (680 to 780).
4- The Present Program
4.1 Details of the Main Program

This program had been written utilizing [QuickBASIC Help Manual] and the
steps as follows:

Steps 10 fo 60: clear window, dimension statements, define the roots and open files
for input coefficients and output results.

Steps 70 to 120: read the matrix of coefficients and closed the input file

(Coefts.Dat).

Steps 130 to 320: input case of slab, dimensions of slab, loads, properties of
materials, size of reinforcement, required thickness of slab and
type of occupation.

Steps 330 1o 470: computation of total dead load, ultimate load and coefficients.

Steps 480 to 570): computation the applied shear forces for long and short directions
and nominal shear strength provided by concrete section.

Steps 580 to 610: compute the minimum area of reinforcement.

Steps 620 1o 650: computation of external moments.

Steps 660 to 780: determination of deflection ‘and comparison with permissible
limits.

Steps 790 to 820: calculation of design parameters.

Steps 830 to 990: calculation of negative reinforcement for short direction.

Steps 1000 to 1160: calculation of positive reinforeement for short direction.

Steps 1170 to 1330: calculation of negative reinforcement for long direction.

Steps 1340 to 1500: calculation of positive reinforcement for long direction.

Steps 1510 to 1630: printing output results on screen.

Steps 1640 to 1740: printing output results in output file (Out.Dat).

Steps 1750: close output file.

Steps 1760: end program.

Note: when the thickness of the slab (t) does not check the shear or strength

requirement, the program prints these errors and cancels the input data then starts

from the beginning, while when serviceability requirement does not check the
program offers two choices either continue or start from beginning, after printing
the error.
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4.2 List of the Main Program

REM et e —— v—— ittt
REM = Computer Program for Analysis and Design of Rectangular Two-Way Slabs By Coefficient Method =
REM =

10 CLS

20 DIM COE(99, 9), NPO(9)

30 DRI$ = "D:\Coeffs\Coeffs. DAT"
40 DROS$ = "D:\Output\Out DAT"
50 OPEN DRI$ FOR INPUT AS #1
60 OPEN DROS$ FOR OUTPUT AS #2
70 FORI=1TO9%9

80 FORJ=1TO9

90 INPUT #1, COE(I, J)

100 NEXT J

110 NEXT I

120 CLOSE #1

REM **%%% INPUT INFORMATION %%
REM
130 INPUT "INPUT CASE OF SLAB ", C

140 INPUT "INPUT CLEAR LONGER SPAN (m) " L.

150 INPUT "INPUT CLEAR SHORTER SPAN (m) ", W

160 INPUT "INPUT SERVICE LIVE LOAD (kN/m”2) ", WL

170 INPUT "INPUT SERVICE SUPERIMPOSED DEAD LOAD (kN/m?2) ", Wds

180 INPUT "INPUT YIELD STRENTH OF STEEL (MPa) " fy

190 INPUT “INPUT COMPRESSIVE STRENTH OF CONCRETE (Cylinder)(MPa) ", fcl

200 INPUT "INPUT DIMETER OF BARS (mim) *, db

210 INPUT "INPUT THICKNESS OF THE SLAB (m) ", t

220 PRINT " SELECT THE TYPE OF OCCUPATION OF SLAB (1) OR (2) OR (3): "

230 PRINT " (1)- WHEN SLAB NOT SUPPORT OR ATTACHED TO NONSTRUCTURAL "
240 PRINT"  ELEMENTSLIKELY TO BE DAMAGED BY LARGE DEFLECTION "
250 PRINT " (2)- WHEN SLAB SUPPORT OR ATTACHED TONONSTRUCTURAL "
260 PRINT"  ELEMENTS LIKELY TO BE DAMAGED BY LARGE DEFLECTIONS *
270 PRINT " (3)- WHEN SLAB SUPPORT OR ATTACHED TO NONSTRUCTURAL n
280 PRINT " ELEMENTS NOT LIKELY TO BE DAMAGED BY LARGE DEFLECTIONS "
290 INPUT ID

