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SUWITCHA SOMBOON : SURVEY OF THE REBAR CUTTING-
PATTERN ALGORITHM OF ENGINEERS AND STEEL WORKERS.
THESIS ADVISOR : ASSOC. PROF. VACHARAPOOM BENJAORAN,

Ph.D., 119 PP.

STEEL WASTE/CUTTING PROCESS OF STEEL/MATERIAL WASTE

Waste of reinforcing steel bars is one of the problems in construction project
management. The main cause of the loss occurs at the cutting process as trim |oss.
This research aims to survey and search for the algorithms of this cutting process. The
research methods included questionnaire and interview sessions with thirty engineers
and thirty steel workers. The result isthat there are nine common sub-steps used in the
algorithms. The cutting-pattern algorithms used can be categorized into seven groups.
The efficient algorithm firstly pairs the items which have round number lengths with
the shortest items. Then, it pairs the relatively long items together to be cut with the
stedl bars. Finally, the algorithm pairs the remaining which are the relatively short
items together until the job is completed. This finding can be used for to improve the
steel rebar cutting process, to reduce the trim loss of engineers and steel workers and

also reduce the cost of the overall construction project.
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n.1 M3NAARY F-Test t1ag T-Test VOUAMHANNIHADVINNIAAVDINGMT 1 naznguii 2

aunag i
Hy:s7=s? (v-1)

H,:s/#s} (v-2)
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Taof 51 uag S

2 = 1 3 A = [ oA
2 ﬂi’)ﬂ1ﬂ71"|3JLL‘1Ji']J§”Jl!GUE‘J\‘]LﬁELWaﬂﬂ!ﬂﬂﬂﬁ]1ﬂﬂ15@]ﬂﬂlﬂﬂﬂquﬂ 1

1 d’
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F-Test Two-Sample for Variances

Group 1 Group 2
Mean 6.697076923 5.6816
Variance 2.551293077 2.4480148
Observations 13 5
df 12 4
F 1.042188584
P(F<=f) one-tail 0.535756108
F Critical one-tail 5.911729109

90A1 F = 1.042188584
el = 5.911729109
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t-Test: Two-Sample Assuming Equal Variances

Group 1 Group 2
Mean 6.697076923 5.6816
Variance 2.551293077 2.4480148
Observations 13 5

Pooled Variance

Hypothesized Mean Difference
Df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

2.525473508
0

16
1.214280653
0.121129667
1.745883676
0.242259334

2.119905299

INAT t Stat = 1.214280653

t Critical one-tail = -1.745883676
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F-Test Two-Sample for Variances

Group 1 Group 3

Mean 6.697076923 5.8165
Variance 2.551293077  6.091627143
Observations 13 8
df 12 7
F 0.418819638
P(F<=f) one-tail 0.088730526
F Critical one-tail 0.343246501

10A1 F = 0.418819638

Cuitical | = 0.343246501
WUN(F>F ) Ao djas Hy=s?=s?
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t-Test: Two-Sample Assuming Unequal Variances

Group 1 Group 3
Mean 6.697076923 5.8165
Variance 2.551293077  6.091627143
Observations 13 8
Hypothesized Mean Difference 0
Df 11
t Stat 0.899810456
P(T<=t) one-tail 0.19374778
t Critical one-tail 1.795884819
P(T<=t) two-tail 0.387495559
t Critical two-tail 2.20098516

NNt Stat = 0.899810456
t Critical one-tail =- 1.795884819
WUIAN t Stat DAWINNTN t Critical one-tail T9vouFUAUNAFIU H,:m > m, Aundy
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F-Test Two-Sample for Variances

Group 1 Group 4
Mean 6.697076923  5.351454545
Variance 2.551293077 2.825528073
Observations 13 11
Df 12 10
F 0.902943808
P(F<=f) one-tail 0.427164984
F Critical one-tail 0.363189077

901 F = 0.902943808
crteal | = 0.363189077
WUN(F>F . ) Ao djas Hy=s?=s?
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t-Test: Two-Sample Assuming Unequal Variances

