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艺术家
工程师

必思博是一家创意结构设计公司，致力于建筑师、室内设计师、艺术家和工程师之间的合作，以求最完美的结果。在创意过程中，
建筑、艺术和工程视作一个整体。
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 Planar Geometry based on circles

 Geometry center definition

 Radial Axis Definition

 Radial Beam Grid Definition

 Concentric Structure Direction 

based on offset interpolation

 Final Structure Grid with Radial 

and Concentric Directions
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Vertical Stability

Horizontal Stability
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建筑模型
根据主曲率方向建立的几何形状

结构网格 开孔结构网格
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建筑效果图 818 Plaza LED Wave Structure 南京西路818异形灯幕



结构尺寸

The new LED Wave Structure is 27m high and 11m wide and is located on top of the main entrance of the newly renovated 818 Plaza Mall
异形灯幕高度27米，宽度最大尺寸11米，位于南京西路818 广场主入口位置

818 Plaza LED Wave Structure 南京西路818异形灯幕



现场情况

Initial site conditions before installation of the structure start are shown on the pictures below. Some façade cladding panels were necessary for the structural 
connections to the main building concrete structure.
改造之前的818初始现场情况如下图所示，一些外立面覆盖板对于与主要建筑混凝土结构的结构连接是必要的。

818 Plaza LED Wave Structure 南京西路818异形灯幕



表皮几何分析

Architectural Reference Surface shows high degree of double curvature which increase a lot the challenges for fabrication. The reference surface also has very 
small radius curvature up to 350mm which increase the difficulty for fabrication. 
建筑曲面显示此几何高度双曲，这给建筑制造带来了很大的挑战。最小曲率半径达到350毫米，增加了制作难度。

镜面反射模拟 曲率分析

818 Plaza LED Wave Structure 南京西路818异形灯幕



结构分析

Due to the complex geometry of the structure, 
the structural model has been generated from 
Parametric tools in Rhino and Grasshopper to 
make the link between different Structural 
Analysis Software such as GSA and Karamba.
由于结构几何的复杂性，通过GH+犀牛创建几
何，同时把几何模型和结构分析软件例关联起
来，如GSA和Karamba，达到计算和几何更新同
步。

818 Plaza LED Wave Structure 南京西路818异形灯幕



结构体系

The whole structure is made in Stainless Steel 
grade 316, the main skeleton is composed of 3 
layers of structure which enable to reduce 
steel weight considerably.The total structure 

weight is only 

整体结构采用不锈钢 ，主骨架由三层结
构组成，使钢的重量大大降低，总计
吨。

818 Plaza LED Wave Structure 南京西路818异形灯幕



细节处理 几何原则

As a general geometry rule, its always possible to find a curve 
perpendicular to 2 curves not intersecting in space.
The structure geometry has been optimized and follow this 
rule.
The distance between the structural layers 1,2 & 3 are then 
always constant on the whole structure (d1 & d2 constant)
通用的几何准则，总是有可能找到一条与空间上两条不相
交的曲线垂直的曲线。结构的几何结构已经优化，并遵循
这一规则。
因此，结构层1、2和3之间的距离在整个结构上总是恒定的
(d1和d2恒定)。。

818 Plaza LED Wave Structure 南京西路818异形灯幕



细节处理 误差调节

A simple connection as been designed to be able to adjust all 
tolerance angle and deviation from fabrication tolerances.

The connection is composed of 2 open rings in stainless steel 
that are connected together with a threaded bar of 16mm 
diameter.

The rings are closed and tighten with bolts and nuts that make 
the connection very easy and practical to install.

The stainless steel rings and stainless steel structural pipes are 
working together with contact friction.

设计了一个构造简单但却适用性广泛的节点，可以调整不
同的角度、进出位、以及加工的误差。节点有两个不锈钢
环扣组成，通过直径为16mm的螺纹杆连接在一起。环扣
通过螺栓和螺母紧固，便于安装且具有实用性。通过特殊
几何形态和环扣摩擦力就能满足结构承载力要求。

818 Plaza LED Wave Structure 南京西路818异形灯幕



细节处理

Detailing is one of the most important point to focus on when 
dealing with complex geometry such as this project.
Understanding the geometrical rules and regenerating the 
geometry following those rules enable us to only 2 details on 
the whole project.
Those details enable to adapt all tolerances of movements 
and fabrication. 
在处理复杂的几何形状时，节点是最重要的关键点之一。
通过理解其几何原理，并根据这些规则重新生成几何图形。
我们只用了两种类型的节点，就能适应各种加工误差。

818 Plaza LED Wave Structure 南京西路818异形灯幕



几何优化

从建筑参考面提取初始曲线

The curves extracted from initial 
architect geometry show a 
continuous curvature graph which 
means that radius is gradually 
changing all the way along the profile.
从最初的建筑几何中提取的曲线显
示出一个连续的曲率图，这意味着
沿着剖面的半径是逐渐变化的。