300 IFID =1 THEN FD =360

310 IF ID =2 THEN FD = 480

320 IF ID =3 THEN FD = 240

REM *#¥¥* COMPUTATIONS OF LOADS AND COEFFICIENTS *¥###¥*
REM
330 WD=Wds+245*¢

340 Wu=16*WL+12*WD

350 m=W/L

360 mm=INT(m * 20) /20

370 IF m <.5 THEN PRINT "Error !! This Slab Is One-Way, Change Dimensions "; GOTO 130
380 IF m > 1 THEN PRINT "Error !! In Dimensions Of Slab ": GOTO 130

390 HHH=(C-1)* 11 + (20 - mm * 20)

400 FORK=2TO9
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420
430
440
450
460
470
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NPO(K) = COE(HHH, K) + (COE(HHH + 1, K) - COE(HHH, K)) * (mm +.05 - m) / (.05)
NEXT K

NPO(1) = COE(HHH, 1)

CA =NPO(1): Cnw = NPO(2): Cnl = NPO(3): Cpwl = NPO(4): Cpll = NPO(5)

Cpwd = NPO(6): Cpld = NPO(7): SFw = NPO(8): SFI = NPO(9)

dw = (1000 * £) - 20 - db / 2

dl= (1000 *t)-20-1.5 * db

REM kdkkskskskokskokk SI{EARFORCES 3 3 ok ok o skok ok

REM

480
490
500
510
520
530
540
550
560
570

RL=(Wu* L *SFl)/2

Vul = (RL - Wu * SFl * (dl / 1000)) /.75

Ve =170 * SQR(fcl) * (dl / 1000)

IF Vul > Ve THEN PRINT " Change The Thickness Of Slab, Vul/.75 > V"
IF Vul > V¢ THEN GOTO 130

RW = (Wu * W * SFw) / 2

Vuw = (RW - Wu *SFw * (dw/ 1000)) /.75

Ve =170 * SQR(fcl) * (dw / 1000)

IF Vuw > V¢ THEN PRINT " Change The Thickness OFf Slab, Vus/.75 > Ve"
IF Vuw > Ve THEN GOTO 130

REM ##*¢¥ MINIMUM AREA OF REINFORCEMENT #*¥**x

REM

580
590
600
610

IF fy < 420 THEN ASmin =2 * (t* 1000)
IF fy = 420 THEN ASmin = 1.8 * (¢ * 1000)

IF fy > 420 THEN FAS = (756 / fy): IF FAS < 0014 THEN FAS = ,0014
IF fy > 420 THEN ASmin = 1000 * FAS * (t * 1000)

REM **##% CALCULATIONS OF MOMENTS *###x

REM

620
630
640
650
660
670

Mnw = (Cnw * Wu * W 7 2)

Mpw = (Cpwl * 1.6 * WL+ Cpwd * 1.2 * WD) * W A2
Mal = (Cnl * Wu * L~ 2)

Mpl = (Cpll * 1.6 * WL+ Cpld 1,2 ¥ WD)* LA 2

Mnw = INT(Mnw *100) £ 100: Mpw = INT(Mpw * 100/ 100
Mnl = INT(Mnl * 100)/.100: Mpl = INT(Mpl * 100) / 100

REM *#**#* CHECK DEFLECTION IN TWO WAY-SLAB ***+#

REM

660
670
680
690
700
710
720
730
740
750
760
770

DefL=W /FD* 1000: DF=1/16: LF=3/32"1Z=0

INPUT "The Edge-Supports Masonry Walls? (1 for Yes and 2 for No) ", IZ
Ec =4700 * fc1 ~.5: Te= 1000 * (1000 *t) ~3 /12

Mpwdd = Cpwd * WD * W » 2: Mpwld = Cpwl * WL * W » 2
Mpldd=Cpld * WD * L ~ 2: Mplld=Cpll * WL *L "2
IFIZ=1THENDF=5/48:IFI1Z=1THEN LF=5/48