Group 1 Group 4
Mean 6.697076923  5.351454545
Variance 2.551293077 2.825528073
Observations 13 11
Hypothesized Mean Difference 0
Df 21
t Stat 1.999018547
P(T<=t) one-tail 0.029356899
t Critical one-tail 1.720742903
P(T<=t) two-tail 0.058713798
t Critical two-tail 2.079613845

NAT t Stat = 1.999018547
t Critical one-tail = -1.720742903
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Group 1 Group 5

Mean 6.697076923  6.885066667
Variance 2.551293077 4.551585638
Observations 13 15
df 12 14
F 0.560528414
P(F<=f) one-tail 0.160562314
F Critical one-tail 0.379201042

10A1 F = 0.560528414

Critical | = 0.379201042
WUN(F>F . ) Ao s Hy=s?=s?

mamlssuveurumdniimdeninmsdaveanguil 1 wazngud 5 Ty
aunag i
Hoom =>m (v-15)
H,:m <m (v-16)
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t-Test: Two-Sample Assuming Unequal Variances

Group 5 Group 1
Mean 6.885066667  6.697076923
Variance 4.551585638  2.551293077
Observations 15 13
Hypothesized Mean Difference 0
Df 26
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t Stat 0.265939472
P(T<=t) one-tail 0.396191676
t Critical one-tail 1.70561792
P(T<=t) two-tail 0.792383353
t Critical two-tail 2.055529439

1Nt Stat = 0.265939472
t Critical one-tail =-1.70561792
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F-Test Two-Sample for Variances

Group 1 Group 6
Mean 6.697076923  6.297666667
Variance 2.551293077 0.040714267
Observations 13 6
Df 12 5
F 62.66336805
P(F<=f) one-tail 0.000121876

F Critical one-tail 4.677703792
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t-Test: Two-Sample Assuming Unequal Variances

Group 1

Group 6

Mean

Variance

Observations

Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

6.720857143  6.297666667

2.362956747 0.040714267

14
0

14
1.009980035
0.164821454
1.761310136
0.329642908

2.144786688

6

910A1 t Stat = 1.009980035

t Critical one-tail =-1.761310136
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F-Test Two-Sample for Variances

Group 2 Group 3

Mean 5.6816 5.8165
Variance 2.4480148 6.091627143
Observations 5 8
Df 4 7
F 0.401865502
P(F<=f) one-tail 0.197917128
F Critical one-tail 0.164090152

901 F = 0.401865502

Critical | = 0.164090152
WUN(F>F ) Ao djas Hy=s2=s?
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t-Test: Two-Sample Assuming Unequal Variances

Group 3 Group 2
Mean 5.8165 5.6816
Variance 6.091627143  2.4480148
Observations 8 5
Hypothesized Mean Difference 0
Df 11
t Stat 0.120607277
P(T<=t) one-tail 0.45308845
t Critical one-tail 1.795884819
P(T<=t) two-tail 0.9061769
t Critical two-tail 2.20098516

A1t Stat = 0.120607277
t Critical one-tail = - 1.795884819

WUIIAT t Stat HAWINAD t Critical one-tail TYONTVAVNAFIM Hy:m, > m, fAunde

3 A A o oA =\ Y 1 A 1w 1 = 3 A A
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F-Test Two-Sample for Variances

2
#S,

Group 2 Group 4
Mean 5.6816 5.351454545
Variance 2.4480148 2.825528073
Observations 5 11
Df 4 10
F 0.866391958
P(F<=f) one-tail 0.483453159
F Critical one-tail 0.167662286

901 F = 0.866391958
crteal | = 0.167662286
WUN(F>F . ) Ao dgas Hy=s?2
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t-Test: Two-Sample Assuming Unequal Variances

Group 2 Group 4
Mean 5.6816 5.351454545
Variance 2.4480148 2.825528073
Observations 5 11
Hypothesized Mean Difference 0
Df 8
t Stat 0.382119667
P(T<=t) one-tail 0.356161721
t Critical one-tail 1.859548038
P(T<=t) two-tail 0.712323441
t Critical two-tail 2.306004135