This is not easy for fabrication and 
very expensive.
这并不容易制造且非常昂贵。

Moreover, very few factory have the 
specific machine which is able to 
bend profiles with radius changing 
gradually.
此外，很少有工厂有专门的机器，
可以弯曲轮廓半径逐渐变化的截面。

Therefore, an optimization work has 
been done on all the profiles of the 
structure in order to fit the reference 
curves with profiles that can be 
fabricated.
因此，对结构的所有剖面进行了优
化工作，使参考曲线与可加工的剖
面相吻合。

818 Plaza LED Wave Structure 南京西路818异形灯幕



几何优化

弧线数量

对参考曲线上的切弧参数进行优化

计算切线多弧和计算从参考曲线到拟合的偏差

遗传算法求解器根据不同的参数组合寻找最佳解

因此我们对所有的结构进行了优化，以适应我们自定义开发的多弧拟合算法

A target deviation of maximum 10mm has been set between the 
reference architect curves and the optimized geometry for fabrication.
在参考建筑曲线和优化的几何结构之间设置了最大10mm的目标偏差。

818 Plaza LED Wave Structure 南京西路818异形灯幕



几何优化

优化曲线拟合切线多弧

The optimized geometry show 
tangent poly-arcs that 
approximate the reference 
geometry.
优化后的几何图形显示近似参考几
何图形的切线多弧。

Poly-arcs are still continuous 
and does not have any kink and 
they are composed of planar 
arcs with single radius.
多弧是连续的，没有任何扭结，由
单半径的平面弧组成。

Thus it is easy and economic to 
fabricate.
因此它易于制造且有经济效益。

The maximum deviation 
between optimized profiles and 
reference curves is 10mm 
maximum (as a parameter of 
the optimization algorithm 
explained earlier).
优化曲线与参考曲线之间的最大偏
差为10mm(作为前面介绍的优化算
法的参数)。

818 Plaza LED Wave Structure 南京西路818异形灯幕



二维图纸产出

All the profile fabrication geometry have been extracted from 
3D and transferred into 2D automatically. 
所有的构件加工几何都是从3D模型中导出来并自动转换成
二维。

All profiles are numbered and the data for fabrication are 
directly extracted from the rationalized geometry and 
transferred into 2D dwg.
所有的轮廓都被编号，加工的数据直接从合理的几何图形
中提取出来，并传输到二维图纸中。

818 Plaza LED Wave Structure 南京西路818异形灯幕



三维加工模型

A complete model have been built at a LOD 400 model to ensure the final optimized geometry match with architect intention and fit well to the site conditions.
结合现场土建结构，建了LOD400BIM模型，以确保最终优化的几何形状符合建筑师的意图，并用于指导加工和安装。

818 Plaza LED Wave Structure 南京西路818异形灯幕



工厂预拼装

All the members have been optimized with some custom scripts to 
ensure they can be fabricated from a series of tangent arcs 
segments. A tolerance of 10mm deviation from initial architect 
geometry has been setup and the script find by itself the best fitting 
geometry.
The complete structure has been preassembled in factory to ensure 
the fit and fabrication precision.

所有的构件都已经通过自定义来优化，以确保他们可以从一系
列切线弧段来支座。与初始架构的几何图形有10mm的偏差，通
过优化找到了最佳的几何图形。
完整的结构已在工厂预先组装，以确保配合和制造精度。

818 Plaza LED Wave Structure 南京西路818异形灯幕



加工 工厂预组装

The structure is panelized with LED tiles unit which 
are positioned and orientated according to the 
orientation of the reference smooth surface.
不锈钢结构最后用灯片覆盖，按事先定义好的几
何角度，灯片与横向圆管固定。
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视觉样板

A visual mockup has been built in factory for client and architect validation.
The structure is covered with 100x300mm LED tiles.
工厂已经为客户和建筑师构建了一个可视化模型。
视觉样板铺设了100毫米X300毫米灯片
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After factory validation, the structure has been 
disassembled and reassembled on site.
From left to right, the pictures show the primary 
structure, the secondary profiles forming the 
structure skeleton and the structure completed 
with the LED tiles installed.
工厂确认后，结构已在现场拆装。
从左至右依次为主体结构、构成结构骨架的次
结构和安装LED完成的结构。

818 Plaza LED Wave Structure 南京西路818异形灯幕



The structure is the most impressive by night when LED tiles are turned on.
All the tiles are interconnected with each other so the complete structure can serve as a giant 
screen as well as an art piece structure on top of the newly renovated 818 plaza shopping mall. 
晚上打开LED灯时，这种结构最令人印象深刻。
所有的灯幕都相互连接，因此整个结构可以作为一个巨大的屏幕，也可以作为一个艺术
作品结构，位于新装修的818广场购物中心的顶部。

818 Plaza LED Wave Structure 南京西路818异形灯幕
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