DLd=DF /(2 *Ec *Ie) * (Mpwdd * W2 +Mpldd * L ~2) * 10~ 12
DLI=LF /(2 * Ec*Ie) * (Mpwld * W~ 2+ Mplld * L 2) * 10~ 12
IF ID =1 THEN DLT = DLI: GOTO 770

IFID=2THEN DLT = 1.5 * DLd + DLI: GOTO 770

IF ID =3 THEN DLT = 1.5 * DLd + DLI: GOTO 770

IF DefL <DLT THEN INPUT " CONTINUE 1-YES. 2-NO. ", IU
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780 IF IU =2 THEN PRINT " DEFLECTION NOT CHECKED ": GOTO 130

REM **¥** CALCULATIONS OF REINFORCEMENTS **#%**

REM

790
800
810
820

830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160

1170
1180
1190
1200
1210
1220

IF fcl <=28 THEN B1 =.85 ELSE Bl = (.85 -.05 * (fcl - 28) / 7)
IF Bl < .65 THEN B1 = .65

OUmax = (382.5 * B1 / (fy + 600))

Rut=2.55 * Bl * fcl /(8 * fy)

FII= 9: IFI[=0

Rnw = (Mnw / (FII * fc1 * dw " 2/ 1000))

KK1 =.7183 - (1.695 * Rnw)

IF KK1 <0 THEN PRINT "ASnw > ASmax, Increase Thickness": GOTO 130
OUnw = (.8475 - SQR(KK 1))

IF OUnw > OUmax THEN PRINT "ASnw > ASmax, Increase Thickness": GOTO 130
ROnw = OUnw * fcl /fy

ASnw =ROnw * 1000 * dw

IF IFII > 0 GOTO 1000

IF ROnw <= Rut GOTO 1000

a= ASnw * fy /(850 * fel)

CC=a/BI

Et=.003 * (dw-€CC)/CC

FIl = .65 + (Et - .002) *250/3

IF FII < .65 THEN FII = .65

IFII =1

GOTO 840

FII = 9:TFIL=0

Rpw = (Mpw /(FII * fel * dw * 2//.1000))

KK1=.7183 -(1.695 * Rpw)

IF KK1 <0 THEN PRINT “ASpw > ASmax, Increase Thickness": GOTO.130
OUpw = (.8475 - SQR(KK1))

IF OUpw > OUmax THEN PRINT "ASpw > ASmax, Increase Thickness": GOTO 130
ROpw=OUpw * fcl / fy

ASpw = ROpw * 1000 * dw

IF IFII> 0 GOTO 1170

IF ROpw <= Rut GOTQ 1170

a= ASpw * fy / (850 * fcl)

CC=a/Bl

Et=.003 * (dw- CC)/CC

FII = .65 + (Et - .002) * 250/ 3

IF FII < .65 THEN FII = .65

IFII =1

GOTO 1010

FII= 9:TFII=0

Rnl = (Mnl / (FII * fel * dl ~ 2 / 1000))

KK1 =.7183 - (1.695 * Rnl)

IF KK1 < 0 THEN PRINT "ASnl > ASmax, Increase Thickness": GOTO 130

OUnl = (.8475 - SQR(KK1))

IF OUnl > OUmax THEN PRINT "ASnl > ASmax, Increase Thickness": GOTO 130
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1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330

1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500

REM
REM
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

4 : @) ahal /7 ) 2l /7 Guoind aglel /7 Jdy diedy dha

ROnl = OUnl * fel / fy
ASnl=ROnl * 1000 * dI

IF IFII > 0 GOTO 1340

IF ROnl <= Rut GOTO 1340
a= ASnl * fy / (850 * fcl)
CC=a/Bl

Et=.003 * (dl - CC)/CC
FII= .65 + (Et - .002) * 250/ 3

IF FII < .65 THEN FII = .65
IFII = |

GOTO 1180

FII=.9: IFI[=0

Rpl = (Mpl / (FII * fcl * dl ~ 2./1000))