910A1 t Stat = 0.382119667
t Critical one-tail =- 1.859548038
WUA ¢ Stat HA1T0ENI1 ¢ Critical one-tail 39gONSUTVVATIU H,:m, > m),
1 = 3 A = o oA = 1 A (Y 1 = 3 A
ANARDYVDUAYIMANNHADIINNTAAVBINAUN 2 UAININNINHTBMNUAURAYYDAUAYINANN
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F-Test Two-Sample for Variances

Group 2 Group 5

Mean 5.6816 6.885066667
Variance 2.4480148 4.551585638
Observations 5 15
Df 4 14
F 0.537837799
P(F<=f) one-tail 0.289555103
F Critical one-tail 0.170260692

901 F = 0.537837799

Critial | = 0.170260692
WUN(F>F ., ) Ao jas Hy=s2=s?

mamdsdsuveursmdniimdeninmsdaveanguii 2 waznguii 5 iy
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Hoim > m (v-31)
Him<m (v-32)
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t-Test: Two-Sample Assuming Unequal Variances

Group 5 Group 2
Mean 6.885066667 5.6816
Variance 4.551585638  2.4480148
Observations 15 5
Hypothesized Mean Difference 0

Df 9
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t Stat 1.351406399
P(T<=t) one-tail 0.104776287
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.209552574
t Critical two-tail 2.262157163

NAT ¢ Stat = 1.351406399
t Critical one-tail =-1.833112933
WUIAN t Stat BAWINATN t Critical one-tail T9woUTUAUNAFIU H,:m > m, AundY
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F-Test Two-Sample for Variances

Group 2 Group 6
Mean 5.6816 6.297666667
Variance 2.4480148 0.040714267
Observations 5 6
Df 4 5
F 60.12670743
P(F<=f) one-tail 0.00020416

F Critical one-tail 5.192167773




9101 F = 60.12670743
crteal | = 5.192167773
Wy (F>F Criicat ) fo ﬂﬁlﬁ‘ﬁ H, :SZZ :SS

88

1 g A A @ oA oA W
ﬂWﬂ’JHJLL‘IJ‘iI]i’JuéU’ENLﬁHLﬁﬁﬂﬂlﬁﬁﬂ%WﬂﬂWiﬁﬂﬂlﬂﬂﬂqu‘ﬂ 2UaZNUN 6 "lmmfm

aunag i

Ho:my

Hytm <m

(v-35)

(v-36)

4 r’rf nf a1 A 2 4 & o CoA VA
Taen oy ADANURNAYVDUAYLHANNIVADIINNITAAVDINGUN 6 LLATNGUN

2

t-Test: Two-Sample Assuming Unequal Variances

Group 6 Group 2
Mean 6.297666667 5.6816
Variance 0.040714267 2.4480148
Observations 6 5
Hypothesized Mean Difference 0
Df 4
t Stat 0.874413352
P(T<=t) one-tail 0.215626365

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

2.131846786
0.431252729
2.776445105

INAT t Stat = 0.874413352

t Critical one-tail = -2.131846786



89
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F-Test Two-Sample for Variances

Group 3 Group 4
Mean 5.8165 5.351454545
Variance 6.091627143  2.825528073
Observations 8 11
df 7 10
F 2.155925189
P(F<=f) one-tail 0.130725675
F Critical one-tail 3.135464805

90A1 F = 2.155925189
el = 3.135464805
WUN (F<F . ) A0 oouiy Hy=s2=s?
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Ho:m>m, (v-39)
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t-Test: Two-Sample Assuming Equal Variances

Group 3

Group 4

Mean

Variance

Observations

Pooled Variance

Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

5.8165 5.351455

6.091627143 2.825528

8
4.170392396
0

17
0.490085078
0.315169266
1.739606726
0.630338531

2.109815578
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91NAT t Stat = 0.490085078

t Critical one-tail =- 1.739606726

WUIIAN t Stat BAWINAIN t Critical one-tail I9gOUTUANNAFIU H,:m > m, Aundy
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F-Test Two-Sample for Variances

Group 3 Group 5
Mean 5.8165 6.885066667
Variance 6.091627143 4.551585638
Observations 8 15
df 7 14
F 1.338352747
P(F<=f) one-tail 0.303538571
F Critical one-tail 2.764199257
10A1 F = 1.338352747
o = 2.764199257
WUN (F<F ., ) A0 gouiy Hy=s2=s?

