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Pipeline Collision Optimization BIM Model Based on IFAHP

LI Hongxu, ZHANG Yuli, YANG Yang, WANG Chao

(Management Engineering and Business School, Hebei University of Engineering, Handan, 056038, China)

Abstract: Pipeline collision technology of BIM can effectively simulate the collision problem of HVAC
pipes, electrical pipelines, water supply and drainage pipelines in complex construction projects.
However, this technique cannot give an optimized solution according to the location of the pipeline
collision currently. Motivated by this, BIM pipeline collision optimization model is established based on
the intuitionistic fuzzy analytic hierarchy process (IFAHP). Firstly, a pipeline collision evaluation index
system is given by construction costs, construction difficulty, construction safety, and construction
aesthetics in accordance with construction pipeline construction specifications. Secondly, different
intuitionistic fuzzy judgment matrixes are given according to IFAHP and the position of the collision
point, corresponding intuitionistic fuzzy decision optimization models are established, and then the
pipeline optimization solution for different pipeline collision points is given. Finally, the effectiveness
and feasibility of the BIM pipeline collision optimization model are verified by an example.
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Fig.1 Block diagram of BIM pipeline collision optimization model
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Tab.2 Navisworks collision detection of pipes, wire slots, and water pipes
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Tab.3 HVAC experts rate the first-level indicators of Option 1

A Az As Ay
Al (0.500 0, 0.500 0) (0.600 0, 0.100 0) (0.700 0, 0.200 0) (0.250 0, 0.6500)
Az (0.100 0, 0.600 0) (0.500 0, 0.500 0) (0.600 0, 0.100 0) (0.3500, 0.5500)
As (0.200 0, 0.700 0) (0.100 0, 0.600 0) (0.500 0, 0.500 0) (0.450 0, 0.4500)
A4 (0.650 0, 0.2500) (0.550 0, 0.3500) (0.450 0, 0.4500) (0.500 0, 0.500 0)
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Tab.4 Intuitionistic fuzzy judgment matrix of A

Ay As Az Ay
A (0.500 0, 0.500 0) (0.4950, 0.1300) (0.655 0, 0.2300) (0.340 0, 0.4400)
A, (0.130 0, 0.4950) (0.500 0, 0.500 0) (0.450 0, 0.2200) (0.3950, 0.4000)
As (0.230 0, 0.6550) (0.220 0, 0.4500) (0.500 0, 0.500 0) (0.4350, 0.4050)
A4 (0.440 0, 0.3400) (0.400 0, 0.3950) (0.405 0, 0.4350) (0.500 0, 0.5000)
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Tab.5 Intuitionistic fuzzy judgment matrix of B under A

B B, Bs
B: (0.500 0, 0.500 0) (0.485 0, 0.4050) (0.625 0, 0.220 0)
B: (0.405 0, 0.4650) (0.500 0, 0.500 0) (0.420 0, 0.4450)
B; (0.220 0, 0.6250) (0.445 0, 0.4200) (0.500 0, 0.500 0)
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Tab.6 Intuitionistic fuzzy judgment matrix of B under A,
B4 Bs Bs
B, (0.500 0, 0.500 0) (0.310 0, 0.5500) (0.370 0, 0.5400)
Bs (0.5500, 0.3100) (0.500 0, 0.500 0) (0.440 0, 0.480 0)
Bs (0.540 0, 0.3700) (0.480 0, 0.4400) (0.500 0, 0.500 0)
R 1 F—EIER As TR ZRIEFRE SR F BT RE F
Tab.7 Intuitionistic fuzzy judgment matrix of B under A;
B, Bs By
By (0.500 0, 0.500 0) (0.465 0, 0.4350) (0.370 0, 0.4750)
Bs (0.4350, 0.4650) (0.500 0, 0.500 0) (0.375 0, 0.5750)
By (0.475 0, 0.3700) (0.5750, 0.3750) (0.500 0, 0.500 0)
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Tab.8 Intuitionistic fuzzy judgment matrix of B under A4