KK1 = 7183 - (1.695 * Rpl)
IF KK 1 <0 THEN PRINT "ASpl > ASmax, Increase Thickness": GOTO 130
OUpl = (.8475 - SQR(KK1))

IF OUpl > OUmax TIICN PRINT "ASpl > ASmax, Increase Thickness": GOTO 130
ROpl = OUpl * fel / fy

ASpl = ROpl * 1000 * d

IF IFII > 0 GOTO 1510

IF ROpl <= Rut GOTO 1510

a= ASpl * fy / (850* fcl)

CC=a/Bl

Et=.003 * (dl - CC)/CC

FII = .65 + (Et- .002) * 250/ 3

IF FII < .65 THEN FII =65

IFII =1

GOTO 1350

hER OIPURRESULES ™t +

ASnw = INT(ASnw +.5): ASnl=INT(ASnl +.5): ASpw = INT(ASpw +.5)

ASpl = INT(ASpl +5); ASmin= INT(ASmin +.5)

PRINT " Negative moment of short direction (kIN.m/m) ="; Mnw

PRINT " Positive moment of short direction (kN.m/m) ="; Mpw

PRINT " Negative moment of long direction (kN.m/m) ="; Mnl

PRINT " Positive moment of long_direction (kN.m/m) ="; Mpl

PRINT " Negative area of reinforcement for short direction (mm”2/m) ="; ASnw
PRINT " Positive area of reinforcement for short direction (mm”2/m) ="; ASpw
PRINT " Negative area of reinforcement for long direction (mm”2/m) ="; ASnl
PRINT " Positive area of reinforcement for long direction (mm”2/m) ="; ASpl
PRINT " Minimum area of reinforcement must be provided (mm”2/m)="; ASmin
PRINT " Permissible deflection (mm) ="; DefLL

PRINT " Total deflection as computed (mm) ="; DLT

PRINT #2, " Negative moment of short direction (kN.m/m) ="; Mnw

PRINT #2, " Positive moment of short direction (kN.m/m) ="; Mpw

PRINT #2, " Negative moment of long direction (kN.m/m) ="; Mnl

PRINT #2, " Positive moment of long direction (kN.m/m) ="; Mpl

PRINT #2, " Negative area of reinforcement for short direction (mm”2/m)="; ASnw
PRINT #2, " Positive area of reinforcement for short direction (mm”2/m) ="; ASpw
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1700 PRINT #2, " Negative area of reinforcement for long direction (mm”~2/m) ="; ASnl
1710 PRINT #2, " Positive area of reinforcement for long direction (mm”2/m) ="; ASpl

1720 PRINT #2, " Minimum area of reinforcement must be provided (mm”~2/m)="; ASmin
1730 PRINT #2, " Permissible deflection (mm) ="; DefL

1740 PRINT #2, " Total detlection as computed (mm)="; DLT

1750 CLOSE #2

1760 END

4.3 Related External File (Coefficients File)
1,0,0,.036,.036,.036,.036,.5,.5
1,0,0,.04,.033,.04,.033,.55,.45
1,0,0,.045,.029,.045,.029, .6, .4