1 3 = A @ voA oA = Y
MANUIUTIUVOUABINAN NN ADIINNTAAVDINGUTN 3 LAZNGUN 5 VAUNIAY
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Ho:m2>m (v-43)
H:m>m (V-44)
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t-Test: Two-Sample Assuming Equal Variances

92

Group 5 Group 3
Mean 6.885066667 5.8165
Variance 4.551585638  6.091627143
Observations 15 8
Pooled Variance 5.064932806
Hypothesized Mean Difference 0
Df 21
t Stat 1.084529784

P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

0.145212233
1.720742903
0.290424466

2.079613845

9INAT t Stat = 1.084529784

t Critical one-tail = 1.720742903
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F-Test Two-Sample for Variances

Group 3 Group 6

Mean 5.8165 6.297666667
Variance 6.091627143  0.040714267
Observations 8 6
df 7 5
F 149.6189823
P(F<=f) one-tail 1.67641E-05
F Critical one-tail 4.875871696

901 F = 149.6189823

Critical | = 4.875871696
WUN(F>F ., ) Ao jas Hy=s2=s?
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Ho:my=>m (v-47)
Hyim<m (v-48)
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t-Test: Two-Sample Assuming Unequal Variances

Group 6 Group 3
Mean 6.297666667 5.8165
Variance 0.040714267  6.091627143
Observations 6 8

Hypothesized Mean Difference 0



Df

t Stat

P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

7
0.548968378
0.30004595
1.894578605
0.600091901

2.364624252
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1NAT t Stat = 0.548968378

t Critical one-tail =- 1.894578605

WUIIAT t Stat HAMINAD t Critical one-tail VLONTVAVNAFIM H,y 2 my > m, Aunde
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F-Test Two-Sample for Variances

Group 4

Group 5

Mean
Variance
Observations
df

F

P(F<=f) one-tail

5.351454545

6.885066667

2.825528073 4.551585638
11 15
10 14

0.620778844

0.226416167
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F Critical one-tail 0.349073319
10 F = 0.620778844
e = 0.349073319
WU (F>F . ) A0 Ufes Hy=s?=s?
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Hoim 2>m, (v-51)
Hyim <m, (v-52)
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t-Test: Two-Sample Assuming Unequal Variances

Group 5 Group 4
Mean 6.885066667  5.351454545
Variance 4.551585638  2.825528073
Observations 15 11
Hypothesized Mean Difference 0
Df 24
t Stat 2.048817117
P(T<=t) one-tail 0.025783184
t Critical one-tail 1.71088208
P(T<=t) two-tail 0.051566368

t Critical two-tail 2.063898562
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INAT ¢ Stat = 2.048817117
t Critical one-tail = -1.71088208
WUIIAN t Stat DAWINAT t Critical one-tail IegoUFUTUNAFIU H,:m > m, AundY
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F-Test Two-Sample for Variances

Group 4 Group 6

Mean 5.351454545 6.297666667
Variance 2.825528073 0.040714267
Observations 11 6
df 10 5
F 69.39896759
P(F<=f) one-tail 9.9472E-05
F Critical one-tail 4.73506307

10A1 F = 69.39896759

own = 473506307
WUN(F>F ) Ao djas Hy=s?=s?
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Ho:m=>m, (V-55)
H,im <m, (v-56)