B10 B11

B10 (0.500 0, 0.500 0)
Bll (0.0850, 0.8550)

(0.8550, 0.085 0)
(0.500 0, 0.500 0)

06 ) B A P T B A T U . AR D IR
Zrh s (D—06) HRE —BiEts A T ZZdiin

A L A — S I AR P 4ngk 9,
2= d(R, R ) = 0.1139>0.1, 4 6=05, 1R

P2 (6) FNAT (7) B B SR — Bk I AR R T
B, ARRE R B SR — BRI R Ank 10,

P AR R R — B ), mRIEAX )
5y BITHR AR Aot R ACTE, ol i B e A



AUOALSE . BT IFAHP [y BIM %2R f (LAY

111

WEAE PR AP B T B A HE AR AR . TR —FT5
Z R AR 23 B 11 ANk 12,

Horh A«

w1=41 ® B1=(0.207 8, 0.567 6) ® (0.315 1,

0.547 3)=(0.065 5, 0.804 3)

0.611 1)=(0.0558, 0.8318)

R 9 F—EHER A THZRIERE RN — BT E R

Tab.9 Intuitionistic fuzzy consistency judgment matrix of B under A,

B4 Bs Bs
Bs (0.500 0, 0.500 0) (0.3100, 0.5550) (0.260 9, 0.5352)
Bs (0.5550, 0.3100) (0.500 0, 0.500 0) (0.440 0, 0.4800)
Be (0.5352, 0.2609) (0.480 0, 0.4400) (0.500 0, 0.500 0)
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Tab.10 Intuitionistic fuzzy consistency judgment matrix of B under adjust A,
By Bs Bs
Bs (0.500 0, 0.500 0) (0.3100, 0.5550) (0.3129, 0.5376)
Bs (0.5550, 0.3100) (0.500 0, 0.500 0) (0.440 0, 0.4800)
B¢ (0.537 6, 0.3129) (0.480 0, 0.4400) (0.500 0, 0.500 0)
xRN AR—HERNE
Tab.11 Indicator weight of scheme 1
—Zdibr A "5 B SALE
(0.3151, 0.5473) (0.065 5, 0.804 3)
(0.207 8, 0.567 6) (0.268 3, 0.6111) (0.055 8, 0.8318)
(0.2419, 0.6299) (0.050 3, 0.8400)
(0.230 8, 0.6597) (0.0357, 0.8724)
(0.154 5, 0.6250) (0.307 3, 0.5865) (0.047 5, 0.8449)
(0.3120, 0.5775) (0.048 2, 0.8416)
(0.272 6, 0.630 1) (0.038 4, 0.884 6)
(0.140 9, 0.688 0) (0.273 1, 0.6526) (0.038 5, 0.891 6)
(0.3305, 0.5670) (0.046 6, 0.8677)
(0.657 8, 0.270 6) (0.114 2, 0.738 7)
(0.173 6, 0.6418) (0.2840, 0.667 5) (0.049 3, 0.8809)
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Tab.12 Indicator weight of scheme 2
—Zdibr A “Ydqbr B S
(0.280 6, 0.5750) (0.072 3, 0.8475)
(0.257 6, 0.6411) (0.279 5, 0.606 2) (0.072 0, 0.8587)
(0.2629, 0.6039) (0.067 7, 0.8578)
(0.264 8, 0.605 0) (0.0727, 0.854 4)
(02747, 0.6314) (0.240 3, 0.6516) (0.066 0, 0.871 6)
(0.327 8, 0.5428) (0.090 0, 0.8315)
(0.278 6, 0.5927) (0.0499, 0.8917)
(0.1792, 0.734 1) (0.259 4, 0.620 6) (0.046 5, 0.899 1)
(0.293 2, 0.5837) (0.052 5, 0.889 3)
(0.320 1, 0.6675) (0.0397, 0.9323)
(0.123 9, 0.796 3)

(0.6650, 0.317 4) (0.082 4, 0.861 0)
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