0,.05,.026,.05,.026,.66,.34

0,.056,.023,.056,.023,.71,.29
0,.061,.019,.061,.019,.76,.24

0,
.0,

,.068,.016,.068,.016,.81..19

> Woieod |

0
, 0,.074,.013,.074,.013..85.15
0
0

2

,.081,.01,.081,.01,.89,.11

B My

1,
1

1,0,

1,0
1,0
1,0
1,0, 0,.088,.008, 088,.008,92..08
1,0, 0,.095,.006,.095, 006..94.06
2,.045,.045,.027,.027,.018,.018.5.5
2,05,.041,.03, 025, 02,016, 55, 45
2,.055,.037,.034,,022, 022, 014, 6, 4
2,.06,.031,.037,.019,.024,,012, 66,34
2,.065,.027,.041,.017,.026,.011,.71,.29
2,.069,.022,.045,.014,.028,.009, 76, 24
2,.074,.017,.049,.012,.03,,007,.81,.19
2,.077,.014,.053,.01,.032,.006..85..15
2,.081,.01,.058,.007,.034,.004,.89. 11
2,.084,.007,.062,.006,.035,.003,.92,.08
2,.086,.006,.066,.004,.037,.002,.94,.06
3,0,.076,.027,.032,.018,:027,.17, 83
3,0,.072,.031,.029,.021,.025,.2, 8
3,0,.07,.035,.027,.025,.024, 23,77
3,0,.065,.04,.024,.029,,022, 28,72
3,0,.061,.045,.022,.034, 02.:33,.67
3,0,.056,.051,.019,.04,.018..39,.61
3,0,.05,.057,.016,.046,.016, 45,55
3,0,.043,.064,.014,.054,.014,.53, 47
3,0,.035,.071,.011,.062,.011,.61,.39
3,0,.028,.08,.009,.071,.009,.69, 31
3,0,.022,.088,.007,.08,.007,.76,.24
4,.05,.05,032,.032,.027,.027,.5..5
4,.055,.045,.035,.029, 03,024, 55, 45
4,.06,.04,.039,.026,.033,.022, 6,.4
4,.066,.034,.043,.023,.036,.019, 66, 34
4,.071,.029,.048,.02,.039,.016,.71,.29
4,.076,.024,.052,.016,.043,.013,.76, 24
4,081,.019,.057,.014,.046,011,.81,.19
4,.085,.015,.062,.011,.05,009, 85,15
4..089,.011,.067,.009,.053,.007,.89,.11
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4..092,.008,.072,.007,.056,.005,.92,.08
4,.094,.006,.077,.005,.059,.004, 94, 06
5,.075,0,.032,.027,.027,.018,.83,.17
5,.079,0,.034,.024,.028,.015, 86, 14
5,.08,0,.037,.021,.029,.013,.88,.12
5,.082,0,.041,.019,.031,.011,.9, 1
5,.083,0,.044,.016,.032,.009,.92, 08
5,.085,0,.047,.013,,033,.007,.94,.06
5,.086,0,.051,.011,.035,.005,.95. .05
5,.087,0,.055,.009,.036,.004, 96, 04
5,.088,0,.059,.007,.037,.003,.97,.03
5,.089,0,.063,.005,.038,.002,.98..02
5,.09,0,.067,.004,.039,.001,.99,.01
6,.071,0,.035,.032,.033,.027,.71,.29
6,.075,0,.038,.029, 036,024, 75,25
6,.079,0,.042,.025,.039, 021..79. 21
6,.083,0,.046,.022,.042,.017..83,.17
6,.086,0,.051,.019,.045,.015,86,.14
6,.088,0,.055,.016,.048, 012,.88..12
6,.091,0,.06,.013,,051,.009,.91..09
6,.093,0,.064,.01,.054,.007,.93, 07
6,.095,0,.068,.008,.056..006..95..05
6,.096,0,.073,.006,.058, 004..96..04
6,.097,0,.078,.005, 061, 003, 97..03
7,0,.071,.032,,035,.027,.033,.29, 71
7,0,.067,.036,.032,:031,.031,,33, 67
7,0,.062,.04,.029,.035,.028, 38, .62
7,0,.057,.045,.026,.04, 025,43, 57
7,0,.051,.051,.023,.045,,022,.49, 51
7,0,.044,.056,.02,,051,,02, 56,.44
7,0,.038,.063,.017,,058,,017,.62..38
7,0,.031,.07,.014,.065,.014..69, 31
7,0,.024,.077,.011,,073, 012,.76, 24
7,0,.019,.085,.009,.081,.009,.81..19
7,0,.014,.092,.007,.089,.007,.86,.14
8,.033,.061,.028,.03,.02,.023,.33,.67
8,.038,.056,.031,.027,.022,.021,:38, 62
8,.043,.052,.035,.024,.025,.019, 43,57
8,.049,.046,.04,.022,.029, 017,49, 51
8,.055,.041,.044,.019,.032,.015,.55, 45
8,.061,.036,.049..016,.036,.013,.61,.39
8,.068,.029,.054,.014,.04,.011,.68,.32
8,.074,.024,.059,.011,.044,.009,.74. 26
8,.08,.018,.065,.009,.048, 007, 8,.2
8,.085,.014,.07,.007,.052,.005, 85,.15
8,.089,.01,.076,.005,.056,.004, 89,11
9,.061,.033,.03,.028,.023,.02, 67,.33
9,.065,.029,.032,.025,.024. 017,.71,.29
9,.068,.025,.036,.022,.026,.015, 75,25
9,.072,.021,.039,.02,.028,.013,.79, 21
9..075,.017,.042,017,.029,.01.83,.17
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9,.078,.014,.046,.013,.031,.007,.86,. 14
9,.081,.011,.05,.011,.033,,006,.89, 11