4 rrf rrf a1 4 g A A o PoA v oA
Taeh uay ADANURAYVDUABHANNNADIINNITAAVDINGUN 6 LLATNQUN 4

t-Test: Two-Sample Assuming Unequal Variances

Group 6 Group 4
Mean 6.297666667  5.351454545
Variance 0.040714267  2.825528073
Observations 6 11
Hypothesized Mean Difference 0
Df 11
t Stat 1.842778153
P(T<=t) one-tail 0.046226335
t Critical one-tail 1.795884819
P(T<=t) two-tail 0.092452671
t Critical two-tail 2.20098516

INA1 t Stat = 1.842778153
t Critical one-tail =-1.795884819
WUIIAT t Stat HAWINAD t Critical one-tail VYONTVAVNAFIM H,y 2 my > m, Aunde

3 A A @ oA A T A 3 A = @
VDIUAYIHN ANV ADIINNITAAUVDINANUN 6 UATNINDIAURAYUDUAYIHANNINADIINNITAR

aQ

SIS v v

YoINqUN 4 0ETNBTAYNINADA NIZAV 0.05

9

n.15 MINATO F-Test #az T-Test VD UAHIKANTNIHADVINDIIAAVOINGNT 5 azngudi 6

a Y
duuag Il



98

Hyisi=s¢ (¥-57)
H,:sZ#s¢ (¥-58)
SZ

4 S2 a4 . 2 4 a o voA
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F-Test Two-Sample for Variances

Group 5 Group 6
Mean 6.885066667  6.297666667
Variance 4.551585638  0.040714267
Observations 15 6
df 14 5
F 111.7933838
P(F<=f) one-tail 2.81433E-05
F Critical one-tail 4.635767721

901 F = 111.7933838
Crttical 4.635767721
WUN(F>F ) Aodjeas Ho=s2=s?

manunlsdsmveusumaniinaeninmsfaveanguii 5 uazngui 6 Ty
aunag i
Ho:m >m (v-59)
Hyim <m (v-60)
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t-Test: Two-Sample Assuming Unequal Variances

Group 5 Group 6
Mean 6.885066667 6.297666667
Variance 4.551585638 0.040714267
Observations 15 6
Hypothesized Mean Difference 0
Df 15
t Stat 1.054619308
P(T<=t) one-tail 0.154145601
t Critical one-tail 1.753050356
P(T<=t) two-tail 0.308291202
t Critical two-tail 2.131449546

NA1 t Stat = 1.054619308
t Critical one-tail =- 1.753050356

WUIIAT t Stat HAIMINAD t Critical one-tail TWONTVAVNAFIM H,y:my > m, Aunde
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The study of bar cutting- bending in Construction Project
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Abstract: loss steel leftover main problem to the construction of construction project management.The main
cause of the loss depends on the steel and the cutting - bending steel. In order to minimize the loss of steel in
the works.This paper presents guidelines for grading, cutting - bending steel.Factor the loss of steel.Collected
data from questionnaires and interviews with 9 people who comes from seven projects.To study how order -
cutting, bending steel bars.The results of interviewing will provide the information of methods, sequence of work
and factors which are affected to the quantity of wasted steel in the project.The information is going to be used
for developing new methods and sequence of working of cutting-bending bar for construction project. The steel

wasted is minimized.

Keywords: Steel Waste, Cutting bar, Bending bar
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Abstract

Waste of reinforcing steel bars is one of the
main problems in construction project management.
The main cause of the loss occurs at the cutting
process as trim loss. This research aims to survey
and search for the algorithms of this culting process.
The research methods included questionnaire and
interview sessions with thirty engineers and thirty
steel workers. The resull is that there are nine
common sub-steps used in the algorithms. The
cutting-pattern algorithms used can be categorized
into seven groups. The efficient algorithm firstly pairs
the items which have round number lengths with the
shortest items. Then, it pairs the relatively long items
together to be cut with the steel bars. Finally, the
algorithm pairs the remaining which are the relatively
short items together until the job is completed. This
finding can be used for to improve the steel rebar
cutting process, to reduce the trim loss of engineers
and steel workers and also reduce the cost of the
overall construction project.
Keywords: steel waste, cutting process of steel,

material waste
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