9,.083,.008,.054,.009,.034,.005, 92, 08
9,.085,.006,.059,.007,.036,.004, 94. 06
9,.086,.005,.063,.006,.037,.003,.95,.05
9,.088,.003,.067,.004,.038,.002..97..03

Note: Each raw consists of nine terms as follows:
1- case of the slab.
2- coefficient of short direction for negative moment.
3- coefficient of long direction for negative moment.
4- coefficient of short direction for live load positive moment.
5- coefticient of long direction for live load positive moment.
6- coefficient of short direction for dead load positive moment.
7- coefficient of long direction for dead load positive moment.
8- ratio of load for short direction.
9 ratio of load forlong dircction.

S- Hlustration Example

Design a two-way- slab has clear dimensions (8.2m length and 5m width), the
superimposed dead load Wds = 2 kN/m’, and live load WL= 5 kKN/m> The slab is
supporting to nonstructural elements likely to be damaged by large deflections. fy =
400MPa, f¢ = 28MPa and diameter of bars (available in situ) db = 12mm. The slab
location represents case nine.
5.1 Hand Calculations Solution

a- Compute the ultimate load and effective depths:

Wu=12X". (2+245%X t)+1.6 X 5 thus; Wu = 7.545 + 8= 15.545 kN/m>
ds=t—cover—db/2=175<20—12/2= 149 mm
dl =ds—db =149 - 12 =137 mm.

b- Determine the coefficients: Case (9), m = 5/8.2= 0.6098 thus from tables 8.3 to 8.6
respectively of reference [Nilson and Winter, 1986], the coefficients are as
follows: Caneg = 0.084608, Co.neg—= 0.006392, Ca,ar- = 0035608, Crar =
0.004196, = 0.058020, Co.r =0.007392 and the ratio of load i short directions
0.93608 (all these values from interpolation).

c- Compute the moments:

~ m
Mnw = Cq poo X Wu x I3 = 0.084608 X 15.545 x5° = 32.88078 kN.—
Mpw = (Clga; x Wdup; + Cpy x Wiu[i3)1Z = (0.035608 X 7.545 + 0.058020 X 8) x 5°
m
= 18.32056 J(N.;—

o m
Mnl = Cpneg x Wu x 1} = 0006392 X 15.545 x 82" = 6.68121 kN.—
Mpl = (Clpq1 x Wdu— + Cpyy x Wiu[i9)12 = (0.004196 X 7.545 + 0.007392 X 8) x 8.2°
m
= 6.10504 kN.—.

m
d- Calculate the ratios of reinforcements; by solving the equation of strength [ACI
318M-2008]:
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Mu= @pbd*f, (1 - 0.59p f;,)

’ fe , the solution of this equation for 2 will be:

p - —f—;:—-
£y , (assume ® = 0.9 ie assume all ratios smaller than £¢ ) thus:

Pnw = 0.004267, Ppw = 0.002338, = 0.000997 and = 0.000911, now compute

€ oy o
[0.85 x 8, va Xt 0_005]
Prwhich equal to . hence

P =0.018966 Jarger than-all ratios, thus ®= 09 always. The areas of
reinforcements will be;

S ASpw=p  xb xds =34
mm-

ASnw = py 'x b xds = 635—

1
ASpl=p _xbaxdl = 125-

2
mm
ASnl = ppy x bxdl =137
m. )
Compute the minimum area of reinforcement must be provided for temperature
- ASmin = 0002 xb X t=0.002 x 1000 x 175 = 350 ——
and shrinkage, -
-mmz
350

hence the 457! “and ASP! must be modified to be equal to 3
e- Check shear requirements; the ratio of load in short direction represents the critical
and equals to 93.608% as computed above, thus the maximum reaction along the

long direction is equal to. 15.545 % 0.93608 ¥ 5 X 0.5 = 36.378 kN, thus the

shear at the critical section Vud = 36.378 —15.545 X 0.93608 % 0.149 = 3421
kN,
Ve =0.17 V28 x 1000.x 0.149 = 134.03 kN
Vud 34.21 » N
which 8 075 Sl , hence the ACI Code requirements for
shear are satisfied.
f- Check the deflection requirements; the deflection due to sustain dead load can be
computed as (computed for long and short directions then take the average):
1 My 13
Ad= ———
16 Ec logr , where; Mb = the positive dead load moment of long or short
direction, s = the length of long or short direction, £, = modulus elasticity of
concrete and lers represent effective moment of inertia of the concrete cross
section of unit width and taken here as the gross moment of inertia because the
amount of cracking at service load is usually not extensive [Nilson and Winter,

1986],
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545 "
My tong = 0.00496 X (71 5 )xR.Z’ = 177395 kN.—

i

2

E. =4700 x V28 = 24870 MPa, lers= 1000 x175% /2= 4466145833 mm?*,
thus

; [(1.77395 x8.22) + (559713 x [57)] x 0.5 x 10]12
Ad = —

16 24870 X 4466145833
The deflection due to live load can be computed as (computed for long and short

directions then take the average):
3 M, i}

= 0.72927 mm

Al= b b2
32 Fc defr My = the positive live load moment of long ot shott ditection,
3 [(2.48519 x8.2%) + (7.25250 X gsi)] X 0.5 % 10}1°

A= 24870 X 4466145833 39 mm

Total deflection DLT= Ad x T+ Al = 0.72927 'x 1.5+ 1.47039 = 2.56429mm

lﬂ
The limit of  deflection ~Defl. = 480, [ACI 318M-2008], thus
DefL = i 10.416
TR NS , larger than the total deflection, hence ACI Code

requirements for deflection are satisfied.
5.2 Program Calculations Input Data and Results

a- Input the following data:
9,82,5,5,2,400,28, 12, 0.175, 2, 2, the results appear as shown below.
Note: each comma meaning press enter key to continue.

b- Output results:
Negative moment of short direction (kN.m/m) = 32.88147
Positive moment of short direction (kN.m/m) = 18.32177
Negative moment of long direction (kN.m/m) = 6.679375
Positive moment of long direction (kN.m/m) = 6.103653
Negative area of reinforcement for short direction (mm”2/m) = 636
Positive area of reinforcement for short direction (mm”2/m) = 348
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Negative area of reinforcement for long direction (mm”2/m) = 136

Positive area of reinforcement for long direction (mm”2/m) = 124

Minimum area of reinforcement must be provided (mm”2/m) = 350

Permissible deflection (mm) = 10.41667

Total deflection as computed (mm) = 2.564106
As shown above, there is agreement between the results of program and hand
calculations (small differences expected because of the approximate nature of the
calculations), and the simplicity of application of the present program (POTWS).

6- Conclusions
Based on the results obtained from several test examples done the following conclusions
can be drawn. These may be summarized as follows:

1- The results of the present program (POTWS) are accurate, precise and coincide
with hand calculation results; therefore; its can be used safely to analysis and
design of any rectangular edge-supported two-way. slab under uniformly
distributed load.

2~ The program (POTWS) facilitates the engineers and designers job as well as make
them gain the time; this fact is very important. The required time to input data is
about ten seconds and the running time less than one second.

3- The constructed program opens the way to study the effects of material properties,
loads and many other design parameters on the values of moments, shear forces
and deflection of rectangular edge-supported two-way slabs easily.

4- The application of program proved the facilities and. efficiency of the
QuickBASIC language to construct and running the engineering programs.
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Appendix 2- Notation

= factor relating depth of equivalent rectangular compressive stress block to
neutral axis depth.
=24.5 kKN/m’,
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£, =net tensile strain in extreme layer of longitudinal tension steel at nominal

strength.
Pni = ratio of negative reinforcement for long direction, (in program ROnl).
Dav = ratio of negative reinforcement for short direction, (in program ROnw).
Ppl = ratio of positive reinforcement for long direction, (in program ROpl).
Ppw = ratio of positive reinforcement for short direction, (in program ROpw).
€qy = crushing strain of concrete = 0.003.
a = depth of equivalent rectangular stress block, mm.
ASnl = negative area of reinforcement required in long direction, mm®*/m.
ASnw = negative area of reinforcement required in short direction, mm?*/m.
ASpl = positive area of reinforcement required in long direction, mm?*/m.
ASpw = positive area of reinforcement required in shot direction, mm®/m.
b = width of the section, usually taken (1000 mm) in slabs.
C = case of the slab.
L, = distance from extreme compression fiber to neutral axis, mm.
db = diameter of bars used in sitir, mm.
DefLL = permissible deflection limit [ACI 318M-2008] (Table 9.5.b), mm.
dl = effective depth of slab in long direction, mm.
DE.T = computed deflection, mm.
ds = effective depth of slab in short direction (mm).
Ec = modulus elasticity of concrete, MPa.
HY = compressive strength of concrete (cylinder), MPa,
FII = @ = capacity reduCtion factor
fy = yield strength of steel, MPa.
ID = factor specify the occupation of slab.

Io, lesr = effective moment of inertia of the concrete cross section of unit width, mm”*.
L and =length of the slab (clear), m.

Iy
m = the resisting moment in the short direction, kN.m/m.
Mnl = negative moment of long direction, N.mm.
Mnw = negative moment of short direction, N.mm.
Mpl = positive moment of long direction, N.mm.
Mpw = positive moment of short direction, N.mm.
OUmax . S
= Wpmay 11 = P 9% * Jo.
RL = means reaction of long direction (on short span).
Rut =p:= 255%By*fc'/(8 *fJ') [ACI 318M-2008].
RW = means reaction of short direction (on long span).
t = thickness of slab, m.
Ve = nominal shear strength provided by concrete section, kN.
Vul = shear force at the critical section of long direction, kN.
Vuw = shear force at the critical section of short direction, kN.
Wor la =width of the slab (clear), m.
WD = total dead load, kN/m* (superimposed plus weight of slab).
Wds = dead load (superimposed), kN/m?.
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= total ultimate dead load, kN/m?.

= service live load (superimposed), kN/m?.
= total ultimate live load, kN/m?.

= total ultimate load on slab, kN/m?.
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Appendix 4-Steps of Installation and Running the Program

15
;.
.
4-
5.
6-
v
.

9.

Open the appendix CD disc and copy the folder of QuickBASIC language, then
paste this folder at any drive.

Construct folder called “Coeff&” on drive “D”.

Construct folder called “Outpur” on drive “D”.

Open the appendix CD disc and copy the file Coeff.Dat, then paste this file in
folder Coeffs which construct in step two above.

Open the appendix CD disc and copy the file of program POTWS.BAS, then paste
this folder at any drive.

Press double on'the file POTWS.BAS, to open with QuickBASIC language.
After opening program, press Run order then press Sfart to run the program.
Now input the data required, as printed in the screen, then press enter after each
term, the results appear.

Go to the output folder construct in step three mentioned above to show the
results at Out.dat file.

187





